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Geotechnical Engineering Memorandum:

Date: Friday, December 29, 2023
Project: King Street & Commonwealth Avenue Bridge Replacements
HDR No.: 10331846

Prepared for:  CSX Transportation, Inc.
Prepared By:  HDR Engineering, Inc., Vienna, VA

Purpose

The purpose of this memorandum is to provide geotechnical design information for new abutment
foundations for King Street and Commonwealth Avenue Bridge Replacements project in City of
Alexandria, Virginia. The work was completed as part of HDR’s Memorandum of Agreement for
General Engineering Services dated January 01, 2021.

HDR previously submitted a geotechnical engineering report (GER) dated November 29, 2023,
to support design of Alexandria Fourth Track project from CSX milepost (MP) 104 to MP 110,
excluding King Street and Commonwealth Avenue bridges. HDR recommends also reviewing that
GER as it includes additional geotechnical information that may also be useful for King Street and
Commonwealth Avenue bridge sites.
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Project Description

The project consists of improving the capacity and replacing the existing King Street and
Commonwealth Avenue bridges in City of Alexandria to accommodate an additional track. A
project location map is provided as Figure 1 in Appendix A. The new abutments will be built behind
the existing abutments to support the tracks, except for the existing Commonwealth Avenue north
abutment (Abutment 1) which will be utilized for the new bridge. After considering several
foundation types and their design and construction challenges, vertical micropiles were selected
to support the new bridge abutments. The analysis for the existing Commonwealth Avenue
Abutment 1 will be provided under a separate cover.

Subsurface Explorations

HDR reviewed the 30% plans dated August 15, 2022, and identified boring locations to collect
subsurface data for foundation design of the new abutments. The initial exploration plan consisted
of four Standard Penetration Test (SPT) borings and associated laboratory testing, 22-King-BR-
01 and 22-King-BR-02 for King Street bridge, and 22-CMWLTH-BR-01 and 22-CMWLTH-BR-02
for Commonwealth Avenue bridge as shown in Figure 2 of Appendix A.

During exploration, 22-King-BR-02 planned at the north abutment of King Street bridge had to be
abandoned without drilling due to following field issues.

1. Presence of several underlying utilities at the planned location causing safety concerns.
2. Any possible boring relocation was within the zone of fouling distance from the tracks due
to space limitation.

HDR reviewed subsurface soil information obtained from 22-King-BR-01, 22-CMWLTH-BR-01
and 22-CMWLTH-BR-02 and developed subsurface profiles, which allowed for evaluation of the
extent and character of the underlying soil and disclosing important irregularities in the subsurface
conditions. We determined the number and location of the borings as adequate for designing both
King Street abutment foundations and the abandoned boring was not required.

Soil and Land Use Technology, Inc. (SaLUT) of Glen Burnie, Maryland drilled the test borings
using track-mounted and truck-mounted drill rigs between August 1, 2022, and August 9, 2022.
SaLUT advanced the test borings using mud rotary with a roller bit or hollow-stem auger drilling
techniques per CSX Specifications for Test Borings. Standard Penetration Tests (SPT) with split-
barrel spoon sampling of soils were conducted in the borings per ASTM D1586 using an automatic
hammer. Typically, continuous sampling was performed in the upper 10 feet of each borehole
and at 5-foot intervals thereafter until the boring termination depth. Corrosivity testing was
performed using combined SPT samples from 28 to 35 feet depth collected from boring 22-King-
BR-01.

Table A-1 in Appendix A summarizes the test boring locations, depths, and other boring

information. Exploration locations are shown in Figure 2 in Appendix A and exploration logs are
included in Appendix B.
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Rice Associates, Inc. (Rice) of Manassas, Virginia laid out and staked the boring locations based
on the geotechnical exploration plan (GEP) and performed private utility locating. SaLUT
completed the Miss Ultility process before drilling and HDR obtained a CSX dig permit for each
boring.

HDR personnel monitored the drilling in the field, which included overall coordination of drilling
activities, visual-manual classification of soil samples, preparation of field exploration logs,
monitoring conformance with drilling and sampling criteria, and observation of general site
conditions. Pocket penetrometer tests were typically performed on cohesive soil samples at the
time of sample collection. The results of the pocket penetrometer tests are shown on the
exploration logs provided in Appendix B.

Groundwater observations were typically made in open boreholes upon completion of drilling and
prior to backfilling, where possible. Borings were typically backfilled with auger cuttings. After
completion of drilling, SaLUT transported jar and bulk soil samples to their laboratory for testing
and HDR shipped Shelby tube samples to GeoTesting Express (GTX) of Acton, MA for advanced
soil testing.

The coordinate system used to calculate the absolute XY locations (latitude/longitude,
northing/easting) for the explorations consisted of the Horizontal Datum: North American Datum
1983, State Plane Virginia North FIPS 4501 Feet (US). Elevation for each exploration was
calculated by utilizing the Vertical Datum: North American Vertical Datum 1988 along with the
USGS Digital Elevation Model (DEM) for Fairfax County (2018).

Laboratory Testing

SaLUT and GTX performed laboratory testing on selected soil samples collected from the test
borings. HDR personnel evaluated the field exploration logs and assigned specific samples for
testing. Testing was performed to aid in the classification of representative soils encountered in
the explorations and to support development of geotechnical engineering parameters for design.
Geotechnical laboratory tests conducted on the samples include natural moisture content,
Atterberg limits, sieve analysis, unconsolidated undrained triaxial shear and one-dimensional
consolidation tests. Table 1 summarizes the laboratory testing completed for the project. The
results of the laboratory tests are provided in Appendix C.

Table 1: Summary of Laboratory Testing Program

Laboratory Test Test Specification
Moisture Content ASTM D2216
# 200 Sieve Wash AASHTO T 11
Grain Size Analysis ASTM D6913
Atterberg Limits ASTM D4318
Resistivity, pH, Sulfate, Chloride AASHTO T 288, T 289, T 290, T 291
Incremental Consolidation ASTM D2435
Unconsolidated Undrained Triaxial ASTM D2850
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Subsurface Summary

Geology

A geology map of the project area is included in Figure 3. The project site is located within the
Coastal Plain Physiographic Province. Regionally, the stratigraphy of the Coastal Plain can be
generalized as a wedge of sediments composed of fluvial and coastal plain sands and gravels of
Quaternary and upper Tertiary age, underlain by marine, deltaic, and fluvial clays, silts, and sands
of lower Tertiary age, underlain by fluvial-deltaic to shallow-shelf sands and clays of Cretaceous
age, underlain by crystalline bedrock.

Fill soils (af) consisting of sand, gravel, and clay are present at the King Street and
Commonwealth Avenue bridge sites. These fill soils are from previous site grading for existing
railroad tracks and bridges. Below the fill, is the Quaternary period Terrace deposits belonging to
Shirley formation (Qt/ Qsh) and consist of gravel, sand, silt and clay, which is present throughout
the project corridor. These estuarine deposits are related to sea level change during the ice ages,
while the uppermost deposits are river deltas and terraces.

The Terrace deposits are further underlain by the Potomac formation (Kp), which mostly consist
of sands and fat clays. Sands are tan to yellow brown, fine to coarse-grained and consist of quartz
fragments. Fat clays are mostly gray to mottled red or reddish brown and very stiff to hard. The
soils of the Potomac Formation occur within the older or buried floodplains of the Coastal Plain
Physiographic Province.

The high-plasticity clay deposits of the Potomac Formation (also referred to as marine clays or
Potomac clays) are highly fractured and broken and contain fissures and discontinuities. They are
considered “unsuitable” and are known locally to be problematic, specifically with regards to
volumetric changes with moisture variation (shrinking and swelling) and being unstable in fill
embankments and cut slopes. However, while the highly plastic Potomac Formation soils can be
problematic for supporting shallow foundations and use in cut or fill slopes, these materials can
support deep foundations.

Generalized Subsurface Strata

HDR typically observed three strata at King Street and Commonwealth Avenue bridge sites and
are discussed below. The transitions between strata may be gradual and indistinct.

o Fill (Af): Fill soils were identified in the field by soil type, consistency/relative density, and
the partial presence of non-native materials (crushed aggregate, asphalt fragments, etc.).
Additionally, fill soils were identified based on the existing topography in the vicinity of the
test borings. Fill soils were encountered below the existing railroad tracks with thicknesses
of approximately 16 feet and generally consist of gray and brown, mostly loose sands and
firm to stiff silts and clays (SC, SM, SC-SM, CL, GP).
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o Terrace Deposit/ Shirley Formation (Qt/ Qsh): Terrace deposits belonging to Shirley
formation were encountered below the fill deposit. The thickness of this deposit varies
from 4 to 55 feet in the test borings. It generally consists of gray to brown, loose to dense
sand and soft to stiff silt and clay.

o Potomac Formation (Kp): Potomac formation was encountered below the fill and terrace
deposits. The thickness of this deposit varies from 28 to 80 feet in the test borings. It
generally consists of brown and gray stiff to hard fat clays (CH), gray medium dense to
very dense sands (SC, SM) to brown loose to dense sand and soft to stiff silt and clay.

Subsurface Water

Subsurface water was encountered in the borings from Elevation (El.) 7 to EIl. 20 approximately
at the time of drilling. Refer to the exploration logs in Appendix B for specific observations of
subsurface water at the boring locations.

Note that water was introduced into the borehole as part of the drilling process during mud rotary
drilling and may have influenced water level measurements made in those borings (drilling
methods are noted on the test boring logs). Additionally, subsurface water levels fluctuate due to
precipitation, season, temperature, site grading, and other factors that may be different from those
prevailing at the time HDR completed its subsurface explorations.

Seismic Consideration

The latest recorded earthquake occurred in August 2011 near Mineral, Virginia, which is within
100 miles from the project area. It had a magnitude of 5.8. Based on which, the following seismic
considerations should be made for the project area per 2019 AREMA Chapter 9, Section 1.

Table 2: Seismicity

Earthquake Eee:;onse Ground Motion | Performance Criteria | Average Return Period
Magnitude Level Limit State (years)
5.8 Il 1 Serviceability 50 to 100

Although the average return period corresponding to Ground Motion Level 1 is 50 to 100 years,
HDR conservatively used a return period of 475 years for assessing the seismic hazard at the
site. HDR performed seismic evaluation of the project corridor using SPT blow counts in
accordance with the 2019 AREMA Chapter 9, Part 1 and has been included in Appendix D. We
have conservatively identified the King Street and Commonwealth Avenue bridge sites to be
Class E and estimated site adjusted peak ground acceleration for the 475-year Return Period
event to be less than 10% of acceleration due to gravity.

The mapped peak horizontal ground acceleration (PGA) and mapped 1-second horizontal
response spectral acceleration (S1) value for the project corridor from AREMA Vol. 2, Chapter 9
are 0.02g (2 percent of gravity) for a return period of 475 years.
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Assuming Seismic Site Class E for project corridor, the site factor Fpga is 2.5 and the site factor
Fv is 3.5 from AREMA Tables 9-1-7 and 9-1-9, respectively. Therefore, the site adjusted peak
ground acceleration (As) is 0.05g and the design 1-second spectral acceleration, SD1, is 0.07g,
which corresponds to Seismic Zone 1 based on AASHTO Table 3.10.6-1.

AREMA Vol. 2, Chapter 9, Section 1.5.4.1 indicates evaluation for seismic performance is
required only in areas where 475-yr return period PGA is greater than 0.1g. Further, AASHTO
10.5.4.2 indicates that liquefaction assessment is not required for Seismic zone 1. Therefore, no
seismic factors were applied in our geotechnical design analyses and liquefaction assessment
was not performed.

Soil Corrosion Potential

Structural elements in contact with soil are subject to degradation due to corrosion, chemical
attack, and/or induced electrical currents. Therefore, buried structures should be designed to
resist corrosion and degradation based on accepted practices.

Corrosivity testing was performed on a composite sample collected from 25 to 35 feet depth of
boring 22-King-BR-01. Corrosivity testing included tests for pH, Sulfate and Chloride content, and
resistivity testing. The corrosivity laboratory testing results are provided in Appendix C and a
summary of the results are listed in Table 2.

Table 2: Summary of Corrosion Test Results

T . Sulfate
Boring Depth (ft)" pH Resistivity Chloride Content Content
(ohm-cm) (ppm)
(ppm)
22-King-BR-01 28 to 35 4.44 2,060 15.51 62

2019 AREMA, Chapter 8, Part 4 requires protection of steel against corrosion; however, neither
AREMA nor CSX guidelines provide information on soil corrosivity criteria. Therefore, HDR used
VDOT Structure and Bridge Manual (S&B Manual, April 2021) criteria for analyzing the soil
corrosion potential on steel piles. This criterion requires that subsurface soils shall be treated as
corrosive if pH < 6, sulfate ion > 200 parts per million (ppm), chloride ion > 100 ppm, and resistivity
< 3000 ohm-cm. Based on the test results, the subsurface soils at King Street and Commonwealth
Avenue bridge sites are considered to be generally corrosive and a reduction in the wall
thicknesses of the micropile casing is recommended to account for corrosion.

Micropile Foundations

Based on new footing configuration, proximity to adjacent structures and construction challenges
associated with other foundation types, HDR selected 12.75-inch diameter micropile with 0.5-
inch-thick permanent steel casing wall for the new abutments. To perform geotechnical analysis
for the micropiles, HDR prepared subsurface profiles, identified geologic strata, and interpreted
the soil stratigraphy using test boring information. We analyzed and developed allowable axial
capacity curves for the micropiles based on a 12.75-inch unbonded zone and 11.75-inch bond
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zone using FHWA Micropile manual (2005). The axial capacity curves are provided in Appendix
D.

The bridge plans show a grade increase of approximately 2 feet for the new track and the
construction of the new abutment footing will require excavation to at least El. 5 and then
backfilling. Given the limited fill height, the stress increase and corresponding settlements will be
limited within the soil profile. Furthermore, the micropiles have at least 3D (where D is the pile
diameter) center to center (CTC) spacing, and the bond zone of the micropiles is generally in stiff
to very stiff, highly overconsolidated Potomac formation clays and medium dense sands below
El. -15 ft at King Street and -25 ft at Commonwealth. Below these elevations (-15 ft and -25 ft),
the stress increases are anticipated to be less than 5% of the existing effective stress. Therefore,
we anticipate settlements will be negligible and do not consider downdrag as applicable.

We also evaluated soil response due to anticipated lateral loads on micropiles. We used the
computer program LPILE (version 2019.11.02, ENSOFT) and applied an average P-multiplier of
0.5). We conservatively calculated an average of 0.5 using P-multipliers for different number of
pile rows from AASHTO Table 10.7.2.4-1 considering the pile CTC spacing of 3D. We modeled
the pile as a corroded section (steel loss of 0.035 inches). The lateral load analysis outputs are
included in Appendix D and a summary of results are provided in Table 3 below.

Table 3: Summary of Lateral Soil Response Analyses

Maximum Maximum Debth to Point
. Head Condition/ | Maximum Lateral | Moment below | Shear below PN |
Bridge - - - . . of Fixity from
Loading Load (kips) Pile Top (kips- Pile Top .
. . Pile Top (ft)
inch) (kips)
Free 690 12 16
King Street - 21
Fixed 676 4 15
Commonwealth Free 1354 14 25
Avenue Fixed 22 1161 4 25

We recommend a minimum of one verification load testing per bridge site to verify the micropile
axial capacities. Per CSX Design and Construction Specifications, Section 070440, a resistance
factor of 0.60 was applied to the ultimate axial capacities to estimate micropile tip elevation. Table
4 below provides the micropile data based on analyses included in Appendix D. Additionally, we
recommend the following:

e Casing material and corrosion protection should be per 2019 AREMA, Chapter 8, Part 4.

o Before grouting, the hole should be probed using a suitable device to verify the hole length
to +/- 2 inches. Debris accumulated at the hole bottom shall be flushed out before grouting.
Grouting equipment should produce grout free of lumps and undispersed cement.

e The contractor should submit means and methods of micropile installation for review by
the geotechnical engineer.

e The micropile verification load testing should be performed on sacrificial piles prior to
installation of the production piles in accordance with Section 070440 of CSX Design and
Construction Specifications. The contractor should submit the results of testing for review

hdrinc.com 2650 Park Tower Dr, Suite 400]| Vienna, VA 22180



&
csx :
)

wen,
o .

VIRGINIA
TRANSFORMING
PASSENGERRAIL i ORI

AUTHORITY
—

Geotechnical Engineering Memo

King Street & Commonwealth Avenue Bridge Replacements
City of Alexandria, VA

FR

by the geotechnical engineer. The ultimate and allowable bond strengths should be
reassessed after testing to verify micropile lengths.

Table 4: Micropile Data Table

Maximum Minimum . ..
] n Minimum Minimum
Axial Footing Permanent . .
. ; Permanent Micropile
. Compression | Bottom Steel Casing . .
Bridge Abutment : . Steel Casing Tip
or Tension Elevation Length Below o o .
- A Tip Elevation | Elevation
Load per Pile (feet) Footing (feet) (feet) (feet)
(Kips)
Abutment 0
(South) 135 -15 -60
. Abutment 1
King Street (North) 102 5 20 -15 -50
Wingwalls 165 15 70
(al)
Abutment 0
Commonwealth (South) 119 5 30 -25 -65
Avenue Wingwalls 158 25 75
(all)
Limitations

This Geotechnical Engineering Memo has been prepared for CSX Transportation for exclusive
application to King Street and Commonwealth Avenue Bridge Replacements project in City of
Alexandria, Virginia. This memo has been prepared in accordance with generally accepted
geotechnical engineering practices. No other warranty, express or implied, is made.

The test borings and other subsurface investigations completed for this memo are for design
purposes only. Variations in both the nature and extent of the subsurface conditions could be
observed during construction. Per Section 020200 of CSX Specifications, it is the obligation of
the contractor to make their own investigation of subsoil condition.

Standard test methods are referenced in this memo. Other standards or documents referenced
in any given standard cited in this memo, or otherwise relied upon by the authors of this memo,
are only mentioned in the given standard; they are not incorporated into it or “included by
reference,” as that latter term is used relative to contracts or other matters of law.

References

AASHTO, 2017 Bridge Design Specifications, 8th Edition.

AREMA, 2019 Manual for Railway Engineering.

CSX, 2021 Design and Construction Standard Specifications.
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Figure 1: Project Location Map
Figure 2: Subsurface Exploration Plan

Figure 3: Site Geology Map

Table A-1: Summary of Subsurface Explorations
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Client: CSX Transportation
Project: DRPT CSX AF to RO Widening 22-CMWLTH-BR-01
Project Phase: -- Sheet 1 of 5
Project Location: City of Alexandria and Arlington County Total Final Depth: |\Refusal Depth:  |Casing Depth:
Drilling Co.: Rig Type: Start Date: End Date: 100.0 ft - | -
5 ) Elevation: Incl. from Horiz.: [Azimuth:
SalLUT Mobile Drill B-57 Truck 08-01-2022 08-09-2022 31.7ft 90 deg. 0 deg.
Soil Drilling Method(s): |Rock Drilling Method(s): |Driller: Logger: Ver /Hor. Datum: NAVD 88 / NAD 1983 StatePlane
3-1/4" HSA, Mud Rotary N/A Deante Robinson Ertica Susanto, EIT  [Virginia North FIPS 4501 Feet
— - - . - Latitude: 38.807340 |Long|tude: -77.060096
Hammer (Efficiency): Core Barrel Length: Peizometer Depth (Screened Interval): Northing: 6980284.3 |Easting: 11893218.8
Automatic (80%) N/A N/A Alignment: Existing Track 2
Bit Type(s): Cave-in Depth: | __ Station: 82+01 |Offset: 32.0RT
- Backfill Method: Subsurface Water Depth
Bit Size(s): Soil Cuttings Initial: hvd 18.0 ft
- Stabilized: ¥ N/A
= Laboratory
=R I I 2| _o|s? 3 Su
ﬁ o) g gl 5|22 £%| MATERIAL DESCRIPTION g 2| mc y | Fines L | pi (tsf) Remarks
o=l 8s| T|”4 S| ) | (och) | (%)
POORLY GRADED GRAVEL (GP); black,
| X moist, fine to coarse grained  [Fill]
I X ;
X
30+ ><
21 Y |SANDY SILT (ML); black, moist [Fill] |
1 X
] X
28 ><
-4 X 2
| X
. X
X
26+ ><
61 LEAN CLAY WITH SAND (CL); tan, soft, moist, |
1 >< No recovery. Description based on cuttings.
i 0 1 2 [Fill] 3
] 1 (3) X
24- 3 X
"8 X LEAN CLAY WITH SAND (CL); tan and gray ,
| 1 >< mottled, firm, moist, trace quartz fragments
FooA 80 2 5 >< [Fill] 4 36.3 84.0 46 28 | 0.2(P
3 @ 4 ) . 2(P)
221 ° ¥
10 ><
] X
- X
20+ ><
F124 ><
| X
i X
>< LEAN CLAY WITH SAND (CH); tan and dark
6 gray , mottled, stiff, moist  [Fill]
181 5 10 X
144 20| ¢ (13) \ 5 0.2 (P)
] 4 X
- X Switched to Mud
>< Rotary at 15'
16
-16- X
14+ Il
18 Y1||SILTY SAND (SM); gray, loose, wet, fine to
| 3 {{{medium grained [Terrace Deposits, Qt]
3 5 Il
FooA 65 5 ) 6 20.5 40.6 18 3
124 3
-20

Addtional Notes: Soil relative density and consistency based on N60 values. Field SPT N-Values corrected for hammer energy (CE=1.33)




Project: DRPT CSX AF to RO Widening 22-CMWLTH-BR-01
Project: 10331846
roject Location: City of Alexandria and Arlington County eet2 0
P t Location: City of Al d d Arlington Count Sheet 2 of 5
lelels o 4 _|gz o Laboratory s
=|al° -~ w Q| = =] u
ﬁ o) % g1 ¢ &) z9 I ;3)) MATERIAL DESCRIPTION g 2| mc y | Fines L | pi (tsf) Remarks
SlolEl8s| T|P4 S| ) | (och) | (%)
o | tww ]
,22,
i SANDY SILT (ML); gray, soft, wet [Terrace
8 | 3 Deposits, Qt]
2 3
24 90 1 ) 7 0.2(P)
| 1
6 .
,26,
4 7 b
28 ‘[ SILTY SAND (SM); gray to brown, dense, wet,
| 7 '[|{fine to medium grained [Terrace Deposits,
11 24 sjat
FooA 60 13 (32) ' 8 17.9
. 12
30
ol 1L B
,32,
i '}/]POORLY GRADED SAND WITH SILT (SP-
2 4 SM); brown, medium dense, wet, fine to coarse
0 6 14 grained, trace rock fragments [Terrace
341 60 8 (19) 'l |{Deposits, Qt] 9
4 7 1
-4
,36,
-6
38 '[/{POORLY GRADED SAND WITH SILT (SP-
| 7 -[11SM); brown, medium dense, wet, fine to coarse
13 21 '{/grained, trace rock fragments [Terrace
- 60 8 (28) | IDeposits, at] 10 | 12.8 10.0
-8 7 :
40
-104
,42,
i No recovery
121 5 ) :
7 5
44+ 0 8 (20) 1"
3

HDR [Mid-Atlantic]

(804) 799-6900

4880 Sadler Rd Suite 100, Glen Allen, VA, 23060




Project: DRPT CSX AF to RO Widening

Project: 10331846

22-CMWLTH-BR-01

Project Location: City of Alexandria and Arlington County Sheet 3 of 5
o|lo|©d N o Laboratory
s15/2|2% 28 |-5|88 S su
ol 3 E|l 8| ¢x 22|80 MATERIAL DESCRIPTION E 2| MC | y | Fines e | oash Remarks
Slo =] 85| T|®a S| (%) | (pch) | (%)
141
46 R
| A
- , / /
-161 /
48 SANDY FAT CLAY (CH); gray, firm, wet
2 [Potomac Formation, Kp]
LY 00| 2 5| 12 04®)
2 (7) /
7 j
-181 22(P
50 / P
| //
I | i
201 /
52 //
i
i ! FAT CLAY (CH); brown and gray , mottled,
. 9 hard, wet [Potomac Formation, Kp]
22 12 26
54 100 14 (35) | 13 24.9 1.5 (P)
16
,7 / /
-24 )
56 /
! /
-26 //
o8 FAT CLAY (CH); brown, very stiff, wet
| 7 ' [Potomac Formation, Kp]
8 18
oA 80 10 ©4) | 14 1.6 (P)
28l 13
-60 / //
- ////
0] ///
621 ’
7 |
i FAT CLAY (CH); red, hard, wet [Potomac
16 Formation, Kp]
321 18 | 32 |
64 90 14 43) 15 | 23.6 99.0 77 55 | 2.2 (P)
| 13 , //
i
-344 //
™ ///
i
-36
68 ! FAT CLAY (CH); red and gray , mottled, hard,
| 8 wet [Potomac Formation, Kp]
13 28
oA 100 15 37) ! / 16 1.0 (P)
3l 21 /
70 /}

HDR [Mid-Atlantic]

4880 Sadler Rd Suite 100, Glen Allen, VA, 23060

(804) 799-6900




Project: DRPT CSX AF to RO Widening
Project: 10331846 22-CMWLTH-BR-01
Project Location: City of Alexandria and Arlington County Sheet 4 of 5
o g Laborato
:15| 82| 28|55 2 - sy
ﬁ o) % gl g5 |z g I ;3)) MATERIAL DESCRIPTION g 2| mc y | Fines L | pi (tsf) Remarks
Clo x| oy =43 o | (%) | (pcf) | (%)
i
5 , ///
w0 ///
724 i
4 ; /
i FAT CLAY (CH); gray, hard, wet, slightly
2] 9 / micaceous [Potomac Formation, Kp]
74 100 1; (28) 17 2.1(P)
, 23 / //
44 ////
,76,
11|
46 i /
78 EHBI / SILTY, CLAYEY SAND (SC-SM); brown, very
| 12 . {7 /| dense, wet, slightly micaceous
. 100 gf (gg) i / / Formation, Kp] 18 | 21.9 270 | 24 | 4
a8 49 i /
il
R
-501 |
]
i FAT CLAY WITH SAND (CH); brown and gray ,
q 16 ' mottled, hard, wet, slightly micaceous
521 20 40 [Potomac Formation, Kp]
-84 100 20 53) | 19 2.1(P)
| 27
-54-
86 | /
-56+ /
88 SANDY FAT CLAY (CH); brown and gray ,
| 1 / mottled, hard, wet, slightly micaceous
] 100 ;g (‘3‘;) [Potomac Formation, Kp] 20 04 (P)
-581 29 ’
90
| //
i | i
-601 /
92 //
i
i ! SANDY FAT CLAY (CH); brown and gray ,
. 15 mottled, very hard, wet, slightly micaceous
621 21 47 [Potomac Formation, Kp]
94 100 2% 63) ! 21 22.6 1.4 (P)
| 25
i
: jif

HDR [Mid-Atlantic]

4880 Sadler Rd Suite 100, Glen Allen, VA, 23060

(804) 799-6900




Project: DRPT CSX AF to RO Widening
Project: 10331846 22-CMWLTH-BR-01
Project Location: City of Alexandria and Arlington County Sheet 5 of 5
% Laborato
lsl2 2|28 5|8 3 5 5 Su
ol 3 E|l 8| sx |22 |5 %! MATERIAL DESCRIPTION g‘z’ MC | 'y | Fines | | o | (sf) Remarks
Qla el 2y |23 B | (%) | (pch | (%)
T
96 | /
-661 / /
98 FAT CLAY (CH); red and gray , mottled, very
| 14 / hard, wet [Potomac Formation, Kp]
26 55
- 100 59 73) // 22 2.2 (P)
_agl 40 J /
100 L ,/ —
Boring Terminated at 100.0 ft depth.
=704
02|
721
1104
-744
081
-761
1108
_78,
1104
-80-
124
-821
14
-84
16
-861
18
-88-
M20

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




Client: CSX Transportation

Project: DRPT CSX AF to RO Widening

22-CMWLTH-BR-02

Project Phase: --

Sheet 1 of 5

Project Location: City of Alexandria and Arlington County Total Final Depth:|Refusal Depth: |Casing Depth:
Drilling Co.: Rig Type: Start Date: End Date: 100.0 ft - -
Elevation: Incl. from Horiz.: |Azimuth:
SaLUT Acker XLS Track 08-02-2022 08-03-2022 296 ft 90 deq. 0 deq.
Soil Drilling Method(s): |Rock Drilling Method(s): |Driller: Logger: Ver./Hor. Datum: NAVD 88 / NAD 1983 StatePlane
Mud Rotary, 3-1/4" HSA N/A Blake Strawderman Nick Miller, PE Virginia North FIPS 4501 Feet _
— - Latitude: 38.807465 [Longitude: -77.059879
Hammer (Efficiency): Core Barrel Length: Peizometer Depth (Screened Interval): Northing: 6980330.8 [Easting: 11893279.9
Automatic (80%) N/A N/A Alignment: Existing Track 2

Station: 82+76 [Offset: 39.0 RT

Bit Type(s): Cave-in Depth: [ --
- Backfill Method: Subsurface Water Depth
Bit Size(s): Bentonite Powder, Soil Cuttings Initial: 2 23.0 ft
-- Stabilized: ¥ N/A
e % < E\o % =g ° % Laboratory s
= - 3 . u
ﬁ o) g I &) z9 £%| MATERIAL DESCRIPTION g 2| mc y | Fines L | pi (tsf) Remarks
fle |l gs | TIP3 S| ) | (och) | (%)
POORLY GRADED GRAVEL (GP); dark gray,
] 7 X |dense, moist  [Fill]
" 23
i W01 42 | @1 § 1
28 15 ><
"2 Y |SILTY SAND (SM); dark gray, loose, moist, fine |
| 4 >< to coarse grained  [Fill]
4 7
CAAI®] 3 | @ X 2
26- 4 X
L ]
4 CLAYEY SAND (SC); brown, loose, moist, fine
] 1 >< to coarse grained [Fill]
L 25| 2 3 X 3 | 104 13.6
1 4) W
244 1 \
-6 X|SANDY LEAN CLAY (CL); gray, soft, moist |
| WOH X [Fill]
WOH 2
FooA 75 2 @) >< 4 25.0 69.0 0.2 (P)
22+ 2 X
-8 >< LEAN CLAY (CL); brown, firm, moist, No
| 2 X recovery, root mass in shoe. Description is
L] 0 2 6 X)|based on cuttings.  [Fill] 5
4| @ Y
2
20+ ><
10 ><
] X
- X
18] X
F124 X
X
1 X
>< LEAN CLAY (CL); brown, soft, moist [Fill]
161 4 )
L4l Y 60| ] 3 6 0.4 (P)
2 | @ X :
i 3 X
- X Switched to Mud
X Rotary at 15'
14
6 §
,7 ] /// //
121 / / / /
18 /// LEAN CLAY (CL); brown, firm, moist [Terrace
| 1 / Deposits, Qt]
. 65| 2 6 / 7 0.2 (P)
s | e |/ f :
101 6 / /
20 i
d

Addtional Notes: Soil relative density an

Q

onsistency based on N60 values. Field SPT N-Values corrected for hammer energy (CE=1.33)




Project: DRPT CSX AF to RO Widening
Project: 10331846 22-CMWLTH-BR-02
Project Location: City of Alexandria and Arlington County Sheet 2 of 5
% Laborato
lsl2 2|28 5|8 3 5 Su
ﬁ o) % gl g5 |z g I ;3)) MATERIAL DESCRIPTION g‘zj MC y | Fines L | pi (tsf) Remarks
Clo x| oy =43 o | (%) | (pcf) | (%)
/I /’
8 I
22 //
i ,: SILTY, CLAYEY SAND (SC-SM); gray, very
6 1 1 Nt / loose, wet, fine to medium grained, trace
1 2 |I|1i:/-Jorganics [Terrace Deposits, Qt]
24+ 75 1 @) AR 8 28.8 47.0 23 4 0.1 (P)
| 2 i //
‘o i
26 ik //
28 | / SILTY, CLAYEY SAND (SC-SM); gray, loose,
) 1 . {7 { wet, fine to medium grained, trace organics
] 75 g (;) // [Terrace Deposit, Qt] 9 02 (P)
04 10 i /
sl
2 i / J
32+ iR /
I IEx / SILTY, CLAYEY SAND (SC-SM); gray, medium
4 4 i / dense, wet, coarse grained  [Terrace
34 50| ¢ (]g) i / Deposits, Q1] 10 | 2338
| 1 BN //
3 Eites
361 iEx / /
38 / / LEAN CLAY WITH SAND (CL); gray, soft, wet
| 1 / / [Terrace Deposits, Qt]
] 85 ] é) /// 1| 299 77.0 02 (P)
-10] ! / /
40 ////
e
12 R RRAS
,42,
i SILTY SAND (SM); gray, medium dense, wet,
14 3 '\ 1{[]{coarse grained [Terrace Deposits, Qt]
3 8 )
44+ 55 5 (1) 12
| 5

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




Project: DRPT CSX AF to RO Widening
Project: 10331846 22-CMWLTH-BR-02
Project Location: City of Alexandria and Arlington County Sheet 3 of 5
z Laborato
I - O 2 S|s2 3 = Su
ﬁ o) % gl g5 |z g I ;3)) MATERIAL DESCRIPTION g 2| mc y | Fines L | pi (tsf) Remarks
Clo x| oy =|® 35 o | (%) | (pcf) | (%)
16 A
461 el
, '/; ] /A —
-181 / / / /
48 / / LEAN CLAY (CL); gray, stiff, wet [Terrace
| 3 / Deposits, Qt]
. 9| 4 1 / / 13 | 362
7 (15) / / :
-20 7 /
50 / / //
2] / f /
5o / I
i // / LEAN CLAY (CL); gray, firm, wet [Terrace
24 1 / / Deposits, Qt]
54 100 ; <g) / / / 14 0.4 (P)
-261 / / / /
,56,
A
-28
o8 /'{{POORLY GRADED SAND WITH CLAY AND
] 16 s ‘: GRAVEL (SP-SC); gray, medium dense, wet,
7 10 |+ 1y-l{fine to coarse grained [Terrace Deposits, Qt] 1
T 01 3 (13) [ i °
-301 7
-60
-32
,62,
i :: :: POORLY GRADED SAND WITH CLAY AND
34 7 }/]|GRAVEL (SP-SC); gray, medium dense, wet,
64 60 g (;g) o8 fine to coarse grained [Terrace Deposits, Qt] 16 16.7 76
| 9 8
-364
,66,
-38 oy
o8 /]| POORLY GRADED SAND WITH CLAY AND
| 3 .. 1., /|GRAVEL (SP-SC); gray, loose, wet, fine to
1 3 i1} /]coarse grained [Terrace Deposits, Qt] 17
F 50 2 @) .
-401 7
70

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




Project: DRPT CSX AF to RO Widening
Project: 10331846 22-CMWLTH-BR-02
Project Location: City of Alexandria and Arlington County Sheet 4 of 5
ol ol g - o Laboratory
32|25 28|58 |86 gg . Su
S8l E| 8| ¢c |22 |25 MATERIAL DESCRIPTION E2| MC | v |Fines| | o | (sf) Remarks
Slo e8| T|?3 S| (%) | (pch) | (%)
T
421 / /
i // / LEAN CLAY (CL); brown, very hard, wet
44 3 / [Potomac Formation, Kp]
741 55 ;i (69) /// 18 | 21.2 2.0 (P)
| 28 // / /
-461 / / / /
76 / /
-48
78 FAT CLAY (CH); gray, very hard, wet
) 12 [Potomac Formation, Kp]
23 53
- 5 | 5 (70) 19
501 30
80
521
,82,
i FAT CLAY (CH); gray, very hard, wet
54 14 [Potomac Formation, Kp]
1844 ) [100| 2 (gg) 20 | 263 9.0 | 78 | 57
| 36
-56
,86,
-581 // / / /
S8 / / LEAN CLAY (CL); green brown, hard, wet
) 13 // [Potomac Formation, Kp]
K [oo| 5 (2?) /// 21 16 (P)
g /
90 / / / //
621 / f /
" / / j
i /// LEAN CLAY (CL); green brown, very hard, wet
64 15 // [Potomac Formation, Kp]
Fo44 ) [100| 22 (g;) / / / 22 12 (P)
PN E |
I / J /

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




Project: DRPT CSX AF to RO Widening
Project: 10331846 22-CMWLTH-BR-02
Project Location: City of Alexandria and Arlington County Sheet 5 of 5
o % Laborato
:15| 82| 28|55 2 - sy
ﬁ o) E gl g5 |z g I ;3; MATERIAL DESCRIPTION g‘z’ MC y | Fines L | pi (tsf) Remarks
Clo x| oy =43 o | (%) | (pcf) | (%)
-66
,96,
-681 :
98 /| CLAYEY SAND (SC); gray, very dense, wet,
| 17 b fine to coarse grained [Potomac Formation,
K
o % gg (?g) " 23 1.2 (P)
701 37 :
100 Boring Terminated at 100.0 ft depth.
72
F02
74
04
76
081
-781
M08
-80
1104
-82
F124
-84
1144
-86-
F164
-881
F18
-90+
M20

HDR [Mid-Atlantic]

4880 Sadler Rd Suite 100, Glen Allen, VA, 23060

(804) 799-6900




Client: CSX Transportation

Project: DRPT CSX AF to RO Widening

22-King-BR-01

Project Phase: --

Sheet 1 of 5

Project Location: City of Alexandria and Arlington County Total Final Depth:|Refusal Depth: |Casing Depth:
Drilling Co.: Rig Type: Start Date: End Date: 100.0 ft - -
. . Elevation: Incl. from Horiz.: |Azimuth:
SalLUT Mobile Drill B-57 Truck 08-02-2022 08-03-2022 31.7ft 90 deg. 0 deg.
Soil Drilling Method(s): |Rock Drilling Method(s): |Driller: Logger: Ver./Hor. Datum: NAVD 88 / NAD 1983 StatePlane
3-1/4" HSA, Mud Rotary N/A Deante Robinson Harsh Patel, EIT  [Virginia North FIPS 4501 Feet
— - Latitude: 38.806749 [Longitude: -77.061028
Hammer (Efficiency): Core Barrel Length: Peizometer Depth (Screened Interval): Northing: 6980064.9 [Easting: 11892956.6
Automatic (80%) N/A N/A Alignment: Existing Track 2

Station: 78+63

[Offset: 43.0 RT

Bit Type(s): Cave-in Depth: [ 26.3 ft
- Backfill Method: Subsurface Water Depth
Bit Size(s): Auger Cuttings, Bentonite Powder Initial: A4 18.0 ft
- Stabilized: ¥ 12.3 ft
ol o| ©a o Laboratory
P £lal>|358 g4 ) Su
SISl E|8| 2% MATERIAL DESCRIPTION [£2| MC | y | Fines Remarks
wials| 81| 3 ®© o o LL | PI (tsf)
» m o 0| (%) | (pcf) | (%)
POORLY GRADED GRAVEL (GP); gray, dry,
fine to coarse grained  [Fill] 1
i CLAYEY SAND (SC); brown, moist, fineto |
medium grained, trace asphalt fragments 2
30+ [Fill]
L 2 m
SILTY SAND WITH GRAVEL (SM); black, |
7 moist, fine to medium grained  [Fill] 3
C SANDY LEAN CLAY (CL); brown to red, moist |
[Fill]
28+
L 4 4
4
26+
61 SANDY LEAN CLAY (CL); brown red and
2 gray , mottled, firm, moist  [Fill]
L 75 g 5 0.5(P)
5
24
"8 SANDY LEAN CLAY (CL); brown red and
4 gray , mottled, stiff, moist  [Fill]
o 75 2 6 20.0 68.0 | 29 | 14 | 0.5(P)
6
22+
10
20+
,12,
i SANDY LEAN CLAY (CL); gray, stiff, moist
2 [Fill]
18 4
F14 100 3 7 0.2 (P)
3
16
,16,
14
18 FAT CLAY (CH); gray, soft, wet [Terrace
2 Deposits, Qt]
o 100 1 8 21.3 0.2 (P)
1
12+ SILTY SAND (SM); yellow brown, moist, fine to ]
20 1] [17IImediumgrained — [Potomac Formation, Kp] | Switched to Mud

Addtional Notes: Soil relative density and consistency based on N60 values. Field SPT N-Values corrected for hammer energy (CE=1.33)




Project: DRPT CSX AF to RO Widening .
Project: 10331846 22-King-BR-01
Project Location: City of Alexandria and Arlington County Sheet 2 of 5
0| o|ow N _— o Laboratory
38|25 28 |s8|86 S g Su
ﬁ [ g 3| 28 |Zzg | & = MATERIAL DESCRIPTION g z| MC y | Fines L | pi (tsf) Remarks
SlolEl8s| T|P4 S| ) | (och) | (%)
\BEREN’ Rotary at 20’
" 100 jff 18.4 132 | NP | NP
22 (MIEE:
i SILTY SAND (SM); tan, dense, wet, fine to
8 5 11} |{coarse grained, trace quartz fragments
7 15 27 '{{}!{|[Potomac Formation, Kp]
241 A5 12 | @) [l 9
17 | : 1 \
61 i
26 \BREEN:
| il
4 4
28 ! SANDY FAT CLAY (CH); dark gray, very stiff,
5 wet, slickenslides [Potomac Formation, Kp]
) 6 15
- 100 g (20) i 10 1.5 (P)
10
21 |
30 //
0 - ’ ///
,32,
i FAT CLAY (CH); gray blue, very stiff, wet,
) 7 ' slickenslides [Potomac Formation, Kp]
4 8 18
344 100 45 1) | 1 | 345 2.0 (P)
12
" //
36 | /
-6 1 |
38 FAT CLAY (CH); blue gray and red, very stiff,
6 / wet, slickenslides [Potomac Formation, Kp]
) 8 19
FooA 100 1 (25) 12 32.9 96.0 84 58 | 2.2 (P)
12 |
-8
40 //
i
R / /
-104 //
42+ /
i
i ! FAT CLAY (CH); blue gray and red, very stiff,
6 wet [Potomac Formation, Kp]
" 100 10 | 21 13 22(P
B 1" (28) 2(P)
13 /
b i
: jif

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




Project: DRPT CSX AF to RO Widening

Project: 10331846

22-King-BR-01

Project Location: City of Alexandria and Arlington County Sheet 3 of 5
lelels o 4 _|gz o Laboratory s
= al-° -~ w— O | = [}
ol 3 E|l 8| 2 2z 2|25l MATERIAL DESCRIPTION E 2| MC | y | Fines mEe (tsl;) Remarks
Qla el 2y |23 B | (%) | (pch | (%)
]
46 | //
| ] /// 21 (P)
-16 |
48 FAT CLAY (CH); blue gray, hard, wet,
7 slickenslides [Potomac Formation, Kp]
i 13 | 29 |
T 1001 46 | 39) // 14
20 / /
_18,
50
I | i
-20] /
52 //
i
i ' FAT CLAY WITH SAND (CH); blue gray, hard,
- 8 wet [Potomac Formation, Kp]
Il 13 31
544 100 18 (41 ! 15 | 21.2 81.0 67 49 | 2.2 (P)
23
{ / /
24 ///
56 //
i i
! //
-26 //
o8 FAT CLAY (CH); blue gray, hard, wet
14 ' [Potomac Formation, Kp]
1 22 44
oA 100 29 (59) //// 16 2.2 (P)
28
_28,
b i
i FAT CLAY WITH SAND (CH); brown, red and
3 10 / gray , mottled, very hard, wet [Potomac
-32 23 51 Formation, Kp]
-64- 100 5 | (68 17 2.2 (P)
28 , /
-341 /
66 //
i
-36
68 ! FAT CLAY (CH); red and gray , mottled, hard,
6 wet [Potomac Formation, Kp]
1 12 28
oA 100 16 37) ! 18 2.0(P)
38 20
70 I /

HDR [Mid-Atlantic]

4880 Sadler Rd Suite 100, Glen Allen, VA, 23060

(804) 799-6900




Project: DRPT CSX AF to RO Widening .
Project: 10331846 22-King-BR-01
Project Location: City of Alexandria and Arlington County Sheet 4 of 5
o o g - o Laboratory
s|S|a|X| =9 S|l &Ec -
S|18|E|g| 28 |22|2 8| MATERIALDESCRIPTION |ES| MC | v |Fines| | | p | f | Remarks
Qla el 2y |23 B | (%) | (pch | (%)
| T
] , /
7 i
i FAT CLAY (CH); red and gray , mottled, hard,
4 10 / wet [Potomac Formation, Kp]
“brad ¥ |100| 12 (21) 19 | 225 100.0 22 (P)
21 J //
! /
-44- /
76 //
i
46
78 J
| 10 ////
- 100 ]2 (gg) i 20 2.2 (P)
22 //
-48 /
80 //
-501 ' ///
,82,
///
i FAT CLAY (CH); gray, very stiff, wet, trace
52 7 ' organics [Potomac Formation, Kp]
Thead ) |100] 2 (gg) 21 22 (P)
i
18 /
-54 //
86 | //
-56+ )
88 FAT CLAY WITH SAND (CH); gray and brown ,
13 / mottled, hard, wet,_slightly micaceous
L] 100 ;g (451;) / [Potomac Formation, Kp] 2 | 267 22 (P)
26 | //
-58-
90
-60+ /
92 //
i
i ! / FAT CLAY WITH SAND (CH); gray and brown ,
62 12 mottled, hard, wet [Potomac Formation, Kp]
“hoad ¥ |00 X (g% j 23 22 (P)
35
: it

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




Project: DRPT CSX AF to RO Widening .
Project: 10331846 22-King-BR-01
Project Location: City of Alexandria and Arlington County Sheet 5 of 5
= Laborat
lel2l=|28| ot o aboratory N
ﬁ o) E 3l &x P g I ;3; MATERIAL DESCRIPTION g‘z’ MC y | Fines L | pi (tsf) Remarks
Clo x| oy =43 o | (%) | (pcf) | (%)
96 | /
N /////
-66 |
98 // FAT CLAY WITH SAND (CH); gray and brown, 19(P)
17 / very hard, wet [Potomac Formation, Kp]
] 22 48
- 00| % 64) // 24
43 / /
oo L ,/ S
Boring Terminated at 100.0 ft depth.
701
102
721
1104
_74
106
-761
1108
_78,
H104
-80
124
-821
14
-84
116
-861
18
-88
120/

HDR [Mid-Atlantic]
4880 Sadler Rd Suite 100, Glen Allen, VA, 23060
(804) 799-6900




TABLE A-1: SUMMARY OF SUBSURFACE EXPLORATIONS

;);':ihg)r::ttliz: Primary Design Element Purpose Mile Post Station® O(f:;;;t Elei:;::):\e( ft) Latitude Longitude Depth Drilled (ft)
22-King-BR-01" Bridge 105.29 78+63 44 | RT 31.7 38.806736 -77.061054 100.0
22-CMWLTH-BR-01 Bridge 105.36 82+01 32 |RT 31.7 38.807340 -77.060096 100.0
22-CMWLTH-BR-02 Bridge 105.38 82476 39 |RT 29.6 38.807465 -77.059879 100.0
! Shelby tube samples were collected/attempted in the boring
% Bulk samples were collected in the boring

HDR Engineering, Inc. Page1of1
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Table C-1: Summary of Laboratory Testing

Moisture Content Results
Atterberg Limits Results

Grain Size Analysis Results

Corrosion Test Results (pH, Resistivity, Chloride, Sulfate)

Shelby Tube Extraction Logs
1-D Consolidation Results
UU Triaxial Test Results
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Table C-1: Summary of Laboratory Testing



Table C-1: SUMMARY OF LABORATORY TESTING RESULTS

Atterberg Limits Grain Size Analysis Modified Proctor Corrosion
;’;z:::‘:ttliz: Sample Type [ Depth, feet w (%) (I;/:) (;:-) (OP/:) % Gravel * % Sand > % Silt/Clay > | USCS Symbol ‘::):fa)x \::/‘:;t pH l::;:t_':::‘)l Sulfates (ppm) CTL‘:::; >
22-CMWLTH-BR-01 Jar 8.0 to 10.0 36.3 46 18 28 84.0 CL
22-CMWLTH-BR-01 Jar 18.0 to 20.0 20.5 18 15 3 0.0 59.4 40.6 SM
22-CMWLTH-BR-01 Jar 28.0 to 30.0 17.9
22-CMWLTH-BR-01 Jar 38.0 to 40.0 12.8 10.0
22-CMWLTH-BR-01 Jar 53.0 to 55.0 24.9
22-CMWLTH-BR-01 Jar 63.0 to 65.0 23.6 77 22 55 99.0 CH
22-CMWLTH-BR-01 Jar 78.0 to 80.0 21.9 24 20 4 27.0
22-CMWLTH-BR-01 Jar 93.0 to 95.0 22.6
22-CMWLTH-BR-02 Jar 40 to 6.0 10.4 36.8 49.7 13.6
22-CMWLTH-BR-02 Jar 6.0 to 8.0 25.0 69.0
22-CMWLTH-BR-02 Jar 23.0 to 25.0 28.8 23 19 4 47.0
22-CMWLTH-BR-02 Jar 33.0 to 35.0 23.8
22-CMWLTH-BR-02 Jar 38.0 to 40.0 29.9 77.0
22-CMWLTH-BR-02 Jar 48.0 to 50.0 36.2
22-CMWLTH-BR-02 Jar 63.0 to 65.0 16.7 16.4 76.0 7.6
22-CMWLTH-BR-02 Jar 73.0 to 75.0 21.2
22-CMWLTH-BR-02 Jar 83.0 to 85.0 26.3 78 21 57 96.0 CH
22-King-BR-01 Jar 8.0 to 10.0 20.0 29 15 14 68.0 CL
22-King-BR-01 Jar 18.0 to 20.0 21.3
22-King-BR-01 Jar 33.0 to 35.0 34.5
22-King-BR-01 Jar 38.0 to 40.0 32.9 84 26 58 96.0 CH
22-King-BR-01 Jar 53.0 to 55.0 21.2 67 18 49 81.0 CH
22-King-BR-01 Jar 73.0 to 75.0 22.5 100.0
22-King-BR-01 Jar 88.0 to 90.0 26.7
22-King-BR-01 Shelby Tube | 20.0 to 22.0 18.4 NP NP NP 0.0 86.8 13.2 SM
22-King-BR-01 Composite | 28.0 to 35.0 4.4 1,000 62 16

1 Particle Diameter > Sieve No. 4
2 Sieve No. 4<Particle Diameter >= Sieve No. 200
3 Particle Diameter <Sieve No. 200 Page lof1l
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Moisture Content Results



Optimum

Boring D?f't’)th LI_I::‘mu::1 Pﬂ?::iltc Plla:f(}gty 9 < #4 Sieve | % <#200 Sieve Classification CV‘\)I::Z:'“ De?lrsyity cWater
(%) (%) (%) (%) (pcf) e

22-Cmwealth-BR-01 8.0-10.0 46 18 28 84 CL 36.3
22-Cmwealth-BR-01 18.0 - 20.0 18 15 3 100 41 SM 20.5
22-Cmwealth-BR-01 28.0-30.0 17.9
22-Cmwealth-BR-01 38.0-40.0 10 12.8
22-Cmwealth-BR-01 53.0-55.0 24.9
22-Cmwealth-BR-01 63.0-65.0 77 22 55 99 CH 23.6
%'I 22-Cmwealth-BR-01 78.0-80.0 24 20 4 27 21.9
22-Cmwealth-BR-01 93.0-95.0 22.6
1 22-Cmwealth-BR-02 4.0-6.0 63 14 104
| 22-Cmwealth-BR-02 6.0-8.0 69 25.0

LB_LAB_SUMMARY BASIC_PROC AF-RO ALEXANDRIA 4TH TRACK.GPJ PROJECT.GDT 8/31/22

Summary of Laboratory Results
AF-RO Alexandria 4th Track

Alexandria, VA
Project Number: 22-026.01




Optimum

Boring Depth LI_I::‘mu::1 Pﬂ?:;ltc Plﬁs(}:ity % < #4 Sieve % < #200 Sieve Classification cWa;tert De[:lrsyity Water
® ) ) %) [N (P Content
22-Cmwealth-BR-02 23.0-25.0 23 19 4 47 28.8
22-Cmwealth-BR-02 33.0-35.0 23.8
22-Cmwealth-BR-02 38.0-40.0 77 29.9
22-Cmwealth-BR-02 48.0 - 50.0 36.2
22-Cmwealth-BR-02 63.0 - 65.0 84 8 16.7
22-Cmwealth-BR-02 73.0-75.0 21.2
22-Cmwealth-BR-02 83.0-85.0 78 21 57 96 CH 26.3

LB_LAB_SUMMARY BASIC_PROC AF-RO ALEXANDRIA 4TH TRACK.GPJ PROJECT.GDT 8/31/22

Summary of Laboratory Results
AF-RO Alexandria 4th Track

Alexandria, VA
Project Number: 22-026.01




Optimum

Boring D?f't’)th LI_I::mu::1 Pﬂ?::iltc Plla:f(}gty 9 < #4 Sieve | % <#200 Sieve Classification Cv:r?:::\t De?lrsyity CWater
(%) (%) (%) (%) (pcf) T
22-King-BR-01 8.0-10.0 29 15 14 68 CL 20.0
22-King-BR-01 18.0 - 20.0 21.3
22-King-BR-01 33.0-35.0 34.5
22-King-BR-01 38.0-40.0 84 26 58 96 CH 329
22-King-BR-01 53.0-55.0 67 18 49 81 CH 21.2
22-King-BR-01 73.0-75.0 100 22.5
22-King-BR-01 88.0-90.0 26.7

LB_LAB_SUMMARY BASIC_PROC AF-RO ALEXANDRIA 4TH TRACK.GPJ PROJECT.GDT 8/31/22

Summary of Laboratory Results
AF-RO Alexandria 4th Track

Alexandria, VA
Project Number: 22-026.01




Client: HDR Engineering, Inc.
A Project:  AF-RO Alexandria 4th Track
GeoTeSting Location: Alexandria, VA Project No: GTX-315798
Boring ID: --- Sample Type: --- Tested By: ckg
EXPRESS Sample ID: --- Test Date: 09/23/22 Checked By: jsc
Depth : --- Test Id: 685418

Moisture Content of Soil and Rock - ASTM D2216

Notes: Temperature of Drying : 110° Celsius

printed 9/23/2022 4:13:36 PM

Boring ID Sample ID Depth Description Moisture
Content, %
22-King-BR-01 ST-1 20-22 Moist, yellowish brown silty sand 18.4
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Atterberg Limits Results



60 /7 /
@le & 7
/7
Pt /
50
s O a
P e x
L Y/
A A e yd
S 40 7
T -~ -
| 7
! L /
, 7/
T 30 7 ® V’
/
7
| // /
N 2 7/
5 0 Pz /
E 7/
X yd A
d /
10 R *
e | ®
s
OU 20 40 60 80 100
LIQUID LIMIT
® [22-Cmwealth-BR-01 8.0-10.0| 46 | 18 | 28 | 84 LEAN CLAY with SAND(CL)
& [22-Cmwealth-BR-01 18,0 - 20.0| 18 | 15 3 41 SILTY SAND(SM)
||:| 22-Cmwealth-BR-01 63.0 - 65.0| 77 | 22 | 55 | 99 FAT CLAY(CH)
Ie 22-Cmwealth-BR-01 78.0 - 80.0| 24 | 20 4 27
@ |22-Cmwealth-BR-02 23 ( - 25 0| 23 19 4 47
+% |22-Cmwealth-BR-02 83.0 - 85.0| 78 | 21 | 57 | 96 FAT CLAY(CH)
Test Method: ASTM D4318 TestedBy:  SM  Date: 8/25/2022

ATTERBERG LIMITS' RESULTS

Project: AF-RO Alexandria 4th Track
Location: Alexandria, VA
Project Number: 22-026.01

LB_ATTERBERG_LIMITS AF-RO ALEXANDRIA 4TH TRACK.GPJ TLB2009.GDT 8/31/22




LB_ATTERBERG_LIMITS AF-RO ALEXANDRIA 4TH TRACK.GPJ TLB2009.GDT 8/31/22

60 // /
7
@@ yd
4’/
50 //’ ®
L -
A pd /
S 40 d /
1 e *
c // /
T30 /’ 4
Y L /
| 4 €3
N 20 ,1/ IX| /
D r/ &®
s // A o /
X /
/7
Vd
o
Z
=" @|e
08 20 40 60 80 100
LIQUID LIMIT
Boring Depth| LL | PL | PI |Fines Classification
A| 22-King-BR-01 8.0-10.0| 29 15 14 68 SANDY LEAN CLAY(CL)
% | 22-King-BR-01 38.0 - 40.0 | 84 26 58 96 FAT CLAY(CH)
®©| 22-King-BR-01 53.0 - 55.0 | 67 18 49 81 FAT CLAY with SAND(CH)
Test Method: ASTM D4318 Tested By: SM Date: 8/25/2022

ATTERBERG LIMITS' RESULTS

Project: AF-RO Alexandria 4th Track
Location: Alexandria, VA
Project Number: 22-026.01




Client: HDR Engineering, Inc.

- — Project: AF-RO Alexandria 4th Track

GeOTestin Location: Alexandria, VA Project No: GTX-315798
g 22-King-BR-01 Sample Type: tube Tested By: cam

Boring ID:
EXPRESS Sample ID: ST-1 Test Date: 09/22/22 Checked By: jsc
Depth : 20-22 Test Id: 685398
Test Comment: ---
Visual Description: Moist, yellowish brown silty sand

Sample Comment: ---

Atterberg Limits - ASTM D4318

Sample Determined to be non-plastic

Symbol Sample ID Boring Depth Natural Liquid Plastic Plasticity | Liquidity Soil Classification
Moisture Limit Limit Index Index
Content,%
‘ ST-1 rKing-BR4 20-22 18 n/a n/a n/a n/a Silty SAND (SM)

0% Retained on #40 Sieve

Dry Strength: LOW

Dilatancy: RAPID

Toughness: n/a

The sample was determined to be Non-Plastic

printed 9/23/2022 4:12:58 PM



)R

Grain Size Analysis Results



U.S. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS HYDROMETER

200
6 43 215 Tau 1238 3 4 6 5104416 59 30 49 5055 1004407
100 ! tl : I r I E = \4 ' tol D10 D30 D60 D100
: AN : ®| 0303 | 0494 | o672 | 476
90 + + + +
: : \ : : : X 0361 | 0643 19
E\ ; N A 0159 | 476
80 + + + + +
: : : ‘H : * : * 0.304 | 3.376 19
: \ ]\ ®©] 0144 | 034 | 1739 19
70 : : : :
'f : : N | \ : :
8 60 \%\\ \GQ \
= : : L : N
@ : : : N : \ :
x : oY :
w 50 : X x :
=z ™ AL
B : : : YN \i
E 40 : : : N
L . . . \ .
W : : : :
i
o 30 \\
. N
Nl
10 SN NG, Test Method: ASTM D422
>l g ?ﬁ
0
3 100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
COBBLES : ) . SILT OR CLAY Tested By:  CL Date:  8/26/2022
2 coarse | fine coarse | medium | fine - -
Boring | SNo.| Depth [%Gravel|%Sand |%Silt |%Clay| LL| PI [MC(%) Classification
il A [22-CMWLTH-BR-01| SS-4 18.0 - 20.0 0.0 59.4 40.6 18 3 20.5 SILTY SAND(SM)
2l % p2.CMWLTHBR02| SS-3 4.0-6.0 36.8 49.7 13.6 10.4
o] © proMwLTHBR 02| SS-16 |  63.0 - 65.0 16.4 76.0 76 16.7
| GRAIN SIZE DISTRIBUTION Alexandria, VA
z - i Project Number: 22-026.01
E -ﬁ AF-RO Alexandria 4th Track ) Sheet 1 of 5




Client: HDR Engineering, Inc.

- — Project: AF-RO Alexandria 4th Track

B Location: Alexandria, VA Project No: GTX-315798
Geolesting

Boring ID: 22-King-BR-01 Sample Type: tube Tested By: ckg
EXPRESS Sample ID: ST-1 Test Date: 09/22/22 Checked By: jsc
Depth : 20-22 Test Id: 685414
Test Comment: ---
Visual Description: Moist, yellowish brown silty sand
Sample Comment: ---
Particle Size Analysis - ASTM D6913
o
< —
100 3 3
i I I
90T | I
| 1 1
1 1
80T I I
1 1
B 1 1
1 1
70T 1 1
1 1
T 1 1
1 1
g 607 | |
£ L 1 1
Eb 1 1
5 50 R
8 - 1 1
& 1 1
40+ : :
L 1 1
1 1
30T | |
1 1
B 1 1
1 1
20” | 1
1 1
I 1 1
1 1
1077 1 I
1 1
L 1 1
1 1
0+ R AL et bt = et
1000 100 10 1 0.01 0.001
Grain Size (mm)
% Cobble % Gravel % Sand % Silt & Clay Size
- 0.0 86.8 13.2
Sieve Name [Sieve Size, mm| Percent Finer |Spec. Percent Complies Coefficients
Dg5=0.2377 mm D30=0.1525 mm
- B o Ds0=0.1943 mm D15=0.0946 mm
#10 2.00 100
#20 0.85 100 Ds0=0.1792 mm Dio=N/A
#40 0.42 100 Cu =N/A Cc =N/A
#60 0.25 91
#100 015 58 ) Classification
30 01T 6 ASTM Silty SAND (SM)
#200 0.075 13
AASHTO Silty Gravel and Sand (A-2-4 (0))

Sample/Test Description
Sand/Gravel Particle Shape : ---

Sand/Gravel Hardness : ---

printed 9/23/2022 4:12:03 PM
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Corrosion Test Results (pH, Resistivity, Chloride, Sulfate)



Laboratory Testing - pH of Soil

Project Name:

Project No.:
Boring No.:
Sample No:
Depth:

AF-RO Alexandria 4th Track

22-0026.01

22-King-BR-01

Composite SS-6 & SS-7

28.0'- 35.0'

Date:

Tested By:

Method:

8/30/2022

SM

AASHTO T289

Calibration Data

Buffer used for Calibration Re-check
pH 4.0 pH 7.00 pH 10.0 pH 7.00
Reading 4.01 7.00 10.01 7.00
Temperature C 25.3 25.3 25.3 25.3
pH reading for Soil
pH 1(°C)
Trial 1 4.44 255
Trial 2 4.44 25.5
Trial 3 4.43 255
Average 4.44
Laboratory Testing - Resistivity of Soil
Project Name: AF-RO Alexandria 4th Track Date: 8/30/2022
Project No.: 22-0026.01 Tested By: SM
Boring No.: 22-King-BR-01 Method: AASHTO T288
Sample No: Composite SS-6 & SS-7
Depth: 28.0'- 35.0'

Resistance reading
Sample resisitivity

In situ condition
2.06 kQ

2060 Q-cm

Saturated condition
1.00 kQ

1000 Q-cm

ChliS




eotechnics

geotechnical & geosynthetic testing

CHLORIDE ION CONTENT IN SOILS
AASHTO T 291 - 94 (2018) (Method B)

Client: Soil and Land Use Technology, Inc. Boring No.:  22-KING-BR-01
Client Reference: AF to RO 4th Track 22-0026.01 Depth (ft): 28.0-35.0'
Project No.: 2022-640-001 Sample No.: S-6/S-7

Lab ID: 2022-640-001-003 Description:  Brown Soll

(- # 10 Sieve material )

CHLORIDE STANDARD: CALIBRATION CURVE

STANDARD MILLIVOLTS
(mV)
100 mglL 150.7
100.0 mglL 93.2
1000.0 mg/L 33.4

MEASUREMENT OF CHLORIDES

Sample Weight (g):  100.0 CONCENTRATION  CONCENTRATION
Water added to Sample (ml):  100.0 (mg/L) (mg/kg)
Size of Sample Aliquot (ml):  25.0
Sample Reading (mV):  139.9 15.51 15.51

Notes: 1) Samples and standards were buffered by the addition of an equal volume of the 0.2 M KNO; solution (1:1 volume).
2) Samples were dried for a minimum of 12 hours at 110 */. 5°C.

] o y = -25.47In(x) + 209.73
Chloride Standard - Calibration Curve R2 = 0.9999
160.0 p
1400 T
\‘
120.0 ~——
T —
100.0
T 800 T~
\\
60.0 ~—
\\
40.0 ™~y
20.0
0.0
10.0 100.0 1000.0
mg/L
Notes:
Tested By JAM Date 9/14/22 Checked By BRB Date 9/20/22
page 1 of 1 DCN: CT-S63A DATE: 6/2/14 REVISION: 1

544 Braddock Avenue + East Pittsburgh, PA 15112 « Phone (412) 823-7600 + Fax (412) 823-8999  www.geotechnics.net



eotechnics

geotechnical & geosynthetic testing

Water-Soluble Sulfate lon Content in Soil
AASHTO T 290-95 (2020)

Client: Soil and Land Use Technology, Inc. Boring No.: 22-KING-BR-01
Client Reference: AF to RO 4th Track 22-0026.01 Depth (ft): 28.0-35.0'
Project No.: 2022-640-001 Sample No.: S-6/S-7

Lab ID: 2022-640-001-003 Soil Description: Brown Soil

Sulfate Standard - Calibration Curve Spectrophotometer Readings

Sulfate lon Concentrations (mg/L)
0.0 4.0 10.0 20.0 30.0 40.0 60.0 80.0 100.0

Spectrophotometer Readings (FAU)
Underrange Underrange 6 22 47 68 129 179 241

Measurement of Barium Chloride Turbidity
(Sample contains 5.0 mL NaCl solution and 0.3 g BaCl,2H,0)

Sample Weight (g):  100.0 Sample Moisture Content
Water added to Sample (mL):  300.0 Tare Number: 893
Size of Sample Aliquot (mL): 50.0 Weight of Tare & Wet Sample (g): 198.39
Sample Reading (FAU): 22 Weight of Tare & Dry Sample (g): 196.77
Weight of Tare (g): 110.43
Sample Diluted: No Weight of Water (g): 1.62
Weight of Dry Sample (g): 86.34
Moisture Content (%): 1.88
Sulfate Solution Added (ml): 0
Sample Sulfate lon Concentration: 20.18 mg/L SO, (ppm)
Sample Sulfate lon Content: 60.5 mg/Kg SO, (not corrected for moisture)
Sample Sulfate lon Content: 61.7 mg/Kg SO4 (corrected for moisture)
AASHTO T 290-95 Calibration Curve
350
300
250 y = 2.5815x - 30.101
R2=0.9899
= 200 /
< 150 e
100 /
50
0 — ‘ ‘ ‘ ‘ ‘ ‘
0.0 20.0 40.0 60.0 80.0 100.0
mg/L SO, (ppm)
Tested by:  JAM Date:  9/19/22 Checked by: BRB Date:  9/20/2022

page 1 of 1 DCN: CT-S87 DATE: 3/5/2020 REVISION: 1

544 Braddock Avenue ¢ East Pittsburgh, PA 15112 « Phone (412) 823-7600  Fax (412) 823-8999  www.geotechnics.net
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Shelby Tube Extraction Log



Client: HDR Engineering, Inc.

A
GeoTeSti ng Project Name: AF-RO Alexandria 4th Track

EXPRESS

Project Location: Alexandria, VA

GTX #: 315798 Tested By: md
Test Date: 09/21/22 Checked By: jsc

Tube Handling with
Moisture Content (ASTM D2216), Density of Soil (ASTM D7263),
Hand-Held Torvane, and Visual Description

Hand Held Torvane Readings, tsf
Bulk Moisture Dry
Boring Sample Depth, Density, | Content, | Density, 1 2 3 Average
ID ID ft Section Visual Description Ib/ft> % Ib/ft>
22'K'(;‘19'BR' ST-1 20-22 Top Moist, yellowish brown silty sand 128.1 16.3 110.1 0.40 0.45 0.40 0.42
Middle Moist, yellowish brown silty sand 121.6 18.4 102.6 0.25 0.24 0.24 0.24
Bottom Moist, yellowish brown silty sand 112.4 18.3 95.1 0.20 0.15 0.20 0.18
Notes: Density determined on undisturbed tube samples provided to GeoTesting Express in Shelby tubes

Moisture content determined by ASTM D2216 at 110° C

Page 1 of 1
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1-D Consolidation Results

Note, this test was assigned to understand soil compressibility
along the AF to RO project corridor before King Street and
Commonwealth Bridge project was identified as a separate task.

The consolidation test results included here do not show
significant increase in strain for the increase in stress anticipated
at depths where micropiles will be embedded. Moreover, this
layer with N=2 does not represent stiff overconsolidated
Potomac clays (with N >15) where micropiles will be embedded.
Also, excavation will have to be performed to at least EL5, which
is much below this layer, for the installation of micropiles.




One-Dimensional Consolidation by ASTM D2435 - Method B

Summary Report

O 1 1 1 1 111 1 1 1 1 L1 11 1 1 1 1 L1 11 1 1 1 1 1111
5 — I
= i L
C‘ — —
=10
=
& 4 L
15 — -
20 T T T T T T 1T { T T T T T T 17T { T T T T T 17T { T T T T T 1T
0.01 0.1 1 10 100
Vertical Stress, tsf
10'2 = 1 1 1 | I N | 1 1 1 1 L1 11 I 1 1 1 1 L1l 1 1 1 1 ] L
-3 7 [
10 = E
-4 7 r
T 1003 3
£ ] E
S ] o ® r
S 10° = B O T 3
-6 b r
10 3 E
10- T T T T T L { T T T T L { T T T T T 1T 17T { T T T T T 1T 1T
0.01 0.1 1 10 100
Vertical Stress, tsf
Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand
Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
Displacement at End of Increment

2022-09-30 17:22:06 2.3.16.137/2.3.16.137




One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 1 of 18
Constant Volume Step
Stress: 0.0661 tsf

12 1 1 1 ) I | 1 1 1 ) I T | 1 1 1 ) I | 1 ) I | 1 1 1 ) I |
1.0 H —
0.8 —
u—
5 i L
=
A 0.6 — L
(0]
=
U) — |-
0.4 —
0.2 —
i L
OO T T T T T T1TTT ‘ T T T T T TTT ‘ T T T T T TrTT ‘ T TTTT ‘ T T T 1T TT
0.01 0.1 1 10 100 1000
Time, min
1 2 1 L 1 1 L 1 1 1 L 1 1 I 1 1 1 1 1 1 1 1
1.0 — —
0.8 + —
Y
17 i L
? 0.6 L
(0]
=
U) — =
0.4 — —
0.2 + —
0.0 { T T T { T T T T { T T T T { T T T T { T { T T T
0 5 10 15 20 25 30
Square Root of Time, Ymin
Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf

2022-09-30 17:22:06

2.3.16.137/2.3.16.137




One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 2 of 18
Constant Load Step
Stress: 0.125 tsf

025 1 1 1 ) I | 1 1 1 ) I T | 1 1 1 ) I | 1 1 1 ) I | 1 1 1 ) I |
0.30 — —
0.35 —
=2 ] r
c ] -
= 0.40 ] i
=
2 i L
tas D—%Qmm%% r
0.50 — —
O 55 T T T T T T1TTT ‘ T T T T T TTT ‘ T T T T T TrTT ‘ T T T T T TrTT ‘ T T T T T T1TTT
0.01 0.1 1 10 100 1000
Time, min
025 1 L 1 1 1 L 1 1 1 L 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1
0.30 —
0.35 —
xR i L
c N 3
=040 _
S
b — =
) {%WMW% L
0.45 — —
0.50 —
0.55 T T T T N T T T T N T T T T N T T T T N T T T T N T T T T
0 5 10 15 20 25 30
Square Root of Time, Ymin
Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand
Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf

2022-09-30 17:22:07 2.3.16.137/2.3.16.137




One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 3 of 18
Constant Load Step
Stress: 0.25 tsf

0.5

0.6 —

0.7 4

Strain, %

0.8 H

0.9 H

1.0 T
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0.7 —

Strain, %

0.9 —

[M
0.8 +

1.0 —

5 10 15
Square Root of Time, Ymin

25 30

Project: AF-RO Alexandria 4th Track
Boring No.: 22-King-BR-01
Sample No.: ST-1

Location: Alexandria, VA
Tested By: trm
Test Date: 9/21/22

Sample Type: intact

= e
GQOTeStlng Test No.: IP-3

EXPRESS

Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf

Project No.: GTX-315798
Checked By: njh
Depth: 20-22

Elevation: ---

2022-09-30 17:22:07
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One-Dimensional Consolidation by ASTM D2435 - Method B
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Time Curve 4 of 18
Constant Load Step
Stress: 0.5 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA
Boring No.: 22-King-BR-01 Tested By: trm

Sample No.: ST-1 Test Date: 9/21/22

Test No.: IP-3 Sample Type: intact
Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf

Project No.: GTX-315798
Checked By: njh
Depth: 20-22

Elevation: ---

2022-09-30 17:22:08
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 5 of 18
Constant Load Step
Stress: 1 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand
Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 6 of 18
Constant Load Step
Stress: 2 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 7 of 18
Constant Load Step
Stress: 4 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---

EXPRESS

Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 8 of 18
Constant Load Step
Stress: 1 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 9 of 18
Constant Load Step
Stress: 0.25 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 10 of 18
Constant Load Step
Stress: 0.5 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh

/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTesting Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 11 of 18
Constant Load Step
Stress: 1 tsf

Strain, %
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Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand
Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 12 of 18
Constant Load Step
Stress: 2 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 13 of 18
Constant Load Step
Stress: 4 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS

Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 14 of 18
Constant Load Step
Stress: 8 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand
Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 15 of 18
Constant Load Step
Stress: 16 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTestlng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 16 of 18
Constant Load Step
Stress: 4 tsf
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EXPRESS

Project: AF-RO Alexandria 4th Track Location: Alexandria, VA
Boring No.: 22-King-BR-01 Tested By: trm

Sample No.: ST-1 Test Date: 9/21/22

Test No.: IP-3 Sample Type: intact
Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf

Project No.: GTX-315798
Checked By: njh
Depth: 20-22

Elevation: ---
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 17 of 18
Constant Load Step
Stress: 1 tsf
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Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/—\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTest | ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand
Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Time Curve 18 of 18
Constant Load Step
Stress: 0.25 tsf

] o oo oo atogieeete I

Strain, %

360 1 L 1 1 1 L 1 1 1 L 1 1 I 1 1 1 1 1 1 1 1 1 1 1

w
(o]
a1
KA

1
llllIllllllllllllllllllllllll

w

N

=)
|

Strain, %

3.90 T T T T { T T T T { T T T T { T T T T { T T T T { T T T
0 5 10 15 20 25
Square Root of Time, Ymin

w
o

Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Checked By: njh

Depth: 20-22

Boring No.: 22-King-BR-01
Sample No.: ST-1

= e
GQOTeStlng Test No.: IP-3

EXPRESS

Tested By: trm

Test Date: 9/21/22
Sample Type: intact Elevation: ---
Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Specimen Diameter: 2.50 in
Initial Height: 1.00 in
Final Height: 0.96 in

Estimated Specific Gravity: 2.60

Initial Void Ratio: 0.584
Final Void Ratio: 0.527

Liquid Limit: NP
Plastic Limit: NP

Plasticity Index: NP

Before Test Before Test After Test After Test
Trimmings Specimen Specimen Trimmings
Container ID E1590 RING E2996
Mass Container, gm 8.18 109.97 109.97 8.16
Mass Container + Wet Soil, gm 144.35 271.24 268.91 169.16
Mass Container + Dry Soil, gm 123.31 242.18 242.18 142.08
Mass Dry Soil, gm 115.13 132.21 132.21 133.92
Water Content, % 18.27 21.98 20.22 20.22
Void Ratio 0.58 0.53 -
Degree of Saturation, % - 97.97 100.00 -
Dry Unit Weight, pcf 102.6 106.49 -
Warning: The change in the sample wet weight during the test is not consistent with the change in the moisture content.
Note: Specific Gravity and Void Ratios are calculated assuming the degree of saturation equals 100% at the end of the test.
Therefore, values may not represent actual values for the specimen.
Project: AF-RO Alexandria 4th Track Location: Alexandria, VA Project No.: GTX-315798
Boring No.: 22-King-BR-01 Tested By: trm Checked By: njh
/———\ Sample No.: ST-1 Test Date: 9/21/22 Depth: 20-22
GeOTesti ng Test No.: IP-3 Sample Type: intact Elevation: ---
EXPRESS Description: Moist, yellowish brown silty sand

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf
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One-Dimensional Consolidation by ASTM D2435 - Method B

Square Root of Time Coefficients

Applied
Step Stress
tsf
1 0.0661
2 0.125
3 0.250
4 0.500
5 1.00
6 2.00
7 4.00
8 1.00
9 0.250
10 0.500
11 1.00
12 2.00
13 4.00
14 8.00
15 16.0
16 4.00
17 1.00
18 0.250

Final
Displacement
in

0.003328
0.004533
0.007942
0.01003
0.01543
0.02210
0.02902
0.02701
0.02666
0.02518
0.02521
0.02531
0.02758
0.03354
0.04252
0.03889
0.03720
0.03647

Void
Ratio

0.579
0.577
0.572
0.568
0.560
0.549
0.538
0.542
0.542
0.544
0.544
0.544
0.541
0.531
0.517
0.523
0.525
0.527

Strain
at End
%

0.333
0.453
0.794
1.00
1.54
2.21
2.90
2.70
2.67
2.52
2.52
2.53
2.76
3.35
4.25
3.89
3.72
3.65

Sq.Rt.
T90
min

209.962

161.205
275.705
598.633

325.522
329.349
248.654
272.190
235.432
344.494

0.240
322.330

1.03e-05
1.02e-05
1.35e-05
1.23e-05
1.41e-05
9.49e-06
1.35e-02
1.01e-05

Mv
1/tsf

5.03e-02

8.33e-03
6.68e-03
3.46e-03

-5.92e-03
6.15e-05
1.04e-04
1.13e-03
1.49e-03
1.12e-03
3.02e-04
5.65e-04

-1.14e-06
1.17e-08
2.62e-08
2.62e-07
3.93e-07
2.00e-07
7.67e-05
1.07e-07

A-‘
Geolesti NG | TestNo.: IP-3

EXPRESS Description: Moist, yellowish brown silty sand

Project: AF-RO Alexandria 4th Track
Boring No.: 22-King-BR-01
Sample No.: ST-1

Displacement at End of Increment

Location: Alexandria, VA

Tested By: trm
Test Date: 9/21/22

Sample Type: intact

Remarks: System LTIII-E, Swell Pressure = 0.0661 tsf

Project No.: GTX-315798

Checked By: njh

Depth: 20-22

Elevation: ---

2022-09-30 17:22:15
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UNCONSOLIDATED UNDRAINED TRIAXIAL TEST by ASTM D2850

60 4+t L
40 B
ER 3
s ] I
20 » /Z B
o_......................................................_
0 20 40 60 80 100 120
p, psi
Symbol O A M
Sample No. ST-1 ST-1 ST-1
140 I I I I Test No. Uu-2-1 | UU-2-2 | LU-2-3
7 B Depth 20-22 20-22 20-22
120 Tested by tm/jlw | tm/jlw jlw
| | Test Date 9/23/2219/23/22|9/23/22
Checked by njh njh njh
100 Check Date 9/26/22 | 9/26/22 | 9/23/22
8~ 7 B Diameter, in 2.01 2.01 2.01
g 80 Height, in 4.5 4.5 4.45
% i N Water Content, % 18.4 16.4 19.9
% 60 Dry Density, pcf 103.5 113.9 99.71
'<_T; Saturation, % 79.3 92.5 77.6
g 1 /\/E\d - | Void Ratio 0.628 0.48 0.69
40 ’6\/‘,,,———* Confining Stress, psi 15 20 25
i N Undrained Strength, psi 19.77 13.45 25.47
| Max. Dev. Stress, psi 39.53 26.9 50.94
20 Strain at Failure, % 6.23 14.6 11.9
7 B Strain Rate, %/min 1 1 1
0 ; , , ; Estimated Specific Gravity 2.7 2.7 2.7
0 5 10 15 20 Liquid Limit NP NP NP
VERTICAL STRAIN, % Plastic Limit NP NP NP
Plasticity Index NP NP NP
Project: AF-RO Alexandria 4th Trac
Location: Alexandria, VA
| m—___| Project No.: GTX-315798
GQOTesting Boring No.: 22KingBRO1
EXPRESS Sample Type: intact e

Description: UU-2-1 Moist, yellowish brown silty sand, UU-2-2 Moist, grayish brown sand with clay,

Remarks: UU-2-3 Moist, gray clay with sand , Specimens are not the same

Phase calculations based on start and end of test.
Mon, 26-SEP-2022 10:51:44
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King Street Bridge Micropile Data Table
(L EvHTD AEdE] Required Nominal Minimum
. Compression or q . Footing Bottom Minimum Casing/ Mnimum Bond Length Total Length below Minimum Casing Tip " P
Bridge Abutment . . Axial Resistance : . . Micropile Tip
Tension Load per Pile ) Elevation (feet) Unbonded Length (feet) (feet) Footing Bottom (feet) Elevation (feet) :
(Kips) (Kips) Elevation (feet)
Abutment 0 (South) 135 225 5 20 45 65 -15 -60
King Street Abutment 1 (North) 102 170 5 20 35 55 -15 -50
Wingwalls (all) 165 275 5 20 55 75 -15 -70
1. Casing Diameter = 12.75 inches; Bond Zone Diameter = 11.75 inches
2. Micropile lengths are based on a resistance factor of 0.60. A minimum of one verification load testing is required per Section 070440 of CSX Design and Construction Specifications.
3. Check micropile for adequacy in Structural Resistance .
Commonwealth Avenue Bridge Micropile Data Table
el Required Nominal Minimum
. Compression or q . Footing Bottom Minimum Casing/ Mnimum Bond Length Total Length below Minimum Casing Tip " P
Bridge Abutment . . Axial Resistance . . N Micropile Tip
Tension Load per Pile ) Elevation (feet) Unbonded Length (feet) (feet) Footing Bottom (feet) Elevation (feet) ;
(Kips) (Kips) Elevation (feet)
Commonwealth Abutment 0 (South) 119 198 5 30 40 70 -25 -65
Avenue Wingwalls (all) 158 263 5 30 50 80 -25 -75

1. Casing Diameter = 12.75 inches; Bond Zone Diameter = 11.75 inches
2. Micropile lengths are based on a resistance factor of 0.60. A minimum of one verification load testing is required per Section 070440 of CSX Design and Construction Specifications.

3. Check micropile for adequacy in Structural Resistance .
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PROPOSED ‘ ‘
40 TOP OF RAIL ‘ ‘ 40
— EXISTING —]
— A TOP OF RAIL f—
— ‘ ||| 255% J,/ f—
— 30 T _i .= _:\_7 777777 30 —
— >~ PROPOSED —]
= Fixep |— ) Bl e =
— o gé EXP. & BACKWALL —
— 5 EXISTNG 95! EZ7T (TYP.) 20 —]
DN m—— STEEL BENT o3¢ 2% %
o — PROPOSED TO BE = u- —
Rt o 59 5 R,
z— A EXSTNG—ABTM —z
or— TO BE REMOVED —°
T/— 10 TO 2 BELOW THE 10 —/%
o) GROUNDLINE - o
e _ R EXISTING ABUTMENT \-TOP OF ROADWAY —"
— TO BE REMOVED TO  EXISTING KING STREET —
— / 2’ BELOW THE —
— 0 PROPOSED GROUNDLINE 33" MIN 0 —
— ABUTMENT 3'=3" MIN. : p—
F— FOOTING (TYP.) SEE NOTE 3 SEE NOTE 1 —
= woRmis =
— _ TN 10 —]
* ELEVATION SCALE PROVIDED FOR VISUAL — —
PURPOSES ONLY AND IS NOT INTENDED |—— p—
FOR USE DURING CONSTRUCTION — f—
— 5 N N _90 —]
ELEVATION
SCALE: 17 = 10-0" 3
(/) ’79/
29 7,
0
6%
Q
.
. 96‘1 ¢ BEARING ABUTMENT 1
\\ ¢ BEARING ABUTMENT O <
N /
. ¢ GIRDER 4
NOTES -
1. EXISTING DIMENSIONS ARE BASED ON LIMITED ~
HISTORIC INFORMATION AVAILABLE. ADDITIONAL
FIELD EXPLORATION WILL BE REQUIRED TO ¢ TRACK 2
DETERMINE EXISTING SUBSTRUCTURE EXTENTS
AND CONFIRM EXISTING FOUNDATION TYPE.
CONTROL POINTS
CONTROL POINT STATION NORTHING EASTING
CP1 78+19.34 6980074.19 11892895.77
CP2 79+42.90 6980146.24 11892996.15
DIM. DIM. DIM. DIM.
A B C D
ABUT. O 35'-8"%" 15 —4%" | 14 —11%” 49'-9”
ABUT. 1 35'—8%" | 15'—4%" | 5'-7%" | 49'-9” BRIDGE [AYOUT DIAGRAM
NTS
DESIGNED BY PROJECT NO.
RCV . THESE PLANS ARE
DRAWN BY ~:"v";'(i:‘"\M Cee UNFINISHED AND KING STREET VA 2541270
wel - { PG AND ARENOT BRIDGE
CHECKED BY C— TRANSFORMING z TO BE USED FOR ALEXANDRIA, VA. CFP-105.30-09
KKM RAILINVIRGINIA 3 ANY TYPE OF REV. SHEET NO.
ks N
%, N TR Tl N HDR ENGINEERING, INC
HePROVEDSY CSX e COORTHE ses e o St SUBDIVISION: RF&P ZONE: CENTRAL s of s
KKM How tomorrow moves Glen Allen, VA 23060
DATE L4 o0 ACQUISITION OF (804) 663-7358 T
RIGHT OF WAY
Rev. Date Description 8/07/2023 GENERAL ELEVATION AS SHOWN
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This information was provided by structural designers

EXISTING COMPONENTS PROPOSED COMPONENTS TRACK 3 / 2 PROPOSED COMPONENTS TRACK 1 / 0
NAVE HEIGHT HEIGHT HEIGHT
ABUTMENT 0 ABUTMENT 1 NAME ABUTMENT 0 ABUTMENT 1 NAME ABUTMENT 0 ABUTMENT 1
TRACK 3 / 2| TRACK 1 / O | TRACK 3 / 2 | TRACK 1 /0 TRACK 3 TRACK 2 TRACK 3 TRACK 2 TRACK 1 TRACK 0 TRACK 1 TRACK 0
RAIL & TIE PLATE 8" 8" 8" 8" RAIL & TIE PLATE 8" 8" 8" 8" RAIL & TIE PLATE 8” 8” 8” 8"
TIE (BRIDGE) 91/2” 91/2" 91/2” 9 1/2" TIE (TRACK) 7" 7" 77 7" TIE (TRACK) 77 7" 7" 7"
STRINGER RISER - 8 1/2" - 8 1/2" BALLAST 6" 1-0 3/16" 11 7/8” 1-6" BALLAST 6 1/2" 1-0" 9 13/16" 1'-2 7/16"
STRINGER DEPTH 2-21/4” 2-21/4" 2-2 1/4” 2-2 1/4” WATERPROOFING 1/2" 1" 17 1" WATERPROOFING 17 17 17 1"
GAP TO BOTTOM OF FLOOR BEAM 11/16" 11/16” 11/16" 11/16" DECK PLATE 1 1 17 17 DECK PLATE 17 17 17 1"
GAP TO BOTTOM OF GIRDER 5/8” 10/16” 1.13/16" 1.3/4” FLOORBEAM 1'-8 1/2" 1'-8 1/2" 1'-8 1/2" -8 1/2" FLOORBEAM 1-8 1/2” 1-8 1/2” -8 1/2” -8 1/2"
TOTAL| 3'-10 3/4” 4-71/4" 4'-0" 4-8 1/2" GAP TO GIRDER FLANGE 1/2" 1/2” 1/2" 1/2" GAP TO GIRDER FLANGE 1/2” 1/27 1/27 1/27
GIRDER FLANGE 4" 4" 47 4" GIRDER FLANGE 47 47 47 4"
BEARINGS WITH SHOCK PAD 11 5/8” 11 5/8” 11 5/8” 11 5/8” BEARINGS WITH SHOCK PAD 11 5/8” 11 5/8" 11 5/8" 11 5/8”
TOTAL| 4'-11 1/8" | 5°-5 13/16” | 5-5 1/2” 5-11 5/8" SHIMS 0” 0” 5” 5"
TOTAL| 5'-0 1/8” 5'-5 5/8 5-8 7/16” 6—1 1/16"
BRIDGE ELEVATIONS
ELEVATIONS
PIER/ABUT TRACK | STATION *| T/R
A B c D E F
3 78+01.28 | 3347 | 31.68 2951 | 2854 | 2654 | 11.16 5.16
2 78+15.74 | 3402 | 31.68 2951 | 2854 | 2654 | 11.16 5.16
ABUTMENT 0
1 78448.70 | 3397 | 3209 | 29.93 | 2896 | 2654 | 11.16 5.16
0 78+62.69| 3439 | 3209 | 29.93 | 2896 | 26.54 | 11.16 5.16
3 79+32.17| 3400 | 31.68 2951 | 2854 | 2654 | 11.16 5.16
2 26.54 5.16
ABUTMENT 1 79+46.45| 3446 | 31.68 2951 | 2854 11.16
1 79+471.35| 3424 | 3209 | 29.93 | 2854 | 2654 | 11.16 5.16
0 79+84.19| 34.63 | 3209 | 29.93 | 2854 | 2654 | 11.16 5.16
* AT FFBW
PROPOSED THROUGH
PLATE GIRDER SPAN
PROPOSED TOP OF RAIL
| TOP OF BEARING TOP OF DECK ‘
\ "ELEV. B” /7"ELEV. A"
s S — 7 E— i I— -
ONCREIE SEAT AN | / ’_Q: EXISTING TOP OF RAIL
CONCRETE SEAT AND
BACKWALL (TYP.)/ " N
T BENT To BE |
TOP OF STEM TOP OF SEAT
» " REMOVED » by
ELEV. D TOP OF ROADWAY ELEV. C
PROPOSED ABUTMENT O\ /EX\ST\NG KING STREET
\PROPOSED ABUTMENT 1
TOP OF FOOTING
"ELEV. E'
EXISTING ABUTMENT _ |
1P & fpuored 1o
PROPOSED i o GROUNDLINE (TYP.)
ABUTMENT
FOOT\NG/ \
BOT. OF FOOTING
[~———MICROPILE (TYP.) ’
ELEVATION DIAGRAM
SCALE: 17 = 10'=0"
DESIGNED BY PROJECT NO.
RCV . THESE PLANS ARE
DRAWN BY ) UNFINISHED AND KING STREET VA 2541270
5 PASSENGER RAIL UNAPPROVED BRIDGE DRAWING NO.
MME %, AUTHORITY : AND ARE NOT
CHECKED BY TRANSFORMING = TO BE USED FOR ALEXANDRIA, VA. CFP-105.30-13
KKM RAILINVIRGINIA 5 ANY TYPE OF REV. SHEET NO.
ks N
APPROVED BY . CONSTRUCT'ON HDR ENGINEERING}, INC . A
KKM [cs‘x] s OR THE 4380 Sader Road, Sl 100 SUBDIVISION: RF&P ZONE: CENTRAL 13 OF 61
DATE L4 oo ACQUISITION OF (804) 663-7358 T
RIGHT OF WAY
Rev. Date Description 8/07/2023 BRIDGE ELEVATION AS SHOWN




RR_PDF_Half

.pltcfg

RR Com;nonwealth Bridi

ge_Pen.tbl

NENDESHAW

9/22/2023

..\CFP-105.37-GP02.dgn

FFBW ABUTMENT 0O
STA. 82+08.52

’7 1'-8%"

1'—-8%" ‘J

FFBW ABUTMENT 1
STA. 82+65.66

This information was provided by structural designers

SOUTH TO RICHMOND PROPOSED TRACK 2 53'—9" PROPOSED SPAN PROPOSED TRACK 2 NORTH TO WASHINGTON, DC
38'—4" EXISTING SPAN
PROPOSED TOP OF RAIL
TOP OF PROPOSED DECK
b BEARING PLATE GIRDER SPAN € BEARING EXISTING TOP OF RAIL
40 \ 40
— i p—
— ( ! I 0.03% f—
— | \' APPROXIMATE 24” —
= - ‘ : Y S g TRACK RAISE —]
— 30 i 30 —]
— T ﬁ : o }PROPOSED PRECAST —]
— < ‘ ABUTMENT CAP & —_
— FIXED o i Iy | EXP. SACKWALL (TYP.) —]
— J/ L —EXSTING | g g? T~ EXISTING ABUTMENT 1 —]
— 20 PROPOSED [ V.o N e 1o O] | "T"~-_PORTION TO BE MODIFIED 20 —
— g _ RTI —]
— CAST=IN-PLACE s 2" BELOW THE £|© T~ T~ ¢ TIE BACK —]
* — ABUTMENT 0 GROUNDLIN 2 | T~ T~ RODS —I*
I — \\ ~ : — “ Tl —
e '8 O L wes ‘ \ =~ —
g T EXISTING LIGHTING 10 —=
z[— | - - | TO BE REMOVED —=
=] — AND REINSTALLED ] —e
<— —<
= ‘ 1°=8" MIN \A —o A
— o LB ASSUMED EDGE OF 0o —] o R
— H ASSUMED EDGE OF EXISTING BURIED — .
— M‘CRE’T\P(‘PL.E) EXISTING CULVERT UNDER CULVERT f— N S‘
— ™~ COMMONWEALTH  AVE. — & :
— f— = ©
F—_10 —10 — I
— —] y
— —] £ >
— — ) ~
* ELEVATION SCALE PROVIDED FOR VISUAL | — N — S S
PURPOSES ONLY AND IS NOT INTENDED  [— TOP OF ROADWAY EXISTING — N S
FOR USE DURING CONSTRUCTION - COMMONWEALTH AVE 20 — A <
_ - X
r/’
/
/
ELEVATION /
SCALE: 1”7 = 10'-0"
NOTES
1. EXISTING DIMENSIONS ARE BASED ON LIMITED HISTORIC
INFORMATION AVAILABLE. ADDITIONAL FIELD EXPLORATION WILL
BE REQUIRED TO DETERMINE EXISTING SUBSTRUCTURE EXTENTS
AND CONFIRM EXISTING FOUNDATION TYPE.
CONTROL POINTS / 4\
/ /
CONTROL POINT STATION NORTHING EASTING AN_¢ BEARING ABUTMENT O /@ BEARING ABUTMENT 1
CP3 82+10.22 6980314.31 11893203.92 / /
CP4 82+63.94 6980350.35 11893243.74 /'/ /'/
;
DIM DIM DIM DIM
A B C D
ABUT. 0 | 14=7% | 0—0%" | 14=7%" | 15—4%” LAYOUT DIAGRAM
ABUT. 1 14 =7%" 0'-1%" 14'—61%" 15'—43," NTS
DESIGNED BY PROJECT NO.
KKM THESE PLANS ARE
DRANNBY " vigia v UNFINISHED AND COMMONWEALTH AVENUE VA 2541270
wel - { PG AND ARENOT BRIDGE
CHEGKED BY TRANSFORMING z TO BE USED FOR ALEXANDRIA, VA. CFP-105.37-08
KKM RAILINVIRGINIA 3 ANY TYPE OF REV. SHEET NO.
S o
. CONSTRUCTION HDR ENGINEERING, INC
APPROVED BY [ csx ] % o OR THE 4880 Sadler Road, Suite 100 SUBDIVISION: RF&P ZONE: CENTRAL 8 OF 50
KKM How tomorrow moves Glen Allen, VA 23060
— Yos L ACQUISITION OF (804) 663-7358 SoALE
RIGHT OF WAY
Rev. Date Description 07/17/2023 GEN ERAL ELEVAT'ON AS SHOWN
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This information was provided by structural designers

EXISTING COMPONENTS PROPOSED COMPONENTS
HEIGHT HEIGHT
NAME TRACK 3 TRACK 2 TRACK 1 TRACK 0O NAME TRACK 3 TRACK 2 TRACK 1 TRACK 0O
ABUT. 0 ABUT. 1 ABUT. O ABUT. 1 ABUT. 0 ABUT. 1 ABUT. O ABUT. 1 ABUT. 0 ABUT. 1 ABUT. O ABUT. 1 ABUT. 0 ABUT. 1 ABUT. O ABUT. 1
RAIL & TIE PLATE 8” 8" 8” 8" 8" 8" 0” 0" RAIL & TIE PLATE 8" 8" 8” 8" 8" 8” 8” 8”
TIE (BRIDGE) 9 1/2" 9 1/2" 9 1/2" 9 1/2" 9 1/2” 9 1/2" g 1/2" 9 1/2" TIE (TRACK) 7" 7" 7" 7" 7" 7" 7" 7"
STRINGER DEPTH 1'-3" 1°-3" 1'-3" 1'-3" 1°-3" 1"-3" 1'-3" 1"-3" BALLAST 8 3/4” 8 W/Z” 8 1/4” 8 W/B” 10 3/4” 10 1/2” 1'-0" M 3/4”
GAP TO BOTTOM OF FLOOR BEAM 1/2” 1/27 1/2” 1/2" 1/27 1/2” 1/2” 1/2” DECK PLATE 7/8" 7/8" 7/8" 7/8" 7/8" 7/8" 7/8" 7/8"
GAP TO BOTTOM OF GIRDER 11/2" 11/2" 11/2" 11/2" 11/2" 11/2" 11/2" 1 1/2" DECK PLATE GIRDER 34 1727 | 3-4 1727 | 3-4 1/2" | 3-4 1/2" | 3-4 1/27 | 3-41/2" | 34 1/2" | 3-4 1/2"
BEARING 3 5/16" 9 1/2" 6" 1'-0 7/16" 7 1/2" 1"=2" 7 1/2" 1"=2" BEARINGS WITH SHOCK PAD 5" 5" 5” 5" 5" 5 5” 5
TOTAL| 3—1 13/16" 3-8" 3—4 1/27 |3-10 15/16"| 3-6" £-0 1/2" 210" | 3-41/2" TOTAL| 5—10 1/8” | 5-9 7/8" | 5-9 5/8" | 5-9 1/2" | 60 1/8” | 511 15/16" | 6—1 3/8" | 6'=1 1/8"
BRIDGE ELEVATIONS
ELEVATIONS
P\ER/ABUT TRACK STATION * T/R
A B C D E F
3 82+14.40 34.63 32.65 29.21 28.79 27.29 11.24 5.24
2 82+08.52 34.60 32.65 29.21 28.79 27.29 11.24 524
ABUTMENT 0O
1 82+02.59 34.80 32.65 29.21 28.79 27.29 11.24 5.24
Q 81+96.43 34.91 32.65 29.21 28.79 27.29 11.24 5.24
3 82+71.43 34.61 32.65 29.21 28.79 27.29 - -
2 27.29 - -
ABUTMENT 1 82+65.66 34.58 32.65 29.21 28.79
1 82+59.85 34.78 32.65 29.21 28.79 27.29 - -
0 82+53.68 34.89 32.65 29.21 28.79 27.29 - -
* AT FFBW
TOP OF PROPOSED DECK
PLATE GIRDER SPAN
EXISTING TOP OF RAIL
TOP OF DECK
PROPOSED TOP OF RAIL T/R Top OFHEBLEE’\*/R‘NBQW ‘ /"ELEV. A /
) \
1
,,,,,,, | [ f [ A
”‘I ! _— PROPOSED PRECAST SEAT
TOP, OF SEAT A7, EXISTING %ouw AND BACKWALL (TYP.)
ELEV. C ABUTMENTI TO TOP OF SEAT
TOP OF STEM / BE REMOVED TO "ELEV. C”
ELEV. D GROUNDLINE S ABUTWENT CUTOFF
PROPOSED I T~ -~ EXISTING ABUTMENT 1
ABUTMENT 0 ———= EXISTING; LIGHTING 15 = “<-_PORTION TO BE MODIFIED
TOP OF FOOTING REINSTALLED (TYP.) —
"ELEV. E” H Ny ¢ TIE BACK
\ 7 <.. RODS
BOT. OF Foong
ELEV. F TOP OF ROADWAY EX\ST\NGJ
COMMONWEALTH AVE
MICROPILE (TYP.) ——| N
N ASSUMED EDGE OF
ASSUMED EDGE OF EXISTING BURIED
EXISTING CULVERT UNDER CULVERT
COMMONWEALTH AVE.
ELEVATION DIAGRAM
SCALE: 17 = 1'=0"
DESIGNED BY PROJECT NO.
RCV THESE PLANS ARE
DRAWN Y " viRainia .. UNFINISHED AND COMMONWEALTH AVENUE VA 2541270
wel £ PAGEAa AND ARENOT BRIDGE
CHECKED BY TRANSFORMING z TO BE USED FOR ALEXANDRIA, VA. CFP-105.37-13
KKM RAILINVIRGINIA 3 ANY TYPE OF REV. SHEET NO.
ks N
. CONSTRUCTION HDR ENGINEERING, INC
APPROVED BY [ csx ] % o OR THE 4880 Sadler Road, Suite 100 SUBDIVISION: RF&P ZONE: CENTRAL 13 OF 50
KKM How fomotrow moves Glen Allen, VA 23060
DATE L4 o0 ACQUISITION OF (804) 663-7358 T
RIGHT OF WAY
Rev. Date Description 07/17/2023 BRIDGE ELEVATION AS SHOWN




Service Load Combinations

Maximum Load case

Total Number

Structure Vertical Load | Lateral Load of Vertical
Bridge Axial (kip) Viong (Kip) | Vigans (kip) | Moment (k-ft) | per Pile (kip) | per Pile (kip) Piles
Abut 0 (SE Abut): All vert.
Piles 4126 840 315 5703 135 21.0 40
KING ST. Substructure |Abut O_ (SW Abut): All

Loads |vert. Piles 4365 859 315 4779 105 16.5 52
Abutl (N Abut): All vert.
plies 7634 1269 352 2919 102 15.7 81
Wingwall SW (nr Abut 0)
All vert. piles 509 162 0 2985 114 10.1 16
Wingwall SE (nr Abut 0)

KING ST, Substructure [All vert. piles 491 205 0 3718 165 17.1 12

Loads Wingwall NW (nr Abut 1)
All vert. piles 329 220 0 2252 121 20.0 11
Wingwall NE (nr Abut 1)
All vert. piles 667 448 0 5837 160 21.3 21
Abut 0 (S Abut): All vert.
Piles 4476 1141 233 7813 119 22.0 52
Abutl (N. Abut) On Existing Spread footing

COMMONWEALTH AvE, | Substructure

Loads Wingwall SW: (nr Abut 0)
All vert. piles 399 276 0 3080 121 18.4 15
Wingwall SE: (nr Abut 0)
All vert. piles 637 483 0 6823 158 20.1 24

Note:
Controlling Load

This information was provided by structural designers

Structures Loads for Geotech_YS _Rev_10172023.xIsx

10/24/2023

lof 1



F)? SUBSURFACE DIAGRAM

Client: CSX Transportation Project Name: DRPT CSX AF to RO Widening Vertical Scale: 1:140
Project Number: 10331846 Project Location: City of Alexandria and Arlington County Horizontal Scale: 1:575
22-King-BR-01 — - 22-CM\_NLTH-
Existing fill BRO1 22.CMWLTH-
Mo N (Sand/Gravel) | N 2
R . T — N [
I 8T Existing fill ~ 23 Existing fill
27— T e ... (Sand/sitt)] i * |(sand/Gravel) |
o i 26 ; 3
. 533333:331&4 Firm to Stiff . 24 ft
2 T ecee el ClayFill | Softto Stifff eseteve’ mul Socotoces v %
S * Clay Fil | 6
7 ’:’:’:‘:’:‘W Yy 10 G
O e e — T =] N N S Soft to St 7
=gy 151t | [Soft Terrace TS Clay Fill
12— 2 /i’/lM 7777777777777777777777777777777777777777 lclay | Loose Terrace | s i 777l = 12
— 10 ft Silty Sand/Sandy il S V/A
o7 :s Med Dense Silt oo 8 ft
7 e S ] e N - e O e i e SRR — 7
: Terrace Sand BV IRE
/s ot e iR ;|1 iLoose to
I — L L e e e e ———————. iHHEed: 111 i{Medium 2
Medium BESSR B “Dense
3 L Dense il i |Terrace Silty| | ,
Terrace 't Sand
R w W/ Sand/Gravel | o e i —————— -7 ft -
o 5 Very Stiff to Hard iy _
S o Potomac Clay CH S L i —— Medium
Legend Ke ‘ SHEREIRE Dense
g y -
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The soil encountered at depths where micropiles will be mostly embedded are stiff to
very stiff over consolidated Potomac clays. We have conservatively selected a
Grout-to-Ground bond strength of 12 psi corresponding to Type B pressure grout.

Table 5-3. Summary of Typical dyona (Grout-to-Ground Bond) Values
for Micropile Design.

Grout-to-Ground Bond Ultimate Strengths, kPa (psi)

weathering)

Soil / Rock Description

Type A Type B Type C Type D
Silt & Clay (some sand) 35-70 35-95 50-120 50-145
(soft, medium plastic) (5-10) (5-14) (5-17.5) (5-21)
Silt & Clay (some sand) 50-120 70-190 95-190 95-190
(stiff, dense to very dense) (5-17.5) (10-27.5) (14-27.5) (14-27.5)
Sand (some silt) 70-145 70-190 95-190 95- 240
(fine, loose-medium dense) (10-21) (10-27.5) (14-27.5) (14-35)
Sand (some silt, gravel) 95-215 120-360 145-360 145-385
(fine-coarse, med.-very dense) (14-31) (17.5-52) (21-52) (21-56)
Gravel (some sand) 95-265 120-360 145-360 145-385
(medium-very dense) (14-38.5) (17.5-52) (21-52) (21-56)
Glacial Till (silt, sand, gravel) 95-190 95-310 120-310 120-335
(medium-very dense, cemented) (14-27.5) (14-45) (17.5-45) (17.5-48.5)
Soft Shales (fresh-moderate 205-550
fracturing, little to no weathering) (30-80) N/A N/A N/A
Slates and Hard Shales (fresh- 515-1.380
moderate fracturing, little to no ’ N/A N/A N/A

: (75-200)
weathering)
Limestone (fresh-moderate 1,035-2,070
fracturing, little to no weathering) (150-300) N/A N/A N/A
Sandstone (fresh-moderate 520-1,725
fracturing, little to no weathering) (75.5-250) N/A N/A N/A
Granite and Basalt (fresh-
) . 1,380-4,200

moderate fracturing, little to no (200-609) N/A N/A N/A

Type A: Gravity grout only

Type B: Pressure grouted through the casing during casing withdrawal

Type C: Primary grout placed under gravity head, then one phase of secondary “global” pressure grouting
Type D: Primary grout placed under gravity head, then one or more phases of secondary “global” pressure

grouting

FHWA NHI-05-039
Micropile Design & Construction

5-21

Chapter 5 — Design for Structure Foundations

December 2005




Micropile Grout-Ground Resistance (Nominal and Factored)-AF to RO King Street Foundation

Prepared by MJS 9/13/2022
Checked by
Ultimate Bond Unit Resistance = 1.7 ksf (very stiff clay)-Use Type B: pressure grouting during casing remove
= 12 psi
Factor of Safety  1.67  (Per CSX Specifications Section 070440)
Factored Unit Resistance = 7 psi
Bond Zone Diameter: 7.625 inches Bond Zone Diameter: 8.535 inches Bond Zone Diameter: 11.75
Bond Zone Perimeter: 23.9425 inches Bond Zone Perimeter: 26.80 inches Bond Zone Perimeter: 36.90
Bond Zone Nominal Factored Bond Zone Nominal Factored Bond Zone Nominal Factored
Length Resistance Resistance Length Resistance Resistance Length Resistance Resistance
(Feet) (kips) (kips) (Feet) (kips) (kips) (Feet) (kips) (kips)
2 7 4 2 8 5 2 11 6
4 14 8 4 16 9 4 22 13
6 21 13 6 23 14 6 32 19
8 28 17 8 31 19 8 43 26
10 35 21 10 39 23 10 54 32
15 52 31 15 59 35 15 81 48
20 70 42 20 78 47 20 108 64
30 105 63 30 117 70 30 161 97
40 140 84 40 156 94 40 215 129
50 175 105 50 195 117 50 269 161
60 209 125 60 234 140 55 296 177
70 244 146 70 274 164 67 360 216
80 279 167 80 313 187 80 430 258
Note: Must check pile for Structural Resistance vs Geotechnical Resistance in Bond Zone shown here
Micropile Allowable Capacity-King Street
gs =1.75 ksf; FOS=1.67 (Assume 20 ft Unbonded Zone)
Allowable Capacity (in Kips)
50 100 150 200 250 300
A
\x\.~
N
= 25 \\\
g 30 \® [ |
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= » N \
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11.75" Dia Bond Zone
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Micropile Allowable Capacity-King Street
gs =1.75 ksf; FOS=1.67 (Assume 20 ft Unbonded Zone)

Allowable Capacity (in Kips)
0 50 100 150 200 250 300

20

25 — -

30 X

35 >

45 \

Bond Zone Length (in Feet)
&
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50 &

55 >

60 x
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80 Su [

== 7.625" Dia Bond Zone =M= 8.535" Dia Bond Zone A 11.75" Dia Bond Zone




Micropile Grout-Ground Resistance (Nominal and Factored)-AF to RO Commonwealth (22-Commonwealth-BR-02

Prepared by
Checked by

MJS

9/13/2022

Ultimate Bond Unit Resistance = 1.7 ksf (very stiff clay)-Use Type B: pressure grouting during casing remove
= 12 psi
Factor of Safety  1.67  (Per CSX Specifications Section 070440)
Factored Unit Resistance = 7 psi
Bond Zone Diameter: 7.625 inches Bond Zone Diameter: 8.535 inches Bond Zone Diameter: 11.75 inches
Bond Zone Perimeter: 23.9425 inches Bond Zone Perimeter: 26.80 inches Bond Zone Perimeter: 36.90 inches
Bond Zone Nominal Factored Bond Zone Nominal Factored Bond Zone Nominal Factored
Length Resistance Resistance Length Resistance Resistance Length Resistance Resistance
(Feet) (kips) (kips) (Feet) (kips) (kips) (Feet) (kips) (kips)
2 7 4 2 8 5 2 11 6
4 14 8 4 16 9 4 22 13
6 21 13 6 23 14 6 32 19
8 28 17 8 31 19 8 43 26
10 35 21 10 39 23 10 54 32
15 52 31 15 59 35 15 81 48
20 70 42 20 78 47 20 108 64
30 105 63 30 117 70 30 161 97
40 140 84 40 156 94 40 215 129
50 175 105 50 195 117 50 269 161
60 209 125 60 234 140 60 323 193
70 244 146 70 274 164 70 377 226
80 279 167 80 313 187 80 430 258
Note: Must check pile for Structural Resistance vs Geotechnical Resistance in Bond Zone shown here
22-Commonwealth-BR-02: Micropile Allowable Capacity
gs = 1.75 ksf; FOS=1.67 (Assume 30 ft Unbonded Zone)
Allowable Capacity (in Kips)
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Bond Zone Length (in Feet)
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22-Commonwealth-BR-02: Micropile Allowable Capacity
gs = 1.75 ksf; FOS=1.67 (Assume 30 ft Unbonded Zone)

Allowable Capacity (in Kips)
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Table 1: Summary of Lateral Pile Analysis for 12.75-inch Diameter Micropiles

Foundation Head Lf:::' D“:?:;;?gn Max Moment Max Shear Ig‘:’)?rt‘:' ;‘;
Location Condition (kips) (inch) (Kip-ft) (kips) Fixity (ft)
Free 0.31 58 12 16
King 21
Fixed 0.07 56 4 15
Free 1.49 112.8 14 25
Commonwealth 22
Fixed 0.34 96.8 4 25

piles.

3 Based on second point of zero deflection

T Assumes reduced area of piles due to corrosion.
2 Assumes group reduction (p-y) factor of 0.5 within based on average p-y factor for 3D spacing and 3 rows of




Stf. CL. NW.

Shear Force (kips)

King Street_12.75-inch diameter Micropile
Bending Moment (in-Kips)

(39) pPedH did woy Isiq

0.3

v Load Case 1
0 Load Case 2

Lateral Pile Deflection (inches)

(3p) pedH did woy Isiq
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Problem Title

Project Name: King Street bridge

Job Number:

Client: CSX

Engineer: SM

12.75-inch OD Micropile_Embedment4feet

Computational Options:
- Conventional Analysis

Engineering Units Used for Data Input and Computations:
- US Customary System Units (pounds, feet, inches)

Analysis Control Options:

- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence = 1.0000E-05 in
- Maximum allowable deflection = 100.0000 in
- Number of pile increments = 100

Loading Type and Number of Cycles of Loading:
- Cyclic loading specified
- Number of cycles of loading = 100 cycles
- Analysis uses p-y modification factors for p-y curves
- Analysis uses layering correction (Method of Georgiadis)
- No distributed lateral loads are entered
- Loading by lateral soil movements acting on pile not selected
- Input of shear resistance at the pile tip not selected
- Input of moment resistance at the pile tip not selected
- Computation of pile-head foundation stiffness matrix not selected
- Push-over analysis of pile not selected
- Buckling analysis of pile not selected

Output Options:
- Output files use decimal points to denote decimal symbols.
- Values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full length of pile.
- Printing Increment (nodal spacing of output points) =1
- No p-y curves to be computed and reported for user-specified depths
- Print using wide report formats



Number of pile sections defined = 2
Total length of pile = 70.000 ft
Depth of ground surface below top of pile -4.0000 ft

Pile diameters used for p-y curve computations are defined using 4 points.

p-y curves are computed using pile diameter values interpolated with depth over
the length of the pile. A summary of values of pile diameter vs. depth follows.

Depth Below Pile

Point Pile Head Diameter
No. feet inches
1 0.000 12.6800
2 20.000 12.6800
3 20.000 11.7500
4 70.000 11.7500

Input Structural Properties for Pile Sections:

Pile Section No. 1:

Section 1 is a drilled shaft with permanent casing
Length of section
Casing outside diameter

20.000000 ft
12.680000 in

Pile Section No. 2:

Section 2 is a round drilled shaft, bored pile, or CIDH pile
Length of section = 50.000000 ft
Shaft Diameter 11.750000 in

The soil profile is modelled using 2 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = -4.00000 ft

Distance from top of pile to bottom of layer = -1.00000 ft

Effective unit weight at top of layer = 65.000000 pcf
Effective unit weight at bottom of layer = 65.000000 pcf
Friction angle at top of layer = 36.000000 deg.
Friction angle at bottom of layer = 36.000000 deg.
Subgrade k at top of layer = 90.000000 pci

Subgrade k at bottom of layer = 90.000000 pci



Layer 2 is stiff clay without free water

Distance from top of pile to top of layer
Distance from top of pile to bottom of layer

Effective unit weight at top of layer

Effective unit weight at bottom of layer

Undrained cohesion at top of layer
Undrained cohesion at bottom of layer
Epsilon-50 at top of layer

Epsilon-50 at bottom of layer

-1.00000 ft
83.000000 ft
65.000000 pcf
65.000000 pcf

3000. psTf

3000. psf
0.005000
0.005000

(Depth of the lowest soil layer extends 13.000 ft below the pile tip)

Layer Soil Type Layer
Num. Name Depth
kpy
(p-y Curve Type) ft
pci
1 Sand -4.000
90.0000
(Reese, et al.) -1.000
90.0000
2 Stiff Clay -1.000
w/o Free Water 83.0000

Effective
Unit Wt.
pcf
65.0000
65.0000
65.0000

65.0000

Cohesion Angle of
Friction
pst deg.
-- 36.0000
-- 36.0000
3000. --
3000. --

Distribution of p-y modifiers with depth defined using 2 points

Point Depth X p-mult
No. ft
1 0.000 0.5000
2 100.000 0.5000

y-mult

E50

or

krm

0.00500

0.00500



Cyclic loading criteria were used for computation of p-y curves for all analyses.

Number of cycles of loading = 100

Number of loads specified = 2

Load Load Condition Condition Axial Thrust
Run Analysis
No. Type 1 2 Force, 1bs

21000. 1lbs M 0.0000 in-1lbs

=

=

<
1]

2 2 V = 21000. 1lbs S 0.0000 in/in

= shear force applied normal to pile axis

= bending moment applied to pile head

lateral deflection normal to pile axis

= pile slope relative to original pile batter angle

= rotational stiffness applied to pile head

Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).

Thrust force is assumed to be acting axially for all pile batter angles.

Tk 2 <
I

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 2

Pile Section No. 1:

Length of Section = 20.000000 ft
Outer Diameter of Casing = 12.680000 in
Concrete Cover Thickness Inside Casing = 3.000000 in
Casing Wall Thickness = 0.465000 in
Moment of Inertia of Steel Casing = 333.289908 in™4

Yield Stress of Casing = 45000. psi
Elastic Modulus of Casing = 29000000. psi
Number of Reinforcing Bars = 1 bar
Area of Single Reinforcing Bar 4.908739 sq. in.
Edge-to-Edge Bar Spacing = -2.50000 in
Maximum Concrete Aggregate Size = 0.750000 in

154000.

154000.

Compute Top y

vs. Pile Length

No

No



Ratio of Bar Spacing to Aggregate Size = -3.33

Offset of Center of Rebar Cage from Center of Pile = 0.0000 in
Yield Stress of Reinforcing Bars = 75000. psi
Modulus of Elasticity of Reinforcing Bars = 29000000. psi
Gross Area of Pile = 126.278202 sqg. in.
Area of Concrete = 103.525295 sq. in.
Cross-sectional Area of Steel Casing = 17.844168 sq. in.
Area of All Steel (Casing and Bars) = 22.752906 sq. in.
Area Ratio of All Steel to Gross Area of Pile = 18.02 percent

Axial Structural Capacities:

Nom. Axial Structural Capacity = ©0.85 Fc Ac + Fy As = 1523.129 kips
Tensile Load for Cracking of Concrete = -119.182 kips
Nominal Axial Tensile Capacity = -1171.143 kips

Reinforcing Bar Dimensions and Positions Used in Computations:

Bar Bar Diam. Bar Area X Y
Number inches sq. in. inches inches
1 2.500000 4.908739 0.00000 0.00000

NOTE: The positions of the above rebars were computed by LPile

Concrete Properties:

Compressive Strength of Concrete
Modulus of Elasticity of Concrete 3604997. psi
Modulus of Rupture of Concrete -474.34165 psi
Compression Strain at Peak Stress = 0.001886
Tensile Strain at Fracture of Concrete -0.0001154
Maximum Coarse Aggregate Size 0.750000 in

4000. psi

Number of Axial Thrust Force Values Determined from Pile-head Loadings = 1

Number Axial Thrust Force
kips
1 154.000

C = concrete in section has cracked in tension.

Y = stress in reinforcing steel has reached yield stress.

T = ACI 318 criteria for tension-controlled section met, tensile strain in
reinforcement exceeds 0.005 while simultaneously compressive strain in
concrete more than 0.003. See ACI 318-14, Section 21.2.3.

Z = depth of tensile zone in concrete section is less than 10 percent of
section depth.



Bending Stiffness (EI) = Computed Bending Moment / Curvature.

Position of neutral axis is measured from edge of compression side of pile.
Compressive stresses and strains are positive in sign.

Tensile stresses and strains are negative in sign.

Axial Thrust Force = 154.000 kips

Bending Bending Bending Depth to Max Comp Max Tens Max Conc
Max Steel Max Casing Run
Curvature Moment Stiffness N Axis Strain Strain Stress
Stress Stress Msg
rad/in. in-kip kip-in2 in in/in in/in ksi
ksi ksi
0.00000125 16.7293229 13383458. 120.1683487 0.0001502 0.0001344 0.6113930
4.1699444 4.3538044
0.00000250 33.4586217 13383449. 63.2560214 0.0001581 0.0001264 0.6419685
4.2137451 4.5814651
0.00000375 50.1878719 13383433. 44.2860665 0.0001661 0.0001185 0.6724173
4.2576350 4.8092150
0.00000500 66.9170494 13383410. 34.8017048 0.0001740 0.0001106 0.7027393
4.3016142 5.0370542
0.00000625 83.6461299 13383381. 29.1115803 0.0001819 0.0001027 0.7329344
4.3456827 5.2649827
0.00000750 100.3750893 13383345. 25.3185745 0.0001899 0.00009479 0.7630023
4.3898405 5.4930005
0.00000875 117.1039032 13383303. 22.6096364 0.0001978 0.00008688 0.7929428
4.4340875 5.7211075
0.00001000 133.8325474 13383255. 20.5782407 0.0002058 0.00007898 0.8227559
4.4784238 5.9493038
0.00001125 150.5609977 13383200. 18.9985399 0.0002137 0.00007108 0.8524414
4.5228494 6.1775894
0.00001250 167.2892298 13383138. 17.7350256 0.0002217 0.00006319 0.8819990
4.5673643 6.4059643
0.00001375  184.0172195 13383071. 16.7014650 0.0002296 0.00005530 0.9114287
4.6119685 6.6344285
0.00001500  200.7449425 13382996. 15.8403698 0.0002376 0.00004741 0.9407303
4.6566619 6.8629819
0.00001625 217.4723746 13382915. 15.1119403 0.0002456 0.00003952 0.9699036
4.7014447 7.0916247
0.00001750  234.1994916 13382828. 14.4877481 0.0002535 0.00003164 0.9989484
4.7463167 7.3203567
0.00001875  250.9262692 13382734. 13.9469457 0.0002615 0.00002376 1.0278646
4.7912780 7.5491780
0.00002000 267.6526832 13382634. 13.4738975 0.0002695 0.00001588 1.0566520
4.8363286 7.7780886
0.00002125  284.3787092 13382527. 13.0566470 0.0002775 0.00000800 1.0853105
4.8814685 8.0070885
0.00002250 301.1043231 13382414. 12.6858945 0.0002854  1.32627E-07 1.1138398
4.9266977 8.2361777
0.00002375 317.8295006 13382295. 12.3542983 0.0002934  -0.00000774 1.1422399
4.9720162 8.4653562
0.00002500  334.5542005 13382168. 12.0559847 0.0003014  -0.00001560 1.1705106
5.0174240 8.6946240
0.00002625 351.2779616 13382018. 11.7861964 0.0003094  -0.00002346 1.1986513



5.0629189
0.00002750
5.1084954
0.00002875
5.1541474
0.00003000
5.1998684
0.00003125
5.2456525
0.00003250
5.2914942
0.00003375
5.3373888
0.00003500
5.3833317
0.00003625
5.4293189
0.00003750
5.4753469
0.00003875
5.5214127
0.00004000
5.5675132
0.00004125
5.5364688
0.00004250
5.5715549
0.00004375
5.6061709
0.00004500
5.6402984
0.00004625
5.6738900
0.00004750
5.7071419
0.00004875
5.7401030
0.00005125
5.8046838
0.00005375
5.8680217
0.00005625
5.9302552
0.00005875
5.9915115
0.00006125
6.0519268
0.00006375
6.1115410
0.00006625
6.1703085
0.00006875
6.2285675
0.00007125
6.2864829
0.00007375
6.3435236
0.00007625

8.9239789
367.9996643
9.1534154
384.7180550
9.3829274
401.4319397
9.6125084
418.1402630
9.8421525
434 .8420707
10.0718542
451.5365595
10.3016088
468.2230165
10.5314117
484 .9008269
10.7612589
501.5694657
10.9911469
518.2284772
11.2210727
534.8774653
11.4510332
538.0297456
11.6038488 C
552.8756636
11.8227949 C
567.6531942
12.0412709 C
582.3619721
12.2592584 C
596.9990342
12.4767100 C
611.5882549
12.6938219 C
626.1353916
12.9106430 C
655.0595484
13.3429438 C
683.8212911
13.7740017 C
712.4408794
14.2039552 C
740.9356836
14.6329315 C
769.3222456
15.0610668 C
797.6077337
15.4884010 C
825.7928613
15.9148885 C
853.9072388
16.3408675 C
881.9639438
16.7665029 C
909.9273434
17.1912636 C
937.8511892

13381806.

13381498.

13381065.

13380488.

13379756.

13378861.

13377800.

13376575.

13375186.

13373638.

13371937.

13043145.

13008839.

12974930.

12941377.

12908087.

12875542.

12843803.

12781650.

12722257.

12665616.

12611671.

12560363.

12511494.

12464798.

12420469.

12378441.

12337998.

12299688.

11.

11.

11.

10.

10.

10.

10.

10.

10.

10.

5410368

3172858

1122601

9237061

7497174

5886707

4391749

3000314

1702017

0487816

.9349802

.7635870

.6559313

.5540568

.4574676

.3657000

.2785157

.1955966

.0409904

.8999687

.7708054

.6520611

.5425368

.4411692

.3470114

.2594463

.1778599

.1013957

.0298817

.0003174

.0003254

.0003334

.0003414

.0003494

.0003574

.0003654

.0003734

.0003814

.0003894

.0003974

.0004027

.0004104

.0004180

.0004256

.0004332

.0004407

.0004483

.0004634

.0004784

.0004934

.0005083

.0005232

.0005381

.0005530

.0005678

.0005827

.0005975

.0006123

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0

00003132

00003918

00004703

00005488

00006273

00007058

00007843

00008627

.00009412

-0.000102

-0.000110

-0.000120

-0.000129

-0.000137

-0.000145

-0.000153

-0.000162

-0.000170

-0.000186

-0.000203

-0.000220

-0.000237

-0.000253

-0.000270

-0.000287

-0.000304

-0.000321

-0.000338

-0.000355

.2266614

.2545399

.2822859

.3098985

.3373770

.3647207

.3919290

.4190014

.4459372

.4727361

.4993978

.5170370

.5422008

.5671828

.5919817

.6165931

.6410400

.6653283

.7133796

.7607952

.8075945

.8537948

.8994141

.9444593

.9889285

.0328592

.0762700

.1191086

.1614509



6.4004229
0.00007875
6.4567946
0.00008125
6.5129405
0.00008375
6.5686813
0.00008625
6.6243522
0.00008875
6.6795036
0.00009125
6.7348277
0.00009375
6.7896003
0.00009625
6.8443785
0.00009875
6.8993284
0.0001013
6.9536527
0.0001038
7.0081478
0.0001063
7.0628140
0.0001088
7.1171411
0.0001113
7.1714476
0.0001138
7.2259251
0.0001163
7.2805737
0.0001188
7.3348482
0.0001213
7.3892099
0.0001238
7.4437429
0.0001263
7.4984476
0.0001288
7.5531914
0.0001313
7.6076732
0.0001338
7.6623303
0.0001363
7.7171598
0.0001388
7.7721620
0.0001413
7.8273372
0.0001438
7.8824046
0.0001463
7.9374252
0.0001488

17.6158829 C
965.7096449
18.0399746 C
993.5246735
18.4638405 C
1021.
18.8873013 C
1049.
19.3106922 C
1077.
19.7335636 C
1104.
20.1566077 C
1132.
20.5791003 C
1159.
21.0015985 C
1187.
21.4242684 C
1215.
21.8463127 C
1242.
22.2685278 C
1269.
22.6909140 C
1297.
23.1129611 C
1324.
23.5349876 C
1352.
23.9571851 C
1379.
24.3795537 C
1406.
24.8015482 C
1434.
25.2236299 C
1461.
25.6458829 C
1488.
26.0683076 C
1515.
26.4907714 C
1542.
26.9129732 C
1570.
27.3353503 C
1597.
27.7578998 C
1624.
28.1806220 C
1651.
28.6035172 C
1678.
29.0263046 C
1705.
29.4490452 C
1732.

12262980.

12227996.

12194449.

12162470.

12131629.

12102280.

12073881.

12046674.

12020661.

11995356.

11971095.

11947805.

11925202.

11903371.

11882339.

11862055.

11842279.

11823138.

11804623.

11786696.

11769283.

11752270.

11735756.

11719713.

11704115.

11688939.

11674097.

11659585.

11645437.

.9626772

.8995126

.8399522

.7838166

.7306417

.6804458

.6327241

.5874836

.5445936

.5036086

.4646555

.4275911

.3921232

.3582430

.3259039

. 2950065

.2653014

.2368460

.2095881

.1834566

.1583504

.1341326

.1108644

.0884938

.0669722

.0462548

.0262320

.0068828

.9882242

.0006271

.0006418

.0006566

.0006714

.0006861

.0007008

.0007156

.0007303

.0007450

.0007597

.0007745

.0007892

.0008039

.0008186

.0008333

.0008480

.0008628

.0008775

.0008922

. 0009069

.0009216

.0009364

.0009511

.0009658

. 0009805

.0009953

.0010100

.0010248

.0010395

.000371

.000388

. 000405

.000422

.000439

.000456

.000473

.000490

.000507

.000524

.000541

.000558

.000575

.000592

. 000609

.000626

.000643

. 000660

.000677

.000694

.000711

.000728

.000745

.000762

.000779

.000796

.000813

.000830

.000847

.2032595

.2445653

.2853520

.3256527

.3654255

.4047362

.4435182

.4818234

.5196666

.5569773

.5938265

.6302138

.6660955

.7014993

. 7364409

.7709198

.8048919

.8383948

.8714346

.9040110

.9361132

.9677188

.9988606

.0295379

.0597501

.0894966

.1187575

.1475374

.1758511



10.

10.

10.

11.

11.

11.

11.

12.

12.

12.

13.

13.

13.

13.

14.

14.

14.

14.

15.

15.

.9926195

0.0001588

.2151417

0.0001688

.4389695

0.0001788

.6653715

0.0001888

.8938477

0.0001988

.1244770

0.0002088

.3580165

0.0002188

.5941353

0.0002288

.8323270

0.0002388
0749868
0.0002488
3488061
0.0002588
6800417
0.0002688
0275280
0.0002788
3470372
0.0002888
6414473
0.0002988
9249603
0.0003088
2010527
0.0003188
4747571
0.0003288
7431050
0.0003388
0100706
0.0003488
2764218
0.0003588
5423652
0.0003688
8080623
0.0003788
0760593
0.0003888
3444997
0.0003988
6128306
0.0004088
8815081
0.0004188
1539727
0.0004288
4242700
0.0004388

29.

31.

33.

34.

36.

38.

40.

41.

43,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

45,

8719595 C
1840.
5653617 C
1948.
2600695 C
2055.
9573515 C
2162.
6567077 C
2269.
3582170 C
2375.
0626365 C
2481.
7696353 C
2587.
4787070 C
2692.
0000000 CY
2793.
0000000 CY
2883.
0000000 CY
2960.
0000000 CY
3023.
0000000 CY
3075.
0000000 CY
3120.
0000000 CY
3160.
0000000 CY
3196.
0000000 CY
3227.
0000000 CY
3255.
0000000 CY
3281.
0000000 CY
3304.
0000000 CY
3326.
0000000 CY
3345.
0000000 CY
3362.
0000000 CY
3379.
0000000 CY
3394.
0000000 CY
3407.
0000000 CY
3420.
0000000 CY
3432.

11592132.

11543117.

11497866.

11455708.

11416173.

11378959.

11343765.

11310098.

11276980.

11226870.

11141793.

11012480.

10843760.

10648847.

10444691.

10235207.

10025316.

9816165.

9610104.

9408102.

9210758.

9018493.

8831188.

8649415.

8473286.

8302781.

8137289.

7977073.

7822134.

.9198458

.8598382

.8070414

.7602180

.7184799

.6812213

.6477759

.6175672

.5905343

.5699944

.5586939

.5503194

.5390847

.5256310

.5118201

.4980751

.4849342

.4720308

.4597486

.4481100

.4370810

.4266272

.4169348

.4077804

.3990757

.3908261

.3832824

.3759162

.3691016

.0010985

.0011576

.0012168

.0012760

.0013353

.0013947

.0014542

.0015138

.0015735

.0016343

.0016971

.0017604

.0018228

.0018843

.0019454

.0020063

.0020671

.0021277

.0021882

.0022488

.0023093

.0023698

.0024304

.0024910

.0025516

.0026123

.0026730

.0027337

.0027944

.000914

.000982

.001050

.001117

.001185

.001252

.001320

.001387

.001454

.001520

.001584

.001647

.001712

.001777

.001843

.001909

.001975

.002041

.002107

.002173

.002240

.002306

.002372

.002438

.002505

.002571

.002637

.002703

.002769

.2844319

.3854209

.4788673

.5647119

.6429300

.7135217

.7764359

.8316220

.8791126

.9194012

.9524713

.9770393

.9925923

.9995366

.9992748

.9996746

.9999987

.9990186

.9995421

.9997989

.9999065

.9999383

.9999253

.9998535

.9996666

.9992662

.9985200

.9985145

.9998925



15.6973115 45.0000000 CY

0.0004488 3443. 7672266. 6.3629331 0.0028554 -0.002835 3.
15.9748096 45.0000000 CY

0.0004588 3453. 7527152. 6.3567497 0.0029162 -0.002901 3.
16.2485325 45.0000000 CY

0.0004688 3462. 7386559. 6.3513025 0.0029772 -0.002967 3.
16.5286764 45.0000000 CY

0.0004788 3471. 7250909. 6.3460161 0.0030382 -0.003032 3.
16.8078926 45.0000000 CY

0.0004888 3479. 7119042. 6.3411788 0.0030993 -0.003098 3.
17.0904072 45.0000000 CY

0.0004988 3487. 6991984. 6.3366539 0.0031604 -0.003164 3.
-17.471437 45.0000000 CY

0.0005088 3494. 6868301. 6.3323466 0.0032216 -0.003229 3.
-17.885282 45.0000000 CY

0.0005188 3501. 6749067 . 6.3284693 0.0032829 -0.003295 3.
-18.295165 45.0000000 CY

0.0005288 3507. 6633075. 6.3246115 0.0033441 -0.003360 3.
-18.706998 45.0000000 CY

0.0005388 3513. 6520971. 6.3213005 0.0034056 -0.003426 3.
-19.112524 45.0000000 CY

0.0005488 3519. 6412199. 6.3178216 0.0034669 -0.003491 3.
-19.522644 45.0000000 CY

0.0006088 3545. 5824113. 6.3027708 0.0038368 -0.003882 3.

-21.922941 45.0000000 CY

Moment values interpolated at maximum compressive strain = 0.003
or maximum developed moment if pile fails at smaller strains.

Load Axial Thrust Nominal Mom. Cap. Max. Comp. Max. Tens.
No. kips in-kip Strain Strain
1 154.000 3465.790 0.00300000 -0.00299121

Note that the values of moment capacity in the table above are not
factored by a strength reduction factor (phi-factor).

In ACI 318, the value of the strength reduction factor depends on whether
the transverse reinforcing steel bars are tied hoops (0.65) or spirals (0.75).

The above values should be multiplied by the appropriate strength reduction
factor to compute ultimate moment capacity according to ACI 318,
or the value required by the design standard being followed.

The following table presents factored moment capacities and corresponding
bending stiffnesses computed for common resistance factor values used for
reinforced concrete sections.

Axial Resist. Nominal Nominal ult. (Fac) ult. (Fac) Bend. Stiff.
Load Factor Ax. Thrust Moment Cap Ax. Thrust Moment Cap at ULt Mom
No. kips in-kips kips in-kips kip-in~2

1 0.65 154.000000 3466. 100.100000 2253. 11422176.

9991997

9975955

9999151

9988579

9985901

9994401

9970016

9996520

9971152

9996468

9966569

9996441



1 0.75 154.000000 3466. 115.500000 2599. 11306271.
1 0.90 154.000000 3466. 138.600000 3119. 10449810.

Pile Section No. 2:
Dimensions and Properties of Drilled Shaft (Bored Pile)
Length of Section = 50.000000 ft
Shaft Diameter = 11.750000 in
Concrete Cover Thickness (to edge of long. rebar) = 2.610000 in
Number of Reinforcing Bars = 1 bar
Yield Stress of Reinforcing Bars = 75000. psi
Modulus of Elasticity of Reinforcing Bars = 29000000. psi
Gross Area of Shaft = 108.434034 sqg. in.
Total Area of Reinforcing Steel = 4.908739 sq. in.
Area Ratio of Steel Reinforcement = 4.53 percent
Edge-to-Edge Bar Spacing = -2.50000 in
Maximum Concrete Aggregate Size = 0.750000 in
Ratio of Bar Spacing to Aggregate Size = -3.33
Offset of Center of Rebar Cage from Center of Pile = 0.0000 in
Axial Structural Capacities:
Nom. Axial Structural Capacity = ©0.85 Fc Ac + Fy As = 720.141 kips
Tensile Load for Cracking of Concrete = -59.481 kips
Nominal Axial Tensile Capacity = -368.155 kips
Reinforcing Bar Dimensions and Positions Used in Computations:

Bar Bar Diam. Bar Area X Y

Number inches sq. in. inches inches

1 2.500000 4.908739 0.00000 0.00000
NOTE: The positions of the above rebars were computed by LPile
Concrete Properties:
Compressive Strength of Concrete = 4000. psi

Modulus of Elasticity of Concrete
Modulus of Rupture of Concrete

3604997. psi
-474.34165 psi

Compression Strain at Peak Stress 0.001886
Tensile Strain at Fracture of Concrete = -0.0001154
Maximum Coarse Aggregate Size = 0.750000 in

Number of Axial Thrust Force Values Determined from Pile-head Loadings = 1



kips

C = concrete in section has cracked in tension.

Y = stress in reinforcing steel has reached yield stress.

T = ACI 318 criteria for tension-controlled section met, tensile strain in
reinforcement exceeds 0.005 while simultaneously compressive strain in
concrete more than 0.003. See ACI 318-14, Section 21.2.3.

Z = depth of tensile zone in concrete section is less than 10 percent of
section depth.

Bending Stiffness (EI) = Computed Bending Moment / Curvature.

Position of neutral axis is measured from edge of compression side of pile.
Compressive stresses and strains are positive in sign.

Tensile stresses and strains are negative in sign.

Max Conc

Stress

ksi

1.1278721

1.1539751

1.1799815

1.2058912

1.2317036

1.2574187

1.2830359

1.3085551

1.3339758

1.3592979

1.3845210

1.4096447

Axial Thrust Force = 154.000 kips
Bending Bending Bending Depth to Max Comp Max Tens
Max Steel Run
Curvature Moment Stiffness N Axis Strain Strain
Stress Msg
rad/in. in-kip kip-in2 in in/in in/in
ksi
0.00000125 4.2839843 3427187. 230.3834826 0.0002880 0.0002733
8.1831559
0.00000250 8.5679185 3427167. 118.1330555 0.0002953 0.0002660
8.2281559
0.00000375 12.8517526 3427134. 80.7179416 0.0003027 0.0002586
8.2733402
0.00000500 17.1354365 3427087. 62.0116562 0.0003101 0.0002513
8.3187089
0.00000625 21.4189202 3427027. 50.7889021 0.0003174 0.0002440
8.3642619
0.00000750 25.7021537 3426954. 43.3079137 0.0003248 0.0002367
8.4099994
0.00000875 29.9850867 3426867. 37.9650772 0.0003322 0.0002294
8.4559212
0.00001000 34.2676694 3426767. 33.9585856 0.0003396 0.0002221
8.5020273
0.00001125 38.5498515 3426653. 30.8429907 0.0003470 0.0002148
8.5483179
0.00001250 42.8315831 3426527. 28.3510236 0.0003544 0.0002075
8.5947929
0.00001375 47.1128140 3426386. 26.3126039 0.0003618 0.0002002
8.6414524
0.00001500 51.3934942 3426233. 24.6143448 0.0003692 0.0001930
8.6882963

0.00001625 55.6735735 3426066. 23.1777478 0.0003766 Q.

0001857

1.4346687



8.7353246
0.00001750
8.7825374
0.00001875
8.8299348
0.00002000
8.8775167
0.00002125
8.9252831
0.00002250
8.9732341
0.00002375
9.0213697
0.00002500
9.0696900
0.00002625
9.1181949
0.00002750
9.1668845
0.00002875
9.2157589
0.00003000
9.2648180
0.00003125
9.3140619
0.00003250
9.3634907
0.00003375
9.4131044
0.00003500
9.4629030
0.00003625
9.5128866
0.00003750
9.5630552
0.00003875
9.6134089
0.00004000
9.6639476
0.00004125
9.7146716
0.00004250
9.7655808
0.00004375
9.8166752
0.00004500
9.8679550
0.00004625
9.9194201
0.00004750
9.9710707
0.00004875
10.0229068
0.00005125
10.1271308
0.00005375
10.2320618
0.00005625

59.

64.

68.

72.

77.

81.

85.

89.

94.

98.

102.

106.

111.

115.

119.

124.

128.

132.

136.

141.

145.

149.

153.

158.

162.

166.

175.

183.

192.

9530018

2317290

5097051

7868797

0632029

3386244

6130940

8865616

1589769

4302898

7004499

9694071

2371111

5035116

7685582

0322007

2943886

5550718

8141996

0717218

3275879

5817474

8341499

0847448

3334817

5803098

0675467

5430840

0022830

3425886.

3425692.

3425485.

3425265.

3425031.

3424784.

3424524.

3424250.

3423963.

3423662.

3423348.

3423021.

3422680.

3422326.

3421959.

3421578.

3421184.

3420776.

3420355.

3419921.

3419473.

3419011.

3418537.

3418049.

3417547.

3417032.

3415952.

3414755.

3413374.

21.

20.

19.

19.

18.

17.

17.

16.

16.

15.

15.

14.

14.

14.

13.

13.

13.

13.

12.

12.

12.

12.

12.

12.

11.

11.

11.

11.

10.

9467424

8802104

9473131

1244679

3933328

7394273

1511671

6191742

1357759

6946339

2904660

9188355

5759881

2587257

9643071

6903691

4348639

1960075

9722393

7621875

5646420

3785309

2029012

0369033

8797767

7308392

4551310

2055237

9785093

.0003841

.0003915

.0003989

.0004064

.0004138

.0004213

.0004288

.0004363

.0004437

.0004512

.0004587

.0004662

.0004737

.0004812

.0004888

.0004963

.0005038

.0005113

.0005189

.0005264

.0005340

.0005416

.0005491

.0005567

.0005643

.0005719

.0005871

.0006023

.0006175

0.0001784

0.0001712

0.0001639

0.0001567

0.0001495

0.0001422

0.0001350

0.0001278

0.0001206

0.0001134

0.0001062

0.00009903

0.00009184

0.00008467

0.00007750

0.00007034

0.00006318

0.00005603

0.00004889

0.00004175

0.00003462

0.00002750

0.00002038

0.00001327

0.00000616

-9.34091E-07

-0.00001511

-0.00002927

-0.00004340

.4595929

.4844167

.5091400

.5337623

.5582835

.5827031

.6070209

.6312365

.6553497

.6793601

.7032673

.7270712

.7507714

.7743675

.7978592

.8212463

.8445284

.8677052

.8907763

.9137416

.9366005

.9593529

.9819985

.0045368

.0269676

.0492905

.0936112

.1374930

.1809292



10.3376544
0.00005875
10.4438616
0.00006125
10.5506388
0.00006375
10.6579446
0.00006625
10.7657423
0.00006875
10.8739983
0.00007125
10.8426185 C
0.00007375
10.9181046 C
0.00007625
10.9908989 C
0.00007875
11.0610704 C
0.00008125
11.1287077 C
0.00008375
11.1939183 C
0.00008625
11.2568324 C
0.00008875
11.3175975 C
0.00009125
11.3763814 C
0.00009375
11.4333724 C
0.00009625
11.4886610 C
0.00009875
11.5415634 C
0.0001013
11.5931055 C
0.0001038
11.6435433 C
0.0001063
11.6917502 C
0.0001088
11.7388428 C
0.0001113
11.7849664 C
0.0001138
11.8290221 C
0.0001163
11.8729059 C
0.0001188
11.9144183 C
0.0001213
11.9559913 C
0.0001238
11.9954150 C
0.0001263
12.0351009 C
0.0001288

200.

208.

217.

225.

233.

233.

235.

241.

246.

251.

256.

260.

265.

269.

273.

277.

281.

285.

289.

292.

296.

299.

303.

306.

309.

312.

315.

318.

321.

4405823

8538620

2384377

5911634

9092584

9092584

8931414

2740340

4429460

4127476

1967197

8084450

2616532

5701284

7476025

8019075

7042774

5080786

2264306

8114044

3162134

7475037

0625852

3402768

4948171

6229450

6416608

6422160

5311484

3411755.

3409859.

3407662.

3405150.

3402316.

3282937.

3198551.

3164250.

3129434.

3094311.

3059065.

3023866.

2988864.

2954193.

2919974.

2886254.

2852702.

2819833.

2787725.

2755872.

2724747.

2694360.

2664286.

2635185.

2606272.

2578334.

2550640.

2523899.

2497329.

10.

10.

10.

10.

10.

7711760

5810888

4061963

2447592

0952929

.8887362

.7461498

.6116960

.4846305

.3643089

.2501720

.1417333

.0385688

.9403083

.8466289

.7572060

.6714776

.5895194

.5111440

.4357328

.3634355

.2940874

.2271604

.1630611

.1009722

.0414607

.9837550

.9284062

.8745788

.0006328

.0006481

.0006634

.0006787

.0006941

.0007046

.0007188

.0007329

.0007469

.0007609

.0007747

.0007885

.0008022

.0008158

.0008294

.0008429

.0008563

.0008697

.0008830

.0008963

. 0009095

.0009227

.0009358

.0009490

.0009620

.0009750

.0009880

.0010010

.0010139

-0.00005751

-0.00007160

-0.00008567

-0.00009972

-0.000114

-0.000133

-0.000148

-0.000163

-0.000178

-0.000194

-0.000209

-0.000225

-0.000241

-0.000256

-0.000272

-0.000288

-0.000304

-0.000320

-0.000336

-0.000352

-0.000368

-0.000384

-0.000401

-0.000417

-0.000433

-0.000450

-0.000466

-0.000482

-0.000499

.2239128

.2664374

.3084969

.3500862

.3912003

.4189829

.4562481

.4928273

.5287352

.5639881

.5986035

.6326003

.6659980

.6988177

.7310808

.7628005

.7939271

.8245493

.8546913

.8842695

.9133758

.9420246

.9701372

.9978586

.0250306

.0518335

.0781119

.1040392

.1294367



12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

12.

13.

13.

13.

13.

13.

13.

13.

13.

13.

14.

14.

14.

14.

14.

14.

0724418 C
0.0001313
1101873 C
0.0001338
1459802 C
0.0001363
1816481 C
0.0001388
2165635 C
0.0001413
2501729 C
0.0001438
2841741 C
0.0001463
3163566 C
0.0001488
3483185 C
0.0001588
4718618 C
0.0001688
5870240 C
0.0001788
6964402 C
0.0001888
8022435 C
0.0001988
9057244 C
0.0002088
0071522 C
0.0002188
1091249 C
0.0002288
2133218 C
0.0002388
3166523 C
0.0002488
4239820 C
0.0002588
5327465 C
0.0002688
6464443 C
0.0002788
7615952 C
0.0002888
8833949 C
0.0002988
0078610 C
0.0003088
1375048 C
0.0003188
2746609 C
0.0003288
4169951 C
0.0003388
5644566 C
0.0003488
7195438 C
0.0003588

324.

327.

329.

332.

335.

337.

340.

342.

352.

361.

370.

378.

386.

393.

400.

407.

414.

420.

426.

432.

437.

443,

448.

452.

457.

461.

465.

469.

472.

4073900

1904505

9430545

6456864

2807023

9031492

4451978

9561830

6391895

7258899

3159599

4813952

2655379

6869436

8054569

6527628

1790376

4676376

4765732

2572425

7593859

0481406

0721920

8513853

3873670

6502454

6405943

3980106

9320597

2471675.

2446284.

2421600.

2397446.

2373669.

2350631.

2327830.

2305588.

2221349.

2143561.

2071698.

2005199.

1943474.

1885925.

1832254.

1782089.

1734781.

1690322.

1648219.

1608399.

1570437.

1534366.

1499823.

1466725.

1434941.

1404259.

1374585.

1345944.

1318278.

.8229083

.7726660

.7242358

.6773638

.6318322

.5879783

.5451949

.5037984

.3503157

.2133110

.0905270

.9800932

.8803693

.7898606

.7077129

.6330828

.5645794

.5021381

.4447144

.3921977

.3436279

.2992163

.2580857

.2201978

.1854999

.1534560

.1238260

.0966491

.0717061

.0010268

.0010396

.0010524

.0010652

.0010780

.0010908

.0011035

.0011162

.0011669

.0012172

.0012674

.0013175

.0013675

.0014174

.0014673

.0015173

.0015673

.0016174

.0016676

.0017179

.0017683

.0018189

.0018696

.0019205

.0019716

.0020229

.0020744

.0021262

.0021782

.000515

.000532

.000549

.000565

.000582

.000598

.000615

.000632

.000698

.000766

.000833

. 000900

.000968

.001035

.001103

.001170

.001238

.001305

.001373

.001440

.001507

.001574

.001641

.001707

.001774

.001840

.001906

.001972

.002037

.1544962

.1790605

.2032544

.2270381

.2503787

.2733860

.2959230

.3180917

.4029772

.4817814

.5547299

.6219849

.6836411

.7397351

.7903776

.8356121

.8753331

.9096578

.9384934

.9618734

.9797045

.9920039

.9986836

.9995412

.9999230

.9995362

.9989375

.9992151

.9993419



14.8821088 C
0.0003688
15.0514828 C
0.0003788
15.2240670 C
0.0003888
15.4035674 C
0.0003988
15.5897515 C
0.0004088
15.7823746 C
0.0004188
15.9814189 C
0.0004288
16.1866026 C
0.0004388
16.3966186 C
0.0004488
16.6099008 C
0.0004588
16.8289723 C
0.0004688
17.0534166 C
0.0004788
17.2827540 C
0.0004888
17.5175064 C
0.0004988
-17.932362 C
0.0005088
-18.403868 C
0.0005188
-18.870583 C
0.0005288
-19.333249 C
0.0005388
-19.791159 C
0.0005488
-20.245430 C
0.0006088
-22.890345 C
0.0006688
-25.326516 C

476.2497553

479.3392914

482.2404062

484 .9640048

487.5208967

489.9141595

492.1554382

494 .2533625

496.2128640

498.0401466

499.7491556

501.3543760

502.8428464

504.2363304

505.5362221

506.7402311

507.8675855

508.9022475

509.8716525

514.2164657

514.2164657

1291525.

1265582.

1240490.

1216211.

1192712.

1169944.

1147884.

1126503.

1105767.

1085646.

1066132.

1047215.

1028834.

1011000.

993683.

976849.

960506.

944598.

929151.

844709.

768922.

.0487527

.0273036

.0075714

.9894070

.9726745

.9572700

.9430778

.9299123

.9175846

.9062295

.8957541

.8860688

.8771623

.8689357

.8613472

.8543697

.8479201

.8420144

.8365526

.8121220

.8028387

0.0022305

0.0022828

0.0023354

0.0023883

0.0024413

0.0024946

0.0025481

0.0026017

0.0026555

0.0027095

0.0027636

0.0028180

0.0028725

0.0029271

0.0029820

0.0030370

0.0030921

0.0031474

0.0032028

0.0035381

0.0038806

-0.002102

-0.002167

-0.002232

-0.002297

-0.002361

-0.002426

-0.002490

-0.002554

-0.002617

-0.002681

-0.002744

-0.002807

-0.002870

-0.002933

-0.002996

-0.003058

-0.003121

-0.003183

-0.003245

-0.003615

-0.003977

Moment values interpolated at maximum compressive strain = 0.003
or maximum developed moment if pile fails at smaller strains.

Load
No.

1

Axial Thrust
kips

154.000

Nominal Mom. Cap.

in-kip

505.931

Max. Comp.
Strain

0.00300000

Note that the values of moment capacity in the table above are not

Max. Tens.
Strain

-0.00301636

.9993480

.9992277

.9989578

.9984771

.9991421

.9999495

.9996243

.9988458

.9985304

.9998303

.9988898

.9989001

.9996026

.9978925

.9998829

.9983849

.9999637

.9984941

.9999688

.9990511

.9999014



factored by a strength reduction factor (phi-factor).

In ACI 318, the value of the strength reduction factor depends on whether
the transverse reinforcing steel bars are tied hoops (0.65) or spirals (0.75).

The above values should be multiplied by the appropriate strength reduction
factor to compute ultimate moment capacity according to ACI 318,
or the value required by the design standard being followed.

The following table presents factored moment capacities and corresponding
bending stiffnesses computed for common resistance factor values used for

reinforced concrete

sections.
Nominal Nominal ult. (Fac)
Ax. Thrust Moment Cap Ax. Thrust
kips in-kips kips
154.000000 505.931173 100.100000
154.000000 505.931173 115.500000
154.000000 505.931173 138.600000

ult. (Fac) Bend. Stiff.

Moment Cap at ULt Mom
in-kips kip-in~2
328.855262 2431355.
379.448380 1997532.
455.338056 1449301.

Axial Resist.
Load Factor
No.
1 0.65
1 0.75
1 0.90
Top of
Layer
Layer Below
No Pile Head
ft
1 -4.000
2 -1.000
Notes: The

for
for

Equivalent
Top Depth Same Layer
Below Type As
Grnd Surf Layer
ft Above
0.00 N.A.
0.3096 No

Layer is Fo
Rock or Integral
is Below for Layer

Rock Layer lbs

No 0.00
No 3020

F1
Integral
for Layer

lbs

FO@ integral of Layer n+l equals the sum of the F@ and F1 integrals
Layer n. Layering correction equivalent depths are computed only
soil types with both shallow-depth and deep-depth expressions for

peak lateral load transfer. These soil types are soft and stiff clays,
non-liquefied sands, and cemented c-phi soil.

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 1

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile
Applied moment at p
Axial thrust load o

head
ile head
n pile head

210

1540

00.0 lbs
0.0 in-1bs
00.0 lbs



Depth Deflect. Bending Shear Slope Total Bending Soil Res. Soil Spr.
Distrib.

X y Moment Force S Stress Stiffness p Es*H
Lat. Load
feet inches in-1bs lbs radians psi* lb-in~2 1lb/inch 1lb/inch
1b/inch
______ éjéé 0.3120 2.11E-08 21000. -0.00476 0.00 1.34E+10 -319.845 4305.
0?;220 0.2721 171272. 18268. -0.00470 0.00 1.34E+10 -330.570 10207.
1?4220 0.2330 319079. 15457. -0.00455 0.00 1.34E+10 -338.687 12211.
2?i22@ 0.1956 442730. 12590. -0.00431 0.00 1.34E+10 -343.995 14773.
2?é220 0.1605 541749. 9691. -0.00400 0.00 1.30E+10 -346.269 18118.
3?é220 0.1284 615883. 6786. -0.00362 0.00 1.29E+10 -345.297 22585.
4?&220 0.09968 665133. 3905. -0.00320 0.00 1.28E+10 -340.833 28721.
4?é220 0.07462 689768. 1076. -0.00276 0.00 1.27E+10 -332.590 37441.
s?égge 0.05338 690345. -1665. -0.00230 0.00 1.27E+10 -320.190 50383.
6?5220 0.03598 667740. -4283. -0.00185 0.00 1.28E+10 -303.086 70758.
7?é220 0.02227 623180. -6734. -0.00143 0.00 1.29E+10 -280.342 105728.
7?;220 0.01199 558311. -8961. -0.00104 0.00 1.30E+10 -249.968 175173.
S?AZZO 0.00473 475339. -10863. -7.14E-04 0.00 1.34E+10 -202.879 360164.
9?i220 -1.61E-05 377665. -11683. -4.47E-04 0.00 1.34E+10 7.5280 3937500.
9?é220 -0.00277 280216. -10906. -2.40E-04 0.00 1.34E+10 177.4956 537787.
10?é220 -0.00405 195063. -9341. -9.10E-05 0.00 1.34E+10 195.1565 404638.
11?2220 -0.00430 123522. -7689. 8.95E-06 0.00 1.34E+10 198.1095 386846.
11?é220 -0.00390 65859. -6045. 6.84E-05 0.00 1.34E+10 193.3297 416297.
12?é220 -0.00315 21784. -4463. 9.59E-05 0.00 1.34E+10 183.3159 488379.
13?5220 -0.00229 -9373. -2983. 9.98E-05 0.00 1.34E+10 169. 2407 620759.
14?é220 -0.00148 -28582. -1635. 8.79E-05 0.00 1.34E+10 151.6674 862737.
14?;220 -8.14E-04 -37065. -448.871 6.73E-05 0.00 1.34E+10 130.6974 1348794.
15?4220 -3.47E-04 -36297. 543.5923 4.42E-05 0.00 1.34E+10 105.6035 2559173.
16?i220 -7.07E-05 -28047. 1126. 2.41E-05 0.00 1.34E+10 33.1193 3937500.
16?é220 5.74E-05 -17438. 1152. 9.78E-06 0.00 1.34E+10 -26.927 3937500.

0.00



17.5000
0.00
18.2000
0.00
18.9000
0.00
19.6000
0.00
20.3000
0.00
21.0000
0.00
21.7000
0.00
22.4000
0.00
23.1000
0.00
23.8000
0.00
24.5000
0.00
25.2000
0.00
25.9000
0.00
26.6000
0.00
27.3000
0.00
28.0000
0.00
28.7000
0.00
29.4000
0.00
30.1000
0.00
30.8000
0.00
31.5000
0.00
32.2000
0.00
32.9000
0.00
33.6000
0.00
34.3000
0.00
35.0000
0.00
35.7000
0.00
36.4000
0.00
37.1000
0.00

.36E-05

.38E-05

.78E-05

.06E-05

.34E-06

.99E-06

.62E-06

.52E-06

.15E-06

.97E-07

. 70E-08

.27E-07

.14E-08

.31E-08

.19E-08

.51E-09

.42E-09

.32E-09

.61E-09

.70E-10

.38E-11

.53E-10

.20E-10

.00E-11

.85E-11

0.00

.30E-12

.33E-12

.23E-12

-8715.

-3081.

-216.008

737.5763

677.8800

373.3315

133.2677

12.5977

-24.898

-24.280

-13.777

-5.114

-0.629

0.8326

0.8674

0.5073

0.1954

0.02914

-0.02753

-0.03090

-0.01864

-0.00744

-0.00129

8.98E-04

0.00110

6.83E-04

2.82E-04

5.51E-05

-2.88E-05

854.8634

505.5693

226.7905

52.7452

-21.980

-32.518

-21.477

-9.392

-2.175

0.6730

1.1447

0.7829

0.3532

0.08836

-0.01977

-0.04015

-0.02848

-0.01324

-0.00355

5.45E-04

0.00140

0.00103

4.95E-04

1.41E-04

-1.33E-05

-4.88E-05

-3.74E-05

-1.85E-05

-5.56E-06

-5.

-6.

-3.

-1.

.57E-06

.13E-06

.17E-06

.00E-06

.94E-06

.52E-07

.16E-08

.47E-07

.32E-07

.18E-08

.52E-08

.05E-09

.99E-09

.74E-09

.65E-09

.69E-10

.08E-10

.67E-10

.69E-10

.78E-11

.71E-11

.13E-12

57E-12

O4E-12

60E-12

41E-12

0.00

0.00

0.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.34E+10

.34E+10

.34E+10

.34E+10

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

7

7

-43.877

-39.289

-27.087

-14.352

-3.440

0.9307

1.6981

1.1793

0.5390

0.1390

0.02670

0.05945

0.04286

0.02019

0.00556

.06E-04

0.00207

0.00155

.54E-04

.20E-04

.59E-05

.19E-05

.62E-05

.81E-05

.65E-06

.14E-07

.48E-06

.03E-06

.05E-06

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.



37.8000
0.00
38.5000
0.00
39.2000
0.00
39.9000
0.00
40.6000
0.00
41.3000
0.00
42.0000
0.00
42.7000
0.00
43.4000
0.00
44,1000
0.00
44,8000
0.00
45.5000
0.00
46.2000
0.00
46.9000
0.00
47 .6000
0.00
48.3000
0.00
49,0000
0.00
49,7000
0.00
50.4000
0.00
51.1000
0.00
51.8000
0.00
52.5000
0.00
53.2000
0.00
53.9000
0.00
54.6000
0.00
55.3000
0.00
56.0000
0.00
56.7000
0.00
57.4000
0.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.89E-05

.50E-05

.07E-05

.31E-06

.03E-07

.37E-06

.13E-07

.02E-07

.47E-08

.74E-08

.83E-08

.33E-08

.51E-08

.84E-09

.97E-10

.69E-09

.21E-09

.66E-10

.54E-10

.15E-11

.90E-11

.39E-11

.12E-11

.10E-12

0.00

.O5E-12

.59E-12

0.00

0.00

.46E-07

.69E-06

.35E-06

.88E-07

.18E-07

.19E-10

.81E-08

.88E-08

.55E-08

.47E-09

.20E-10

.99E-09

.75E-09

.46E-10

.28E-10

.36E-11

.74E-11

.30E-11

.50E-11

.26E-11

.29E-12

.27E-12

.25E-12

.29E-12

0.00

0.00

0.00

0.00

0.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.38E-07

.56E-09

.52E-08

.31E-08

.88E-08

.31E-08

.93E-10

.91E-09

.63E-09

.43E-09

.06E-10

.32E-11

.84E-11

.42E-11

.30E-11

.94E-11

.23E-12

.30E-12

.37E-12

.95E-12

0.00

0.00

0.00

0.00

0.00

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.



58.1000 Q.
0.00

58.8000 Q.
0.00

59.5000 Q.
0.00

60.2000 Q.
0.00

60.9000 Q.
0.00

61.6000 Q.
0.00

62.3000 Q.
0.00

63.0000 Q.
0.00

63.7000 Q.
0.00

64.4000 Q.
0.00

65.1000 Q.
0.00

65.8000 Q.
0.00

66.5000 Q.
0.00

67.2000 Q.
0.00

67.9000 Q.
0.00

68.6000 Q.
0.00

69.3000 Q.
0.00

70.0000 Q.
0.00

* This analysis computed pile response using nonlinear moment-curvature rela-
tionships. Values of total stress due to combined axial and bending stresses

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

.43E+09

are computed only for elastic sections only and do not equal the actual

stresses in concrete and steel. Stresses in concrete and steel may be inter-

polated from the output for nonlinear bending properties relative to the
magnitude of bending moment developed in the pile.

Output Summary for Load Case No.

Pile-head deflectio

Computed slope at pile head
Maximum bending moment

Maximum shear force

n

Depth of maximum bending moment

Depth of maximum shear force

Number of iteration

S

Number of zero deflection points

0.31202573
-0.0047586
690345.
21000.
5.60000000
0.000000
27

17

inches
radians
inch-1bs
1bs

feet below pile head
feet below pile head

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

3937500.

1968750.



Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 2

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

21000.0 1lbs
0.000E+00 radians
154000.0 lbs

Shear force at pile head
Rotation of pile head
Axial load at pile head

(Zero slope for this load indicates fixed-head conditions)

Depth Deflect. Bending Shear Slope Total Bending Soil Res. Soil Spr.
Distrib.
X y Moment Force S Stress Stiffness p Es*H
Lat. Load
feet inches in-1bs lbs radians psi* 1lb-in~2 1b/inch 1lb/inch
1b/inch
------ éjéé 0.07287 -676312. 21000. 0.00 0.00 1.27E+10 -222.361 12815.
0?%220 0.07100 -507468. 19074. -3.90E-04 0.00 1.27E+10  -236.287 27954.
1?4220 0.06632  -354864. 17042. -6.69E-04 0.00 1.34E+10  -247.398 31337.
2?igge 0.05976  -219428. 14929. -8.49E-04 0.00 1.34E+10  -255.765 35950.
2?égge 0.05205 -101861. 12757. -9.50E-04 0.00 1.34E+10 -261.303 42171.
3?522@ 0.04380 -2649. 10551. -9.83E-04 0.00 1.34E+10 -263.893 50610.
4?&220 0.03554 77945. 8337. -9.59E-04 0.00 1.34E+10 -263.384 62259.
4?5220 0.02768 139892. 6140. -8.91E-04 0.00 1.34E+10  -259.593 78768.
séégge 0.02057 183408. 3990. -7.89E-04 0.00 1.34E+10  -252.292 103035.
6?5220 0.01442 208974. 1918. -6.66E-04 0.00 1.34E+10  -241.185 140492.
7?égge 0.00937 217352. -43.677 -5.33E-04 0.00 1.34E+10  -225.839 202370.
7?%220 0.00547 209618. -1855. -3.99E-04 0.00 1.34E+10  -205.533 315402.
8?4220 0.00268 187211. -3458. -2.74E-04 0.00 1.34E+10 -176.040 552012.
9?igge 8.71E-04 152231. -4756. -1.67E-04 0.00 1.34E+10 -132.974  1282743.
9?égge -1.35E-04 107745. -5049. -8.59E-05 0.00 1.34E+10 63.1212  3937500.
1e?§gge -5.72E-04 67626. -4282. -3.08E-05 0.00 1.34E+10 119.5936 1756171.
11?5220 -6.53E-04 35889. -3260. 1.64E-06 0.00 1.34E+10 123.6399 1590782.
11?5220 -5.44E-04 12848. -2245. 1.69E-05 0.00 1.34E+10 118.1679  1822998.
0.00

12.6000 -3.68E-04 -1866. -1298. 2.04E-05 0.00 1.34E+10 107.1803 2443995,
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Output Summary for Load Case No. 2:

Pile-head deflection = 0.07287478
Computed slope at pile head = 0.000000
Maximum bending moment = -676312.
Maximum shear force = 21000.
Depth of maximum bending moment = 0.000000
Depth of maximum shear force = 0.000000
Number of iterations = 24
Number of zero deflection points = 17

inches
radians
inch-1bs
1bs

feet bel
feet bel

ow pile head
ow pile head

Definitions of Pile-head Loading Conditions:

in Pile
1bs

Max Moment
in Pile
in-1bs

690345,
-676312.

Load Type 1: Load 1 = Shear, V, lbs, and Load 2 = Moment, M, in-1bs
Load Type 2: Load 1 = Shear, V, lbs, and Load 2 = Slope, S, radians
Load Type 3: Load 1 = Shear, V, 1lbs, and Load 2 = Rot. Stiffness, R, in-1lbs/rad.
Load Type 4: Load 1 = Top Deflection, y, inches, and Load 2 = Moment, M, in-1lbs
Load Type 5: Load 1 = Top Deflection, y, inches, and Load 2 = Slope, S, radians
Load Load Load Axial Pile-head Pile-head Max Shear
Case Type Pile-head Type Pile-head Loading Deflection Rotation
No. 1 Load 1 2 Load 2 lbs inches radians
1 Vv, 1lb 21000. M, in-1b 0.00 154000. 0.3120 -0.00476
2 V, 1b 21000. S, rad 0.00 154000. 0.07287 0.00

Maximum pile-head deflection
Maximum pile-head rotation

The analysis ended normally.

0.3120257345 inches
-0.0047586487 radians = -0.272650 deg.
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LPile for Windows, Version 2022-12.007

Analysis of Individual Piles and Drilled Shafts
Subjected to Lateral Loading Using the p-y Method
© 1985-2022 by Ensoft, Inc.

All Rights Reserved

This copy of LPile is being used by:

Sunil Malla

HDR

Serial Number of Security Device: 202613844

This copy of LPile is licensed for exclusive use by:
HDR, LPILE Global, Global License

Use of this software by employees of HDR

other than those of the office site in LPILE Global, Global License
is a violation of the software license agreement.

Path to file locations:
\Users\smalla\OneDrive - HDR, Inc\AFtoRO\King&Common\Analysis\Commonwealth\90%\

Name of input data file:
Commonwealth Micropile_Long.1lpl2d

Name of output report file:
Commonwealth Micropile Long.lpl2o

Name of plot output file:
Commonwealth Micropile_Long.1lpl2p

Name of runtime message file:
Commonwealth Micropile Long.lpl2r

Date and Time of Analysis



Date: December 11, 2023 Time: 15:18:44

Project Name: Commonwealth Bridge

Job Number:

Client: CSX

Engineer: SM

Description: LPIle Analysis of 12.75-inch OD Micropile Embedment4feet

Computational Options:
- Conventional Analysis

Engineering Units Used for Data Input and Computations:
- US Customary System Units (pounds, feet, inches)

Analysis Control Options:

- Maximum number of iterations allowed = 500
- Deflection tolerance for convergence = 1.0000E-05 in
- Maximum allowable deflection = 100.0000 in
- Number of pile increments = 100

Loading Type and Number of Cycles of Loading:
- Cyclic loading specified



- Number of cycles of loading = 100 cycles
- Analysis uses p-y modification factors for p-y curves

- Analysis uses layering correction (Method of Georgiadis)

- No distributed lateral loads are entered

- Loading by lateral soil movements acting on pile not selected

- Input of shear resistance at the pile tip not selected

- Input of moment resistance at the pile tip not selected

- Computation of pile-head foundation stiffness matrix not selected

- Push-over analysis of pile not selected

- Buckling analysis of pile not selected

Output Options:
- Output files use decimal points to denote decimal symbols.
- Values of pile-head deflection, bending moment, shear force, and
soil reaction are printed for full length of pile.
- Printing Increment (nodal spacing of output points) =1
- No p-y curves to be computed and reported for user-specified depths
- Print using wide report formats

Number of pile sections defined = 2
Total length of pile = 73.000 ft
Depth of ground surface below top of pile -4.0000 ft

Pile diameters used for p-y curve computations are defined using 4 points.

p-y curves are computed using pile diameter values interpolated with depth over
the length of the pile. A summary of values of pile diameter vs. depth follows.

Depth Below Pile

Point Pile Head Diameter
No. feet inches
1 0.000 12.5300
2 30.000 12.5300
3 30.000 11.7500
4 73.000 11.7500

Pile Section No. 1:



Section 1 is a drilled shaft with permanent casing
Length of section
Casing outside diameter

30.000000 ft
12.530000 in

Pile Section No. 2:
Section 2 is a round drilled shaft, bored pile, or CIDH pile

Length of section = 43.000000 ft
Shaft Diameter = 11.750000 in

The soil profile is modelled using 6 layers

Layer 1 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = -4.00000 ft

Distance from top of pile to bottom of layer = 11.000000 ft

Effective unit weight at top of layer = 50.000000 pcf
Effective unit weight at bottom of layer = 50.000000 pcf
Friction angle at top of layer = 30.000000 deg.
Friction angle at bottom of layer = 30.000000 deg.
Subgrade k at top of layer = 60.000000 pci
Subgrade k at bottom of layer = 60.000000 pci

Layer 2 is soft clay, p-y criteria by Matlock, 1970

Distance from top of pile to top of layer = 11.000000 ft
Distance from top of pile to bottom of layer = 16.000000 ft
Effective unit weight at top of layer = 50.000000 pcf
Effective unit weight at bottom of layer = 50.000000 pcf
Undrained cohesion at top of layer = 500.000000 psf
Undrained cohesion at bottom of layer = 500.000000 psf
Epsilon-50 at top of layer = 0.020000
Epsilon-50 at bottom of layer = 0.020000

Layer 3 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = 16.000000 ft
Distance from top of pile to bottom of layer = 21.000000 ft
Effective unit weight at top of layer = 50.000000 pcf
Effective unit weight at bottom of layer = 50.000000 pcf
Friction angle at top of layer = 32.000000 deg.

Friction angle at bottom of layer = 32.000000 deg.



Subgrade k at top of layer = 60.000000 pci
Subgrade k at bottom of layer = 60.000000 pci

Layer 4 is stiff clay without free water

Distance from top of pile to top of layer = 21.000000 ft
Distance from top of pile to bottom of layer = 31.000000 ft
Effective unit weight at top of layer = 60.000000 pcf
Effective unit weight at bottom of layer = 60.000000 pcf
Undrained cohesion at top of layer = 1000.000000 psf
Undrained cohesion at bottom of layer = 1000.000000 psf
Epsilon-50 at top of layer = 0.007000
Epsilon-50 at bottom of layer = 0.007000

Layer 5 is sand, p-y criteria by Reese et al., 1974

Distance from top of pile to top of layer = 31.000000 ft

Distance from top of pile to bottom of layer = 46.000000 ft

Effective unit weight at top of layer = 60.000000 pcf
Effective unit weight at bottom of layer = 60.000000 pcf
Friction angle at top of layer = 32.000000 deg.
Friction angle at bottom of layer = 32.000000 deg.
Subgrade k at top of layer = 60.000000 pci
Subgrade k at bottom of layer = 60.000000 pci

Layer 6 is stiff clay without free water

Distance from top of pile to top of layer = 46.000000 ft
Distance from top of pile to bottom of layer = 100.000000 ft
Effective unit weight at top of layer = 65.000000 pcf
Effective unit weight at bottom of layer = 65.000000 pcf
Undrained cohesion at top of layer = 3000. psTf
Undrained cohesion at bottom of layer = 3000. psf
Epsilon-50 at top of layer = 0.007000
Epsilon-50 at bottom of layer = 0.007000

(Depth of the lowest soil layer extends 27.000 ft below the pile tip)

Layer Soil Type Layer Effective Cohesion Angle of



Num. Name Depth Unit Wt. Friction

or kpy
(p-y Curve Type) ft pcf psf deg.
krm pci
1 Sand -4.000 50.0000 -- 30.0000
-- 60.0000
(Reese, et al.) 11.0000 50.0000 -- 30.0000
-- 60.0000
2 Soft 11.0000 50.0000 500.0000 --
0.02000 --
Clay 16.0000 50.0000 500.0000 --
0.02000 --
3 Sand 16.0000 50.0000 -- 32.0000
-- 60.0000
(Reese, et al.) 21.0000 50.0000 -- 32.0000
-- 60.0000
4 Stiff Clay 21.0000 60.0000 1000 .0000 --
0.00700 --
w/o Free Water 31.0000 60.0000 1000 .0000 --
0.00700 --
5 Sand 31.0000 60.0000 -- 32.0000
-- 60.0000
(Reese, et al.) 46.0000 60.0000 -- 32.0000
-- 60.0000
6 Stiff Clay 46.0000 65.0000 3000. --
0.00700 --
w/o Free Water 100.0000 65.0000 3000. --
0.00700 --

Distribution of p-y modifiers with depth defined using 2 points

Point Depth X p-mult y-mult
No. ft
1 0.000 0.5000 1.0000
2 30.000 0.5000 1.0000



Cyclic loading criteria were used for computation of p-y curves for all analyses.

Number of cycles of loading = 100

Number of loads specified = 2

Load Load Condition Condition Axial Thrust
Compute Top vy Run Analysis
No. Type 1 2 Force, 1bs

vs. Pile Length
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0.0000 in/in 119000.

0.0000 in-1bs 119000.
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|
o
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]

No Yes

= shear force applied normal to pile axis

= bending moment applied to pile head

lateral deflection normal to pile axis

= pile slope relative to original pile batter angle

= rotational stiffness applied to pile head

Values of top y vs. pile lengths can be computed only for load types with
specified shear loading (Load Types 1, 2, and 3).

Thrust force is assumed to be acting axially for all pile batter angles.

oTInk 2L
1l

Axial thrust force values were determined from pile-head loading conditions
Number of Pile Sections Analyzed = 2

Pile Section No. 1:

30.000000 ft
12.530000 in

Length of Section
Outer Diameter of Casing



Concrete Cover Thickness Inside Casing 3.000000 in
Casing Wall Thickness = 0.390000 in
Moment of Inertia of Steel Casing 274.301717 in*4
Yield Stress of Casing 45000. psi
Elastic Modulus of Casing 29000000. psi
Number of Reinforcing Bars = 1 bar
Area of Single Reinforcing Bar 4.908739 sq. in.
Edge-to-Edge Bar Spacing -2.50000 in
Maximum Concrete Aggregate Size 0.750000 in
Ratio of Bar Spacing to Aggregate Size = -3.33

Offset of Center of Rebar Cage from Center of Pile 0.0000 in
Yield Stress of Reinforcing Bars 75000. psi
Modulus of Elasticity of Reinforcing Bars 29000000. psi
Gross Area of Pile 123.308219 sq. in.
Area of Concrete 103.525295 sq. in.
Cross-sectional Area of Steel Casing 14.874185 sq. in.
Area of All Steel (Casing and Bars) 19.782923 sqg. in.
Area Ratio of All Steel to Gross Area of Pile 16.04 percent

Axial Structural Capacities:

Nom. Axial Structural Capacity = ©.85 Fc Ac + Fy As
Tensile Load for Cracking of Concrete
Nominal Axial Tensile Capacity

1389.480 kips
-109.246 kips
-1037.494 kips

Reinforcing Bar Dimensions and Positions Used in Computations:

Bar Bar Diam. Bar Area X Y
Number inches sq. in. inches inches
1 2.500000 4.908739 0.00000 0.00000

NOTE: The positions of the above rebars were computed by LPile

Concrete Properties:

Compressive Strength of Concrete
Modulus of Elasticity of Concrete
Modulus of Rupture of Concrete

4000. psi
3604997. psi
-474.34165 psi

Compression Strain at Peak Stress = 0.001886
Tensile Strain at Fracture of Concrete = -0.0001154
Maximum Coarse Aggregate Size = 0.750000 in

Number of Axial Thrust Force Values Determined from Pile-head Loadings =1



kips

C = concrete in section has cracked in tension.

Y = stress in reinforcing steel has reached yield stress.

T = ACI 318 criteria for tension-controlled section met, tensile strain in
reinforcement exceeds 0.005 while simultaneously compressive strain in
concrete more than 0.003. See ACI 318-14, Section 21.2.3.

Z = depth of tensile zone in concrete section is less than 10 percent of
section depth.

Bending Stiffness (EI) = Computed Bending Moment / Curvature.

Position of neutral axis is measured from edge of compression side of pile.
Compressive stresses and strains are positive in sign.

Tensile stresses and strains are negative in sign.

Axial Thrust Force = 119.000 kips

Bending Bending Bending Depth to Max Comp Max Tens
Max Conc Max Steel Max Casing Run

Curvature Moment Stiffness N Axis Strain Strain
Stress Stress Stress Msg

rad/in. in-kip kip-in2 in in/in in/in

ksi ksi ksi

0.00000125 14.6514578 11721166. 101.5703660 0.0001270 0.0001113
0.5200400 3.4979697 3.6796547
0.00000250 29.3028894 11721156. 53.9196814 0.0001348 0.0001035
0.5506618 3.5412648 3.9046348
0.00000375 43.9542685 11721138. 38.0370081 0.0001426 0.00009565
0.5811613 3.5846565 4.1297115
0.00000500 58.6055690 11721114. 30.0963376 0.0001505 0.00008783
0.6115384 3.6281447 4.3548847
0.00000625 73.2567645 11721082. 25.3324683 0.0001583 0.00008002
0.6417929 3.6717296 4.5801546
0.00000750 87.9078290 11721044. 22.1569995 0.0001662 0.00007220
0.6719246 3.7154110 4.8055210
0.00000875 102.5587360 11720998. 19.8891881 0.0001740 0.00006439
0.7019333 3.7591891 5.0309841
0.00001000 117.2094594 11720946. 18.1886627 0.0001819 0.00005659
0.7318189 3.8030637 5.2565437
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.00001125
.7615812
.00001250
.7912200
.00001375
.8207351
.00001500
.8501264
.00001625
.8793937
.00001750
.9085368
.00001875
.9375556
.00002000
.9664498
.00002125
.9952193
.00002250
.0238633
.00002375
.0523809
.00002500
.0807707
.00002625
.1090318
.00002750
.1371630
.00002875
.1651635
.00003000
.1930325
.00003125
.2207694
.00003250
.2483735
.00003375
.2758443
.00003500
.3031814
.00003625
.3303844
.00003750
.3574529
.00003875
.3708007
.00004000
.3959705
.00004125
.4209630

131.8599731
3.8470350
146.5102506
3.8911028
161.1602659
3.9352673
175.8099926
3.9795283
190.4594046
4.0238860
205.1084757
4.0683402
219.7571794
4.1128911
234.4054898
4.1575386
249.0533310
4.2022825
263.6999540
4.2471189
278.3439217
4.2920403
292.9837725
4.3370383
307.6181966
4.3821052
322.2460656
4.4272338
336.8664329
4.4724180
351.4784836
4.5176522
366.0815509
4.5629315
380.67507160
4.6082519
395.2585637
4.6536095
409.8316246
4.6990010
424 .3939120
4.7444237
438.9451370
4.7898750
438.9451370
4.7206219
448.1165076
4.7517277
460.5475955
4.7823554

11720886.
5.4822000
11720820.
5.7079528
11720747.
5.9338023
11720666.
6.1597483
11720579.
6.3857910
11720484.
6.6119302
11720383.
6.8381661
11720274.
7.0644986
11720157.
7.2909275
11719998.
7.5174489
11719744.
7.7440553
11719351.
7.9707383
11718788.
8.1974902
11718039.
8.4243038
11717093.
8.6511730
11715949.
8.8780922
117146160.
9.1050565
11713079.
9.3320619
11711365.
9.5591045
11709475.
9.7861810
11707418.
10.0132887
11705204.
10.2404250
11327616.
10.3528569 C
11202913.
10.5656477 C
11164790.
10.7779604 C

16.

15.

14.

14.

13.

13.

12.

12.

11.

11.

11.

11.

10.

10.

10.

10.

10.

8663279

8087266

9436587

2229908

6134000

0910839

6385876

2428199

8937696

5836445

3062874

0567717

8311099

6260402

4388694

2673535

1096088

.9640418

.8292956

.7042076

.5877759

.4791327

.2754258

.1709669

.0724392

.0001897

.0001976

.0002055

.0002133

.0002212

.0002291

.0002370

.0002449

.0002527

.0002606

.0002685

.0002764

.0002843

.0002922

.0003001

.0003080

.0003159

.0003238

.0003317

.0003396

.0003476

.0003555

.0003594

.0003668

.0003742

.00004878

.00004098

.00003319

.00002539

.00001761

.00000982

.00000204

.00000574

.00001352

.00002129

.00002906

.00003683

.00004460

.00005236

.00006012

.00006788

.00007564

.00008339

.00009115

.00009890

-0.000107

-0.000114

-0.000126

-0.000134

-0.000143
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.00004250
.4457690
.00004375
.4703986
.00004500
.4948717
.00004625
.5191781
.00004750
.5433148
.00004875
.5673173
.00005125
.6148300
.00005375
.6617562
.00005625
.7081085
.00005875
.7538923
.00006125
.7991373
.00006375
.8438644
.00006625
.8880725
.00006875
.9317495
.00007125
.9749579
.00007375
.0176309
.00007625
.0598535
.00007875
.1015539
.00008125
.1428193
.00008375
.1835683
.00008625
.2238762
.00008875
.2637214
.00009125
.3030838
.00009375
.3420119
.00009625
.3804798

472.9142077
4.8124173
485.2263599
4.8419941
497.5001595
4.8712489
509.7280608
4.9000898
521.9090610
4.9284834
534.0693694
4.9567349
558.2650599
5.0120101
582.3464009
5.0662291
606.3243096
5.1194760
630.2047514
5.1717699
654.0081929
5.2233553
677.7479281
5.2744050
701.4235837
5.3248903
725.0303787
5.3746809
748.6026718
5.4243532
772.1054435
5.4732560
795.5838278
5.5221982
819.0013436
5.5704682
842.4018439
5.6189193
865.7462390
5.6667308
889.0704282
5.7146549
912.3649107
5.7624707
935.6203167
5.8099637
958.8586980
5.8576361
982.0691841
5.9052187

11127393.

10.9897073

11090888.

11.2009691

11055559.

11.4119089

11021147.

11.6224348

10987559.

11.8325134

10955269.

12.0424499

10892977.

12.4610951

10834352.

12.8786841

10779099.

13.2953010

10726889.

13.7109649

10677685.

14.1259203

10631340.

14.5403400

10587526.

14.9541953

10545896.

15.3673559

10506704.

15.7803982

10469226.

16.1926710

10433886.

16.6049832

10400017.

17.0166232

10368023.

17.4284443

10337269.

17.8396258

10308063.

18.2509199

10280168.

18.6621057

10253373.

19.0729687

10227826.

19.4840111

10203316.

19.8949637

.9792481

. 8909999

.8074077

.7280254

.6524963

.5807400

.4469023

.3248370

.2130260

.1101715

.0153144

.9276073

.8462258

.7704146

.6998662

.6337410

.5719696

.5138259

.4593371

.4078381

.3593695

.3135895

.2701959

.2291827

.1902679

.0003816

.0003890

.0003963

.0004037

.0004110

.0004183

.0004329

.0004475

.0004620

.0004765

.0004909

.0005054

.0005198

.0005342

.0005486

.0005630

.0005774

.0005917

.0006061

.0006204

.0006347

.0006491

.0006634

.0006777

.0006921

.000151

.000159

.000168

.000176

.000184

.000193

.000209

.000226

.000243

.000260

.000277

.000293

.000310

.000327

.000344

.000361

.000378

.000395

.000412

.000429

.000446

.000463

.000480

.000497

.000514



0.00009875
2.4184718
0.0001013
2.4560291
0.0001038
2.4931512
0.0001063
2.5297895
0.0001088
2.5659833
0.0001113
2.6017417
0.0001138
2.6370641
0.0001163
2.6719218
0.0001188
2.7063223
0.0001213
2.7402862
0.0001238
2.7738130
0.0001263
2.8069022
0.0001288
2.8395402
0.0001313
2.8717122
0.0001338
2.9034460
0.0001363
2.9347409
0.0001388
2.9655964
0.0001413
2.9960119
0.0001438
3.0259868
0.0001463
3.0554997
0.0001488
3.0845603
0.0001588
3.1963837
0.0001688
3.3010886
0.0001788
3.3985900
0.0001888
3.4889301

1005.
.9525350
1028.
.0000307
1052.
.0477061
1075.
.0950193
1098.
.1424049
1121.
.1899736
1144.
.2377227
1167.
.2853191
1190.
.3328478
1213.
.3805575
1236.
.4284485
1259.
.4765213
1282.
.5246122
1305.
.5725311
1327.
.6206327
1350.
.6689174
1373.
.7173856
1396.
.7660377
1419.
.8148742
1442,
.8636010
1464.
.9123523
1555.
.1092177
1646.
.3087539
1736.
.5100845
1826.
.7144736

10179693.

20.3056500

10157069.

20.7165157

10135370.

21.1275611

10114345.

21.5382443

10094095.

21.9489999

10074601.

22.3599386

10055814.

22.7710577

10037593.

23.1820241

10019927.

23.5929228

10002847.

24.0040025

9986319.

24.4152635

9970309.

24.8267063

9954750.

25.2381672

9939574.

25.6494561

9924836.

26.0609277

9910512.

26.4725824

9896579.

26.8844206

9883017.

27.2964427

9869805.

27.7086492

9856875.

28.1207460

9844236.

28.5328673

9796559.

30.1832127

9752825.

31.8362289

9712254.

33.4910395

9674471.

35.1489086

.1532304

.1180831

.0846893

.0527495

.0223020

.9932787

.9655858

.9390388

.9135898

.8892418

.8659281

.8435874

.8221191

.8014235

.7815486

. 7624495

.7440842

.7264139

.7094024

.6929467

.6770498

.6188732

.5681373

.5234244

.4840079

.0007064

.0007207

.0007350

.0007494

.0007637

.0007780

.0007923

.0008067

.0008210

.0008353

.0008497

.0008640

.0008783

.0008927

.0009070

.0009214

.0009357

.0009501

.0009645

.0009788

.0009932

.0010507

.0011084

.0011661

.0012239

.000531

.000548

.000565

.000582

.000599

.000616

.000633

.000650

.000667

.000684

.000701

.000718

.000735

.000752

.000769

.000786

.000803

.000820

.000837

.000854

.000871

.000938

.001006

.001074

.001141



0.0001988
3.5720625
0.0002088
3.6479069
0.0002188
3.7164822
0.0002288
3.7777473
0.0002388
3.8316606
0.0002488
3.8782066
0.0002588
3.9175442
0.0002688
3.9492243
0.0002788
3.9730464
0.0002888
3.9893262
0.0002988
3.9981847
0.0003088
3.9994703
0.0003188
3.9999631
0.0003288
3.9987342
0.0003388
3.9993550
0.0003488
3.9996819
0.0003588
3.9998339
0.0003688
3.9998885
0.0003788
3.9998839
0.0003888
3.9998157
0.0003988
3.9996400
0.0004088
3.9992723
0.0004188
3.9985982
0.0004288
3.9980973
0.0004388
3.9999364

9.

-10.

-10.

-10.

-11.

-11.

-12.

-12.

-13.

-13.

-14.

-14.

-15.

-15.

-16.

-16.

-17.

1916.
.9218018
2005.
.1311210
2094.
.3435986
2183.
.5592668
2272.
.7781582
2360.
.0013651
2441.
.2392078
2506.
.4764695
2558.

6957502

2602.

028503

2641.

511961

2675.

998122

2706.

484108

2733.

973079

2758.

462213

2780.

950332

2800.

437344

2819.

923224

2836.

406014

2851.

886858

2866.

366120

2879.

843892

2891.

316309

2903.

787800

2913.

259169

36.

38.

40.

41.

43.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

45.

9639030.

8097168

9605506.

4725160

9573712.

1384736

9543410.

8076218

9514402.

4799932

9485748.

0000000

9434010.

0000000

9324326.

0000000

91778160.

0000000

9012871.

0000000

8840887.

0000000

8665048.

0000000

8488747.

0000000

8313330.

0000000

8140642.

0000000

7971329.

0000000

7805863.

0000000

7644590.

0000000

7487445,

0000000

7334808.

0000000

7186832.

0000000

7043562.

0000000

6904541.

0000000

6769969.

0000000

6639661.

0000000

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

cy

.4490679

.4178043

.3898970

.3649106

.3424828

.3224565

.3059286

.2905562

.2740623

.2577380

.2420230

.2270242

.2129853

.1994874

.1867699

.1748820

.1637633

.1533536

.1437747

.1348613

.1265318

.1187356

.1117527

.1051700

.0988969

.0012818

.0013397

.0013978

.0014560

.0015143

.0015727

.0016317

.0016906

.0017489

.0018069

.0018648

.0019226

.0019804

.0020381

.0020958

.0021535

.0022113

.0022690

.0023270

.0023849

.0024430

.0025010

.0025593

.0026176

.0026759

.001209

.001276

.001343

.001410

.001477

.001544

.001610

.001677

.001744

.001811

.001879

.001946

.002014

.002081

.002149

.002216

.002284

.002351

.002419

.002486

.002553

.002621

.002688

.002755

.002822



0.0004488 2923. 6513383. 6.0934022 0.0027344 -0.002888

3.9993846 -17.724048 45.0000000 CY
0.0004588 2932. 6391461. 6.0881779 0.0027930 -0.002955
3.9980393 -18.188515 45.0000000 CY
0.0004688 2940. 6273008. 6.0833772 0.0028516 -0.003022
3.9999837 -18.650257 45.0000000 CY
0.0004788 2948. 6158700. 6.0790053 0.0029103 -0.003088
3.9992560 -19.108825 45.0000000 CY
0.0004888 2956. 6047708. 6.0749299 0.0029691 -0.003155
3.9971787 -19.565730 45.0000000 CY
0.0004988 2963. 5940461. 6.0711355 0.0030280 -0.003221
3.9997663 -20.020931 45.0000000 CY
0.0005088 2969. 5836354. 6.0677707 0.0030870 -0.003288
3.9979840 -20.471999 45.0000000 CY
0.0005188 2975. 5735740. 6.0645160 0.0031460 -0.003354
3.9999318 -20.923358 45.0000000 CY
0.0005288 2981. 5637910. 6.0617841 0.0032052 -0.003420
3.9982657 -21.368594 45.0000000 CY
0.0005388 2986. 5543366. 6.0591511 0.0032644 -0.003486
3.9999627 -21.813862 45.0000000 CY
0.0005488 2991. 5451423. 6.0568101 0.0033237 -0.003552
3.9981193 -22.256013 45.0000000 CY
0.0006088 3016. 4954697 . 6.0473017 0.0036813 -0.003946
3.9992071 -24.857337 45.0000000 CY
0.0006688 3034. 4536130. 6.0434638 0.0040416 -0.004338
3.9952128 -27.381767 45.0000000 CY

Moment values interpolated at maximum compressive strain = 0.003
or maximum developed moment if pile fails at smaller strains.

Load Axial Thrust Nominal Mom. Cap. Max. Comp. Max.
Tens.
No. kips in-kip Strain
Strain
1 119.000 2959.483 0.00300000
-0.00318977

Note that the values of moment capacity in the table above are not
factored by a strength reduction factor (phi-factor).

In ACI 318, the value of the strength reduction factor depends on whether
the transverse reinforcing steel bars are tied hoops (0.65) or spirals (0.75).



The above values should be multiplied by the appropriate strength reduction
factor to compute ultimate moment capacity according to ACI 318,
or the value required by the design standard being followed.

The following table presents factored moment capacities and corresponding
bending stiffnesses computed for common resistance factor values used for

reinforced concrete sections.

Axial Resist. Nominal Nominal
Stiff.
Load Factor Ax. Thrust Moment Cap
ult Mom
No. kips in-kips

kip-in~2

1 0.65 119.000000 2959
9636065.

1 0.75 119.000000 2959.
9531429.

1 0.90 119.000000 2959.
8725856.

Pile Section No. 2:

Length of Section

Shaft Diameter

Concrete Cover Thickness (to edge of long. rebar)
Number of Reinforcing Bars

Yield Stress of Reinforcing Bars

Modulus of Elasticity of Reinforcing Bars

Gross Area of Shaft

Total Area of Reinforcing Steel

Area Ratio of Steel Reinforcement

Edge-to-Edge Bar Spacing

Maximum Concrete Aggregate Size

Ratio of Bar Spacing to Aggregate Size

Offset of Center of Rebar Cage from Center of Pile

Axial Structural Capacities:

Nom. Axial Structural Capacity = ©0.85 Fc Ac + Fy As

ult. (Fac)

ult.

. Thrust

kips

77 .350000

89.250000

107 .100000

= 43.000000
= 11.750000
= 2.610000
= 1
= 75000.
= 29000000.
= 108.434034
= 4.908739
= 4.53
= -2.50000
= 0.750000
= -3.33
= 0.0000

= 720.141

in-

(Fac)

Moment Cap

kips

2220.

2664.

ft

in

in

bar
psi

psi

sq. in.
sq. in.
percent
in

in

in

kips

Bend.

at



Tensile Load for Cracking of Concrete
Nominal Axial Tensile Capacity

-59.481 kips
-368.155 kips

Reinforcing Bar Dimensions and Positions Used in Computations:

Bar Bar Diam. Bar Area X Y
Number inches sq. in. inches inches
1 2.500000 4.908739 0.00000 0.00000

NOTE: The positions of the above rebars were computed by LPile

Concrete Properties:

Compressive Strength of Concrete
Modulus of Elasticity of Concrete 3604997. psi
Modulus of Rupture of Concrete -474.34165 psi
Compression Strain at Peak Stress = 0.001886
Tensile Strain at Fracture of Concrete -0.0001154
Maximum Coarse Aggregate Size 0.750000 in

4000. psi

Number of Axial Thrust Force Values Determined from Pile-head Loadings = 1

Number Axial Thrust Force
kips
1 119.000

C = concrete in section has cracked in tension.

Y = stress in reinforcing steel has reached yield stress.

T = ACI 318 criteria for tension-controlled section met, tensile strain in
reinforcement exceeds 0.005 while simultaneously compressive strain in
concrete more than 0.003. See ACI 318-14, Section 21.2.3.

Z = depth of tensile zone in concrete section is less than 10 percent of
section depth.

Bending Stiffness (EI) = Computed Bending Moment / Curvature.

Position of neutral axis is measured from edge of compression side of pile.
Compressive stresses and strains are positive in sign.

Tensile stresses and strains are negative in sign.



Axial Thrust Force =

Ma
C

Bending
X Conc
urvature

Stress

rad/in.
ksi

119

Bending
Max Steel
Moment
Stress
in-kip
ksi

.000 kips

Bending
Run
Stiffness
Msg
kip-in2

Depth to

N

Axis

in

Max Comp
Strain

in/in

Max Tens
Strain

in/in

OrROFROCFRPROROFROFRPRORORFROFRPRORORFRPROFRPRORORFRPROOODOOOOOOOO

.00000125
.8827503
.00000250
.9099458
.00000375
.9370450
.00000500
.9640477
.00000625
.9909536
.00000750
.0177623
.00000875
.0444735
.00001000
.0710870
.00001125
.0976024
.00001250
.1240195
.00001375
.1503378
.00001500
.1765572
.00001625
.2026773
.00001750
.2286979
.00001875
.2546185
. 00002000
.2804390
.00002125
.3061589
.00002250
.3317781
.00002375
.3572961
.00002500

4.4593369
6.2456671

8.9186252
6.2906590

13.3778163
6.3358298

17.8368617
6.3811797

22.2957127
6.4267084

26.7543207
6.4724162

31.2126372
6.5183029

35.6706134
6.5643687
40.1282010
6.6106134
44 .5853511
6.6570372
49.0420152
6.7036399

53.4981447
6.7504218

57.9536909
6.7973827

62.4086051
6.8445227

66.8628389
6.8918417

71.3163434
6.9393399

75.7690700
6.9870173

80.2209700
7.0348738

84.6719948
7.0829095

89.1220956

3567470.

3567450.

3567418.

3567372.

3567314.

3567243.

3567159.

3567061.

3566951.

3566828.

3566692.

3566543.

3566381.

3566206.

3566018.

3565817.

3565603.

3565376.

3565137.

3564884.

176.

91.

62.

48.

40.

34.

30.

27.

24.

23.

21.

20.

19.

18.

17.

16.

15.

15.

14.

14.

9355153

4089603

9017542

6493854

0989516

3994852

3291432

2770039

9036664

0054903

4528861

1594609

0654041

1279941

3159014

6056291

9792090

4226657

9249661

4772836

0.0002212

0.0002285

0.0002359

0.0002432

0.0002506

0.0002580

0.0002654

0.0002728

0.0002802

0.0002876

0.0002950

0.0003024

0.0003098

0.0003172

0.0003247

0.0003321

0.0003396

0.0003470

0.0003545

0.0003619

0.0002065

0.0001991

0.0001918

0.0001845

0.0001772

0.0001699

0.0001626

0.0001553

0.0001480

0.0001407

0.0001334

0.0001261

0.0001189

0.0001116

0.0001044

0.00009711

0.00008987

0.00008263

0.00007541

0.00006818
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.3827128
.00002625
.4080277
.00002750
.4332406
.00002875
.4583512
.00003000
.4833592
.00003125
.5082642
.00003250
.5330660
.00003375
.5577643
.00003500
.5823587
.00003625
.6068489
.00003750
.6312347
.00003875
.6555154
. 00004000
.6796902
.00004125
.7037578
.00004250
.7277173
.00004375
.7515673
.00004500
.7753068
.00004625
.7989348
.00004750
.8224504
.00004875
.8458524
.00005125
.8923131
.00005375
.9383108
.00005625
.9838401
.00005875
.0110199
.00006125
.0515639
.00006375

7.1311245
93.5712238
7.1795186
98.0193305
7.2280921
102.4663671
7.2768449
106.9122848
7.3257770
111.3570348
7.3748885
115.8005683
7.4241794
120.2428366
7.4736497
124.6837907
7.5232996
129.1233820
7.5731289
133.5615561
7.6231378
137.9980399
7.6733241
142.4321952
7.7236820
146.8632313
7.7742038
151.2903648
7.8248820
155.7128236
7.8757084
160.1298769
7.9266755
164.5408578
7.9777761
168.9451520
8.0290031
173.3422024
8.0803490
182.1125483
8.1833806
190.8483442
8.2868256
199.5467097
8.3906477
199.5467097
8.3210782 C
199.5467097
8.3840165 C
203.7144915

3564618.

3564339.

3564048.

3563743.

3563425.

3563094.

3562751.

3562394.

3562024.

3561641.

3561240.

3560805.

3560321.

3559773.

3559150.

3558442,

3557640.

3556740.

3555737.

3553416.

3550667.

3547497.

3396540.

3257905.

3195521.

14.

13.

13.

13.

12.

12.

12.

12.

11.

11.

11.

11.

11.

10.

10.

10.

10.

10.

10.

10.

0724731

7046883

3690998

0616832

7790579

5183633

2771628

0533677

8451776

6510318

4695695

2995964

1400619

9900385

8487048

7153308

5892656

4699273

3567939

1473097

.9575778

.7849422

.5252283

.3613155

.2084056

.0003694

.0003769

.0003844

.0003919

.0003993

.0004068

.0004144

.0004219

.0004294

.0004369

.0004444

.0004520

.0004595

.0004671

.0004746

.0004822

.0004898

.0004973

.0005049

.0005200

.0005352

.0005504

.0005596

.0005734

.0005870

0.00006096

0.00005375

0.00004655

0.00003935

0.00003216

0.00002497

0.00001779

0.00001062

0.00000345

-0.00000371

-0.00001087

-0.00001802

-0.00002516

-0.00003230

-0.00003943

-0.00004656

-0.00005368

-0.00006080

-0.00006792

-0.00008214

-0.00009634

-0.000111

-0.000131

-0.000146

-0.000162



.0913441
.00006625
.1303830
.00006875
.1687365
.00007125
.2064252
.00007375
.2434703
.00007625
.2798949
.00007875
.3157226
.00008125
.3509784
.00008375
.3856884
.00008625
.4198288
.00008875
.4534270
.00009125
.4865415
.00009375
.5191822
.00009625
.5512672
.00009875
.5829347
0.0001013
2.6141181
0.0001038
2.6448422
0.0001063
2.6751567
0.0001088
2.7049873
0.0001113
2.7344464
0.0001138
2.7634338
0.0001163
2.7920509
0.0001188
2.8202459
0.0001213
2.8480342
0.0001238
2.8754879
0.0001263

NOMNMNOIOMNONONOMNONONOMNONONOMNMNONONON

8.4435275 C
208.5744163
8.4997266 C
213.2340644
8.5530758 C
217.7075840
8.6036955 C
222.0091764
8.6517186 C
226.1530708
8.6973007 C
230.1533918
8.7406153 C
234.0240816
8.7818553 C
237.7788165
8.8212335 C
241.4073955
8.8584318 C
244.9246222
8.8936804 C
248.3579597
8.9275653 C
251.7114249
8.9601525 C
254.9501905
8.9904686 C
258.1351946
9.0200255 C
261.2372566
9.0480240 C
264.2683699
9.0747035 C
267.2481530
9.1006070 C
270.1475472
9.1248167 C
273.0110631
9.1486390 C
275.7999646
9.1708292 C
278.5531987
9.1925900 C
281.2517472
9.2132548 C
283.9006349
9.2329798 C
286.5277512
9.2526602 C
289.0781609

3148293.

3101586.

3055545.

3010294.

2965942.

2922583.

2880296.

2839150.

2798926.

2759714.

2721731.

2684922.

2648833.

2614027.

2580121.

2547165.

2515277.

2484115.

2454032.

2424615.

2396157.

2368436.

2341449.

2315376.

2289728.

.0653110

.9311946

.8051680

.6864722

.5744557

.4685585

.3682975

.2732557

.1828520

.0967839

.0149166

.9369382

.8621970

.7909752

.7227396

.6573541

.5947938

.5345727

.4769381

.4213421

.3680100

.3166052

.2670529

.2194903

.1732763

. 0006006

.0006140

.0006274

. 0006406

.0006538

.0006669

.0006799

.0006929

.0007058

.0007186

.0007314

.0007441

.0007567

.0007694

.0007819

.0007945

.0008069

.0008194

.0008318

.0008442

.0008565

.0008688

.0008811

.0008934

.0009056

.000178

.000194

.000210

.000226

.000242

.000258

.000275

.000291

.000308

.000324

.000341

.000357

.000374

.000391

.000408

.000425

.000441

.000458

.000475

.000492

.000509

.000526

.000544

.000561

.000578



2.9024604
0.0001288
2.9291306
0.0001313
2.9553966
0.0001338
2.9812725
0.0001363
3.0068477
0.0001388
3.0320116
0.0001413
3.0568189
0.0001438
3.0813269
0.0001463
3.1054628
0.0001488
3.1292215
0.0001588
3.2210088
0.0001688
3.3075066
0.0001788
3.3888285
0.0001888
3.4650697
0.0001988
3.5361708
0.0002088
3.6022722
0.0002188
3.6634017
0.0002288
3.7194510
0.0002388
3.7705496
0.0002488
3.8165691
0.0002588
3.8575498
0.0002688
3.8934882
0.0002788
3.9242319
0.0002888
3.9498504
0.0002988
3.9702783
0.0003088

9.2703817 C
291.6179015
9.2884344 C
294.1103416
9.3054694 C
296.5597946
9.3216372 C
298.9986305
9.3381315 C
301.3879684
9.3534272 C
303.7464907
9.3682497 C
306.0944448
9.3833952 C
308.4070424
9.3978261 C
310.6819508
9.4114371 C
319.5879626
9.4651109 C
328.1529824
9.5158469 C
336.4173118
9.5650606 C
344.4153863
9.6142211 C
352.1327892
9.6621195 C
359.6211377
9.7115027 C
366.8949263
9.7634094 C
373.9271729
9.8157651 C
380.7689426
9.8724076 C
387.3874564
9.9307626 C
393.8064318
9.9929780 C
400.0418847
10.0607079 C
406.0445253
10.1294548 C
411.8615812
-10.458075 C
417.4894879
-11.092877 C
422.9037324

2264993.

2240841.

2217269.

2194485.

2172166.

2150418.

2129353.

2108766.

2088618.

2013153.

1944610.

1882055.

1824717.

1771737.

1722736.

1677234.

1634654.

1594844.

1557337.

1521957.

1488528.

1456662.

1426360.

1397454.

1369729.

.1289458

.0860366

.0445080

.0045859

.9658047

.9282806

.8921393

.8570651

.8229797

.6972066

.5857397

.4864509

.3976730

.3176098

.2454631

.1803097

.1209206

.0671257

.0178935

.9729811

.9321186

.8943137

.8598381

.8283716

.7993487

.0009179

.0009300

.0009422

.0009544

.0009665

.0009786

.0009907

.0010028

.0010149

.0010632

.0011113

.0011595

.0012076

.0012556

.0013037

.0013519

.0014002

.0014485

.0014970

.0015455

.0015943

.0016430

.0016920

.0017412

.0017905

.000595

.000612

.000629

.000647

.000664

.000681

.000698

.000716

.000733

. 000802

.000871

.000941

.001010

.001080

.001149

.001218

.001288

.001357

.001426

.001495

.001564

.001632

.001701

.001769

.001837



3.9854252
0.0003188
3.9952548
0.0003288
3.9997175
0.0003388
3.9999554
0.0003488
3.9996403
0.0003588
3.9985651
0.0003688
3.9987187
0.0003788
3.9987086
0.0003888
3.9985326
0.0003988
3.9981585
0.0004088
3.9996562
0.0004188
3.9999553
0.0004288
3.9997184
0.0004388
3.9991508
0.0004488
3.9980831
0.0004588
3.9999870
0.0004688
3.9995335
0.0004788
3.9982458
0.0004888
3.9999872
0.0004988
3.9992610
0.0005088
3.9971794
0.0005188
3.9997209
0.0005288
3.9978845
0.0005388
3.9998900
0.0005488
3.9981371
0.0006088

-11.
428.
-12.
433,
-12.
437.
-13.
442,
-14.
446.
-14.
450.
-15.
454,
-15.
458.
-16.
461.
-17.
465.
-17.
468.
-18.
471.
-18.
474,
-19.
476.
-19.
479.
-20.
481.
-20.
483.
-21.
485.
-22.
487 .
-22.
489.
-23.
491.
-23.
493,
-24.
494,
-24.
496.
-25.
503.

724051 C
1087847
350663 C
1157508
970774 C
9121685
584046 C
4833901
190080 C
8124424
790874 C
9144158
385555 C
8039419
972937 C
4894251
553151 C
9800600
126361 C
2854956
692753 C
4089656
252338 C
3628514
805391 C
1579114
352163 C
8030573
893180 C
3013144
429863 C
6544430
960370 C
8834550
485342 C
9939867
004934 C
9761014
518724 C
8562933
027611 C
6257078
531233 C
2945460
029910 C
8715303
523942 C
34975760
013007 C
5434752

1343086.

1317462.

1292730.

1268770.

1245470.

1222819.

1200802.

1179394.

1158571.

1138313.

1118589.

1099389.

1080702.

1062514.

1044799.

1027529.

1010723.

994361.

978398.

962862.

947712.

932945.

918555.

904510.

827176.

.7726403

.7482387

.7259738

.7057016

.6870631

.6700071

.6545164

.6404584

.6277113

.6161629

.6057268

.5963028

.5878019

.5801223

.5731031

.5668378

.5612329

.5562369

.5518425

.5479530

.5445636

.5416249

.5390924

.5369645

.5307835

.0018400

.0018897

.0019397

.0019899

.0020402

.0020908

.0021416

.0021927

.0022440

.0022956

.0023474

.0023994

.0024516

.0025041

.0025567

.0026095

.0026624

.0027156

.0027690

.0028225

.0028762

.0029301

.0029842

.0030384

.0033669

.001905

.001973

.002041

.002108

.002175

.002242

.002309

.002375

.002441

.002507

.002573

.002638

.002704

.002769

.002834

.002898

.002963

.003027

.003091

.003155

.003219

.003283

.003346

.003409

.003786



3.9963138 -27.857036 C

0.0006688 508.3220503 760108. 5.5329351 0.0037002
3.9987974 -30.560958 C
0.0007288 508.3220503 697526. 5.5632897 0.0040542
3.9997285 -32.661370 C

Moment values interpolated at maximum compressive strain = 0.003
or maximum developed moment if pile fails at smaller strains.

Load Axial Thrust Nominal Mom. Cap. Max. Comp.
Tens.
No. kips in-kip Strain
Strain
1 119.000 495.303 0.00300000
-0.00336458

Note that the values of moment capacity in the table above are not
factored by a strength reduction factor (phi-factor).

In ACI 318, the value of the strength reduction factor depends on whether

-0.004158

-0.004509

Max.

the transverse reinforcing steel bars are tied hoops (0.65) or spirals (0.75).

The above values should be multiplied by the appropriate strength reduction

factor to compute ultimate moment capacity according to ACI 318,
or the value required by the design standard being followed.

The following table presents factored moment capacities and corresponding
bending stiffnesses computed for common resistance factor values used for

reinforced concrete sections.

Axial Resist. Nominal Nominal ult. (Fac) ult. (Fac) Bend.
Stiff.
Load Factor Ax. Thrust Moment Cap Ax. Thrust Moment Cap at
ult Mom
No. kips in-kips kips in-kips
kip-in~2

1 0.65 119.000000 495.302649 77 .350000 321.946722
1994276.

1 0.75 119.000000 495.302649 89.250000 371.476987

1649490.



1 0.90 119.000000 495.302649 107.100000 445.772384
1251068.

Top of Equivalent

Layer Top Depth Same Layer Layer is Fo F1
Layer Below Below Type As Rock or Integral Integral
No. Pile Head Grnd Surf Layer is Below for Layer  for Layer
ft ft Above Rock Layer lbs lbs
1 -4.000 0.00 N.A. No 0.00 108303.
2 11.0000 26.2010 No No 108303. 16942.
3 16.0000 14.8691 No No 125245. 164220.
4 21.0000 34.5841 No No 289465. 93409.
5 31.0000 21.7424 No No 382874. 1089463.
6 46.0000 59.4722 No No 1472337. N.A.

Notes: The F@ integral of Layer n+l equals the sum of the F@ and F1 integrals
for Layer n. Layering correction equivalent depths are computed only
for soil types with both shallow-depth and deep-depth expressions for
peak lateral load transfer. These soil types are soft and stiff clays,
non-liquefied sands, and cemented c-phi soil.

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 1

Pile-head conditions are Shear and Pile-head Rotation (Loading Type 2)

22000.0 1lbs
0.000E+00 radians
119000.0 lbs

Shear force at pile head
Rotation of pile head
Axial load at pile head

(Zero slope for this load indicates fixed-head conditions)

Depth Deflect. Bending Shear Slope Total Bending  Soil
Res. Soil Spr. Distrib.
X y Moment Force S Stress Stiffness
Es*H Lat. Load

feet inches in-1bs lbs radians psi* 1lb-in~2



1b/inch

1b/inch 1b/inch
0.00 0.3417
-64.675 829.1049
0.7300 0.3372
-83.555 2170.
1.4600 0.3254
-104.882 2824.
2.1900 0.3078
-127.256 3622.
2.9200 0.2858
-149.441 4580.
3.6500 0.2610
-170.897 5736.
4.3800 0.2343
-191.147 7146.
5.1100 0.2068
-209.862 8891.
5.8400 0.1792
-226.235 11061.
6.5700 0.1523
-239.292 13765.
7.3000 0.1267
-248.439 17175.
8.0300 0.1030
-253.151 21530.
8.7600 0.08152
-252.982 27186.
9.4900 0.06252
-247.561 34689.
10.2200 0.04613
-236.153 44844 .
10.9500 0.03236
-174.151 47146.
11.6800 0.02108
-31.604 13135.
12.4100 0.01208
-26.251 19040.
13.1400 0.00513
-19.736 33700.
13.8700 -7.55E-06
1.9610 2275540.
14.6000 -0.00359
17.5121 42736.
15.3300 -0.00587
20.6349 30792.
16.0600 -0.00710
51.2468 63261.
16.7900 -0.00750

-1161226.

0.00

-970459.

0.00

-785222.

0.00

-607347.

0.00

-438723.

0.00

-281224.

0.00

-136620.

0.00

-6578.

0.00

107364.

0.00

203863.

0.00

281840.

0.00

340532.

0.00

379533.

0.00

398825.

0.00

398809.

0.00

380360.

0.00

348250.

0.00

313444,

0.00

276379.

0.00

237585.

0.00

198755.

0.00

161115.

0.00

124932.

0.00

92585.

22000.

21351.

20525.

19509.

18297.

16894.

15308.

13551.

11641.

9602.

7466.

5269.

3052.

859.8576

-1259.

-3056.

-3957.

-4211.

-4412.

-4490.

-4405.

-4237.

-3923.

-3452.

0.00

-9.30E-04

-0.00168

-0.00226

-0.00267

-0.00294

-0.00309

-0.00315

-0.00311

-0.00299

-0.00281

-0.00258

-0.00231

-0.00202

-0.00172

-0.00143

-0.00116
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-6.90E-04

-4.98E-04
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56.

56.

53.

47.

40.

32.

53.

48.

42.

36.

30.

1652
17.5200
6021
18.2500
5536
18.9800
9769
19.7100
7651
20.4400
7361
21.1700
6444
21.9000
6432
22.6300
9753
23.3600
4687
24.0900
9343
24.8200

0.1586 1

25.5500

-14.603

26.2800

-19.000

27.0100

-17.639

27.7400

-13.757

-9.

-5.

-2.

28.4700
321 1
29.2000
308 1
29.9300
018 1
30.6600

1.2592 2

31.3900

0.3399

32.1200

0.4155

32.8500

0.3954

33.5800

0.3261

34.3100

0.2404

35.0400

65563.
-0.00731
67865.
-0.00669
70168.
-0.00580
72470.
-0.00478
74772.
-0.00372
77074.
-0.00272
172861.
-0.00184
231880.
-0.00112
336325.
-5.80E-04
550554.
-2.15E-04
1258323.
-1.10E-06
258323.
1.02E-04
1258323.
1.32E-04
1258323.
1.23E-04
1258323.
9.58E-05
1258323.
6.49E-05
258323.
3.70E-05
258323.
1.40E-05
258323.
-4.38E-06
516646.
-1.33E-05
223212.
-1.60E-05
227816.
-1.49E-05
232420.
-1.21E-05
237025.
-8.72E-06
241629.
-5.64E-06

0.00
64476 .
0.00
40660.
0.00
20921.
0.00
4849.
0.00
-8100.
0.00
-18530.
0.00
-24829.
0.00
-27376.
0.00
-26604.
0.00
-23012.
0.00
-17029.
0.00
-11020.
0.00
-6124.
0.00
-2680.
0.00
-588.295
0.00
448.4589
0.00
769.5617
0.00
682.7496
0.00
440.5406
0.00
293.8321
0.00
172.4542
0.00
82.5159
0.00
22.7055
0.00
-12.138
0.00
-28.502

-2958.

-2476.

-2031.

-1642.

-1320.

-942.066

-494.046

-92.757

255.2075

550.4326

686.6195

623.3546

476.1747

315.6971

178.1856

77.1038

13.0274

-19.060

-22.385

-15.380

-12.072

-8.521

-5.361

-2.879

-1.132

.67E-05

.60E-05

.09E-04

.19E-04

.17E-04

.07E-04

.13E-05

.18E-05

.16E-05

.31E-05

.81E-05

.61E-06

.21E-06

.08E-06

.30E-06

.36E-06

.90E-06

.36E-06

.56E-06

.62E-07

.92E-08

.24E-07

.53E-07

.66E-07

.16E-07
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.00

.00

.00

.00

.00

.00

.00

.00

.00
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.00
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.00

.00

.00

.00

.00

.00

.00

.00

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.17E+10

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09



0.1585
35.7700
0.09096
36.5000
0.04128
37.2300
0.00870
37.9600
-0.00977
38.6900
-0.01792
39.4200
-0.01934
40.1500
-0.01700
40.8800
-0.01307
41.6100
-0.0089%4
42.3400
-0.00538
43.0700
-0.00272
43.8000
-9.81E-04
44 .5300
-3.45E-05
45.2600
3.23E-04
45.9900
3.10E-04
46.7200
0.00338
47.4500
7.66E-04
48.1800
-1.65E-04
48.9100
-2.63E-04
49.6400
-1.43E-04
50.3700
-4.23E-05
51.1000
3.34E-07
51.8300
8.68E-06
52.5600
5.72E-06
53.2900

246233.

-3.18E-06
250837.
-1.42E-06
255442,
-2.93E-07
260046.
3.23E-07
264650.
5.83E-07
269254,
6.19E-07
273859.
5.35E-07
278463.
4.04E-07
283067.
2.72E-07
287671.
1.61E-07
292276.
8.03E-08
296880.
2.85E-08
301484.
9.86E-10
306088.
-9.10E-09
310693.
-8.61E-09
315297.
-3.92E-09

7549938.

-8.89E-10
7549938.
1.92E-10
7549938.
3.06E-10
7549938.
1.65E-10
7549938.
4.91E-11
7549938.
0.00
7549938.
-1.01E-11
7549938.
-6.64E-12
7549938.
-2.41E-12

0.00
-32.629
0.00
-29.692
0.00
-23.512
0.00
-16.604

0.00
-10.404
0.00
-5.552
0.00
-2.169
0.00

-0.08604

.00

.9945

.00

.3867

.00

.3623

.00

.1257

0.00

0.8109
0.00
0.4914
0.00
0.1954
0.00
-0.07726
0.00
-0.09061
0.00
-0.04494
0.00
-0.01182
0.00
0.00111
0.00
0.00311
0.00
0.00185
0.00
6.10E-04
0.00
3.69E-05
0.00
-9.76E-05

P ORPRORFROOO

-0.03925

0.5399

0.7588

0.7542

0.6329

0.4697

0.31e5

0.1788

0.08241

0.01969

-0.01580

-0.03201

-0.03646

-0.03520

-0.03242

-0.01628

0.00187

0.00451

0.00263

8.50E-04

4.08E-05

-1.43E-04

-1.03E-04

-4.03E-05

-6.19E-06

.41E-07

.65E-07

.93E-08

.00E-08

.68E-08

.74E-09

.22E-08

.50E-08

.39E-08

.10E-08

.58E-09

.52E-09

.15E-09

.48E-10

.96E-10

.41E-10

.35E-10

.82E-11

.50E-12

.46E-11

.46E-12

.38E-12
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0.00

0.00
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2.08E-06
54.0200
2.39E-07
54.7500
-2.56E-07
55.4800
-2.19E-07
56.2100
-9.44E-08
56.9400
-1.92E-08
57.6700
6.10E-09
58.4000
7.91E-09
59.1300
4.05E-09
59.8600
1.12E-09
60.5900
-6.59E-11
61.3200
-2.67E-10
62.0500
-1.65E-10
62.7800
-5.65E-11
63.5100
-4.64E-12
64.2400
8.22E-12
64.9700
6.41E-12
65.7000
2.63E-12
66.4300

7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00
7549938.
0.00

0.00 7549938.

67.1600

0.00

0.00 7549938.

67.8900

0.00

0.00 7549938.

68.6200

0.00

0.00 7549938.

69.3500

0.00

0.00 7549938.

70.0800

0.00

0.00 7549938.

70.8100

0.00

0.00 7549938.

71.5400

0.00

0.00
-7.24E-05
0.00
-2.87E-05
0.00
-4.67E-06
0.00
2.64E-06
0.00
2.69E-06
0.00
1.27E-06
0.00
3.06E-07
0.00
-4.99E-08
0.00
-9.44E-08
0.00
-5.29E-08
0.00
-1.64E-08
0.00
-3.35E-10
0.00
3.06E-09
0.00
2.11E-09
0.00
7.91E-10
0.00
1.06E-10
0.00
-8.76E-11
0.00
-7.96E-11
0.00
-3.55E-11
0.00
-7.76E-12
0.00
1.94E-12
0.00
2.84E-12
0.00
1.51E-12
0.00
0.00
0.00
0.00

.95E-06

.87E-06

.79E-06

.19E-07

.92E-08

.37E-07

.52E-08

.28E-08

.41E-10

.46E-09

.00E-09
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.57E+09
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.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09



0.00 7549938. 0.00

72.2700 0.00 0.00 0.00 0.00 0.00 3.57E+09
0.00  7549938. 0.00

73.0000 0.00 0.00 0.00 0.00 0.00 3.57E+09
0.00 3774969. 0.00

* This analysis computed pile response using nonlinear moment-curvature rela-
tionships. Values of total stress due to combined axial and bending stresses

are computed only for elastic sections only and do not equal the actual

stresses in concrete and steel. Stresses in concrete and steel may be inter-

polated from the output for nonlinear bending properties relative to the
magnitude of bending moment developed in the pile.

Output Summary for Load Case No. 1:

Pile-head deflection = 0.34166585 inches

Computed slope at pile head = 0.000000 radians

Maximum bending moment = -1161226. inch-1bs

Maximum shear force = 22000. 1lbs

Depth of maximum bending moment = 0.000000 feet below pile head
Depth of maximum shear force = 0.000000 feet below pile head
Number of iterations = 13

Number of zero deflection points = 14

Computed Values of Pile Loading and Deflection
for Lateral Loading for Load Case Number 2

Pile-head conditions are Shear and Moment (Loading Type 1)

Shear force at pile head = 22000.0 1bs
Applied moment at pile head = 0.0 in-1bs
Axial thrust load on pile head = 119000.0 1bs
Depth Deflect. Bending Shear Slope Total Bending
Res. Soil Spr. Distrib.
X y Moment Force S Stress Stiffness
Es*H Lat. Load
feet inches in-1bs lbs radians psi* lb-in~2

1b/inch 1b/inch 1b/inch

0.00 1.4883 2.71E-07 22000. -0.01615 0.00 1.17E+10
-78.823 231.9700 0.00
0.7300 1.3469 206527. 21201. -0.01607 0.00 1.17E+10

-103.654 674.1594 0.00

Soil



1.4600
-132.356
2.1900
-165.890
2.9200
-203.158
3.6500
-244.163
4.3800
-288.902
5.1100
-337.377
5.8400
-389.588
6.5700
-386.656
7.3000
-377.827
8.0300
-365.587
8.7600
-348.334
9.4900
-319.432
10.2200
-275.962
10.9500
-160.543
11.6800
-18.331
12.4100
27.9356
13.1400
34.4099
13.8700
37.3642
14.6000
38.6008
15.3300
38.7513
16.0600
267.8691
16.7900
253.2485
17.5200
230.1178
18.2500
201.6242
18.9800
170.4649

1.2068
960.7632
1.0694
1359.
0.9361
1901.
0.8085
2645.
0.6879
3679.
0.5752
5138.
0.4717
7235.
0.3779
8963.
0.2944
11244,
0.2213
14471.
0.1587
19224.
0.1063
26318.
0.06360
38010.
0.02983
47146.
0.00411
39049.
-0.01456
16806.
-0.02721
11077.
-0.03484
9395,
-0.03841
8803.
-0.03887
8734.
-0.03709
63261.
-0.03384
65563.
-0.02970
67865.
-0.02517
70168.
-0.02061
72470.

404939.

0.00

592878.

0.00

767587.

0.00

926036.

0.00

1064925.

0.00

1180684.

0.00

1269478.

0.00

1327213.

0.00

1354055.

0.00

1350656.

0.00

1317958.

0.00

1257318.

0.00

1171014.

0.00

1062468.

0.00

940643.

0.00

816574.

0.00

693932.

0.00

573332.

0.00

455118.

0.00

339494.

0.00

226579.

0.00

134043.

0.00

60836.

0.00

5241.

0.00

-34886.

0.00

20167.

18861.

17244.

15285.

12950.

10207.

7023.

3623.

274.5914

-2982.

-6109.

-9033.

-11641.

-13553.

-14337.

-14294.

-14021.

-13707.

-13374.

-13035.

-11692.

-9410.

-7293.

-5402.

-3772.

-0.01584

-0.01545

-0.01489

-0.01417

-0.01332

-0.01234

-0.01126

-0.01012

-0.0089%4

-0.00774

-0.00656

-0.00543

-0.00437

-0.00340

-0.00253

-0.00179

-0.00116

6.39E-04

2.30E-04

7.54E-05
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.17E+10
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.01E+10

.00E+10

.96E+09

.92E+09

.91E+09

.91E+09

.93E+09

.97E+09

.00E+10

.01E+10

.02E+10
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.09E+10

.12E+10
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.17E+10

.17E+10
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19.7100
138.8551
20.4400
108.5314
21.1700
72.1858
21.9000
65.5417
22.6300
58.2564
23.3600
50.0822
24.0900
40.2600
24.8200
14.2400
25.5500
-31.385
26.2800
-34.991
27.0100
-35.261
27.7400
-33.889
28.4700
-31.407
29.2000
-28.810
29.9300
-13.551
30.6600
-1.240
31.3900
1.1030
32.1200
1.5989
32.8500
1.6323
33.5800
1.4089
34.3100
1.0792
35.0400
0.7410
35.7700
0.4489
36.5000
0.2255
37.2300
0.07295

-0.01627
74772.
-0.01234
77074.
-0.00892
70930.
-0.00606
94763.
-0.00378
134948.
-0.00207
212401.
-8.63E-04

408894 .

-9.91E-05

1258323.

3.19E-04
862829.
4.92E-04
622678.
5.08E-04
608513.
4.33E-04
685464.
3.19E-04
861160.
2.01E-04

1258323.

9.43E-05

1258323.

4.32E-06

2516646.

-4.33E-05

223212.

-6.15E-05

227816.

-6.15E-05

232420.

-5.21E-05

237025.

-3.91E-05

241629.

-2.64E-05

246233.

-1.57E-05

250837.

-7.73E-06

255442.

-2.46E-06
260046.

-619
0.0
-782
0.0
-861
0.00
-884
0.00
-856
0.00
-783
0.00
-671
0.00
-527
0.00
-372
0.00
-241
0.00
-137
0.00
-59
0.00
-811.
0.00
19
0.00
24
0.00
19
0.00
13
0.00
843.9
0.00
441.1
0.00
162.5
0.00
-8.
0.00
-96.
0.00
-127.
0.00
-123.
0.00
-102.
0.00

05.

0
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0
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26.

71.
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604

851

473

-2417.

-1334.

-542.159

61.0877

603.3232

1078.

1474.

1712.

1637.

1346.

1039.

735.8502

449.8536

186.1043

0.5659

-64.218

-64.819

-52.985

-38.832

-25.512

-14.614

-6.641

-1.430

1.5242

2.8316
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.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09



37.9600
-0.01860
38.6900
-0.06363
39.4200
-0.07708
40.1500
-0.07182
40.8800
-0.05759
41.6100
-0.04099
42.3400
-0.02587
43.0700
-0.01406
43,8000
-0.00600
44,5300
-0.00132
45.2600
7.38E-04
45.9900
0.00106
46.7200
0.01332
47.4500
0.00380
48.1800
-1.31E-04
48.9100
-8.48E-04
49.6400
-5.39E-04
50.3700
-1.90E-04
51.1000
-1.85E-05
51.8300
2.56E-05
52.5600
2.08E-05
53.2900
8.72E-06
54.0200
1.66E-06
54.7500
-6.41E-07
55.4800
-7.59E-07

6.16E-07
264650.
2.07E-06
269254,
2.47E-06
273859.
2.26E-06
278463.
1.78E-06
283067.
1.25E-06
287671.
7.76E-07
292276.
4.15E-07
296880.
1.74E-07
301484.
3.76E-08
306088.
-2.08E-08
310693.
-2.94E-08
315297.
-1.55E-08

7549938.

-4.41E-09

7549938.

1.52E-10
7549938.
9.84E-10
7549938.
6.26E-10
7549938.
2.20E-10
7549938.
2.15E-11
7549938.
-2.97E-11
7549938.
-2.41E-11
7549938.
-1.01E-11
7549938.
-1.92E-12
7549938.
0.00
7549938.
0.00
7549938.

-75.235
0.00
-49,231
0.00
-27.984
0.00
-12.581
0.00

1
N
()}
921
~N

.00
.8548
.00
.2134
.00
.5731
.00
.8393
.00
.6330
.00
.3165
.00
.0507
0.00
-0.136
0.00
-0.301
0.00
-0.173
0.00
-0.05535
0.00
-0.00218
0.00
0.00962
0.00
0.00685
0.00
0.00264
0.00
3.89E-04
0.00
-2.69E-04
0.00
-2.57E-04
0.00
-1.18E-04
0.00
-2.69E-05
0.00

P ONOWOPRPOUIODUIONO®

3.0697

2.7095

2.0932

1.4410

0.8742

0.4424

0.1495

-0.02543

-0.113

-0.145

-0.148

-0.140

-0.07700

-0.00201

0.01407

0.00978

0.00370

5.11E-04

-4.00E-04

-3.69E-04

-1.66E-04

-3.67E-05

8.72E-06

1.32E-05

7.03E-06

.58E-07

.06E-07

.08E-08

.90E-08

.77E-08

.75E-08

.76E-08

.43E-08

.15E-08

.11E-08

.83E-09

.06E-10

.43E-09

.91E-10

.08E-10

.70E-11

.36E-11

.45E-11

.43E-11

.60E-12

.12E-12

.27E-12

0.00

0.00

0.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09

.57E+09



56.2100 0.00
-3.78E-07 7549938.
56.9400 0.00
-9.98E-08 7549938.
57.6700 0.00
9.05E-09 7549938.
58.4000 0.00
2.60E-08 7549938.
59.1300 0.00
1.55E-08 7549938.
59.8600 0.00
5.14E-09 7549938.
60.5900 0.00
3.22E-10  7549938.
61.3200 0.00
-8.14E-106  7549938.
62.0500 0.00
-6.07E-10  7549938.
62.7800 0.00
-2.42E-106  7549938.
63.5100 0.00
-3.96E-11 7549938.
64.2400 0.00
2.20E-11 7549938.
64.9700 0.00
2.26E-11 7549938.
65.7000 0.00
1.06E-11 7549938.
66.4300 0.00
2.58E-12 7549938.
67.1600 0.00
0.00  7549938.
67.8900 0.00
0.00  7549938.
68.6200 0.00
0.00  7549938.
69.3500 0.00
0.00  7549938.
70.0800 0.00
0.00  7549938.
70.8100 0.00
0.00  7549938.
71.5400 0.00
0.00  7549938.
72.2700 0.00
0.00  7549938.
73.0000 0.00
0.00 3774969.

5.59E-06
0.00
9.11E-06
0.00
4.96E-06
0.00
1.48E-06
0.00
-5.52E-09
0.00
-3.00E-07
0.00
-1.99E-07
0.00
-7.25E-08
0.00
-8.53E-09
0.00
8.81E-09
0.00
7.58E-09
0.00
3.29E-09
0.00
6.76E-10
0.00
-2.08E-10
0.00
-2.74E-10
0.00
-1.41E-10
0.00
-3.91E-11
0.00
2.11E-12
0.00
9.23E-12
0.00
5.73E-12
0.00
1.98E-12
0.00
0.00
0.00
0.00
0.00
0.00
0.00

.05E-06

.93E-08

.37E-07

.83E-07

.01E-07

.0O9E-08

.30E-08

.0O9E-08

.63E-09

.15E-10

.17E-10

.95E-10

.00E-10

.40E-11

.91E-12

.34E-11

.16E-12

.76E-12

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

.00

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

3.57E+09

* This analysis computed pile response using nonlinear moment-curvature rela-



tionships. Values of total stress due to combined axial and bending stresses
are computed only for elastic sections only and do not equal the actual
stresses in concrete and steel. Stresses in concrete and steel may be inter-
polated from the output for nonlinear bending properties relative to the
magnitude of bending moment developed in the pile.

Output Summary for Load Case No. 2:

Pile-head deflection = 1.48831966 inches

Computed slope at pile head -0.0161460 radians

Maximum bending moment = 1354055. inch-1bs

Maximum shear force = 22000. 1bs

Depth of maximum bending moment = 7.30000000 feet below pile head
Depth of maximum shear force = 0.000000 feet below pile head
Number of iterations = 25

Number of zero deflection points = 14

Definitions of Pile-head Loading Conditions:

Load Type 1: Load 1 = Shear, V, lbs, and Load 2 = Moment, M, in-1bs
Load Type 2: Load 1 = Shear, V, lbs, and Load 2 = Slope, S, radians
Load Type 3: Load 1 = Shear, V, lbs, and Load 2 = Rot. Stiffness, R, in-1lbs/rad.
Load Type 4: Load 1 = Top Deflection, y, inches, and Load 2 = Moment, M, in-1lbs
Load Type 5: Load 1 = Top Deflection, y, inches, and Load 2 = Slope, S, radians
Load Load Load Axial Pile-head Pile-head Max
Shear Max Moment
Case Type Pile-head Type Pile-head Loading Deflection Rotation in
Pile in Pile

No. 1 Load 1 2 Load 2 lbs inches radians

in-1bs

1 Vv, 1b 22000. S, rad 0.00 119000. 0.3417 0.00
22000. -1161226.

2 V, 1b 22000. M, in-1b 0.00 119000. 1.4883 -0.01615
22000. 1354055.
Maximum pile-head deflection = 1.4883196649 inches
Maximum pile-head rotation = -0.0161460339 radians = -0.925100 deg.

The analysis ended normally.

1bs
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Project Information

Project Number: 10331846
Project Name: AF-RO

Location: Alexandria, VA
Calculations By: ES
Date: 9/27/2022

Checker: HNP
Site Classification Results

Boring No. 22-Cmwilth-BR-01

Method Site Class
N-value 12 bpf E
Su 1609 psf D
N-value Su
Bottom of Midpoint of  Thickness of
Top of Layer Layer Layer Layer N-value Material Su Sand Layers Di Di/Ni Di/Su
ft ft ft ft bpf psf
0 2 1 2 10 Sand 1 2 0.20 0.000
2 4 3 2 10 Sand 1 2 0.20 0.000
4 6 5 2 10 Sand 1 2 0.20 0.000
6 8 7 2 3 Clay 750 0 0 0.00 0.003
8 13 10.5 5 7 Clay 750 0 0 0.00 0.007
13 18 15.5 5 13 Clay 750 0 0 0.00 0.007
18 23 20.5 5 7 Sand 1 5 0.71 0.000
23 28 255 5 4 Sand 1 5 1.25 0.000
28 33 30.5 5 32 Sand 1 5 0.16 0.000
33 38 35.5 5 19 Sand 1 5 0.26 0.000
38 43 40.5 5 28 Sand 1 5 0.18 0.000
43 48 455 5 20 Sand 1 5 0.25 0.000
48 53 50.5 5 7 Clay 750 0 0 0.00 0.007
53 58 55.5 5 35 Clay 3000 0 0 0.00 0.002
58 63 60.5 5 24 Clay 3000 0 0 0.00 0.002
63 68 65.5 5 43 Clay 3000 0 0 0.00 0.002
68 73 70.5 5 37 Clay 3000 0 0 0.00 0.002
73 78 75.5 5 40 Clay 3000 0 0 0.00 0.002
78 83 80.5 5 70 Sand 1 5 0.07 0.000
83 88 85.5 5 53 Clay 3000 0 0 0.00 0.002
88 93 90.5 5 45 Clay 3000 0 0 0.00 0.002
93 98 95.5 5 63 Clay 3000 0 0 0.00 0.002
98 100 99 2 73 Clay 3000 0 0 0.00 0.001
41 3.48 0.037



Project Information

Project Number: 10331846
Project Name: AF-RO

Location: Alexandria, VA
Calculations By: ES
Date: 9/27/2022

Checker: HNP
Site Classification Results

Boring No. 22-Cmwlth-BR-02

Method Site Class
N-value 6 bpf E
Su 914 psf E
N-value Su
Bottom of Midpoint of  Thickness of
Top of Layer Layer Layer Layer N-value Material Su Sand Layers Di Di/Ni Di/Su
ft ft ft ft bpf psf
0 2 1 2 31 Sand 1 2 0.06 0.000
2 4 3 2 9 Sand 1 2 0.22 0.000
4 6 5 2 4 Sand 1 2 0.50 0.000
6 8 7 2 3 Clay 500 0 0 0.00 0.004
8 13 10.5 5 8 Clay 500 0 0 0.00 0.010
13 18 15.5 5 4 Clay 500 0 0 0.00 0.010
18 23 20.5 5 8 Clay 500 0 0 0.00 0.010
23 28 255 5 3 Sand 1 5 1.67 0.000
28 33 30.5 5 9 Sand 1 5 0.56 0.000
33 38 35.5 5 13 Clay 500 0 0 0.00 0.010
38 43 40.5 5 3 Sand 1 5 1.67 0.000
43 48 455 5 11 Sand 1 5 0.45 0.000
48 53 50.5 5 15 Clay 1000 0 0 0.00 0.005
53 58 55.5 5 8 Clay 1000 0 0 0.00 0.005
58 63 60.5 5 13 Sand 1 5 0.38 0.000
63 68 65.5 5 20 Sand 1 5 0.25 0.000
68 73 70.5 5 4 Sand 1 5 1.25 0.000
73 78 75.5 5 69 Clay 3000 0 0 0.00 0.002
78 83 80.5 5 70 Clay 3000 0 0 0.00 0.002
83 88 85.5 5 66 Clay 3000 0 0 0.00 0.002
88 93 90.5 5 51 Clay 3000 0 0 0.00 0.002
93 98 95.5 5 68 Clay 3000 0 0 0.00 0.002
98 100 99 2 78 Sand 1 2 0.03 0.000
43 7.04 0.062



Project Information

Project Number: 10331846
Project Name: AF-RO

Location: Alexandria, VA
Calculations By: ES
Date: 9/27/2022 Boring No. 22-King-BR-01

Checker: HNP
Site Classification Results

Method Site Class
N-value 15 bpf D
Su 1935 psf D
N-value Su
Bottom of Midpoint of  Thickness of
Top of Layer Layer Layer Layer N-value Material Su Sand Layers Di Di/Ni Di/Su
ft ft ft ft bpf psf
0 2 1 2 10 Sand 1 2 0.20 0.000
2 4 3 2 10 Sand 1 2 0.20 0.000
4 6 5 2 10 Sand 1 2 0.20 0.000
6 8 7 2 8 Clay 1000 0 0 0.00 0.002
8 13 10.5 5 11 Clay 1000 0 0 0.00 0.005
13 18 15.5 5 9 Clay 1000 0 0 0.00 0.005
18 23 20.5 5 3 Clay 500 0 0 0.00 0.010
23 28 255 5 36 Sand 1 5 0.14 0.000
28 33 30.5 5 20 Clay 3000 0 0 0.00 0.002
33 38 35.5 5 24 Clay 3000 0 0 0.00 0.002
38 43 40.5 5 25 Clay 3000 0 0 0.00 0.002
43 48 455 5 28 Clay 3000 0 0 0.00 0.002
48 53 50.5 5 39 Clay 3000 0 0 0.00 0.002
53 58 55.5 5 41 Clay 3000 0 0 0.00 0.002
58 63 60.5 5 59 Clay 3000 0 0 0.00 0.002
63 68 65.5 5 68 Clay 3000 0 0 0.00 0.002
68 73 70.5 5 37 Clay 3000 0 0 0.00 0.002
73 78 75.5 5 41 Clay 3000 0 0 0.00 0.002
78 83 80.5 5 39 Clay 3000 0 0 0.00 0.002
83 88 85.5 5 29 Clay 3000 0 0 0.00 0.002
88 93 90.5 5 55 Clay 3000 0 0 0.00 0.002
93 98 95.5 5 57 Clay 3000 0 0 0.00 0.002
98 100 99 2 64 Clay 3000 0 0 0.00 0.001
11 0.74 0.046
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