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1.0 INTRODUCTION 

This report documents the geological and geotechnical investigation conducted for the construction 
of a retaining wall along VT 1 OOB in Moretown, VT adjacent to the Winooski River. The proposed 
project consists of replacing the existing temporary 265 ft span, BR 8, crossing over the Winooski 
River on a new alignment along with related approach work. This preliminary report documents our 
subsurface investigation, analyses, and reconunendations for the retaining wall portion of the 
proposed project. Contained herein are the results of field sampling and testing, laboratory analyses 
of soil and rock samples, and geotechnical design recommendations. 

2.0 SCOPE OF WORK 

Three (3) standard penetration boreholes and twenty-four (24) auger b01ings were drilled for· the 
prop.osed project in June of 1989. Additional subsurface information was requested by Warren Tripp, 
Structures Engineer on October 21, 1997. Once this request was received additional borings and 
field tests were scheduled. On November 18, 1997 a survey crew was instructed to stake out 
standard penetration boreholes off the survey centerline for the proposed soil nail wall. The 
proposed construction would take place between Station 194+00 and Station 198+40 of the revised 
line. 

3.0 FIELD INVESTIGATION & LABORATORY TESTING 

3.1 Field Investigation 

A total of ten standard penetration bore holes, twenty-four auger holes, one hand steel sounding 
(Rll), three monitoring wells, and two test excavations represent the subsurface profile for the 
proposed soil nail wall. Soil samples were visually classified in the field and SPT blow counts were 
recorded on the boring logs. When bedrock was encountered BX size (1.63") cores were drilled, in 
five foot runs for ten feet and recorded on boring logs except for R l, R2, and R3 where AX size 
(1.38") cores were drilled. The locations of all field data were originally referenced from the survey 
centerline, only the CADD generated boring logs have been changed to reflect the revised centerline 
stations and offsets. 

3.1.1 Standard Penetration Borings/Hand Steel Soundings: Subsurface investigations 
were conducted on two separate occasions between June 22, 1989 and February 9, 1998. 
During the boring operations, split spoon samples and standard penetration tests (SPT) were 
taken at five foot intervals until bedrock was encountered. Soil samples were visually 
classified in the field and SPT blow counts were recorded on the boring logs. When bedrock 
was encountered BX size (1.63") cores were drilled, in five foot runs for ten feet, and 
recorded on boring logs except for Rl, R2, an.d R3 where AX size (1.38") cores were drilled. 
One exception was R-11 where hand steel was driven for 35 feet without encountering 
bedrock. Soil and rock samples were preserved and returned to the Materials and Research 
Laboratory for testing and further evaluation by the geologist. Borings were sampled at the 
following locations: 



Hole No. 
R-1 
R-2 
R-3 
R-4* 
R-5 
R-7 
R-8* 
R-9 
R-10 

Survey Station 
195+00 
196+25 
196+90 
194+50 
194+50 
195+50 
196+50 
195+50 
197+00 

R -11 - hand steel sounding 197+50 
R-12* 197+50 

*denotes continued evaluation as a monitoring well 

Offset 
40'- Right 
40' - Right 
30'- Right 
14'- Right 
41 '- Right 
42' - Right 

5'- Right 
25'- Right 
6'- Right 
4' - Right 

37' - Right 

The original field boring logs can be reviewed in Appendix A. When each hole was stopped 
the depth was noted on the log and a monitoring well was installed, if requested. 

3.1.2 Auger Borings: Auger boreholes were drilled in order to obtain a better profile of 
the ledge beneath the ground surface. The auger drilling notes can be examined in 
Appendix B. The auger holes were sampled at the following locations: 

A-1 194+00 41' - Left 
A-2 194+00 Centerline 
A-3 194+00 30'- Right 
A-4 194+00 60'- Right 
A-5 195+00 48'- Left 
A-6 195+00 Centerline 
A-7 195+00 33' - Right 
A-8 195+00 100'- Right 
A-9 195+00 130'- Right 
A-10 196+00 50'- Left 
A-ll 196+00 Centerline 
A-12 196+00 32'- Right 
A-13A 196+00 110'- Right 
A-13B .. 196+00 130'- Right 
A-14 197+00 50' - Left 
A-15 197+00 Centerline 
A-16 197+00 30'- Right 
A-17 197+00 110' - Right 
A-178 197+00 110'- Right 
A-18 198+00 46'- Left 
A-19 198+00 Centerline 
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Hole No. Survey Station Offset 
A-20 198+00 32'- Right 
A-21 198+00 7?'- Right 
A-22 199+00 Centerline 
A-23 199+00 32'- Right 
A-24 199+00 65'- Right 

3.1.3 Monitoring Wells: Monitoring wells were installed at locations of the following 
boreholes: R4, R8, and R12. Standard penetration testing and split spoon sampling were 
conducted at each location before the wells were installed. Groundwater information was 
recorded while conducting the subsurface investigations at each location. Each monitoring 
well consisted of a temporary polvinylchloride (PVC) pipe with a screen and remov~ble 
cap. Monitoring wells were analyzed using a hand held, battery powered probe that is 
capable of measuring the elevation of water within a well. 

No water was observed at any time in any of the wells. The monitoring wells have been 
observed during periods of dry weather and periods of high rainfall periodically from the 
time of installation. Actual monitoring well data can be reviewed in Appendix C. 

3.1.4 Test Excavations: Two test excavations, TPl & TP2, were conducted using a John 
Deere 31 OC backhoe on June 10, 1998, one each at Station 196+25 and 198+50. Each 
excavation consisted of cutting a nearly vertical face into the existing slope to expose 5 to 
6 feet of soil. No problems were experienced during excavation of the cut face and 
groundwater was not encountered. Each cut face suffered minor raveling primarily due to 
an apparent loss of cohesion caused by loss of moisture. The excavations were left open for 
three days and remained stable with no significant overbreaks, major raveling or face failure 
occurring. Technical site assistance was provided by Golder Associates and the Federal 
Highway Administration (FHWA). Golder Associates' reports along with detailed 
observations of the excavations have been included in Appendix C. 

3.2 Laboratory Testing: All laboratory testing was completed at the Materials and Research 
Laboratory in the Central Garage Complex in Berlin, Vermont. Laboratory testing consisted of 
testing the soil samples for composition, corrosivity, and shear strength characteristics. 

3.2.1 Soil Properties: Selected specimens obtained from the standard penetration borings 
were tested to assess the physical properties of the soil, such as the moisture content and 
gradation of each sample. The moisture content of the soil was tested in accordance with 
AASHTO T-265. Gradations or particle size analyses were conducted on each sample 
retrieved from the split spoon sampler and tested in accordance with AASHTO T-27. Upon 
completion of the laboratory testing, the fiel<;J boring logs were 
revised to reflect the results of the laboratory classification tests. The CADD generated 
boring logs, in Appendix A, indicate the types of soils and strata encountered and include the 
laboratory test results, SPT data, and any pertinent observations m~de by the boring crew. 
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3.2.2 Electrochemical Properties: Selected specimens were tested to measure the 
corrosivity of the soil environment. Soil samples were collected and organized to represent 
the various layers of subsurface material. The samples were measured for pl-i and chloride 
content. The samples were recovered during the drilling of standard penetration boreholes 
located at the following locations: 

Hole No. Station Offset 
R-12 197+50 37'- Right 
R-15 201+00 12'- Right 
R-16 201+25 T- Right 
R-17 201+50 10'- Right 
R-18 202+00 3' - Left 
R-19 202+00 23'- Right 
R-21 202+50 20' - Right 
R-24 203+00 5'- Right 

These samples were tested before it was determined that only one soil nail wall would be 
built. However, the soil properties that were tested between Stations 201+00 and 203+00 
are expected to be representative of the soil conditions for the proposed soil nail wall. 
Chloride values were tested to be between 4 ppm and 33 ppm with the exception of two 
samples which tested between 237 ppm and 341 ppm. Acidity or pH values ranged from 
5.6 to 7.0 for all samples tested. The electrochemical testing was performed by the Agency's 
Chemist, on May 15, 21, and 22, 1998. A copy of the complete test results is included in 
Appendix C. 

3.2.3 Laboratory Shear Strength: The same specimens selected for electrochemical testing 
were also tested to determine the approximate insitu shear strength of the existing soil 
for design purposes. The insitu shear strengths were determined using the triaxial test 
apparatus in our laboratory. In order to simulate insitu conditions the unit weight was 
estimated based on the SPT blow counts. The in-situ density was then replicated by 
compacting the triaxial specimen in equal layers to attain a unit weight equal to the estimated 
value. 

Each specimen was tested at three different confining pressures which were based on the 
average amount of overburden pressure experienced before sampling. The specimens were 
then placed in an air solution, at a specific confining pressure held constant throughout the 
test, and loaded to failure to determine the cohesion and the internal friction angle of the soil 
for design purposes. From the laboratory data the average cohesion and internal friction 
angle of the soil were calculated to be 186 psi and 31.7° respectively. Based upon these tests 
and field observation of the existing slope, an internal friction angle of32° and a cohesion 
value of 185 psi were used for design purposes. A spreadsheet tabulating the data and results 
can be reviewed in Appendix C. 
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4.0 SOIL PROFILE 

The soils below the surface along the proposed alignment of the soil nail retairung wall are 
predominantly a loose to medium sandy silt with some gravel interspersed. Just above the top of 
bedrock lies some thin ( less than I 0 feet), medium to dense layers of silty sand. Moisture contents 
of the overlying strata average 24.6 %. No groundwater was encountered. Bedrock is shallowest 
between Station 196+25 and Station 196+50 at an elevation of approximately 513 feet. The bedrock 
drops off on both sides with the slope steeper to the east (Station 198+00) than the west (Station 
194+00). The ledge is rolling and dipping and therefore is not considered uniform. The soil profile 
and location of the boreholes and auger holes may be identified and further evaluated by referring 
to Appendix D. 

5.0 PROPOSED SOIL NAIL WALL DESIGN 

5.1 Overview: At this site there are a few mitigating factors that have controlled how the design 
process has evolved. The existing roadway must be realigned to increase sight distances and clear 
zones. As a result of this alignment the toe of the existing slope must be removed, which would 
negatively effect the stability of the slope. Located at the top of the existing slope are power lines 
owned by Green Mountain Power. In accordance with AASHTO's Standard Specifications for 
Highway Bridges, Section 5.2.2.3, slopes supporting critical utilities must maintain a global 
stability with a minimum safety factor of 1.5. The goal is to design a structure that would effectively 
support the existing slope with an adequate safety factor. 

5.2 Wall System Selection Process: There are two basic methods of constructing retaining wall 
systems: 1) Fill wall or "bottom -up" construction and 2) Cut wall or "top down" construction. Both 
types of walls were initially considered at this site. However, the excavation required to construct 
a fill wall would severely impact the existing slope and would require extensive temporary shoring 
to keep the transmission lines stable. Therefore this type of structure was excluded from further 
study. 

There are three categories of cut wall construction applications 1) Non-gravity Cantilevered Walls 
2) In-situ Reinforced Walls and 3) Anchored Walls. Retaining walls are also classified as either 
externally or internally stabilized wall systems. Externally stabilized wall systems utilize an external 
structural wall, against which stabilizing forces are mobilized. Internally stabilized wall systems 
employ reinforcement which extends beyond the potential failure mass. 

As for narrowing down the specific category of a cut wall system, factors such as aesthetics, cost, 
and reliability were reviewed. The non-gravity cantilevered walls are externally stabilized systems 
which include sheet pile walls and soldier pile walls. Due to the relatively shallow depth of bedrock 
in certain areas along the length of the proposed retaining wall, the piles would not be able to 
develop the amount of passive resistance required to stabilize the existing slope. Anchored walls are 
also externally stabilized wall systems utilizing either ground or deadman anchors. One 
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disadvantage is that every anchor would require testing to develop a certain confidence in the 
system. Another disadvantage is that underground easements would have to be purchased. 

A soil nail wall system is an internally stabilized system that uses reinforcing bars that extend beyond 
the failure surface. Although the cost of a soil nail wall is more than a typical soldier pile wall, the 
cost is similar to that of an anchored wall. Underground easements would also need to be purchased 
for a soil nail wall. One advantage to constructing a soil nail wall is that it can be constructed to be 
aesthetically pleasing. The soil nail wall can be built in two levels with the upper level set back ten 
to twenty feet so that the overall height of the wall appears to be somewhat less to the public. 
Vegetation can be grown to hide the second wall, leaving only the lower wall noticeable. Both walls 
can be designed with eithtr contemporary or traditional facings utilizing either precast concrete, cast
in-place concrete, or wood. Not all of the soil nails need to be tested although there are more nails 
to install, when compared with an anchored wall system. The silty sandy soils and groundwater 
conditions provide for an optimum site for a soil nail wall. 

5.3 Design: As a result of the soil profile, construction application, and aesthetics it was determined 
that a soil nail wall would be the most appropriate alternative. Several designs were reviewed that 
were constructed by state transportation agencies in New Hampshire and Maine. Technical 
assistance was requested to help assess the site, develop and review the design, and troubleshoot 
problems in construction if needed. Technical assistance was provided by the Federal Highway 
Administration and Golder Associates in conjunction with FHWA's Demonstration project 82. 
FHWA's Manual for Design & Construction Monitoring of Soil Nail Walls, was used as a reference 
guide throughout the design process. GOLDNAIL, a computer software program develop~d by 
Golder Associates for the FHW A, was utilized to confirm the overall wall stability, facing design, 
and the internal stability of the nails. Geometric properties, soil properties, groundwater conditions, 
and the soil profile were entered to obtain nail loads, nail head loads, and nail lengths. The results 
generated from the computer software program were verified by hand calculations using the 
guidelines and format from the manual. To minimize the cost of the proposed soil nail wall, a 
permanent facing was designed using a minimum thickness of shotcrete and insulation. The 
insulation was necessary to prevent surface water from freezing behind the wall. A heat transfer 
analysis was conducted to determine the correct thickness and type of insulation needed to keep 
temperatures behind the soil nail wall above freezing. Drawings showing the typical cross section, 
wall details, drainage details, and facing details can be referenced in Appendix E. The elevation 
views of the soil nail wall showing the proposed wall grades and nail locations and elevations are 
included in Appendix F. 

6.0 RESULTS 

6.1 Laboratory and Field Testing: The soil beneath the ground surface is mainly silty sand or 
sandy silt of medium density with an average moisture content of approximately 25%. The 
electrochemical results show that the chloride leveis are acceptable with the majority of samples 
below the critical value of 100 ppm. Also, the pH levels of all the samples indicate a pH between 
5.5 and 7.0, above the recommended mininmm of 5.0. All of the monitoring wells exhibited no 
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groundwater throughout the course of the six-month long observation period. 

6.2 Soil Nail Wall Calculations: The hand and computer calculations for nail size, nail head 
strengths and loads, and nail lengths are presented in Appendix G. The computer solution using 
GOLD NAIL was used to verify and refine the hand calculations. The results of the heat transfer 
calculations are depicted in Appendix I. 

6.3 Stability Analyses: There is a natural drainage swale at approximately 196+65 which divides 
the upper wall into two separate walls. Therefore, stability analyses were completed for each 
retaining wall segment as detailed in Appendix H. 

6.3.1 Station 194+00 to Station 196+65: The critical cross section that governed the _nail 
lengths for this portion of the retaining wall is located at 195+50. GOLD NAIL computed 
the nails to be No.8 reinforcing bars (1 .0" diameter) with nail lengths of 60 ft. for the upper 
wall and 55 ft. for the lower wall resulting in a safety factor of 1.50. The nails were spaced 
at five feet on center to the horizontal and the vertical. This satisfies the AASHTO criteria 
for critical slopes of 1.50. The nail loads and nail head loads were examined and found to 
have a safety factor of 1.50 when compared with the allowable loads. 

6.3.2 Station 196+65 to Station 198+40: The critical cross section that governed the nail 
lengths for this portion of the retaining wall is located at 197+50. GOLDNAIL computed 
the nails to be No. 8 reinforcing bars (1.0" diameter) with allowable nail lengths of 50 ft for 
the upper wall and 45ft for the lower wall resulting in a safety factor of 1.65. This satisfies 
the AASHTO criteria for critical slopes of 1.50. The nails were spaced at five feet on center 
to the horizontal and the vertical. The nail loads and nail head loads were examined and 
found to have a safety factor of 1.50 when compared with the allowable loads. 

7.0 RECOMMENDATIONS 

Due to favorable site conditions a soil nail retaining wall is recommended for the Moretown RS 
0 167(9) project between Station 194+00 and Station 198+40. The retaining wall shall consist of soil 
nails (No. 8 Grade 60 reinforcing bars), 6.75" of shotcrete, 5.5" insulation, and a wood facing 
according to the plans and details in Appendix E. The total length of the soil nails varies as shown 
in Table 1. The horizontal and vertical spacing of the soil nails shall be five feet on center. The 

Upper Wall Lower Wall 
Nail Lengths (ft) Nail Lengths (ft) 

Station 194+00 to Station 196+65 60 55 

Station 196+65 to Station 198+40 50 45 

Table 1: Moretown-Middlesex RS 0167(9) Soil Nail Lengths 

insulation installed at the shotcrete face shall be a total of 5.5 11 with 2 Tay.ers of2" Styrofoam® SM 
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grade polystyrene or equivalent and I layer of 1.5" of Styrofoam® Perimate grade polystyrene or 
equivalent. 

It is recommended that inclinometers be installed for the upper and lower walls at Stations 195+50 
and 197+50. It is also recommended that survey control points be installed in the wall facing to 
monitor any horizontal or vertical displacements along the length of the walls during construction. 
The column of soil nails at 195+47.5 should be instrumented with vibrating wire strain gauges and 
a vibrating wire load cell to measure the actual soil nail and nail head loads. For the colunm of soil 
nails located at Station 197+47.5, vibrating wire temperature sensors should be installed such that 
the atmospheric and the soil directly behind the permanent shotcrete facing can be monitored 
effectively. 

C:ISOILSCAAIPROIECTSIMORETOWN SOIL NAIL WALLIREPORnMORETOWN.RPT 
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APPENDIX A 

+ Standard Penetration Boring Results 
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STATE OF VERMONT HOLE NO. : R· 3 
AGlNt'l' Of TRANSPORTATION SlfET I OF I 

MATERIAU & RESEARCH DMSION OA TE STARTED: 6127189 
SUBSURFACE INFORMATION OA TE CD!m.ETED: 

STATE OF VERMONT HOLE NO. : R-4 
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SITE NANE: RETAINING IIALL SITE NO. : 
S TA liON: 196+ 13.89 OfFSET: ~7.36 
GROLNO EL. : 539.00 C.W. DEPTH: No CrO\Ildwoter 

PROJECT NAME: MORETOWN PROJECT NUioiB(R: RSOJ67191 
SITE HAllE: R(TAJNtlC WALL SITE NO. : 
STATION: 194+(}.76 OFFSET: 23.05 
GROUND EL: 518.45 G.ll. DEPTH: NO CRCU«<WATER 

BORIHC CREII 
CREW CHEF: NCCL YNN BORINC RIC: TRUeX 
DRlLER: BORING TYPE: WASH BORE 
LOGGER: SA!of'LE TTPE: SPLIT BARREL 

BORING CR£11 
CREW CIIEF: E. !IIlllS BORIHC RK:: SXJ) RIC 
ORtLER: R. TALLMAN BORIHC TYPE: WASH BORE 
LOGCm: E. CHABOT SAMPLE TYPE: SPliT B.I.RREL ...... 

0£"" sneGI. Q.A$$#lCAf0111t .... ~. 1'(11 IlL ta.\Yf:l ·- rt6 u " - ... , • X X • 
a..on 

~-va. CtrTM s.- Q...t..SW"CATCIN t/1 WATOIALS m IlL s.to ncs ll .. - roor X • X X 

5 
~2: A-~. SiSa, l.loist, bt'n 5 5 @}.& A- 4 ,SaS i ,ll,brn ,ree. • I. 1;._ 5 28.4 28.2 71.8 

10 
~M A·4, S~S o , No ost , brn 12 23 10 

~ A-4 ,SaS i ,M ,brn,rec.: I. 5' 13 32.7 23.1 76.9 

IS 14 20 
~ A-~. s~s I . Noost . brn 15 .... A·l·b ,CrSa ,W ,brn ,rec.: I . 5' 33 14J 2L4 62.6 16 

20 
~ A-~. SaS i , llo ist , brn ~ 13 29.2 20 

~ A-4 ,SaS i ,II ,brn,rec. =I. I' 23 27 I 20.4 78.6 

25 21 ~ No Rec. 

Too of edro ~ 0 ~9.0 
30-

m~ 
~~j I: AXIIDC, - O(C .... 

0' ·34. 0' , Rec. = 
i1.;,;,.~!!: R•nnrl. 

I 48 40·60 

35- T!h J~!2· AXIIDC, 2 100 4D-60 0' • 39. 0' , Rec. : 

~ ltooist' ~,eoort. 
40 - Ho le stopped o 39. 0' 

Ceo log is I' s Repor I In bedrock. . 
45- RIXI 1: Core cons ists of 

2S 
~ .A- 4 ,S iSll ,1.1 ,brn ,rec. : I. 2' 15 23.5 55.2 44.8 

' 
30 ,. II 30.3 4.5 23.8 71.7 
~ A-~ ,SeS i ,1.1 ,brn ,rec. : I. 5' Tc of be~ Pck n .. 

..... ... . -· . ... 35 -!= 11\.n • II IXIIOC ll. 5' • ]C. 5' I 30 0 10 

ffiW. 
roc.•O.l'·Sto Ceoioolsl's Rooort 

I 11\.n •z• BXIOC 1c. s· · l ,. 5' 2 84 72 70 
I rK. •4.2'·Soo Coologiot'a Rope-

40 

mffi • .., •1• BXIOC n. 5· 44. s 3 94 so 10 
rec.•4. l'•Soo Ctole>giii' S Report 

~- Ho le stopped o H.s· in bedrock. 

qu«' tz·ser ie i te-ch lor i te 

so- schist. Poor recovery in 
the upper 5. o· mey 
indica te en extensive 

so-
Note: lion i tor ing l e II set to 25'; 20' Screen 5' So l id 

55-
zone of frach.r ing end 
weather ill<). Below this 
the rock os IIIOderately 
soft , s I i~ht ly We4thered 

60 - end CO~fl9 en! over a II. 

55 -
Nole: 02113/98 • No woter in 1100iloring wel l 

60-

65- RIXI 2: Salle liS Run I. 65-

10- 70-

75 - 75 -

80- 80- Geo logist's Report: 

85- 85-
Run 1: Core consists of green quartz-chlor i te schist 

wi lh qvar tz veins. Very Mrd. Poor ROO. 

90- 90 -
RIXl 2: Core cons ists of .green quertz·CI'I Iorite sel'list 

with qvertz veins. Hard. Unweathered. Coqlefent 

95-
Run 3: Core cons isis of dark rzeen quertz·chlor i te 

ss- schist with minor quer z veins. Hard. 
!Xlweathered. Moderately weathered zones a long 
foliation ct 40' and 44.7' . Corrpetent 

--~-



STATE OF VERMONT HOLE NO.: R·S STATE OF VERMONT HOLE NO. : R-7 
AGENCY OF TRANSr<IRTATION SHEET I OF I AGENCT OF TRAHSr<IRTATION SHEET I OF I 

MATERIALS &. RlSEARCH DMSION DATE STARTED: 12122197 
SUBSURFACI INFORMATION DATE COI.IPLETEO: 12/24/97 

MATERIALS &. RESEAIICM DMSION DATE STARTED: 1115/98 
SUBSURFACI INFORMATION OA TE COMPLETED: 1/20/98 

PRO..{CT NAME: MORETOWN PRO..{CT NUNBER: RSOI& 7(91 PRO..{CT NAiolu MORETOWN PROJECT NUMBER: RSOI67191 
SITE NAME: RETAI'llliC WALL SHE NO. : 
STATKlN: 194+43.76 OFFSET: 50.05 

SITE NAWE: RETAINL~C WALL SITE NO.: 
STATION: 195+43.82 OFFSET: 54.51 

CROUNO EL. : 541.84 C.W. DEPTH: NO CRCUUlWATER GROUND EL.: 555.50 C.W. DEPTH: NO CROLNJWATER 
BORING CREW BORING CREW 
CREW CHIEF: E. WILLIS BORING RIC: SKID RIC 
DRillER: R. TALLMAN BORING TYPE: WASH BORE 

CREW CHEF: E. Wll.LIS BORING RIC: SKID RIC 
ORLLER: R.loiCCLYIIl BORING TYPE: WASH BORE 

LOCCER: E. CHABOT SAMPLE TYPE: SPUT BARREL LOGGER: R. TALLMAN SAMPLE TYPE: SPLIT BARREL 
IM.OWS 

OUTM SYWIIOL Q..ASS#ICA11CIH Of WArotW..S ... ILC. ~IUY!l. SAJC) roes LL " - , .. , • l X X 

81..01'S p..._vo. OO'lM s~ C.ASS#'CAliON 0" IIU.TtiiA'-S ... •.c. $AJC) '1'6 u , - •oo• • X l X 

5 
~ A-4 ,SaS i ,II ,brn ,rec. : 1. 2' 8 2~.2 as 75.2 

5 
~ A-4 .s~s i ,M ,brn ,rec. = 1. 6' 4 26.5 43.3 56.7 

10 
W2 .1.·4 ,S iSa ,II ,b<'n,rec • .= I. 2' 10 20.9 58.9 41.1 

10 
~ .1. ·4 ,S i ,II ,brn ,rec. • I. 5 ' 5 29.1 17.6 82.4 

IS 
~ A·4 ,SaS i ,ll,b<'n,rec. =z.o· 9 21.9 38.5 6~5 

IS 
~ A-4 ,S i~ ,ll,brn,rec.: I. 0~ 10 17.4 55.5 44.5 

zo 
~ A·4 ,SoS i ,II ,brn,rec. =I. 0' 12 24.5 1.7 26.6 71.7 

20 
~ A·4 ,Si ,ll,brn ,rec.: 1. I' 15 27.3 19.1 80.9 

25 
~ .1.·4 ,SoS i ,ll ,b<'n ,rec. : I .~ 13 24.9 0.7 30 69.3 

25 
~ .1.·4 ,SoS i ,ll,brn,rec.: I. 2' IS 33.6 38.9 61.1 

30 
~ A-4 ,SoS i ,II ,brn ,rec. :I. 3' 12 27.9 IJ 26.7 72.2 

30 
~ A·4 ,SaS i ,ll ,brn ,rec. : I. 2' IS 24.7 33 67 

35 
~ .1.· 4 ,SoS i ,ll,b<'n ,rec.: I. 2' 15 28.8 35.4 64.6 

35 
~ A·4 ,SaSi ,ll ,t>rn ,rec.: 1. 4' 14 27.5 29.1 70.9 

40 
~ A·4 ,SoS i ,ll,brn ,rec. : I. 0' 27 22.4 18 39.2 42.8 

40 
~ A·4 ,S i ,lol ,brn ,rec. : I. 4 ' IS 26.7 19 81 

45 - Hole stopped a 42.0' 45 
~ A-4 ,SaS i ,II ,brn ,rae.: I. I' 19 28 0.3 3L5 68.2 

50 - 50 
~ A-4 ,S i~ ,lol,brn,rec.: I. 9' 23 19.9 50.4 49.6 

55 - 55 
~ .1.·4 ,S iSa ,II ,brn ,rec. •I. 5' 2S 21.4 S8.2 41.8 

Top or edr o ;k 0 59. 0 
60- 60-= l.t ~:u~~ ~~r.;Ml. Report 

..... OfCX RCO X otp 

Tl - I 98 79 70 

65- 65_, ::;:::; ~ ~~~:o-~ ~ro9~:-.r. Report 
2 100 98 70 

I ;..:;:..; 
70- 70 - Hole stopped 0 69. 0' 

75- 75-

80- 80- Geo logis t's Reportt 

85-
Run 1: Core consis ts or green quertz·dl lorite scnis t 

8S- wit h 11inor c" lcite veins. Unwe.,thered. Hord 
Competent. 

90- 90-
Rl.n 2: Some es Run • I. Co~e.ten t. 

95- 95-

'-- - -- ------------- ------------ --



STATE OF VU MONT HOLE NO. : R-8 STATE Of VIRMONT HOLE NO.: R·9 
AGENCY OF TRANSPORTAnON Slf:ET I OF I 

MATERIALS & II£SEARCH DM SION DATE STARTED: 1128/98 
SUBSURfACE INFORMAnON om COIM'LETED: 1128/ 98 

AGENCY Of TRANSI'ORTAnON SHEET I OF I 
MATERIALS a. RESEARCH DMSION DATE STARTED: 1/29/98 

SUISURFAa INFORMAnON OA TE COMPLE TEO: 1130/98 
PROJECT NAME: I.IORET011N PROJECT NUWBER: RSOI6 71'3l 
SHE HAME: RETAiNING WALL SITE NO.: 
STATION: 1~6•43.88 OFFSET: 20.98 
GROUND El. . : 518.07 C.W. DEPTH: NO GIIOIJI«lWATER 

PROJECT NAME: WMETOWN PROJECT IUIB£R: RSOIG 7C9l 
SITE N~: RET AIN1NG WALL SITE NO.: 
STATIOtt 196•43.82 OFFSET: 4o.98 
CROUHO EL.: 526.43 C.W. OEPTH: No CrOIXldwOtet' I 

BORJM: CREW 
CREW CHI£f: E. WLUS BORING RIC: SXIO RIC 
DRLLER: R.IICClYNN BORJM: TYPE: WASH BORE 
LOGGER: R. T ALLIIAN • SAoiiPI.E TYPE: SPLIT BARREL 

BOR1NC CREW 

I 

CREW CHEF: BORING RIC: SKID RlC 
ORI.LER: CNABOT E J BORING TYPE: WASH BORE 
LOCCER: LAPORTE SAMPLE TYPE: SPLIT BARREL ...... 

""'· ... ouno ...._, a..AS~TDI 01 wn~s .... I<C. ..... ..... LL .. - roor X X X 

..... 
"""•"" "I ... ,. .,_ 

Q.A.SS~'I'Ot Of ~TDIIALS ... ...... .... ... ...... u - rooT X X X 

I 

s- No semple • bou lders s Boulders-No Semple 

10 
-: '.i..: ~;t~~~~oCr ,11 ,brn 10 IJ.J 46.6 30.8 22.6 

Top or edro k 0 1 ~ . 0 

10 
~ ~;~:~d~ J~c ,W ,brn 22 2S.'J 2.8 63.S 33.7 

15-

w~ 
Run °1: BXWOC 14. 0'·19. 0' .... IUC I -· Olp • 

rec. =3. 8' ·See Geo logist's 
I 76 H 70 Report 

20 -

~m 
Run 1 2: BXWOC 19. 0' ·24. 0' 
rec. =3. I' ·See Ceolo9 ist' s 2 60 50 70 
Report 

25- Hole stopped o 24. 0' 

IS 
~ A-4 ,ScS I ,M ,brn ,rec. =0. 5 R 23.1 1.2 ~9 49.8 

n=~ 
~\Kl • !' BX~DC ~6. 4' ~ ~! . ~· Too or edro ~ 0 16. 4 

20 -
rec. • .6'-See eoloq ost' s .... II£C% 100 t ., .. Report 

w Run"!' ~X~OC ~ I . r ·(6. 4' 
I 52 52 10 

h=; rec. : .I· ee eo oq ost's 
25- I :;::;:; Repor t 2 62 58 70 

Hole s t oppoo o 26. 4' 

30- 30-
-

35-
Note: llon i toring l ell set to 14'; 10' Screen S' Solid 

35-

40-
Note: 02/1 3/98 - No w~ ter in IIOtlitor ing well 

~0-

. 
45- 15-

so- so-

55- 55 -

60- 60 -

65- 65-

70- 70-

75- 75-

80- 80-

i 

as 
Ceo loqist' s Report: 

as-
Ceo loq is t' s Report: 

90 - Run 1: Core cons i sts or green qu~~rtz·chlorite schist 
wi th quortz veins. llodor etely hard. Unwoethered. 
Coq>elent. 

9S- Run 2: S~ es Run • 1. 

90- Run r: Core consists or li~t green quu tz·chlorite 
schist. lolodere tely rd. Unweethered. 

'35 -
Recovered r ock is COI!l>etent. 

Run 21 Se10e as RIKI • 1, but with quer t z veins. 

-----------



,.... STAn OF VERMONr :-r HCU No.7""R·Kl - - .a 
AGENCY OF TJIANSPORTATION SHEET I OF I 

MATERIAlS &. RESEAlOf DMSION OATE· STARTED: 212198 
SUBSURfAa INFORMAnOH DATE COMPLETED: 2/l/98 

PRO.{CT NAME: MORETOWN PRO.l:CT NUMB£11: RSOI67191 
SITE NAME: RET AlNlNC !I ALL SITE NO. : 
STATION: 196+93.91 OFFSET: 23.n 
GROUND EL. : 53~.65 C.W. DEPTH: No Groundwater 
BORL'«: CREW 
CREW CHEF: E. IIU.LIS BORJNC RC: SKil RlC 
D~lER: R. MCCl YNH SORINC TYPE: !lASH BORE 
lOCCER: II. LAPORTE SAMPLE TYPE: SPUT BARREL 

OCPTM I S'I'W80f.. Q,_.t.SW1CA11CHI t:T WAT(JIW..S - kOWS "" I ..... buvo.l ,_ , ...... I u I , 
rool :C r -~ X X 

5 ~A-4 ,SeSi,M ,brn,rec.:0.8'~ 5 I 25 

10 ~-4 ,SaSi ,M,brn ,rec. ~ 1. 2'~ 15 23.8 

15 ~-4 ,SI!Si ,ll,brn ,rec.=I . J~ 13 29.6 

20 ~A-4 ,SeS i ,M ,brn ,rec.: I. I~ 28 25.1 

25 ~A-4 ,SeS i ,M,brn ,rec. =I. 31 30 21.6 

30 ~A-4 ,SoS i ,M ,brn ,rec. = 1. 0~ 21 24.3 
TOF of 35m. Run 1 1: BXI.IDC 34. 0' ·39. o· I .... I""<. 

I 
rec. =4. 2' · See Ceo log is t' s 
Report I 8~ 

40 mil R1SI •2: BXII!lC 39. 0' ·H. 0' 
rec. =5.0' · See Geologist's 

1 1 1 Repod 
2 100 

~0155.3 

34.6 65.4 

31.3 68.7 

36.5 63.5 

0.3 29.2 70.5 

OJ 29.3 70.6 
edrc k 0 3~.0 -· Oto" 

68 70 

98 10 I 
I 

45- Hole stopped 0 44. 0' 

so-

55-

60-

65-

70-

75-

80-

85- Geologist's Report: 

90-
R~.n I• Core consists or I iqht qreyish·qreen quartz 

chlor i te sChist will'\ mitior quorlz veins. 
Moder ately Kard. Unweathered. Competent. 

95- R~.n 2: Sa111e as R~.n • 1. 

- sTATi""''F VERMONT I HOLf No:·,• ~R~-'!!!12~--------. 
AGENCY OF nANSPORTAnON 

MATERIALS &. RESEARCH DMSIOH 

D<I'Tit I ........ I 

R.IACQ. Ylfl 
E. CHABOT 
R. TAllMAN 

Q..A.SW'C.ATOI t:l W. TVtlo\t $ -
Cocnb ined Sotrp le I ~ 1,1 . .1 ,.I ... 

A-~ ,CrSaS i ,M ,brn 
rae. varies 1. 0 to I. 5 

12 

Friction Angle: 29. 
Cohesion, c , : 225 psf 15 I Kl.3 

19.6 

24 

18 20.5 0.2 46.3,53.5 

to I. 3 
11 25.4 

Frict!on Angle= 33" 
Cohes.on, c , : 0 psf 13 24.8 

IS 24.9 

Collb ined Sa~ le I IS 26.314.6,52.5 I ~2.9 
A-4 ,S iSe ,M,brn 
rec. vories 1.1 to 1.2 I 19 120.7 
Friction Angle= 31" 
Cohesion, c , = J60 psf 

Note: Ol.ring corinq of bedrock 67.0'·17.0' 
rock porticles being washed away by core wt~ter. 
llonitor ing l a ll insta lled to 47.5' 
JO' Screen & 20' . ~I lei 

Ceo log is t' s Report: 
R~.n 1: Cora consists of l iQht green quartz-Chlorite 

sChist. llodarote ly ~rei: Unwedthere<l. 
Poor ROD and recovery. 

R~.n 2t Sallie llS Rl.ll 1 1. 



APPENDIXB 

+ Auger Boring Resul_ts 

+ Hand Steel Soundings 



STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 
SOILS SUBDIVISION 

AUGER DRILLING NOTES 

?.5 

PROJECT/PROJECT NO.: Ma a lawn-.Mtddkse~ :::=1&7 Cq~ 
DRILLER M~~/y;-?ff ' ~DATE : ~6, 12if!_Z 
NOTES FROMSTtff6N /9..1/r-Q TO STATION J2dz.fa ,-qz~s_t: 

~ .. 
OFFSET DEPTH 

CHECKED BY ~...:=:::624-=~::-::.-------
DATE CHECKED ___.;;z3--=-U;~,~tf11---------

SOIL DESCRIPTION 
Field 

~ STATION 
~ Soi 1 LABORATORY 

' Type Color Moisture CLASSIFICATION 
_, -+---------+----~4-------+------+------~--------~~~-----~ 
4 Z '-'1'--&J-'-~ . .Y.L-.Lf-~o:.___-ht--? __ 0iJs----.JJC1~ .• ~o-LJ~·,, o~_.,s,L,~. /(..,.54~-+-....... .A~ ./rr:z...._--+--/VIc.::..JJ.'•LJ;L!.I...zS'L..r_-+-i ~.:z .. .L.L.,;5:.Li-w¥--t.:;~,~~·-i'fu:.,/l-----! 
I ~ NL7-Z7 , 

~3~------~"3~o-'fl~~- ~J~7,~,o~~~~~~r~o~/~·~,~·~~~~~------4-------~ .... ~ 

~ ~r-------~~~~'~o*~·~/~~,~~~~JV~L1~T~D-+V~~~~~,~~~~·~~-------+------------~ 
I l.J,.0~f. ~ .~-?1,0 

~~ ~ !9~rLJ _i_ Z/,tJ L'Y'L'rD_ V.4~d" 
t r- , 
~ I :~_'3 1Rf. .tJ ,LJ -~J;'.t:J ,c;l' ;:;? /~ ~"'/-~ ~ 
~--------~~~~~~~~~~--~~~~~~~~-r----------~ 

JJ·-----~~~~~~~~M~~~.r--P~~-4~~--~----------~ 1D .-- /tJtJ'Rf. 11 ,;-; -/~,/J --~~/ B/,-;7 /VILJ~-/ 
~HJ."- ... 7J; .0 .5; 

\ ~1 . /9~-ro 
-i@ 
~ · 1~.~-zr,~ SJS4 B/i? 

TA 4070 5C 8/ 83 
5C 3/85 

~ IL~/3._ 



-; 
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A f3 

A 
I 

/0 

1 ''1 

f. li§ 
I 

'1 

4 
I 

7 

! J 

\] I 

~\ ~ 

I 

I 

STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATERIALS & RESEARCH DIVISION 
SOILS SUBDIVISION 

AUGER DRILLI NG NOTES 

PROJECT/ PROJECT NO. : M o at 610/7 -M Z£:14 se ;;t< R5~t~ 70:1 
DRILL~R M t:.t/ynn Ol\TE:. C{_£_1~fz_, 2:¥8 7 
NOTES FRffinTAT{()N /7/h t:~ J/LJigi-: TO STATION .L/...L."Z:s:...~.:!.....l-rJ=o~-------

STATION OFFSET 

19/a f-o :lv/L> 'RI. 

L;/YLf, 

J q 7'-/-L:J ¢5, 

.~CJ 'R~ 

//Ljl/?'1, 

,¥;/) ~·./.!) 

j q ,PJ -1-L:J d @ 

. =3Z'nf. 

. '/.s;~Rf. 

IJ/h !Lr. 

TA 4070 5C 8/83 
5C 3/85 

DEPTH 

?J. o~.Y..5~ o 

~ 

l/1 • .0·1~0 

~ 

I~ .LJ- =I Z:~/'J 

~ 

I~-~-. -=J/.n 

.....-
!LJ .O <~. ~ ~-~ 

~ 

o,tJo~ /~t:J 

~ 

b .o-1-'Y-O 

t.--" 

I"" . ~ -: ':JS. o 

.---

L'J.~ ~!:f~-0 

L--"" 

1L'.~ -B,o 

~ 

Soil 
Type 

.§,_;;q 

NL £ _p_ 

~S,S..u 

I#Lro 

_<;/ 

/\/.L.r.o 

. <; ,' 

/7_/"JR 

,<;; 

A/L/P 

s ;.SG. 

HL77~-

cS ~~ 

N~/D 

~<:;; 

A/L /.0_ 

,<;; 

NL./o 

.s ;s~ 

NL./0 

CHECKEO BY -~~~_.::=A~· 7--::-=--------
DATE CHECKED ---=..~__:-· 2~~:::....·...!::· ?+)-- -----

SOIL DESCRIPTION 
Field 

LABORATORY 
Color Moisture CLASSIFICATI ON 

E,~ ..J\1<'t.5L 

/=S;,-, frtotsr 

~;~ ./'-1 L) /.~ ~ 

~,~ /VIOlS-~ 14)J+ 

A,-.--7 ~ 

,R,;-7 /YJ .t'J /.5 ~ /1--~.,L · . .e:; ,/, 

.!3,-.n ./'V1 {') /.; ;/ 
/1-~-,.Y 
4/J.f;J:5o-nd , 

..13/~ /V'I~/..4J--r 

. J3,--"7 ;'-1~/.;~ 

/=3 / ;'7 /Vf~~1:r-
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STATE OF VERMONT 
AGENCY OF TRANSPORTATI ON 

MATERIALS & RESEARCH DIVISION 
SOILS SUBDIVISION 

AUGER DRILLING NOTES 

?7 

PROJECT/PROJECT NO.: /:1~/&/cuv.J?-Midd/ese,~ 85~ z-C<J2 
DRILLER M cuf¥""a;n DATE: ~./2 ,_lYB7 
NOTES FROMSTATfON / ?9 co TO STAT! ON £:.Z:::.!tJ::::.... t_! T=L-f-/.a _ ______ _ 

STATION OFFSET 

.. 

/99,1-LJ ~ 

-=37. ~ R.J? 
.. 

,£.,.1;/p'f. 

ZLJ" ..J-1) ld 

l~/...,'f.?~ 

7CJ 1RY'; 

Z~'L-h 

.zoJrl) d: 
.~h 'l?.;r 

@ 

~tJIF?f, 

i.'=?MZf. 

TA 407D SC 8/83 
51. 1 / AF. 

DEPTH 

CJ ,/") - .z:;, CJ 

......-
Q #D -A /J 

~ 

l':).~ -7,~ 

,_....... 

o.~ -1.~ 

~ 

~ -~-L; .. 6 

~ 

~.£:) ~5.o 

~ 

t:J .{'j ..,. "? ... ~ 

L--"" 

L~O 

0 .~ ·JJ, CJ 

11. " - Z9.a 

J-.-

6 .. ~ - Z •. llJ 

L-"" 

/), /")- ~£) 

,__ 

Soil 
Type 

~; 

.1\/LrP 

~/ 

TLna 

a/ 
/LL!J~ 

<:;; 

7ZOR 

L<i".~_<;.:; 

IL~R . 
-~I. S4: 

_r.L..oB 

<;.-Sb 

72.t!J R 

CHECKED BY .~GZ-.!:8=4--::::!.-...:----::-:::,.--------
DATE CHECKED ~3--Z.=(z£....-.!:::-£+7-------

SOIL DESCRIPTION 
Field 

LABORATORY 
Color Hoi sture CLASSIFICATION 

_8 /rt /YJa /:5_£_ 

R /1"'7 /Y'J~/~s-r 1;-:!;J:, hrt:tY£ 1 
/ 

~/"7 ~ L"J "-~ ,£ 

.J3/'7 ./\-1~/.~~ 

E/~ L'--11"' , _:; -/ ~E;tt.?~nd 
# 

~/-'? ./VJI\.-t/ 

R/,.-, ./Y) ~ / . ;:.,.c 

TLOr-3 '- A/;.nd) 

~ ......... A,.-"7 ~~/.!.r 11-;l-q •t?ftdC/ 6/10 y~ 

~<=>,·5_4. . ' /f-~-~1 
L--- <--- V. ... ~,h~/Jq ~o-n d 

I 

/LI)B 

.<; .. ,_~~ 13..-~ ./V'I~J~;y: 

IL~~ 

c;; 4iL.r .,q,..,., A-1t!JJ~-/ 

TLDS 

I 
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STATE OF VERMONT 
AGENCY OF TRANSPORTATION 

MATER IALS & RESEARCH DIVISION 
SOI LS SUBDIVISION 

AUGER DRILLING NOTES 

PROJECT/PROJECT NO.: M oRETow N Rs E6 C - R5 o ftz 7(9 ) 
DRILLER --!....:!:.....~..=:~=-..~.-=-~'-.:1.------=~~0A;n;. T;:;:#-E ~:. =---=z~-~1 -:::9~-'--"'8~9~~>.,.._ 

NOTES FROM STATION 1 9 5 -r-oo TO STATION I 9 7 +DD 

CHECKED BY 
DATE CHECKE.=D------ --- -

SOIL DESCRIPTION 

STATION OFFSET DEPTH Fi eld 

Soi l LABORATORY 
Type Color Moisture CLASS IFICATION 

195+0 1 o o' l?-r o.o-1/.o 5 ; "!5q brn IYfor S T A-4 5a 5 ; 
I /,o - 5 o.o 5 / LT _krn Moi S T A-4 S A 5,· 

NLTD If@ 5 o.(. ';) ' JJc. :J 'vv ATER T o DEPT!-/ 

190+ 0 I30,'f.?r 0.0-7.0 5a 5 ; hr--J1 Moto/ A-·4 _5/~ 

7,()-57,() -::;,L I hr11 fVlor sr A-4 Sq_ ~· 

LED&£ bR B en 1-DrER (. ~ 5 7 0 / 

f.Jo WA IT£R n ) DEP7 ;I 

197+-0 110 I 1?-r- O-D-0. D 5:a 5i hv/t\ f'vfot 5 I A-4 ~/~ 
16 .0-9, 0 GrAv£L brJ1 M o t 6.T A-2-fs/~Gr 
9.o -59. o 5 ;L r hJ-h Mo15r A-1- 5os; 
LEDGE D R Rt':. u'-D£R.. Q 59.0 / 

No WA r£1<_ / C. D£.PI -1 

. 

-" .,..__ ,- ,.. ""'"'"""" 



APPENDIXC 

• Field and Laboratory Results 

• Report on Test Excavations 

... Consultant Report 

VAOTReport 

• Electrochemical Test Results 

• Triaxial Test Results 

• Monitoring Well Results 



07/ 08/98 WED 13: 05 FAX 202 366 ;v-7 

Golder Associates Inc. 

'110<1·1~8th Avenue. i'i.E. 
Redmond. WA 98052 
Tefephoi"'IG (425) 883-0777 
Fax (ll25) 882-5498 

June 25, 1998 

Federal Highway Administration 
Office of Engineering 
Bridge Division H NG-31 
400 -?'"StreetS. W.,Roo.m3113 
Washington, DC 20590 

A TrENT ION: Mr. Richard S. Cheney, P.E. 

RE: TECHNICAL SITE ASSISTANCE AND STAFF TRAINING 
VERMONT AGENCY OF TRANSPORTATION 
HIGHWAY lOOB SOIL NAlL PROJECf 
MORETOWN-MIDDLESEXRSEGC RS 0167(9) 
FHWADP103 

Dear Richard: 

Our ref.: 943-1524.].027 

ln accordance with Work Task], FHWA DP 103 contract, we are pleased to submit tl1e 
following report detailing the results of our technical site assistance completed fm: the 
Vermont Agency of Transportation (VAOT) on the subject project. 

The technical assi'itance was conducted at the VAOT Materials and Research office 
located in Montpdier, Vermont, at the proposed constr:uctjon site located along 
Highway lOOB n ear Middlesex, Vermont and at several soil. nail walls constructed by the 
New Hampshire Department of Transportation. In general, the purpose of our work 
was to assist VAOT in their evaluation of the site conditions as they relate to the planned 
soil nail wall design and construction. The assistance and site work was conducted from 
June 10 through ll, 1998, by Richard Cheney, FHWA Geoteduri.cal Engineer, and James 
Porterfield, subconsultant to Golder Associates lnc. (GAl), Redmond, Washington. 

The project involves removal of the toe of an existing slope to allow re-alignment of the 
highway. The slope excavation will be ret:aiJ.'\ed by a battered (lH :6V) so.il. nail shoring 
system, either a stc~pped series of two walls o.r by a s ingle wall. In general, the existing 
slope appears to be stable with no indications of obvious slope instability nor adverse 
sw1ace water runoff conditions being observed during our field work 

The following provides a g~neral summary of the technical assistan~ anCil topics c9ve red 
during each day of ou.J: visit. 

~002 



07/ 08/ 98 WED 13 :06 FAX 202 366 3~7 

June 25, 1998 2 943-1524.J.027 

WEDNESDAY, JUNE 10 

The morning of the first day of the site visit was spent at the Highway l OOB construction 
s ite observing the existing geotechnica I conditions as they relate to soil nail retaining wall 
design and construc tion. In addition, we discussed the proposed construction with the 
VAOT d esign team and vario~ other FHWA personnel and specialty shoring wall 
contractors and d esigners. A list of the site attendees has been prepar:ed by VAOT a nd is 

included in Appendix A. 

As part of our sit(' evah.-ation.; two test cut face excavations wete comple ted using a 
rubber-tired , JohnDeere 310C backhoe. Each of these are d escribed as follows: 

• TEST CliT FACE 1 

The first testcu.t ftlce was excavated from approximate ly 10:30 AM to 11:07 AM along the 
edge of an existing driveway located at approximate Station 198+50. The cut face was 
excava ted at a n approximately vertical inclination and was a.pproxiroately 5 to 6 feet high 
by 15 feet in length. Difficulties were not experienced during excavation of the cut fa ce 

and groundwater was not encoun.te~:ed . Significant overbreaks or raveling of the cut face 
did not occur during excavation. The following soil conditions w er e exposed in the cut 
face. 

0' to 0.5' 

OS to4' 

4' to 5' 

Very loose, da:r:k brown to black, fine sandy silt, highly organic 
(fop soil) 

Loose to compact, light orangish-brown, fine sandy silt to silty fine 
sand, slightly micaceous (Weathered Alluvium) 

Compact, light gra.y, silty fi.ne sand, slightly micaceous, including a 
little fine to coarse, subrounded to rounded gravel with depth 
(Alluvium) 

The cut face exposure w as left open for three d ays a nd remained globally s table with no 
significant overbr .. ~aks or face failure occurring. Some minor raveling occurred d uring 
the exposure period, mainly after the first 48 houts of exposure and m ost likely due to 
loss of apparent cohesion d ue to drying back of the exposed soils. De tailed observa tions 
of the cut face we:re comple ted by VAOT and their observati.ons are included in 
Appendix A . 

• TEST CUT FACE 2 

The secon d test cut face was excava ted from approxima Lely ll:42 AM to 12:07 PM alon g 
the shoulder of the existing highway located at approximate Station 196+ 25. The cut 
face w as excavated at an app roximately vertical inclination and was approximately 6 feet 
high by 18 .feet in length. Difficulties were not experie nced during~XQtVa tion of the c·ut 
face an d ground\0\.·ater was not en countered. Significant overbreaks or raveling of the cut 

@OOJ 
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face did not occur dlU'ing excavation. The following soil conditions were exposed ir\ the 
cut face. 

0' to 0.75' Very loose, dark b.rown to black.. fine sandy sllt, highly orgaruc 
(Topsoil) 

0.75' to 4.5' Loose to compact, light orangish-btown_ fine sandy silt to silty fine 
sand, little .fine to coarse rounded to subrounded gravel and 
cobbles, slightly micaceous (Weathered Alluvium) 

4.5' to 6 Con1pact, light gray, fine sandy silt tD silty fine sand, trace fine to 
coaxse rounded to subrounded gravel and cobbles, slightly 
micaceous (Alluvium) 

The cut face exposure was left open for three days and remained globally stable with no 
significant overbreaks or face failure occurring. Some minor raveling of exposed 
graveVcobble cla:;ts occurred during the exposure period. Loss of apparent cohesion due 
to drying back of the exposed soils was not a signiflCant concern at this location. 
Detailed observa ti.ons of the cut face were completed by VAOT and their observations 
are included in Appendix A. 

We understand E!ach of the cut face excavations were to be bermed back with the 
excavation spoils by VAOT following the period of observation. 

The afternoon of the first day was spent at the VAOT Materials and Research office 
located.inMontpelier, Vermont An informational meeting was held byVAOTat which 
time various desjgnand construction considerations were d iscussed amongst tl1e parties 
present at the mornings cut face excavations. Detailed minutes of the m eeting were 
compiled by VAOT and are included in Appendix A. Following the meeting, several 
runs of Gold nail were completed by VAOT at one critical wall section to a llow Richard 
Cheney the opportunity to assist VAOT in the use and application of the computer 
program.. 

THURSDAY, TUNE 11 

The second day of our site work involved traveling to New Hampshire and visiting two 
existing soil nail walls and one soil nail wall under construction along the Kancamagus 
Highway (NH 112). All three of the walls involved similar designs and rather similar 
ground conditions. The finish facings for each of the walls consisted of a natural board 
finish. This is the same type of :finish face being considered by VAOT and w e -were able 
to visually assess this type of finish face . Observat;i.ons of the on-going co;nstru.ction for 
the waJl currently being built afforded the oppor tunity to discuss and observe actual 
field construction conditions at the time of our site visit. Detailed note~ teg_arding our 
observations and firidings at each of the soil na.H walls were compiled by_ VAOT ~p.d are 
induded in Appendix A. 
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AGENCY OF TRANSPORTATION OFFICE MEMORANDUM 

To: Christopher C. Benda, Soils and Foundations Engineer 

From: Chad A. Allen, Geotechnical Engineer 

Date: Original: June 15, 1998 Revised: October 21, 1998 

Subject: Moretown-Middlesex RSEGC RS 0 167(9) 

SOIL NAIL WALL TEST CUTS TP #1- Station 198+50 6/10/98- 10:30 am 
TP #2- Station 196+25 6/10/98- 12:00 pm 

Attendees: Dave Hall, FHWA Harry Schnabel, Schnabel Fow1dation Co. 
Jim Bush, FHW A Rich Telgener, Haley & Aldrich, Inc. 
Dick Cheney, FHWA Reggie Holt, VAOT 
Peter Osborn, FHW A Roger Whitcomb, V AOT 
Chris Benda, V AOT Chad Allen, V AOT 
Jim Porterfield, Golder Assoc. Inc. Bob Della Santa, V AOT 
Robert Houghton, Spencer, White, & Prentice 

SOIL NAIL WALL TEST CUT INSPECTIONS 

TP #1: STATION 198+50 

6/11/98- 6:45am 

The face has dried out some resulting in a small quantity of fine sand and silty material falling to the 
base ofthe wall. No over breaks or sloughing of the face was witnessed. Stable to date. 

TP #2: STATION 196+25 

The face has dried out relatively little, which may be in part to limited exposure to the sun. A few 
small cobbles approximately 4 inches in diameter fell from the excavated face to the base of the wall. 
No sloughing or over breaks resulted. Stable to date. 



MORETOWN-MIDDLESEX RSEGC RS 0167(9) 

SOTL NAIL WALL TEST CUT INSPECTIONS 6/11/98- 3:30pm 

TP # 1: STATION 198+50 

The face has dried out further resulting in a small quantity (approx. 4-5 shovels) of fine sand and 
silty material falling to base of wall. No over breaks, however sloughing of the face may become 
an issue. Stable to date. 

TP #2: STATION 196+25 

The face has dried out little in comparison with this morning's inspection. It looks like sections of 
the face are getting ready to separate themselves from the wall. Cracks can be observed and over 
breaks may occur. A few more small cobbles approximately 4 inches in diameter fell from the 
excavated face to the base of the wall. Stable to date. 

SOIL NAIL WALL TEST CUT INSPECTIONS 6/12/98 - 11:00 am 

TP #1: STATION 198+50 

The face has dried out some resulting in a small quantity offine sand and silty material falling to the 
base of the wall. No over breaks or sloughing of the face was witnessed. Stable to date. 

TP #2: STATION 196+25 

The face has dried out relatively little, which may be in part to limited exposure to the sun. A few 
small cobbles approximately 4 inches in diameter fell from the excavated face to the base ofthe wall. 
No sloughing or over breaks resulted. Stable to date. 

SOIL NAIL WALL TEST CUT INSPECTIONS 6/13/98 - 10:30 am 

TP #1: STATION 198+50 

The face has experienced two overbreaks. One overbreak is approx. 8 in. deep by 2ft square. This 
overbreak looks like it was due to the fact that the overlying are of cantilevered topsoil dried out and 
fell down. You could tell this by the color and volume of dirt that it had just recently happened. 

Another overbreak measured 6 inches deep by one foot square. 

Temperatures for the two day period ranged from lows down to 50 op to highs up to 76 °F. 
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MORETOWN-MIDDLESEX RSEGC RS 0167(9) 

FINAL ANALYSIS OF TEST PIT No.1: 

Stable face, no major overbreaks, sloughing, raveling, or other failures. 

TP #2: STATION 196+25 

Three slight overbreaks occurred at this location. The first one was approximately 10 inches in 
depth, 1' wide and 2' long, while the second was approximately 4-6 inches deep and 1' wide and 1.5' 
long. The third major loss of soil was due to a 4 to 6 inch cobble that fell as I stood at the base of 
the wall making observations. The loss of material left a 4 to 6 inch deep indentation in the cut face 
approximately 10 inches in diameter. 

The face appears to be holding stability very well. This face did not dry out as fast as the first cut 
face did, however, exposure to sunlight was minimal. 

FINAL ANALYSIS OF TEST PIT No.2: 

Stable face, no major overbrcaks, sloughing, raveling, or other failures. 
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To: 
From: 
Date: 

Chad Allen, Geotechnical Erineer 
Tracy Phillips, Chemist .Jnn 
05/25/98 Q'IVI 

Subject: Electrochemical results for soil samples collected from Moretown-Middlesex 
RSEGC RS0167(9) between Febrary 5, 1998 and March 20, 1998. Testing 
performed on May 15, 1998, May 21, 1998 and May 22,1998. 

Sample ID pH Value Chloride Value 

Rl 2 6.65 27/25* 

R l2A 6.25 268 I 295*1 308U 

R I2B 6.82 33 

RI2C 6.97 13 

Rl5A 6.66 20 

R ISB 5.55 2791237* 134 1** 

R l6 6.32 30 

Rl7 IRI8B 6.14 21 

RI8A I R l9A 6.22 8 

R19B 6.03 12 

R I9C 6.24 13 

R21A 5.85 25 

R2 1B 6.33 18 

R24A 6.52 19 

R24B 6.87 0 I 4* 

Initial test results identified two samples, (R12A and R l 5B) with an increased amount of 
chlorides in comparison to the rest of the samples. We were not able to find a trend or pattern in 
the results, so repeat testing of the initial samples was performed. These are noted with the 
* symbol. To further verify these two test results, new samples were tested. These results are 
noted with **symbol. 

cc: C.Benda V 
A.Schneck 



~ 
ID. 

R-12A 

Rtl-8 

fUl.C 

Rts..<>. 

RIS-8 

Rt6 

Sample loaiCion Offset 
(It) (II) 

197~ +37 

197~ +37 

197+50 +37 

201+00 +12 02/16196 

201+00 +12 02/16196 

201•25 02/19J98 

R11 & RUIB 201+50 & 202+00 +10&-3 2123198 & 3111198 

R18A& R19A 202+00 -3 & + 23 03111198 & ()3.1)5198 

RI9B 202.00 •23 03/0SI90 

R19C 202+00 •23 03/0S/98 

R21A 202•50 +20 03116198 

R21B 202+50 •20 03116/98 

203•50 +30 03119198 

203+50 +15 03119/98 

(}eplll 

R~ 
(II) 

15-77 

30 -~7 

S0-62 

5-12 

15 - 22 

10 · 17 

10 - 12 

5-7 

10-17 

. 20-27 

5-12 

15 -27 

5-12 

15-22 

ucva• ,u 
Mi6-Uyef 

(II) 

21 

38.5 

8.5 

18.5 

13.5 

11 

6 

13.5 

23.5 

8.5 

21 

8.5 

18.5 

evg. N 

12.3 

16 

19 

6.5 

12 

20.5 

10 

8.5 

16.5 

39 

8.5 

20.3 

12 

VWC4&.1Ul""'-11 

115 

liS 

120 

105 

110 1960 

120 1520 

105 1155 

lOS 630 

115 1553 

130 2755 

105 892.5 

120 

100 850 

110 1885 

Trial 
No. 

1 
2 
J 

I 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

1 . 
2 
3 

. 1 

2 
3 

1 
2 
3 

1 
2 
3 

l-d 
Pnos...., 

(psi) 

10 
15 
20 

25 
30 
35 

25 
35 
-45 

s 
10 
15 

5 
10 
15 

s 
10 
15 

5 
10 
15 

4 
6 
12 

5 
10 
IS 

15 
20 
25 

5 
10 
15 

10 
15 
20 

5 
10 
15 

10 
15 
20 

~~ 

2160 
2880 

720 
1~ 

2160 

720 
1~ 

2160 

720 
1440 
2160 

720 
1440 
2160 

576 
1152 
1728 

720 
1440 
2 160 

21GO 
2880 
3600 

720 
1440 
2160 

1~ 

2160 
2880 

720 
1440 
2160 

1~ 

2160 
2880 

18 

24.4 

20.6 

11.3 

20.9 

1~. 1 

18 

8.8 

25.6 

15.7 

15 

19.1 

13.1 

11.6 

VV~rtul 

~ 
(g<:om.S) 

1013.5 
1080 

1049.3 

1052.3 
1061.6 
1064.3 

1104.4 
1094.7 
1122 

942.4 
972.5 
984.7 

1011.4 
1042.8 
1009.5 

1009.4 
1008.6 
1004.6 

972.1 
975.4 
989.2 

952.7 
953.1 
978.4 

1020.1 
1020.6 
1043.2 

1189.5 
1200.7 
1129.5 

929.7 
997.2 
964.2 

1064.2 
1087.6 
1082.2 

1054.2 
1045.6 
1036.5 

1062.4 
1047.5 
1047.4 

Wcogh(of 
S3mple 

(lbs) 

2..36 
2..38 
2.31 

2.07 
2.14 
2.17 

2.23 
2.29 
2.22 

2.22 
2.22 
2.21 

2.14 
2. 15 
2.18 

2.10 
2.10 
2.15 

2.24 
2.25 
2.30 

2.62 
2.64 
2.48 

2.05 
2.19 
2.12 

2.34 
2.39 
2.38 

2.32 
2.30 
2.26 

2.34 
2.30 
2.30 

Hdghtm 

Same*> 
(ln.) 

5 .69 
5.69 
5.69 

5 .69 
5.69 
5.69 

5.69 
5.69 
5.69 

5 .69 
5 .69 
5.69 

5.69 
5.69 
5.69 

5.69 
5.69 
5.69 

5 .69 
5 .69 
5.69 

5 .69 
5.69 
5.69 

5.69 
5 .69 
5 .69 

5 .69 
5 .69 
5.69 

5 .69 
5 .69 
5.69 

5.69 
5 .69 
5 .69 

5.69 
5 .69 
5 .69 

5.69 
5.69 
5 .69 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 

2.8 
2.8 
2.11 

2.8 
2.8 
2.6 

2.8 
2.8 
2.8 

2.8 
2.6 
2.8 

2 .8 
2.8 
2 .8 

2.8 
2.8 
2.8 

2.8 
2.8 
2.8 

2 ,8 
2.8 
2.8 

2.8 
2.8 
2.8 

35..04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

35.04 
35.04 
35.04 

116.48 
117.19 
113.85 

1H.18 
1t5.19 
115.48 

1t9.83 
1t8.78 
121.74 

102.25 
105.52 
106.~ 

109.74 
113.15 
109.54 

109.52 
109.44 
109.00 

105.48 
105.~ 

107.33 

103.37 
103.42 
106.16 

110.69 
110.74 
113.19 

129.07 
130.28 
I~ 

100.88 
108.20 
104.62 

115.47 
118.01 
117.42 

114.39 
113.45 
112.47 

115.28 
113.66 
113.65 

SaSi 

SiSa 

SaSi 

S iSa 

SaSI 

SiSa 

SiSa 

IA---V~: 

c..ne.lon 
(psf) 

225 

0 

360 

300 

540 

0 

157 

96 

270 

270 

203 

0 

0 

116.23 

29 

33 

3 1 

31 

30 

30 

32.5 

26 

33 

31 

35 



AGENCY OF TRANSPORTATION OFFICE MEMORANDUM 

To: Chad Allen, Geotechnical Engineer, 

From: Christopher Rea, Geologic Technician L-. ~ 
Subject: Moretown Monitoring Wells 

Date: 10/20/98 

Three ground water monitoring wells were 111stalled for the Moretown RS 0167(9) project in 
April 1998, the results of the monitoring are listed below. 

Depth 

R4 194+50 14' Rt. 25' 

R8 196+50 5' Rt. 14' 

Rl2 197+50 37' Rt. 47.5' 

4/30/98: 
Took readings on monitoring wells, no water detected in any well. Weather conditions 

were sunny and 60 degrees F. 

5/4/98: 
Took readings on monitoring wells, no water detected in any well. Weather conditions 

were rain and 60 degrees F. 

6/9/98: 
Took readings on monitoring wells, no water detected in any well. Readings were taken 

after 8 days of heavy rains that caused damage throughout the state. Weather conditions on the 
day of the readings were sunny and 78 degrees F. 

9/9/98: 
Took readings on monitoring wells, no water detected in any well. Readings were taken 

in a heavy down pour. Weather conditions were rain and 50 degrees F. 

10/20/98: 
Took readings on monitoring wells, no water in any well. Weather conditions were 

cloudy and 50 degrees F. 

Telecomm.mications Relay Service 
TTY/TOO 1-800-253~191 



APPENDIXD 

+ Elevation of the Soil Profile 

+ Site Plan 
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APPENDIXE 

+ Soil Nail Wall Design Details 

• Typical Cross Section 

• Cap Detail 

• Drainage & Shotcrete Facing Detail 



D.ULM 
r[tlc.Al 

__ ___ , 

~~~701HAl -----

/ 

REV I SEC DETAIL A - TYP. 
G. 

VT 1008 

I ,. _, . ""·' I)/-/,.:. 
,... 

/ 
/ 

/ 

/ 

••PROX IIU H / 

EXISTINC CRAG£--''-.,,/ 

/ 

/ _,. 

_,. 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

4ETA I L C- TYP. 

f / PROPOSED £. 0 . P 

// · 12· -o· 1 a· -o·· 
/ I ·-.. ·•· . .... 

/ 

j6 • RIC IO POLYSTYRENE 15" ·0 " 

CEOT(XTI L( UNDER STONE fi LL. I TEM 6•~.31 

/ 

6 " 0 1•. PYC P IPE 
CR• .. ..A. AR S&C~F ILL FOR STRLCTO~ES . IT£" 104. 0& 

/ 
/ 

/ 

,. 

APPROXIIAAl( 
u vu or cu· 

£> -o· 

SFECIAL MAlT ING f()l; 'AOSION CONTROl. ITEM 6>4. 10 

ITYP. l 

OEH.IL B - TYP. 

• · STYROFOA~ 511 OQ (OUIVAL(NT tTYP.I 
Sl/, • TOUL RICIO POlYSTYRENE tTYP. II y, · STYROFOAW PER INATE OR (OUIVALENT ITYP.I 

CEOCOI.Ii'0$17( VER TICAl DRA INAGE S t RIP ITYP. I 
PLAt<O 5" ·0" 0. C. !e:TW(£N SOIL NAILS 
!PLACE CEOT(XT IL( ACA INS 1 CROU>lCI 

6¥, " REINFORCED S"OTCR£TE IIYP. 

11[ M NOTES• 

THE FOLLOWINC SHALL Bt lhCLUOED IN I TEI.I xxx. xx , SOil NAILS• 
SCI L N.tll$ 

THE fOLlOWING SHAlL BE INCLUDED IN I !EM XXX. XX . SHOTCRETE: 
SHOT CRETE 
INSULA I ION 
A( I>IFORC INC 
CEOCOIIPOSIT( ORAIN&Ct STRIPS 
5 1/,· TOTAL RICIO POlTSTYR(NE IITP.I• 

THE FOLLOW ING SHALL BC INCLUDED IN IT(M ux.xx, WALL FACING• 

ALL TI UB(R !POSTS, 80ARQS, CAP , ( IC.I 
HARDWARE ANO ANCHORS 
30 m: I BARR IER "':UBRANt 
ALUIA INU" Tl&S•INC 

THE TOLLOWI~C SHALL !E ''IClUDEO IN ilEII xxx. xx, i" PVC ~0ERORAIN1 

6 " OIAliETER PVC UNOEAORAIN 
CRUS KED STONE 

PROPOSED RETAINING WALL 
TYPICAL CROSS SECTION pao;i'Cfa 

MORETOWN· N IDOLESEX 
PROA:Cl MO. t 

AS 0167191 

SCALE : 1~6 It = I' -0" 
C(S.JV'ol 'll ~'-C:~ /U.U.:I£SI'U[ t 32/SKI"'O[T"AL. DCN 

liP&~ ''"( ,tU\C.t 'L0f DATtt IQ12UU 
SLAV! f£0 IY1 SURYE'f OU(t 
SOUAl t.t..:XItr CHA ISTOP'HUI C. B£NOA ORAWN 8Yt (MAO A. lll(H 

StC:Efr I C' l 



I OllW 

3 ·· COMMERC IAL WOOD SCREWS IGAL V. l 
SPACED AT 2' -0" O.C. 

6 x 6 HORIZONTAL T ~BER NAILER 

2·2x 12 TIMBER CAP 

I '/2 " OVERHANG 

~ " DIA. THREADED ROD ANCHOR , SPACE TO 
AVO D '/z •xq " HOR . BOARD LAG SCREWS 

I "x 2 '/z " CDUNTERBORE AT F" ACE 
OF" 6"x 6" VERTICAL POST ITYP. l 

2x l0 TIMBER BOARDS 
6x6 TIMBER POST WITH 

S "xl'-6" RIG ID POLYSTYRENE 
BOARD AT NA IL LOCATIONS 

4" RIG ID POLYSTYRENE BOA:J;/10 ~ l ISTYROrCAIA SM EOUIVALENTl 
1'/z" STYROfOAM PERIMATE.EOUIVALENT 

6 y, ·· SHOT CAE T£ 

3" CONCRETE SCREWS SPACED AT 2' ·O".O. C. 

ALUMINU~ fLASHING 

BARR IER MEMBRANE - 30 MIL LINER ITYP.l 

~-------TYPE I STONE F"ILL 110" THIC~ l 

NON-WOVEN GEOTEXTILE 

RIGID POLYSTYRENE BOARD 
=s GRADE 60 . EPOXY COATED REBAR 

BAR CENTRALIZER SP. C 10" -0 " MAX. 

NOTES: I. ANCHOR EACH VERTICAL 6x6 TIMBER POST TO 
SHOTCR[TE. SPACE TO AVOID '/2 " x 4" HOR IZONTAL 
Bl'l.ARD LAC SCRE WS. !MAXIMUM 5' ·0" 0. C. SPACING 
MIN IMUM 2 ANCHORS PER POST> . 

DETAIL A 

scALE : 1/4 " :: I I - 0 " 

2. PLACE ALUMINUM FLASH ING TOP & DOWN 4" IN BACK 
OF" HORIZONTAL TIMBER BOARDS AND ~· ON BACK Of 
SHDTCRETE. 

3. PL ACE BARRIER MEMBRANE ACROSS TOP OF THE WALL 
DOWN ALONG THE SHOTCRETE AND ON TOP OF THE INSULAT ION. 

4. SPACE VERT I CAL ORA I NACE STR IPS 5' · 0" 0. C. · CENTERED 
VERTICALLY BE TWEEN EACH VEA ITCAL ROW OF SO IL NAILS . 

5. PLACE VERTICAL DRAINAGE STR IPS WIIH THE CEOTEXT I L~ 

AGAINST THE GROUND. 

PiO.:iCr. ~Ct MO.t 

MORE TOVIN·MIDDLESEX AS 016 7191 
· YUl~ 

Ot:Uift rn.( N.4iii(IIWAt"£SI71t1Jl/SN'ID(TAt,.OCtrt 
~·"" nJ.[ t<U..\Cl PLOT DA T(j T(/12/lle 

...,.lOol ... ____ _ W!IIV(YU ITa SU'tV[T C)AI(: 
S.CUatlltADCR: C....RI'\.IQI'.tt• (. 1\fNflA DAA• N IT• C"AI) A.AU[H 

--------·---------· ---------· ---- HRRAC'tO •All I •SI CIII'WI W[ h 2 or } 



8 "x8 "x3/tl" EPOXY 
COATED STEEL PLATE 

4- 1. 2 " x3'HEADED 
CONCREfE ANCHOR STUDS 

A~CHOR NU T ~8 EPOXY COATED 

SPHER ICAL SEAT WASHERS 
us EPOXY COATED 

PROTECT ANCHORAGE SYSTEM 
WITH SYOTCRETE COVER 

2- :lt4 BARS SPACED 12" 0. C. !CONT. l 
ON EACH SIDE OF THE SOIL NAIL 

2 • " ' "· J · vr,._ li!
r. 

4 X 4 X W4 . 0 X W4 . 0 

l.iiri: 

STEEL WIRE MESH-G~ADE 60- CONT. 

VERTICAL DRAINAGE STRIPS PLACED 5' -0" O. C. 
BETWEEN EACH VERTICAL ROW OF SOIL NAILS . 

<GEOTEXT ILE SIDE MUST BE PLACED AGA INST GROUNDl 

_,--- =a GRADE 60 EPOXY COATED REBAR 

POST GROUT TO SEAL 

·tf'--- 2- :t 4 BARS SPACED 12 " 0. C. <CONT . l 
ON EACH SIDE OF TH E SO IL NAIL 

SHOTCRETE FACE <4000 PSI l 

DETAIL B 
SHOTCRETE FACING DETA IL 4 " RIGID POLYSTYRENE BOARD 

2 LAYERS-2" STYROFOAM SM OR EQUIVALENT 

2 x 10 PRESSURE TREATED FACING 

VERTICAL 6 x 6 PRESSURE TREATED WOOD POST ----~-
I 1/ 2 " STYROFOAM PER I MATE OR EOU I VALENT 
GROOVES SHALL BE AGAINST SHOTCRETE 

APPROX. FINAL GROUND ELEVATION 6 7'4 " SHOTCRE TE 

MIN. 6 " THICK 5'-0" WIDE POLYSTYRENE......;..______:....,.-, 
INSULATION BOARD SLOPED AWAY FRO~ WALL . 

GEOTEXTILE UNDER STONE FILL , ITEM 649 . 31 _ 

6" DIA. PERFORATED PVC PIPE UNDERDRAIN <PERFORATIONS 
DOWN AND MIN. I. 0% PITCH TO ORA I NAGE OUTLETS . l 

0AofUW 

GRANULAR BACKFILl FOR STRUCTURES , ITEM 704 . 08 
<MINIMUM 4" TH CKNESS SURROUNDING P 1°El 

ATTACh GEOCOMPOS ITE DRA IN TO 
AN APPOROVEO END CONNECTOR 

VERTICAL DRAINAGE STRIPS 
18" WIDE SPACED 5' -0" 0. C. 

IIOR£ lOIN· Ill OOlESEX 
Pfii:~CT NO., 

RS Oli1191 

OUCH rt.£ HA!oC1 / N&l lt[S/71[ 1l2/SNtr0£ t.at.. OCN 
'I(JiliUl 

tCIIIt~l.l-----

DETAIL C 
TYP ICAL DRAINAGE DETAIL. IPAn~ 14.£ K...,..Ei PlOT O.t.T£: ID/U/!8 

SUitV{Y[D &T1 S\ltYt.T OAT(, 
$~ UAOE:Ib Ctt~ IS fOftHCA C. B£h0l OftltN IT: CHA) A. All(!'lf 

5ttl:tfl l Of s 



APPENDIXF 

+ Location and Elevation of Soil Nails 

+ Wall Elevations 
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ltOltSI 

I. NAil tltVATIOIIS IIOT SHOIN SHAll It liNUAlT IHTI:JII'Ol&T£0 
8( TIUH THOS( SHOOM. 

2. TH[ UPA~IOH JOilT lOCATIOI<S SHAll lit lOCAT£0 riiiOA TO THt 
CCNSTIIUCTIOI< OF SOil I<AilS AHO AT lUST 12 IH. ntAA OISTAIOC( 
SHAll 8( ""'VIotO 8(TO((H TH( JOINT .U0 TH( HAllS. 

l . IF IICIHfOACIHC BAliS l iTH CUT THA(ADS Nt( US(D fOA NAILS , TH( 
H(Xl l.UC(R S i lt A80V( tHAT SHOIIH SIIAll It I'AOVIotO AT HO 
AOOITIOI<Al COST. 
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StZ. lS NAIL (l( VU IOH 

1500.00) CIIAO( (l(VATIOH 

• INOICAI[$ SO IL NAIL 

• tNOtCUCS SOli.. N.t.ll TO I( PROOf' T[_SlC.D 

• IHOICU[S LOCATIOII OF vtAiriCATIOII l(ST OF SAatlriCIIol SOIL OU.IL 

1.0 0 \11 0 
N 0 ,.... \11 
+ + + + ,_ ,.... U> U> 

O'l O'l O'l O'l 

\11 0 1.0 0 
N 0 ,.... lfl 
+ + + + 
U> U> \11 lfl 
O'l ()) O'l ()) 

HOl(SI 

I. HAIL (l(VOT IONS NOT SHOWM SN.._L I( L IN(Altl Y INI(RI'OI.AHO 
O(II([N TWOS£ SIIOeH. 

2. TU( UPAHSION JOINT lOCATIONS SH.Al·l I( Loc.Al£0 PR IOR TO t H( 
CON$1AUCTION 01' SOil NAILS UO AT l(AST 12 lk. nU.A OtSTA . .NC[ 

SHAU, I( PftO'tiO(O l(li((N TH[ JOINT ANO IH( HAILS. 
J. If fii(IWOitC INC BAAS WITH CUT 1NA(ADS AJt( U$(0 FOR NAII..S • TM( 

HC:U lAACXJt SIZ( AIOYt T'MAT SHOWN SHAll I( PAOV I0£0 AT 1+0 
JDOiltOHAl COST .. 

4. All OUI(tfSIONS AJIO (L(VU t ONS s.NOWM Ut IN [NCltSN ..-.us. 
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APPENDIXG 

+ Soil Nail Wall Hand and Computer Calculations 

• Nail Size 

• Nail Lengths 

• Nail Head Strengths and Loads 



I (o SHEET NO. _____ oF __ 

JOB NO. 

A~surne ; f. ~ :::: I \5 pcf (I B. I k.r'Vm}) 

~C: ...("t:AlCe.. 

~ Jly SA q~ . oi,Ci 
iNW f'i\A\JVI\1- ?::'!- (pO 

2 . dJ == 32.: C
11

= IB?psf (&1 k~) · 

/ • .f. Vl·h~:k __ ~d S-rr-~5? ·· - --~=~?- .f%~/c lilc~~t8 l-~.;;-~ ..- ~?. ::.. 
L~ - . - --· • ~- •.. 

/YJaKYI~ I : ,"'k;J,v, .. , drAS.e ~ e _.; SaS:·j s;· 54 
~diiJe : 7 - 1 I ps; c hot<sc . '1 psi' (u'J.~ kN/ttt""J.~ 

&. hUTOR. b P SAFeY - SLoPCS 

f?;tZ C t(_/7] ( lt.L- :S"m-'./{i",./J<_.IZS.,. - 1.5 F. -- - . - 5 - t;_ 

~. s "/ :Z !5 I (1. 5 h1) . ~ ~ 5 I ( 1.5, ) 1 

<l. &rrERe ~e- .4" · 
I . 

ian ~ == fM ~ 
· p 

-&(J- 1 ( 6:.? 32 ") ~ 2.2.1., ~ 
1 .~ .. b11 t4, ;:a. DA·2.. 



<SSUMC. Cfi{icr; / Scc.fn,.,· 

(? 11 s .J.- so H = 44
1 wrl./; 

.; I I 

SHEET NO. 2. OF~ 
JOB NO. ____ _ 

Cp ::: o. o 11 -/.4fl c>P ~ o. 4 2 ~ · rp :z. 0 .:34 · 

Cp :o-o"3 
1 

1an ~ ::: o. 4-1:.., lj; : 0 :2!- <6 . 

' 

r>~ 0 .4 \37 j<:.N 7&d k. --. , 
r 'V>l · - t.,o .... 

Use 
l:t7 ---:l 

&>..... 1 A~, = ).;M1w
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or I D~=:J 

\. . ~a..t$tof'llt..eSS 'ful\o~-t' f?~oc.e .~. 

Op z: o<a. a; 't s.,. .s" t.J 99,. f?(IS? ,o.f>o . 

l-/q > [.17 

l -- ~7' 
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A. F'Ac..tf\H~ H_e:)(!.Jfl.C 
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11...'' 
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APPENDIXH 

+ Local and Global Stability 

• Critical Section at Station 195+50 

• Critical Section at Station 197+50 



Sn:mo;; JCJ5 ·-f 50 
io&f!t I SiM; )l fy 

Input File Version - 311 
MORETOWN RS 0167 (9) 
ttt!lttttttttftttttfttttt tt. 
o General Data 

195-50. GNI 

ii1tt1tt1t1tttitt1ittfttttt!fttttttt t tttt ttft» 
o File Indentifier o 195-SO.GNI 
o Unit weight of water o 62. 4 
o Base depth for analysis o 0 . 0 
o Seismic Coeffici e nt o 0.0 • 
o Minimum Base Exit Angle o -10.0 
0 X Search limit (left) o 55.5 
o x Search limit (right) o 110.0 
o Number of slip circles • 100 
o No. of slip circle exits • 10 
tt11tt1ttftit1if1tffifftt1ttfifffiffitttitttt~ 

tt11tt1fittittttfttif11ii1fftf1ittfttttttii11ifftt. 
LRFD and Safely factor Data 

t11i111111tt11ittiittitifiiftftftitfi tfffttttfft t ittitt111» 
o Analysis Kode: (L) RFD or (S)LD (specify L or Sl • S 
ti SLD Safety and Strength Factors (modes only) fl fft t i if ' 

FS for Soil Cohesion o 1 
FS for Soil Friction • 1 
Strength Factor for Head Strength o 0.67 
Strength Factor for Nail Tendon Strength 0 0.55 
Strength factor for Nail Pullout Resistance • 0.5 

it LRFD Load factors (mode L on ly) !t11111tf1111tflfi1111f' 
LF for Unit Weight of Water • 1 
Lf for Unit Weight of Soil • 1 .35 
LF (or Surcharge Loads • 1 . 75 
LF !or Seismic Loads o 1 

it LRFD Resistance Factors (mode L only) f ttttffif!tiitft f' 
Rf !or Soil Cohesion • 1 
Rf for Soil Friction Angle • 0.75 
Rf for Head Strength • 0.9 
RF for Nail Pullout Resistance • 0 . 7 
RF for Nail Tendon Strength • 0.9 

ttt11ft1111t1tttttttt111fftfttt11fttttttttttttttttttttttt1~ 

ttft1ffifff1itt1tftttttttft£1tf1ttt!11£1tftt ttfttt» 
o PIEZOMETRIC DATA o X-Value 0 Piez. Level" 
tt i ttttttfii1 fff 111 tt1ttt tt11111ftfff!t t t1ttttfttt• 

Point 1 • 0 • 120 
Point 2 o 170 • 77 
Point 3 

tttitttitf1ftt ttttttiftttttttt1fttttt1tt1ttttt! ttt~ 

£1111ttfttit!tt ftttt t tff1» 
Nodal Data 

tttftt11£tt1tt11£ttfitti£ttitftii£11ttttt£ftttttt££1ttttttttttttt1£ttttt11» 
"Node No0 X-Value"Y-Value 00Node NooX-Value"Y-Value 0 0 Node No 0 X-Va lue 0 Y-Valueo 
iftffttftfttltttttfittttftttfiitttttfttttttttttttttttttftttttttttt!tt tttfi' 

1 °33 °97 16 31 
2 oss.s 0 48 11 32 
3 "60.s ·so 18 u 33 
4 "64 .5 °49 19 34 
5 °101 "25 20 35 
6 "HO •ts 21 •• 36 0 

7 °165.5 °12 22 ° 37 0 

8 "190 "12.8 23 ° 0 38 
9 ° 0 ° 12 0 ° 0 2 4 ° 0 0 0 3 9 
10 "FlO "77 25 40 
11 26 41 

Ettttttttttttttt£ttttiit££ttttttttttttttt£tttttfttettttttt£tttttttettttt t i~ 

£tti1tit1ffttttttt111ttttt11tttf1tft» 
• Wall Segment Data 
tftttft£tttf titft1if1£111ttt£1tttttt t£1ttttt~tttttt~ftttttttttfff£1ft1ttf» 
o Seg. o Node 0 Node • Soil "Pull out•• Seg. • Node • Node • Soil •pullout·• 
" No . 0 1 o 2 o ID •Res . 10° 0 No. 0 1 ° 2 o ID "Res . ro• 
ttffttt!tttttt!ttttttttfttttittfittfltfftttftttfttf!ftttft!tftttt!ttttftf> 
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195-50 . GNI 
0 1 01 02 01 01 00 11 0 0 
0 2 0 0 12 0 
ttttttt~tttttt~ttttttttttttttttttttttetttttttttttttttttttt~tttttttttttttt~ 

ttttttttttttttftftttftttfttt» 
o Surface segment Data 
1ttffff~t11111Ett1ftt£tfi11ft£fttfff£tfttti~ftitt1Eift111» 
• Seq. • Node • Node o Soi l oo Seg. o Node • Node • Soil • 
0 No. o 1 ° 2 ° ID oo No. 0 1 • 2 • ID o 
1ttttt1tttttff111tttftftftttttftttttltlitt!Ittttttttt11tt• 

1 ° 2 ° 3 ° 1 11 ° 
2 ° 3 • 4 ° 1 12 ° 
3 ° 4 ° 5 ° 1 13 ° 
4 ° 5 • 6 ° 1 ° 0 14 ° 
5 ° 6 • 1 ° 1 15 ° 
6 ° 7 • 8 ° 1 •• 16 ° 
7 ° 17 ° 

tittfittfttttttttittf£11tftf££tfttftttfifti£1if1ittiitfif•· 

~titfftitttifttttitiitftiitittiiiftt» 
Internal Segment Data 

iitttftEtiiitf£tftttt£ifffif~fiffffttE111111£111i1t£iitfif£ftiifiE11ftffi» 
• Seg. o Node • Node • Soil "Pullout•• Seg. • Node • Node • Soil •pullout• 
• No . o 1 ° 2 ° 10 "Res . IDo• No. o 1 ° 2 o ID •nes. ID0 

tiiff11ittttt1tttt1itttii111I11ttitft1titt1fittttitlfittttttttttiittttttf• 
1 °9 •1o •2 •2 •• 11 • 

ttfitttttttittt1fittt£111tft£it 1 1tttttt1111i£t iiffi£tifiittittttt£1fifi1i~ 

tttttftiittttftfiittti1tfttfiit1ittlftiii» 
• Soil Strength £ Pullout Resist. Data 
1tf11111t£ttt1111£fttt1it£1tttt11£11tittt• 
"Material• o Unit "Pullout• 
• 10 No. • c 1 • Weight" Res. • 
it11itt1tttifttttltt11ttft111tt111111tft1• 

1 ° 185 ° 32 • 115 ° 2036 ° 
2 ° 0 ° 42 • 140 ° 4523.8" 

tfftttttt~itttfttttt11111t11t1111£111ttti~ 

tf1t t tftfttttttttttttffttfttttf1» 
• Surcharge Pressure Data 
itftttfi~t1 1 1ftf£ttf f t1t~tt1fttt• 
"Load Noox-value• Vert . • Horiz.• 
11ttttttttit1tftttftf11111ttffit • 

1 0 

ttttf111~1ft1111~fttttfftttttitt~ 

titfff1111ttft1tttt£11ttf11ftttttffftttittfitfftt1tftf11~t1i11111» 
• Nail o Nail • Tendon • Head • Fixed • 

Nail Data • Depth o Length •strength"Strength• Nail? 
111tfttttttft1ittfitttt1fttff1tttifftittfttt11111itt1ttttttttfttt• 

Nail Row 1 • 2.5 • 58 • 47400 • 51600 • 
Nail Row 2 ° 7.5 ° 58 ° 47400 ° 51600 • 
Nail Row 3 ° 12.5 ° 58 ° 47400 ° 51600 ° 
Nail Row 4 • 17.5 • 52 • 47400 • 51600 • 
Na i l Row 5 ° 22 . 5 ° 52 ° 47400 • 51600 ° 
Na il Row 6 o 25 • 50 • 47400 • 51600 • 
Nail Row 7 • 27.5 o 48 o 47400 • 51600 o 

Nail Row 8 ° 32.5 • 44 ° 47400 • 51600 ° 
Nail Row 9 • 37.5 • 38 o 47400 • 51600 • 
Nail Row 10 • 42.5 o 32 • 47400 • 51600 o 

Nail Row 11 • 47.5 o 2 4 • 47400 • 51600 • y 
Nail Row 12 
Nail Row 1 3 
Nail Row 14 
Nail Row 15 

•tttttftt1fi11tt111Ittttttttt!it1iffti~fftttftf£fiffiittE1111tt11~ 
• Horiz. Spacing • 5 
o Nail Declination• 15 
t1tf1ttfttfifft1ttf£ifffttfff~ 

tttti111tftftttttftt1ttttf1» 
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195-50.GNI 
facing Data 

!tttfttt t tttftffittlftttttt!ftftttttf!ttttttt. 
o Maximum facing Pressure o 1800.0 
• Facing Pressure angle o 15.0 
o Press. Distribution type o 4 
o Press. Distribution type o Trapezoidal 
tftt1itfffiffiitt11fiffitff£tftttttt1ttttttft~ 

~ttt111ti1ttifii1tiittfffi1» 
o Analysis Options 
t 1t!t11tftitti1tiifittttt1it1iittftft ftttfftt. 
o Analysis 11ode o ros 
o soil ~lodel o Linear 
o Analysis with nails ? • Yes 0 

tti1ii1ii11 t1111i1!1111ti1i£11iitfiftttf f tfff~ 
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~~TicN 195-+50 
LoCAL ~~;t..rry' 

195-SO.GNF 
£ttttfftffftfffftff» 
o output Data o 

iitttfttftttttttfff~tttfffttf» 
Wall Height - 49.00 
Wall Slope = 65.34 

ittfttttttt~ffttfttffttf~tfttttfffttf~fifittttffttttttfiiftttff~tfftfttttttt~tttftttfftftf» 
Cir cle 0 Circle o Circle o Circle o Circle Moment Factor of . 

• Number . X-Intercept0 Base Angle • X-Center • Y- Center Ratio Safety 
<;:MiiJiJS..ISJUSJS•~"~"liJi.AJiJi.AAIUIJUI..ti.><JUSJUIJUIJSJSJU•~"~'I 
0 1 . 55.55 . 65.22 . -24445.69 . -11202.55 "This slip circle requires zero so 
il strength for stability 

2 55.55 • 61.46 -322.39 -96.30 "This slip circle requires zero so 
il strength for stabili ty 

3 55.55 51.69 -139.63 -12.16 "This slip circle requires zero so 
il s trength for stability 

4 55.55 53.93 -71 .14 16.33 1.003 91.84 • 
5 55.55 • 50.17 -4 6.41 30.76 1. 004 12.60 
6 55.55 4 6. 40 -21 . 35 39.54 1.006 7 .00 
7 55.55 42.64 - 14.44 45 . 4 8 1.009 5.03 
9 57.20 63.34 0 -24115.32 0 - 12026.09 "This slip circle requires zero so 

i1 strength for stability 
9 57. 20 59.58 -316.63 - 108.30 "This slip circle requires zero so 

il strength f or stability 
10 57.20 55.91 -136.33 -18.02 1.001 152.53 • 
11 57 . 20 52.05 -75.27 12.56 1.002 13.51 
12 57.20 48.29 - 44.36 29.04 1.004 7.24 
13 57.20 44. 52 - 25.56 37.4 6 1 . 006 5.05 
14 57.20 40.76 - 12.83 43.83 1. 009 0 3.95 
15 57.20 36.99 -3.56 • 48.47 1.001 3.37 
16 58.99 61.31 0 -23755.78 . - 12922.35 "This slip circle requires zero so 

il strength for stability 
17 58.99 57.54 - 310 . 36 -121. 37 1.000 280 . 42 
16 58.99 53.78 -132 . 74 -24.39 1. 001 14.21 

• 19 58.99 50.02 - 72 . 59 0 8. 45 1.002 7.47 
20 58.99 4 6. 25 -42.14 25.08 1. 004 5.17 
21 58.99 42 . 49 -23.61 0 35. 19 1.006 4.03 • 
22 58.99 • 39.72 -11.07 42.04 1 . 008 3 . 36 
23 58.99 34 . 96 -1 . 94 47.02 1.001 2.98 
24 61.07 59 . 17 • -23523.98 0 - 13960.65 1.000 3015.83 
25 61.07 55.41 -305 . 87 -136 . 69 1 . 000 15 . 45 
26 61.07 51.65 • - 129 .97 0 -31. 96 1.001 0 7. 94 0 

27 61.07 47 . 88 -70 . 40 3.51 1.002 5 .4 5 
28 61.07 44.12 -40.24 0 21.46 1.004 4 .22 
29 61.07 40 . 35 -21.90 0 32.39 1.006 3.46 
30 61.07 36 . 59 -9 . 46 39 . 78 1.009 0 2.98 
31 61.07 32.83 -0.44 45.16 0 0.991 0 2.69 
32 61.07 29.06 6 . 46 49.29 0.992 0 2.45 
33 64.12 56.93 • -23904. 44 0 - 15488.99 1.000 15.44 
34 64 .12 53.17 -310.06 - 159.94 1 . 000 7.89 
35 64 .12 49. 40 -131.31 0 -43.82 . 0 1 .001 0 5. 40 
36 64.12 45. 64 - 70.78 0 - 4.49 1. 002 4.16 
37 64.12 41. 88 -40 . 13 15.42 1.004 3.44 
38 64 .12 38.11 -21. 4 9 27.53 1.006 2.97 
39 64.12 34.35 -8 .87 35 .7 4 1.009 2 . 65 
40 64 .12 30.58 0.32 41.70 0.992 2.50 
41 64.12 26.82 7.36 46.28 0.993 2.33 
42 69 . 32 54.58 0 -25532 .14 • -18086.53 0 1.000 7.59 
43 69.32 50 .81 -331.87 - 200 .44 1.000 5.29 

0 44 69.32 47.05 -140.96 -64.94 1.001 0 4.11 
45 69.32 43.29 - 76.31 - 19 . 05 1.002 0 3.39 0 

46 69.32 39.52 - 43.57 4.18 1.003 2.93 
47 69.32 35.76 - 23.66 18.31 1 .005 2.62 
48 69.32 31.99 - 10.18 27.88 1.007 2.40 
49 69.32 28.23 -0 .37 0 34.85 1.009 0 2.24 
so 69.32 24.0 7.15 40.18 0.993 2. 16 
51 69.32 20.70 13.13 44.43 0.994 2 . 09 0 

52 76.32 0 52.11 . -27831.02 0 -21590.36 1.000 4.82 0 

0 53 76.32 48.34 - 362.84 0 -255.17 1.000 3 .79 
54 76.32 44.58 -154.75 -93.54 1.000 0 3.18 
55 0 76.32 0 40.81 -84. 27 - 38.80 1. 001 2 . 79 
56 76.32 37.05 -48.60 -11.09 1.002 2.51 0 

Page 1 



195-50.GNF 
0 57 76.32 33.29 - 26 . 89 5.77 1.003 2.31 

58 76.32 29.52 -12.20 0 17.19 1.004 2. 17 
59 76.32 25.76 0 -1. so 25.49 1.005 2 . 06 
60 76.32 0 21.99 6 .69 31.85 1.006 1. 99 0 

61 76. 32 18.23 0 13.21 36.92 1.009 0 1. 93 
0 62 76.32 1 4 . 47 18 .58 41.09 1.010 1. 88 

63 85.87 49.51 0 -30967.19 0 -26370.36 1 .000 0 3.42 0 

0 64 85.87 45.75 - 405.09 - 329.83 1.000 2 . 89 
65 85.87 41 .98 -173.56 -132.55 1.000 2:55 0 

66 85.87 38.22 -95.15 -65.74 1.000 2 . 31 
67 85.87 3 4.45 -55.45 -31.92 1.000 2.15 
68 85.87 30.69 -31.30 -11.34 1.000 2.03 0 

69 85.97 26 .93 - 14. 95 0 2.59 1.001 1. 9 5 
70 85.87 23.16 -3.05 12 . 73 1.000 1. 90 
71 85.87 19.40 0 6 . 06 20 . 49 1.000 1. 86 
72 85.87 15.63 13.32 26.68 1.001 1. 83 
73 85.87 11.87 19.29 31.76 1. 001 1. 81 
74 99.73 46.78 0 -35516.16 0 -33303.69 1.000 2.59 
75 99.73 43.02 -466. 37 -438.12 1 . 000 2.29 
76 99.73 39 .26 0 - 200.84 - 189.14 1.000 2 . 08 
77 99 . 73 35 .49 -110.92 -104.82 0 1.000 1. 94 
78 99.73 31.73 -65.39 -62.13 0.999 1. 85 0 

79 99.73 27.97 -37 . 70 -36.16 0.999 1. 78 
80 99. 73 24.20 -18.94 -18.58 0 0 . 998 1. 74 
81 0 99.73 20 .44 0 -5.30 -5.78 0 . 997 1. 72 
82 99.73 16. 67 5.15 4.02 0.995 0 1. 70 
83 99.73 12.91 13.48 11.83 0.994 1. 67 
04 99.73 9.15 20.32 18.24 0.991 1. 67 
65 99.73 5.36 26.09 23.65 1 . 008 1. 61 
86 110.00 43.92 0 -37062.33 0 -36440.14 1.000 2.09 
67 110. 00 40.16 -484.76 -516.57 1.000 1. 92 
66 110.00 0 36.40 - 207.51 -229.27 1.000 1. 61 
69 110.00 32.63 -113.61 -131.97 0.999 1. 73 
90 110.00 0 28.87 -66.07 0 -82.71 0 . 999 1 . 68 
91 110.00 25.10 -37.16 -52.75 0.998 1. 65 
92 110.00 21 . 34 -17.58 -32. 46 0 . 996 1. 62 
93 110.00 0 17. 58 - 3.33 -17.69 0.995 1. 60 
94 110 . 00 13.61 7.58 -6.39 0 0.993 1. 57 0 

95 110.00 0 10.05 16.28 2.62 0 . 990 1. 55 
96 110.00 6.28 23.42 0 10.03 0 1.003 1. 51 
97 110 . 00 2 .52 29.45 16.27 0 1.001 0 1. 52 
98 110 . 00 0 - 1.24 34 . 64 21.65 0 . 999 1. 54 0 

tiftttttttfttttttttttttt~tttttttttttttffttttttttttttttttttfttfttttttttttfftttiftttfttttftf~ 
tftttfttttftttttfti» 
o Global Stability o 

1tttttttttfttttttiittttfiitftttffftttffftt t tttttfffffttttttfftttftttttttffttt» 
0 Minimum global safety factor • 1.510 for circle no. 96 
£tittttt111tttttt11tttttttttttttf tttftttttttttttffftttfttttffittttttffffttttt~ 
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~1lcN lq?+5o 
G.lo~/ Stub; l'·-k[ 

GLOBSTAB.GNF 
Effttfitttfiftfftit» 

output Data 0 

tftttftfttttttftfffttttfffftf» 
Wall Height m 49.00 
Wall Sl ope .. 65 . 34 

tftttitffff~ttftfffttttttftttttttttttEffttttffftttEtfffftftttftttffttttttttt~tttttttttttft» 
Circle • Circle ° Cir c le ° Circle • Circle Moment 0 Fac t or of 0 

Number • X- Intercept• Base Angle • X-Center • Y-Center Ratio Safety 
<;lUIJUV:iJUiJIJi~~~~ .. ~ .. ~~MJi.JUVUU\MMx~'J 
0 1 0 55.55 0 65.22 . -24445 . 69 0 -11202 . 55 0 This slip circl e requires zero so 
il strength ror stability 

2 0 55.55 0 61.26 -304. 26 -87.95 0 This slip circle requires zero so 
il s trength for stability 

3 0 55.55 0 57.30 - 130. 39 -7.91 "This slip circle requ:..res zero so 
il strength for stability 

4 . 55.55 53.34 -71.50 19.21 1 .002 17 . 68 
5 55.55 0 49 . 37 -41.67 32.94 1.003 7.50 
6 55.55 45.41 -23.50 41.31 1.004 4.91 
7 55.55 41.45 -11.17 46. 98 1 .006 3.79 
0 58. 46 61.91 0 -23862. 64 0 -12655.95 0 This slip circle requires zero so 

il strength for stability 
9 • 58.46 57.95 -294.53 -108 .06 1.000 59.02 

10 58.46 0 53.99 -124.79 - 17. 69 1 .001 10.57 
11 58.46 50 .03 - 67.30 12.91 1.002 0 5.96 
12 58 .46 46 .06 - 38.17 28 .4 2 0 1.003 4 .24 
13 58 .4 6 42.10 -20. 43 37.87 1.004 0 3.36 
14 58.46 38 . 14 -8. 40 44.27 1.006 2.83 
15 58.4 6 34.18 0.37 40. 94 1.008 2. 49 
16 62.13 58 . 30 0 -23655.84 0 -14490.36 1.000 18.11 
17 62 .1 3 54 . 41 -289.77 0 -133.97 1.000 7.83 
18 62.13 50. 45 -121. 49 - 30. 57 1.001 5.09 
19 62.13 4 6. 4 9 -64 .so 0 4 .45 1 .002 3.81 
20 62. 13 42.53 -35 .62 0 22.19 1.003 3.08 0 

21 62 .13 38 . 57 - 18.03 32.99 1.005 • 2. 64 
22 62.13 34 .60 -6. 10 40. 32 1.007 2 . 33 
23 62.13 30. 64 2 .59 45 . 66 1.009 2 . 12 
24 69 .10 54. 66 0 -25461.45 0 -17978 .78 1.000 0 5.97 
25 69.10 50 .70 0 - 312.03 - 185 .40 1.000 4.30 
26 69.10 46.74 -130 .91 -57 .25 1.001 3.41 
27 69.10 42.78 -69.56 - 13.85 1 .002 2 .85 0 

28 69. 10 38.81 -38.48 8.14 0 1 . 003 2.49 
29 69.10 34.85 -19.55 21.54 l. 004 2 .25 
30 69. 10 30 .89 -6 . 7l 30 . 62 l. 006 2.07 

0 31 69.10 26.93 2.64 37.24 1.007 1.95 
32 69.10 22.97 9.83 42.32 1.009 1. 87 
33 80 . 91 50. 76 0 -29338.32 0 -23887 . 72 0 1.000 0 3. 42 
34 80 . 91 46 .80 -361. 39 -273 . 32 1.000 2.83 
35 80.91 0 42 . 84 -152.70 -103 . 25 1.000 2 . 46 
36 80.91 38.88 -82.01 0 - 45 . 65 l. 000 2.21 
37 0 80.91 34.92 - 46 . 20 -16.46 1.001 2.04 0 

38 0 80 . 91 30.95 -24. 39 1. 31 1. 001 1. 93 
39 80.91 26 . 99 -9 .60 13 . 37 1. 001 1. 84 
40 0 80.91 23.03 1.18 22.15 1.002 l. 79 0 

41 80.91 19.07 9. 46 28 . 90 1.002 1. 76 
42 80.91 15.11 16.07 34.29 1. 003 1. 74 0 

43 100.42 4 6 . 67 0 -35744.02 0 -33650.98 1.000 2 . 33 
44 100. 42 0 42 . 7l - 442.93 - 418.59 1.000 2.06 0 

45 100. 42 38.75 - 188. 70 -179. 25 1.000 1. 89 
46 100.42 34 .79 -102.59 - 98 .19 0.999 1. 77 
47 100.4 2 0 30. 82 - 58.96 -57 .12 0. 999" 1. 70 
48 100.42 26.86 -32.39 -32 . 10 0.998 1. 65 
49 100.42 22 .90 - 14 .37 -15 .14 0.997 0 1. 62 
50 100 .42 18 . 94 -1. 23 -2.77 0 . 995 1. 62 
51 100.42 0 14.98 8.65 6 . 72 0.994 1. 63 
52 100. 42 11.01 16 . 91 14. 30 0 0.992 l. 66 
53 100 .42 7.05 0 23.54 20.55 1 .005 1. 68 
54 115 . 96 42.37 0 -37843.50 . - 41421. 07 1.000 1. 81 
55 115.96 38.41 - 465.15 -531 . 25 1.000 1. 69 
56 0 115.96 34.45 0 - 195.96 -236.76 1.000 0 1. 62 
57 115.96 30 .4 9 -104.78 - 137.02 0. 999 l. 57 
58 115.96 26 .53 0 -58 .58 - 86.48 0. 998 1. 54 0 
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GLOBSTAB.GNF 
59 115.96 22 . 56 -30. 45 -55. 71 0.997 0 1. 53 0 

60 115.96 18. 60 0 - 11 .37 -34 . 83 0.995 . 1. 53 
0 61 0 115.96 14. 64 2.54 -19 . 62 0.993 0 1. 54 
0 62 115.96 10. 68 0 13.21 -7.94 0 . 990 0 1. 56 

63 0 115.96 6.72 21.74 1.39 1. 001 0 1. 55 
64 0 115 . 96 0 2.75 28.77 9.08 0.999 1. 58 
65 115 .96 -1.21 34. 72 0 15.58 0 . 996 1. 62 

0 66 0 137 . 41 0 37.86 0 - 40562.93 0 -52149. 45 1.000 1. 64 
67 137.41 33 .90 -493.57 0 - 686.64 1.000 1. 56 

0 68 0 137.41 29.94 -204.65 -316.01 1.000 1. 55 
69 137.41 25.98 0 -107 .06 0 -190. 47 0.999 1.52 
70 0 137.41 22.01 -57.51 -126.67 0.999 1. 50 
71 137.41 0 18.05 -27 .34 0 - 88.14 0.998 1. 50 

0 72 137.41 14.09 -6.87 -61.87 0.996 1. 50 
73 137. 4l 0 10.13 8.04 - 42.72 0.993 1. 51 0 

14 137.41 6.16 19.50 -28.02 0 0.990 1. 53 
75 0 137. 41 0 2.20 28.64 -16 . 28 1. 004 1. 52 

0 76 137.41 -1.76 36 . 18 0 -6.60 0 1 .003 1. 55 
77 137.41 -5.72 42.56 1. 59 0.999 1. 60 
78 137. 4l -9 . 68 48.07 8.66 0.994 1. 67 

0 19 162.44 33.12 0 -42222.36 0 -64666. 10 1.000 l. 63 
80 162 .4 4 29.16 0 -504.56 - 866 .40 1 .000 1.59 
81 162. 44 25 . 20 -204 .11 -406.92 1.000 l. 56 
82 162. 4 4 0 21. 24 0 - 102.35 -251.29 1.000 1. 55 
83 162.44 17 . 27 -50 .79 -172.44 0.999 l. 54 
84 162. 44 13.31 - 19.39 -124 .4 3 0 . 998 1. 53 
85 162.44 9.35 0 l. 90 -91. 86 0.997 1. 53 0 

0 86 162.44 5.39 17.43 -68 . 12 0.994 1. 55 
87 162. 44 1.0 29.34 -49.89 0.991 1.58 0 

68 162.4 4 -2.54 38 . 86 -35.34 1 .008 1. sa 
89 162. 4 4 - 6.50 0 46 . 71 - 23.34 1.005 1. 64 
90 190.00 28.15 0 -41988. 48 0 -78445.07 1.000 1. 73 0 

91 190.00 24 .19 -487.65 -1062.28 1.000 1. 70 
92 190.00 20. 22 -188 .76 -504. 98 1.000 1. 68 
93 190 .00 16. 26 - 87.53 -316.21 1.000 0 1.66 
94 190.00 12 . 30 - 36 . 24 -220.58 1.000 1. 65 
95 190.00 8.34 -5 .01 -162.34 0.999 1. 66 
96 190.00 4 .38 16. 18 - 122 . 83 0.997 1. 68 
97 190.00 0 o. 41 31.62 -94.04 0.995 0 1. 72 
96 190 .00 -3.55 43.48 -71. 94 0 .992 1. 78 
99 190.00 0 -7.51 52 .95 -54.28 1.001 1. 83 

tfiftttffttttftitftitftiEfftfftttfttt~tt!tttftttii~ttffttttftft£111111ttttffE11tttttttfitt~ 
ttttt tttttttttt tttt~ 
o Global Stability o 

itttttttttttiftf11t£1ft tttt tttt t tttttfttittttftttttftttttfttttffttt tiftftitft» 
• Minimum global safety factor - 1.500 for circle no. 71 
ttttfttftfttttttttfttttfftitttttttttttttfttttttttfitftffttttti111ttt111fifftt~. 
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'St117c:W /17+ 50 

197-50.GNI 
&oct?.! Ski;)iy 

Input Fi l e Version • 311 
MORETOWN RS 0167 (9) 
tttftttfttf t tttf ttt ft t ttttf» 
• General Data 
iftttttfftftffftfffftfttfttttttttffttttftttft» 
• File Indentifier o 1 97-50.GNI 
• Unit weight of wate r • 62. 4 
• Base depth for analysis • 0.0 
• Seismic Coefficient • 0.0 
• Minimum Base Exit Angle o -10.0 
• X Search limit (lef t) o 55.0 
o X Search limit (right) • 109.0 
• Number of slip circles • 100 
• No. of slip circle exits • 10 
tttiiiititfitttfitftttt1ttt£ttttft1tt1tttfttf~ 

tiitttittttittttttftt t ttttttftfit1111t1ittt ttiitti» 
LRFD and Safety Factor Data 

itttiittitttitftttftf tttftfttttfit1itt111111111i1tttttftif» 
• A~alysis Mode: (L)RFO or (S)LD (specify L or Sl • s 
lt SLD Safety and Strength Factors (modeS only) 11111111!• 

FS for Soi l Cohesion • 1 
FS f o r Soil Friction • 1 
Strength Factor for Head strength • 0. 67 • 
Strength Factor for Nail Tendon Strength • 0.55 • 
St rength Factor for Nail Pullout Resistance • 0.5 

if LRFD Load Factors (mode L only! fftif11ii1111titiif11it• 
LF for Unit Weight of Water • 1 
LF for Unit Weight of soil • 1.35 • 
LF for Surcharge Loads • 1.75 • 
LF for Sei s mic Loads • 1 

ii LRFD Res i stance Factors (mode L only) ttfftttfftftiitti• 
RF for Soil Cohesion • 1 
RF for Soil Friction Ang l e • 0. 75 • 
RF for Head Strength • 0.9 
RF for Nai l Pul l out Resistance • 0.7 
RF for Na i l Tendon Strength • 0 .9 

ttttttttttttttt tft ttt tttttttttfttftt111t111ft1tftt£tftftti~ 

ttttft11tttfttftttft t t t t i 11£ffftttff f t£111tttttt1f» 
0 PIEZOMETRIC DATA 0 X-Val ue " Piez. Leve l" 
11tttfttttt1tftt1tt111ttttf!ftfttttttilffittftfttt• . Point l • 30 o 110 

Point 2 • 140 • 80 
ttttttttttt t tttttttttttttttetttttttt tttttttttttttt~ 

tttttttttttftftfttftttttt. 
• Nodal Data 
111fft1t£tttttff£1fttttttlttfftft£tfftitt£itttitf££t11tt1t£1tttttt£1ftit1t» 
•Node No"X-Value"Y-Value••Node No"X- Value0 Y-Val ue••Node No•x- value•Y- Va lue• 
iffffftttttttf t t!1tt t ttt1Ittt1tttt1ft ttiitfffttft1Itfittfitfft11111tf1tttt• 
0 1 °33 °87.5 16 31 
0 2 ° 55 ° 4 2. 5 17 ° 0 32 

3 °60 "43 18 33 
4 "64 ° 42 19 34 

• 5 "81 •31.5 20 35 
6 "142. 5 "27 2 1 36 

0 7 "167.5 "26 22 ° 37 
• 8 "30 •no 23 38 
• 9 "140 •eo o• 2 4 39 
tftttttttttttttt£tttttt1££1ttfitttttttfttttfttt1i££1ifft11£ftftttt£tttt1ff~ 

tittitffit11tttttt1tftttftttffttttff» 
• Wall Segment Data 
ittfftf£1ift11£tttttt~tttttt£ftfffttt~tt1tit~fiiff1ttfttti~f1ttti~ffffttt. 
• Seg . o Node • Node • Soil •Pullout•• Seg. • Node • Node • Soil "Pullout• 
0 No . 0 1 o 2 • ID •Res. 10° 0 No. 0 l 0 2 ° ID 0 Res. ID" 
ittttttttttttttttttttrttttttttttttttttttttttttttttttttttttttttttttttttttt• 
• 1 " 1 •2 •1 •1 oo 11 • • 
ttittttt1ttt1f~ttttttttttitt£tt1ffttttft111ttttfttt£tttttttftttt1£ttftttt~ 
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l97-50.GNI 
~ffffftttttttttttttttttttfff» 
• Surface Segment Da ta 
tttfttt~ttt ttt£t1111t~ftitttl~ttttttttt111t~tttttf£1tttft» 
• Seg. • Node • Node • Soil •• Seg . o Node • Node • soil • 
• No. • 1 o 2 ° IO oo No. 0 l • 2 o ID • 
lttttt t ttft tfttf fttt t ltttttftltttttftfttitflffitiiiittftt• 

1 • 2 ° 3 • 1 11 • 
2 ° 3 ° 4 ° 1 12 ° 
3 0 4 0 5 0 l 00 13 0 

4 ° 5 ° 6 ° 1 14 
0 5 0 6 0 7 0 1 00 1 5 0 

ttt11tt£tttttt£tt t11 t£1111 ttttt1tt tt£111ttt£t1tt t tt1tt1t1~ 

t1fttt1ttftttttt1tf ft ifi i111iititt t1» 
• Internal Segment Data 
ttftf i ititi iit£ft fttitttt111tft i1i iilttfiittttttttftttttt1tiift1f£ffitit i» 
• Seg. • Node • Node • Soi l "Pullout•• Seg. • Node o Node • Soil "Pullout• 
0 No. o l 0 2 o I D 0 Res. 1 D" 0 No. 0 1 ° 2 o I D oRes . I D" 
l1111tt1fitit11t11111lititttt1t1t111ttt111t1ltttt ttltttttt1ttt11t11tttiti • 
• 1 . 0 8 °9 °2 "2 1 1 ° 
tfttttttttttftttft ttt ~tl1tfftiif tt11t~fffitt~fiii if£ttit11~tfft1tttttitii~ 

ttttffttfttfttt ttfffftit iiiti i tftt f tiftft» 
• Soil St~ength & Pullout Resist. Data 
ttftttiii~tttttfftifitftttttffiii£itttttt• 
"Mate~ial" • Unit "Pullout• 
o IO No. o c i 0 Weight" Res. 0 

ttttiiiiiiiiiiitilttiftttlfttifiiliiiiift• 
l 0 185 ° 32 ° 115 ° 2036 ° 
2 o o o 42 • 14 0 • 4523.0° 

ttttttttt~t111111£11 11t11ttttt tttttttt1t1~ 

ttttt t tttttfftt t ttfftft i1111111t» 
• No Surc harge Pressure Data 
t tttft1ftttftft tt11111tttt f11itf• 
" Load No•x-value• Vert. • Horiz.o 

t11111fffftftff1tft£111111111£11111ittttt11ttttttttttt1ttttttttt1» 
• Nail 0 Nail • Tendon • Head • Fixed 0 

Nail Data • Depth • Length •strength"Str ength" Nail? • 
t1tt11tttttttttftt111tttttt1tltittttft11ttt111tt11ftff1flttttt11t• 

Nail Row 1 • 2.5 o 47 o 47 400 • 51600 • 
Nail Row 2 • 7.5 o 47 • 47400 • 51600 • 
Na il Row 3 o 12.5 o 47 • 47400 • 51600 • 0 

Nail Row 4 • 17 .5 • 47 • 47400 • 51600 • 
Na il Row 5 • 22.5 o 47 ° 474 00 • 51600 o 
Na il Row 6 • 25 • 42 • 474 00 • 51600 • 
Nail Row 7 • 27.5 o 38 o 47400 • 51600 o 
Nail Row 8 • 32.5 o 31 • 47400 • 51600 • 
Nai l Row 9 • 37.5 o 24 • 47400 o 51600 • 
Nail Row 10 • 42.5 o 18 • 47400 • 51600 • y 

•ittt ttt i ti ttttttttttftiittitttttttttt£11ti111ttt11t1ttt£111111t1~ 
• Horiz. Spacing • 5 0 

• Nail Declination• 15 
tttttttt!t1t1tt11tt£ttt1ttttt~ 

£1ttttttttttttt1ttttttttttt» 
° Facing Data . 
111ttt11fffiiitfttfftftt1tt!titiiitt ttttttt11» 
• Maximum Fac ing Pressure • 1800.0 
° Facing Pressure angle • 15.0 
• P~ess. Distribution type • 4 
• Press . Distribut ion t ype • Trapezoidal 
tfttftittititttit111ttt11tt£1t1t1tt11t1t11111~ 

tt11t11111ftttttttt11ifitit» 
• Analysis Options 
itfftttfitiftftffiffttiftftltffttfttttfftffft» 
• Analysis Mode • FOS 0 

• Soil Hodel • Linear 
• Ana lysis with nails? • Yes 
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~TiotJ 117+50 
k.AL ~~ur( 

197-50.GNF 
ttttittttfttfftttff» 
0 Output Data 
tffftttfttfttftttfftttftfttff» 
0 Wall Height • 45.00 0 

Wall Slope - 63 . 95 
ifftft tttf!Etttttttfttttttttttttttttttfftttttttttftttttftttffiftftfttttttttftfttttttttffff» 
0 Circle 0 Circle ° Circle o Circle • Circle Momen t Factor of 

Nwnber 0 X-Intercept0 Base Angle 0 X- Center 0 Y-Center Ratio Safety 
C~X~X~M~X~XJUi.JlJi.JSJIJU><~'t 
0 1 0 55 . 05 0 63 . 83 0 -22453.31 . -10961.58 "This slip circle requires zero so 
il strength for stability 
0 2 0 55.05 59 .13 -265.12 -86.52 "This s lip c ircle requires zero so 
il s trength f or s tability 

3 0 55 . 05 55.62 -110.81 - 10.89 "This slip circle requires zero so 
il strength f or s tability 

4 55.05 51.52 -58.53 14. 73 1.002 87.20 
5 55.05 47 . 41 -32.03 27.12 1.004 11 . 46 0 

6 55.05 43.31 0 -15.88 35.64 1.005 6.34 
7 55.05 39 . 20 -4 .92 41.01 1.007 0 4. 56 
8 57.27 61.48 0 -22341.22 . -12011. 22 "This slip circle requires zero so 

il strength for stability 
9 51.27 57.37 -262 .48 - 101. 66 0 This slip circle requires zero so 

il s trength for stability 
10 0 57.27 53.27 -108.93 -18.41 1. 001 80.88 0 

11 57.27 49.16 0 - 56.92 9.79 1.002 11.26 
12 57.27 45.06 -30.55 24.08 1. 003 6.21 0 

13 57.27 40 . 95 -14. 48 32.79 1. 005 4.37 
14 57.27 36. as 0 - 3.56 38.71 1.007 3.44 
15 59.75 58.95 0 -22216.26 0 -13308.32 •This slip cir cle requires ze ro so 

il strength for stability 
16 59.75 54.84 - 259.55 -118.53 1. 000 65.98 
17 59.75 50.74 - 106 . 85 0 -26.80 1. 001 11.19 
18 59.75 46. 63 -55 .12 4.27 1.002 6.23 
19 59.75 42.53 -28.89 0 20 . 02 1. 004 4 .40 
20 59.75 38.42 - 12.91 29.62 1.005 3. 45 
21 59.15 34. 32 ~2.06 36.14 1. 007 2.87 
22 59.75 30.21 5.86 40. 90 1.009 0 2 . 50 
23 63.15 56. 29 0 -22595.23 0 -15008.38 1.000 44. 25 
24 63 . 15 52.19 -263.08 -142.27 0 1. 000 0 10.73 
25 63.15 48.08 - 107.77 -38 .88 1.001 6.20 
26 63.15 43.98 -55.15 0 -3.86 l. 002 4.37 
27 0 63.15 39.81 -28.48 13.90 1.004 3. 4 5 

0 28 63 .15 35.77 -12.23 24.72 1.005 2.88 
29 63.15 31.66 -1.19 32.07 1.001 2.50 
30 63.15 0 27.56 6.87 31.43 1.009 2.24 
31 63.15 23. 45 13.07 0 41.55 0.992 2.12 
32 68.77 0 53.50 . -24172.74 0 - 17822.60 1.000 9.19 
33 68.77 49.40 -281.98 - 182.50 1. 000 5.11 
34 68.77 45 .29 - 115.83 -59.82 1.001 4. 22 
35 68.11 0 41.19 -59 .55 -18.26 1.001 3.39 

0 36 68.11 37.08 -31.01 0 2.81 1.002 2.03 
37 68.11 32.98 - 13.62 15 .65 1.004 2. 47 
38 68.77 28.87 - 1.81 24.37 1.005 2.23 
39 68 .77 24.11 6.81 30.13 1.001 2.05 

0 40 68 . 11 20.66 13.44 35.63 1.009 1. 92 
41 76.84 50.51 . -26661.54 0 -21861.12 0 1.000 4.88 
42 76 . 84 0 46 .47 -312 .20 - 240.45 1.000 3. 72 
43 76 . 84 42 . 36 -128.95 0 -90.09 1 .000 3.06 
44 0 76.84 38.26 -66.81 0 - 39 .15 1. 001 2.63 
45 76 . 84 0 34.15 - 35. 40 - 13.33 1.001 2.34 
46 76.84 30 . 05 -16.22 2.41 0 1 . 001 2.14 
47 76. 84 25.94 -3.20 13 . 09 0 1.002 1. 99 
48 76.84 21.84 0 6.31 20 .89 1.003 1. 07 
49 0 76.84 17 . 73 0 13.62 26.89 1.004 1. 79 
50 76.84 13.63 19.47 31.69 1.001 1.72 
51 84.45 0 41.50 0 -28067.43 • - 25664.81 1.000 3.26 
52 84.45 0 43.39 -327.71 -294 . 11 1.000 2.75 0 

53 84 . 45 39.29 -134 . 85 -117.67 1.000 2.42 
54 84.4 5 0 35.18 -69.50 -57.90 1.000 2.19 0 

55 84. 45 31.08 0 -36.37 - 27 . 60 1.000 2.02 
0 56 84.45 26 .97 0 - 16.18 - 9.13 1 .000 1.90 

Page 1 



197-50.GNF 
57 84.45 22.87 - 2.46 3.41 1.000 1.80 
58 84.45 18.76 0 7.55 12.57 0 1.000 1.72 
59 84.45 14.66 15.24 19.61 1.000 1. 65 
60 0 84.45 10.55 21.40 25.24 0 1.000 1. 61 

0 61 84.45 6. 45 26.49 29.89 1.000 l. 58 
62 91.09 44. 27 0 -28307.19 0 -28987.21 0 1.000 0 2.58 

0 63 91.09 40.16 -327.79 - 340.01 1.000 2.30 
64 91.09 36.06 -133.20 -140.78 1.000 0 2.10 
65 91.09 31.95 -67.28 -73.29 1.000 0 1. 95 0 

66 91.09 27.85 -33.87 -39.07 0.999 1. 83 
67 91.09 0 23 . 74 -13 . 50 - 18.22 0 0.999 1. 74 
68 91.09 19.64 0.33 -4.06 0.998 1. 66 
69 91.09 15.53 10.43 6.28 0.996 1. 63 
70 0 91.09 0 11.43 18.19 14.23 0.996 1. 57 
71 91.09 7.32 24.40 20.59 0.996 1. 55 

0 12 91.09 0 3.22 29.53 25.84 0.995 l. 54 
0 13 91.09 - 0.89 33.89 30.30 0.995 1. 55 

74 99. 10 40.88 0 - 28596.12 0 -32990.91 0 1.000 2.25 
75 99.10 36.77 - 327.01 -395.31 1.000 2.06 
76 99.10 32.67 -131.21 -168.62 1.000 1. 92 
77 99.10 0 28.56 0 -64.62 - 91.83 0.999 1.81 
76 99.10 24.46 -30.85 -52.90 0.999 1.12 
79 99.10 20.35 -10.28 0 -29.17 0.999 1. 63 

0 80 99.10 16.25 3.70 - 13.06 0.998 1. 58 
81 99. 10 12.14 13.90 - 1.30 0.997 1. 54 
82 99.10 0 8.04 21.74 7.74 0.994 1. 53 
83 99.10 3.93 28.02 14 .98 0.992 1.53 
84 99.10 -0.17 33.20 20.96 1.009 1. 50 
85 99. 10 - 4.28 37.60 26.03 1.009 1.52 
86 109.00 37.32 0 - 28953.38 0 -37941. 51 1.000 2.06 
87 109.00 33.21 - 327.63 -463.70 1.000 1.92 
88 109.00 29.11 -128.76 -203.05 1.000 1.80 
89 109.00 25.00 -61.32 - 114.76 1.000 1. 70 
90 109.00 20.90 -27.13 -70.00 0 0.999 0 1.63 
91 109.00 0 16.79 -6.29 -42.12 0 . 998 1.57 
92 109.00 0 12.69 7.86 -24.19 0.997 1. 54 
93 109.00 8.58 18.19 -10.67 0.995 1.52 
94 109.00 4.48 26.13 -0.27 0.993 1.52 
95 109.00 0.37 32.49 8.05 1.007 1.50 0 

96 109 .00 -3.73 37 . 74 14 . 93 1.004 0 1.53 
97 0 109 . 00 -7.84 42.19 20.76 1.001 1. 57 

tttttttttttettttttttttttettttttttttttettttttttttttettttttttttttetttttttttttt~ttttttttttttt~ 
tttttttftttftttttft» 
• Global stability o 

tttttttttttttttttttettttttttttttttttttttttttttttttttttttttttttttttttttttttttt» 
0 Minimum global safety factor c 1.500 for circle no. 84 
Efttttftttttttt1ttttttttttttttittft 1tttftffitttttftttttttt11ttttttttftttttttt~ 
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c.5rr:rnotV /95+!50 
Gtbl 5~P-/y 
Input File Version - 311 
MORETOWN RS 0167(9) 
tifttfftitttffffftfifffitft» 

GLOBSTAB. GNI 

o General Data 
iftfffffffffffffifttffftfft!fftftftfttttttttt» 
• Fi le Indentifier • GLOBSTAB.GNI 
0 Unit weight of water • 62.4 
0 Base depth for· analysis • 0.0 
o Seismic Coefficient • 0.0 
• Hinimwn Base Exit Angle • -10.0 
• X Search limit (left ) • 0.0 
o X Search limit (right) • 190.0 
• Number of slip circles o 100 
• No. of s lip circle exits 0 10 
tttftttfftflftfffittfiittt1£ttttt1111!1fiiffi~ 

tftitftttitfiftiifttitfttifttttittttttitt111titttf» 
• LRFD and Safety Factor Data 
iiiifttfffftfiftffffitfffiiffiifffittfff tf ttttttttltttttti» 
• Analysis Mode: (L)RFD or (S)LD (specify L or S) • S 
ii SLD Safety and Strength Factors (mode S only) 111111111• 

FS for Soil Cohesion • 1 
FS for Soi l Frict ion • 1 
Str ength Factor for Head Strength • 0 .67 • 
Strength Factor f or Nail Tendon Strength • 0 .55 
Strength Factor for Nail Pullout Resistance • 0.5 

it LRFD Load Factors (mode L onlyl ttfttttttifittttittfttt • 
LF for Unit Weight of Water • l 
LF for Unit Weight of Soil • 1.35 
LF for Surcharge Loads • 1.75 • 
LF fo r Seismic Loads • l 

it LRFD Resistance Factors (mode L only) itffiittfttftfft t• 
RF for Soil Cohesion o 1 
RF for Soil Friction Angle • 0.75 
RF for Head Strength • 0.9 
RF for Nail Pullout Res istance o 0.7 
RF for Nail Tendon Strength • 0. 9 

ttftitttitttftiffffffittfftttitttttffttitfifftittt~tttttti~ 

tttttfttttttttffttttfftttfttttfttitffft1tttftttt11» 
• PIEZOHETRIC DATA • X- Value 0 Piez . Level• 
tttttttttttffttffttffttttftlttttfttttftfttfffftiff· 

Point 1 • 0 • 120 
Point 2 • 170 o 77 
Point 3 
Point 4 
Point 5 
Point 6 
Point 7 
Point 8 
Point 9 
Point 10 ° 

• 

ttttttttttttttttttttttttt ttetttttttttttttttttttttt~ 

Etiii tttfttttftttffttttff» 
Nodal Data 

tiffffff~ftffffttiiffffftttfitfttttfftttftftittf1£tfftftfitf1tiiffttttfttt» 
"Node No"X-Value"Y-Value••Nocte No•x-Value 0 Y-Value••Node No"X-Value•Y-Value• 
t11tftft!fttttt11itftttft!ttttttftttttttftiittfft1!tfttt1iifftttt1Itfttitt• 

1 0)3 097 16 31 
2 0 55 .s 0 48 17 32 
3 0 60.5 •so 00 16 oo 33 • 
4 "64.5 "49 19 3~ 

5 0 101 •25 20 "35 0 

6 "140 0 15 00 21 36 • • • 
7 0 165. 5 0 12 22 37 

0 8 0 190 0 12.6 23 38 0 

9 ·o 0 120 2 4 39 
10 0 170 0 77 oo 25 40 0 

11 26 00 H • 
12 27 • 42 0 
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GLOBSTAB.GNI 
13 ° 0 28 43 
14 •• 29 H 0 

0 15 ° 0 30 °. 4 5 
ttttttttetttttttettttttteetttttttettttttttttttttt£ttttttttetttttttettttttt~ 

£fttttftttttttttttttttttttttttitttti» 
• Wall Segment Data 
ifttftt~tttttt~tttttt~ttt ttt~111ttt11tttttti£ftt itt£tttttt£11ttit£ttttttf» 
o Seg. • Node • Node • Soil "Pullout•• Seg . • Node • Node o Soil "Pullout• 
0 No. 0 1 • 2 • ID "Res. ID"" No. • 1 o 2 • ID "Res. ID" 
tiittt111tt1111ttttttitttttf11111111111ftttttiftttf1iiftit!ffftt11ttttftt• 

1 "1 "2 °1 "1 11 ° 
• 2 12 • 

3 • •• 13 ° 0 

• 4 14 0 

5 15 ° 
6 ° 16 ° 0 

0 7 17 • 
0 8 0 0 18 0 0 0 

~ 19 ° 
10 ° 20 ° 0 

ttttttttttttttttttttttttttttettttt1ttttttttt£ttttttttftttitttttttettttttt~ 

tittttttftitfftitttfitttttft» 
Surface Segment Data 

tttttt1£1iiff1tt1tfit~ttittt1£11111fttftti1tttft11~111!11» 
• Seg . • Node • Node o Soil •• Seg. • Node o Node • Soil • 
o No. • 1 • 2 • I D • 0 No. 0 1 o 2 " I 0 • 
tttttfttttfitiliftf1iittfitfi1111ift!t111111ttt1tttiitfti• 

1 0 2 0 3 0 1 11 0 0 0 

2 ° J • 4 ° 1 12 ° 
J 0 4 • 5 ° 1 13 ° 0 

4 •5 "6 °1 H 
5 ° 6 ° 7 ° 1 15 ° 
6 0 7 0 8 0 1 00 16 0 

1 ° 17 • 
6 • 0 0 18 0 

9 • 19 ° 
10 ° 20 ° 

ttttttttttttttttttittettttttttttttttettttttettttttttttttt~ 

ttftt tifttttttttttttttttttftttf fttf t» 
0 Internal Segment Data 
ttftttt~tttttt~tftttt£111111£11111ttt£1tittt~fttftt£tttitt~tttttttttttt11» 
• Seq. 0 Node • Node • Soil "Pullout•• Seg . • Node • Node • Soil "Pullout• 
• No. • 1 o 2 • ID "Res. roo• No . • 1 • 2 • ID "Res. ro• 
t t itttt tttttttlttttt t tttttttttttttfttttt tttttftittttttfftfltft tttttt t ttt t • 

1 og "10 °2 °2 11 ° 0 

2 12 ° 
0 3 0 0 13 0 0 

0 4 •• 14 
5 ° 15 ° 0 0 

6 0 00 16 0 

0 7 17 • 
0 8 0 0 18 0 0 

9 19 • 
1 0 ° 20 • 

tttttttetttttttttttttttttfttetttttttettttttttttttttetttttttttttttettttttt~ 

tftititffttfttfffitfftittfitfttttfftttttt» 
o Soi l Stren9th & Pullout Resist. Data • 
t tittttitttfttff t~ffiittftttfittttttfiftt • 
"Material• o Unit "Pullout• 
0 ID No. 0 c i 0 Weight" Res. • 
tttfttfiiiifitfttitftiitfiittttttttttittt• 

1 ~ 185 32 0 115 0 2036 0 

0 2 0 0 42 0 140 0 4523.8" 
3 0 

4 
0 5 0 

6 
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7 
8 
9 

10 
11 
12 
13 
14 

tfffffffiEfifffifEffffffiEfffffffEfffiffi~ 

~fiiifiiffiiiffiffifitiifftiifii» 
Surcharge Pressure Data 

iffifiifEfiffiifEiffffffEfffffff' 
0 Load No 0 X-value 0 Vert. 0 Horiz.o 
tfttttttrttfttttrttttrtrrftrtfti' 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
tfffffffEfffffffEfffifffEfffffif~ 

GLOBSTAB.GNI 

tiiiifiiffiifiiiifiEifiiffffiEfifififiEffiffffiEffifffffEifffffif» 
Nail 0 Nail 0 Tendon ° Head o Fixed 0 

Nail Data Depth o Length 0 Strength 0 Strength 0 Nail? 
iffffffffifffffffffffffffifffffifffffffffffffffffffffffffffffifif 1 

Nail Row 1 o 2.5 o 60 o 47400 o 36200 o 
Nail Row 2 ° 7.5 ° 60 ° 47400 o 36200 ° 
Nail Row 3 o 12.5 o 60 o 47400 o 36200 o 
Nail Row 4 o 17.5 o 60 o 47400 o 36200 o 
Nail Row 5 o 22.5 o 60 o 47400 o 36200 o 
Nail Row 6 o 25 o 55 o 47400 o 36200 o 

Nail Row 7 o 27.5 • 55 o 47400 o 36200 o 
Nail Row 8 o 32.5 o 55 o 47400 o 36200 o 
Nail Row 9 o 37.5 o 55 o 47400 o 36200 o 
Nail Row 10 ° 42.5 ° 55 ° 47400 ° 36200 ° 

• 0 Nail Row 11 
Nail Row 12 
Nail Row 13 
Nail Row 14 
Nail Row 15 

offfffiffffifffffffffffffffffffiffiiiiEiiiiffiiEiifiiiiiEfiiiiifi~ 
Horiz. Spacing o 5 

0 Nail Declination° 15 
tiiiiiiiifffffiififtffifffiii~ 

~iiffiffffififfffffffifiiif» 
Facing Data 

iiiiiiiiiiiffifiiiiiifiiififiiififiiiifiifiii» 
o Maximum Facing Pressure • 1800.0 
° Facing Pressure angle 0 15.0 
0 Press. Distribution type 0 4 
o Press. Distribution type o Trapezoidal 
tfifffiiffffffiiffiifiifffiEfffiififffffiiiii~ 

~fffififiifffiffffffffffffi» 
o Analysis Options 
ttttttttttfttttttttttttttttrttttttftttftititt. 
0 Analysis Mode 
o Soil Model 

o FOS 
0 Linear 

o Analysis with nails? 0 Yes 
tfifififiiiififiifiiiiifiifEififffffffififfff~ 
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5-m·nod JCil-t-70 
6,/o/x:!/ S/a-b-)Jo/ GLOBSTAB.GNI 

Input File Version • 311 
MORETO\'IN RS 0167 (9) 
tftttttttttttttttifitfffttt. 
• General Data 
itttftttt1tttttttttttttftttlftitfftfttitffttt. 
• File Indentifier • GLOBSTAB.GNI 
• Unit weighl of water • 62 . 4 
• Base depth for analysis • 0.0 
• Seismic Coefficient • 0.0 
o Hinimum Base Exit Angle • -10 . 0 
• X Search limit (left l • 0. 0 
• x Search limit (right) • 160.0 
• Number of slip circles • 100 
• No. of slip circle exits • 10 
tt11tttititttiitftitttiftt1~11111ttiititifi1i~ 

tttiiit11tt1ttt11itttiit1tittfiittttttfift tiitttli» 
LRfD and Safety Factor Data • 

tttiititfttttif1tttttttt1fttttttt1fftttftttfttttitttii1tt1» 
• Ana l ysis Mode: (L)RFD or (S)LD (specify Lor Sl • S • 
tf SLD Safety and Strength Factors (mode S only) ftfii11ti• 

FS for Soil Cohesion • 1 
FS for Soil Friction • 1 
Strength Factor for Head Strength • 0.67 
Strength Factor for Nail Tendon Strength • O.SS 0 

Strength Factor for Nail Pullout Resistance • 0.5 
11 LRFO Load Factors (mode L only) 1titttfttttitt1!1111111• 

LF for Unit Weight of ~later • 1 
LF for Unit Weight of Soil • 1.35 
LF for Surcharge Loads • 1.75 • 

0 LF for Seismic Loads • 1 o 

tt LRFO Resistance Factors (mode L only) if1111fttttfttfti• 
RF for Soil Cohesion • 1 
RF for Soil Friction Angle • 0.?5 
RF for Head Strength • 0.9 
RF for Nail Pullout Resistance • 0.? 
RF for Nail Tendon Strength • 0. 9 

ttfttttfitttftttftttttttttftfttttttttftffftttffftttffftttt~ 

tifitffifftfttffiiitftitttfEtftttt t1tf£tttttttttt1» 
• PI EZOMETRIC DATA 0 X-Value 0 Piez. Level• 
ittfttfttffttttttttftfttftftfttfftittttttttttttttt• 

Point 1 • 30 • 110 
Point 2 • 140 • 80 
Point 3 
Point 4 • 
Point 5 
Point 6 • 
Point ? 
Point 8 • 
Point 9 
Point 10 

ttttttttttttttttttttttttttt~ttttttttttettttttttttt~ 

ttftttttiffttf11tttttit11» 
Nodal Data 

ittfttffEiifffit£1itftt1E1t11tttt£tff fiffEtff11ttE~fitffft£tttttft£1tttift» 
• Node No0 X-Value 0 Y-Value••Node No0 X- Value•Y-Value••Node No•x-value•Y-Value• 
ltittftttttftftftttfiftttttttftttlftttfttttttttttltfttfitttttfftttlttttttf 1 

1 "33 •97 .5 16 31 
• 2 •55 °42.5 11 32 

3 °60 °43 ° 0 18 ° 0 33 
4 °64 °42 19 34 

• 5 •91 •31.5 20 '35 
6 °142.5 °27 ° 0 21 36 

0 7 "167.5 °26 22 37 
8 •3o ouo •• 23 • •• 38 
9 •140 •so 24 39 • 

0 10 25 40 ° 
11 ° 0 26 ° 41 

0 12 27 42 
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7 
8 
9 

0 10 0 

11 
0 12 ° 

13 ° 
14 0 

0 

0 

0 

Efffftfff~tfttttttffffttftitfti1f~fttfftt~ 

£111ttfittttiiffftttttfttttftttt» 
Surcharge Pressure Data 

titttttt~ttiittttitttitt~titftti• 
•Load No•x-value• Vert. o Horiz. o 
ttifttttttttfttiitttfittltffftit• 

1 
2 
3 
4 
5 
6 
7 
8 
9 

0 

10 ° 

0 

Efififtt~tftftfftffiitttttt1111t~ 

GLOBSTAB .GNI 

£ttitttttttttttttttttttttttttetttttttt£tttttttt£tttttttt£ittttitt» 
Nail o Nail 0 Tendon ° Head o Fixed • 

Nail Data Depth o Length 0 Strength"Strength" Nail? 
ittttttfffiittftttttttt11ttt1Itttttttt1tttttttt111ttfttflttittftt• 
0 Nail Row 1 o 2.5 o 50 ° 47400 o 36200 

0 

0 

0 

Nail Row 2 o 7.5 ° 50 o 47400 o 36200 • 
Nai l Row 3 o 12.5 ° 50 ° 47400 ° 36200 
Nail Row 4 ° 17.5 o 50 o 47400 • 36200 
Nail Row 5 o 22.5 o SO 0 47400 o 36200 o 
Nai l Row 6 o 25 o 45 o 47400 o 36200 o 
Nail Row 7 o 27.5 o 45 o 47400 o 36200 
Nail Row 8 o 32.5 ° 45 ° 47400 • 36200 
Nail Row 9 o 37.5 o 45 o 47400 o 36200 ° 
Nail Row 10 o 

Nail Row 11 
Nail Row 12 
Nail Row 13 ° 
Nai l Row 14 
Nail Row 15 o o 

0 

0 

0 

0 

0 

ottttttttittttiti111ittttttf111ttttt11Etitftttt~ttttttt1£ttttfii1~ 
Horiz. Spacing • 5 

0 Nail Declination• 15 
tfftffitittiitttitt~ftitttttt~ 

£f11itft1tfiftttttitfitttff» 
Facing Data o 

itftitttttttttfiittiititttttttitttiftttffttti» 
o Maxirnwn Facinq Pressure o 1800.0 
o Facing Pressure angle • 15.0 
0 Press. Distribution type o 4 
o Press . Distribution type o Trapezoidal 
Eitftittttttttttttttittfift~tfttttiftttitttt1~ 

tttttttttttttttttftfttttttt. 
Analysis Op t ions 

11fttttiitttttttt t t1tiittttttttittttttittttft. 
• Analysis Mode 
o soil Model 

• FOS 
o Linear 

• Analysis with nails? o Yes 
Eiftittffittttitttttt1111tt~ttttttttttttttttt~ 
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5-rJ411t:l'l I Cf 7 ~ 5o 
0~ ~ Smfi 'l'ly GLOBSTAB.GIIF d ft ttffrtl ff»' 

Output Data 
it1111tfftftftftftttt 11tttftt» 

Wal l Height = 45.00 
Wall Slope - 63 . 95 

1tttt11t t tt~!tttttttttttttttft!ffttttttii111111tf1t t f111 t t tttittttttitt11111E11111ttttttt1» 
Circl e 0 Circl e • Circle • Circle • Circle Moment Factor of 
Number ~ X-Intercept 0 Base Angle • X-Center • Y- Center Ratio Safety 

<;.lUU5JUUUSJ\..l><~><~><~x~x~x~'l . 1 . 55.05 0 63.83 0 -22453.31 0 -10961.58 0 This slip circle requi res zero so 
il strength for stability 

2 55 . 05 59 .73 -265 .12 -86.52 0 This s lip circle requires zero so 
il strength for stability 
0 3 0 55 . 05 0 55 .62 - llO. 81 -10 .89 •rhis slip circle requires zero so 
11 strength for stability 

4 0 55.05 51.52 -58.53 14.73 1.002 34.38 
5 55 . 05 47.41 -32.03 27.72 1.003 9.38 

0 6 55. 05 43.31 - 15.88 35.64 1 .004 5 . 60 
0 7 55.05 39.20 - 4 . 92 41.01 1 .005 4.17 

8 58 . 29 60.42 . -22289.67 0 - 12581. 56 •This slip ci r c le requires zero so 
il strength f or stability 

9 58.29 56.32 - 261.27 - 108.62 0 This slip cir c le requires zero so 
il strength fo r stability 

10 58.29 52.21 - 108 . 07 - 21.87 1.001 0 14 .76 
11 58.29 48.11 0 - 56 .10 7.51 1.002 7.02 
12 0 58 .29 44.00 -29.87 22.41 1.003 4. 71 
13 58.29 0 39.90 - 13.83 31.49 1.004 3.63 
14 58 . 29 35.79 -2 .94 37.65 1. 006 3 . 02 
15 58.29 31.69 0 5.01 42. 15 1.007 0 2. 64 

0 16 62.48 56.78 0 - 22512.14 . -14 674 . 62 1 .000 33.20 
0 17 62 .4 8 52 .68 -262.26 - 137 .60 1.000 9. 65 

18 62.48 48.57 -107.52 - 36.50 1.001 5 .78 
19 62 . 48 44.47 -55. 11 -2.25 1.002 4 .17 
20 62 . 48 40.36 -28.53 15.11 1.003 3.29 
21 62.48 36.26 - 12. 34 25 . 69 1.005 2.79 
22 62 . 48 32.15 - 1. 34 32.87 1.006 2. 46 
23 62. 48 28 . 05 6. 69 38.12 1 . 008 2.24 
24 62 . 48 23 . 94 12.86 42.15 0.991 2.14 
25 70 . 10 52.96 0 -24581.55 0 - 18485. 97 1.000 6 . 59 
26 70.10 48 . 86 -286.94 - 192.02 1.000 4 .57 
27 70 . 10 44 . 75 0 -117.98 -64.79 1.000 3.57 
28 70 . 10 40 . 65 -60.75 - 21. 69 1.001 0 2.96 
29 70.10 36.54 -31.73 0 0 . 16 1.002 2.58 
30 70.10 32. 44 - 14. OS 13 . 47 1.003 2.32 
31 70.10 0 28.33 -2 .04 22.51 1. 004 2.15 
32 70.10 24 .23 6. 73 29.12 1.006 2.02 
33 70 .10 20 .12 lJ. 47 34 .19 1.007 1. 94 
34 81 .71 48.95 . -27968.68 0 -24296. 48 1 .000 3 .50 
35 81.71 44.85 - 327.76 -275.21 1.000 2 .88 
36 81 .71 40.74 -135.53 -108.15 1.000 2.50 
37 81 . 71 36.64 -70.41 - 51.56 1.000 2 . 25 
38 81.71 32.53 -37 .40 - 22.87 1. 000 2. 08 
39 81.71 28.43 -17.28 0 -5 . 39 1.000 1. 97 
40 81.71 24 . 32 -3 .61 6.49 1. 000 0 1. 89 
41 81.71 20 . 22 6.36 15.16 1. 000 1. 84 
42 81.71 16.11 0 14.03 21.82 1. 000 1. 81 
43 81.71 12 . 01 20 .17 27.15 1. 001 0 1.80 0 

44 90.07 44.74 0 -28270.31 0 -28476.23 l. 000 2 . 49 
45 90.07 40.63 -327.78 -332.95 0 1.000 2.24 

0 46 90.07 36 . 53 -133.45 -137 . 22 l.OOO 2 . 07 
47 90.07 32.42 - 67.62 -70 . 92 1 . 000 1. 94 
48 90.07 28 . 32 -34. 25 -37.31 0.999 l. 86 0 

49 90.07 0 24.21 -13 . 91 - 16 . 82 0.999 1.81 
50 90.07 20 .11 - 0.10 -2.91 0 0.998 1.77 
51 90 .07 0 16.00 9 . 98 7.25 0.996 1.77 
52 90.07 0 11 . 90 17.74 15.05 0.994 1. 76 
53 90.07 7.79 23 .94 21.30 0.995 1. 73 
54 90.07 3.69 29.07 26.47 0.994 1. 73 
55 100.55 40.31 0 -28648.42 0 -33715.61 1.000 2. 14 
56 0 100 . 55 36.21 -327.81 - 405 .32 1.000 2.00 
57 0 100 .55 0 32.10 - 130.85 0 -173.66 1.000 l. 90 

Page 1 



GLOBSTAB.GNF 
0 58 0 100.55 0 28.00 -64 . 13 -95. 19 0.999 1. 83 

59 100.55 23.89 -30.31 -55.40 0 0.999 0 ,1. 78 0 

60 0 100.55 i9.79 -9.69 -31.16 0.998 1. 73 
61 100.55 15 .68 4.31 - 14 .69 0.997 0 1. 70 
62 100.55 11.58 0 14.52 -2.67 0.995 1. 68 
63 100.55 7.47 22.38 6.57 0.993 1. 68 
64 100.55 3.37 0 28.67 13.97 0 0.990 0 1. 69 
65 0 100.55 -0. 74 33.87 20.08 1.007 1.67 

0 66 100.55 -4.84 38.27 25 . 26 1.006 0 1. 70 0 

67 100.55 -8.95 0 42 .09 29.75 0 1.005 0 1. 73 
0 68 114.24 35 .67 0 -29142.35 • -40560.12 1.000 2.01 

69 114.24 31.56 -327.85 -499.87 0 1.000 0 1. 91 0 

70 114.24 27.46 - 127.46 -221.27 1 .000 1. 83 
71 114.24 23.35 -59 . 57 -126. 89 0.999 1. 78 
72 114.24 19.25 -25. 16 -79.04 0 0 . 999 1. 73 

0 73 114.24 15.14 -4.18 -49 .88 0.998 1. 69 0 

71 114.24 11.04 10.06 - 30.08 0 0.996 1. 68 0 

75 114.24 6.93 20.46 -15 .63 0. 994 1. 67 
76 114.24 2 .83 28.45 -4.51 0.991 1. 68 
77 114 .24 -1.28 34.85 0 4.39 0 1.005 1.66 

0 78 114.24 -5.38 40.14 11.73 1.001 1.71 
79 114. 24 - 9.49 44.62 17.96 0.997 0 1. 76 0 

eo 133.14 30.79 0 -29824.61 • -50014. 14 1 . 000 1. 99 
81 133. 14 26.69 -327.90 - 630.46 1.000 1.91 
82 133.14 0 22.58 - 122.76 -287.02 1.000 1.85 
83 133.14 18.48 -53.27 -170.68 1.000 1. 79 
84 133. 14 14.37 - 18.04 - 111 . 70 0.999 1. 76 
05 133. 14 10.27 3. 43 -75 . 75 0.998 0 1. 73 
86 133.14 6.16 18.01 -51. 34 0.996 1. 73 
87 133. 14 0 2.06 28.65 -33 .52 0.994 1. 75 
88 133.14 -2.05 36.84 -19.82 0.990 1. 78 
89 133. 14 0 -6. 15 43.39 -8.85 1.001 1. 80 
90 160.00 25 . 67 0 -30503.49 0 -63443.08 1.000 2. 07 
91 160.00 21.57 -323.99 -815.68 1.000 2.00 
92 160.00 17.4 6 -114 .10 -380 . 13 1.000 0 1. 95 
93 160.00 13.36 -43.00 -232 .59 1 .000 1.92 
94 160 . 00 9.25 - 6.96 -157 . 79 0.999 1. 91 
95 160.00 5.15 15.01 -112.20 0.998 l. 93 

0 96 0 160.00 l. 04 29.93 0 -81.24 0.996 1.96 
97 160 . 00 -3.06 40 . 82 -58.64 0.993 2.00 
98 160.00 -7.17 49.19 - 41.27 1.001 2.06 

ttttttttttttttttttttttttttittttttttttettttttttttttettttttttttttttttttttttttt£tt111t1tttttt~ 
tttttttfttttttttttf» 
0 Global Stabil ity o 

t1111ftttttttttttttei ttttt ttttt1111111111tttt11tt111tt1tftfi1ttttttttftt11tft» 
0 Minimum qlobal safety factor u 1.664 for circle no . 77 
tftfftttftittttftiiftttttttitftttttttfitfttttttffttttftfttt1t1ttt1ttttt1ttttt~ 
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APPENDIX I 

+ Calculation of Type and Thickness of Insulation 

• Heat Transfer Calculations 
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