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Subject: Final Foundation Report for Retaining Wall 349
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Dear Dr. Salama:

Attached please find the Final Foundation Report for the subject retaining wall. This report
contains the findings and conclusions of our field investigation and laboratory testing program.
This report also contains our recommendations for the design and construction of the bridge
foundations.

Earlier versions of this report dated August 13, 2012 and April 23, 2012 were submitted to
Caltrans for review. Caltrans provided their comments in a memorandum dated September 5,
2012 and August 1, 2012. Caltrans review comments and EMI responses are included in
Appendix D. Our responses to all the review comments have been incorporated into this report.

We appreciate the opportunity to provide geotechnical design services for this project. If you
have any questions, please call us.

Sincerely,

EARTH MECHANICS, INC.

N Io
<9 ,’ 4/4(
QT
/&8
/’/ 22 LINO C. CHEANG

NO. GE 2983
EXP. 1213113

\ EXP. 9/301‘13

R
”4_ * e

E&'
o ( NO. GE 2345
*
LP

~fne |G j’ e S
(Raja) S. Pirathiviraj, GE 2963 ”'/} Lino Cheang, GE 2345 OF i M\(‘
Senior Staff Engineer Project Manager

SP/sp,lcc

17800 Newhope Street, Suite B, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928



FINAL FOUNDATION REPORT

RETAINING WALL 349
ORANGE COUNTY, CALIFORNIA
12-ORA-5, PM 6.62
CALTRANS PROJECT NO. 1200020279 (EA 12-0F96E4)

Prepared for:
TRC Solutions, Inc.

123 Technology Drive West
Irvine, California 92618

Prepared By:

Earth Mechanics, Inc.
17800 Newhope Street, Suite B
Fountain Valley, California 92708
EMI Project No. 11-137

October 5, 2012

Earth Mechanics, Inc.

Geotechnical & Farthquake Engineerin




TABLE OF CONTENTS

Section Page
1.0 INTRODUCGCTTION...cociiiiiiinieiniinnerietisssessesssssssssosssssssssasssssssssssssssssssssssssesssnssssmssnssnsessasssass 1
1.1 Purpose and Scope Of STUAY ...cc..oiiiiiiiii e e 1

1.2 ProgEet DRSEIIPHIDN . .. oiemsssnerernsssuessinnsnennonnssssnsivisbosssiosionsestsbansssssnsasasnssnassssnsonsssassssnss 1

2.0 FIELD INVESTIGATION AND LABORATORY TESTING .couoommereeeeeeeeeeeresssssenesesne 3
2.1 Field InivestiBalion s s s s i s s i s s s sk siianasiion 3

2.2 Taboratory IO s s e sm e s oo s s s o s e e TR T 644 SR b 4
3.0:GEOLOGY AND SEISMICTT'Y commanumssmmssmimisesmssssossssiss sy symsiseomsmsssii 5
3.1 PHYSIODRAPI oo comusmssmssmm s oo wsssmss oo 00 S B S5 S S 5

3.2 Geolo@IC SITUCTUTE ..ottt et e st a s e ra e s e e e anaees 5

3.3 Geologle HAzard. ... e e 5

34 SEISIIICILY L. etie ittt ettt ettt et e e ebe e b e eabeesae e st e ehe s ese e e emseeas s et e e e e e s essn e s s enn e e ns 8

4.1 SUBSHRFACE CONDELTONS cinmmmnsomimni s it e s 12
L L 12

4.2 Groundwaler Comtifons. . cvrmmmmsissrmmimimsmnismmmssssimimms s s swssss 13

5.0 CONCLUSIONS AND RECOMMENDATIONS...ccoiimiimiiimssmiimssnssnsacssssssnasssisssnnsssssanss 14
5.1 Se1smic Desi@n Criteria.. . oottt e e e ees e eane e 14

5.2 LAQUETACTION ..eoniiiiiiiiit et nr e e nnes 14

D Boll OO I s o e O S e T e S S S s 14

54 FeundationDesign for Tigbaek Wall.c...cccuiinnmnimmmimsumsmmasmsivessviss 15
I T B D 1 155 1 B S (T (X 15

542 Unbonded Length.......ccoooiiee e e 16

543 Bonded Length. ..o e 16
1R e s L i — 18

545 DBearing Capaeily and Wall Frietiom cocumcmscosmsssmsmsswnsmsmsss s 18

5.4.6  Slope Stability ....cccooiiiiii e e e 18

5.5 Foundation Design For Soil Nail Wall........c..coooviiieiiioiieie e e 18
5.5. 1 SO0l NALIS . ee e s 19

8§52 Lateral Barth Pressure for Boil Nail Wall sssssaasvnssmmanaaassssis 19

S5B8  BlHIP .o e e oy e S SR 20

6.0 CONSTRUCTION RECOMMENDATIONS....ccciiimiiminsiasnissiannsinasseamessmessmssns snsssnsnes 21
0.1 Earthwork ... e 21

0.2 WAL ZODE ..ottt et e s e e ese e nr e s e e s e s e e e e neenan 21

6.3 Temporary EXCAVALIONS ...veiieiieiiieeeiieeiies e eseseeeesssiaeessessnssessesssesesssesseeeeenseasanm eesnneeans 21

N - T ———— 22

6.5  Soil Nail InStallation .....ocieicr it aeeanaaas 23

6.6 Surface and Subsurface DIalnage ........oooeviieeieeiieieiiesie et e e 23

i

Earth Mechanics, Inc.

Geolechnical & Earthquake Enginaerin




6.8 Geotechnical Observation and TeStNE .....voevviieeieeriie e 24
Tl LIMIT AT TOINS ccisisscimnsisisiiin sinnmnerommmsassstncssnsssnse sprmnss senssass sy prs sans s asasas s s ssmns massmmmn sesnanss 25
8.0} RIEFE RTINS i ssssniimih s s siasis s A5 bk ki Ao hmmp snsmstnss mmssmms s R s s A 26
LIST OF TABLES
Table 2-1. Geotechnical Exploration Information ...........ccoooooiiiiiooiiieceee e 3
Table 4-1. Idealized Soil Profile and Strength Parameters...........cooevveeeeeioeoioiiiiicceeeeee 12
Table 5-1. Soil Corrosion Test RESUILS ......ccoiiiiiiiiiiceccecceecee e e 15
Tabled-2. Ticback Wall Pettinent IDatA s smissenmmiisssonmsssss st iaminsnmmmmmenerssssaranssestassssssssass 15
Table 5-3. Existing Via California OC, Abutment-1 Foundation Data..............ccccooovivviineiinnnn 15
Table 5-4. Retaining Wall Pertinent Data..............oooooiiiiiiiiiiiceeeeeeee e, 18
Table 5-5. SNAILZ Input Design Data..........ccooviiiiiieiee et 19
LIST OF FIGURES
Figure 1] Site Lotslion NIRD. .oy s iy s s M s 2
Figure 3-1. Regional Map of Active Faults and Physiography ........cccccooooiiiiiiiii 6
Figure 3-2. Map of Liquefaction Potential ... ¥
Figure 3-3. Geolo@iCal MAP ....c.coiiiiie ettt e 9
Figure 5-1. Lateral Earth Pressures Against Tieback Wall............ccccooooiiiiiiiiiiiiiiceceeee e 17
APPENDICES

Appendix A. Log of Test Boring Sheets

Appendix B. Laboratory Test Results

Appendix C. Design Calculations

Appendix D. Caltrans Review Comments and EMI Responses

1
Earth Mechanics, Inc.

technical & Earthquake Engine




1.0 INTRODUCTION
1.1 PURPOSE AND SCOPE OF STUDY

This Foundation Report presents the findings and conclusions of a geotechnical investigation
conducted by Earth Mechanics, Inc. (EMI). It presents foundation design and construction
recommendations for the proposed Retaining Wall 349 located in front and on both sides of
Abutment 1 of the existing Via California Overcrossing (OC) (Bridge No. 55-0225). A site
location map is presented in Figure 1-1.

EMI is a subconsultant to TRC Solutions, Inc. (TRC). The geotechnical services provided for
this project included the following tasks:

e Collection and review of existing geotechnical information;
o Field exploration consisting of drilling and logging exploratory borings;
e Laboratory testing of selected bulk and relatively undisturbed soil samples;

e Engineering calculations and analysis to develop foundation design and construction
recommendations; and

e Preparation of this report presenting our findings, conclusions, and recommendations.

1.2 PROJECT DESCRIPTION

The California Department of Transportation (Caltrans), in cooperation with the Orange County
Transportation Authority (OCTA) and the cities of Dana Point and San Juan Capistrano,
proposes to improve the I-5 corridor. The project’s southern terminus is approximately 0.6 mile
south of the PCH/Camino Las Ramblas Interchange (I-5 Mainline Station 340+00) in the City of
Dana Point. The northern terminus of the project is approximately 0.2 mile south of San Juan
Creek Road (I-5 Mainline Station 465+00) in the City of San Juan Capistrano. The total project
length along the I-5 corridor is approximately 2.5 miles. However, according to the Project
Report prepared in October 2011, the proposed project improves the I-5 corridor from
I-5 Mainline Stations 340+00 (southern project limit) to 407+50. From 1-5 Mainline Stations
407+50 to 465+00 (northern project limit), the proposed project will consist primarily of
restriping the existing pavements only.

The proposed Retaining Wall 349 is approximately 1315 feet long with a maximum wall height
of 26 feet. The portion of the proposed wall within the limits of the Via California OC is a
tieback wall. Soil nail walls are proposed outside the Via California OC limits.

The existing Via California OC was constructed in 1960 and consists of a six-span bridge. The
abutments and bents are supported on spread footings. A tieback wall was installed at
Abutment 7 in 1973. The bridge also received an earthquake retrofit in 1997. Soundwall No. 105
was constructed just south of the Via California OC along Via Lopez on top of the slope in 2001.
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING
2.1 FIELD INVESTIGATION

A geotechnical field investigation was conducted between September 27 and October 4, 2011.
Three soil borings and two cone penetration test (CPT) soundings were performed under the
supervision of EMI. Boring information, including surveyed locations and elevations, are
summarized in Table 2-1. Locations of the borings and CPTs are shown on the LOTB sheets
provided in Appendix A.

Table 2-1. Geotechnical Exploration Information

Buring/ SAation. { ovpt g::fn?; B(’:}ffﬂm ci;(:::rd Dbl
cpy | Easting  Northing (‘:}Iegge) (feet) | Ele. B;’;;L‘_‘g Fle. D
(feet) (feet) (feet)

CPT-11-300 | 6,129,956 | 2,115.431 | 352405 | 77Lt | +201.9 | +189.3 | NM CPT
A-11310 | 6,129,685 | 2,115,561 | 354496 | 1521t | +2259 | +1844 | NE HSA
CPT-11311 | 6,129,491 | 2,115,811 | 358+05 @ 86Lt & +199.3 | +189.3  NM CPT
A-11312 | 6,129,110 | 2,116,072 | 362+65 | 131Lt| +1849 | +1334 = NE HSA
A-11313 | 6,129322 | 2,115,848 | 359+58 | 1661t | +225.6 | +174.1 = NE HSA
Notes:

(1) A-Line = I-5 Mainline; NE = Not Encountered; NM = Not Measured.
(2) CPT = Cone Penetration Test; HSA = Hollow-Stem Auger.

Borings were drilled using a truck-mounted drill rig equipped with 8-inch diameter hollow-stem
augers. Sampling was performed by alternating the Modified California Drive (MCD) sampler
and Standard Penetration Test (SPT) sampler. The soil sampling interval was generally 5 feet.

Relatively undisturbed soil samples were obtained using a 3.25-inch outer diameter MCD
sampler lined with brass rings. Each of these brass rings is 1-inch long with a 2.5-inch outside
diameter. The SPT sampler (1.4-inch inside diameter) was also used to obtain soil samples. The
MCD and SPT samplers were driven 18 inches into the ground or until refusal was encountered
using a 140-1b hammer free falling from a height of 30 inches. Automatic hammer were used to
drive samplers in the truck-mounted drill rig. The numbers of blows to advance the sampler each
6 inches of penetration were recorded. The number of blows for the final 12 inches or shorter of
driving was recorded on the boring logs and LOTB sheets. Charts published by Winterkorn and
Fang (1975) can be used to determine a reduction factor used to convert blowcounts recorded
using the modified California Drive sampler into SPT blowcounts. Using those charts, we
obtained a reduction factor of 0.5 which was used for this project.

The CPT sounding was performed using an electronic cone penetrometer in general accordance
with current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT equipment
consisted of a cone penetrometer assembly mounted at the end of a series of hollow sounding
rods. The cone penetrometer assembly consisted of a conical tip with a 60° apex angle and a

Earth Mechanics, Inc.
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projected cross sectional area of 1.55 in? (10 cm?) and a cylindrical friction sleeve with a surface
area of 23.25 in® (150 ecm?). The interior of the cone penetrometer is instrumented with strain
gauges that allow simultaneous measurements of cone tip and friction sleeve resistance during
penetration. The cone penetrometer assembly is continuously pushed into the soil by a set of
hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone tip
resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored in
digital form. A specially designed all-wheel drive 25-ton truck provides the required reaction
weight for pushing the cone assembly and is also used to transport and house the testing
equipment. The computer generated graphical logs include tip resistance, friction resistance, and
friction ratio. Soil behavior type interpretations are based on guidelines by Robertson and
Campanella (1989).

2.2 LABORATORY TESTING

Soil samples considered representative of the subsurface conditions were tested to obtain or
derive relevant physical and engineering soil properties. The following laboratory tests were
conducted to supplement the observations recorded during the field investigation:

e In-situ Moisture Content and Unit Weight
e Percent Passing No. 200 Sieve

e Direct Shear

e Unconsolidated Undrained Triaxial

e Consolidation

e  Minimum Resistivity, pH, Sulfate Content and Chloride Content

The laboratory tests were conducted in general accordance with California Test Methods or
American Society for Testing and Materials (ASTM) Standards. Laboratory test results are
included in Appendix B.

Earth Mechanics, Inc.
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3.0 GEOLOGY AND SEISMICITY
3.1 PHYSIOGRAPHY

The project area is in the northwestern part of the Peninsular Ranges physiographic province.
The Peninsular Ranges comprise a northwest-southeast trending group of fault-bounded ranges
between the Salton Trough and the Pacific Ocean. The Santa Ana Mountains, Puente Hills, and
San Joaquin Hills are ranges within the Peninsular Ranges.

The site 1s located on the low lying rolling hills westerly of the Santa Ana Mountains at the
southerly end of the San Joaquin Hills in an area referred to as the Capistrano Embayment.

3.2 GEOLOGIC STRUCTURE

The geological structure at the site consists of slightly to moderately folded bedrock of the
Capistrano formation overlain by horizontally bedded Quaternary terrace deposits and alluvium
without any notable geological structures such as faults, folds, or unconformities. The northerly
portion of the project is underlain by deposits of the McCracken Hill landslide which is
described in Section 3.3

The Capistrano Formation is widespread throughout the southern part of Orange County, which
is known geologically as the Capistrano Embayment. The Capistrano Embayment is the name
given to the structural/stratigraphic block west of the Cristianitos Fault. Geologic faults in the
region are shown on Figure 3-1. Geological structure in the Capistrano Embayment area consists
primarily of a broad, gentle syncline of the Monterey and Capistrano Formations between the
San Joaquin Hills and the Santa Ana Mountains. This structure originated as a deep submarine
structural trough that has since been uplifted at least 3000 feet from the marine environment to
its present position above sea level (Ehlig, 1989). Subsequent regional uplift during the late
Pliocene and Pleistocene time resulted in folding of the bedrock units.

The bedrock of the Capistrano Formation underlying the site was found to be massive to poorly
bedded. Where bedding was observed, the strikes were generally to the northeast with shallow
dips less than about 10 degrees westerly. Throughout the project corridor, the dominant
structural pattern is high-angle joints and fractures within the Capistrano bedrock.

Pleistocene Terrace Deposits unconformaly overlie the Capistrano Formation. The contact is
generally undulatory, with a slight overall dip seaward averaging about 2 degrees. This erosional
contact is marked by cobble and boulder rich beds of varying thicknesses.

3.3 GEOLOGIC HAZARD

The geological hazards present at the site include earthquake shaking and landsliding. The site
lies outside identified tsunami inundation zones (CGS, 2009), and there are no large bodies of
water within the site area that could generate a seiche. There are no volcanos in the region and
there are no known active surface faults within the project area so ground rupture is not a factor.
As shown in Figure 3-2, the California Geological Survey (CGS, 2001a) has indicated that the
project alignment has a low susceptibility to liquefaction during a strong earthquake. The
potential for liquefaction is discussed in detail in Section 5.2.

_Earth Mechanics, Inc.
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The Capistrano Formation bedrock underlying the majority of the site is notoriously susceptible
to landsliding. The landslides are shown in Figure 3-3. At the north of PCH/Camino Las
Ramblas Interchange, the I-5 alignment traverses the McCracken 1111l Landslide. The remnant
headscarp of this ancient landslide is defined by a west to northwest facing slope that extends for
about 7000 feet on the eastern side of the 1-5 Freeway (AMEC, 2006a and 2006b). It is believed
that the landslide occurred between 11,000 to 30,000 years ago when the sea level was lower
than present day and San Juan Creek carved a deep channel on its course to the Pacific Ocean.
During the Pleistocene, the climate was considerably wetter than present day and this combined
with the loss of support at the toe of the slope due to erosion by San Juan Creek are believed to
have been causative factors in the landslide failure. Since the landslide failure, a considerable
thickness of alluvium has infilled the ancestral San Juan Creek channel with deposits more than
130 feet thick forming a natural buttress for the landslide mass. Extensive investigations of the
landslide performed by Leighton and Associates (Leighton, 2004) and AMEC (AMEC, 2006a,
2006b, and 2000a through 2000e¢) in conjunction with proposed residential developments in the
area indicate that the landslide is stable.

In addition, a smaller landslide is present along the PCH NB on-ramp to 1-5 SB. The slope
ascending from the PCH NB on-ramp to 1-5 SB is underlain by Quaternary Terrace Deposits
overlying bedrock of the Capistrano Formation. A landslide measuring approximately 150 feet
wide by 300 fect long was observed on this slope during field mapping. Research of files at the
City of Dana Point did not reveal any geologic reports relating to the landslide or details of when
it occurred. Based on the geomorphology of the slide it appears to have been a shallow failure
involving the Terrace Deposits and possibly the weathered upper portion of the underlying
bedrock. It is estimated the landslide is likely less than about 30 feet deep.

Bedrock exposures along Via Canon (southwesterly of the landslide, outside the limits of the
geologic map) indicate that the bedding is variable but generally dips south to southeast at angles
ranging from 5 to 22 degrees. This bedding orientation 1s generally considered favorable to the

gross stability of the slope. Proposed grading performed in conjunction with the project is not
considered to have an impact on this landslide.

34 SEISMICITY

The project is in seismically active Southern California. The present-day seismotectonic stress
field in the Los Angeles region is one of north-northeasterly compression. This 1s indicated by
the geologic structures, earthquake focal-mechanism solutions, and geodetic measurements.
These data suggest crustal shortening of between 0.2 and 0.35 inch per year across the greater
Los Angeles area (Argus et al., 1999).
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Historical earthquake epicenter maps show widespread seismicity throughout the region.
Although historical earthquakes occur in proximity to known faults, they are difficult to directly
associate with mapped faults. Part of this difficulty is due to the fact that the basin is underlain
by several poorly known subsurface thrust faults, generally referred to as blind thrust faults.
Ward (1994) estimated that about 40 percent of seismic moment cannot be associated with
known faults. Earthquakes occur primarily as loose clusters along the Newport-Inglewood
Structural Zone (NISZ), the southern margin of the Santa Monica Mountains, the margin
between the Santa Susana-San Fernando Valley and the southern margin of the San Gabriel
Mountains, and in the Coyote Hills-Puente Hills area. There is no clustering or alignment of
earthquakes in proximity to the site. There are fewer earthquakes in the site region than
anywhere else in the Los Angeles Basin area. This apparent lack of earthquake activity suggests
that the site area is tectonically stable and suggests that there are no unrecognized active faults at
the site.

The largest historical earthquake within the Los Angeles Basin was the 1933 Long Beach event
which had a moment magnitude (Mw) of about 6.4 (M = 6.3). This earthquake did not rupture
the surface but is believed to have been associated with the NISZ (Benioff, 1938). The
association was based on abundant ground failures along the NISZ trend but no unequivocal
surface rupture was identified. Reevaluation of the seismicity data by Hauksson and Gross
(1991) relocated the 1933 earthquake hypocenter to a depth of about 6 miles below the
Huntington Beach-Newport Beach city boundary.

Other major earthquakes in the region include the 1994 Northridge and the 1971 San Fernando
earthquake both of which occurred in the San Fernando Valley region. The 1994 earthquake had
a Mw of about 6.7 (Mg = 6.8, M}, = 6.4), and occurred on a southerly dipping subsurface fault
which was unknown prior to the earthquake. The main shock occurred at a depth of about
12 miles. Earthquake aftershocks clearly defined the rupture surface dipping about 35 degrees
southerly from a depth of about 1.2 or 1.9 miles to 14 miles (Hauksson et al, 1995). The
causative fault was never identified with certainty. The event may have occurred on an eastern
extension of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping feature fault
bounding the Ventura Basin and the Santa Susana Mountains.

The 1971 San Fernando earthquake was of similar size (My = 6.7, Mg = 6.4, M} = 6.4) {o the
1994 event but did involve surface rupture. The 1971 event occurred on a northerly dipping
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about
9 miles under the San Gabriel Mountains. Several mapped surface faults were involved such as
the Sylmar fault, Tujunga fault, and Lakeview fault. These faults are commonly considered to be
part of the Sierra Madre fault system which extends easterly from the San Fernando Valley,
along the base of the San Gabriel Mountains on the north side of the San Gabriel Valley, and to
the Cucamonga fault in the San Bernardino area.

The 1987 Whittier earthquake (M; = 5.9, My = 5.9) occurred on a subsurface fault dipping
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer,
1999; Shaw et al., 2002). This event did not rupture the ground surface.

A magnitude 5.4 earthquake occurred at a depth of about 9 miles on 29 July 2008. The epicenter
was in the Chino Hills area between the Chino fault and the Whittier fault. Preliminary data were
inconclusive with regard to the causative fault. Detailed analysis by Shao and Hauksson (2009)

Earth Mechanics, Inc.

stechnical & Earthguake Enging




indicated a rupture plane striking N71°W, dipping 62 degrees northeast. They suggested a
preference for the Whittier fault being the causative fault but were uncertain, primarily because
the Whittier fault is supposed to dip at about 80 degrees. The aftershock pattern formed a
subhorizontal alignment indicating the possibility that the event could have been associated with
a subsurface thrust fault such as one of the blind faults of the Puente Hills Blind Thrust Fault
System or with a blind fault under the Peralta Hills.

Another significant earthquake was the 1812 earthquake which caused damage at the San Juan
Capistrano Mission. The location and magnitude of the 1812 earthquake are unknown because of
the sparse population at the time, but geological studies (Jacoby et al., 1987; Fumal et al., 1993;
Weldon et al., 2004) postulate that it did not occur in the Capistrano area, but rather was a large
(Mw > 7.0) distant event on the San Andreas fault in the Wrightwood area of the San Gabriel
Mountains.

The earliest documented earthquake in the region was reported by the Portola” expedition as they
camped near the Santa Ana River in 1769. This event has been attributed by various geoscientists
to just about every fault in the Los Angeles area but it could just as well have been a distant
event that shook a wide area as did the 1971 San Fernando, the 1987 Whittier, and the 1994
Northridge events, as well as many other more-distant events (for example, 1992 Landers event).

Earth Mechanics, Inc.

Geotechnical & Earthguake Enginearing




12

4.0 SUBSURFACE CONDITIONS

4.1 SOIL CONDITIONS

The existing freeway surface elevation is between +170 and +202 feet within the proposed wall
limits and top of the slope elevations are between +220 and +230 feet along Via Lopez. Based on
the recent field investigation, the site is underlain primarily by terrace deposits and bedrock of
Capistrano Formation. Generally, the terrace deposits are encountered behind the wall and the
bedrocks are encountered below the bottom of wall. The terrace deposit includes primarily lean
clay and sandy lean clay, silt, sandy silt, silty sand and sand with silt. The bedrock of Capistrano
Formation includes primarily claystone and siltstone. Based on the recent field investigation, the
bedrock contact varies between elevations +170 feet and +189 feet within the wall limits.

The idealized soil profile and design strength parameters for the wall foundation design are

presented in Table 4-1. The strength parameters are average of five direct shear tests performed
within the terrace deposits.

Within the entire project limits, the undrained shear strength of the bedrock obtained from all the
laboratory UU-tests ranges from 7,900 to 10,300 psf. Undrained shear strengths of the bedrock
obtained from all the CPT correlations (Robertson and Campanella, 1989) vary from 2,000 to
over 10,000 psf. Based on this, it appears the laboratory measured shear strength is close to the
average shear strength obtained from the CPT correlation. A closer examination of the CPT
interpreted logs show a majority of the undrained shear strength values immediately below the
bedrock contact varies from 2,000 to 6,000 psf. Conservatively, an undrained shear strength
value of 3,000 psf was selected for the bedrock.

Table 4-1. Idealized Soil Profile and Strength Parameters

Approximate . Equivalent Total Friction Cohesion /
; Predominant Soil SPT Unit Undrained Shear
Elevation N . Angle ,
(feet) Type Blowcount ‘Weight (degree) Strength
(blows/foot) (pet) (psh)
Terrace Deposits —
Lean Clay and Sandy (6) to 50
+226 to+185 | lean Clay, Silt, Sandy Average = 22 115 27 350
Silt, Silty Sand and £
Sand with Silt
Bedrock — Elastic Silt, = (30) to >50
TLoetles Lean and Fat Clay Avel?agc =70 Bl ) 0

* Values in () are converted SPT blowcounts corrected for sampler size; correction factor from Modified
California Drive sampler blowcounts to SPT blowcounts is 0.5.
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4.2 GROUNDWATER CONDITIONS

Groundwater was not encountered down to clevation +133.4 feet during the recent field
investigation. However, groundwater depth may be different during construction because
groundwater level can fluctuate due to variations in seasonal precipitation, irrigation,
groundwater injection or extraction, or numerous other man-made and natural influences.

Based on California Geological Survey, Division of Mines and Geology (CGS, 2001b), the
highest historical groundwater at the project site i1s 5 to 10 feet below the ground surface. So,
there is a major discrepancy between the CGS data and measured groundwater data described
above. Based on our past experience, the CGS historical high groundwater data is often based on
limited data and may or may not reflect actual site conditions. We believe the historical high
groundwater data reported by CGS is likely to be either a perched water zone or the original
ground surface is significantly lower than the current ground surface. In both cases, it does not
appear to be representative of the site conditions. However, a conservative groundwater depth of
10 feet below the [-5 freeway is used for the liquefaction analyses.
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5.0 CONCLUSIONS AND RECOMMENDATIONS
3. SEISMIC DESIGN CRITERIA

We have determined the design ARS curve based on the 2010 Seismic Design Criteria (SDC)
(Caltrans, 2010a) and Geotechnical Services Design Manual (Caltrans, 2009a) procedures. The
peak ground acceleration (PGA) is the zero-period spectral acceleration in the ARS curve. A
PGA of 0.4g is obtained from the design ARS curve.

For analyzing global slope stability, Section 3.10 of the Caltrans Guidelines for Structures
Foundation Reports (Caltrans, 2009b) recommends using a horizontal seismic coelficient equal
to one-third of the peak acceleration but not exceeding 0.2. Therefore, a horizontal seismic
coefficient of 0.133 was used in the slope stability analysis.

As presented in Section 11.8.6 of AASHTO (2007), the seismic earth pressures can be computed
using a seismic coefficient equal to half of the peak acceleration. Therefore, a seismic coefficient
of 0.2 can be used for the computation of seismic earth pressures.

3.2 LIQUEFACTION

Liquefaction analysis was performed using the available site-specific subsurface information
from borings and CPTs. As discussed in Section 4.2, a conservative groundwater depth of 10 feet
below the I-5 freeway is used for the liquefaction analyses.

The liquefaction potential of saturated, granular materials below the groundwater table was
evaluated using the procedures outlined by Seed et al. (1983), Seed and Harder (1990), and
updated by NCEER (1997). Results of the liquefaction analyses are included in Appendix C.
Based on the analyses, granular materials susceptible o liquefaction were not encountered in any
of the borings and CPTs. Therefore, the liquefaction potential is concluded to be low.
Furthermore, as discussed in Section 3.3, the California Geological Survey (CGS, 2001a) has
also indicated that the project alignment has a low susceptibility to liquefaction during a strong
earthquake.

Since liquefiable potential is low, the seismically-induced settlement is not expected to adversely
impact the retaining wall.

53 SOIL CORROSIVITY

Three soil samples were tested for pH, minimum resistivity, soluble chloride content and soluble
sulfate content. The test results are summarized in Table 5-1. Minimum resistivities were
between 220 and 1,000 ohm-cm. The pH values were between 6.0 and 8.4. The soluble sulfate
measurements were between 240 and 560 parts per million (ppm), and the soluble chloride
measurements were between 516 and 3,970 ppm.

Based on the Caltrans Corrosion Guidelines (2003b), soils are considered corrosive if the pH is
5.5 or less, or the sulfate concentration is 2,000 ppm or greater, or the chloride concentration is
500 ppm or greater. Based on the test results and the Caltrans criteria, the on-site soils are
considered to be corrosive to tieback anchors and soil nails.
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Table 5-1. Soil Corrosion Test Results

Location S I Minimum Soluble : Soluble
Borine (A-Line Stations) I:::n [t)he Soil e o Sulfate : Chloride
OrIng Station Offset (feI()et) Type (ohm—.cm; p Content ; Content
(feet) (feet) (ppm) = (ppm)
A-11-310 354496 152 Lt 10.0 ML 220 7.2 240 3,970
A-11-312 = 362+65 131 Lt 5.0 CL 1,000 8.4 560 516
A-11-313 |+ 359+58 166 Lt 10.0 ML 380 6.0 400 881

To mitigate the corrosion for tieback anchors and soil nails, Caltrans Standard Specification
Section 46-2.02D (Caltrans, 2010c), and Caltrans Standard Special Provision No. 46-3.02A
(Caltrans, 2012) should be followed for tieback anchors and soil nails, respectively.

For the above measured sulfate concentration, cement type should be in accordance with
Table 8.22.2 of the Caltrans BDS (Caltrans, 2003a) for “Sulfate Concentration from 0 to 1,499”.

5.4 FOUNDATION DESIGN FOR TIEBACK WALL

The tieback wall is located underneath Abutment 1 of the Via California OC. The tieback wall
pertinent data are presented in Table 5-2.

Table 5-2. Tieback Wall Pertinent Data

Location Ground
(A-Line Stations) Length | Height | cevtomof Wall | Bacldill | 0 ition
(feet) (feet) ABIEA o In Front Of
Begin Wall |  End Wall (feet) Condition Wall
359+84.09 360+78.38 +188.62 to .
1283614 | 139.86Lt | 20 24 +191.2] 2HIV ——
5.4.1 Lateral Pressures

Tieback anchors should be designed to resist all lateral pressures against the back of the tieback
walls including earth pressures and surcharge pressures. The existing Abutment-1 foundation of
the Via California OC will impact the proposed tieback wall. Abutment-1 of the existing Via
California OC is supported on a rectangular spread footing at a horizontal clear distance of about
8 to 11.5 feet to the proposed tieback wall. The vertical pressure of the existing spread footing,
which is shown on the as-built plans, is summarized in Table 5-3.

Table 5-3. Existing Via California OC, Abutment-1 Foundation Data

Support Foundation Foutg B_ottom Footing Width | Footing Pressure
Location Type Elexmng (feet) (ks)
yp (feet)
Abutment | Spread Footing | +208.68 and +212.18 11.0 9.0
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Lateral pressures that should be applied against the tieback wall are shown on Figure 5-1
include: (a) the static earth pressure; (b) abutment footing vertical load surcharge, (¢) abutment
footing horizontal load surcharge, and (d) incremental earthquake surcharge. The static earth
pressure and the surcharge loads due to the vertical and horizontal loads of the existing OC
footings were developed in accordance with Caltrans Memo to Designers 5-12 (2011).

For the tieback wall, lateral pressures (a), (b) and (c) should be used for service loading, and
pressures (a), (b), (¢) and (d) should be used for seismic design.

5.4.2 Unbonded Length

The unbonded length (“free length™) of the anchor 1s that portion of the anchor which is not
grouted. The unbonded length should fall outside the critical failure plane. In most cases, the
critical failure plane usually coincides with the Rankine failure wedge. For this case, due to the
bearing pressure exerted by the abutment footing, the critical failure plane extends beyond the
Rankine failure wedge. Calculations in Appendix C show the critical failure plane extends from
the bottom of the tieback wall clockwise at an angle of 49 degrees measured from the vertical.
The unbonded length should be extended a minimum distance of H/5 (H is the wall height) or 5
feet, whichever is greater, behind the above critical failure surface.

For tiebacks located within a vertical distance of 11 feet below the bottom of the existing
Abutment-1 footing, the unbonded length should be determined based on the above procedure, or
extend beyond an imaginary vertical plane coinciding with the centerline of the existing
Abutment-1 footing, whichever is larger. This requirement is necessary so that the unbonded
length also extends outside the zone influenced by the soil bearing capacity failure wedges which
could potentially develop immediately below the existing abutment footing.

Additionally, the unbonded length for any tieback anchor should not be less than 15 feet. The
angle of inclination of the anchors should be at least 10 degrees to facilitate tendon installation
and grouting.

5.4.3 Bonded Length

The bonded length of tieback anchors is that portion which is grouted and provides the lateral
resistance due to friction between the soil and concrete. Based on the approximate tieback anchor
elevations and the subsurface profile of carth materials, the bonded length of the anchors is
expected to be embedded in the layers of lean clay, silt and sandy silt.

The maximum allowable anchor design load is computed by multiplying the bonded length by
the ultimate transfer load and dividing by a factor of safety. Based on information provided in
ground anchor manuals by FHWA (1999) and the Post-Tensioning Institute, the ultimate transfer
load of 3.6 kips/foot for an 8-inch diameter gravity or pressure grouted straight shaft is
recommended.

A factor of safety of 2.5 (FHWA, 1999) can be applied to the ultimate transfer loads to obtain the
allowable transfer loads. The contractor is responsible for determining the bonded length of the
tieback anchors; however, the bonded length of the anchors should not be less than 15 feet.
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5.4.4 Spacing of Tieback Anchors

Tieback anchors should not be spaced closer than three diameters of the bonded (grouted) zone
or 5 feet, whichever is greater. The tieback anchors should be located to maximize their distance
from any existing foundation.

5.4.5 Bearing Capacity and Wall Friction

The bearing capacity for the footing (or leveling pad) at the bottom of the tieback walls was
calculated using a minimum embedment depth of 2 feet and footing width of 1.5 feet following
the LRFD guidelines. The calculated permissible net contact stress for the Service Limit State 1s
2 ksf, and factored gross nominal bearing resistance for Strength Limit State and Extreme Event
Limit State are 6.75 ksf and 15 ksf, respectively.

A friction coefficient of 0.3 and 0.35 can be used between the vertical concrete wall and the soil
behind the wall for the permanent and temporary (during construction) condition, respectively. It
should be noted that the frictional coefficient is applicable only when the concrete wall is in full
contact with the earth beliind the wall.

5.4.6 Slope Stability

Global stability of the tieback wall was evaluated for static and pseudo-static loading conditions
using the computer program, SLIDE (Rocscience, 2006). Results of this analysis are presented in
Appendix C. The calculated factor of safety for a deep-seated failure is greater than the minimum
required 1.5 under static condition with a 2-foot soil surcharge to represent traffic loading. Slope
stability analysis under pseudo-static condition was performed using a seismic coefficient equal
to 0.133 (which is the smaller of either one-third the horizontal peak ground acceleration or 0.2g)
in accordance with guidelines provided in Section 3.10 of the Caltrans Guidelines for Structures
Foundation Reports (Caltrans, 2009a). Analysis indicates that the calculated factor of safety is
greater than the required minimum of 1.1 under pseudo-static condition.

3:3 FOUNDATION DESIGN FOR SOIL NAIL WALL

Soil nail walls are located on both sides of the Via California OC. The soil nail wall pertinent
data are presented in Table 5-4.

Table 5-4. Retaining Wall Pertinent Data

Location - Bottom of
Wall (A-Line Stations) Length : Height C Wall Bgleﬁ“ ngl cme
a4 . (feet) (feet) | Elevation op® ope
Begin Wall . End Wall (feet) Condition : Condition
; +191.21
South of Via | 349+99.69 | 359+84.09 _ )
California OC | 99811t | 128361t | o> | 81026 & ALV Ll
+199.77
. +178.14
North of Via | 360+78.38 | 363+10.73 _
California OC | 139861t | 182201 | 20> 101026 e e ZHAV el
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Geotechnical aspects of soil nail design are based on the SNAILZ computer program developed
by Caltrans Division of Materials and Foundations (Caltrans, 1999), Geotechnical Engineering
Circular No. 7 (FHWA, 2003), and Manual for Design and Construction Monitoring of Soil Nail
Walls (FHWA, 1998).

551 Soil Nails

Slope stability analyses were performed to determine the minimum soil nail length for each wall
height. The analyses were performed using SNAILZ, a computer program which evaluates
factors of safety against overall failure using two-dimensional limit equilibrium methods. The
design data presented in Table 5-5 and the soil strength parameters presented in Table 4-1 were
used for the analyses. As presented in the guidelines (FHWA, 2003), to ensure pullout failure
controls the design of the soil nail, large facing punching shear is used for the analyses.

Table 5-5. SNAILZ Input Design Data

SNAILZ Input Parameters
Soil Nail Grade 60, 1-inch diameter (#8 bar)
Yield Stress of Reinforcement 60 kips
Nail Inclination from Horizontal 15 degrees
Horizontal Nail Spacing 5.0 feet
Vertical Nail Spacing 4.5 to0 5.0 feet
Vertical Distance to Nail from Top of the Wall 2.0 to 3.0 feet
Pullout Resistance (Qg) per Soil Nail (Grout-Soil) 1130 Ibs per linear foot
Allowable Geotechnical Factor of Safety for Static | 2.0
Allowable Geotechnical Factor of Safety for Seismic 1.5
Minimum Nail Bar Tensile Strength Factor of Safety for Static 1.8
Minimum Nail Bar Tensile Strength Factor of Safety for Seismic @ 1.35
Bond Stress Factor (BSF) for Static 0.75
Bond Stress Factor (BSF) for Seismic 0.73

The SNAILZ analytical results are presented in Appendix C for cach wall height. The analyses
include the number of soil nail levels and the minimum required nail lengths for each wall
height.

5.5.2 Lateral Earth Pressure for Soil Nail Wall
A static active lateral earth pressure of 86 psf per foot of depth is recommended for a free

draining, sloping backfill. For seismic incremental pressure, a uniform pressure distribution with
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a horizontal pressure of 18H psf (H is the height of the wall) is recommended for a free draining,
sloping backfill. The uniform seismic incremental pressure should be added to the static pressure
to determine the total pressure for earthquake design. If applicable, a uniform lateral pressure of
at least 72 psf due to vehicle loads, equivalent to a vertical pressure produced by at least 2 feet of
earth, should be added to the above lateral earth pressure.

5.5.3 Sliding

Sliding stability analysis considers the ability of the soil nail wall to resist sliding along the base
of the retained system in response to lateral earth pressure behind the soil-nail mass. The lateral
load behind the soil nail can be calculated using an equivalent fluid pressure of 78 psf per foot of
depth. For seismic incremental pressure, a uniform pressure distribution with a horizontal
pressure of 18H (H is the height of the wall) is recommended. The uniform seismic incremental
pressure should be added to the static pressure to determine the total pressure for earthquake
design.

Friction along the base of the retained system will be developed to resist sliding of the soil-nail
mass. A frictional coefficient of 0.5 is recommended.
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6.0 CONSTRUCTION RECOMMENDATIONS
6.1 EARTHWORK

Earthwork should be performed in accordance with Caltrans Standard Specifications, Section 19
(Caltrans, 2010c). Appropriate measures should be taken to prevent damage to adjacent
structures and utilities. Any design and construction of temporary sloping, sheeting, or shoring
should be made the contractor’s responsibility. It should be noted that it is the responsibility of
the contractor to oversee the safety of the workers in the field during construction. The contractor
shall conform to all applicable occupational and health standards, rules, regulations, and orders
established by the State of California. In addition, other State, County, or Municipal regulations
may supersede the recommendations presented in this section. If a trench shoring design and
safety plan is required, the geotechnical consultant should review the plan to confirm that
recommendations presented 1n this report have been applied to the design.

The subsurface materials to be excavated or drilled into are terrace deposits consisting generally
of interbedded fine and granular materials. Therefore, the potential of caving should not be
precluded during the installation of the tieback anchors and soil nails. Special provisions such as
casing may be required for the installation of tieback anchors and soil nails. Casing within the
bonded length of tieback and soil nail must be removed prior to placement of grout to allow
mobilization of the estimated tieback or soil nail capacity.

During the recent field investigation, groundwater was not encountered in any of the borings
down to elevation +133 feet. Groundwater is not anticipated to be encountered during the tieback
and soil nail wall construction. However, groundwater level can fluctuate due to seasonal rainfall
amount, local irrigation and groundwater recharge program and other man-made conditions. If
groundwater is encourntered during construction, contractor may need to evaluate alternative
drilling equipment and procedure to minimize potential collapse of the drilled hole.

6.2 WALL ZONE

The wall zones described in Section 19-3.01A(3) of the Caltrans Standard Specifications
(Caltrans, 2010c) are defined based on the soil subsurface conditions. Along the entire wall,
predominantly terrace deposit is encountered. Therefore, only one wall zone is expected behind
the entire wall.

6.3 TEMPORARY EXCAVATIONS

Temporary excavations must be properly sloped or shored in accordance with all applicable
codes and regulations including OSHA standards. Qualified geotechnical personnel should
inspect temporary slopes for erosion and sloughing, and should inspect temporary shoring for
signs of instability and deformations, during construction on a daily basis. In order to minimize
sloughing, the contractor may elect to make slot cuts or injection-grout the site soils where
vertical excavations are required for tieback or soil nail installation.

To determine the excavation lift height and the exposure time during the excavation, stability test
should be performed per Caltrans Standard Specification Section 19-3.01A(3) (Caltrans, 2010c).
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To maintain stability of the existing Abutment-1 footing of Via California OC, the ticback walls
should be constructed in segments (slot cuts), with each segment completed (i.e., vertical
excavation followed by tieback construction and shotcrete facing) prior to excavating another
segment. We recommend for each segment, the maximum lengih of any vertical excavation (lift)
for anchor installation at any given time, should be limited to one-quarter of the length of the
existing Abutment-1 footing.

The excavation for soil nail walls should be carried out in lifts using top-to-bottom construction
with each lift completed to closure (i.e., with nail testing and temporary shotcrete facing
completed) prior to excavating subsequent lifts. The depth of excavation lift is usually 5 feet and
reaches slightly below the elevation where nails will be installed. The width of the excavated
platform or bench must be sufficient enough to provide access to installation equipment.

We recommend the maximum length of each lift (vertical excavation) for soil nail installation at
any given time, should not exceed 100 feet.

Soil or other construction materials should not be stockpiled adjacent to excavations. Stockpiles
should be set back a minimum distance which is equal to the height of the excavation. Shoring
should be designed for site specific conditions using input from qualified geotechnical personnel
during construction.

6.4 TIEBACK INSTALLATION

Tieback anchors should be constructed in accordance with Caltrans procedures and
specifications. The tieback anchors should be performance and proof tested in the field in
accordance with Caltrans Standard Specification Section 46-2.01D(2) (Caltrans, 2010c). The
contractor is responsible for determining the bonded length of tieback anchors. The minimum
bonded length is 15 feet. The un-bonded length should not be less than 15 feet.

In addition, the unbonded length should be extended a minimum distance of H/5 or 5 feet,
whichever is greater, behind the critical failure surface. The critical failure plane extends from
the bottom of the tieback wall clockwise at an angle of 49 degrees measured from the vertical.
For tiebacks located within a vertical distance of 11 feet below the bottom of the existing
Abutment-1 footing, the unbonded length should be determined based on the above procedure, or
extend beyond an imaginary vertical plane coinciding with the centerline of the existing
Abutment-1 footing, whichever is larger.

The anchors should be inclined at least 10 degrees to facilitate tendon installation and grouting.
Tieback anchors should not be spaced closer than three diameters of the bonded zone or 5 feet,
whichever is greater.

The contractor should exercise care to minimize impact to the existing Abutment-1 footing of
Via California OC during installation of tieback anchors and construction of the tieback wall. We
recommend that a monitoring program be implemented during construction to monitor
movements of Abutment-1. If the measured vertical or lateral movement is excessive,
construction should be stopped immediately and measures to mitigate the movement should be
implemented.
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6.5 SOIL NAIL INSTALLATION

Drilling, nail installation and grouting are contractor’s responsibility. Care should be taken to
avoid caving of the drill hole. Soil that may have sloughed into the holes should be removed
prior to installation of the nails. Nails that are driven or pushed beyond the drill hole length or
cut off should not be allowed.

Soil nails should be load tested in the field in accordance with the criteria and test schedule
outlined in Section 46-3 of Caltrans Standard Specifications (Caltrans, 2010c) to verify if the
design loads can be carried without excessive movements, and the contractor’s installation
method and operations are adequate.

The load test should include verification and proof tests in accordance with Caltrans Standard
Specification Section 46-3.01D(2) (Caltrans, 2010c). As a minimum, two verification tests in
each wall zone should be performed on non-production nails installed at locations approved by
the Engineer. Proof test should be conducted on sacrificial test nails no less than ten percent of
total number of production nails. Among the proof test nails, eight percent of their test locations
should be shown on plan, with the remaining two percent at locations specified by the Engineer
during construction. If subsurface conditions differ and/or the contractor’s installation
procedures change during the installation, additional testing may be required to evaluate the
influence on the soil nail performance.

6.6 SURFACE AND SUBSURFACE DRAINAGE

Surface and subsurface drainage is important to minimize the amount of water entering the earth
materials behind the back of the walls. EMI recommends constructing a concrete gutter at the top
and behind the walls and guiding surface water to approved drainage devices. In addition, a
minimum 5-ft length of the slope face behind the walls, and measured from the outside edge of
the v-ditch, should be paved with an impermeable material.

Prefabricated geocomposite vertical drains (“drainage board”) connected to gravel galleries and
weepholes should be placed behind the proposed tieback and soil nail walls. The geocomposite
vertical drains should be at least 12-inch wide and installed at a maximum horizontal spacing of
5 feet. Weep holes should be installed to collect the drained water from the geocomposite
vertical drains. The backdrainage pipes or weepholes should outlet to approved surface drainage
collection devices.

6.7 REVIEW OF CONSTRUCTION PLANS

Recommendations contained in this report are based on draft plans. The geotechnical consultant
should review the final construction plans and specifications in order to confirm that the general
intent of the recommendations contained in this report have been incorporated into the final
construction documents. Recommendations contained in this report may require modification or
additional recommendations may be necessary based on the final design.
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6.8 GEOTECHNICAL OBSERVATION AND TESTING

It is recommended that inspections and testing be performed by the geotechnical consultant
during the following stages of construction:

e Grading operations, including excavations

e Shoring installation

e Tieback anchors and soil nail installation and testing

e Removal or installation of support of buried utilities or structures

¢ When any unusual subsurface conditions are encountered
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7.0  LIMITATIONS

This report is intended for the use of OCTA, TRC and Caltrans for design and construction of the
Retaining Wall 349. This report is based on the project as described and the information obtained
from the exploratory borings at the approximate locations indicated on the attached LOTB
sheets. The findings and recommendations contained in this report are based on the results of the
field investigation, laboratory tests, and engineering analyses. In addition, soils and subsurface
conditions encountered in the exploratory borings are presumed to be representative of the
project site. However, subsurface conditions and characteristics of soils between exploratory
borings can vary. The findings reflect an interpretation of the direct evidence obtained. The
recommendations presented in this report are based on the assumption that an appropriate level
of quality control and quality assurance (inspections and tests) will be provided during
construction. EMI should be notified of any pertinent changes in the project plans or if
subsurface conditions are found to vary from those described herein. Such changes or variations
may require a re-evaluation of the recommendations contained in this report.

The data, opinions, and recommendations contained in this report are applicable to the specific
design element(s) and location(s) which is (are) the subject of this report. They have no
applicability to any other design elements or to any other locations and any and all subsequent
users accept any and all liability resulting from any use or reuse of the data, opinions, and
recommendations without the prior written consent of EML.

EMI has no responsibility for construction means, methods, techniques, sequences, or
procedures; for safety precautions or programs in connection with the construction; for the acts
or omissions of the CONTRACTOR or any other person performing any of the construction; or
for the failure of any worker to carry out the construction in accordance with the Final
Construction Drawings and Specifications.

Services performed by EMI have been conducted in a manner consistent with that level of care
and skill ordinarily exercised by members of the profession currently practicing in the same
locality under similar conditions. No other representation, expressed or implied, and no warranty
or guarantee is included or intended.
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Retaining Wall 349 Soil Nail Wall

Wall Height = 8 feet
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Project Identification - Retaining wall 349 wall Height = 8 feet

--------- WALL GEOMETRY ---------

vertical wall Height = 8.0 ft
wall Batter = 0.0 degree
Angle  Length
(Deg (Feet)
First Slope from wallcrest. = 27.9 49.8
second Slope from 1st slope. = 0.0 30.0
Third slope from 2nd slope. = 0.0 0.0
Fourth slope from 3rd slope. = 0.0 0.0
Fifth Slope from 3rd slope. = 0.0 0.0
sixth slope from 3rd slope. = 0.0 0.0
seventh sqope Angle. = 0.0

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

--------- SURCHARGE ---------
THE SURCHARGES IMPOSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe
end Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

44.1 ft
70.0 ft
240.0 psf/ft
240.0 psf/ft

————————— OPTION #1 —-=---=---

Factored Punching shear, Bond & Yield Stress are used.

--------- SOIL PARAMETERS --------=

unit Friction Cohesion  Bond* Coordinates of Boundary
Soil WEight Angle Intercept Stress XSl y¥sl XS2 Y52
Layer (pPcf) (Degree) (psf) (Psi) (fr) (f1o) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

¥
File: RW349-8ft

The Search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

vield Stress of Reinforcement
pDiameter of Grouted Hole
punching Shear
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---------- (varying Reinforcement Parameters) ---------

vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(ft) (degrees) (ft) (in) Factor
i | 8.0 15.0 2.0 1.00 0.75
2 8.0 15.0 4.5 1.00 7S
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File: Rw349-8ft rPage -
MINTIMUM DISTANCE LOWER FATLURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR wall TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (D) (deg)  (ft)
Toe 3.857 7.9 42.8 5.4 65.1 9.4

7.261 ksi (Pullout controls...)

Reinf. Stress at Level 1 =
2 = 14.469 ksi (Pullout controls...)

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fod (deg)  (ft) (deg)  (ft)
NODE 2
2.803 14.8 28.1 10.1 61.9 12.6
Reinf. Stress at Level 1= 0.570 ksi (Pullout controls...)
2 = 13.103 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg)  (ft) (deg)  (ft)
NODE 3
2.484 P2 Y| 28.3 12.3 51.5 17 .4
Reinf. Stress at Level 1 = 0.651 ksi (Pullout controls...)
2 = 13.123 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LﬁNGTH
(fo) (deq) (fo) (deg) (ft)
NODE 4
2.329 28.6 28.3 19.5 50.5 18.0

0.662 Ksi (Pullout controls...)

rReinf. Stress at Level 1 = i
2 = 13.126 Kksi (Pullout controls...)

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (ft) (deg) (fo)
NODE 5
2.224 35.5 26.7 23.8 48.5 21.5
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 12.930 ksi (pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(ft) (deg) (f1) (deg) (fo)
NODE 6
2.141 42.4 22.3 F2.Ad 552 223
Reinf. stress at Level 1 = 0.000 ksi
2 = 12.335 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATLURE  UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg)  (ft) (deg) (1)
NODE 7
1.951 49.3 22.9 32.4 43.6 27.7Z
Reinf. Stress at Level 1 = 0.000 Kksi
2 = 12.427 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATLURE  UPPER FAI1LURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (fv) (deg)  (f1)
NODE 8
1.911 56.2 20.4 36.0 39..9 29.3
Reinf. Stress at Level 1 0.000 ksi

2 = 12.033 ksi (pullout controls...)

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE

Page 2
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SAFETY BEHIND PLANE PLANE
FACTOR wWALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (fv) (deg) (fo
NODE 9
1.955 63.1 16.6 32.9 34.8 38.4
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 11.349 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(f1) (deg) (ft) (deg) (fo)
NODE10
2.033 70.0 12.6 28.7 30.8 48.9

0.000 Ksi

Reinf. Stress at Level 1 .
2 10.456 Ksi (Pullout controls...)

AL S A AR AN AR AR AR AL LN A RNARLAAERRAINANAS AR R LR AR AR AT A ARG AN ATNNAAN
# ) For Factor of safety = 1.0 *
! Maximum Average Reinforcement working Force: o
&
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. RwW349-8ft Seismic.OUT
File: RW349-8ft Seismic page - 1
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% CALIFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER
DIVISION OF MATERIALS AND FOUNDATIONS
office of Roadway Geotechnical Engineering
pate: 08-08-2012 Time: 23:11:44
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Project Identification - Retaining wall 349 wall Height = 8 feet Pseudo static Cendition
————————— WALL GEOMETRY ---=-----

vertical wall Height
wall Batter

8.0 ft

0.0 degree
angle Length
(peg)  (Feet)
27.9 49.8

First Slope from wallcrest.

second Slope from 1st slope.
Third Slope from 2nd slope.

Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.

sixth Slope from 3rd slope.

Sseventh SquE Angle.

LA I B
oCcoooCo

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE --------~-

There is NO SURCHARGE imposed on the system.

————————— OPTION #1 —--------

Factored Punching shear, Bond & vield Stress are used.

————————— SOTL PARAMETERS ---------

unit Friction Cohesion Bond* Coordinates of Boundary
soil wai%ht Angle Intercept Stress XS1 Y51 52 YSs2
Layer (pcf) (Degree) (psf) (Psi) (fr) (ft) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* gond Stress also depends on BSF Factor in Option #5 when enabled.

2
File: RW349-8ft seismic = Page - 2
---------- EARTHQUAKE ACCELERATION -------———

0.21 (a/g)
0.00

Horizontal Earthquake Coefficient
vertical Earthquake Coefficient

nn

————————— WATER SURFACE -------=-

NO water Table defined for this problem.

The Search Limit is from 1.0 to 70.0 ft

vyou have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement ievels = 2
Horizontal Spacing = 5.0 ft
vield Stress of Reinforcement = 48.9 ksi
Diameter of Grouted Hole = 6.0 1n
Punching Shear = 200.0 kips
—————————— (varying Reinforcement Parameters) ---------
) vertical Bar
Level Length Inclination  Spacing Diameter  Bond Stress
(ft) (degrees) (Fe) (in) Factor
1 8.0 15.0 2.0 1.00 0,73
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2 8.0 15.0

[

File: RW349-8Ft Seismic

RW349-8ft seismic.oul
4.5 1.00 0.73

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fv) (deg) (fO) (deg) (f0)
Toe 2.690 79 42.8 10.8 89.9 4.9
Reinf. Stress at Level 1 = 5.899 ksi (Pullout controls...)
2 = 14.141 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FATILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo (deg)  (ft) (deg) (ft)
NODE 2
1.954 14.8 F2T 17.6 89.9 6.3
Reinf. Stress at Level 1 = 2.478 Kksi (Pullout controls...)
2 = 13.286 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (1) (deg) (1)
NODE 3
1.733 21.7 32.2 25.6 89.9 5.8
Reinf. Stress at Level 1 = 2.264 ksi (Pullout controls...)
2 = 13.232 Kksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FATILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fv) (deg) (fo) (deg) (fr
NODE 4
1.620 28.6 . 29.5 32.9 89.9 6.9
Reinf. Stress at Level 1 = 1.172 ksi (Pullout controls...)
2 = 12.959 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg) (ft)
NODE 5
1.546 355 279 40.2 89.9 8.0
Reinf. Stress at Level 1 = 0.421 xsi (Pullout controls...)
2 = 12.772 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATLURE UPPER FATILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(f1) (deg) (f0) (deg)  (ft)
NODE 6
1.485 42.4 22.3 32.1 59+2 22.3
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 12.055 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR waLL TOE ANGLE LENGTH ANGLE LENGTH
(EL) (deg) (ft) (deg) (ft)
NODE 7
1.371 49.3 22.9 32.1 43.6 27.2
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 12.146 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (fr) (deg) (fo)
NODE 8
1.325 56.2 18.5 29.6 37,9 35.6
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 11.444 ksi (Pullout controls...)
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MINIMUM DISTANCE LOWER FAILURE UFPER FATILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg) (ft)
NODE 9
1.325 63.1 16.6 32.9 34.8 38.4
Reinf. stress at Level 1 = 0.000 Ksi
2 = 11.092 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg)  (f1) (deg)  (ft)
NODE10
1.343 70.0 12.6 28.7 30.8 48.9

0.000 Ksi

Reinf. Stress at Level 1
2 10.219 ksi (Pullout controls...)

o
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ad . For Factor of safety = 1.0 #
= Maximum Average Reinforcement working Force: #
* 0.000 kips/Tevel ¥
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Retaining Wall 349 Soil Nail Wall
Wall Height = 10 feet
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File: Rw349-10ft

e T s e e L S
CALIFORNIA DEPARTMENT OF TRANSPORTATION

* ENGINEERING SERVICE CENTER *

* DIVISTION OF MATERIALS AND FOUNDATIONS 3

*  office of Roadway Geotechnical Engineering *

# Date: 08-08-2012 Time: 23:12:54
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Project Identification - Retaining wall 349 wall Height = 10 feet
--------- WALL GEOMETRY ------=--

10.0 ft
0.0 degree

vertical wall Height
wall Batter

First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth Slope from 3rd slope.
sixth Slope from 3rd slope.
Seventh Slope Angle.

L1 T T O [
N
CoOCOoCOoON

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

--------- SURCHARGE --------~-
THE SURCHARGES IMPQSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe
end Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

44 .1 ft

70.0 ft
240.0 psf/ft
240.0 psf/ft

nnomwan

--------- OPTION #1 ---------

Factored Punching shear, Bond & Yield Stress are used.

————————— SOIL PARAMETERS ---------

unit Friction Cohesion Bond* Coordinates of Boundary
5011 wei ht Angle Intercept Stress XSl y¥s1 X52 YSs2
Layer (pPcf) (Degree) (Psf) (Psi) (ft) (ft) (fuv) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

$
File: Rw349-10ft

The Search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = P,

Horizontal Spacing = 5.0 tx

Yield stress of Reinforcement = 50.0 ksi

Diameter of Grouted Hole = 6.0 1n

punching shear = 200.0 kips

---------- (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(ft) (degrees) (ft) (in) Factor

A 8.0 15.0 3.0 1.00 0.75
2 8.0 15.0 4.5 1.00 g.75%

Page 1
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MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(1)
Toe 2.516 7.2

Reinf. Stress at Level 1
2

-y
W~

MINIMUM DISTANCE

SAFETY BEHIND

FACTOR WALL TOE

(fu
NODE 2

2.096 14.8 40.2
Reinf. Stress at Level 1= 3
2= 12.

MINTIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 3
1.965 21.7 33.4
Reinf. Stress at Level 1= 0
2= 11
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
fo
NODE 4
1.906 28.6 32:1
Reinf. Stress at Level 1= 0.
2= 11
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.876 5.5 30.1
Reinf. Stress at Level 1 = 0.
2= 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(f1)
NODE 6
1.852 42.4 28.7
Reinf. Stress at Level 1 = 0
2 = 10.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(f1)
NODE 7
1.742 49.3 25.8
Reinf. Stress at Level 1 = 0
2= 9
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fod
NODE 8
1.734 56.2 21.6
reinf. Stress at Level 1 = 0
Pz 8

MINIMUM DISTANCE

RW349-10ft.ou1

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (f1) (deg) (ft)
51.5 12.7 89.9 4.3
.013 ksi (Pullout controls...)
.613 Ksi (Pullout controls...)
LOWER FAILURE UPPER FATILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft (deg) (fo)
19.4 89.9 5.4
.198 Ksi (Pullout controls...)
251 ksi (Pullout controls...)
LOWER FAILURE UPPER FATILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fv) (deg) (fO)
15.6 56.1 15.5

.415 Ksi (Pullout controls...)

.257 ksi (Pullout controls...)
LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft) (deg)  (ft)

23.6 55.7 15.2
000 Ksi

.040 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fo) (deg) (o)

28.7 53.5 17.9
000 Ksi
682 Ksi (Pullout controls...)
LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (f1) (deg) (fO)

33.8 51.9 20.6
.000 Ksi

417 Ksi (Pullout controls...)

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg)  (ft)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (1)

38.3 48.4 22.3

.000 Ksi
.831 ksi

(Pullout controls...)

LOWER FATLURE
PLANE
ANGLE LENGTH
(deg) (ft)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deq) (ft)

36.3 11.6 30.1

.000 Ksi
. 848 Ksi

(Pullout controls...)

LOWER FAILURE UPPER FATLURE

Page 2
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RwW349-10ft.0UT

SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(ft) (deg) (ft) (deg) (ft)
NODE 9
782 63.1 21.6 274 31.6 44.5
Reinf. Stress at Level 1 = 0.000 Ksi
= 8.858 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE  UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(ft) (deg)  (ft) (deg) (1)
NODE10
1.861 70.0 19.6 29.7 29.0 48.0
Reinf. Stress at Level 1= 0.000 ksi
2 = 8.332 ksi (Pullout controls...)

R HAF AR RS SRR B LA AN

. For Factor of safety = 1.0
Maximum Average Reinforcement working Force: i
000 Kips/level %

AP ARG AR GEAARA LSS AN
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RW349-10ft Seismic.OuT
File: RW349-10ft Seismic

# frRE N ANANADN AR EEFRTEAAN

= CALIFORNIA DEPARTMENT OF TRANSPORTATION

E: ENGINEERING SERVICE CENTER ®
i DIVISION OF MATERIALS AND FOUNDATIONS <
#  office of Roadway Geotechnical Engineering

% pDate: 08-08-2012 Time: 23:14:26

AARAL LN EAAX NN ESTATA NSNS T AN AN A A AN - kA

Page -
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Project Tdentification - Retaining wall 349 wall Height = 10 feet Pseudo Static Condition

—————————— WALL GEOMETRY ---------

vertical wall Height
wall Batter

10.0 ft

non
(=]
[=]
(=8
]
=]
=
m
(]

First Slope from wallcrest.

second Slope from 1st slope.
Third slope from 2nd slope.

Fourth Slope from 3rd slope.
Fifth Slope from 3rd slope.

Sixth 510?9 from 3rd slope.

Seventh Slope Angle.

o u

]

0o

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE --------~-

There is NO SURCHARGE imposed on the system.

—————————— OPTION #1 ---------

Factored Punching shear, Bond & Yield Stress are used.

————————— - SOIL PARAMETERS —--------

unit Friction Cohesion  Bond* Coordinates of Boundary
soi | waight Angle Intercept Stress XSl Ysl XS2 Ys2
Layer (pch) (Degree) (psf) (Psi) (ft) (ft) (ft) (ft)
i 1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

7
File: RW349-10ft Seismic
--------- EARTHQUAKE ACCELERATION ---------

Horizontal Earthquake Coefficient 0.21 (a/g)
0.00

vertical Earthquake Coefficient

--------- WATER SURFACE ---------

NO water Table defined for this problem,

The search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 2
Horizontal Spacing = 50 Ft
Yield stress of Reinforcement = 48.9 ksi
Diameter of Grouted Hole = 6.0 1in
punching Shear = 200.0 kips

—————————— (varying Reinforcement Parameters) ---------

vertical Bar
Level Length Inclination  Spacing Diameter  Bond Stress
(ft) (degrees) i) (in) Factor
1 B.0 15.0 3.0 1.00 0.73

Page 1
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2 8.0 15.0
§
File: Rw349-10ft seismic

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
Toe 1.894 7.9
Reinf. Stress at Level 1 = 5
2= 12
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 2
1.509 14.8 40.2
Reinf. Stress at Level 1 = 3.
2= 1l
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
fo)
NODE 3
1.449 21.7 34.7
rReinf. Stress at Level 1= 0
2 = kI
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
o)
NODE 4
1.385 28.6 32.1
Reinf. Stress at Level 1 = 0.
= 10.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.342 35.5 30.1
Reinf. Stress at Level 1 = 0.
2= 10.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 6
1.308 42 .4 28.7
Reinf. Stress at Level 1 = 0
2 = 10.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR wWALL TOE
(fv)
NODE 7
1.7Z29 49.3 24.2
Reinf. Stress at Level 1 = 0
2. = 9

M1NIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE &
1.208 56.2 19

Reinf. stress at Level 1
2

RW349-10ft Seismic.oul
4.5 1.00 0.73

LOWER FAILURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

47.1  11.6 89.9 B,

.515 Ksi (pullout controls...)
.826 Ksi (Pullout controls...)

LOWER FATLURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) () (deg)  (ft)

19.4 89.9 5.4

125 Ksi (Pullout controls...)
973 Ksi (Pullout controls...)

LOWER FAILURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (f) (deg) (fv)

26.4 89.9 6.4

.972 Ksi (Pullout controls...)
.204 Ksi (Pullout controls...)

LOWER FAILURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fO) (deg)  (fO)

23.6 55.7 15.2

000 Ksi
790 kKsi (Pullout controls...)

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (fr)

287 535 17.9

000 Ksi
440 Ksi (Pullout controls...)

LOWER FATLURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (f1) (deg) (fO)

33.8 51..9 20.6
.000 Ksi
181 ksi (Pullout controls...)

LOWER FAILURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (f1t) (deg) (fU)

32.4 45.4 28.1
.000 Kksi
.282 Ksi (Pullouwt controls...)

LOWER FATLURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fO) (deg)  (f1)

29.8 39.7 36.5
.000 Ksi
0125 ksi (Pullout controls...)

Page 2
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RwW349-10ft Seismic.ouT

MINIMUM DISTANCE LOWER FAILURE  UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(ft) (deg) (fo) (deg) (fo)
NODE @
15219 63:1 17.6 3301 36.-5 392
reinf. Stress at Level 1 = 0.000 Ksi
2 = 7.542 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE  UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(fo) (deg)  (ft) (deg)  (ft)
NODE10
1.243 70.0 17.6 22.0 28.5 55.8
Reinf. Stress at Level 1 = 0.000 Ksi
2i = 7.550 Ksi (Pullout controls...)
A A A N A A A A S AN N N A AN A AN SN A S AN A R A NSNS
2 For Factor of Safety = 1.0 *
¥ Maximum Average Reinforcement working Force: %
0.000 Kips/level %

FAERAETNR
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Retaining Wall 349 Soil Nail Wall
Wall Height = 12 feet
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RW349-12ft.ouT
File: Rw349-12ft Page -

A A A A AN AT AN AN RS A N AN AN NSNS L S RS bR

CALIFORNIA DEPARTMENT OF TRANSPORTATION )
ENGINEERING SERVICE CENTER %
DIVISION OF MATERIALS AND FOUNDATIONS *
office of Roadway Geotechnical Engineering ®
Date: 08-08-2012 Time: 23:15:41

AAR AL AN LT AN DA R AR AN A RO A AR LSRN ENANNX

R

project 1dentification - Retaining wall 349 wall Height = 12 feet
--------- WALL GEOMETRY ---------

vertical wall Height
wall Batter

12.0 ft

0.0 degree
Angle  Length
(peg) (Feet)

First Slope from wallcrest. = 27.9 49.8
second Slope from 1st slope. = 0.0 30.0
Third slope from 2nd slope. = 0.0 0.0
Fourth Slope from 3rd slope. = 0.0 0.0
Fifth slope from 3rd slope. = 0.0 0.0
sixth Sque from 3rd slope. = 0.0 0.0
seventh Slope Angle. = 0.0

————————— SLOPE BELOW THE WALL --——---—-

There is NO SLOPE BELOW THE TOE of the wall

--------- SURCHARGE - -----——-
THE SURCHARGES IMPOSED OM THE SYSTEM ARE:

Begin Surcharge - Distance from toe
end surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

44.1 ft
70.0 ft
240.0 psf/ft
240.0 psf/ft

--------- OPTION #1 -----———-

Factored Punching shear, Bond & Yield Stress are used.

————————— SOTL PARAMETERS ---------

unit Friction Cohesion Bond*  Coordinates of Boundary
soil weight aAngle Intercept Stress XSl vsl Xs2 Ys2
Layer (Pch) (pegree) (psf) (Psi) (fo) (fo) (ft) (fr)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

%
File: RW349-12ft Page -

The Search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 3
Horizontal Spacing o 5.0 ft
Yield stress of Reinforcement = 50.0 ksi
Diameter of Grouted Hole = 6.0 in
punching shear = 200.0 kips
—————————— (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(Ft) (degrees) (ft) (in) Factor
i) 8.0 15.0 2.0 1.00 0.75
2 8.0 15.8 4.5 1.00 0.75

Page 1



3 8.0 15.0

s

File: RW349-12Ft

MINTIMUM DISTANCE
SAFETY BEHIND
FACTOR wWALL TOE
(fu)
Toe 2.364 7.9
Reinf. Stress at Level 1 = ]
= 10.
3= 15
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 2
1.894 14.8 47.0
Reinf. Stress at Level 1 0

o

3= 15
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
ft)
NODE 3
1.805 21.7 40.9
Reinf. Stress at Level 1 = 0
= 6
3 = 15
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 4
1.782 28.6 37.2
Reinf. Stress at Level 1 = 0
2= 5
8 = A5
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 5
1. 755 355 31.8
Reinf. Stress at Level 1 = 0
= 3
3- 14
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(f1)
NODE 6
1.732 42.4 30.1
Reinf. Stress at Level 1 = 0
= 2
3= 14
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 7
1.641 49.3 2T
Reinf. Stress at Level 1 = 0
= 1
3= 14
MINTMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
fo

RW349-12ft.0uT

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (ft) (deg) (ft)

55.1 13.8 89.9 4.9

.140 xsi (Pullout controls...)

053 ksi (pullout controls...)
966 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

21.7 89.9 4.0

.594 Ksi (Pullout controls...)
.103 ksi (Pullout controls...)
.611 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fv) (deg) (fv)

28.7 89.9 4.7
.000 ksi

.434 Ksi (Pullout controls...)
.308 Ksi (Pullout controls...)

LOWER FAILURE UPPER FATILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg) (ft)

35.9 89.9 5.4
.000 Ksi

.306 Ksi (Pullout controls...)
.103 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fr) (deg) ft)

29:2 55.3 18:.7
.000 xsi

.423 xsi (Pullout controls...)
.761 xsi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fO) (deg) (fO)

34.3 53.6 21.4
.000 Ksi

.782 ksi (Pullout controls...)
.644 Ksi (Pullout controls...)

LOWER FATLURE UPPER FAILURL

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (f1) (deg)  (f1)

38.8 50.0 23.0
.000 Ksi

.501 ksi (Pullout controls...)
.411 xsi (pullout controls...)

LOWER FA1LURE UPPER FAI1LURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fr) (deg) (ft)

Page 2

1.00 0.75
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NODE 8
1.633 56.2 27.6 38.1 38.1 28.6
Reinf. Stress at Level 1 = 0.000 Ksi
= 1.739 ksi (pullout controls...)
3 = 14.454 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (fO) (deg)  (fv)
NODE 9
1.672 63.1 24.1 34.6 33.9 38.0
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 0.091 ksi (Pullout controls...)
3 = 14.155 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (ft) (deg) (ft)
NODE10
1755 70.0 20.7 29.9 30.5 48.7
Reinf. Stress at Level 1 = 0.000 ksi
= 0.000 Ksi
3 = 13.819 Kksi (Pullout controls...)
£ NAAR AL AN A AAN AL AL AR LA NSNS
# For Factor of safety = 1.0 #
# Maximum Average Reinforcement Working Force: %
* 0.000 kips/level &

B T a e e S S e 2

Page 3
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File: Rw349-12ft Seismic

AR AN AN DS AN AR A RS AN AR S AR IR RS

L CALTIFORNIA DEPARTMENT OF TRANSPORTATION *

# ENGINEERING SERVICE CENTER %
* DIVISION OF MATERIALS AND FOUNDATIONS ®
# office of Roadway Geotechnical Engineering

= Date: 08-08-2012 Time: 23:17:12

AR A AN AR AN A AN A AAIANTAAAS LA A EASASS

Page -

Project Identification - Retaining wall 349 wall Height = 12 feet Pseudo Static Condition

————————— WALL GEOMETRY ---=-=---

12.0 ft
0.0 degree
Angle Length
(Deg) (Feet)
27.9 49.8

vertical wall Height
wall Batter

o

First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.
sixth 510?9 from 3rd slope.
Seventh Slope Angle.

LT I T 1
.OC:C!OCJC)

[alalalo =]

————————— SLOPE BELOW THE WALL “--------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE ---=-----~

There is NO SURCHARGE imposed on the system.

————————— OPTION #1 --———-----

Factored Punching shear, Bond & Yield Stress are used.

mlem e SOTL PARAMETERS ---------

unit Friction Cohesion  Bond* Coordinates of Boundary

So0i1l weight Angle Intercept Stress Xsl ¥sl Xs2 Ys2
Layer (pcf) (Degree) (psf) (Psi) (fv) (ft) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

Bond Stress also depends on BSF Factor in Option #5 when enabled.

¢
File: RW349-12ft Seismic
---------- EARTHQUAKE ACCELERATION ---------

Horizontal Earthquake coefficient = 0.21 (a/g)
vertical Earthquake Coefficient = 0.00

--------- WATER SURFACE --------~

NO water -Table defined for this problem.

The search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

vield stress of Reinforcement
Diameter of Grouted Hole

o
S
[Ny Yo KV, RVE)
[=X=jl-Ra]
F =F —h
w
-

pPunching Shear 20 ips
7777777777 (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(ft) (degrees) (ft) (in) Factor
1 8.0 15.0 2.0 1.00 0.73

Page 1
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1.00 .73

2 8.0 15.0 4.5
3 8.0 15.0 4.5 1.00 0.73
;
ile: RW349-12ft Sseismic Page -
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(fo) (deg) (ft) (deg) (f1)
Toe 1.787 9 45.7 113 89.9 8.1
Reinf. Stress at Level 1 0.000 Ksi

7.586 ksi (Pullout controls...)

i

3 15.197 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (ft) (deg)  (f1)
NODE 2
1.414 14.8 43.2 20.3 89.9 6.0
Reinf. Stress at Level 1 = 0.000 ksi
= 6.922 Ksi (Pullout controls...)
3 = 15.076 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATILURE UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (ft) (deg) (fr)
NODE 3
1317 2X.:7 40.9 28.7 89.9 4.7
Reinf. Stress at Level 1 0.000 Ksi

6.288 ksi (Pullout controls...)

3 14.961 ksi (pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (fu) (deg) (ft)
NODE 4
1.276 28.6 37.2 35.9 89.9 5.4
Reinf. Stress at Level 1 = 0.000 Ksi
2= 5.186 Ksi (Pullout controls...)
3 = 14.761 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR wWaLL TOE ANGLE LENGTH ANGLE LENGTH
(fv) (deg) (fo) (deg) (fov)
NODE 5
1.252 35.5 34.8 43.2 89.9 6.2
Reinf. Stress at Level 1 = 0.000 Ksi
= 4.393 ksi (Pullout controls...)
3 = 14.616 ksi (pPullout controls...)
MINIMUM DISTANCE LOWER FATLURE UPPER FATILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg)  (fr)
NODE 6
1.221 42 .4 30.1 34.3 53.6 21.4
Reinf. stress at Level 1 = 0.000 Ksi
2 = 2.718 ksi (Pullout controls...)
3 = 14.312 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPFER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (ft) (deg)  (f1)
NODE 7
1,157 49.3 25.5 32.8 47.0 25,9
reinf. Stress at Level 1 = 0.000 Ksi
= 0.761 ksi (Pullout controls...)
3 = 13.956 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATLURE  UPPER FATLURE
SAFLETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH

Page 2
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(ft) (deg) (ft) (deg) (fo)
NODE 8
1.144 56.2 26.7 31.4 37.0 35.2
Reinf. Stress at Level 1 = 0.000 Ksi
= 1.287 ksi (Pullout controls...)
3 = 14.052 ksi (pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (fo) (deg) (fr)
NODE 9
150 63.1 24.1 34.6 33.9 38.0
Reinf. Stress at Level 1 = 0.000 ksi

0.089 ksi (Pullout controls...)

I
ar
(Y

3 .834 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATLURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg)  (fr) (deg) (fO)
NODE1D
1.176 70.0 20.7 29.9 30.5 48.7
reinf. Stress at Level 1 = 0.000 Ksi
= 0.000 Ksi
3 = 13,506 ksi (Pullout controls...)
B R R L T b b R e Rt X
= For Factor of safety = 1.0
2 Maximum Average Reinforcement working Force: #
0.0

00 Kips/level *

R R
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Retaining Wall 349 Soil Nail Wall

Wall Height = 14 feet
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Rw349-14ft.ouT
File: Rw349-14ft

R R R R R R

CALIFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER

DIVISION OF MATERIALS AND FOUNDATIONS *
office of Roadway Geotechnical Engineering #
i 23:18:09 E:

o W % % o3 sk

_Date: 08-08-2012 Tim

FHHANE AT WS AAE

Project Identification - Retaining wall 349 wall Height = 14 feet
————————— WALL GEOMETRY —-----———

14.0 ft
0.0 degree
Angle Length
(Deq) (Feet)
27.9 39.
40.

vertical wall Height
wall Batter

First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.
Ssixth Slope from 3rd slope.
Seventh Sgope angle.

COOo0oOomMm

[=lalolelelo]
ocooCcoo
coooo

[

————————— SLOPE BELOW THE WALL ---—-—---

There is NO SLOPE BELOW THE TQE of the wall

777777777 SURCHARGE --------~
THE SURCHARGES IMPOSED ON THE SYSTEM ARE:

35.0 ft

70.0 ft
240.0 psf/ft
240.0 psf/ft

Begin Surcharge - Distance from toe
End Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

fffffffff OPTION -#1 -------—-

Factored punching shear, Bond & vield Stress are used.

--------- SOIL PARAMETERS ----=-----

i unit Friction Cohesion Bond* Coordinates of Boundary
soil  weight Angle Intercept Stress XSl ysl X52 YS2
Layer (PcP) (Degree) (psf) (Psi) (ft) (ft) (ft) (fo)

1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

¥
File: RW349-14ft

The Search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 3
Horizontal Spacing = 5.0 ft
vield stress of Reinforcement = 50.0 ksi
Diameter of Grouted Hole = 6.0 1in
pPunching shear = 200.0 kips
—————————— (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination  Spacing Diameter  Bond Stress
(ft) (degrees) (ft) (in) Factor
1 15..8 15.0 2.0 1.00 B=Z5
2 150 15.0 4.5 1.00 0.75

Page 1

Page -

Page -
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3 15.0 15.0
g
File: Rw349-14ft

MINIMUM DISTANCE
SAFETY BEHTND
FACTOR WALL TOE
(fo)
Toe 3.044 749
Reinf. Stress at Level 1 = 19.
= 22
3= 25
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 2
2.462 14.8 44,5

Reinf. Stress at Level 1
2

3 27
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 3
072 Z1.5T 30.4
Reinf. Stress at Level 1 =
2= AR
3 = 24.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 4
1.907 28.6 31.4

Reinf. Stress at Level 1

3 24.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 5
1.791 35.5 28.8
Reinf. Stress at Level 1 =
= 11.
3= 24.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 6
1.657 42.4 274

Reinf. stress at Level 1
2

o

10

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fv)
NODE 7
1.656 49.3 26.3
Reinf. Stress at Level 1 = 0
= 10.
3 = Z3.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOF
v

X
19.

14

.883 ksi (Pullout controls.
13.

0.

0.
.882 ksi (Pullout contrals...)
3.= 23

Rw349-14ft.ouT
4.5 1.00 075

LOWER FATILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (f1)

29.9 3.6 73.8 1740

723 Ksi (Pullout centrols...)

.427 Ksi (Pullout controls...)

132 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (f1) (deg)  (f1)

12.5 65.7 14.4

744 Ksi (pullout controls...)
000 Ksi (Pullout controls...)
040 Ksi (Pullout controls...)

LOWER FATILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft) (deg)  (fO)

10.1 57.4  24.2

410 Ksi (Pullout controls...)
897 Kksi (Pullout controls...)
556 Ksi (Pullout controls...)

LOWER FATLURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg) (fr)

16.8 55.0 24.9

o =
327 ksi (Pullout controls...)
771 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE

ANGLE LENGTH  ANGLE LENGTH

(deg) (ft) (deg)  (ft)
20.3 §2.1 28.9

000 Ksi

891 ksi (Pullout controls...)
196 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE

ANGLE LENGTH  ANGLE LENGTH

(deg) (f©) (deg)  (ft)
28.6 49.0 25.9

000 Ksi

793 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fO) (deg)  (ft)

22.0 37.6 I3
.000 Ksi

414 Ksi (Pullout controls...)
606 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (1) (deg) (f1)

Page 2
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NODE 8B
1715 56.2 21.1 18.1 33.5 472
Reinf. Stress at Level 1 =  0.000 Ksi
2 = 6.749 ksi (Pullout controls...)
3 = 22.140 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg) (ft)
NODE 9
1.796 63.1 19.0 20.0 30.5 51.3

Reinf. Stress at Level 1 0.000 Ksi

4.979 ksi (Pullout controls...)

3 21.432 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg) (1)
NODE1Q
1.888 70.0 13.1 14.4 27.6 63.2
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 0.000 ksi
3 = 18.991 ksi (Pullout controls...)

AR AR A R A AT AR AT A A A A AR ARG N ARG T S
. For factor of safety = 1.0 b
Maximum Average Reinforcement working Force: *
0.000 Kips/level i

AN Al S de S e Y N NN e S AN

hEhhEA A A E SN ARA AN N AN AN AT A SO
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RwW349-14ft Seismic.ouT
File: Rw349-14ft seismic page - 1

ERANARANA NS AL AN AR EANAR AL ELARAALLS %
CALTFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER &
DIVISION OF MATERIALS AND FOUNDATIONS *
office of Roadway Geotechnical Engineering
& Date: 08-08-2012 Time: 23:19:40

A A A L A A A A AT AL A AN A A SRR A AN AN N LA A AN

Ea s

EE

Ak

Project Identification - Retaining wall 349 wall Height = 14 feet Pseudo Static Condition
————————— WALL GEOMETRY ---------

14.0 ft
0.0 degree

vertical wall Height
wall Batter

non

First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.
Sixth S10qe from 3rd slope.
Seventh Slope Angle.

[ T

————————— SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE ~ ===~

There is NO SURCHARGE imposed on the system.

————————— OPTION #1 -=----=--

Factored Punching shear, Bond & Yield Stress are used.

————————— SOIL PARAMETERS ---—-----

unit Friction  Cohesion Bond* coordinates of Boundary

Soil weight Angle Intercept Stress XSl ¥sl XS2 YS2
Layer (pcf) (Degree) (psf) (Psi) (ft) (fr) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

= Bond 5tress also depends on BSF Factor in Option #5 when enabled.

¢
File: Rw349-14ft Seismic page - 2
--------- EARTHQUAKE ACCELERATION ---------

Horizontal Earthquake Coefficient 0.21 (a/g) -
0.00

vertical Earthquake Coefficient

L[]

--------- WATER SURFACE --—-----~

NO water Table defined for this problem.

The Search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

yield Stress of Reinforcement
Diameter of Grouted Hole
punching Shear

o mwun
B
Qv oo v
oowo
A
w
=l

—————————— (varying Reinforcement Parameters) ---------

Vertical Bar
Level Length  Inclination  Spacing Diameter Bond 5tress
(ft) (degrees) (fo) Gin) Factor
1 15.0 15.0 2.0 1.00 0.73

Page 1



P 15.0 15.0
3 15.0 15.0

File: RW349-14ft Seismic

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
Toe 2217 79
Reinf. Stress at Level 1 = 14.
= 2.
3 = 27,
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 2
1.719 14.8 41.5

Reinf. Stress at Level 1
2

= A7
3 = 25,
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 3
1.486 217 39.4
Reinf. Stress at Level 1 =
= 16.
3= 25.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 4
1...354 28.6 35+5

Reinf. Stress at Level 1

- 14
3= 24
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 5
1.275 35.5 31.4
Reinf. Stress at Level 1 =
& 13
3= 24.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 6
1.179 42 .4 27:1
Reinf. Stress at Level 1 = 0
= 10.
3 = 23
MINTMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 7
1.161 49 3 27.8
Reinf. Stress at Level 1 = 0
= Al
3 = 23u
M1NIMUM DISTANCE
SAFETY BREHIND
FACTOR WALL TOE

8.

iR

1.

Rw349-14ft Seismic.oOUT
1.00 0.73
1.00 0.73

F
v

LOWER FAILURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (fr) (deg) (fO)

49.0 12.0 89.9 .

398 Kksi (Pullout controls...)
112 ksi (Pullout controls...)
044 ksi (Pullout controls...)

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ftr) (deg)  (ft)

19.8 89.9 8.7

924 Kksi (Pullout controls...)
452 ksi (Pullout controls...)
980 Ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (f1) (deg)  (ft)

28.1 89.9 7.6

609 Ksi (Pullout controls...)
630 Ksi (Pullout controls...)
652 Xsi (Pullout controls...)

LOWER FAILURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(degd  (f1) (deg)  (ft}

351 89.9 8.7

.938 Ksi (Pullout controls...)
.961 kKsi (Pullout controls...)
.984 ksi (Pullout controls...)

LOWER FATLURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (f1) (deg)  (f1)

25.0 54.0 24.1

824 ksi (Pullout controls...)
015 Ksi (Pullout controls...)
205 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg) (1)

28.6 49.0  25.9

.000 Kksi

636 ksi (Pullout controls...)
254 ksi (Pullout controls...)

LOWER FAILURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fU) (deg)  (f)

PR 38.4 31.4

.000 Ksi

069 ksi (Pullout controls...)
427 ¥ks1 (Pullout controls...)

LOWER FATLURE UPPER FAILURE
PLANE PLANE
AMGLE LENGTH  ANGLE LENGTH

Page 2
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RW349-14ft Seismic.ouT

(ft) (deg) (ft) (deg) (ft)
NODE 8
1.174 56.2 213 18.1 33.5 47 .2
Reinf. Stress at Level 1= 0.000 Ksi )
2= 6.596 Ksi (Pullout controls...)
3 = 21.638 Ksi (Pullouvt controls...)
MINIMUM DISTANCE LOWER FATILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
f) (degd)  (fr) (deg) (fO)
NODE 9
1.201 63.1 19.0 20.0 6.5 51.3

Reinf. Stress at Level 1 0.000 Ksi

4.866 Ksi (Pullout controls...)

o n

3 20.946 Ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fr) (deg) (fo) (deg) (ft)
NODE10
1:233 70.0 13.1 14.4 27.6 63.2

Reinf. Stress at Level 1 = 0.000 Ksi
= 0.000 Ksi

3 = 18.561 Ksi (Pullout controls...)

o A N A A A N A A A A AR A A A A A A AN AN A SN AN A A A

For Factor of safety = 1.0 b
Maximum Average Reinforcement working Force: j
0.435 Kips/level

A A A AN A A AN R L AR RS AN T AN AT AN

o

*

Page 3
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Wall Height = 16 feet
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RW349-16ft.0UT
File: RW349-16ft

A A A AR A EANN ARSI AARRALT AN £ 2

= CALIFORNTIA DEPARTMENT OF TRANSPORTATION :
¥ ENGINEERING SERVICE CENTER e
* DIVISION OF MATERIALS AND FOUNDATIONS W
* office of Roadway Geotechnical Engineering
te: 08-0 12 ime: 23:20:35

ER R R R

Project Tdentification - Retaining wall 349 wall Height = 16 feet

--------- WALL GEOMETRY =---------

vertical wall Height = 16.0 ft
wall Batter = 0.0 degree
angle Length
) (Deg)  (Feet)
First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Eifth slope from 3rd slope.
sixth Slope from 3rd slope.
seventh Slope Angle.

L T | T T B

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

777777777 SURCHARGE -=-=----—
THE SURCHARGES TMPOSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe
End Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

35.0 ft

70.0 ft
240.0 psf/ft
240.0 psf/ft

W unn

————————— OPTION #1 ---------

Factored Punching shear, Bond & Yield Stress are used.

————————— SOIL PARAMETERS ---=------

unit Friction Cohesion Bond*  Coordinates of Boundary
soil weight Angle Intercept Stress Xsl ysl x52 Y52
Layer (pcf) (Degree) (psf) (Psi) (ft) (f1) (ft) (fo)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* gond Stress also depends on BSF Factor in Option #5 when enabled.

g
File: RW349-16ft

The search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 4

Horizontal Spacing = 5.0 ft

vield stress of Reinforcement = 50.0 ksi

Diameter of Grouted Hole = 6.0 1n

punching Shear = 200.0 kips

—————————— (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(ft) (degrees) (ft) (in) Factor

E | 20.0 15.0 2.0 1.00 Q.75
2 20.0 15.0 4.5 1.00 0. 75

Page 1

Page -

Page -
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3 15.0 15.0
4 15.0 15.0
File: Rw349-16Gft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
Toe 3.625 7.9
reinf. Stress at Level 1 = 30
2 = 32
3= 26
4 = 31
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 2
3.002 440
Reinf. Stress at Level 1= 22
2= 26
3= 24
4= 31
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 3
552 26.9
Reinf. Stress at Level 1 = 13
2= 17
3= A7
4 = 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 4
2472 28.6 28.6
Reinf. stress at Level 1 = 11
2= 17
3= 18
4 = 31
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.995 25:9
rReinf. Stress at Level 1 = 1
2= 15
3= 17
4 = 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fv)
NODE 6
1.769 26.0
Reinf. Stress at Level 1 = 1
2= 15
Ji= A7
4 = 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODL 7
1. 737 22.8
Reinf. Stress at Level 1 = 0.

-
e

Rw349-16f1.0UT

1
1

LOWER FATLURE
PLANE

ANGLE
(deg)

59.6

.061 xsi
.515 Ksi
728 Ksi
.B833 Ksi

LENGTH

(fo)
9.4

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deqg)

10.3

.339 Ksi
.327 Kksi
.341 Ksi
.494 ksi

LENGTH

(ft)

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

122

.485 Ksi
.870 Kksi
.967 Ksi
.957 Ksi

LENGTH

(fo)

63.7

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

13.0

.499 Ksi
L350 xsi
.637 Ksi
.024 Ksi

LENGTH

(f1)

55.4

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

23:7

.695 Ksi
.036 Ksi
577 Ksi
.918 Ksi

LENGTH

(o)

59.6

(pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deq)

23.6

.821 Ksi
.121 Ksi
.622 Ksi
922

Ksi

LENGTH

fo)

48.7

(Pullout
(Pullout
(pullout
(Pullout

LOWER FATLURE
PLANE

ANGLE
(deq)

26.7
000 Ksi

LENGTH

(ft)

44 .4

.00
.00

0.75
0.75

UPPER FATILURE
PLANE
ANGLE LENGTH
(deqg) (ft)

75.4 12.5

controls...)
controls...)
controls...)
controls...)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (ft)

18.3

controls...)
controls...)
controls...)
controls,..)

UPPER FAILURE
i PLANE
ANGLE LENGTH
(deg) (ft)

24.5

controls...)
controls...)
controls...)
controls...)
UPPER FATLURE
PLANE
ANGLE LENGTH
(deg) (ft)

30.3

controls...)
controls...)
controls...)
controls...)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deqg) (ft)

28.0

controls. ..
controls. ..
controls. ..
controls...

(I

UPPER FATLURE
PLANE
ANGLE LENGTH
(deg) (f1)

32.2

controls...)
controls...)
controls...)
controls...)
UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (ft)

34.5

Page 2

Page -
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Rw349-16ft.ouT

2 = 12.331 xsi (Pullout controls...)
3 = 16.153 ksi (Pullout controls...)
4 = 30.775 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(1) (deg)  (ft) (deg)  (fO)
NODE 8
1.762 56.2 22.3 18.2 35.1 48.1
Reinf. Stress at Level 1= 0.000 ksi
2 = 11.846 ksi (Pullout controls...)
3 = 15.898 ksi (Pullout controls...)
4 = 30.750 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (ft) (deg) {ft)
NODE 9
1 63.1 20.0 20.2 32.0 52.1
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 9.627 xsi (Pullout controls...)
3 = 14.730 ksi (Pullout controls...)
4 = 30.633 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FATILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (G o) (deg) (ft)
NODE10
1. 70.0 13.9 14 .4 29.0 64.0
Reinf. Stress at Level 1 = 0.000 Ksi
2 == 5.655 Ksi (Pullout controls ..)
3 = 10.672 Ksi (Pullout controls...)
4 = 30.227 xsi (Pullout controls...)
A A A N NN A A A A A A AR A AR A AR S X AN AL AN SRR R R R R R R Rk Rk R E R R R
i For Factor of safety = 1.0 ®
¥ Maximum Average Reinforcement working Force: il
= 000 kips/level ®
E 2 ERE LR NNN B9 e o o ¥ R

pPage 3
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RW349-16ft Seismic.ouT
File: RW349-16ft Seismic

AHEBANANANAES AT AN AN W

2 CALTFORNTIA DEPARTMENT OF TRANSPORTATION *

= ENGINEERING SERVICE CENTER i

% DIVISION OF MATERIALS AND FOUNDATIONS #

*  office of Roadway Geotechnical Engineering i
Date: 08-08-2012 Time: 23:21:58

AR H NN RA IR AT EAR LA AT R ARN AT AR R AN

Page -

1

Project Identification - Retaining wall 349 wall Height = 16 feet Pseudo Static Condition

--------- WALL GEOMETRY ---—---=~

16.0 ft

0.0 degree
Angle Length
(Deg) (Feet)
27.9 39.6

0.0 40.0

vertical wall Height
wall Batter

o

First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth Slope from 3rd slope.
Sixth Slope from 3rd slope.
seventh Slope Angle.

LT [ T

[elelele}e]
[} e o Jon en]

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE —--------

There is NO SURCHARGE imposed on the system.

--------- OPTION #1 --=--uwn--

Factored Punching shear, Bond & Yield Stress are used,.

vvvvvvvvv SOIL PARAMETERS --------- =

unit “Friction Cohesion Bond* Coordinates of Boundary
soil Weight Angle Intercept Stress XS1 Y51 XxS2 YS2
Layer (Pcf) (Degree) (psf) (Psi) (ft) (ft) (fo) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

$ ST
File: RW349-16ft Seismic
————————— EARTHQUAKE ACCELERATION -=--------

Horizontal Earthguake Coefficient 0.21 (a/g)
0.00

vertical Earthquake Coefficient

——————— “~~ WATER SURFACE ---------

NO water Table defined for this problem.

The search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 4
Horizontal Spacing = 5.0 ft
yield stress of Reinforcement = 48.9 ksi
Diameter of Grouted Hole = 6.0 in
punching shear = 200.0 kips

—————————— (varying Reinforcement Parameters) ---------

vertical Bar
Level Length  Inclination  Spacing Diameter  Bond Stress
(fu (degrees) (ft) (in) Factor
1 20.0 15.0 2.0 1.00 0.73

Page 1

Page -
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2 20.0 150
3 15.0 15.0
4 15.0 15.0
2
File: RwW349-16ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
()
Toe 2.978 79
Reinf. Stress at Level 1= 29
2= 31
3 = 26
4 = 31
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 2
193 14.8 44.0
Reinf. Stress at Level 1= 21
2 = 25
3 = 22
4 = 30
MINTIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fv)
NODE 3
1.705 21.7 41.6
Reinf. Stress at Level 1= 15
2= 24
3= 22
4= 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 4
1.522 28.6 11.1
Reinf. stress at Level 1 = 15
2= 23
3= 22
4 = 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fv)
NODE 5
1.393 35.5 34.2
Reinf. Stress at Level 1 = 9
2 = 20
3= 20
4 = 30
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 6
1.245 42.4 26.0
Reinf. Stress at Level 1 = 1
2 4.
3= 17
4 = 30,
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fu)
NODE 7
1.206 49.3 22.8

oon
[FRE AV

RW349-16ft Seismic.OuT

1
1

LOWER FATLURE
PLANE

ANGLE
(deg)

5976

.379 Ksi
778 Kksi
.122 Kksi
111 Ksi

LENGTH

(ft)
9.4

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

10.3

.832 ksi
.731 Ksi
.812 Ksi
.780 Ksi

LENGTH

(fo)

66.1

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

29.0

.723 Ksi
.240 Ksi
.202 Ksi
.719 Ksi

LENGTH

(fo)

89.9

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

37.9

.360 ksi
.994 Kksi
.072 Ksi
.706 Ksi

LENGTH

(ft)

89.9

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

42.9

.973 ksi
.339 Ksi
.149 Ksi
.514 ksi

LENGTH

(ft)

89.9

(Pullout
(Pullout
(Pultout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

23.6

.780 xsi

778 xsi

.222 Kksi

221 Ksi

LENGTH

(ft)

48.7

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FATLURE
PLANE

ANGLE
(deg)

26.7

LENGTH

(fo

144

.00
00

0.
0.

UPPER FATLURE

PLANE
ANGLE
(deg)

75.4

contraols
controls
controls
controls

LENGTH
(ft)

2.5

|
s 5w )
A |
o

UPPER FAILURE

PLANE
ANGLE
(deg)

18.3

controls
controls
controls
controls

LENGTH
(fo)

.|
veed
ca)
sisis

UPPER FAILURE

PLANE
LENGTH
(fo)

ANGLE
(deq)

8.2

controls
contrals
controls
controls

i 5
e 5}
a0
veed

UPPER FAILURE

PLANE
ANGLE
(deg)

6.2

controls
controls
controls
controls

LENGTH
(fod

ovezrid
sasal)
2t
)

UPPER FAILURE

PLANE
ANGLE
(deqg)

10.4

controls
controls
controls
controls

LENGTH
(ft)

- o)
L)
)
.

UPPER FAILURE

PLANE
ANGLE
(deg)

32.2

controls
controls
controls
controls

LENGTH
(fvd

D
9
)
i)

UPPER FAILURE

PLANE
ANGLE
(deg)

34.5

Page 2

LENGTH
(fo)

73
73
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RwW349-16f1 Seismic.ouT

Reinf, Stress at Level 1 = 0.000 Ksi
2 = 12.051 ksi (Pullout controls...)
3 = 15.787 ksi (Pullout controls...)
4 = 30.078 ksi (pullout controls...)
MINIMUM DISTANCE LOWER FATLURE UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fu) (deg)  (fr) (deg)  (ft)
NODE 8
1.198 56.2 223 18.2 35.1 48.1
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 11.578 ksi (Pullout controls...)
3 = 15.538 Kksi (Pullout controls...)
4 = 30.053 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATLURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (fO) (deg)  (f)
NODE 9
1295 63.1 20.0 20.2 32.0 1
Reinf. sStress at tevel 1= 0.000 ksi
2 = 9.409 ksi (Pullout controls...)
3 = 14.396 ksi (Pullout controls...)
4 = 29.939 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (fo) (deg) (fv)
NODE10
1.243 70.0 18.2 22.. 29.4 56.3
Reinf. Stress at Level 1 = 0.000 Ksi
2= 7.432 Ksi (Pullout controls...)
3 = 13.356 Kksi (Pullout controls...)
4 = 29.835 Ksi (Pullout controls...)
A A A A A AR A A A A A A A A A A A A A AN A A A A A A A AR AL AR AR RS AN AL AN RSO
For Factor of safety = 1.0 7
* Maximum Average Reinforcement working Force: *
* 4.217 kips/level #
AN AR AN AR R R AN RS ANN AL AR AR RS ANA i

Page 3



Retaining Wall 349 Soil Nail Wall
Wall Height = 18 feet
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RW349-18ft.ouT
File: RW349-18ft Page -

(R ES 2

v e

EE R

* CALTIFORNIA DEPARTMENT OF TRANSPORTATION

ENGINEERING SERVICE CENTER -

* DIVISION OF MATERIALS AND FOUNDATIONS %

% office of Roadway Geotechnical Engineering i
Date UB 08 2012 T1me 23:22:45

HAALAFAXAA LN AN

Project Identification - Retaining wall 349 wall Height = 18 feet
--------- WALL GEOMETRY ---------

18.0 ft

0.0 degree
angle  Length
(peg)  (Feet)
27.9 39.6

0.0 40.0

vertical wall Height
wall Batter

First Slope from wallcrest.
second Slope from 1st slope.
Third slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.
Sixth Slope from 3rd slope.
Seventh Slope Angle.

o
[eleleele]
ooccoo

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE --------~
THE SURCHARGES IMPOSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe
end Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

35.0 ft
70.0 ft
240.0 psf/ft
240.0 psf/ft

noan

QR OPTION #1 -----=--- -

Factored pPunching shear, Bond & Yield Stress are used.

—————————— SOIL PARAMETERS —-—-——---

unit Friction Cohesion Bond* Coordinates of Boundary

soil WE1%ht Angle Intercept Stress XSl Ys1 X52 Ys2
Layer (Fc (Degree) (pPsf) (Psi) (ft) (ft) (8] (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

1
File: RwW349-18ft Page -

The search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 4
Horizontal Spacing = 5.0 ft
yield stress of Reinforcement = 50.0 ksi
Diameter of Grouted Hole = 6.0 1n
punching Shear = 200.0 kips
---------- (varying Reinforcement Parameters) ---------
) ) vertical Bar
Level Length inclination  Spacing Diameter Bond Stress
(ft) (degrees) Ft) (in) Factor
1 25.0 15.0 2.0 1.00 0.75
2 25.0 15.0 4.5 1.00 0.75

Page 1



3 20.0 15.0
4 20.0 15.0

¥
File: Rw349-18ft

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(o)
Toe 3.387 7.9
Reinf. Stress at Level 1 = 38
2 = 40
3= 30
4= 37
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(f)
NODE 2
986 14.8 41.1
Reinf. Stress at Level 1 = 32
2 = 36
3= 29
4 = 38
_ MINIMUM DISTANCE
~ SAFETY BEHIND
~—-FACTOR WALL TOE
=3 (ft)
a1 37.8
tress at Level 1 = 19
2= 29
3 = 28
4 = 37
DISTANCE
SAFETY BEHIND
- FACTOR WALL TOE
| fo)
28.6 249
Reinf. Stress at Level 1 = 16
= 2= 20
= 3= 21
== 4= 35
T MINIMUM DISTANCE
T SAFETY BEHIND
_ FACTOR WALL TOE
== (ft)
NODE 5 )
1.974 35.5 27.2
Reinf. Stress at Level 1 = 15
T 2= 21
= 3= 123
4 = 36
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 6
773 42 .4 27.3
reinf. Stress at Level 1 =
2 = 21.
= 23
4 = 36.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 7
1.709 49.3 20.3
Reinf. Stress at Level 1 = 3

.795 Ksi (Pullout controls...
.672 Ksi (Pullout controls...
.749 Ksi (Pullout controls...
.299 ksi (pullout controls...

.185 Kksi (Pullout controls..
.927 ksi (Pullout controls...
.801 ksi (Pullout controls...
.557 Xsi (Pullout controls...

.579 Ksi (Pullout controls
.715 ksi (Pullout controls
.195 Ksi (Pullout controls
.055 ksi (Pullout controls

8.

RW349-18ft.0uT
1.00 75

1.00 0.75

oo
wen

LOWER FAILURE UPPER FATILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg) (fo)

38.7 71 82.4 17.9

.727 ksi (pullout controls...)
.025 ksi (Pullout controls...)
.522 xsi (Pullout controls...)
.976 ksi (Pullout controls...)

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

749 66.8 22.5

AN

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fO) (deq)  (fr)

19.2 69.8 18.9

.932 ksi (Pullout controls...)
.379 Ksi (pullout controls...)
.214 Kksi (Pullout controls...)
.848 Ksi (Pullout controls...)

LOWER FAILURE UPPER FATILURE

PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (f1) (deg)  (f)

15.8 61.7 30.1

[V LN NN

LOWER FATLURE UPPER FATILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (1) (deq) (fu)

16.0 53.9 36.2

)
L)
o
a0

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

23.9 50.3  33.2

415 Ksi (Pullout controls...)
236 ksi (Pullout controls...)
256 Ksi (Pullout controls...)
077 ksi (Pullout controls...)

LOWER FATLURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (1) (deg) (fo)

21.0 44.7  41.6

.831 ksi (Pullout controls...)

Page 2

Page -

3



2 = A3
2 18,
4 = 34.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 8
1.717 56.2 18.0
Reinf. Stress at Level 1 = 0
2= 10
3= 16
4 = 33
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 9
1.770 63.1 213
Reinf. Stress at Level 1 =
2 = 14.
3= 19.
4 = 34.
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE10
1.828 70.0 19.2
rReinf. Stress at Level 1= 0
2= %2
3= 17
4 = 34

2.

AAHRAE SRS EER

e A

RW349-181t.0uT

720 Ksi (Pullout controls...)
682 ksi (Pullout controls...)
443 Ksi (Pullout controls...)
LOWER FATILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft) (deg) (fo)
23.6 40.9 44.6
.000 Ksi
_630 ksi (Pullout controls...)
.801 Ksi (Pullout controls...)
.772 Kksi (Pullout controls...)
LOWER FAILURE UPPER FATILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (1) (deg) (&3 0)
20.3 33.5 53.0
956 Ksi (Pullout controls...)
672 Ksi (Pullout controls...)
261 Ksi (Pullout controls...)
651 ksi (Pullout controls...)
LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fo) (deg) (ft)
22.2 30.8 573
.000 Kksi _
.243 ksi (Pullout controls...)
.783 ksi (Pullout controls...)
,122 ksi (Pullout controls...)

For Factor of safety = 1.0
Maximum Average Reinforcement working Force:
0.000 Kips/level

Page 3
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Rw349-18ft Seismic.ouT
File: RW349-18ft seismic Page - 1

AT AR AR R R F TR R AR RA LA A SR a T d bt A A R a s ad

CALIFORNIA DEPARTMENT OF TRANSPORTATION

= ENGINEERING SERVICE CENTER &
® DIVISION OF MATERIALS AND FOUNDATIONS ]
*  office of Roadway Geotechnical Engineering %
5 Date: 08-08-2012 Time: 23:24:00 *
k4

AT A A AN A A A S R O N AN AN AR AN A AT AN AN AL NN

EREATNR
Project Identification - Retaining wall 349 wall Height = 18 feet Pseudo Static Condition

--------- WALL GEOMETRY ---==---—-

vertical wall Height
wall Batter

18.0 ft

0.0 degree
Angle Length
(Deg)  (Feet)

First Slope from wallcrest. = 27.9 39.6
second Slope from 1st slope. = 0.0 40.0
Third slope from 2nd slope. = 0.0 0.0
Fourth Slope from 3rd slope. = 0.0 0.0
Fifth Slope from 3rd slope. = 0.0 0.0
sixth slope from 3rd slope. = 0.0 0.0
Seventh Sgope Angle. = QLY

————————— SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE ---=--=----

There is NO SURCHARGE imposed on the system.

————————— OPTION #1 -=--=----

Factored Punching shear, Bond & Yield Stress are used.

————————— SOIL PARAMETERS -=-=---—-

unit Friction Cohesion Bond* Coordinates of Boundary
soil wei%ht Angle Intercept Stress XSl Ysl xs2 Y52
Layer (pPchH) (Degree) (psf) (psi) (f) (ft) (ft)  (fo)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

g - .
File: RW349-18ft Seismic pPage - 2
————————— EARTHQUAKE ACCELERATION ---------

Horizontal Earthquake Coefficient = 0.21 (a/q)
Vertical Earthguake Coefficient = 0.00

--------- WATER SURFACE ———------

NO water Table defined for this problem.

The Search Limit is from 1.0 to 70.0 ft

you have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels = 4
Horizontal Spacing = 5.0 ft
Yield stress of Reinforcement = 48.9 ksi
Diameter of Grouted Hole = 6.0 1n
punching Shear = 200.0 kips
—————————— (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(ft) (degrees) (ft) (in) Factor
1 25.0 15.0 2.0 1.00 .73

Page 1



2 25.0 15.0
3 20.0 15.0
4 20.0 15.0
e
File: RW349-18ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
Toe 2.781 7.9
Reinf. Stress at Level 1= 35
2= 39
3= 34
4 = 39
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 2
2.189 14.8 36.8
Reinf. stress at Level 1= 27
2= 29
3= 27
4 = 36
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 3
1.768 21.7 43.6
Reinf. Sstress at Level 1 = 24
2 = 32
3= 29
4 = 37
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 4
1.506 28.6 39.0
Reinf. Stress at Level 1= 20
2= 29
3= 28
4 = 37
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR waLL TOE
fo)
NODE 5
1.393 35.5 35.8
Reinf. Stress at Level 1= 17
2= 27
3= 26
4 = 36
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 6
1.246 42 .4 27.3
Reinf. Stress at Level 1 = 8
2= 20
3= 22
4 = 35
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 7
1.188 49.3 24.0

NI S
viunen

Rw349-18ft Seismic.ouT
1.00 7

1
1

LOWER FAILURE
PLANE

ANGLE
(deq)

58.3

.509 Ksi
.905 Ksi
.386 Ksi
.423 Ksi

LENGTH

(f1)

155

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deq)

12.:9

.379 Ksi
.644 Ksi
.165 Kksi
.844 xsi

LENGTH

(o)

76.2

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

30.0

.095 Ksi
.162 Ksi
.673 Ksi
.739 Ksi

LENGTH

(ft)

89.9

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

36.8

.372 Ksi
.486 Ksi
.044 xsi
.158 ksi

LENGTH

(o)

89.9

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

43.8

.392 Ksi
.344 Ksi
.740 xsi
.692 Kxsi

LENGTH

(1)

89.9

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

23.9

.224 Ksi
.754 Kksi
2. 729 Ksi
.260 Ksi

LENGTH

o)

50.3

(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE

ANGLE
(deg)

278

LENGTH

(GRD]

.00 0.73
-00 0.73

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (fu)

89.9 8.9

controls...)
controls...)
controls...)
contraols...)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (fo)

18.6

controls. ..
controls..
controls. ..
controls...

LS NN

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (fU)

8.8

controls...)
controls...)
controls...)
contrals...)

UPPER FAIILURE
PLANE
ANGLE LENGTH
(deg) (fO)

9.9

controls...)
controls...)
controls...)
controls...)
UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

11.0

controls...)
controls...)
controls...)
controls...)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

33:2

controls...)
controls...)
controls...)
controls...)
UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (1)

Page -

3



RwW349-18ft Seismic.OUT
=D

Reinf. Stress at Level 1 = 3.700 xsi (Pullout controls..
2 = 17.503 xsi (pullout controls...)
3 = 20.750 ksi (Pullout controls...)
4 = 34.553 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (fO) (deg)  (f1)
NODE 8
1.278 56..2 18.0 23.6 40.9 44.6
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 10.389 ksi (Pullout controls...)
3 = 16.420 ksi (Pullout controls...)
4 = 33.006 kKsi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fv) (deg)  (ft) (deg)  (ft)
NODE 9
1.181 63.1 21.1 20.3 33.5 53.0
Reinf. Stress at Level 1 = 2.889 ksi (Pullout controls...)
2 = 14.340 ksi (Pullout controls...)
3 = 18.825 Kksi (Pullout controls...)
4 = 33.865 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FATILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (fr) (deg) (f©)
NODE10
1.197 70.0 19.2 22.2 30.8 S#d
Reinf. Stress at Level 1 =  0.000 Ksi
2 = 11.965 ksi (Pullout controls...)
3 = 17.380 ksi (Pullout controls...)
4 = 33.349 Ksi (Pullout controls...)
B T e T T P T SR AR A R LR RS R R
7 For Factor of safety = 1.0 *
Maximum Average Reinforcemeqt working Force: *
b 8.429 Ki 1 A

AANABEE AR AL T A n

Ak

page 3



Retaining Wall 349 Soil Nail Wall
Wall Height = 20 feet
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RW349-20ft.oUuT
File: Rw349-20ft

Yrdr

R AN AN AR AN AR A R R AN

CALTIFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER
DIVISION OF MATERIALS AND FOUNDATIONS
#* office of Roadway Geotechnical Eng1neer1ng i
* 5 7 {1

Tedr g d

Project Identification - Retaining wall 349 wall Height = 20 feet
————————— WALL GEOMETRY --—-——---

20.0 ft

0.0 degree
Angle  Length
(Deg) (Feet)

vertical wall Height
wall Batter

nn

First slope from wallcrest. = 27. 39.6
second Slope from 1st slope. = D.U 40.0
Third slope from 2nd slope. = 0.0 0.0
Fourth Slope from 3rd slope. = 0.0 0.0
Fifth slope from 3rd slope. = 0.0 0.0
Sixth 51oqe from 3rd slope. = 0.0 0.0
seventh Slope Angle. = 0.0

————————— SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE ~---—---~
THE SURCHARGES IMPOSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe
end Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

35.0 ft

70.0 ft
240.0 pst/ft
240.0 psf/ft

--------- OPTION #1 ----=-=-~

Factored Punching shear, Bond & Yield Stress are used.

————————— SOIL PARAMETERS —--------

unit Friction Cohesion Bond* Coordinates of Boundary
soil We1$ht angle Intercept Stress X5l vsl xs2 YS52
Layer (Pch) (Degree) (psf) (Psi) (fv) (ft) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

¥
File: Rw349-20ft

The search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

vield stress of Reinforcement
Diameter of Grouted Hole
punching shear

wonman
v
OO
oooo
=
wn
2,

********** (varying Reinforcement Parameters) ---------

vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(fr) (degrees) (ft) (in) Factor
1 25.0 15.0 2.0 1.00 0.75
2 25.0 15.0 4.5 1.00 0.75

rage 1

Page -

Page -

1

2



3 2£5.0 15.0
1 20.0 15.0
5 20.0 5.0

g
File: Rw349-20ft

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR waLL TOE
(ft)
Toe 3.515 7.9
reinf. Stress at Level 1 = 39
2= 4l
3= 43
4 = 37
5= 42
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 2
3572 14.8 37.0
Reinf. Stress at Level 1 = 30
2= 33
3= 36
4 = 33
5 = 42
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODRE 3
804 217 36.0
Reinf. Stress at Level 1 = 25
2= 29
3= 34
4 = 33
5= 42
File: RwW349-20ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 4
2.475 28.6 44.5
Reinf. Stress at Level 1 = 21
2 = 29
3 = F7
4 = 35
S = 42
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
2.152 355 23.:5
Reinf. Stress at Level 1 = 8
2= 13
3= 25
4 = 28
5= 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 6
1.839 42 .4 28.6
Reinf. Stress at Level 1 = 5
2= 16
3= 29
4 = 30
5= 41

.634
.423
il 2
.605
.578

3L
-392
.463
.337
.104

.071
.640
.208
071
.075

.B24 Ksi
.B68 Ksi
.912 ksi
.156 Ksi
.306 Ksi

.130
.150
=335
. 867
.607

.488
.B76
.251
825
.825

RW349-20ft.ouT

4.5 1.00 0.
4.5 1.00 0.
4.0 1.00 0.

LOWER FALLURE
PLANE
ANGLE  LENGTH
(deg)  (ft)

56.8 8.7

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (ft)

79.4 17.2

controls. ..
controls...
controls. ..
controls. ..
controls. ..

(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

Ksi
Ksi
Ksi
Ksi
Ksi

S AN

LOWER FAILURE
PLANE
ANGLE LENGTH
(deq) (fr)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

9.3 71.6  23.5

controls. ..
controls. ..
controls..
controls. ..
controls...

(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

Ksi
Ksi
Ksi
Ksi
Ksi

NS

LOWER FATLURE
PLANE
ANGLE LENGTH
(deg)  (f1)

UPPER FATLURE
PLANE
ANGLE LENGTH
(deg) (ft)

10.7 62.7 28.4

controls...
controls. ..
controls. ..
controls...
controls. ..

(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

Ksi
Ksi
Ksi
Ksi
Ksi

[

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg)  (fv)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (ft)

40.1 89.9 7.0

controls. ..
controls. ..
controls. ..
controls. ..
controls...

(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

[

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg) (ft)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (ft)

19.4 60.1 35,16
controls. ..
controls. ..

Ksi )
controls...g
;
E

Ks1
Ksi
Ksi
Ksi

(Pullout
(Pullout
(Pullout
(PulTout
(Pullout

controls...
controls. ..

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg) (fo)

UPPER FAILUR
PLANE
ANGLE LENGTH
(deg) (fr)

24.1 51.8 34.3

controls...
controls. ..
controls. ..
controls. ..
controls...

(rPullout
(Pullout
(Pullout
(Pullout
(Pullout

Ksi
Ksi
ks
Ks1
ks

A N

Page 2

~ N~
e

Page -

Page -

3

4



rile: Rw349-20ft

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(1)
NODE /7
1.754 49 .3 25.1
Reinf. Stress at Level 1= 0
2= 13
3= 26
4= 29
5= 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 8
1.762 56.2 18.9
Reinf. Stress at Level 1= 0.
2- 4
3= 21
4 = 26
5= 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 9
1.789 63.1 22.2
Reinf. Stress at Level 1= 0
2 = 9
3= 24
4 = 28
5 = 41
¥ .
File: Rw349-20ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE10
1.856 70.0 20.2
Reinf. stress at Level 1= 0
2 = 6
3= 22
4 = 27
5= 41

BET TR ARS

R AN RETNEN

For Factor of Safety .
Maximum Average Reinforcement working Force:
1 1

RW349-20ft.0UT

LOWER FATLURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (1) (deg) (ft)

27,2 47 .6 36.5
.000 Ksi
.031 ksi (Pullout controls...)
.688 ksi (Pullout controls...)
.544 ksi (pullout controls...)
.683 Ksi (pPullout controls...)
LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (f0) (deg) (ft)

23.8 42.4 45.7
000 ksi

.571 ksi (pullout controls...)
.047 Ksi (Pullout contr015...g
i)

.724 ksi (Pullout controls

.369 Ksi (Pullout controls

LOWER FAILURE UPPER FAILURE
PLANE PLANE

ANGLE LENGTH ANGLE LENGTH

(deg) (ft) (deg)  (ft)

20.4 34.9 53.9
.000 Ksi

.998 ksi (Pullout controls...
.185 Ksi {Pullout controls...
.293 Ksi (Pullout controls...
.544 ksi (Pullout controls..

L

LOWER FAILURE UPPER FAILURE

PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fv) (deg) (fo)

22.4 32.2 57..9
.000 Ksi

.623 Ksi (Pullout controls...
.301 ksi (Pullout controls...
.350 ksi (Pullout controls...
.439 ksi (Pullout controls..

(Sl

1.0

Page 3
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) RW349-20ft Seismic.ouT
File: RW349-20ft Seismic

BaARARNS HARA AN Tefed s

CALIFORNIA DEPARTMENT OF TRANSPORTATIO
ENGINEERING SERVICE CENTER *
DIVISION OF MATERIALS AND FOUNDATIONS #
office of Roadway Geotechnical Engineering &
Date: 08- Time: 23:26:18

Page -

1

project Identification - Retaining wall 349 wall Height = 20 feet Pseudo Static Condition

777777777 WALL GEOMETRY ---------

20.0 ft
0.0 degree
angle  Length
(Deg) (Feet
27.9 39.
0.0 40.

vertical wall Height
wall Batter

imn

First Slope from wallcrest.
second Slope from 1st slope.
Third slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth Slope from 3rd slope.
Sixth S1oqe from 3rd slope.
Sseventh Slope Angle.

L T T I

[=l=lelols)

ocoocoC
Qooo
cocooocom

————————— SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE —- ===~~~

There is NO SURCHARGE imposed on the system.

777777777 OPTION #1 —--—-———-

_Factored Punching shear, Bond & Yield Stress are used.

--------- SOIL PARAMETERS --==------

unit Friction  Cohesion Bond*  Coordinates of Boundary
soil weight Angle Intercept Stress XSl Ysi- %52 ¥52
Layer (pPch) (Degree) (psf) (Psi) (fov) (ft) (ft) (fv)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

2
File: RW349-20ft Seismic
--------- EARTHQUAKE ACCELERATION ---------

0.21 (a/qg)
0.00

Horizontal Earthqguake Coefficient
vertical Earthquake Coefficient

————————— WATER SURFACE ---------

NO water Table defined for this problem.

The Search Limit is from 1.0 to 70.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels == 5
Horizontal Spacing_ = 5.0 ft
yvield stress of Reinforcement = 48.9 ksi
piameter of Grouted Hole = 6.0 in
punching Shear = 200.0 kips
—————————— (varying Reinforcement Parameters) ---—-—----—-
vertical Bar
Level Length Inclination spacing Diameter Bond Stress
(ft) (degrees) o) (in) Factor
1 25.0 150 2.0 1.00 Q73

Page 1

Page -

2



2 25.0 15.0
3 25.0 15.0
4 20.0 15.0
5 20.0 15.0

g
File: RW349-20ft Seismic

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
fo
Toe 2.987 7.9
Reinf. Stress at Level 1 = 38
2 = 40
3= 42
4 = 36
5 = 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 2
2.405 14.8 43.2
Reinf. Stress at Level 1 = 20
2 = 28
3= 36
4 = 34
5= 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 3
1.915 21,7 45.4
Reinf. Stress at Level 1 = 22
2= 29
3= 37
4 = 34
5= 41
¥ . .
File: RW349-20ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 4
1.589 28.6 40.7
Reinf. Stress at Level 1 = 17
2 = 26
3= 35
4 = 33
5= 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 5
1.443 35.5 37.2
Reinf. Stress at Level 1 = 14
2= 24
3= 33
4 = 32
5 = 41
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(o
NODE 6
1.284 42.4 28.6
Reinf. Stress at Level 1 = 5
2= 16
3 = I8
14 = 30
5 = 40

.735 Ksi (Pullout controls...
.484 Ksi (Pullout controls...
.232 ksi (Pullout controls...
.752 ksi (Pullout controls...
.613 Ksi (Pullout controls...

.430 xsi (Pullout controls...
.359 ksi (Pullout controls...
.498 ksi (Pullout controls...
.082 ksi (Pullout controls...
.316 ksi (Pullout controls...

.132 xsi (Pullout controls...
.793 ksi (Pullout controls...
.454 ksi (Pullout controls...
.560 ksi (Pullout controls...
.370 ksi (Pullout controls.

.904 Kksi (Pullout controls...
.622 ksi (Pullout controls...
.340 ksi (Pullout controls...
.503 ksi (Pullout controls...
,252 ksi (Pullout controls...

.497 ksi (Pullout controls...
.067 ksi (Pullout controls...
.637 xsi (Pullout controls...
.651 ksi (Pullout controls...
.157 ksi (Pullout controls...

.364 Ksi (Pullout controls.
.494 Ksi (Pullout controls..
.588 ksi (Pullout controls...
.127 ksi (Pullout controls..
.877 Ksi (Pullout controls...

RW349-20ft Seismic.ouT

4.5 1.00

4.5 1.00 0.73
4.5 1.00 0.73
4.0 1.00 0.73

LOWER FATLURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (f1) (deg)  (ft)

56.8 8.7 79.4 17.2

R

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

20.3 89.9 13.9

[

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (f)

30.9 B9.9 9.4

[N

LOWER FATILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg) (ft)

370 89.9 10.5

L

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (f1) (deg) (ft)

14.6 89.9 11.6

NN

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

24.1 51.8  34.3

[T

Page 2

Page -
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File: RwW349-20ft Seismic

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(Eng)
NODE 7
1.214 49.13 25.1
Reinf. Stress at Level 1= 0
2= 12
3= 26
4 = 28
5 = 40
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(o)
NODE 8
1.198 56.2 27.2
Reinf. Stress at Level 1= 2
2 = 15
3= 27
4 = 29
5= 40
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 9
1191 63.1 22.2
Reinf. Stress at Level 1= 0
2= 9
3 = 23.
4= 27
5 = 40.
? .
File: Rw349-20ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE10
1.207 70.0 20.2
Reinf. Stress at Level 1 = 0.
2 = 6.
3= 21.
4 = 26.
5 = 40.
* For Factor

10.384

BN A AN AR SN RE SN

.791 ksi (pullout controls...
.053 ksi (Pullout controls..
.628 ksi (Pullout controls...
.647 ksi (pullout controls...
.824 ksi (pullout controls...

.651 Ksi (Pullout controls...

Maximum Average Reinforcement Working Force:

RW349-20f1 Seismic.OUT

LOWER FATLURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft) (deg)  (ft)

27.2 47.6  36.5

.000 Kksi

.736 Ksi (Pullout controls...)
.083 ksi (Pullout controls...)
.874 Ksi (Pullout controls...)
.738 Ksi (Pullout controls...)

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (f1)

25.3 38.7 43.2

L

LOWER FAILURE UPPER FATILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

20.4 34.9 53.9

.000 Ksi
.771 ksi (Pullout controls...

637 Ksi (Pullout controls...

LN

602 ksi (Pullout controls..

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg)  (f1)

22.4 42.2 59

000 Ksi
473 Kksi (Pullout controls...
795 ksi (Pullout controls...
731 ksi (Pullout controls..
500 xsi (Pullout controls..

AN

of safety = 1.0

Kjgs/]eve1*

S up R s G T N

Page 3
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Page -
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Wall Height = 22 feet
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File: RW349-22ft

DIVISION OF MATERIALS AND
office of Roadway Geotechni
Date: 08-09-2012

BB %W oo

Fhhd

RW349-22ft

CALIFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER

FOUNDATTONS _
ca

1 Engineering
: 09:18:15

.ouT

project Identification - Retaining wall 349 wall Height = 22 feet

————————— WALL GEOMETRY ------—-

220, Tt

0.0 degree
angle  Length
(Deg) (Feet)
27.9 39.6

vertical wall Height
wall Batter

First Slope from wallcrest.
second Slope from 1st slope.
Third Slope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.
sixth S1oqe from 3rd slope.
Seventh Slope Angle.

L I 1
DCOoOoON
ocoooo

- SLOPE BELOW THE WALL ----

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE -—-------

THE SURCHARGES IMPOSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe = 35.
end surcharge - Distance from toe = 70
Loading Intensity - Begin = 240,

= 240.

Loading Intensity - End

------ -~~~ OPTION #1 -—-————--

Factored Punching shear, Bond & Yield Stress

S SOIL PARAMETERS ----

unit Friction Cohesion  Bond*

Soil Weight angle Intercept Stress
Layer (Pct) (Degree) (psf) (Psi)
1 115.0 27.0 350.0 10.0

0 ft

.0 ft

0 psf/ft
0 psf/ft

are used.

coordinates of Boundary

x51 ¥51
(fo) (ft)
0.0 0.0

x52
(ft)

0.0

Y52
(ft)

0.0

* gond Stress also depends on BSF Factor in Option #5 when enabled.

%
File: RW349-22ft

The Search Limit is from 1.0 to 69.0 ft

You have chosen NOT TO LIMIT the search of failure planes

to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

Yield stress of Reinforcement
Diameter of Grouted Hole
punching shear

—————————— (varying Reinforcement Parame
vertical
Level Length  Inclipation  Spacing
(ft) (degrees) (fv)
1 30.0 15.0 2.0
2 30.0 15.0 4.5

EERS)Y: e

Bar

Diameter Bond Stress

Gin)

1.00
1.00
Page 1

Factor

0.75
@75

Page -

Page -

1

2



.996 Ksi
.000 Ksi
.000 Ksi
.528 Ksi
.000 Ksi

RwW349-22ft.ouT

4.5 1.00 0.75
4.5 1.00 0.75
4.5 1.00 .75

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

48.2 7.0

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (fO)

81.5 248

(Pullout controls...)
(vield stress controls.)
(vield stress controls.)
(Pullout controls...)
(vield Stress controls.)

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

UPPER FATLURE
PLANE
ANGLE LENGTH
(deg) (fo)

3 30.0 150
4 25.0 15.0
5 25.0 15.0
g
File: Rw349-22ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fv)
Toe 3.097 7.8
Reinf. Stress at Level 1 = 49
2= 50
i = 50
4 = 43
5 = 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(o)
NODE 2
3.218 14.6 50.7
Reint. Stress at Level 1 = 41
2 = 45
3 = 48
4 = 44
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 3
2.868 21.4 31.9
Reinf. Stress at Level 1 = 32
2= 36
3= 139
4 = 37
5= 48
¥
File: RW349-22ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 4
2.416 28.2 33.2
Reinf. Stress at Level 1 = 28
2= 133
3« 38
4 = 38
5= 49
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 5
2.258 35.0 24.9
Reinf. Stress at Level 1= 18
2= 32
3= 31
4= 34
5= 47
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 6
1.886 41.8 30.2
Reinf. Stress at Level 1 14
2= 24
i= 35
4 = 36
5= 48

.933 Ksi
.160 Ksi
.386 Ksi
.243 Ksi
.000 Ksi

.392 Ksi
.038 xsi
.684
.686 Ksi
.980 xsi

.927 Ksi
.923 Ksi
.919 Ksi
.248 Ksi
.153 ksi

.069 Ksi
.814 Ksi
.157 Ksi
.120 Ksi
.883 Ksi

.981 Ksi
.009 Kksi
.851 Ksi
.894 Ksi
737 Ksi

11.5 70.7
(Pullout
(Pullout
(Pullout
(Pullout
(vield s

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg) (ft)

T2:6 68.1

(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

Ksi

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

13.5 60.2
(Pullout
(Pullout
(pullout
(Pullout
(Pullout

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg) (f1)

19.3 61.6
(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

LOWER FAILURE
FPLANE
ANGLE LENGTH
(deg) (fo)

24.2 53.6
(Pullout
(Pullout
(Pullout
(Pullout
(Pullout

221

controls...
controls...
controls..
controls...
tress controls.)

AN

UPPER FAILURE
PLANE
ANGLE  LENGTH
(degd) (1)

28.7

controls. ..
controls...
controls. ..
controls...
controls, ..

LN

UPPER FATLURE
PLANE
ANGLE LENGTH
(deg) (fv)

34.0

controls. .
controls. .
controls. .
controls..
controls. ..

NN

UPPER FATILURE
PLANE
ANGLE LENGTH
(deg) (ft)

36.8

controls. ..
controls. ..
controls. ..
controls. ..
controls. ..

AN N

UPPER FATILURE
PLANE
ANGLE LENGTH
(deg) (fu

35,2

controls. ..
controls. ..
controls. ..
controls. ..
controls. ..

A

Page 2

Page -

pPage -
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RW349-22ft.ouT

File: RW349-22ft Page - 5
MINIMUM DISTANCE LOWER FAILURE  UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
o (deg) (fr) (deg) (fv)
NODE 7
1.776 48.6 26.6 272 49.4 37.4
rReinf. Stress at Level 1 = 8.389 ksi (Pullout controls...)
2 = 19.687 ksi (Pullout controls...)
3 = 32.784 Ksi (Pullout controls...)
4 = 35.082 ksi (Pullout controls...)
5 = 48.179 ksi (Pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (fv) (deg) (ft)
NODE 8
1.743 55.4 20.1 23.6 44.3 46.4
Reinf. stress at Level 1= 4.534 ksi (Pullout controls...)
2 = 12.627 ksi (Pullout controls...)
3 = 25.986 ksi (Pullout controls...)
4 = 31.064 Ksi (Pullout controls...)
S = 46.943 ksi (pullout controls...)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fr) (deg)  (f1) (deg)  (ft)
NODE 9
1.757 62.2 18.0 26.2 41.0 49.4
Reinf. stress at Level 1 = 0.000 Ksi
2 = 7.732 ksi (Pullout controls...)
3 = 23.372 ksi (Pullout controls...)
4 = 29.520 ksi (Pullout controls...)
5 = 46.468 Ksi (Pullout controls...)
¥
File: Rw349-22ft pPage - 6
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg) (ft) (deg) (ft)
NODEL10Q
1.808 69.0 T30 2Lk 7.4 60.5
Reinf. stress at Level 1 = 0.000 Ksi
2 = 5.615 ksi (rPullout controls...)
3 = 15.450 ksi (pullout controls...)
4 = 22.657 Ksi (Pullout controls...)
5 = 44.356 xsi (Pullout controls...)

For Factor of safety = 1.0
* mMaximum Average Reinforcement working Force:
= 1.855 kips/level

ARAAAAXLAANENSEN

pPage 3
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RW349-22ft Seismic.ouT

File: RwW349-22ft Seismic Page - 1

TN

= CALIFORNIA DEPARTMENT OF TRANSPORTATION ¥

* ENGINEERING SERVICE CENTER *

* DEVISTON OF MATERTALS ANQ FDUNDATIONS_ 2

* office of Roadway Geotechnical Engineering 5

% Date: 08-09-2012 Time: 09:19:40 =

pe ; AR AR AEAAAARAAALA S

Project Identification - Retaining wall 349 wall Height = 22 feet Pseudo Static Condition
————————— WALL GEOMETRY —---—-——-

22.0 ft

0.0 degree
Angle  Length
(g;g (Feet)

vertical wall Height
wall Batter

First Slope from wallcrest.

second Slope from 1st slope.
Third slope from 2nd slope.

Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.

Sixth S10qe from 3rd slope.

seventh Slope Angle.

L 1 A L
[slalelefes]le]
cooCcCocow

--------- SLOPE BELOW THE WALL —--------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE —-—------

There is NO SURCHARGE imposed on the system.

————————— OPTION #1 ---—-----

Factored Punching shear, Bond & Yield Stress are used.

————————— SOIL PARAMETERS —-—-——---

unit Friction Cohesion Bond* Coordinates of Boundary
soil Wei%ht Angle Intercept Stress Xsl vs1 x52 ¥s2
Layer (pcf) (Degree) (psf) (Psi) (ft) (ft) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

L
File: RwW349-22ft Seismic Page - 2
————————— EARTHQUAKE ACCELERATION ---------

Horizontal Earthquake Coefficient = 0,21 (a/g)
vertical Earthquake cCoefficient = 0.00

--------- WATER SURFACE —--------

NO Water Table defined for this problem.

The Search Limit is from 1.0 to 69.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels g 5
Horizontal Spacing = 5:.0/F%
yield stress of Reinforcement = 48.9 ksi
piameter of Grouted Hole = 6.0 1n
Punching shear = 200.0 kips
——————————— (varying Reinforcement Parameters) ---------
vertical Bar
Level Length Inclination spacing Diameter Bond Stress
(o) (degrees) (fu) (in) Factor
1 30.0 15.0 2.0 1.00 0.73

Page 1



2 30.0 15.0
3 30.0 15:0
4 25.0 15.0
5 25.0 158
¥
File: RW349-22ft seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fu)
Toe 2.694 7.8
Reinf. Stress at Level 1 = 48
2 = 48
3 = 48
4 = 42
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTCOR WALL TOE
(fv)
NODE 2
2.432 14.6 45.5
Reinf. Stress at Level 1 = 36
2w 37
3= 44
4 = 41
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 3
1,982 . 21.4 31.9
Reinf. Stress at Level 1 = 31
: 2 = 35
3= 38
4 = 36
5 = 47
t, .
File: RW349-22ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fr)
NODE 4
1.654 28.2 42.5
Reinf. Stress at Level 1 = 26
2= 34
3= 43
4 = 40
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.483 35.0 39.0
reinf. Stress at Level 1= 22
2= 31
3= 41
4 = 39
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR waLL TOE
(ft)
NODE 6
1.316 41.8 30.2
Reinf. Stress at Level 1 = 14
2= 23
3= 3%
4 = 36
5 = 47

LOWER FAILURE
PLANE

Anbo
ween

ANGLE
(deg)

48.

. 862
.900
.900
.542
.900

LOWER FATILURE
PLANE

2

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

16.

.098
.641
.639
.730
.900

LOWER FAILURE
PLANE

7

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

126

.658
.221
.785
.831
.870

LOWER FAILURE
PLANE

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

38.3

.435
237
.038
. 785
.900

LOWER FAILURE
PLANE

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

45.

. 804
923
.041
-605
i3

LOWER FAILURE
PLANE

1

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

24.

.641
.465
.039
.058
.632

2

Ksi
Ksi
Ksi
Ksi
K51

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

LENGTH

RW349-22ft Seismic.ouT

1.00 0.73
1.00 0.73
1.00 0.73
1.00 0.73

UPPER FAJLURE
PLANE
ANGLE LENGTH
(ft) (deg)  (fr)

7.0 81.5 21.1
(Pullout controls...)
(vield Stress controls.)
(vield Stress controls.)
(Pullout controls...)
(yield stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH
(fu) (deg)  (fU)

80.7 18.1

(pullout controls...
(Pullout controls...
(Pullout contreols...
(Pullout controls...
(yield stress controls.)

e

UPPER FAILURE
PLANE
ANGLE LENGTH
(fr) (deqg) (ft)

68.1 28.7

(Pullout controls...
(Pullout controls...
(Pullout controls...
(Pullout controls...
(Pullout controls...

A

UPPER FAILURE
PLANE
ANGLE LENGTH
(fu) (deg)  (fO)

8249 1.4

(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield Stress controls.)

UPPER FATLURE
PLANE
ANGLE LENGTH
(f1) (deg)  (ft)

899 A2.Z2

(Pullout controls...
(Pullout controls...
(pullout controls...
(Pullout controls...
(Pullout controls...

I P

UPPER FAILURE
PLANE
ANGLE LENGTH
Gt (deg) (ft)

53.6 352

(Pullout controls...
(Pullout controls. .
(Pullout controls. ..
(Pullout controls. .
(Pullout controls..
Page 2
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File: Rw349-22ft Seismic

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo
NODE 7
1227 48.6 26.6
Reinf. Stress at Level 1 = 8
2 = 19
3= 32
4 = 34
5= 47
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 8
1.193 55.4 20.1
Reinf. Stress at Level 1= 4
2= 12
3= 25
4 = 30
5= 45
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
fo)
NODE 9
1.182 62.2 18.0
Reinf. Stress at Level 1 = 0
2= " 7
3= 22
4 = 28
5= 45
$
File: Rw349-22ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE10
1.187 69.0 21.4
Reinf. Stress at Level 1 = 3
2= 13
3 = 26
4 = 31
5 = 46

TARAART T HRRISSEESAESAARDLLES

For Factor

AR ENRDARDTER I AAALY

.199 ksi (Pullout controls...
.241 Ksi (Pullout controls...
.041 ksi (pullout controls...
.287 xsi (Pullout controls...
.087 ksi (Pullout controls...

.431 Ksi (Pullout controls...
.341 Ksi (Pullout controls...
.397 ksi (Pullout controls...
.360 Ksi (Pullout controls...
.879 Ksi (Pullout controls...

.322 Ksi (Pullout controls...
.792 ksi (Pullout controls..
.881 Ksi (Pullout controls..
.237 ksi (Pullout controls...
.149 Ksi (Pullout controls..

maximum Average Reinforcement working Force:
4.346 ki 1 1

RW349-22ft Seismic.ouT

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deqg) (fo) (deg) (f)

2.2 49.4 37.4

(ST

LOWER FATLURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fO) (deg) (ft)

23.6 44.3 46.4

(SIS NI

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft)  (deg) (ft)

26.2 41.0 49.4

.000 Ksi
.557 Ksi (Pullout controls...
.842 Ksi (pullout controls...
.851 ksi (Pullout controls..
.414 Ksi (Pullout controls...

LS

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (f1) (deg)  (fr)

22.:2 33.9 58.2

[ I

of safety = 1.0

rage 3
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Retaining Wall 349 Soil Nail Wall

Wall Height = 24 feet
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RW349-24ft.0uT
File: Rw349-24ft

fedede de g e

FADNGE

CALIFORNIA DEPARTMENT OF TRANSPORTATION

# ENGINEERING SERVICE CENTER #
- f DIVISION OF MATERIALS AND FOUNDATIONS 8
*  office of Roadway Geotechnical Engineering &
o Date: Time: 09:20:29 ?

HEANAAAEL AR A AR AR AR R RN ANR A DA A AL AN

Project Identification - Retaining wall 349 wall Height = 24 feet
————————— WALL GEOMETRY ---------

24.0 ft

0.0 degree
Angle  Length
(Deg) (Feet)
26.6

vertical wall Height
wall Batter

o

First Slope from wallcrest. = 6 34.2
second Slope from 1st slope. = 0.0 40.0
Third slope from 2nd slope. = 0.0 0.0
Fourth slope from 3rd slope. = 0.0 0.0
Fifth slope from 3rd slope. = 0.0 0.0
sixth slope from 3rd slope. = 0.0 0.0
seventh Sqnpe Angle. = 0.0

--------- SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE =---=-==---
THE SURCHARGES IMPOSED ON THE SYSTEM ARE:

Begin surcharge - Distance from toe
End Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

30.6 ft
70.0 ft
240.0 psf/ft
240.0 psf/ft

————————— OPTION #1 ---------

Factored Punching shear, Bond & Yield Stress are used.

--------- SOIL PARAMETERS ---=---=~

: unit Friction Cohesion Bond* Coordinates of Boundary
soil Wei%ht Angle Intercept Stress Xsl y¥sl Xx52 Y52
Layer (pcf) (Degree) (psf) (Psi) (ft) (ft) (ft) (ft)

1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* pond Stress also depends on BSF Factor in Option #5 when enabled.

?
File: Rw349-24ft

The Search Limit is from 1.0 to 69.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

vield stress of Reinforcement
pDiameter of Grouted Hole
punching Shear

nw o
w
oo unuL
(=l le]
=~
n
=

—————————— (varying Reinforcement Parameters) ---------

vertical Bar
Level Length Inclination Spacing Diameter Bond Stress
(ft) (degrees) (fo) (in) Factor
1. 32.0 15.0 2.0 1.00 0.75
2 32.0 15.0 5.0 1.00 .75

Page 1

Page -
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3 32.0 15.0
4 32.0 15.0
5 32.0 15.0
§
File: Rw349-24ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
Toe 2.856 7.8
Reinf. Stress at Level 1 = 50
2 = 50
3= 50
4 = 50
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft
NODE 2
2.829 14.6 47.0
Reinf. Stress at Level 1 = 43
2 = 46
3= 49
4 = 50
5 = 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 3
668 21.4 52.4
Reinf. Stress at Level 1 = 39
2= 44
3= 50
4 = 50
5= 50
b
File: RW349-24ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 4
2.367 28.2 34.1
Reinf. Stress at Level 1 = 31
2= 37
3= 42
4= 50
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
fo
NODE 5
2.004 35.0 34.0
Reinf. Stress at Level 1= 23
2's 29
3= 40
4 = 50
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR waLL TOE
(ft)
NODE 6
1875 41.8 35.2
Reinf. Stress at Level 1= 22
2= 30
3= 41
4 = 50
5= 50

e
oco

LOWER FAILURE
PLANE
LENGTH

ANGLE
(deg)

55.1

.000 Ksi
.000 Ksi
.000 Ksi
.000 Ksi
.000 Ksi

LOWER FAILURE
PLANE
LENGTH

ANGLE
(deg)

12.8

.825 Ksi
.606 Ksi
.387 Ksi
.000 Ksi
.000 Ksi

LOWER FAILURE
PLANE
LENGTH

ANGLE
(deg)

17.5

.895 Ksi
.944 Ksi
.000 xsi
.000 xsi
.000 ksi

LOWER FAILURE
PLANE

ANGLE
(deg)

13,6

.633 Ksi
.034 ksi
.434 Ksi
.000 Kksi
.000 Ksi

LOWER FAILURE
PLANE
LENGTH

ANGLE
(deg)

21.1

.2B4 Ksi
.359 Ksi
.630 Ksi
.000 Ksi
.000 Ksi

LOWER FAILURE
PLANE
LENGTH

ANGLE
(deg)

20.5

.352 Ksi
.542 Ksi
.550 Ksi
.000 Ksi
.000 Ksi

Rw349-24ft.0UT

1.00 0.75
1.00 .75
1.00 0.75

UPPER FAILURE
PLANE
ANGLE LENGTH
(fo) (deg)  (ft)

6.8 80.1 22.7

(vield Stress controls.
(vield stress controls.
(vield stress controls.
(vield Stress controls.
(yield Stress controls.

L

UPPER FAILURE
PLANE
ANGLE LENGTH

(fr) (deqg) (ft)

750 22.7

(pullout controls...)
(pullout controls...)
(pullout controls...)
(vield Stress controls.)
(vield Stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH

(fo) (deg) (fo)

62.8 23.4

(Pullout controls...)
(Pullout controls...)
(vield stress controls.)
(vield Stress controls.)
(vield Stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (ft)

ENGTH
(ftd

61.0 34.9

(pPullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield stress controls.)
(vield stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH

(fo) (deg)  (f1)

575 32.6

(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield stress controls.)
(vield Stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH

(ft) (deg) (f1

47.7 7.2

(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield stress controls.)
(vield Stress controls.)

Page 2
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File: Rw349-241t page - 5
MINTMUM DISTANCE LOWER FAILURE UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH  ANGLE LENGTH
(fo (deg) (fo) (dea) (o)
NODE 7
1.829 48.6 283 16.6 42.8 46.3

Reinf. Stress at Level 1 = 17.330 &ksi (Pullout controls...)
2 = 26.707 Ksi (Pullout controls...)
3 = 36.084 Ksi (Pullout controls...)
4 = 49.728 Ksi (pullout controls...)
5 = 50.000 Ksi (yield stress controls.)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg)  (ft)
NODE 8
1.836 55.4 195 23.5 43.4 45.8
Reinf. Stress at Level 1 = 4.464 Ksi (Pullout controls...)
2 = 13.673 Ksi (Pullout controls...)
3 = 26.031 Ksi (Pullout controls...)
4 = 43.985 ksi (Pullout controls...)
5 = 50.000 ksi (vield stress controls.)
.. MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
. SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
N (ft) (deg) (fv) (deg)  (ft)
NODE 9 7
1.868. - 62.2 17.5 26.1 40.1 48.8
Reinf. Stress at Level 1 = 0.000 Ksi
2 = 8.509 ksi (Pullout controls...)
3 = 23.169 Ksi (Pullout controls...)
4 = 42,315 ksi (Pullout controls...)
E 5 = 50.000 ksi (yield stress controls.)
§ e -
File: Rw349-24ft Page - 6
MINIMUM DISTANCE LOWER FAILURE  UPPER FAILURE
S SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
P (fv) (deg)  (ft) (deg)  (fr)
NODE1D -
1. 69.0 20.8 221 33.1 57.6

Reinf. Stress at Level 1 = 1.929 Ksi (Pullout controls...)
) 2 = 14.094 ksi (Pullout controls...)
3 = 27.695 ksi (Pullout controls...)
4 = 44.956 Ksi (Pullout controls...)
5 = 50.000 ksi (yield Stress controls.)

. 0 y=1.0 2
Maximum Average Reinforcement working Force: #
3.834 kips/level

Page 3
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RW349-24ft Seismic.ouT
File: Rw349-24ft Seismic

R R RS R R R R R R R RS R P
CALIFORNIA DEPARTMENT OF TRANSPORTATION #
ENGINEERING SERVICE CENTER #
DIVISION OF MATERIALS AND FOUNDATIONS
office of Roadway Geotechnical Engineering i
pate: 08-09-2012 Time: 09:21:29 #

A A A AN AR A A A A A A A A AR AN AT AN AN AN AAANAES

oo oo B o

Page -

3

Project Identification - Retaining wall 349 wall Height = 24 feet Pseudo Static Condition

--------- WALL GEOMETRY ~-=--=n==-

24.0 ft

0.0 degree
Angle Length
(peg)  (Feet)

vertical wall Height
wall Batter

First Slope from wallcrest.
second Slope from 1st slope.
Third STope from 2nd slope.
Fourth Slope from 3rd slope.
Fifth slope from 3rd slope.
Sixth Slope from 3rd slope.
seventh SQUDE Angle.

LI | T T A
1 [
cooooom

fffffffff SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

777777777 SURCHARGE ==-=-=-=---

There .-is NO SURCHARGE imposed on the system.

--------- OPTION #1 ---------

Factored punching shear, Bond & vield Stress are used.

————————— SOIL PARAMETERS ---------

- Unit . Friction Cohesion  Bond* Coordinates of Boundary
soil weight Angle Intercept Stress XSl Y51 Xxs2 Y52
Layer (Pcf) (Degree) (psf) (Psi) (ft) (ft) (ft) (ft)

1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* pond Stress also depends on BSF Factor in Option #5 when enabled.

¥
File: RW349-24ft Seismic
--------- EARTHQUAKE ACCELERATION ---------
Horizontal Earthquake coefficient 0.21 (a/q9)
vertical Earthquake Coefficient 0.00

--------- WATER SURFACE --------~

NO wWater Table defined for this problem.

The search Limit is from 1.0 to 69.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

yield Stress of Reinforcement
Diameter of Grouted Hole
punching Shear

[ [
o
Sooouvn
COWo
R —h
(n
=

—————————— (varying Rzinforcement Parameters) ---------

vertical Bar
Level Length Inclination  Spacing Diameter  Bond Stress
(fo) (degrees) (ft) (in) Factor
iy 32.0 15.0 2.0 1.00 0. 73

Page 1

Page -
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2 32.0 15.0
3 32.0 15.0
4 32.0 15.0
5 32.0 15.08
¥
File: RwW349-24ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
Toe 2.427 7.8
Reinf. Stress at Level 1 = 48
2 = 48
3= 48
4 = 48
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
)
NODE 2
2.175 14.6 47.0
reinf. Stress at Level 1 = 42
2 = 45
3 = 48
4 = 48
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
EHE)
NODE 3
1. 875 21.4 418.6
Reinf. Stress at Level 1 = 33
2= 41
3 = 48
4 = 48
5= 48
¢
File: Rw349-24ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 4
1.571 28.2 43.4
Reinf. Stress at Level 1 = 27
2 = 36
3= 45
4 = 48
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.410 35.0 41.9
Reinf. Stress at Level 1 = 26
2 = 135
3 = 45
4 = 48
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 6
1.308 41.8 352
Reinf. Stress at Level 1 = 21
2= 29
3= 40
4 = 48
5 = 48

.900 Ksi (vield Stress controls.
.900 Kksi (yield stress controls.
.900 Ksi (yield Stress controls.
.900 Ksi (vield stress controls.
.900 Ksi (vield Stress controls.

RW349-24ft Seismic.OUT

5.0 1.00 0.7
5.0 1.00 0.73
5.0 1.00 0.73
Sl 1.00 0.73

LOWER FAILURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (f©) (deg)  (ft)

68.2 21.0 89.9 8.4

(TGN

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (ft) (deg) (ft)

12.8 A 2247

.832 Ksi (Pullout controls...)
.550 ksi (Pullout controls...)
.267 Ksi (Pullout controls...)
.900 ksi (yield Stress controls.)
.900 Ksi (vield stress controls.)

LOWER FATLURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (ft) (deg)  (ft)

324" 89.9 10.4

.296 Kksi (Pullout controls...)
.082 ksi (Pullout controls...)
.867 Ksi (Pullout controls...)
.900 ksi (vield Stress controls.)
.900 Ksi (yield Stress controls.)

LOWER FAILURE UPPER FATILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (fv) (deg)  (ft)

38.8 89.9 11.4

.955 ksi (Pullout controls...)
.955 ksi (Pullout controls...)
.954 Ksi (Pullout controls...)
.900 ksi (yield stress controls.)
.900 Ksi (yield Stress controls.)

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg)  (f1)

47.1 89.9 79

.336 Ksi (Pullout controls...)
.704 ksi (pullout controls...)
.071 Ksi (pPullout controls...)
.900 ksi (yield Stress controls.)
.900 ksi (vield stress controls.)

LOWER FAILURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fr) (deg) (fo)

20.5 47.7 37l

.845 Ksi (Pullout controls...)
.850 Kksi (Pullout controls...)
.609 ksi1 (Pullout controls...)
.900 ksi (vield stress controls.)
2900 Ksi (yield Stress controls.)

Page 2
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File: RW349-24ft Seismic

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 7
1.253 48.6 28.3
Reinf. Stress at Level 1= 16
2= 26
3 = 35
4= 48
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 8
1.234 55.4 28.0
rReinf. Stress at Level 1= 10
2= 21
3= 34
4 = 48
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 9
1.228 62.2 25.4
Reinf. Stress at Level 1 = 5
2= AF
3= 32
4 = 46
S = 48
$
File: RW349-24ft seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR wALL TOE
(fo)
NODE10
1.235 69.0 20.8
Reinf. Stress at Level 1 = 1.
2= 43
3= 27
4 = 43
5= 48

. For Factor o
Maximum Average Reinforcement working Force:

* 17.108
SEn

SRR AR AREDS

.483 Ksi (Pullout controls...
.480 Kksi (Pullout controls...
.207 Ksi (Pullout controls...
.935 ksi (Pullout controls..
.900 ksi (vield Stress contro

G AR ANRE L

RW349-24ft Seismic.ouT

LOWER FAILURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fo) (deg) (ft)

16.6 42.8  46.3

,938 ksi (Pullout controls...)
.102 Ksi (Pullout controls...)
.266 Ksi (Pullout controls...)
.601 Kksi (Pullout controls...)
.900 ksi (vield stress controls.)

LOWER FATLURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (fr) (deg)  (ft)

25.1 39.6  43.2

.610 ksi (Pullout controls...)
.121 xsi (Pullout controls...)
.778 ksi (Pullout controls...)
.434 Ksi (Pullout controls...)
.900 Ksi (vield stress controls.)

LOWER FAILURE UPPER FATLURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fr) (deg)  (ft)

275 36.4 46.4

b}
)
)
)
1s5.)

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (1) (deg)  (f1)

22.1 33.1 57.6

.885 ksi (Pullout controls...)
.775 Ksi (Pullout controls...)
.068 Ksi (Pullout controls...
.937 Ksi (Pullout controls...)
.900 ksi (vield Stress controls.

1.0

Kips/level

FhhhEE

pPage 3

Page -

Page -
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* CALIFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER =
DIVISION OF MATERIALS AND FOUNDATIONS *
office of Roadway Geotechnical Engineering L
Date: 08-09-2012 Time: 09:23:04

B E R P T R e F ek S e R PRSI S S

Project 1dentification - Retaining wall 349 wall Height = 26 feet
————————— WALL GEOMETRY ---------

vertical wall Height
wall Batter

25.0 ft

0.0 degree
Angle Length
(Deg) (Feet)

26.6 34.2

First Slope from wallcrest.

second Slope from 1st slope.
Third slope from 2nd slope.

Fourth Slope from 3rd slope.
Fifth Slope from 3rd slope.

sixth S10qe from 3rd slope.

seventh Slope Angle,

LI 1 A A 1
coooC

————————— SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

————————— SURCHARGE ---=------
THE SURCHARGES TMPOSED ON THE SYSTEM ARE:

Begin Surcharge - Distance from toe
End Surcharge - Distance from toe
Loading Intensity - Begin

Loading Intensity - End

30.6 ft

70.0 ft
240.0 psf/ft
240.0 psf/ft

nnnn

--------- OPTION #1 ---------

Factored Punching shear, Bond & vield Stress are used.

————————— SOIL PARAMETERS --------—-

unit Friction Cohesion Bond™® Coordinates of Boundary

soil WEi?ht Angle Intercept Stress Xsl vsl XS2 YSs2
Layer (pch) (Degree) (psf) (Psi) (ft) (ft) (fr) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

* Bond Stress also depends on BSF Factor in Option #5 when enabled.

$ -
File: RW349-26ft pPage - 2

The search Limit is from 1.0 to 69.0 ft

You have chosen NOT TO LIMIT the search of failure planes
to specific nodes.

Number of Reinforcement Levels
Horizontal Spacing

yield stress of Reinforcement
Diameter of Grouted Hole

W onn
v
oocvowvun
Qoo C
=
"

&

pPunching Shear 20 kips
---------- (varying Reinforcement Parameters) ---------
vertical Bar
Level Length inclination  Spacing Diameter Bond Stress
(ft) (degrees) (ft) (in) Factor
1 32.0 15.0 3.0 1.00 0.75
2 32.0 15.0 5.0 1.00 0.75

Page 1



3 32,0 15.0
4 420 15.0
5 32.0 15.0

]
File: Rw349-26ft

MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
Toe 2.790 7.8
Reinf. Stress at Level 1 = 50
2= 50
3= 50
4= 50
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 2
2.648 14.6 53.0
Reinf. Stress at Level 1 = 45
2 = 49
3 = 50
4 = 50
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 3
2.449 21.4 50.0
Reinf. Stress at Level 1 = 35
2 = 43
3= 50
4 = 50
5= 50
3 :
File: Rw349-26ft
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOC
(ft)
NODE 4
2197 28.2 48.0
Reinf. Stress at Level 1 = 33
2 = 41
3= 49
4 = 50
5= 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.896 315.0 34.6
Reinf. Stress at Level 1 = 23
2= 29
3 = 41
4= 50
5 = 50
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(Ft)
NODE 6
1.778 41.8 35.9
Reinf. Stress at Level 1 = 23
2= 3
3 = 42
4 = 50
5= 50

.000 Ksi
.000 Ksi
.000 Ksi
.000 Ksi
.000 Ksi

.920 Ksi
.241 Ksi
.000 Ksi
.000 Ksi
.000 Ksi

.528 ksi
.084 Ksi
.000 Kksi
.000 Kksi
.000 ksi

.413 Ksi
.528 Ksi
.643 Ksi
.000 Ksi
.000 Kksi

.783 Ksi
.729 Ksi
.139 Ksi
.000 Ksi
.000 ksi

.021 Ksi
047 Ksi
.049 Ksi
.000 Ksi
.000 Ksi

RW349-26ft.ouT

.0 1.00 0.75
5.0 1.00 0.75
5.0 1.00 0.75

LOWER FATILURE
PLANE
ANGLE LENGTH
(deg) (ft)

69.3 15.4

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg) (fO)

80.8 14.6

(vield stress controls.
(vield stress controls.
(vield stress controls.
(vield Stress controls.
(vield stress controls.

A N

LOWER FATILURE
PLANE
ANGLE LENGTH
(deg) (ft)

UPPER FATLURE
PLANE
ANGLE LENGTH
(deg)  (fr)

12.1 72.1 23.8

(Pullout controls...)
(Pullout controls...)
(vield Stress controls.)
(vield stress controls.)
(vield stress controls.)

LOWER FATLURE
PLANE
ANGLE  LENGTH
(degd)  (fO)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (ft)

23.3 70.2 19.0

(Pullout controls...)
(Pullout controls...)
(vyield Stress controls.)
(vield Stress controls.)
(yield Stress controls.)

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg) (o)

UPPER FATILURE
PLANE
ANGLE LENGTH
(deg) (ft)

42.1 89.9 7.8

(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield stress controls.)
(vield Stress controls.)

LOWER FAILURE
PLANE
ANGLE LENGTH
(deg) (fr)

UPPER FAILURE
PLANE
ANGLE LENGTH
(deg)  (f1)

21.3 58.2 33.2

(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield Stress controls.)
(vield stress controls.)

LOWER FATILURE
PLANE
ANGLE LENGTH
(deg) (f1)

UPPER FATLURE
PLANE
ANGLE LENGTH
(deg)  (fr)

20.6 48.4 37.8
(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield stress controls.)
(vield Stress controls.)

pPage 2

Page -

Page -
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MINIMUM DISTANCE LOWER FAILURE  UPPER FATLURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fo) (deg)  (ft) (deg)  (f1)
NODE 7
1.747 48.6 28.9 16.7 43.5 46.9
Reinf. stress at Level 1 = 18.069 ksi (Pullout controls...)
2 = 27.265 ksi (Pullout controls...)
3 = 36.460 ksi (Pullout controls...)
4 = 50.000 ksi (vield stress controls.)
5 = 50.000 ksi (yield Stress controls.)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (f©) (deg)  (ft)
NODE 8
1.767 55.4 28.6  25.2 40.3  43.6
Reinf. Stress at Level 1 = 11.621 ksi (Pullout controls...)
2 = 22.401 ksi (pullout controls...)
3 = 36.142 ksi (Pullout controls...)
4 = 49,883 ksi (Pullout controls...)
5 = 50.000 Ksi (yield stress controls.)
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg)  (fr) (deg)  (fO)
NODE 9
1.800 62,2 25.9 277 7. 416.8
rReinf. Stress at Level 1 = 6.410 ksi (Pullout controls...)
2 = 18.705 ksi (Pullout controls...)
3 = 33.533 ksi (pullout controls...)
4 = 48.361 Ksi (Pullout controls...)
5 = 50.000 Ksi (yield stress controls.)
¥
File: Rw349-26ft Page -
MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE
SAFETY BEHIND PLANE PLANE
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(fr) (degd) (fO) (deg)  (ft)
NODE10
1.847 69.0 21.3 22.2 33.7 58.1
Reinf. Stress at Level 1 = 2.777 ksi (pullout controls...)
2 = 14.727 Ksi (Pullout controls...)
3 = 28.304 Ksi (Pullout controls...)
4 = 45.311 Ksi (Pullout controls...)
5 = 50.000 ksi (vield Stress controls.)
AR AN A A A AR A T N N S A AN S AN A S L A AN AN TN A NA AN A AT A N A S AR AN x *
# For Factor of Safety = 1.0 2
2 Maximum Average Reinforcement working Force: kg
* 5.116 Kips/level B,
R *

A XA RATES

RW349-26ft.0uT

Page 3
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CALIFORNIA DEPARTMENT OF TRANSPORTATION
ENGINEERING SERVICE CENTER *
DIVISION OF MATERIALS AND FOUNDATIONS ¥
office of Roadway Geotechnical Engineering "

Date: 08-09-2012 Time: 09:23:58

S Rk R R SR )

D e I

e s R R ERET AR

Page -

1

project Identification - Retaining wall 349 wall Height = 26 feet Pseudo Static Condition

————————— WALL GEOMETRY —-=-------~

25.0 ft

0.0 degree
Angle  Length
(?eg) (Feet)

vertical wall Height
wall Batter

nmn

First Slope from wallcrest. = 26.6 34.2
second Slope from 1lst slope. = 0.0 40.0
Third Slope from 2nd slope. = 0.0 0.0
Fourth slope from 3rd slope. = 0.0 0.0
Fifth slope from 3rd slope. = 0.0 0.0
sixth slope from 3rd slope. = 0.0 0.0
seventh SQDpe Angle. = 0.0

————————— SLOPE BELOW THE WALL ---------

There is NO SLOPE BELOW THE TOE of the wall

fffffffff SURCHARGE —--------

There is NO SURCHARGE imposed on the system.

————————— OPTION #1 —————————

Factored Punching shear, Bond & Yield Stress are used.

————————— SOTL PARAMETERS ---------

unit Friction Cohesion Bond* Coordinates of Boundary
soil WEi%hT Angle Intercept 5Stress XSl Ysl Xs2 Y52
Layer (pch) (Degree) (psf) (Psi) (fv (fv) (ft) (ft)
1 115.0 27.0 350.0 10.0 0.0 0.0 0.0 0.0

= gond Stress also depends on BSF Factor in Option #5 when enabled.

¢
File: RW349-26ft Seismic
--------- EARTHQUAKE ACCELERATION ---------

Horizontal Earthquake Coefficient = 0.21 (a/g)
vertical Earthquake Coefficient = 0.00

--------- WATER SURFACE ---------

NO water Table defined for this problem.

The search Limit is from 1.0 to 69.0 ft

You have choser NOT TO LIMIT the search of failure planes
to specific nodes.

777777777 RETNFORCEMENT PARAMETERS -------——

Number of Reinforcement Levels = 5
Horizontal Spacing = 5.0 ft
vield stress of Reinforcement = 48.9 ksi
piameter of Grouted Hole = 6.0 1n
puniching Shear = 200.0 kips
——————————— (varying Reinforcement Parameters) ---------
. _ vertical Bar
Level Length Inclination Spacing Diam2ter Bond Stress
(fu) (degrees) (ft) (in) Factor
1 32.0 15.0 3.0 1.00 0.73

Page 1

Page -
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2 32.0 15.0
3 32.0 15.0
4 32.0 15.0
5 32.0 15.0

File: Rw349-26ft Seismic

MINIMUM D1STANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
Toe 2.245 7.8
Reinf. Stress at Level 1 = 48
2 = 48
3 = 48
4 = 48
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 2
2.078 14.6 53.0
Reinf. stress at Level 1 = 44
2 = 48
3= 48
4 = 48
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 3
1.741 21.4 49 .4
Reinf. Stress at Level 1= 34
2 - 1
3= 48
4 = 48
5 = 48
$ . .
File: Rw349-26ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 4
501 28.2 48.0
Reinf. Stress at Level 1 = 32
2 = 40
3 = 48
4 = 48
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE 5
1.334 35.0 42.7
Reinf. Stress at Level 1 = 27
2 = 36
3 = 45
4 = 48
5 = 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(ft)
NODE ©
1.250 4] .8 35.9
Reinf. Stress at Level 1 = 22
2 = 30
3= 41
4 = 48
5= 48

.900 Ksi (yield Stress controls.
.900 Ksi (vield stress controls.
.900 Ksi (vield Stress controls.
.900 ksi (vield stress controls.
.900 Ksi (yield Stress controls.

.128 ksi (Pullout controls..
.316 ksi (Pullout controls..
.503 ksi (Pullout controls...)

.900 kKsi (yield Stress controls.)
.900 ksi (yield Stress controls.)

Rw349-26ft Seismic.oUuT
]

5.0 .

5.0 1.00 073
5.0 1.00 0.73
By 1.00 0.73

LOWER FATLURE  UPPER FATLURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deq) (fr) (deg) (fo)

61.6 16.4 89.9 14.5

A

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg)  (ft) (deg) (f©)

12.1 72.1  23.8

.879 Ksi (Pullout controls...)
.125 ksi (Pullout controls...)
.900 ksi (vield Stress controls.)
.900 Ksi (vield stress controls.)
.900 Ksi (vield Stress controls.)

LOWER FAILURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg) (fO) (deg)  (ft)

32.9 89.9 -10.7

.076 Ksi (Pullout controls...)
.685 Ksi (Pullout controls...)
.900 ksi (yield Stress controls.)
.900 Ksi (vield stress controls.)
.900 ksi (vield Stress controls.)

LOWER FATLURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) () (deg)  (ft)

42.1 89.9 7.8

.656 Ksi (Pullout controls...)
.587 ksi (Pullout controls...)
.518 Ksi (Pullout controls...)
,900 ksi (yield Stress controls.)
.900 ksi (vield stress controls.)

LOWER FATLURE  UPPER FAILURE
PLANE PLANE
ANGLE LENGTH  ANGLE LENGTH
(deg)  (f1) (deg)  (fr)

47.6 89.9 8.1

2
)]

LOWER FAILURE UPPER FAILURE
PLANE PLANE
ANGLE LENGTH ANGLE LENGTH
(deg) (fo) (deg) (fu)

20.6 48.4 37.8

.500 ksi (Pullout controls...)
0343 ks1 (Pullout controls...)
.096 ksi (Pullout controls...)
.900 ksi (yield stress controls.)
.900 ksi (vield Stress controls.)

Page 2

Page -

Page -

3

4



File: RW349-26ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR waLL TOE
(o)
NODE 7
1.206 48.6 28.9
Reinf. Stress at Level 1 = 17
2 = 26
3= 35
4 = 48
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR wAaLL TOE
(ft)
NODE 8
1.191 55.4 28.6
Reinf. Stress at Level 1= 11.
2= 21,
3= 35.
4 = 48.
5= 48
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fo)
NODE 9
189 62.2 25.9
Reinf. Stress at Level 1 = 6
2= 18
o= 32
4 = 47
5 = 48
) )
File: Rw349-26ft Seismic
MINIMUM DISTANCE
SAFETY BEHIND
FACTOR WALL TOE
(fv)
NODE1Q
1.199 69.0 21.3
Reinf. stress at Level 1 = 2
2= 14
3 = 2
4 = 44
5= 48

LOWER FAILURE
PLANE

ANGLE
(deg)

16.

.660
.647
.634
.900
.900

LOWER FAILURE
PLANE

7

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

25.2

LOWER FAILURE
PLANE

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

297

.265
.281
P AT
.265
.900

LOWER FAILURE
PLANE

Ksi
Ksi
Ksi
Ksi
Ksi

ANGLE
(deg)

Wi

714
. 393
.663
. 284
.900

Ksi
Ksi
Ksi
Ksi
Ksi

LENGTH

LENGTH

LENGTH

LENGTH

RW349-26ft Seismic.ouT

UPPER FAILURE
PLANE
ANGLE LENGTH

(ft) (degd) (O

43.5 46.9

(pullout controls...)
(Pullout controls...)
(Pullout controls...)
(yield stress controls.)
(yield stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH

(fr) (deg)  (ft)

40.3 43.6

(Pullout controls.
(Pullout controls.
(Pullout controls.
(Pullout controls.
(yield Sstress controls.)

e
B
)
5

UPPER FAILURE
PLANE
ANGLE LENGTH

(fo) (deg) (fo)

37.1 46.8

(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(Pullout controls...)
(vield Stress controls.)

UPPER FAILURE
PLANE
ANGLE LENGTH

(fo) (deg) (fr)

R 58.1

(Pullout
(Pullout
(Pullout
(Pullout

controls. ..
controls. ..
controls. ..
controls.

I

(vield Stress controls.)

1.0 %

. For Factor of safety )
2 Maximum Average Reinforcement working Force: =
# 19,280 kips/level E 3

ff AT i

Page 3
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¢’y = effective angle of internal friction of the base (remolded or residual values may be needed if
significant movement takes place):

o' = effective friction angle of soil behind soil nail block:

& = wall-soi] interface friction angle [for a broken slope, 8 = Peg, for infinite slope, 6 = B];

y = total unit weight of soil mass;

H, = effective height over which the earth pressure acts [H; = H + (B + tan o) tan f¢q]; and

K

A = active ecarth pressure coefficient for soil behind the soil nail wall system.

I
A 2H ’i
/ el i
== For infinite slopes: B, =
i For broken slopes: [3,, = tan” (125_}}11)
-
—
Pa
/ . )
4 \5 =Peq = |7
—\
e Hivs
. —— Y

Strength parameters

N ¢, and q]'b

Figure 5.5: Sliding Stability of a Soil Nail Wall.

The active earth pressure coefficient, K4, can be obtained using the formulation derived from the
general Coulomb theory or the Rankine theory for cohesionless soil (assuming that the soil behind
the soil nail wall behaves in accordance with ¢’ = 0 in the long-term loading condition).

According to the Coulomb theory:

« 12 ] .
XK, - sin” (6 +¢') = 0 b5 (Bquation 5.11)

77 Sin® sin (0—8)| 1+ sin(¢ + 8) sin(¢'-P) 2
sin(@—29) sin(0+)

where the parameters have been defined previously.

13
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Appendix D
CALTRANS REVIEW COMMENTS AND EMI RESPONSES
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