ENGINEERING CORP.

GEOTECHNICAL INVESTIGATION

SHAWNEE ROAD OVER HCFCD UNIT NO. C106-03-00
BRIDGE REPLACEMENT
WBS NO. N-00445N-0030-3
HOUSTON, TEXAS

Reported to:
Entech Civil Engineers, Inc.
Houston, Texas

by

Aviles Engineering Corporation
5790 Windfern
Houston, Texas 77041
713-895-7645

REPORT NO. G164-11

November 2011



AES

ENGINEERING CORP.
TABLE OF CONTENTS
1.0 INTRODUCTION oo m st e i oo im0 o v i re s s s s s s e e 03 s b e 1
1.1 Project DeSCTIPLION ..........cociiiiiiiiiiiiiie ettt ettt eat e e e sae e st s bsesasseaeaabs e bearaaesbeeensannns 1
1.2 AANIDTITNEROTY s issios o asuioms o sismsssoeh R s s WS 530 450 AR 5 S M TR B e A A S 1
1.3 PUrpose AN SCOPE. covisvimeinssmmmiimsineiiississs i o sieivess vt G s st S5 Sy b Ta sy e vl ek nss 1
2.0 SUBSURFACE EXPLORATION........cccciiirtieieeieertereieesessseessesseessessssssssssessasssessssssessssssessessssssessessnesns 2
3.0 LABORATORY TESTING ........ocoveeueiieeeeieieessarsieiesaseessiessessssssssssssessasssarssensessssssssssessesseesesessenns 2
4.0 SITE CONDEDRIONE . ...c.conummmmuiimssuinmarmrses s s omssess v roris s o s s v s st 3
4.1 Subsiirtace Cotiditions. . ..couvin e mamims s s T s s s R s s 3
4.2 GeologiC FAUMES ........c.ooiiieic e e e 5
4.3 Subsurface VATIALIONS ............ccoovieeiinininininrsse s sesssssssesanessmssrasassensasessmesssesrassnessssssssnessasssssssnns 5
5.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS .......c.oocieiiiiniiee e e 6
5.1 Shawnee Road Bridge Crossilg............ccveiiiiiiiiiietoiissiesinteriunasns isssssssiassssassssssesssassssessssssssssssssserssnes 6
5.1.1  Straight Sided Drilled SHafts ......covervieieiiinie et et e 6
SR B IODE S AT I arrit s sanns wedeaseneaemsssasi snss o sms eresss R R AERS ¥ e S A SR e I e b e e e Ao R 8
5.2 o b oy 10
53 Site Preparation and Gradin@.............cccocoiiiiiiiiiiiiiiiiiiii it sbe s ssssser s sasaeebe e e b s esnssbneennes 11
6.0 CONSTRUCTION MONITORING ........coiieririinininienteesineesseesseseesssessesssesassss e s s ansssssesssensessssanan 11
7.0 T D] 0 N oo e e e e e e e e e e e e 11
8.0 LIMITATIONS ...conovoomoismssmtissmsaisissssismssio s i i vs e s e s s i ovss o sop s 11
9.0 CLOSING REMARIKS ... siiecieee e steeie e eseesvessesasessassasssesssessasssesssessessssnssessnsssenssnsesssensanses 12
APPENDICIES
APPENDIX A
Plate A-1 Vicinity Map
Plate A-2 Boring Location Plan
Plates A-3 and A-4 Boring Logs
Plate A-5 Key to Symbols

Plate A-6

Plate A-7

Plate A-8

Plate A-9

Plate A-10

Plates A-11 to A-14

APPENDIX B
Plates B-1 to B-6
Plate B-7

APPENDIX C
Plate C-1
Plates C-2 to C-4a

APPENDIX D

Classification of Soils for Engineering Purposes

Terms Used on Boring Logs

ASTM & TXDOT Designation for Soil Laboratory Tests
Sieve Analysis Results

Crumb Test Results

CU Test Results

Straight Sided Drilled Shaft Capacity Curves
Aguirre & Fields, LP, Drawing: “Shawnee St. Bridge Replacement”, dated November
3,2011.

Design Soil Parameters for Slope Stability Analysis
Slope Stability Analysis for Shawnee Road Bridge

Raw CU test data and Slope W inputs



T

ENGINEERING CORP.

GEOTECHNICAL INVESTIGATION

SHAWNEE ROAD OVER HCFCD UNIT NO. C106-03-00
BRIDGE REPLACEMENT
WBS NO. N-00445N-0030-3
HOUSTON, TEXAS

1.0 INTRODUCTION

1.1  Project Description

Aviles Engineering Corporation (AEC) performed a geotechnical investigation for a proposed replacement bridge
along Shawnee Road for the City of Houston (COH), located near the intersection of Shawnee Road and the [-45
northbound frontage road, in Houston, Texas (Houston Key Map 576E). A vicinity map is presented on Plate A-1,
in Appendix A. According to information provided to AEC, the existing wooden bridge along Shawnee Road
crossing over Harris County Flood Control District (HCFCD) drainage channel C106-03-00 will be replaced with
anew concrete bridge. The proposed 2-lane concrete replacement bridge will be a single span that is 35 feet long
and 38 feet wide. The drainage channel at the bridge crossing is approximately 8 feet deep, with a proposed
channel slope inclination at H:V = 3:1. The channel slopes at the bridge crossing will be protected with a concrete

liner. The bridge profile drawing prepared by Aguirre & Fields is presented on Plate B-7, in Appendix B.

1.2  Authorization

The notice to proceed for the investigation was provided by Mr. Mike Spiegel, P.E., of Entech Civil Engineers via
email on July 21, 2011, based upon AEC Proposal No. G2011-05-06, dated May 18, 2011.

1.3  Purpose and Scope

The purpose of this geotechnical investigation is to evaluate the subsurface soil conditions at the project site and
develop geotechnical engineering recommendations for the proposed bridge replacement. The scope of this

geotechnical investigation is summarized as below:

1. Drilling and sampling two soil borings to 90 feet below existing grade;

2. Soil laboratory testing for selected soil samples;

3. Engineering analyses and recommendations for bridge foundations, including foundation type and axial
capacity;

4. Slope stability analysis for the drainage channel;

5. Construction recommendations for the bridge foundations and channel.
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2.0 SUBSURFACE EXPLORATION

Subsurface conditions for the bridge crossing were investigated by drilling two soil borings to a depth of 90 feet
below grade; Borings B-1 and B-2 were drilled adjacent to the west and east abutments, respectively. The total
drilling footage was 180 feet. Borings were performed in accordance with the 2011 COH Infrastructure Design
Manual, as well as 2010 HCFCD Geotechnical Guidelines. The boring locations are shown on the attached
Boring Location Plan on Plate A-2, in Appendix A. Boring locations were surveyed by others and the survey data
is included on our boring logs. Boring logs were prepared in HCFCD format using the gINT v5.1 computer

program.

Prior to drilling, existing pavement at the boring locations was cored with a core barrel. After pavement coring
was completed, drilling was conducted using a truck-mounted drilling rig initially using dry auger method and
then using wet rotary method once groundwater was encountered. Undisturbed samples of cohesive soils were
obtained from the boring by pushing 3-inch diameter thin-wall, seamless steel Shelby tube samplers in accordance
with ASTM D 1587. Granular soils were sampled with a 2-inch split-barrel sampler in accordance with ASTM
D 1586. Standard Penetration Test resistance (IN) values were recorded for the granular soils as “Blows per Foot”
and are shown on the boring logs. Strength of the cohesive soils was estimated in the field using a hand
penetrometer. The undisturbed samples of cohesive soils were extruded mechanically from the core barrels in the
field and wrapped in aluminum foil; all samples were sealed in plastic bags to reduce moisture loss and
disturbance. The samples were then placed in core boxes and transported to the AEC laboratory for testing and
further study. After completion of drilling, Boring B-2 was left open for a period of approximately 24 hours to
obtain an additional water reading. The borings were grouted with cement-bentonite and the pavement patched
with lean concrete. Details of the soils encountered in the borings are presented on Plates A-3 and A-4, in

Appendix A.

3.0 LABORATORY TESTING

Soil laboratory testing was performed by AEC personnel. Samples from the borings were examined and classified
in the laboratory by a technician under supervision of a geotechnical engineer. Laboratory tests were performed
on selected soil samples in order to evaluate the engineering properties of the foundation soils in accordance with
applicable ASTM Standards. Atterberg limits, moisture contents, percent passing a No. 200 sieve, sieve analysis,
and dry unit weight tests were performed on typical samples to establish the index properties and confirm field

classification of the subsurface soils. Strength properties of cohesive soils were determined by means of
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unconfined compression (UC) and unconsolidated-undrained (UU) tri-axial tests performed on undisturbed
samples. The test results are presented on their representative boring logs. A key to the boring logs, classification
of soils for engineering purposes, terms used on boring logs, and reference ASTM Standards for laboratory testing
are presented on Plates A-5 through A-8, in Appendix A. Sieve analysis results are presented on Plate A-9, in

Appendix A.

A crumb test was performed to evaluate the dispersive potential of clayey soils in the drainage channel. The
crumb test results indicate that the soil sample from Boring B-2, 4 to 6 feet, had no sign of cloudy water caused

by colloidal suspension. The crumb test results are presented on Plate A-10, in Appendix A.

Two consolidated-undrained (CU) triaxial shear tests were performed to determine shear strength parameters for
slope stability analyses. The results of the CU tests are included on Plates A-11 through A-14, in Appendix A.

The shear strength parameters obtained from the CU tests are summarized below in Table 1.

Table 1. Summary of Shear Strength Parameters from CU Triaxial Tests

@ B Cu Effective Stress Total Stress
ample and Description
B e (sh | c'(psD) | ¢'(deg) | cul@sh | @u(deg)
B-1, 4’-6’, Fat Clay (CH) 1,500 460 19.1 520 12.9
B-2, 8°-10°, Lean Clay w/Sand (CL) 1,400 330 26.1 450 19.1

Notes: (1) Cu = cohesion, obtained from UC and UU tests;
(2) ¢' = effective cohesion, ¢' =effective friction angle, obtained from CU tests with pore pressure measurements;
(3) c.y = cohesion in total stress, @, = friction angle in total stress, obtained from CU tests.

4.0 SITE CONDITIONS

4.1  Subsurface Conditions

The soil strata encountered in our borings are summarized below. A cross-section profile of the borings has been

included on the bridge plan and profile drawing provided to AEC, and is presented on Plate B-7, in Appendix B.

Borin Depth (ft) Description of Stratum
B-1 0-14 Pavement: 9” concrete, 1 asphalt, 6” stabilized base, 1” stabilized sand
1.4-30 Stiff to hard, Fat Clay (CH), with slickensides
30-33 Silty clay layer
33-67 Very stiff to hard, Fat Clay (CH), with slickensides
67-77 Dense, Well Graded Sand w/Silt (SW-SM)
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Boring Depth (ft) Description of Stratum

B-1 (cont.) 77 - 87 Very stiff to hard, Fat Clay (CH)
87-90 Medium dense, Silt (ML), with clay partings

B-2 0-0.8 Pavement: 10” concrete
08-2 Fill: Silty Sand (SM), with clay pockets
2-8 Stiff to very stiff, Fat Clay (CH), with slickensides
8-10 Very stiff, Lean Clay w/Sand (CL)
10-52 Stiff to very stiff, Fat Clay (CH), with slickensides
52 -57 Very stiff, Lean Clay w/Sand (CL), with silt partings
57-58 Gravel layer
58 - 66 Very stiff, Fat Clay (CH), with slickensides
66-71 Dense, Poorly Graded Sand w/Silt (SP-SM), with gravel
71 -76 Dense, Silty Sand (SM), with clay pockets
76 - 81 Stiff, Lean Clay w/Sand (CL), with silt partings
81 -86 Medium dense, Silt (ML)
86 -90 Hard, Fat Clay (CH)

The natural cohesive soils have Liquid Limits (LL) that varied from 32 to 99 and Plasticity Indices (PI) that varied
from 17 to 58. This indicates that the cohesive soils at the site have medium to very high plasticity. The cohesive
soils encountered are classified as “CL” and “CH” type soils and the granular soils are classified as “SW-SM”,
“SP-SM”, “SM?”, and “ML” type soils in accordance with the Unified Soil Classification System (USCS). “CH”
soils undergo significant volume changes due to seasonal changes in soil moisture contents. “CL” type soils with
lower LL (less than 40) and PI (less than 20) generally do not undergo significant volume changes with changes
in moisture content. However, “CL” soils with LL approaching 50 and PI greater than 20 essentially behave as

“CH” soils and could undergo significant volume changes.

Details of the soils encountered during drilling are presented in the boring logs. Ground water was encountered
in both borings at a depth of 27 to 30 feet below grade during drilling and subsequently rose to a depth of 15.4 to
21.6 feet below grade approximately 15 minutes after the initial encounter; ground water was also observed at a
depth of 18 feet below grade in Boring B-2 approximately 24 hours after drilling was complete. This indicates
that the groundwater at the site could be pressurized. The information in this report summarizes conditions found
on the date the borings were drilled. It should be noted that our ground water observations are short-term; ground
water depths and subsurface soil moisture contents will vary with environmental variations such as frequency and

magnitude of rainfall and the time of year when construction is in progress.
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4.2 Geologic Faults

AEC performed a preliminary fault investigation, which included a review of available literature, aerial
photographs, public maps and limited field observations. According to the published maps “Principal Active
Faults of the Houston Area (after O’Neill and Van Siclen, May 1984)”, and “Principal Surface Faults in the
Central Houston Metropolitan Area (after O’ Neill, Van Siclen, with additions by C. Norman, May 13, 2004)”,
no documented faults are located at the project site. An overlay of a street map of Houston over the fault map
shows that the closest fault to the project area is an unnamed fault which crosses I-45 near Edgebrook Drive
approximately 0.4 miles southeast of the project site. Another nearby unnamed fault crosses I-45 near Airport
Boulevard approximately 0.5 miles to the northwest of the project site. Both of these faults are associated with the

South Houston salt dome.

Limited field observations were made at the project site by AEC Senior Geologist for evidences of faulting. No
evidences of faulting were observed. Based on the limited field observations, AEC does not recommend any

further fault studies for the project area.

Limitations: The preliminary fault investigation provided in this report is limited to a review of literature, aerial
photographs and maps and our limited field observations, and distances are scaled from maps. Faults may exist in
the project area or surrounding area due to the following reasons: not observed during the reconnaissance due to
limitations of the scope of work and cost; the presence of obscuring vegetation and environmental features;
modification of the land surface by human activities; and lack of documentation in the literature. Faults may also
be present below ground but do not currently have surface expressions. Identification of these faults is beyond the

scope of work for this project.
4.3 Subsurface Variations

It should be emphasized that: (i) at any given time, ground water depths can vary from location to location, and (ii)
at any given location, ground water depths can change with time. Ground water depths will vary with seasonal
rainfall and other climatic/environmental events. Subsurface conditions may vary away from and in between the

boring locations.

Clay soils in the Greater Houston area typically have secondary features such as slickensides and contain sand/silt

seams/lenses/layers/pockets. It should be noted that the information in the boring log is based on 3-inch diameter
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soil samples which were generally continuously obtained at intervals of 2 feet in the top 20 feet of the borings and
then at 5 foot intervals thereafter to the boring termination depths of 90 feet. A detailed description of the soil
secondary features may not have been obtained due to the small sample size and sampling interval between the
samples. Therefore, while some of AEC’s logs show the soil secondary features, it should not be assumed that the

features are absent where not indicated on the logs.
5.0 ENGINEERING ANALYSIS AND RECOMMENDATIONS

According to information provided to AEC, the existing wooden bridge along Shawnee Road crossing over Harris
County Flood Control District (HCFCD) drainage channel C106-03-00 will be replaced with a new concrete
bridge. The proposed 2-lane concrete replacement bridge will be a single span that is 35 feet long and 38 feet
wide. The drainage channel at the bridge crossing is approximately 8 feet deep, with a proposed channel slope

inclination at H:V = 3:1. The channel slopes at the bridge crossing will be protected with a concrete liner.

5.1 Shawnee Road Bridge Crossing

Based on the provided bridge plan and profile drawing, the bridge will be supported on five 24-inch diameter by
43 foot long straight-sided drilled shafts at each of the abutments. Each drilled shaft on the west and east

abutments will support a load of 55 and 60 tons, respectively.

5.1.1  Straight Sided Drilled Shafts

We selected soil parameters based on Borings B-1 and B-2, and performed drilled shaft analyses using O’Neill
and Reese’s method, “Drilled Shaft Design and Construction” (1999). In the analyses, we neglected skin friction
from the existing ground surface to 10 feet below the top of shaft (the top of shaft elevation is at approximately
31 feet above Mean Sea Level for both abutments), considering the shafts are located at a wet crossing. We did
not consider scour depth, since the provided drawings indicate that the ditch slopes will be protected with a

concrete liner. We used a Factor of Safety (FS) of 2 and 3 for skin friction and end bearing, respectively.

The total allowable compressive axial bearing capacity of a straight-sided drilled shaft is the sum of the allowable
skin friction (obtained by multiplying the shaft perimeter by the allowable unit cumulative skin friction beginning
from 20 feet below existing grade to the design depth) and the allowable end bearing (obtained by multiplying the

shaft cross-sectional area by the allowable unit end bearing at the design depth). The allowable accumulative unit
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skin friction capacity vs. depth curve, allowable unit end bearing vs. depth curve, and allowable compressive load
vs. depth curve for 24-, 30-, 36-, 42-, and 48-inch diameter straight sided drilled shafts for the east and west
abutments of the bridge are presented on Plates B-1 through B-6, in Appendix B.

When a shaft tip is terminated in a strong layer underlain by a weak layer and the thickness between the shaft tip
and the top of the weak layer is less than 2 shaft diameters (feet), we recommend the use of the design end bearing

of the lower weak layer.

Drilled Shaft Spacing: To reduce the influence of adjacent drilled shafts and group effects, the minimum
center-to-center spacing between adjacent shafts should be at least 3 times the diameter of the larger shafts; the
minimum edge-to-edge spacing between adjacent shafts should not be less than 3 feet. The minimum spacing

must include proper allowances for cantilever tolerance of alignment and possible oversizing of the drilled hole.

Foundation Settlements: Based on the soil conditions encountered, we estimate that straight sided drilled shafts

designed and constructed as recommended will experience total settlements within 1 inch.

Drilled Shaft Construction: Drilled shaft foundations should be constructed in accordance with the latest City of
Houston Standard Construction Specifications (COHSCS). Based on our borings, drilled shaft excavations will
most likely encounter ground water and granular soils (if the shafts extend to approximately 65 to 67 feet below
grade), which could cause sidewall sloughing or collapse during shaft excavation. To maintain integrity of the
shaft excavations, we recommend the use of steel casing and/or bentonite slurry for drilled shaft construction.

AEC does not recommend the use of polymer slurry for shaft construction.

For slurry method, the bentonite slurry should be used prior to encountering ground water or granular soils and the
slurry head should be maintained at least 5 feet higher than the ground water at the site during construction. The
concrete should be placed using a tremie to displace the lower density slurry. Care must be taken to ensure that
tremie is positioned and maintained at the bottom of excavation until a height of 5 feet of concrete has been poured.
As more concrete is added, the tremie should be maintained at a minimum distance of 5 feet below the top of the

concrete pour.

New drilled shafts should not be excavated within 3 shaft diameters (edge to edge) of an open shaft excavation,
or one in which concrete has been placed in the preceding 24 hours, to prevent movement of fresh concrete from

the recently filled footing to an adjacent unfilled footing. Placement of concrete should be accomplished as soon

7
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as possible after excavation to reduce changes in the state of stress and possible sloughing in the foundation soils.

No shafts should be left open overnight or poured without the prior approval of the Owner’s Representative.

In addition, each footing excavation should be inspected by a qualified Owner’s Representative prior to placing
concrete, to check that (1) the footing excavation has been constructed to the specified dimensions at the
recommended depth and formation, (2) excessive cuttings and any soft-compressible materials have been

removed from the bottom of the excavation.

5.1.2  Slope Stability

Based on our borings, AEC selected the west bank of the channel to perform slope stability analyses using the soil
conditions encountered in Boring B-1. Based on the provided plan and profile drawing, the existing channel is
approximately 8 feet deep, and the channel slopes will be H:V = 3:1. The channel slopes will be protected with
a concrete liner. According to the bridge plan and profile drawing, the proposed 100 year flood elevation is at
36.54 feet above Mean Sea Level (MSL). AEC assumes that the channel will typically remain dry in most
conditions. The slope stability analyses consider three different conditions: the short-term condition, long-term
condition and rapid drawdown condition. AEC performed the stability analyses in accordance with Harris County

Flood Control (HCFCD) requirements.

Design Soil Parameters and Profiles: Soil parameters used in the analyses include wet unit weights,
unconsolidated-undrained (UU) shear strengths, consolidated-drained (CD) shear strengths, and
consolidated-undrained (CU) shear strengths. The channel cross section provided on the plan and profile
drawings was used to perform slope stability analyses. High to very high plasticity fat clay was encountered in our
borings. Exposing these fat clays to the atmosphere and cycles of wetting-drying from seasonal moisture changes
will result in desiccation, cracking, and progressive movement of these clays, and a reduction in their shear
strengths. We considered the desiccation zone for fat clay to be about 8 feet below the top of bank and the slope
surface. For fat clay within the desiccation zone, we used effective stress residual shear strengths of ¢, = 65 psf
and ¢', = 21 degrees to evaluate slope stability for both the long-term condition and rapid drawdown condition.
We also reduced the c' and c, of clay soils (with a PI greater than 20) within the non-desiccated zone based on our

experience with HCFCD projects.

Conditions Analyzed for Slope Stability: AEC used the Simplified Bishop Method of Slices option in the

SLOPE/W computer program to analyze slope stability for 2-dimensional limiting equilibrium. The program has

8
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the capability to compute pore water pressures based on a defined piezometric surface. For rapid drawdown
conditions, we considered that the water level drops from the 100 year flood elevation to the channel bottom; this
models the condition where a 100-year flood event occurs and then the water level drops down quickly. Based
on our water readings in the borings, we considered the ground water level to be approximately 15 feet deep for

both short-term and long-term conditions.

HCFCD requires a minimum safety factor (SF) of 1.3 for short-term conditions, 1.5 for long-term conditions, and
1.25 for rapid drawdown conditions. Stability analyses for the slopes were conducted for the short-term
(end-of-construction), long-term, and rapid drawdown conditions. A brief description of these conditions is

presented below:

1. End-of-Construction Condition - This condition models rapid construction loading taking place,
so that there is no time for the induced excess pore water pressure to dissipate or for consolidation
to occur during the loading period. Unconsolidated-undrained shear strength parameters were
used for this analysis.

2. Long-Term Condition - This condition models long-term steady seepage through embankments
and the long-term stability of slopes in stiff clays. Consolidated-drained effective stress shear
strength parameters (obtained from CU triaxial tests with pore water pressure measurements)
were used for this analysis.

3. Rapid Drawdown Condition - The majority of slope failures in the Harris County/Houston area
occur under rapid drawdown conditions. This condition models when the slope becomes fully
saturated and consolidated and is at equilibrium with the existing stress system, then encounters
rapid drawdown and simultaneously allows no drainage to occur. Consolidated-undrained total
stress shear strength with pore pressures parameters modeling rapid drawdown conditions were
used for this analysis.

Slope Stability Analysis at Shawnee Road Bridge Crossing: We performed slope stability analyses for the west

bank of the Shawnee Road Bridge crossing, using soil information encountered in Boring B-1. Design soil
parameters for the analysis are presented on Plate C-1, in Appendix C. A 240 psf construction/traffic surcharge
was added to the top of the slope for both the short- and long-term condition. The results of the slope stability
analyses for the channel slopes under the short-term, long-term, and rapid drawdown conditions are presented on
Plates C-2 through C-4, in Appendix C. The safety factors for the channel slopes at the bridge crossing under

short term, long term, and rapid drawdown conditions are summarized in Table 2.
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Table 2. Shawnee Road West Bank Slope Stability Analysis Results (Based on Boring B-1)

Minimum Factor of Safety
Slope Analyzed
Short-Term Long-Term Rapid Drawdown
. i } 2.06 (Global Slide, Plate C-4)
West Bank, H:V = 3:1 7.10 (Plate C-2) | 2.30 (Plate C-3) 1.49 (Local Slide, Plate C-4a)

Based on the summary in Table 2, the SF’s for the channel at the Shawnee Road Bridge meets HCFCD guidelines

under short-term, long-term, and rapid drawdown conditions.

5.2 Select Fill

If required, select fill should consist of uniform, non-active inorganic lean clays with a PI between 10 and 20
percent, and more than 50 percent passing a No. 200 sieve. Excavated material delivered to the site for use as
select fill shall not have clay clods with PI greater than 20, clay clods greater than 2 inches in diameter, or contain
sands/silts with PI less than 10. Prior to construction, the Contractor should determine if he or she can obtain

qualified select fill meeting the above select fill criteria.

As an alternative to imported fill, on-site soils excavated during foundation construction can be stabilized with a
minimum of 7 percent hydrated lime (by dry soil weight) determined by lime-series curve or pH method in a
laboratory prior to construction. Lime stabilization should be done in general accordance with the latest COHSCS.
AEC prefers using stabilized on-site clay as select fill since compacted lime-stabilized clay generally has high
shear strength, low compressibility, and relatively low permeability. Blended or mixed soils (sand and clay)

should not be used as select fill.

All material intended for use as select fill should be tested prior to use to confirm that it meets select fill criteria.
The fill should be placed in loose lifts not exceeding 8 inches in thickness. Backfill within 3 feet of walls or
columns should be placed in loose lifts no more than 4-inches thick and compacted using hand tampers, or small
self-propelled compactors. The lime-stabilized onsite soils or select fill should be compacted to a minimum of 95
percent of the ASTM D 698 (Standard Proctor) maximum dry unit weight at a moisture content ranging between

optimum and 3 percent above optimum.
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53 Site Preparation and Grading

To mitigate site problems that may develop following prolonged periods of rainfall, it is essential to have adequate
drainage to maintain a relatively dry and firm surface prior to starting any work at the site. Adequate drainage
should be maintained throughout the construction period. Methods for controlling surface runoff and ponding

include proper site grading, berm construction around exposed areas, and installation of sump pits with pumps.

6.0 CONSTRUCTION MONITORING

Site preparation (including clearing and proof-rolling), foundation construction, and earthwork operations should
be monitored by qualified geotechnical professionals to check for compliance with project documents and

changed conditions, if encountered.

70 GENERAL

The information contained in this report summarizes conditions found on the date the borings were drilled. The
attached boring logs are true representations of the soils encountered at the specific boring locations on the date
of drilling. Due to variations encountered in the subsurface conditions across the site, changes in soil conditions
from those presented in this report should be anticipated. AEC should be notified immediately when conditions
encountered during construction are significantly different from those presented in this report. AEC should be
allowed to review the design and construction plans and specifications prior to release to check that the

geotechnical recommendations and design criteria presented herein are properly interpreted.

8.0 LIMITATIONS

The investigation was performed using the standard level of care and diligence normally practiced by recognized
geotechnical engineering firms in this area, presently performing similar services under similar circumstances.
This report has been prepared exclusively for the project and location described in this report, and is intended to
be used in its entirety. If pertinent project details change or otherwise differ from those described herein, AEC
should be notified immediately and retained to evaluate the effect of the changes on the recommendations
presented in this report, and revise the recommendations if necessary. The scope of services does not include a
fault investigation. The recommendations presented in this report should not be used for other structures located

at this site or similar structures located at other sites, without additional evaluation and/or investigation.
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9.0 CLOSING REMARKS

AEC appreciates the opportunity to be of service on this project and looks forward to our continuing association

during the construction phase of this project and on future projects.

AVILES ENGINEERING CORPORATION
(TBPE Firm Registration No. F-42)

Shou Ting Hu, M.S.C.E., P.E.
Principal Engineer

Wilber L. Wang, M.Eng., P.E.
Project Engineer

November 15, 2011

Reports Submitted: 4 Entech Civil Engineers, Inc.
I Electronic (CD)

ZAENGINEERING\REPORTS\201 1M1 64-11 REPLACEMENT SHAWNEE BRIDGE AT GULF FREEWAY - ENTECH
(WILBERWG164-11 FINAL.DOC
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Plates A-3 and A-4 Boring Logs
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Plate A-6 Classification of Soils for Engineering Purposes
Plate A-7 Terms Used on Boring Logs
Plate A-8 ASTM & TXDOT Designation for Soil Laboratory Tests
Plate A-9 Sieve Analysis Results
Plate A-10 Crumb Test Results

Plates A-11 to A-14 CU Test Results
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AVILES ENGINEERING CORPORATION

BORING LOCATION PLAN
SHAWNEE ROAD OVER HCFCD UNIT NO. 106-03-00
BRIDGE REPLACEMENT, WBS NO. N-00445N-0030-3

HOUSTON, TEXAS
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HCFCD G164-11 LOGS.GPJ HCFCD.GDT 11/15/11

— LOG OF BORING B-1 PAGE 1 OF 2| DATE: —
A LE el PROJECT: Shawnee Road Over HCFCD Unit No. 106-03-00 SORFACE ELEVATION T
| Y R o Bridge Replacement, WBS No. N-00445N-0030-3 450
Bl | e Telephone: (713) 895-7645 Houston. Texas .
ENGINEERING corp. Fax: (713) 895-7943 : ATTERBERG 5
PROJECT NO.: G164-11 BORING TYPE: 4" DRY AUGER/WET ROTARY) £ | LIMITS(%) | g ..:é
@ BELOW COUNT® = " E Xlu| Sz=
LOCATION 55T 80, am § § Natural Mo;t:re Content E ‘. % % % g E
) H . = | F @ = o~
E North!ng: 13803160.63 - 10‘ 2%” (ts;)0 ‘40 > g 2|2 Adtorbiong Linie g & = zle e
Z el USC |T Easting: 3160938.09 £ . 4 - - 718z 5 low _ _ S TR auwip
= |u o [} H SS(sh) W 2 |v 5|y |Z%|Plasc Moisture Liguid| z (o |E|E|o e
£ [z 1| Station: 1+36.00, Offset: 51.14'R q g < 10 20 30 40 419z z|2q Limi Content  Limit | 2 | > g g z iz¢
g3 g MATERIAL DESCRIPTION BEZ[ eToeee —| g |Sg| ZBH Fom-e--—i glSiniald) Eaf
L o 200 400 600 800 O [2w|w©a] 20 40 60 80 ZE|LL|PL|PI| & weZo
L ] : PAVEMENT: 9" concrete + 1" asphalt + 6" = :
T4 CHY \cement-stabilized base + 1" stabilized sand| P=2.0 77] o 30|79 | 25|54 | 94
- EAT CLAY (CH), stiff to hard, high to very | P=2-25 : 28
B :Z high plasticity, dark gray, with slickensides | P=2.5 1 28|75|24|51| 98| 4-8cuU:
L and ferrous stains, moist p=2.75 C'=460psf
L 4 -tan, light gray and brown 4'-10', with : |29 $'=19.1°
s calcareous nodules 4'-12' P=2.5 49| & 29 C.=520psf
] -with silt seams 68" ' $om12.8°
[ -7 -with sand partings 8'-10' P=1.25 31|66 | 27|39 99
- :7 -reddish brown and light gray 10'-18' P=2.75 o
[ 15 IZ P=3.23 28|10 | 130
[ ] -with silt seams 16'-18" P=2.5 i |33 (80|32 48|99
[ ] -tan and light gray 18'-20" P=4.25 | 24
- 20 ——
- ¥
i :Z -tan, brown and light gray, with sand P=2.75 148 15|.. |22
- 25 partings 23'-25'
: :7 -reddish brown, with silty clay seams P=3.5 127 | 71| 3140|100
L 30 4 | HAY 2538
L~ 1] oL B ity Clay layer 30°-33'
- 4| ML ;E
R /2, N
i 7 CH FAT CLAY (CH), very stiff to hard, highto | P=425 49|18]. |29
- 35 very high plasticity, reddish brown and light
- gray, with slickensides and ferrous stains,
- 1l moist .
L] Z -with silt pockets 33'-35' P=4.25 28|75|30|45|99
- 40 -brown and tan 38'-55'
i :7 P=4.25 |28
- 45 1 S & mh 4 e % % 2
Water Level Est: ¥  Measured: ¥ Perched: ¥ Key to Abbreviations: Notes:
Water Observations: Water encountered at 30' during drilling. N -SPT Data (blows/ft) T -Torvane (1) Borehole caved in at 28.9' during drilling. (2) Wet rotary started at 30",
Measured water at 21.6' approx 15 minutes after initial encounter. P -Packet Penetrometer  C, -Undrained Cohesion (tsf) | (3) Northing/Easting is Texas State Plane, South Central Zone No. 4204, Grid
i Coordinates, NAD83. Surface elevation is NAVDSS, 2001 Adj.
SempleKey:  SPT 7 Shelby T B Disturbed (Auger] (tsf) SS-Shear Strength (P/2, tsf) i PLATE A-3




HCFCD G164-11_LOGS.GPJ HCFCD.GDT 11/15/11

indi LOG OF BORING B-1 PAGE 2 OF 2| DATE: i
AVILE ST Wingiem PROJECT: Shawnee Road Over HCFCD Unit No. 106-03-00 SRFACEEEATON T
e (| EoEsE—— T§|Lésr?2r'ne-m(($153) 805-7545 Bridge Replacement, WBS No. N-00445N-0030-3 345
B M reaslin bl Houston, Texas —
ENGINEERING corp. Fax: (713)895-7943 ATTERBERG v
' PROJECT NO.: G164-11 BORING TYPE: 4" DRY AUGER/WET ROTARY| € | LIMITS(%) | & L S E
® BLOW COUNT® = : & Xlul| o=
LOCATION s & aG E § Natural Mr:itcl;reContent g - % g é E
il ing: =% | 7 E =
@ horthing: 4acHai 61,63 4 G 4 r|EE| & Atterberg Limits 8153 |e|g| 28¢
Z |a| USC |4 Eastmg: 3160938.09 i 1.0 20 30 4.0 G |TT|h 0w = z — 1wl 3|e|c|§ owLn
= |u = Q B SS(tsf) W Z | 5| |£%|Plastic Moisture Liquid| ¢ | © ElE|o |
£z ui | Station: 1+36.00, Offset: 51.14' R g« 10 20 30 40 8|92 | g|2g Umt Content Lmt Q2 = 2/2)=z]| % Se
o |2 B X E = - : : ?_E Sy e e————q o |2 a SCuw
8 |3 : MATERIAL DESCRIPTIO whd | STovme(sne | F S zo¢ S tete| BEE
| ATERIAL DESCRIFTION 200 400 600 00 | O |5@| & [0al 90 40 6o g0 | F[LL[PL[PI[&| wWZ0o
. J|cH EAT CLAY (CH), stiff to hard, high to very e
- T high plasticity, brown and tan, with P=3.75 :
N 'Z slickensides and ferrous stains, moist | 98| 140/{3.81.23
[ 50 (continued)
R i -with sand partings 48'-52', and silt pockets
- 48'-55' P=4.5
:55 :Z with silt partings 52'-58' 56 | 25 |31 1100
E :Z -dark brown and dark gray 58'-65' P=3.0 80 | 1.19 |7.1| 27|
L 650 -
- :Z P=3.0 94|33 (61|99
[ 65 -
C ] |sw WELL-GRADED SAND WITH SILT
- Ag SM (SW-SM), dense, no plasticity, tan, wet N=34 7
L 70
3 N=31
s N
[ 1icH FAT CLAY (CH), very stiff to hard, high x
- -Z plasticity, reddish brown and light gray, P45 108 (1.55 |76 |33
- 80 moist
- -with silt pockets 78™-80
- :Z P=4.5 66 | 26 | 40 |100
- 85 1
7| ML SILT (ML), medium dense, no plasticity,
X :X reddish brown, with clay partings, wet N=29 g4
[ ¥ Termination depth = 90 feet.
Water Level Est: ¥ Measured: ¥  Perched: ¥ Key to Abbreviations: Notes:
Water Observations: Water encountered at 30 during drilling. N -SPT Data (blows/ft) T -Torvane (1) Borehole caved in at 28.9" during drilling. (2) Wet rotary started at 30"
Measured water at 21.6' approx 15 minutes after initial encounter. P -Pocket Penetrometer  C, -Undrained Cohesion (tsf) | (3) Northing/Easting is Texas State Plane, South Central Zone No. 4204, Grid
(e Coordinates, NAD83. Surface elevation is NAVD88, 2001 Adj.
Sample Key: B0 SPT [/ Shelby Tube B Disturbed (Auger) Ll s Strangthn (2, 80 " PLATE A-3




HCFCO G164-11_LOGS.GPJ HCFCD.GDT 11/15/11

Sample Key:

Measured water at 15.4' approx 15 minutes after initial encounter,
and at 18' approx 24 hours after drilling.

H spT

Disturbed (Auger)

P -Pocket Penetrometer
(tsf)

C, -Undrained Cohesion (tsf)
SS-Shear Strength (P/2, tsf)

‘ LOG OF BORING B-2 PAGE 1 OF 2| DATE: —.
A LE f’TQOtW'”(%fem PROJECT: Shawnee Road Over HCFCD Unit No. 106-03-00 SORFACEELEVATON T
el g [ 'OUSION, [EXaS Bridge Replacement, WBS No. N-00445N-0030-3 U7
mm b e Telephone: (713) 895-7645 Houston. Taxas -
ENGINEERING CORP, Fax: (713)895-7943 ' ATTERBERD g
. PROJECT NO.: G164-11 BORING TYPE: 4" DRY AUGER/WET ROTARY| £ | LIMITS(%) | & Y
LOCATION ;JBLE?C%SNT:D = g Natural Moisture Content E E E § gﬁ
2 = E Z | = =
o ing: & Z| 5 and El_|E|Z|@& BE %
@| Northing: 13803256.12 . A C,(ts) 4 = ﬂﬁfg g Atterberg Limits g|§ = z|s 220
s |o| Usc |G| Easting: 3160972.35 £ 10 20 30 40 | & |4 1|2 gul : —— w|Z|e|lc|f]|] 858
=y = (0] B SS(sf) W z |uh|yl|2Y Plastc Moisture Liguid |z |2 [F | E | o g
£la i | Station: 2+14.56, Offset: 13.07' L g9d« 10 20 30 40 4 (92| g LUmt Content Lmt) 2 2312/2|2| 22w
il g oE L & Torvane (psh) & z ‘:,‘HEJ 3 %Q F-——@®———— |8|3|a|a|g '%EE
B - X MATERIAL DESCRINTION “®9 | 200 400 600 800 | S [3@| £S5 20 40 o s |=[L[PL|P|a| @25
g | L PAVEMENT: 10" concrete A & i : 34
L F FILL: SILTY SAND(SM), no plasticity, tan, i
- 4| " [\itholay pockets, moist /| P25 85|27 | 58 | 95
[ 5 1 FAT CLAY (CH), stiff to very stiff, very high | P=3.25
L " plasticity, gray and tan, with slickensides P=2.0
L - and ferrous stains, moist : 0.69 49| 5
-7 Mwith calcareous nodules 6'-8 /1 P=35 10" CU-
o S LEAN CLAY WITH SAND (CL), very Sif, sl o =5
[ 11 cH high plasticity, tan and brown, with P=3.25 $'=26.1°
- alcareous nodules, moist pP=35 1 C.=450psf
- EAT CLAY (CH), stiff to very stiff, high to 0858) 9 $.=19.10
[ 45 :7 very high plasticity, reddish brown and light| P=1.5 73 | 28 | 45 [100
B 4 gray, with slickensides and ferrous stains, _
L —Z moist FE2.0
o ¥| with calcareous nodules 10-12' P=3.0 th bl
_ :Z -with sand partings 18'-25' i :
L -tan and gray 23-26' P 8524|4185
- 25 -
A ¥
[ ZZ P=4.0 114 |08 15
-390
E ZZ P=4.0 66 |26 | 40 | 99
- 35 =
E 27 -brown 38'-40" P=3.75 133 (4918
B 40 T
[ :Z P=3.5 79| 29| 50 | 99
- 45 Pttt :
Water Level Est: ¥ Measured: ¥  Perched: ¥ Key to Abbreviations: Notes:
Water Observations: Water encountered at 27' during drilling. N -SPT Data (blows/ft) T -Torvane (1) Wet rotary started at 27",

(2) Northing/Easting is Texas State Plane, South Central Zone No. 4204, Grid
Coordinates, NAD83. Surface elevation is NAVDES, 2001 Adj.

PLATE A-4




HCFCD G164-11 LOGS.GPJ HCFCD.GDT 11/15/11

— LOG OF BORING B-2 PAGE 2 OF 2| DATE: —
A I.E S e PROJECT: Shawnee Road Over HCFCD Unit No. 106-03-00 ST T
sy i e 1OUStON, Texas Bridge Replacement, WBS No. N-00445N-0030-3 &
Telephone: (713) 895-7645 34.7
_ _ ‘p ( ) Houston, Texas TTER
ENGINEERING CORP. Fax: (713) 895-7943 i __ | ATTERBERG o
PROJECT NO.: G164-11 BORING TYPE: 4"DRYAUGER/WETROTARY § | LIMITS(%) | | = &
= x| w =
LOCATION SELOWCOUNTe | £ Natural Mow‘stsjre Content E (8|8 Wz
_ P 8 Z an -1 El2|@ OF o
Ef Norling: (38020012 ok o N r |$E|2 Atterberg Limits AHEI IR
Z |w| USC |@| Easting: 3160972.35 £ 0 20 30 40 I8z 5 low - - — 1w |3 |e|c|§|] g4
I |5 P : ] W sSSsf) @ Z |o 5|y |2 Flastic Moistre Liaud| = | | £ |5 | o &g w
El& ui| Station: 2+14.56, Offset: 13.07' L g < 10 20 30 40 Wlo5|x|Zp| Lmt Content Limit | 2|3 Z LZ
5 (2 = b= - 2 4 A 2W(3EA e g———— Ble|3|3|5G =&
i ES oFE < © Torvane (psf) @ 5|3 |8% of=lelalal EEL
|l MATERIAL DESCRIPTION o wd 200 400 600 800 S |36|&|98 2 40 60 a0 2 [Wleilerl & Bz6
| J|cCH EAT CLAY (CH), stiff to very stiff, high to g
S very high plasticity, reddish brown and light| p=3.5
o gray, with slickensides and ferrous stains, D73 0.80 168 jo2 =
50 7] moist (continued)
E ol -with silt pockets and silty clay seams
-] -50° P=35
N LEAN CLAY WITH SAND (CL), very stff, |28
[ 55 7 dark brown, with silt partings, moist
[ 1lop Gravel layer 57'-58' Ped
- e FAT CLAY (CH), very stiff, very high - 36| 82| 3151100
- 60 plasticity, brown and gray, with
T ] slickensides, moist
L 7 ~dark brown 63'-65' P=3.75 | 87 | 1.06 |22 26 | 24
| 65 -1
[ ]| sp [l | POORLY GRADED SAND WITH SILT
- o | SM ] (SP-SM), dense, no plasticity, tan, with _
o gravel, wet N=48 | 14 1
[ J|sm[l [sLTY SAND (SM), dense, no plasticity,
F 1 tan, with clay pockets, wet 5 :
- N N=50 | 24
| 75
L J1lc LEAN CLAY WITH SAND (CL), stiff,
A medium plasticity, light gray, with silt nla " 1
B :Z o partings, moist 117 | 0.82 | 6.8 | 31 1432|1517 | 78
[ 1w SILT (ML), medium dense, no plasticity,
A reddish brown and tan, wet 07
o N N=28 23 85
[ J|cH FAT CLAY (CH), hard, reddish brown and
¥ 7 é light gray, with calcareous nodules, moist P=4.5 |23
Kl Termination depth = 90 feet.
Water Level Est: ¥ Measured: ¥  Perched: ¥ Key to Abbreviations: Notes:
Water Observations: Water encountered at 27' during drilling. N -SPT Data (blows/ft) T -Torvane (1) Wet rotary started at 27",
::Izazﬁesq Z;apt?;f‘t? 1%guf§ggrﬁlm;utas after initial encounter, P -Pocket Penetrometer  C, -Undrained Cohesion (tsf) | (2) Northing/Easting is Texas State Plane, South Central Zone No. 4204, Grid
% t o Coordinates, NAD83. Surface elevation Is NAVDES, 2001 Ad.
Sample Key: X SPT | Disturbed {Auger) = Soz8hear Strergih (P/2.456) " PLATE A-4
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LITHOLOGY SYMBOLS

P
o Bq-c USCS Poorly-graded Sandy Gravel

Concrete

USCS Poorly-graded Sand with Silt

% USCS High Plasticity Fat Clay

USCS Silty Sand

.
N
Oy
"
S,

7] USCS Low Plasticity Silty Clay

A

*l1  USCS Well-graded Sand with Silt

L]
.

o ¢ oo
ry

USCS silt

Fill (made ground)

/% USCS Low Plasticity Lean Clay

SAMPLER TYPES

[ Rock Core

Harris County Flood Control District: Shelby Tube

Harris County Flood Control District: Standard Penetration Test

Harris County Flood Control District: Disturbed Sample (Auger)

oy == —

PLATE A-5




CLASSIFICATION OF SOILS FOR ENGINEERING PURPOSES

ENGINEERING CORP. ASTM Designation D-2487
GROUP
MAJOR DIVISIONS SYMBOL TYPICAL NAMES
& ‘q‘g‘ W Well-graded gravel, )
g @ CLEAN GRAVELS well-graded gravel with sand
g2 (Less than 5% passes
- n's o No. 200 sieve) cp Poorly-graded gravel,
g E‘ E—,?‘ E poorly-graded gravel with sand
2 @
a3 Lo Limits plot below "A" line & - Silty gravel,
a8 oZg g GRAVELS WITH FINES | hatched zone on plasticity chart silty gravel with sand
0 g5 o5 {More than 12% passes
8 ﬁ & 5 No. 200 sieve) Limits plot above "A" line & Ge Clayey gravel,
% 2 dg hatched zone on plasticity chart clayey gravel with sand
[}
5 & T sw | Wellgraded sand,
1 -0 @ 5
|6|0J % @ % CLEAN SANDS . well-graded sand with gravel
g c g E (Less than 5% passes No. 200 sieve) - Poorly-graded sand,
o ﬁ g g ﬁ poorly-graded sand with gravel
» Z 50
g 33: E % Limits plot below "A" line & M Silty sand,
=~ 5 a SANDS WITH FINES hatched zone on plasticity chart silty sand with gravel
=5 (More than 12% passes
28 No. 200 sieve) Limits plot above "A" line & sc Clayey sand,
"’,g hatched zone on plasticity chart clayey sand with gravel
ML Silt, silt with sand, silt with gravel, sandy silt,
= gravelly silt
>
% SILTS AND CLAYS oL Lean clay, lean clay with sand, lean clay with
2 § (Liquid Limit Less Than 50%) gravel, sandy lean clay, gravelly lean clay
o
g 2 oL Organic clay, organic clay with sand, sandy
% g organic clay, organic silt, sandy organic silt
1]
§ ﬁ MH Elastic silt, elastic silt with sand, sandy
Qo elastic silt, gravelly elastic silt
u S
% E SILTS AND CLAYS CH Fat clay, fat clay with sand, fat clay with
g‘ {Liquid Limit 50% or More) gravel, sandy fat clay, gravelly fat clay
)
o) OH Organic clay, organic clay with sand, sandy
organic clay, organic silt, sandy organic silt

NOTE: Coarse soils between 5% and 12% passing the No. 200 sieve and fine-grained soils with limits plotting in the hatched zone
of the plasticity chart are to have dual symbols.

PLASTICITY CHART
= e 4 \}‘& \l“\e/
T o ~A y
x Q\I o) P
W o &
g < s
E = '/ /
5 e ~ // MH or OH
E N o
w C,\u
g o 2d
o ~ Z 1
AT ML or oL
Q
0 10 20 30 40 50 60 70 80O 90 100 110

LIQUID LIMIT (LL)

Equation of A-Line: Horizontal at PI=4 to LL=25.5, then PI1=0.73(LL-20)
Equation of U-Line: Vertical at LL=16 to PI=7, then PI=0.9(LL-8)

DEGREE OF PLASTICITY OF COHESIVE SOILS
Degree of Plasticity Plasticity Index

[ [o1 5 F . 0-4
Slight sy B 10
Medium ssrssanan 1] =20
High ... .21-40
Very High SRR

SOIL SYMBOLS

_

Clay (CH)

z Clay (CL)

Sand

Silt

PLATE A-6
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TERMS USED ON BORING LOGS

ENGINEERING CORP.

SOIL GRAIN SIZE

U.S. STANDARD SIEVE

&" 3" 3/4" #4 #10 #40 #200
GRAVEL SAND
BOULDERS | COBBLES SILT CLAY
COARSE FINE COARSE MEDIUM FINE
152 76.2 19.1 4.76 2.00 0.420 0.074 0.002

SOIL GRAIN SIZE IN MILLIMETERS

STRENGTHOF COHESIVE SOILS RELATIVE DENSITY OF COHESIONLESS

Undrained SOILS FROM STANDARD PENETRATION TEST
Consistency Shear Strength,
Kips per Sq. ft.
o= =2 Very LOoSe .......coevvemrcennccnicinninnees. <4 bpf
SO s iimimmvssisi e 0.25 to 0.50
8 Loose ......... v 5-10 bpf
Firm ... . 0.50 to 1.00 "
: Medium Dense . ... 11-30 bpf
Stiff ....... ... 1.00to 2.00 D 31-50 by
Very Stiff . .. 2.00 to 4.00 kA s S
Hard ... greater than 4.00 ONY 2OME8 mnsssnasssnamssnscsisssstreriseses 5
SPLIT-BARREL SAMPLER DRIVING RECORD
Blows per Foot Description
b R A o S v e Sl 25 blows driving sampler 12 inches, after initial 6 inches of seating.
o 50 blows driving sampler 7 inches, after initial 6 inches of seating.
Ref/3" .ivrsirnrisnsinisi s 50 blows driving sampler 3 inches, during initial 8-inches seating interval.
NOTE: To avoid change to sampling tools, driving is limited to 50 blows during or after seating interval.
DRY STRENGTH  ASTM D2488 MOISTURE CONDITION  ASTM D2488
None Dry specimen crumbles into powder with mere pressure of handling Dry  Absence of moisture, dusty, dry to the touch
Low Dry specimen crumbles into powder with some finger pressure Moist Damp but no visible water
Medium Dry specimen breaks into pieces or crumbles with considerable pressure Wet Visible free water
High Dry specimen cannot be broken with finger pressure, it can be

broken between thumb and hard surface
Very High Dry specimen cannot be broken between thumb and hard surface

SOIL STRUCTURE

Slickensided  Having planes of weakness that appear slick and glossy. The degree of slickensidedness depends upon
the spacing of slickensides and the easiness of breaking along these planes.

Fissured Containing shrinkage or relief cracks, often filled with fine sand or silt; usually more or less vertical.
Pocket Inclusion of material of different texture that is smaller than the diameter of the sample.

Parting Inclusion less than 1/8 inch thick extending through the sample.

Seam Inclusion 1/8 inch to 3 inches thick extending through the sample.

Layer Inclusion greater than 3 inches thick extending through the sample.

Laminated Soil sample composed of alternating partings or seams of different soil types.

Interlayered Soil sample composed of alternating layers of different soil types.

Intermixed Soil sample composed of pockets of different soil types and layered or laminated structure is not evident.
Calcareous Having appreciable quantities of calcium material.

PLATE A-7
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ENGINEERING CORP.

ASTM & TXDOT DESIGNATION FOR SOIL LABORATORY TESTS

I NAME OF TEST ASTM TEST TXDOT TEST
DESIGNATION DESIGNATION
W D 2216 Tex-103-E
Specific Gravity D 854 Tex-108-E
Sieve Analysis D 421 Tex-110-E
D 422 (Part 1)
" Hydrometer Analysis D 422 Tex-110-E
(Part 2)
Minus No. 200 Sieve D 1140 Tex-111-E
Liquid Limit D 4318 Tex-104-E
Plastic Limit D 4318 Tex-105-E
Shrinkage Limit D 427 Tex-107-E
Standard Proctor Compaction D 698 Tex-114-E
Modified Proctor Compaction D 1557 Tex-113-E
Permeability (constant head) D 2434 -
Consolidation D 2435 -
Direct Shear D 3080 -
Unconfined Compression D 2166 -
Unconsolidated-Undrained D 2850 Tex-118-E
Triaxial
Consolidated-Undrained Triaxial D 4767 Tex-131-E
Pinhole Test D 4647 -
California Bearing Ratio D 1883 -
Unified Soil Classification System D 2487 Tex-142-E

PLATE A-8




AVILES ENGINEERING CORPORATION
; ing Enginesrs - Geotachnical. (o1 Matasials Tastine: Eni

GRAIN SIZE ANALYSIS - SIEVE

Project : Shawnee Bridge Replacement Job No.: G164-11
Location of Project: Houston, Texas Date of Testing: 8/25/2011
Sand
Gravel Coarse Fine Silt Clay
to Medium
Grain Size Analysis
3" 3/4" #4 #40 #200
100 1
I | {
| |
90 1t ( -
i (11
il , (1]
80 1 !
70 1 i i '
&n 60 ; |
£ J
@ .
B« 50 T i
& .: ] |
g [ | | |
E 40 i B
= ! | |
0 i T T
: | |
20 : | i
; !
10 14 | !
W || | ‘ |
1
o | | WL
100 10 1 0.1 0.01 0.001 0.0001
Diameter (mm)
\ =li—Curve 1 =d—Curve 2
|
Curve Boring Depth (ft Soil Description Cu Cc
1 B-1 68-70 Well Graded Sand w/Silt (SW-SM) 6.47 1.06
2 B-2 68-70 Poorly Graded Sand w/Silt (SP-SM) N/A N/A

PLATE A-9




AVILES ENGINEERING CORPORATION
S —— ol & ot Matsriale Tesin. Eid l

RESULTS OF CRUMB TESTS

Project Name: Shawnee Bridge Replacement
Test Date: 8/30/2011

Project No.: G164-11

Crumb Test
Boring Depth, Crumbling Characteristics Classification
Number feet Soil Crumbles? If soil crumbles, rate of crumbling | @10 @30
(Y/N) Minor Moderate Immediate minutes | minutes
B-2 4-6 Y . 1 1

Results interpretation:

AW N =

No sign of cloudy water caused by colloidal suspension

Bare hint of colloidal cloud formation at surface or soil crumb

Easily recognized colloidal cloud covering at least 1/4 to 1/2 of the bottom of the glass container
Strong reaction with colloidal cloud covering most of the bottom of the glass container

Plate A-10




ENGINEERING CORP,

Brown FAT CLAY (CH)
LL=75 PL=24, PI=51
Wa=2799%, r=948pcf, eo=03811

Shear Stress (ksf)

ﬁ§'519.1“

C'=0.46

I

Effective Normal Stress (kst)

TRIAXIAL CU TESTS
MOHR'S CIRCLES
Effective Stress
G164-11 Bering B-1, 4-6'

PLATE A-11
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ENGINEERING CORP.

Brown FAT CLAY (CH)
LL=75, PL=24, PI=51
Wa=27.99%, r1a=948pcf, e.=0.811

Shear Stress (ksf)

| @ch=12.9°

Ccu=0.52

\

Total Normal Stress (ksf)

TRIAXIAL CU TESTS
MOHR'S CIRCLES
Total Stress
G164-11 Boring B-1, 4-6'

PLATE A-12




ENGINEERING CORP,

Brown and gray LEAN CLAY WITH SAND (CL)
LL=44, PL=19, PI=25
Wu=22.00%, r=1072pcf, e =0572

%‘

2

-

% /

2 /
7
L]
C'=0.33

Effective Normal Stress (ksf)

TRIAXIAL CU TESTS
MOHR'S CIRCLES
Effective Stress
G164-11 Boring B-2, 8-10'

PLATE A-13
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ENGINEERING CORP.

Brown and gray LEAN CLAY WITH SAND (CL)
LL=44, PL=19, PI=25
Wa=22.00%, r=1072pcf, e =0572

— Pqu=19.1°

Shear Stress (ksf)

\
)

o
Ccu=0.45 =g

Total Normal Stress (ksf)

TRIAXIAL CU TESTS
MOHR'S CIRCLES
Total Stress
G164-11 Boring B-2, 8-10'

PLATE A-14
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ENGINEERING CORP.
APPENDIX B
Plates B-1 to B-6 Straight Sided Drilled Shaft Capacity Curves
Plate B-7 Aguirre & Fields, LP, Drawing: “Shawnee St. Bridge Replacement”, dated November

3,2011.



Elevation (ft)

G164-11 Shawnee Road Over Drainage Ditch
West Abutment Straight Sided Drilled Shafts (Boring B-1)

Allowable Accumulative Unit Skin Friction Capacity (kips/ft diameter)

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
40 T T ; T T
30 Je=——={Top of Drilled Shaft Elevation = 31 feet | -+ -~~~ e M e e FS— (SRS
o0 R————— Neglect 10 feet below Top of Driled Shaft | . S S SRS
10 | =memem mmm™ q = R e st SRR e e =
L T L e I T e e ____________;_ ______________________
| eSS SRR, . SO | e, PRSI S| SRR : ,,,,,,,,,,,,,
Er i R S S I s & A e S R e e e e e e e e e e e SR A T A R SRS s EEEEs
I e e e e P e e e e e e T S
. Capacity shown is for single, isolated ‘ ' !
shafts, spaced at least 3 shaft diameters, i !
ap + centertocentdr(=1@y 00000 e oo W s b e
. Neglect capacity to a depth of 10 feet below i
top of shaft. —— e ——— -
. Capacity includes a Safety Factor of 2 for —a—Skin Friction ! |
-50 skin fricion. [T T TTToOn | eSS as s S e e s e
-60 ; : :

Plate B-1




Elevation (it)

G164-11 Shawnee Road Over Drainage Ditch
West Abutment Straight Sided Drilled Shafts (Boring B-1)

Allowable Unit End Bearing (ksf)

1. Capacity shown is for single, isolated "
| shafts, spaced at least 3 shaft diameters, |-~ --~-~-- i e e ek e

2. Neglect capacity to a depth of 10 feet below b 4
top of shaft. .
3. Capacity includes a Safety Factor of 3 for !

Notes:

center-to-center (n = 1.0).

end bearing.

Plate B-2




Elevation (ft)

G164-11 Shawnee Road Over Drainage Ditch

West Abutment Straight Sided Drilled Shafts (Boring B-1)

Allowable Compressive Load (kips)

0 100 200 300 400 500 600 700
40 i i " T " T
30 == Top of Drilled Shalt Elevation = 31 feet | - - - e R ‘ : el
! ) ] Notes:
: ' ! 1. Allowable total capacitly shown includes
7777777 Neglect 10 feet below T ¢ Drilled Shaft ) .\ .. ) skin friction and end bearing. o
20 s eg:ec Belbelow 0‘:) of Drilled Shatt | ! 2. Capacity shown is for single, isolated
> i ' 1 shafts, spaced at least 3 shaft diameters,
> | | center-to-center.
10 o= S ERE TN g mm s s 1 3. Neglect capacity to a depth of 10 feet below |- - - - -
N i top of shaft.
A8 i i \ 4. Capacity includes a Safety Factor of 2 for

(o e e . e s e s s e i skin friction and 3 for end bearing. |- ----
5T LR (. e T s s S . .............
el | pe et o N EENG === T ******* S S A RS RS S ST

28f) Jcaunisssm e Voiizas (1, VNSRRI, YRR Ry Ty | NP B Lesamszsssmsasleessaaiies

| —8—24-in Dia, Shaft ! | E s
-40 1 ------ —8—30-nDia. Shaft |~ " REC e R e s TR e e e e s s e R e m e S o
—2&—36-in Dia. Shaft ! !
—8—42-in Dia. Shaft i 2 S
504 —€—48-in Dia. Shaft | . SR MU S N T ——
-60 4

Plate B-3




Elevation (ft)

G164-11 Shawnee Road Over Drainage Ditch

East Abutment Straight Sided Drilled Shafts (Boring B-2)

Allowable Accumulative Unit Skin Friction Capacity (kips/ft diameter)

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0
40 - - : ‘ : :
30 |¢——{Top of Drilled Shaft Elevation = 31 feet | .—‘ --------------------------- N ——
o0 ————— Neglect 10 feet below Top of Drilled Shaft L ___________ . A B [P
10 fommmmens ~q== = e
0+ e s e i i e S e ST S S R S e SN, (R S _ o]
[ . SR . (. .. _..“,,,,,‘,,,,,,,,,,,,-,,,,,,,,,,,,,,,,,,,,,,,,,E ,,,,,,,,,,,,,
i B et S pesm s ss
-30 it UL RSP s
. Capacity shown is for single, isolated I '
shafts, spaced at least 3 shaft diameters, ! 1
-40 ] | centerto-center(n=1.0. [ T ... N S|
2. Neglect capacity to a depth of 10 feet below l
top of shatft. :
3. Capacity includes a Safety Factor of 2 for 1 —a— Skin Friction
50 1| skin friction. 1 - T R S R R T SRS R R T
-60 : :

Plate B-4




Elevation (ft)

G164-11 Shawnee Road Over Drainage Ditch
East Abutment Straight Sided Drilled Shafts (Boring B-2)

Allowable Unit End Bearing (ksf)

0.0 1.0 2.0 3.0 4.0 5.0 6.0
40 T T T
30 {——— Top of Drilled Shaft Elevation =31 feet | - - -~ - - = - - - oo oo 4o e e o e
20 e e e e S e . : 777777777 e e e
Neglect 10 feet below Top of Drilled Shatt | | |
G e e e e R e R e S S S s e RS S s S T e
04-- - Fommmmm e mmmm e e B o mm e mm i mm o]
-10 ,,,,,,,,,,,,,;,,,,,,,,,,,,,,,,;,,,,,,,,,,,v,,,,,‘ ----------------------- : ----------------
Notes: ) i
1. Capacity shown is for single, isolated | i
-20 -1 shafts, spaced at least 3 shaft diameters, [~~~ ---- R e R [ ————
center-to-center (1 = 1.0). 1 | ——End Bearing |
2. Neglect capacity to a depth of 10 feet below i ‘ T
30 +------4 top of shaft. i e e e e s
3. Capacity includes a Safety Factor of 3 for . !
end bearing. ! i
.40 + = A e ST S e T e e i Ys S e e
B e e T e S R e e R e e il
-60 1
Plate B-5




Elevation (ft)

0 100 200 300 400 500 600
40 r - T T - :
30 te&———{Tap of Drilled Shaft Elevation =31 feet | - s : <
i i | j Notes:
) ! ! 1. Allowable total capacity shown includes
5 ! kin friction and end bearing.
—{Neglect 10 f low Top of Drill S I S 8 T (B
20 R4 eg‘ ct 10 feet below 0';3 of Drilled Shﬂl : | 2. Capacity shown is for single, isolated
1 ! ! ! shafts, spaced at least 3 shaft diameters,
] A S i | i center-to-center.
5 S e G R R e e R e s 3. Neglect capacity to a depth of 10 feet below| - - - -
i i i top of shaft.
] A e : i i 4. Capacity includes a Safety Factor of 2 for
) I o SRR, S e - e - skin friction and 3 for end bearing. |- ----
2 5 R S 2 =N T ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, E""”””””‘E ,,,,,,,,,,,,,,
1 PSS SU. . o S S S L S SO WS
I e e L R L o T ey, .
—&—24-in Dia. Shaft ‘ - : =
il e —8—30-in Dia. Shaft |~ e e e S e s R T =
—#&—36-in Dia. Shaft : ! LA S
—&—42-in Dia. Shaft | :
.7, ) ——48-in Dia. Shaft | ____ T, . N W S = I A | S s S—
-60 :

G164-11 Shawnee Road Over Drainage Ditch
East Abutment Straight Sided Drilled Shafts (Boring B-2)

Allowable Compressive Load (kips)

700

Plate B-6
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ENGINEERING CORP.

APPENDIX C

Plate C-1 Design Soil Parameters for Slope Stability Analysis
Plates C-2 to C-4a Slope Stability Analysis for Shawnee Road Bridge
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ENGINEERING CORP.
Table 1. Soil Profile Parameters for Slope Stability Analyses
(Based on Boring B-1)
Long-Term Rapid Drawdown
hort-T
Depth | Elevation . ¥ st Fecy (UL (CD) (CU)
Soil Type
() (ft) (peh) | ¢, O C' : Ceu Peu
(psf) (deg) (psf) (deg) (psf) (deg)
Stiff to very 230 19 260 13
Oto8 | 35t027 SGff CH 118 1,500 0 =65 | (b=21) | (€=65) | (9=21)
8to10 | 27t025 | Verystiff CL | 128 | 2,000 0 260 26 360 19
; 240 19 270 13
10to 14| 25to21 | Verystiff CH | 117 1,200 0 =65 | 0=21) | €=65) | 0=21)
Very stiff to
14t0 18| 21to 17 hard CH 117 1,800 0 230 19 260 13
18to30| 17to5 Very stiff CH | 128 | 2,200 0 240 19 270 13
Notes: (1)Y= wet unit weight of soil;

(2) C, =undrained cohesion, ¢, = angle of internal friction, under short term conditions. UU = strength parameters that
were determined from Unconsolidated-Undrained triaxial tests;
(3) C' =effective cohesion, ¢' =effective friction angle, under long term condition; CD = Consolidated-Drained strength
parameters that were determined from CU triaxial tests with pore pressure measurements;
(4) C, = cohesion for desiccated fat clay, ¢, = friction angle for desiccated fat clay;
(5) C., = cohesion, ., = friction angle, under rapid drawdown condition; CU = strength parameters developed from
Consolidated-Undrained triaxial tests;
(6) CH = Fat Clay, CL = Lean Clay.

Plate C-1




G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
SHORT TERM CONDITION

24" Diameter by 43' Long
Straight Sided Drilled Shafts

240 psf Traffic,. Surcﬁarge .

w

Elevation (ft)

Shawnee Road Bridge

1/

Stiff ry|stiff CH
f, Ph

' Cu = N500 ps 0 deg [ TS Cu = 1,500 psf, Phiu = 0 deg

= =17

!
‘ g '*‘-5:_\!1 C te Liner —/

1= 118 b R, Conorete [/ Stiff to very stiff GH, r = 118 pcf,
4

; Very stiff CL|r & 128 pef, Cu ~2,000 psf, Phiu = 0 deg

\k\h \,B‘J(Stiff CH, r=117 pcf,

| | | 1-—"Cu=1,200 psf, Phiu = 0 deg

Very stiff to hard CH, r = 117 pcf,
Cu = 1,800 psf, Phiu = 0 deg

Very stiff CH, r = 128 pcf,
Cu = 2,200 psf, Phiu = 0 deg

| | | \ ‘ |
140 150 160 170 180 190 200 210
Distance (ft) PLATE C-2




Elevation (ft)

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
LONG TERM CONDITION

==

= 3.400.

===
.

24" Diameter by 43' Long

" Straight Sided Drilled Shafts
4 I ]
N Shawnee Road Bridge
Stiff to very stiff CHr= 118 pdf PTL‘?1 oncrete Liner T/ Stiff to very stiff CH, r = 118 pcf,
30 [C' = 230 psf, Phi' = mteg ' _ﬂ C' = 230 psf, Phi' = 19 deg
| T~ . ’ T
N ary stiff CL, |r = 1128 plef, 7= 260 psf, Phi' = 26 de
2 SorEIE s O :
Very stiff CH, r = 117 pcf, — Desiccated CH, r= 118 pef, Very stiff CH, r = 117 pcf,
C' =240 psf, Phi' = 19 deg Cr = 65 psf, Phir = 21 deg C' = 240 psf, Phi' = 19 deg
20 o~ NZ e
e Very stiff to hard CH,|r % 117 pcf,
C' =230 psf, Phi' = 19 deg
15 |—
Very stiff CH, r = 128 pcf,
C' = 240 psf, Phi' = 19 deg
10 |—
5 | | | | \
140 150 160 170 180 190 200 210

Distance (ft) PLATE C-3



Elevation (ft)

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
RAPID DRAWDOWN CONDITION - GLOBAL SLIDE

N7 100-yr WSE_ 24" Diameter by 43' Long
’ / Straight Sided Drilled Shafts
Shawnee Road Bridge |
Concrete Liner Stiff to very stiff CH, r = 118 pcf,
Cecu = 260 psf, Phicu = 13 deg
VA
128/pef) Ceul="360 psf, Phicu = 19 deg
: ' | : ;
Very stiff CH, r = 117 pcf, L Desiteatéd CH, r = 118 pcf, Very stiff CH, r = 117 pcf,
Ccu = 270 psf, Phicu = 13 dep \ 'C'r'iuas psf, Phir = 21 deg Ceu = 270 psf, Phicu = 13 deg
- Very stiff to hard CH,|r 4 117 pcf,
Ccu = 260 psf, Phicuj= [13 deg
15 &=
Very stiff CH, r = 128 pcf,
Ccu = 270 psf, Phicu = 13 deg
10 |—
i | \ | | |
140 150 160 170 180 190 200 210
Distance (ft) PLATE C-4



Elevation (ft)

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
RAPID DRAWDOWN CONDITION - LOCAL SLIDE

-
"o

E ]

ol

-

o/
Q/
bkl
&
e

-

~ 2200 *

2.7000 —

T
Tt

2.300 -
_legg T~

- ‘\“

—2.5000 ——w—

’ ’ : \I (e ! ";\2%? ! ol
° ° e k !f\j'ﬁ L = U_"./,,.', ‘3’-;‘ )
|lil‘| A \\ “}//// Q =4 ’: " My U
WALV o 48 <7 100-yr WSE 24" Diameter by 43' Long
| x, x e WY / Straight Sided Drilled Shafts
35 :
| Shawnee Road Bridge | /
Stiff to very stiff CH, r = 118 pd,] Concrete Liner I; Stiff to very stiff CH, r = 118 pcf,
30 |'Ceu = 260 psf, Phicu = 13 deg Ccu = 260 psf, Phicu = 13 deg
Ml <
Very stiff CL, r = 128 pcf, Ccu = 360 psf, Phicu = 19 deg
25
Very stiff CH, r = 117 pcf, Desiccated CH, r = 118 pcf, Very stiff CH, r = 117 pcf,
Ccu = 270 psf, Phicu = 13 defy Cr = 65 psf, Phir = 21 deg Ccu = 270 psf, Phicu = 13 deg
2 My stiff to hard CH, |r 4 117 pcf,
Ccu = 260 psf, Phicul= |13 deg
15 |—
Very stiff CH, r = 128 pcf,
Ccu = 270 psf, Phicu = 13 deg
10 [—
5 | \ | ! | |
140 150 160 170 180 190 200 210
PLATE C-4a

Distance (ft)
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APPENDIX D

Raw CU test data and Slope W inputs



Project No.:

G164-11

PINHOLE TEST DATA
ASTM D-4647 METHOD A

Project Description:

Sample Location and Description: B-2 4-6

Type of Specimen: Undisturbed  Curing Time: N/A Eroding Fluid:  Water
Temperature: Before Test: 71F After Test: 71F
Tested By: W THOMAS Date of Test: 10/28/2011
|l | = Flow Flow T Remarks
E 3 | 2 | Through | Rate Color of Effluent E
o = imen D
2 E |8 [mifsec] ™ = = &
FFE 2 5 o [ S| 8
= % & > 5
x ] o 2 [} [}
@ ® > > ° N
o H = > = 7]
2| £ |8 | 5| 2| E |2
SIS | E|[F[S8] 8| =
0 39 2" 10 39 0.26 *
1 18 10 | 39 0.26 *
2 0 10 | 42 0.24 *
2 46 10 46 0.22 *
3 29 10 | 43 0.23 *
4 14 10 | 45 0.22 *
5 2 10 48 0.21 *
5 52 10 50 0.20 *
6 47 10 | 55 0.18 *
7 49 10 | 62 0.16 * Flow Rate Too Slow
Repunch Hole
0 42 2" 10 | 42 0.24 *
1 25 10 | 43 0.23 *
2 7 10 42 0.24 *
2 51 10 | 44 0.23 *
3 34 10 | 43 0.23 *
4 20 10 [ 46 0.22 *
5 6 10 46 0.22 *
5 53 10 47 0.21 *
6 37 10 | 44 0.23 *
7 22 10 | 45 0.22 *
8 8 10 | 46 0.22 *
8 56 10 | 48 0.21 *
9 43 10 | 47 0.21 *
10 32 10 49 0.20 *
11 14 7" 20 42 0.48 *
11 | 53 20 | 39 0.51 *
12 | 33 20 [ 40 0.50 *
13 | 13 20 | 40 0.50 *
13 50 20 37 0.54 *
14 29 20 39 0.51 *
15 8 20 | 39 0.51 *
15 | 48 20 | 40 0.50 *
Page 1 of 2

Plate D




PINHOLE TEST DATA

ASTM D-4647 METHOD A
Project No.: G164-11 Project Description:
Sample Location and Description: B-2 4-6
Type of Specimen: Undisturbed  Curing Time: N/A Eroding Fluid: __ Water
Temperature: Before Test: 71F After Test: 71F
Tested By: W THOMAS Date of Test: 10/28/2011
R Flow Flow T Remarks
E|l o £ | Through | Rate Color of Effluent E
o ) < [|Specimen| (ml/s) i)
E[E | § [ml[Sec = s | 2
= = o 3 @ z 3
X = L =
2 S = > o
x 2 o° L © [}
E slz|z|8|¢8
>lx|8|5 || €|
S| 8|E|5|8]18]|2
16 16 | 15" | 20 66 0.30 *
16 42 20 | 26 0.77 *
17 9 20 | 27 0.74 *
17 34 20 | 25 0.80 *
18 0 20 26 0.77 *
18 | 27 20 | 27 0.74 *
18 | 52 20 | 25 0.80 *
19 16 20 | 24 0.83 *
19 | 41 20 | 25 0.80 *
20 6 20 25 0.80 ¥
20 | 30 20 | 24 0.83 *
20 | 55 20 | 25 0.80 * 1.0 ND1
Page 2 of 2

Plate D




TABLE __
RESULTS OF CRUMB TESTS

|
Project Name: : 1

Project No.: /’r ") /

Results interpretation:

No sign of cloudy water caused by colloidal suspension

Bare hint of colloidal cloud formation at surface or soil crumb

Easily recognized colloidal cloud covering at least '/, to ¥ of the bottom of the glass container
Strong reaction with colicidal cloud covering most of the bottom of the glass container

PN

i

Eiafs n ﬁé«& e /30/ |
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Aviles Engineering Corp.
Advanced Testing Assignment Form

Project Number: {5] bt 1\
Boring: B

Depth (f1): Y-’
Date Assigned: = frl 3]

Resuits Deadline:

Type(s) of Testing Required (check all that apply):

m CU Triaxial

Desired Confining Pressures:

Q Consaolidation

ol Swell

Any additional testing required for this sample:

i N A5 Aeel

|78 -200 Sieve el

D Sieve Analysis

O Other: ‘Pp - Z 5—

Assigned by: // /

I o 7




Aviles Engineering Corporation
CU PRETEST DATA
ASTM D-4767
Project: G—- |é4 it !Date: E-2/. {/
Boring: ‘B e 4 Depth (ft): A;L.. é Cell #: /
Soi Description:  rRAYICH —BROWN FAT <LAY
Sample Mass (g): /&’35:} Scale ID: £ /S~ Sigma3: a0 20
Sample Dimenslons: 1SR TeosTarons et ey . Dt

Caliper iD: / 44'
Height Measurements (in): Diameter Measurements (in):
Height1: 5.5%25" L Re— 2. 865"
Height2 5.57158" Diameter2: 2. F#5"
Height3: 5.580 [ ; i Diameter3; 2.815
Average Height: 5.5 '_],7— " 4 | Average Diameter:
Sample Volume (cu. Ft.) d.0 )CI PRSI
Initial Moisture Content:

Tare ID: MT- C’I Scale ID: 4 7o

Tare Wt (g): 58. OL/‘ Oven ID: é/ Z
Wet Sail + Tare (g): /0 -; Z f" Thermometer ID: £/ 9}5
Dry Soil + Tare (g): ? g 52

ﬁ Moisture Content (%): 2 ';,_r 249
Sample Density: Dial Gauge Data:
Vet Density. 1Z1.3 vex  |piwcaugeio: 063%
Dry Density: VS Pex  |initial Reading (in): o100
Test Prep. Technician: k_)~—) ,T\F*CW\A <
Technician Signature: (_J\D@ —(‘-—‘,7.,\_,\__

Nt




CU Post-Test Datasheet

Project Mame: Q—‘ \ é""g"' U Project Numbes:
Boring Mumber: B Boring Cepth {ft): i f_._& Calig: /

Date: ?_4/5[ (/

Woisture Ceontent: Sampie Skeich:

Tara ID: MT: * g
| Tare Weight (g].: 1 5 0. B2
f et Soil ~ Tare ig)y: 1 /g}z‘ Z Z
i Ory Soil + Tare (g} % /¢ ¥‘ 2 7 .;|' _
% Moiswure: i ) Z’ 8 : 3_ ]

)

Failure Types: (circle all that apply}
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Triaxial Consolidation Datasheet

Stage: e o3= S sl el gy
Celi#: / "
Job No.: GT/ ‘lé "f - | ] Cell Pressure; ] :3/
Boring No: B Back Pressure: (>
Depth: 4_ 6
Date Time Elapsed Pipette Reading | Dial Gauge Reading (in.)
. Time {min) {ml) =
9.9.11 | /o2& ; Z3.00 0. /6 7/ 15
L 22 L
0.25 Z2. 47
056 | =Zz. £2
2. 7.
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i
/[ s Z2Z. e
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Final Height (in): 5.529 4

s
Final Diameter (in): .. & OO



Triaxial Consolidation Datasheet

Stage: j_

o= o5 9, B
Cell#:
JobNo: /64 -1/ Cell Pressure: £/
BoringNo: B —/ Back Pressure: 7 o
Depth: 4:6' %
Date Time Elapsed | Pipette Reading | Dial Gauge Reading (in.)
Time {min) {ml)
7-13-11] 7:23 o |Z3.00 | 0.283/0.2¢0"
0.1 22, £s
0.25 ZLAEL
05 22.6o0
1 ZliSf
2.5 | Z2-%o
4 2275
22 3 Z).€p
b R | 2o Fo
(06 |/7 70
-1l Bitl,  BR2ee | (% SO
1202 |15V [ S0
S49 |18 /¥ 2o T E
Final Height (in): 5. 4/&"

Final Diameter

{in):
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CALCULATION OF TRIAXIAL CU TESTING RESULTS

Job Name: Replacement Shawnee Bridge at Gulf Freeway Job No.: G164-11
Client: Entech 9/19/2011
Location: B-1, 4-6 File @: Z:\Engineering\Reports\2011\164-11

Three Staged Consolidated-Undrained Triaxial Tests
Brown Fat Clay (CH)
1) Initial Condition (before testing)

LL= 75 ,PL= 24 ,Pl= i
Cu= psf,
Wy = 27.99 %, G= 295 ,
Wety= 121.3 pcf, Dry vy = 94.8 pcf,
Yo = 62.4 pcf, S = wy/(YulYg- 1/G) = 95.0 %
e=wyG/S = 0.811 .
2) Final Condition (after testing)
Wi = 28.30 %,
Stage Sigma_1' | Sigma_3' u Strain Sigma_1 | Sigma_3
(psi) (psi) (psi) (%) (psi) (psi)
1 14.99 3.05 1.89 1.30 16.88 4.94
2 19.91 5.68 4.23 1.20 24.14 9.91
3 32.16 19575 7.83 2.00 40.09 19.68
Residual 0.00 0.00
Effective Stresses Total Stresses
Stage Sigma_1' | Sigma_3' u Strain Sigma 1 | Sigma_3
(ksf) (ksf) (ksf) (%) (ksf) (ksf)
1 2.16 0.44 0.27 1.30 2.43 0.71
2 2.87 0.82 0.61 1.20 3.48 1.43
3 4.63 1.69 1.14 2.00 5.77 2.83
Residual 0.00 0.00 0.00 0.00 0.00 0.00
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Initial Height Measurements (in.):

Height 1: 5.575

Height 2: 5.575

Height 3: 5.58 Average Height (in.): 5.576667
Initial Diameter Measurements (in.):

Diam 1: 2.805

Diam 2: 2.745

Diam 3: 2.818 Average Diameter (in): 2.789333
Initial Dial Gauge Reading (in):

End of Saturation Dial Gauge Reading (in.): 0.081

First Consolidation: (if there is no first stage consolidation, enter ‘0’ for initial and final pipette readings, copy DGs to DGc)

Initial Pipette Reading (mL): 23
Final Pipette Reading (mL): 23
Final Dial Gauge Reading (in.): 0.081
Beginning of First Shear:

Height: 5.596

Diameter: 2.799

End of First Shear:

Dial Gauge Reading at end of shearing (in.): 0.167
Dial Gauge Reading after CV rebound (in): 0.148
Second Stage Consolidation:

Initial Pipette Reading (mL): 23
Final Pipette Reading (mL): 19
Final Dial Gauge Reading (in.): ‘ 0.148
Beginning of Second Shear:

Height: 5.529

Diameter: 2.806

End of Second Shear:

Dial Gauge Reading at end of shearing (in.): 0.283
Dial Gauge Reading after CV rebound (in): 0.26
Third Stage Consolidation:

Initial Pipette Reading (mL): 23
Final Pipette Reading (mL): 14.2
Final Dial Gauge Reading (in.): 0.262

Beginning of Third Shear:
Height: 5.415
Diameter: 2.813




G164-11 B-1-4-6 STAGE1

Elapsed Time | Vertical Load DCDT Pore Pressure | Cell Pressure |1
min.] (Ibs) {inch) (psi) (psi)

00 11.90 0.0000 19.64 24,68

15 18.18 0.0014 19.87 24.66

3.0 24.72 0.0028 20.10 2461

4.5 30.63 0.0042 20.35 24.60

6.0 34.88 0.0056 20.55 24.59

75 38.58 0.0070 20.75 24.62

8.0 42.83 0.0084 20.92 24.63
10.5 46.97 0.0088 21.07 2465
120 49.97 0.0112 21.19 2485
13.5 52.58 0.0126 21.26 2459
15.0 53.57 0.0140 21.37 24.61
16.5 56.96 0.0154 2143 24.60
18.0 57.54 0.0168 2123 24.31
19.5 60.09 0.0182 21.56 24.61
210 61.17 0.0196 2161 24.61
225 63.88 0.0210 21.63 24.56
24.0 63.54 0.0224 21.69 24.60
255 65.44 0.0238 21.71 24.59
27.0 65.18 0.0252 21.74 2457
285 66.61 0.0266 21.77 24.80
30.0 67.92 0.0280 21.77 24.60
315 68.43 0.0284 21.76 24.55
33.0 68.99 0.0308 21.79 24.60
34.5 71.24 0.0322 21.79 24.58
36.0 70.44 0.0336 21.79 24.55
375 71.35 0.0350 21.83 24.65
39.0 73.10 0.0364 21.77 24.56
405 73.38 0.0378 21.81 2459
420 7357 0.0392 21.81 2465
435 7388 0.0406 21.78 2459
45.0 75.56 0.0420 21.80 24.63
46.5 75.06 0.0434 21.80 2461
48.0 75.59 0.0448 21.76 2454
49.5 77.28 0.0462 21.76 24.61
51.0 77.16 0.0476 21.72 24.50
525 77.75 0.0480 21.74 2460
54.0 77.84 0.0504 21.71 24.58
556 77.75 0.0518 2172 2457
57.0 75.64 0.0532 2173 2461
586 79.97 0.0546 21.70 24.58
60.0 80.16 0.0561 21.67 24.55
66.0 79.70 0.0616 21.64 24.57
721 80.54 0.0673 21.60 24.59
781 83.13 0.0729 21.53 24.58
84.1 83.78 0.0785 21.47 24.52
90.1 84.93 0.0841 21.46 24.61
943 85.93 0.0880 21.39 24.55

0.08
0.10
0.13
0.15
0.18
0.20

025
0.28
0.30
0.33
0.35
0.38
0.40
0.43
0.45
0.48

0.53
0.55
0.58
0.60
0.63
065
0.68
070

075
078
0.80
083
085
0.88
0.80
093
085
0.g8
1.00
1.10
1.20
1.30
1.40
1.50
1.57

781
8.29

9.24

9.80
10.15
10.45
10.51
10.99
10.99
11.37
11.50
11.87
11.78
12.06
11.97
12.20
12.41
12.45
12.56
1280
12.74
12.94
13.18
13.23
13.31
13.33
13.61
13.52
13.56
13.90
13.82
13.98
14.00
13.96
13.66
14.35
14.38
14.35
14.53
14.99
15.09
15.36
15.51

424
403
3.88
3.70
3.59
346
333

3.7
3.08
3.05
3.00
293
2.90
287

283
283
279
2.81
279
278
2.82
279
279
284
2.81
2.82
281
278
284
2.79
2,85
2,87

2.88
2.88
2.88
293
3.00
3.05
3.05
3.16
315

225

273
293
313
325
347
as7
373
384
4.05
4.06
420
4.23
4.31
4.39
4.46
4.47
4.62
4.61
458
473
475
469
4.74
4.82
4.80
4.88
4.89
4.96
4.90
4.88
491
4.74
4.99
4.99
4.89
4.85
492
494
487
492

1.78
213
243
277
3.10
335
3.56

3.91
3.96
4.18
425
447
444
4.59
4.57
4.68
4.79
4.83
4.87
5.05
4.99
5.06
5.20
522
5.23
5.26
5.39
5.35
5.39
5.53
5.52

557
5.56
5.39
5.74
5.75
571
577
597
6.02
6.10
6.18

762
768
7.85
775
7.88

8.01
8.07
8.07
8.21
8.17
817
8.37
8.30
8.42

8.40
8.27
8.61
8.63
8.64
8.76
8.02
9.07
9.26
9.33

0.71
0.91
1.1
1.28
1.43
1.55
161
1.73
1.79
159
192
197
1.99
205
207
210
213
213
212
215
215
215
219
213
216
217
214
218
2186
212
212
2.08
210
207
2.08
2.09
2,08
203
1.89
1.96
1.89
1.83
1.81
1.75



G164-11 B-1-4-6 STAGE2

Elapsed Time | Vertical Load DGDT
—mi0) [Ibs) D)

0.0 741 0.0000
15 8.50 0.0014
30 955 0.0028
45 11.58 0.0042
6.0 19.22 0.0055
28 25.04 0.0069
9.0 32.61 0.0083
105 37.54 0.0097
120 41.42 0.0111
135 4653 0.0125
15.0 5050 0.0138
165 5259 0.0152
18.0 56.53 0.0166
195 59.30 0.0180
21.0 61.32 0.0184
225 65.44 0.0207
24.0 67.47 0.0221
255 70.00 0.0235
270 7252 0.0249
285 74.24 0.0263
300 75.72 0.0277
s 77.60 0.0290
33.0 79.06 0.0304
345 80.46 0.0318
36.0 81.69 0.0332
375 83.47 0.0346

19.70
19.69
19.69
19.86
20.18
20.52
20.81
21.09
2138
2162
21.84
22.04
2222
2239
22.52
22.66
22.77
22.89
23.00
23.11
23.22
23.30
23.36
23.44
23.52
23.57

29.71
29.68
29.69
29.64
29.64
29.62
29.67
29.66
29.69
29.66
29.63
29.68
29.67
2963

0.00
0.03
0.05
0.08
0.10
0.13
0.15
0.18

023
0.25
0.28
0.30
033
035
0.38
0.40
043
045
0.48
0.50
0.53
0.55
0.58
0.60
0.63

6.28
6.24
6.15
6.05

1.03
1.05
1.08
1.10
1.23
134
1.49
1.60
1.70
1.82
192
1.89
210
219
225
2.38
245
2.54
262
269
274
2.82
2.88
293
299
3.07

0.15
0.24
0.32
0.49
1.10
1.57
218
2.58
289
3.30
3.62
3.79
411
4.33
4.49
4.82
4.99
5.18
5.39
5.53
5.64
5.79
591
6.02
6.12
6.26

214



39.0
405
42.0
435
45.0
46.5
48.0
49.5
51.0
525
54.0
555
57.0
585
60.0
66.0
720
78.0
84.1
90.1
96.0
102.0
108.0
114.0
120.0
1261
1321
138.1
144.0
1479

83.46
85.49
86.73

86.39
88.91
88.45
89.45
80.91
90.67
91.25
92.19
92.05
92.48
92,68
94.97
94.67
95.84
96.13
97.02
97.83
97.81
98.57
98.79
100.08
100.09
99.41
100.37
101.43
100.48

0.0360
0.0374
0.0387
0.0401
0.0415
0.0429
0.0443
0.0457
0.0470
0.0484
0.0498
0.0512
0.0526
0.0540
0.0553
0.0609
0.0664
0.0718
0.0775
0.0830
0.0885
0.0841
0.0996
0.1051
0.1107
0.1162
01217
0.1272
0.1328
0.1364

23.59
2364
23.71
.75
23.80
23.80
23.79
23.82
23.89
23.88
23.88
23.90
2393
2393
2393
23.93
2383
23.91
23.93
2391
23.87
23.87
23.83
2382
23.79
2374
23.75
2368
23.64
23.61

2965
2065
29.70
29.68
2975
29.61
29.60
29.62
29.68
29.62
29.62
29.65
29.70
29.64
29.64
29.64
29.61
29.65
29.65
2963
29.61
29.66
29.57
29.66
29.59
29.61
29.66
29.62
29.59
29.67

065
0.68
0.70
0.73
0.75
0.78
0.80
0.83
0.85
0.88
0.80
0.93
0.85
0.98
1.00
1.10
1.20

170

210
2.20
230
240
247

18.57
18.85
19.01
1899
19.24
19.19
19.10
19.25
19.47
19.38
19.48
19.63
19.62
19.62
19.66
20.00
19.91
20.15
20.16
20.29
20.42
20.45
20.51
2063
20.77
20.84
20.75
20.92
21.08
21.03

6.01

3.06
3.4
3.18
320
323
3.30
329
332
3.36
3.38
3.39
3.41
3.40
3.44
3.44
3.51
3.51
3.51
3.52
3.55
3.56
3.53
3.57
3.53
3.58
355
351
352
3.54
347

6.26
6.42
6.52
6.53
6.65
6.69
6.65
6.73

6.82
6.87
6.94
6.93
6.96
6.97
715
712
7.20
7.22
7.28
7.34
7.33
7.38
7.3%
7.49
748

749
756
7.48

1232
1243
12.50
12.46
12.60
12.50
1246
1253
1263
12.56
12,61
12.69
12.69
12.66
12.68
12.86
12.80
12.94
12.94
13.00
13.08
1312
13.13
13.24
13.28
13.36
13.33
1343
13.51
13.55

3.90
3.84
4.02

4.10
4.10
4.09
4.12
4.19
4.18
4.18
4.20
4.23
4.24
4.23
4.23
423
4.21
4.23
4.21
417
417
413
4.12
4.09
404
4.05
3.98
384
391



G164-11 B-1-4-6 STAGE3

Elapsed Time | Vertical Load DCDT Pore Pressure | Cell Pressure
(min.) {lbs) {inch) (ps!) 5

0.0 10.56 0.0000 19.83 39.48
15 12.88 0.0014 19.82 39.46
30 11.18 0.0027 19.82 39.46
45 12.62 0.0041 19.82 39.48
6.0 13.03 0.0054 19.82 39.44
75 11.04 0.0068 19.86 39.45
9.0 18.76 0.0081 20.16 39.48
105 25.83 0.0085 20.52 39.48
120 34.56 0.0108 20.88 39.49
135 423 0.0122 21.23 3947
15.0 47.13 0.0136 21.54 39.44
16.5 51.26 0.0149 21.87 3947
18.0 56.83 0.0163 22.16 39.49
19.5 60.49 0.0176 2243 39.48
21.0 64.19 0.0180 22,67 39.46
225 67.03 0.0203 22.93 39.46
24.0 70.41 0.0217 23.16 39.49
255 73.12 0.0230 23.36 39.47
27.0 78.13 0.0244 23.56 39.44
285 79.88 0.0258 23.78 39.48
30.0 83.11 0.0271 2397 39.47
315 85.61 0.0285 2413 39.44
33.0 88.30 0.0298 24.30 39.42
345 89.77 0.0312 24.50 39.50
36.0 82.23 0.0325 24.65 39.48
37.5 895.23 0.0333 24.78 39.45
39.0 96.85 0.0352 24.93 39.43
405 98.84 0.0366 25.12 39.47
42.0 101.75 0.0380 25.23 39.48
435 104.14 0.0393 25.35 39.46
45.0 105.89 0.0407 25.46 39.47
46.5 108.43 0.0420 25.57 39.41
48.0 110.06 0.0434 25.72 39.50
495 113.14 0.0448 25.79 39.46
51.0 114.39 0.0461 25.90 39.43
525 115.11 0.0475 26.06 39.48
54.0 116.90 0.0488 26.11 39.48
555 116.98 0.0502 26.18 39.41
57.0 118.11 0.0515 26.27 39.43
585 118.24 0.0529 26.37 39.46
60.0 119.04 0.0542 2647 39.48
66.0 124.51 0.0597 26.72 39.49
720 127.26 0.0651 26.96 39.52
78.0 128.41 0.0705 27.14 39.49
84.0 130.73 0.0759 27.30 39.50
90.1 132.50 0.0814 27.39 39.46
96.0 134.25 0.0868 27.51 39.49
102.0 136.38 0.0g22 27.57 39.49
108.0 137.84 0.0976 27.64 39.48
114.1 136.37 0.1030 27N 39.52
1201 138.56 0.1085 27.76 39.51
126.1 138.60 0.1139 27.78 39.50
13241 139.18 0.1183 27.83 39.52
138.1 1339.89 0.1247 27.86 39.47
1441 139.77 0.1302 27.88 39.51
150.1 141.30 0.1356 27.89 39.51
156.1 142.69 0.1410 27.88 39.46
1621 143.20 0.1464 27.88 39.50
168.1 142.64 0.1518 27.90 39.47
174.1 143.20 0.1573 27.95 39.52
180.1 142.16 0.1627 27.94 39.51
186.1 14417 0.1681 27.93 39.48

0.73
0.78
0.78
0.80
0.83
0.85
0.88
0.90
0.93
0.95
0.98
1.00
1.10
1.20
1.30
1.40
1.50
160
1.70
1.80
1.90
2.00
210
220
230
240
250
2,80
270
280
2.80
3.00
3.10

30.26

30.32
30.55
30.42
30.52
30.47
30.52
31.13
31.33
31.29
31.49
31.62
31.80
32,04
3217
31.89
32.16
32.10
32.15
3z2.16
32.14
3235
32,51

32.60
32.44
3252
32.33
32.60

1.60

1.76
1.80
1.84
1.86
1.90
1.94
1.97

2.04
2,08
210
215
217
221
224
226
229
230
232
233
235
244
250
253
258
262
285
269
a7
270
274
274
275
277
276
278
281
2.81
2.80
2.81
279
282

740
7.59
7.72
793
8.05
8.30
8.40
845
859
B.5¢
B.68
8.69
8.75
9.18
9.39
9.47
9.64
9.78
9.80
10.06
10.17
10.04
10.20
10.20
10.23
10.28
10.26
10.37
10.46
10.49
10.44
10.47
10.38
10.53

18.76
19.84
19.80
19.94
19.94
19.74
20.10

20.65
20.90
20.95
20.98
21.16
2117
2119
21.17
21.24
21.24
21.40
21.36
21.42
21.43
21.48
21.44
21.47
21.55
21.51

21.51

21.64
21.69
21.73
21.76
21.83
21.96
21.93
21.87
21.96
21.83
21.84
21.77
21.77
2195
21.94
21.82
21.85
21.85
21.89
21.98
220

21.85
21.85
21.91
21.92
21.88
21.89
21.99
22.04
22.11

22.01
22.05
21.95
22.07

0.00
-0.01
-0.01
-0.01
-0.01

033
069
1.058

1.7

8.05

8.07
8.12
8.11
8.10



1821
198.1
2041
2101
21641
2221
228.1
234.1
240.1
246.1
252.1
258.1
264.1
27041
276.1
282.1
288.1
2841
300.1
315.1
330.1
3451
360.1
375.1
390.1
405.1
420.1
435.1
450.1
465.1
480.1
4951
5101
525.1
5401
555.1
570.1
585.1
600.1
615.1
630.1
645.1
660.1
&75.1
690.1
705.1
7201
735.2
750.1
7651
7802
795.1
8101
8252
840.1
855.1
870.2
885.2
900.2
900.4

144.87
143.92
144.41

144.70
145.61
147.39
147.51
147.29
148.08
148.75
149.45
149.19
148.88
14845
149.48
149.22
149.44
149.15
149.14
148.39
148.87
149.67
148.85
151.56
151.32
150.72
151.21

163.40
153.45
155.15
154.83
155.18
155.07
155.02
155.78
155.67
154.64
156.03
156.43
155.27
155.79
157.02
157.44
158.40
158.24
160.77
159.98
159.40
159.35
160.15
160.41

159.68
161.03
159.63
160.09
161.80
161.63
162.72
161.89
162.39

0.1735
0.1789
0.1844
0.1898
0.1852
0.2006
0.2061
0.2115
0.2168
0.2223
0.2277
0.2332
0.2386
0.2440
0.2494
0.2548
0.2603
0.2657
0.2711
0.2847
0.2982
0.3118
0.3253
0.3388
0.3524
0.3660
0.3795
0.3931
0.4066
0.4202
0.4337
0.4473

0.4744
0.4880
0.5015
0.5151
0.5286
0.5422
0.5557
0.5693
0.5828
0.5964
0.6089
0.6235
0.6370
0.6506
0.6641
0.6777
0.6912
0.7048
0.7184
0.7319
0.7455
0.7580
0.7726
0.7861
0.7987
0.8132
0.8135

27.91
27.90
27.30
27.89
27.89
27.88
27.90
27.92
27.80
27.87
27.87
27.84
27.81
27.81
27.79
27.79
27.77
27.77
27.74
27.75
27.69
27.68
27.62
27.55
27.54
2751

27.45
27.43
27.40
27.33
27.29
27.28
27.26
27.19
2713
27.11

27.09
27.02
26.98
26.96
26.91

26.89
26.88
26.83
26.80
26.74
26.74
26.71

26.65
26.61

26.61

26.58
26.51

26.51

26.44
26.41

26.42
26.38
26.32
26.33

39.48
39.46
39.43
3945
39.46
39.43
39.47
39.53
39.49
39.51
39.53
39.48
39.47
39.47
39.43
39.47
39.44
39.49
39.43
39.50
39.45
39.53
39.46
39.45
39.50
39.46
39.43
39.47
39.48
39.45
39.44

39.48
39.44
39.43
39.50
39.51
39.48
39.48
39.46
39.44
39.46
39.52
39.47
39.43
39.44
39.51
39.50
39.46
39.46
39.51
39.48
39.44
39.48
39.44
39.47
39.50
39.45
39.44
39.45

725

875

9.25

9.50

9.75
10.00
10.25
10.50
10.75
11.00
11.25
11.50
11.75
12.00
1225
1250
1275
13.00
1325
13.50
13.75
14.00
14.25
14.50
14.75
15.00
15.01

3271
3253
32.56
32.60
32.73
32.96
3z2.89
3297
33.21
33.17
33.29
33.20
33.15
33.07
33.18
33.18
33.16
33.15
33.09
32.98
33.01
33.16
32.97
33.38
33.35
33.20
33.24
33.57
3355
33.79
33.72
33.76
BN
33.66
33.76
33.78
33.61
33.76
33.83
33.61
33.65
33.80
33.88
33.95
33.86
34.23
34.13
34.00
33.95

34.08
33.91
34.08
33.86
33.89
34.12
34.05
34.14
34.02
34.08

11.57
11.56
11.53
11.55
11.56
11.54
11.57
11.61
1159
11.63
11.66
11.64
11.66
11.66
11.63
11.68
11.67
11.72
11.69
11.75
11.76
11.85
11.84
11.80
11.96
11.95
11.98
12.04
12.07
12.12
12.15
1220
1222
1225
1229
12.39
1242
1244
1250
1251
1253
12.56
1264
12.64
12.63
12.70
12.77
12,79
12,80
12.84
12.90
12.80
12.94
12.98
13.00
13.08
13.08
13.07
1313
13.12

2.83
281
282
2.82
283
2.86
285
284
2886
285
285
285
284
284
2.85
284
284
2.83
2.83
281
281
280
278
281
279
278
277
279
278
279
277
277
276
275
275
273
271
272
2.7
269
269
269
268
269
2,68
270
267
266
265
2565
264
283
263
2.61
261
281
2.60
261
2.59
2,60

10.57
10.48
10.51

10.52
10.58
10.71

10.71

10.68
10.81

1077
10.81

10.78
10.75
10.70
10.77
10.74
10.75
10.71

10.70
10.61
10.62
10.66
10.56
10.74
10.69
10.62
10.63
10.76
10.74
10.84
10.78
10.78
10.74
10.71
10.73
10.70
1058
10.66
10.66
10.55
10.56
10.62
10.62
10.66
10.61
10.76
10.68
10.61
10.57
10.60
10.59
10.51
10.57
10.44
10.44
10.53
10.49
10.53
10.44
10.48

22.14
22.04
22.04
22.08
22.15
22.25
2228
22.29
2240
2240
2247
22.42
22.41
22.37
22.40
2242
22.41
2243

22.36
22.38
2250
224

2264
2265
22.58
2261

2281

2281

22.95
22.93
22.98
22.96
22.95
23.03
23.08
23.01
23.10
23.16
23.06
23.09
23.18
23.26
23.30
2324
2346
2345
2339
23.38
2344
23.49
23.40
23.51
23.42
2345
2359
2357
2361
23.57
23.60

B.08
8.07
8.07
8.06

8.05
8.07
8.09
8.07
8.04
8.04
8.01
7.98

7.96
7.96
7.94
7.84
7.91
7.92
7.88
7.85
7.79
7.72
7.1
7.68
7.62
7.60
7.57
7.50
748
748
743

7.30
7.29
7.26
7.19
7.15
713
7.08
7.08
7.05
7.00
6.97
6.91
6.91
6.88
6.82
6.78
6.78
B.75
6.68
6.68
6.61
6.58
6.59
6.55
6.49
6.50



Aviles Engineering Corp.
Advanced Testing Assignment Form

Project Number: (r; [(p4—I [
Boring: P) - 2
Depth (ft): L S
Date Assigned: 2] f{/ ;'-%5,";,’ /

Results Deadline:

Type(s) of Testing Required (check all that apply):

s | CU Triaxial
Desired Confining Pressures: | o
=y (ks }
D Consolidation
D Swell

Any additional testing required for this sample:

P. 1. 0 : i
@ UDSiee  arpe m{,L/\/ DONE
9]
poe] -200 Sieve . o
N \ fis & ol
O Sieve Analysis
[ Other:
Assigned by: / d P TR




Minus 200 Mesh Sieve / Sieve Analysis Datasheet

Project #: GH‘)"F = H Project Name:

Boring #: - Depth (ft): S~ 1O |pate:

XL ]

Visual Classification:

Minus 200 Data:

Tare ID:

S:T Wi. of Dry Soil + Tare, before sieving (g):

25767

Tare Wt. (g): =10 65’ Wt of Dry Sail + Tare, after sievin

Percent Retained:

I 25 -__|Percent Passing:

1547
6.6

Sieve Analysis Data:

Sieve Analysis Dane? (v/n):

Sieve Size

Accumulated Wt. Retained (@ Percent Passing

Percant Retained

3I'l

2”

112"

3/ "

3/8"

#10

#20

#40

#60

#100

#140

#200

PAN

Test Technician:

Caiculated By:

Checked By:

S.A?




Aviles Engineering Corporation

CU PRETEST DATA
ASTM D-4767

Project: é"r/é'-"{vf)

Date: B -2 4~ 1}

Boring: 5 - Depth (ft): &~ Cell #: /f“

Soil Description: T _ w/ A
"T'Arwm k“H vy '-°- Cop oy LEAe Gl

Sample Mass (g): [ 7E Y Scale ID" 6 /5 [Somas & ‘/ZI' 2L

Sample Dimensions:

Helght measurements taken 120 degrees apart, Diameter
measurements taken at the quarter points of height.

Caliper ID: /Y

Height Measurements (in):

Diameter Measurements (in):

WO LE %

Height1: 5 5951 2, FFo !
Height2: L oe el % Diameter2: 2k 7 :
Height3: g 60 0 iameter3: Z . Fou
Average Height: 5593 ik '_: Average Diameter: 2.3% "f
Sample Volume (cu. Ft.) 0. 0} é R g Pt
Initial Moisture Content:
Tare ID: MT- 3 Scale ID: & 7o
Tare Wt (g): 635,02 Oven ID: &1y
Wet Soil + Tare (g): £ O ‘2o Thermometer ID: &/ 2
Dry Sail + Tare (g): T /é
Moisture Content (%): Lo fr
Sample Density: Dial Gauge Data:
Wet Density: \ 20. 15 peE Dial Gauge ID: /t 5/7
Dry Density: l0F.26 Pee |nitia Reading (in): L.S20

Test Prep. Technician:

W. THomac

Technician Signature:

@@——

@/D‘: AFoe aere < k/



CU Post-Tast Datashest

Project Name: G / é LTL ~ /] Project Number:
Soring Number: bo- 2z Boring Depth (ft: & — /0 Seilit: ﬁ
Date: % r[f-'?{ ’/_
,_;,}h
Wi, B
f 4
oisture Content: Zampie Sketch:

é © TarelD: MT" } 2 i
* : r;

| Tare Weight (g): | 2.8/ |
! Wet Soil + Tare (g): ' [E2 7§ '
Siy Soil + Tare (g): (75 L}L |
i % Moisture: ; Zo, { {

Failure Types: (circle all that appiy)

@ Multiple Shear Vertical Fracture

%
)

Technician: WM
-




Aviles Engineering Corporation
CU BACKPRESSURE SATURATION

ASTM D-4767
Project: C—;/,Sﬂf -1/ Date: Z-24- 1/ Sigma3: é 12, 2
Boring: B -2 Depth (fy: S - /0 Cell #: R
Date: f-f Z#-1] |Time: 15 o Cell Pressure (psi: /o
Back Pressure (psi) - T

Pore Pressure Change (with backpressure valves closed, after 1 min) .;M-——

B-value: .- Increase Pressures? n/ Saturation Complete? v
New Cell Pressure (psi): = New Back Pressure (psi): -

)

Cell Pressure (psi): /S S
% , & Back Pressure (ps): é s
Pore Pressure Change (with backressu ves closed, after 1 min) ; £
B-value: &Z ?4' Increase Pressures? , j;,,._ Saturation Complete? nS
New Cell Pressure (psi}: / Z New Back Pressure (psi): / ",
Date: #-19-1! [Time: | 2 ) Cell Pressure (psi): /S, 35
Back Pressure (psi): /e g
Pbre Pressure Change (with backpressure valves closed, after 1 min}: 2. .00/
B-value: ¢/, & & Increase Pressures? f Saturation Complete? N
New Cell Pressure (psi): &) New Back Pressure (ps): /5
Date: 2.7 || |Time: ]5 * 3¢ |Cell Pressure (psi): Zo, o2
Back Pressure (psi): 15", ad
Pore Pressure Change (with backpressure valves closed, after 1 min) — B 1 /
B-value: /2 8‘? Increase Pressures? y Saturation Complete? /\/
New Cell Pressure (psi): 25 New Back Pressure (psi): 2z

Technician Signature: %/ : /}fmy\

Page/ of 7.




Aviles Engineering Corporation
CU BACKPRESSURE SATURATION
ASTM D-4767
Project: 2= /£ 475-_,. /t Date: G- 244 /) Sigma3: £ / 2 24
Boring: Br 2 Depth (ft): - 10 Cell #: &£
Date: 5 -5 /- [] |Time: /Z: /5 |Cell Pressure (s): Zg, 1 F
Back Pressure (psi: .86
Pore Pressure Change (with backpressure valves closed, after 1 min) - p, A
B-value: g < 7 [Increase Pressures? ,- Saturation Complete? Yy
New Cell Pressure (psi): = New Back Pressure (psj: 2
Date: 7- /- (! [Time: /0.‘;5 7- |Cell Pressure (psi: =20 al-
g l e : _' i Back Pressure (psi): = g;:_
Pore Pressure Cange witharesre aive closed, affer 1 min) . L g
B-value: &, 9% |Increase Pressures? R Saturation Complete? 4
New Cell Pressure (psi). ~— New Back Pressure (psi): —
Date: Time: Cell Pressure (psi):
Back Pressure (psi):
Pore Pressure Change (with backpressure valves closed, after 1 min)
B-value: Increase Pressures? Saturation Complete?
New Cell Pressure (psi): New Back Pressure (psi):
Date: Time: Cell Pressure (psi}:
Back Pressure (psi) :
Pore Pressure Change (with backpressure valves closed, after 1 min} :
B-value: Increase Pressures? Saturation Complete?
New Cell Pressure (psi): New Back Pressure (psi):
Technician Signature:
Page 2 of 2~




Triaxial Consolidation Datasheet

Stage: 03= & (2 2y
Cell#:
Job No.: (e Cell Pressure: 3 ?
Boring No: Lo B Back Pressure: il
Depth: ,-;— i i
Date Time Elapsed Pipette Reading | Dial Gauge Reading (in.)
. Time {min) (ml) :
g4 L )2 @7 0 2% oo - 6.6 3'\"/5:. 675
0.1 Z22. o l
0.25 2.2 6
0.5 2. NS¢
\.j‘- @ _:-';,'-‘ ‘/' ? £r
/?’L’ '.g fl & }w
F-6-11| &125 |56k, /& 7
JO42  [5E63eg ¥ o5
7-F- ] Tt F [FoR /S of 6675

5, 468"

Final Height {in):

Final Diameter (in): 72 _ 799 ‘



Triaxial Consolidation Datasheet

Stage: o3= C &2
CeI;: 4 4 / : ?L
Job No.: (’_r‘l (&4 (| Cell Pressure: 4— 7
BoringNo: . 7 Back Pressure: 7 <
Depth: S— (o
Date Time Elapsed Pipette Reading | Dial Gauge Reading (in.)
_Time (min) (ml) i
Pzl | /e 5r 0 Z23.55 6589663
i i 20 iy /
0.25 22 6c
05 ZZ2. 3¢
1 22 Zo
2 Z L
4 2/.45
/& 20.%¢
15 20 32~
7/ s (8.0 3
(21 oo [ 7O
| B7we |/ 7. 30
93] [ B2 (& &0
17:%e /6,5 2
8:efo 16, 42
& 14 /6.21 G blp"
Final Height (in): 5 353"

Final Diameter (in):

14
2 W .
™=




CALCULATION OF TRIAXIAL CU TESTING RESULTS

Job Name: Replacement Shawnee Bridge at Gulf Freeway Job No.: G164-11
Client: Entech 9/13/2011
Location: B-2, 8-10 File @: Z:\Engineering\Reports\2011\164-11

Three Staged Consolidated-Undrained Triaxial Tests
Brown and gray Lean Clay with Sand (CL)
1) Initial Condition (before testing)

LL = 44 PL= 19 ,Pl= 25,
Cu= psf,

Wy = 22.00 %, G= 27,
Wety = 130.8 pcf, Dry g = 107.2 pef,
Vi 62.4 pcf, S = Wo/(Yul¥q - 1/G) = 103.8 %
6 =WG/S = 0.572

2) Final Condition (after testing)

Wy = 20.10 %,
Stage Sigma_1' | Sigma_3' u Strain Sigma_1 | Sigma 3
(psi) (psi) {psi) (%) (psi) {psi)
1 17.80 4.12 0.79 2.60 18.59 4.91
2 28.11 8.11 3.86 1.60 31.97 11.97
3 48.12 15.91 8.07 1.70 56.19 23.98
Residual 0.00 0.00
Effective Stresses Total Stresses
Stage Sigma_1' | Sigma_3' u Strain Sigma_1 | Sigma 3
(ksf) (ksf) (ksf) (%) (ksf) (ksf)
1 2.56 0.59 0.11 2.60 2.68 0.71
2 4.05 1.17 0.56 1.60 4.60 1.72
3 6.93 2.29 1.16 1.70 8.09 3.45

Residual 0.00 0.00 0.00 0.00 0.00 0.00




G164-11 B-2-8-10 PQ

P-Q
25.00
E e
20.00 yn
-
P e e W | e B S e IS | e P o Y ] o S50 T = — i e et
P
i t
15.00 7 Stage 1
s /I' e —Stage2 [ |
e I =t = i = T — || ——slaged ——
10.00 T v
i /
e 7/ i
S FESAEE ST ,/, f— = =)
== =T ' f =
| / f + =y
5.00 e a {
pd 7 J

7 i ] / 5

y 4 7 I

S = J Y N T

- 7 / Emes e
Fa 4 7
0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
P




Proj. #

Initial Height Measurements (in.):
Height 1: 5.595
Height 2: 5.583
Height 3: 5.6
Initial Diameter Measurements (in.):
Diam 1: 2.77
Diam 2: 2.767
Diam 3: 2.8

Initial Dial Gauge Reading (in):

End of Saturation Dial Gauge Reading (in.):

First Consolidation: (if there is no first stage consolidation, enter ‘0' for initial and final pipette readings, copy DGs to DGc)

Initial Pipette Reading (mL):
Final Pipette Reading (mL):
Final Dial Gauge Reading (in.):

Beginning of First Shear:

Height: 5.581
2.773
End of First Shear:

Diameter:
Dial Gauge Reading at end of shearing (in.):
Dial Gauge Reading after CV rebound (in):

Second Stage Consolidation:
Initial Pipette Reading (mL):
Final Pipette Reading (mL):
Final Dial Gauge Reading (in.):

Beginning of Second Shear:

Height: 5.468
Diameter: 2.789

End of Second Shear:
Dial Gauge Reading at end of shearing (in.):
Dial Gauge Reading after GV rebound (in):

Third Stage Consolidation:
Initial Pipette Reading (mL):
Final Pipette Reading (mL):
Final Dial Gauge Reading (in.):

Beginning of Third Shear:
Height: 5.383
Diameter: 2.793

G164-11_|Boring: [B2____|Depth (ft)

Average Height (in.):

Average Diameter (in):

23
23
-6.808

-6.658
-6.695

23
18.08
-6.695

-6.58
-6.613

23
16.21
-6.61

5.592667

2.779



G164-11 B-2-8-1

0 STAGE1

[Elapsed Time ’ Vertical Load l DCDT 1 Pore Pressure I Cell Pressure
{min.) {Ibs) finch) (psi) psi

a.0 15.53 0.0000 24.56 29.43

15 21.80 0.0014 24,98 29.54

3.0 27.82 0.0028 2521 29.53

45 3258 0.0042 2542 29.53

6.0 36.28 0.0056 25.56 29.50

75 38.47 0.0070 25.68 29.47

8.0 40.91 0.0084 25.80 29.55
105 42.59 0.0098 25.90 29.55
120 44.86 0.0112 25.97 29.53
135 47.53 0.0126 26.01 29.50
15.0 47.92 0.0140 26.08 2949
16.6 50.43 0.0154 26.09 29.49
18.0 50.34 0.0168 26.15 2954
19.6 52.95 0.0182 26.15 29.48
211 52.80 0.0196 26.19 29.52
226 53.88 0.0210 26.21 29.51
24.1 54.85 0.0224 26.25 29.55
256 55.26 0.0238 26.25 29.52
274 57.58 0.0252 26.27 29.53
286 57.21 0.0266 26.29 29.48
301 59.31 0.0280 26.28 29.47
316 59.71 0.0294 26.31 29.52
331 60.26 0.0308 26.29 29.49
346 60.46 0.0322 26.30 29.47
36.1 61.51 0.0336 26.30 29.47
376 61.00 0.0350 26.32 29.50
39.1 61.90 0.0364 26.33 29.53
40.6 62.82 0.0378 26.31 29.48
421 64.36 0.0382 26.32 29.50
438 63.57 0.0405 26.34 29.54
45.1 65.40 0.0419 26.30 29.50
46.6 65.12 0.0433 26.34 2952
48.1 66.13 0.0447 26.30 2949
49.6 66.68 0.0461 26.31 29.52
511 66.88 0.0475 26.31 29.50
526 67.46 0.0489 26.29 29.52
541 67.12 0.0503 26.29 29.52
55.6 69.00 0.0517 28.27 29.51
574 69.39 0.0531 26.29 29.53

4.87
4.57
4.32
411
3.94
3.79
3.75
3.65
3.56

s
3.40
3.39
3.33
3.33
3.31
3.31
3.26
3.26
3.19

a2
3.20
347
3147
3.18
3.20
3.15
3.18
3.20
3.19
3.18
3.19
3.21
a.19
3.23
3.22
3.23
323

1.19
1.43
1.69
1.91
21
225
237
248
262
278

297
297
3.13
3.13
3.19
324
329
34

358
356
359
363
368
3.65
3.68
376
382
3.76
3.86
3.85
3.89
3.91
3.93
3.92
3.91

402

0.47
0.98
1.48
1.88
2.18
2.36
2.56
270
2.89
an
3.14
3.35
3.34
3.55
3.54
3.83
gl
374
393

4.07
4.10
4.15
4.16
4.25
4.20
4.28
4.35

4.41
4.56
4.53
4.62
4.66
4.68
4.72
4.69
4.85
4.88

5.34
5.55
5.80
5.98
B.12
6.15
6.31
6.35
644
6.60

6.74
6.72
6.89
6.87
6.93
7.01
7.00
719
7.09
7.26
731
7.34
7.33
741
7.38
747

7.66
7.61
7.75
7.72
7.81
7.87
7.87
7.95
7.92
8.08
8.11

133
141
145
152
153
159
1.58
163

1.68
1.69
171
173
1.71
1.74
1.73
1.74
1.74
1.76
177
1.75
176
177
174
1.78
1.74
175
1.74
173
173
171
1.73



58.6
60.1
86.1
721
781
842
90.2

1022
108.1
1141
1201
126.2
132.2
138.2
1442
150.2
156.2
162.2
164.6

70.01
68.91
71.98
7347
75.75
76.53
7841
79.19
83.21
84.27
85.68
87.42
87.59
88.32
89.97
91.81
93.04
94.69

9657

0.0545
0.0559
0.0615
0.0671
0.0727
0.0782
0.0838
0.0894

0.1006
0.1062
0.1117
0.1173
0.1229
0.1285
0.1341
0.1397
0.1452
0.1508
0.1531

26.28
26.28
26.25
26.18
26.15
26.12
26.07
26.02
2595
2587
25.83
25.75
2571
25.65
25.57
25.48
25.46
25.36
25.30
2525

0.8
1.00
1.10
1.20

13.11
12.89
13438
1363
1411
14.22
14,64
14.76
1547
1565
15.87
16.29
16.32
16.53
16.84
17.20
17.48
17.80
17.88
18.15

4.03
4.00
412
4.15
4.21
4.25
4.22
425
437
439
436
439
437
432
433
4.34
4.3

4.27
4.32

8.18
8.06
8.35
8.45
8.73
8.78
8.05
912
9.51
9.61
2.81
10.00
10.03
10.18
10.36
10.58
10.77
10.96
11.04
11.18

172
172
1.69
1.62
1.59
1.56
151
145
1.39
1.31
127
118
1.14
1.09
1.00
0.91
0.89
0.79

0.69



G164-11 B-2-8-10 STAGE2

Elapsed Time [ Vertical Load DCDT Pore Pressure | Cell Pressure’
{min.) (Ibs) {inch) (psi) (psi

0.0 15.28 0.0000 24.62 36.61
15 24,67 0.0014 25.07 36.61
3.0 35.07 0.0027 25.52 36.59
45 41.49 0.0041 26.00 36.64
6.0 48.68 0.0055 26.38 36.68
75 53.33 0.0068 26.64 36.68
8.0 57.54 0.0082 26.94 36.65
10.5 61.75 0.0086 27.18 36.66
12.0 66.48 0.0110 27.30 36.68
185 68.63 0.0123 27.48 36.63
15.0 72.31 0.0137 27.64 36.64
16.5 76.34 0.0151 27.73 36.62
180 78.57 0.0164 27.81 36.61
19.5 81.64 0.0178 27.97 36.66
210 83.20 0.0192 28.03 36.58
225 85.49 0.0205 28.13 36.65
240 89.27 0.0219 2818 36.62
256 90.67 0.0233 28.27 36.61
27.0 91.95 0.0247 28.38 36.65
285 95.27 0.0260 28.39 36.67
30.0 ar.22 0.0274 28.42 36.63
31.5 99.83 0.0288 28.48 36.62
33.0 99.55 0.0301 28.56 36.65
3486 102.08 0.0315 28.56 36.60
36.1 103.60 0.0329 28.61 36.63
376 105.80 0.0342 28.65 36.64
39.1 107.80 0.0356 28.63 3661
406 109.49 0.0370 28.65 36.62
42.1 110.68 0.0384 28.72 36.66

13.86
15.09
15.72
16.55
17.02
17.40
17.87
18.54
18.65
19.10
19.64
19.92

20.41
20.75
21.29
2141
21.55
22.09
22.34
2289
2259
2295
23.17
23.51
23.80
24.07
2423

7.97

1.20
136
148
1.61
170
1.79
1.88
187
204
212
221
226

239
244
252
257
261
267
272
279
279
2.86
2.89
294
298
3.02
3.05

1.18
2,01
254
312
350
3.85
419
458
475
5.05
5.38
5.56
5.81

6.12
6.42
6.54
6.64
6.91
7.07
7.28
7.25
7.46
7.58
7.76
791
B.05
B.14

0.91

232



436
45.1
46.6
48.1
496
51.1
526
54.1
55.6
571
58.6
60.1
66.1
721
78.1
841
90.1
96.1
1021
108.1
114.1
120.1
126.1
1271

11218
11253
114.18
116.10
116.76
116.59
119.88
119.21
119.92
121.82
12247
12212
125.96
127.59
129.82
133.70
133.50
134.63
137.28
139.49
139.15
142.57
141.52
140.93

0.0397
0.0411
0.0425
0.0438
0.0452
0.0466
0.0479
0.0483
0.0507
0.0520
0.0534
0.0548
0.0603
0.0657
0.0712
0.0767
0.0821
0.0876
0.0931
0.0986
0.1040
0.1085
0.1150
0.1158

28.72
28.71
28.74
28.75
28.76
28.79
28.78
28.78

28.81
28.83
28.80
28.78
28.73
28.86
28.59
28.58
28.48
28.35
28.30
28.20
28.10
28.11
28.09

36.63
36.59
36.58
36.57
36.57
36.56
36.61
3657
36.62
36.65
36.63
36.59
36.64
36.63
36.60
36.58
36.62
36.58

36.56
36.51
36.51
36.59
36.64

2.10
212

24.43
24.45
24.69
24.97
25.06
24.99
25.58
2543
2557
25.89
2595
25.88
26.56
26.85
27.23
27.88
27.68
2811
2859
29.00
28.97
29.60
29.48
29.48

7.91
7.87
7.85
7.82
7.81
7.77
7.83
7.79

7.84
7.80
7.79
7.87
791
794
7.99
8.04
8.11
8.19
8.26
8.31
8.41
8.48
8.56

3.09
an
3.15
3.19
321
322
a7
3.26
327
330
3.33
3.32
3.38
3.40
343
349
347
347
3.49
3.51
3.49
3.52
3.48
3.44

8.26
B8.29
B.42
8.58
8.63
8.61

8.82
8.88
9.03
9.08
9.05
9.35
9.47
9.64
9.94
9.92
10.00
10.20
1037
1033
1060
10.50
10.45

16.17
16.16
16.27
16.39
16.44
16.38
16.71
16.61
16.70
16.87
16.87
16.83
17.21
17.38
17.58
17.94
17.96
18.11
18.39
18.63
18.64
19.00
18.98
19.01

410
410
412
4.14
414
417
417
417
4.18
4.20
4.22
4.18
4.16
4.11
4.04
3.98
3.96
3.86
3.73
388
359
349
349
347



G164-11 B-2-8-10 STAGE3

Efapsed Time' | Veriical Load DODT | PorePressure | Cell Pressire
{min) (Ibs) (inch) (psi) {ps)

0.0 1292 0.0000 24.53 4855 0.00
15 2385 0.0013 24.92 4857 003
3.0 37.36 0.0027 25.51 48,55 0.05
45 48.99 0.0040 26.18 4855 0.08
6.0 61.29 0.0054 26.79 4852 0.10
75 89.17 0.0067 27.35 4850 013
8.0 78.02 0.0081 27.86 48.55 0.15
10.5 B85.64 0.0094 28.27 48.54 0.18
120 91.17 0.0108 28.66 48.55 0.20
135 9752 00121 28.88 48.52 0.23
15.0 101.43 0.0135 29.28 4852 0.25
165 106.11 0.0148 29.57 48.49 028
180 110.30 0.0162 29.82 4852 0.30
195 11453 00175 30.06 4853 0.33
210 119.45 0.0188 30.25 4855 0.35
225 123.68 0.0202 30.46 4854 0.38
24.0 128.84 0.0215 30.63 4855 0.40
255 131.59 0.0229 30.78 4853 0.43
270 135.65 0.0242 3095 48.55 045
285 139.69 0.0256 3110 4854 048
300 143.00 0.0259 31.22 4851 050
315 146.99 0.0283 3133 48.52 053
330 148.50 0.0296 3147 4855 055
345 152.32 0.0310 3158 4856 0.58
36.0 153.93 0.0323 31.69 48.57 0.60
ars 157.15 0.0337 3176 48.52 0.63
39.1 160.24 0.0350 31.85 48.49 065
405 162,12 0.0364 3t.e2 4851 0.68
421 164.77 0.0377 3201 4853 0.70
435 168.31 0.0391 3210 48.56 073
451 170.33 0.0404 32.16 48.58 0.75
465 172.50 0.0417 3224 4857 078
481 173.69 0.0431 229 4853 0.80
495 175.58 0.0444 3233 48.56 0.83
510 178.47 0.0458 3238 4855 0.85
52.5 178.75 0.0471 32.42 48.58 0.88
54.1 181.62 0.0485 32.47 4856 0.90
5556 18264 0.0498 a2.49 48.56 0.93
574 185.71 0.0512 3254 4855 0.95
586 187.67 0.0525 3255 4852 0.98
60.1 187.73 0.0539 32.56 4854 1.00
68.1 192.52 0.0502 3269 4858 1.10
721 197.77 0.0646 3269 4850 120
78.1 20089 0.0700 3272 4855 130
84.1 205.74 0.0754 3272 4854 1.40
901 206.07 0.0808 32.72 48.55 1.50
96.1 203.48 0.0862 3264 4853 150
102.1 21037 00815 32.60 4851 1.70
108.1 211.49 0.0369 3258 4856 1.80
114.1 21428 0.1023 3251 4852 1.50
120.1 214.08 0.1077 3247 48,50 2.00
126.4 21729 0.4131 2241 48.58 2140
1321 21799 0.1184 3232 4852 220
138.1 21951 0.1238 32.29 48.59 230
144.1 219.98 0.1202 32.20 48.51 240
150.1 22087 0.1346 3217 4857 250
156.1 22230 0.1400 32.09 4853 260
162.1 22225 0.1454 32.08 4852 270
168.1 22457 0.1507 31.94 48.50 2.80
174.1 223.91 0.1561 31.89 48.54 2.90
180.1 226.47 01615 3181 4857 .00
186.1 226.70 0.1689 3173 48.51 210
182.1 227.00 0.1723 31.69 48.53 3.20
198.1 228.72 04777 31.58 48.48 3.30
204.1 228.03 0.1830 3156 48557 3.40
210.1 22854 0.1884 3148 48550 3.50
2161 220.08 0.1938 3145 4854 3.80
2221 231.69 0.1992 3137 4858 3.70
2281 23158 0.2046 3131 4855 3.80
2341 233.03 0.2099 3122 4852 390
240.1 232.87 02153 31 4852 4.00
246.1 234.50 0.2207 a3t 48.49 410
2521 233.85 0.2261 31.08 48.53 4.20

39.62
40.14
40.29
40.69
41.06
41.31
41.67
4217
4245
42.71
42.81
43.09
43.49
43.52
4391
44.05
4448
4475
44.76
45.41
46.15
46.64
47.39
47.41
47.99
48.12
48.32
48.77
4873
49.35
49.45
49.76
49.82
50.02
50.24
50.26
50.66
50.61
51.08
51.11
51.19
5145
51.44
5151
5161
5211
52.09
5234
5231
52.59
5251

24,02

2385
23.03
2238
21.73
2115
20.69
20.27
19.89
19.54
19.24
18.92
18.70
18.47
18.30
18.09
17.92
17.75
17.60
17.44
17.28
17.18
17.08
16.98
16.88
16.76
16.64
16.59
16.52
16.46
16.42
16.33
16.25
16.23
16.17
16.18
16.09
16.07
16.02
15.98
15.98
15.89
15.81
15.83
15.82
15.83
15.89
15.91
15.97
16.01
16.03
16.17
16.19
16.29
16.31
16.40
16.43
16.50
16.56
16.65
16.75
16.78
16.84
16.88
17.01
17.03
17.09
17.21
17.24
17.30
17.33
17.39
17.45

1.10
1.20
1.29
1.39
1.46
1.54
1.61
187
1.73
1.78
1.83
1.88
192
198
203
208
212
2.16
221
225
230
232
236
238
243
247
249
252
256
259
262
264
2,66
2,69
2,89
273
274
278
280
280
2.86
292
295
299
3.00
3.02
3.02
3.03
3.05
3.04
3.05
3.05
3.08
3.05
3.05
3.06
3.05
3.06
3.04
3.05
3.05
3.04
3.05
3.02
3.08
3.02
3.03
a.02
3.03
a.02
3.02
3.01

24.28
24.81
25.30
25.59
25.84
26.00
26.26
26.48
26.53
26.70
26.72
26.78
26.89
27.00
27.23
27.36
27861
27.66
27.84
28.01
28.12
28.34
28.35
28.56
28.59
28.72
28.85
28.95
29.10
20.31
29.44
29.52
29.53
29.66
29.83
29.84
30.00
30.06
30.25
30.37
30.37
30.65
30.98
31.24
31.61
31.62
31.94
32.01
32,14
3239
3238
32.76
32.82
33.03
33.06
33.21
33.34
33.38
33.61
33.63
33.92
33.95
34.02
34.16
3422
3427
34.35
34.66
34.66
34.82
34.82
34.89
34.98

7.39

7.57
7.63
7.7
7.76
7.80
7.85
7.89

7.96
8.01
8.02
8.03
8.16
8.16
8.19
8.19
8.19
8.11
8.07
8.06
7.98
7.94
7.88
7.73
7.76
7.67

7.56
7.50
74
7.36
7.28
7.20
7.18

7.03
6.95
6.92
6.84
6.78
6.69
6.66
6.57
6.55



258.1
264.1
2701
276.1
2822
2881

300.1
3151
330.2
345.1
360.1
375.2
3901
405.1
4202
435.1
450.2
465.2
480.2
495.2
510.2
5252

555.2
570.2
585.2
600.2
615.2
630.2
645.2
660.2
675.2
£90.2
7052
7202
7352
750.2
765.2
780.2
795.2
810.2
825.2

855.2
870.2
885.2
900.2
900.4

235.36
233.64
236.17
236.43
235.71
237.54
23744
238.69
238.59
240.10
24092
24326
24229
24491

24370
24552
248.36
249.33
249.47
250.89
250.84
252.40
25428
258.93
258.64
260.81
263.34
266.94
27348
274.94
279.77
28243
288.50
290.60
294.61

297.02
300.21

300.65
302.14
302.75
301.74
30045
300.84
30233
302.07
305.28
306.83
310.46
310.62

0.2315
0.2368
0.2422
0.2476
0.2530
0.2584
0.2638
0.2691
0.2826
0.2960
0.3095
0.3229
0.3364
0.3498
0.3633
0.3768
0.3802
0.4037
0.4171
0.4306
0.4440
0.4575
0.4709
04844
0.4978
0.5113
0.5247
0.5382
0.5516
0.5651

0.5785
0.5920
0.8054
0.6189
0.6323
0.6458
0.6592
06727
0.6861

0.6996
0.7131

0.7285
0.7400
0.7534
0.7669
0.7803
0.7938
0.8072
0.8074

31.00
30.98
30.94
30.83
30.80
30.74
30.71
30.64
30.59
30.47
30.39
30.33
30.23
30.18
30.06
30.00
29.80
29.83
29.76
29.70
29.61
29.57
29.47
29.44
29.36
29.30
29.24
29.21
29.14
29.15
29.03
28.99
28.97
28.89
28.82
28.79
2869
28.66
28.59
28.52
28.49
28.41
28.38
28.32
28.26
28.19
28.18
28.13
28.13

48.54
48.55
48.59
48.49
48.52

48.51

48.52
48.57

48.59

5279
5252
5296
5298
52,88
53.16
5216
5340
5338
5362
5369
54.19
5387

54.04
54.34
54.73
54.85
54.83
55.09
5497
5523
55.44
56.13
56.03
56.32
56.62
57.08
57.99
58.21
58.78
59.12
59.96
60.23
60.71
61.03
61.43
61.40
61.59
61.57
61.40
61.13
61.14
61.30
61.19
61.52
61.66
62.18
62.17

17.54
17.56
17.65
17.66
17.72
17.74
17.80
17.88
17.97
18.07
18.12
18.26
18.27
18.43
18.41
18.54
18.59
18.67
18.71
18.87
18.88
18.98
19.00
19.11
19.14
19.22
19.25
19.30
19.34
1945
19.43
19.49
1957
19.64
19.66
19.75
19.82
19.84
19.93
19.95
20.04
20.07
20.15
20.22
20.27
20.26
20.31
2045
2042

3.01

3.00
3.00
299
3.00
299
299
297
297
2.96
2.96
2.95
2.95
2,94
283
294
294
293
292
291
291
292
294
293
293
294
296

299
3.02
3.03
3.08
3.07
3.08
3.09
3.10
3.10
3.09
3.09
3.06
3.05
3.03
3.03
a.02
3.04
3.04
3.04
3.05

17.63
17.48
17.66
17.66
17.58
17.71

17.68
17.76
17.70
17.77
17.79
17.82
17.80
17.95
17.81

17.80
18.07
18.09
18.06
18.11
18.05
18.13
18.22
18.51

18.44
1855
18.69
18.50
19.33
19.38
19.68
19.81

20.20
20.29
20.52
20.64
20.81

20.78
20.83
20.81
20.68
20.53
20.50
20.54
20.46
20.63
20.68
20.87
20.88

3517
35.04
35.31
35.32
35.30

6.47
6.46
6.41

6.30
6.27
6.21

6.18
6.11

6.06
5.94
5.86
5.80
5.70
5.63
5.53
547
5.37
5.30
523
517
5.08
5.04
494
491

4.83
4.77
4.7

4.68
4.61

4.62
4.50
4.46
4.44
4.36
4.29
4.26
4.16
4.13
4.06
3.89
3.96
3.88
3.85
3.79
373
3.66
364
3.60
360
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Elevation (ft)

35

N DT,

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
SHORT TERM CONDITION

26

27

28

240 psf Trafflc Surcharge 36

1 4%

R AR

24" Diameter by 43" Long
Straight Sided Drilled Shaf&a

KRR

Shawnee Road Bridge t
Stiff to very stiff CH, r = 118 pgT; Ganereta Liner,, Siff to very stiff CH, r = 118 pcf,
30 fCu = 1,500 psf, Phiu = 0 deg Cu = 1,500 psf, Phiu = 0 deg
16 8 8 7 17
J8 “u Very-stift-Cl-r—=128-pef--Bu = 2,000 psf, Phiu = 0 deg 1a|
VETy SUTH,r = 117 pef,
20 Cu = 1,200 psf, Phiu = 0 deg 24
% 2 =
S Very stiff to*harg CH, r = 117 pcf,
22 Cu =1,800"sf, Phiu = 0 deg 23]
. - - - ChiE —.
15 |— T i | e —e
g0t — || ———————Verysti{€H, r = 128 pof,
R S i Cu = 2,200 psf, Phiu = 0 deg
2
10—
£ | | | | | 24
140 150 160 170 180 190 200 210
PLATE C-2

Distance (ft)



Elevation (ft)

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1

LONG TERM CONDITION
32

33 | 34 24" Diameter by 43' Long

48 Straight Sided Drilled Shafjg
SRRy 0 e RS TITTEITS
5‘ Shawnee Road Bridge
Stiff to very stiffiCH, r = 118 p Concrete Liner Stiff to very st@ CH, r = 118 pcf,
30 I'C' = 230 pst, Phi' = 19 deg 4 C' = 230 psf, Phi' = 19 deg
16 1 8 g 19
& 1=} 7 7
2 e —] y-Stiff-Cl, 128 pof 0 = 250 psf, Phi = 26 deg 23 1
errystiﬁ CH, t="117pcf; N U@.r:ﬁa pf, Very stiff CH, r = 117 pef,
2] C'=240psf, Phi™= gz Cr=65psf, Fhir=21deg 3 C'=240psf, Phi'=19deg 5
,;6* il R A0 ™ - N7 i
. : = e g™ Very stiff to hard CH|r [ 117 pf,
28] C' = 230 psf, Phi' = 1P fleg 29
P e === e 2
15 = e M [ 1
L - Very-stift CH; 57 128 pcf,
= C'= 240 psf, Ph¥ = 19 deg
9
10 |—
351 | | | | | 30
140 150 160 170 180 190 200 210

Distance (ft) PLATE C-3



Elevation (ft)

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
RAPID DRAWDOWN CONDITION - GLOBAL SLIDE

32
\ [
|
o S | | S—
33) 34 100-yr WSE 24" Diameter by 43' Long
oH = 14 /Straight Sided Drilled Shafts 5
4 Shawnee Road Bridge 1213}
<)
Stiff to very stiffiCH, r=118 p Concrete Liner Stiff to very st CH, r = 118 pcf,
30 ICeu = 260 psf, Phicu = 13 deg " Ccu = 260 psf, Phicu = 13 deg
16 1 & 3 18 19}
[ a "
2 {t‘s‘ewﬂhﬁ%&%—pdrj&u 3360 psf, Phicu = 19 deg ps =
Very stiff CH, t=-117-pcf; Desiceale ,r=118 pcf, Very stiff CH, r = 117 pcf,
6] Cou =270 psf; PRict = 13dgg r'= 65 psf, Phir = 21 deg 53 Ceu = 270 psf, Phicu = 13 deg ,,
20 |— 42
» = Very stiff to hard CH{r 117 pcf,
28] Ccu = 260 psf, Phicy =|13 deg 29
15— ST FA T e
L Very-stiff CH; §72 128 pcf,
M Ccu = 270 psf, Mhicu = 13 deg
9
10
Y I | \ | | 30
140 150 160 170 180 190 200 210
PLATE C-4

Distance (ft)



Elevation (ft)

G164-11 SHAWNEE ROAD OVER DRAINAGE DITCH
SLOPE STABILITY ANALYSIS, BASED ON BORING B-1
RAPID DRAWDOWN CONDITION - LOCAL SLIDE

32
33 34 7 100-yr WSE 24" Diameter by 43' Long
5 ™ 14 /Stralght Sided Drilled Shafts 5
3[4 Shawnee Road Bridge 12 13}
35 5 2 38 ]
Stiff to very stit#CH; =118 pT;] 1~ Concrete Liner 10 Stiff to very st@ CH, r = 118 pcf,

30 [Geu = 260 psf, Phicu=13de £ Ccu = 260 psf, Phicu = 13 deg

16 14 =8 __° S 18 19

{— Very ST CL, 7= 128 pof, Cou 3360 psf, Phicu = 19 de
20 Do, Cf P g 21
Very stiff CH, [ = 117 pcf, S~ Desicc , =118 pcf, Very stiff CH, r = 117 pcf,
26 Ccu = 270 psf, PRicu = 13 ddg S Cr=65-psh-Rhir = 21 deg 23 Ccu = 270 psf, Phicu = 13 deg 27
20— ~40 42 "
36_ e 8 Verystiff to hard CH}r = 117 pef,
28 Ccu = 260 psf, Phicy =|13 deg 29
15 =
Very stiff CH, r = 128 pcf,
Ceu = 270 psf, Phicu = 13 deg
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