
C r Canyon Fuel rr Company, LLC 
A Subsidiary of Arch Weslern Bituminous Group, LLC 

May 13,2014 

Permit Supervisor, Utah Coal Regulatory Program 
Utah Division of Oil, Gas and Mining 
1594 West North Temple, Suite 1210 
PO Box 145801 
Salt Lake City, UT 84114-5801 

c/oLty60 ~ ~ L-o~'~~ 

-#Lf5~tf Sufco Mine 
Kenn eti1 E May 
General Manage l 
5f)! SOllth SR24 
Salina Utal184654 
(435) 286-4400 
Fax (435) 286-4499 

Re: Clean Copies of Amendment for Soil Nail Slope Stabilization for Annex Building, Canyon Fuel 
Company, LLC, Sufco Mine, CI0411002, Task 10#4584 

Dear Sirs: 

Please find enclosed with this letter two clean copies of an amendment to address the stabilization of a slope 
behind the permitted annex building_ Drawings and calculations associated with the project are located in 
Appendix 5-11_ 

If you have questions or need addition information please contact Vicky Miller at (435)286-4481 . 

CANYON FUEL COMPANY, SUFCO Mine 

/~) '(lIIr 
John Byars 
Technical Services Manager 

Enc!. 

cc: DOGM Correspondence File 

RECEIVED 
MAY 1 3 2014 

DIV. OF OIL, GAS & MINING 



APPLICATION FOR COAL PERMIT PROCESSING 

Permit Change ~ New Permit D Renewal D Exploration D Bond Release D Transfer D 

Permittee: . Canyon Fuel Company, LLC 
Mine: Sufeo Mine Permit Number: C/04110002 
Title: Clean Copies of Amendment for Soil Nail Slope Stabilization for Annex Building, Task 10#4584 
Description, Include reason for application and timing required to implement: 

Instructions: If you answer yes to any ofthe first eight (gray) questions, this application may require Public Notice publication. 

DYes~No 
DYes~No 
D Yes ~No 
DYes~No 
DYes~No 
DYes~No 
DYes~No 
D Yes ~ No 
DYes~No 
D Yes ~No 

DYes~No 
DYes 1ZI No 
DYes 1ZI No 
D Yes ~ No 
~ Yes D No 
D Yes ~No 
~ Yes DNo 
DYes~No 
~YesDNo 
DYes~No 
~YesDNo 
DYes~No 
D Yes ~No 

I. Change in the size of the Permit Area? Acres: __ Disturbed Area: __ D increase D decrease. 
2 . Is the application submitted as a result of a Division Order? 00# __ 
3. Does the application include operations outside a previously identified Cumulative Hydrologic Impact Area? 
4. Does the application include operations in hydrologic basins other than as currently approved? 
5. Does the application result from cancellation, reduction or increase of insurance or reclamation bond? 
6. Does the application require or include public notice publication? 
7. Does the application require or include ownership, control, right-of-entry, or compliance information? 
8. Is proposed activity within 100 feet of a public road or cemetery or 300 feet of an occupied dwelling? 
9. Is the application submitted as a result of a Violation? NOV # __ 

10. Is the application submitted as a result of other laws or regulations or policies? 
Explain: 

II. Does the application affect the surface landowner or change the post mining land use? 
12. Does the application require or include underground design or mine sequence and timing? (Modification of R2P2) 

13. Does the application require or include collection and reporting of any baseline information? 
14. Could the application have any effect on wildlife or vegetation outside the current disturbed area? 
15. Does the application require or include soil removal, storage or placement? 
16. Does the application require or include vegetation monitoring, removal or revegetation activities? 
17. Does the application require or include construction, modification, or removal of surface facilities? 
18. Does the application require or include water monitoring, sediment or drainage control measures? 
19. Does the application require or include certified designs, maps or calculation? 
20. Does the application require or include subsidence control or monitoring? 
21 . Have reclamation costs for bonding been provided? 
22. Does the application involve a perennial stream, a stream buffer zone or discharges to a stream? 
23. Does the application affect permits issued by other agencies or permits issued to other entities? 

Please attach four (4) review copies of the application. If the mine is on or adjacent to Forest Service land please submit five 
5 co ics thank you. (These Ilumbers include a co y for the Price Field OmcCj 

I hereby celtify that I am a responsible official of the applicant and that the information contained in this application is true and correct to the best of my information 
and belief in all respects with the laws of Utah in reference to commitments, undertakings, and obligations, herein . 

L IF.s A. 1(1 Pi-i A M 'f..J a,'Q, 1 . 0- 0 ~ /I? J I 'f 
Print Name ~Nllmc. Posirion~ 

______ . 20_) 
_ __________ -'} J ss: 

County of ___________ _ 

For Office Use Only: 

Form DOGM- CI (ReVised March 12, 2002) 

--~--~~~C~Q~UE~L~m~Nu.E~BC.~~~~ 
Notary Public 
State Of Utah 

My Commission Expires 312412015 
Commission# 606049 

Assigned Tracking Received by Oil, Gas & Mining 
Number: 

E,CE\\JE 
~'( 13 1.\\\4 

0\\1. Or O\l, 
G~S &. \IJ\\~\\\,\G 



APPLICATION FOR COAL PERMIT PROCESSING 
Detailed Schedule Of Changes to the Mining And Reclamation Plan 

Permittee: Canyon Fuel Company, LLC 
Mine: Sufco Mine Permit Number: C/0411002 
Title: Clean Copies of Amendment for Soil Nail Slope Stabilization for Annex Building, Task 10#4584 

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit 
application . Individually list all maps and drawings that are added, replaced, or removed ITom the plan. Include changes to the table 
of contents, section ofthe plan, or other information as needed to specifically locate, identify and revise the existing Mining and 
Reclamation Plan. Include page, section and drawing number as part of the description. 

DAdd D Replace 

DAdd I8J Replace 

DAdd I8J Replace 

DAdd I8J Replace 

I8J Add D Replace 

DAdd D Replace 

DAdd I8J Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

DAdd D Replace 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

D Remove 

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGED 

M&RP 

Chapter 2, Page 2-20 

Chapter 5, Pages 5-68A and 5-69 

Appendix 5-9 - Bond, Total Page, Demolition page 1 and page 67 

Appendix 5-11, add Annex Building Soil Nail Wall Exhibit Drawing & Engineering Design 

Waste Rock Disposal Site 

Pages WRDS 3-4 and 3-5 

Any other specific or special instruction required for insertion of this proposal into the 
Mining and Reclamation Plan. 

Received by Oil, Gas & Mining 

May 13,2014 

Form DOOM - C2 (Revised March 12,2002) 

RECE\\IED 
MAY 13 2014 

DIV. OF OIL, GAS & MININC:; 



VOLUME 3 

WASTE ROCK DISPOSAL SITE 

INCORPORATED 

MAY 1 5 2014 

Div. of Oil, Gas & Mining 



Canyon Fuel Company, LLC 
SUFCO Mine 

3.1.5 Acid and Toxic Forming Materials 

Mining and Reclamation Plan 
December 20, 1991 (April 2014) 

Based on analyses of material that has been placed in the waste rock disposal site to date, no acid 
forming problems are anticipated. There is a potential for borderline toxicity problems from boron. 

Samples of the waste material wi II be collected for every 10,000 tons deposited at the waste rock site 

and will be analyzed for acid or toxic forming potential. All identified potential acid or toxic forming 
materials will be buried or otherwise treated. 

Copies of laboratory reports on toxicity/acid-base accountability from representative waste samples 
are included in Volume 8 of the M&RP priorto 2005 and starting in 2005 will be included in the annual 
report. 

3.1.6 Subsoil Stockpile 
Excess subsoil material and a small amount of topsoil from the minesite is stockpiled at the Waste 

Rock Disposal Site for possible use during final reclamation of SUFCO minesite facilities . The 
location of the subsoil and topsoil material is shown on Map 2. Total acreage of the subsoil stockpile 

and associated topsoil piles 1 A and 1 B is 1.19 acres. Approximately 11,341 cubic yards of subsoil 

material and approximately 8.2 cubic yards of minesite topsoil material are stockpiled at the site. The 

associated original topsoil pile 1 Band new topsoil piles 2 and 3 removed from the subsoil stockpile 
area contains about 756.4 cubic yards. The top 24 inches of soil material was removed from the 

subsoil stockpile area as described in Section 3.1.2, Site Preparation. This topsoil was stored along 

the westerly boundary and east of the subsoil stockpile as shown on Map 2. Topsoil handling 

procedures complied with those described in Section 3.2.3, Topsoil Handling. These topsoil 
stockpiles will be stored and seeded using the grasses and forbes of the standard seed mix, Table 

4.6.1-1. When the subsoil and minesite topsoil are removed the topsoil will be redistributed and the 

area reclaimed and seeded in accordance with sections 4.5 and 4.6. 

Subsoil material was placed in 2-3 ft. lifts using dump trucks and a 0-7 Cat dozer. Exterior slopes 

of the subsoil stockpile are approximately 1 v: 1.25h. At this slope the material will be stable as 
placed. The subsoil stockpile was seeded using the grasses and forbes of the standard seed mix, 

Table 4.6.1-1 . This subsoil may be taken to the minesite and used for fill material during final 
reclamation of the minesite. 

Run offfrom the subsoil and associated topsoil stockpiles is collected and routed through a siltfence 

treatment located as shown on Map 2. The total acreage of the five stockpiles is 1.24 acres. 
Alternate sediment control measures are in place as described above. This area is classified as an 

approved Alternate Sediment Control Area (ASCA). 

WRDS 3-4 

INCORPORATED 

MAY 1 5 201~ 

Div. of Oil, Gas & Mining 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
December 20, 1991 (April 2014) 

Topsoil and Subsoil Storage Piles at Waste Rock Disposal Site 

TOPSOIL 

Description Volume (cy)(a) Area (acres) Distribution Location 

1A 8.2 1.19* Mine Site 

1B 456.9 0* Waste Rock 

2 161.4 0.03 Waste Rock 

3 138 0.02 Waste Rock 

Sediment Pond 634.9 0.293 Waste Rock 

Lift # 4 Area** 1847 0.34 Waste Rock 

TOTAL 3246.2 NA NA 

SUBSOIL 

Subsoil 11 ,260 0* Mine Site 

Soil Nail Wall 81 0* Mine Site 

(a) Estimated Quantity 

* The acreages for Piles 1 A, 1 B and Subsoil are combined. Soil Nail Wall quantity of subsoil removed 
will be submitted in as-built amendment by June 30, 2014., 
** Topsoil stored in piles on top of Lift #4, estimated depth of stored topsoil - 3.5 feet 

3.2 Components of Operation 

3.2.1 Sedimentation Pond 

A sedimentation pond was constructed down gradient from the rock fill area to control sediment 

removed from the disturbed areas by surface runoff. The pond was constructed prior to disturbing 

any other areas of the site. It will remain in place until the waste rock disposal area has been 

completely reclaimed . 

WRDS 3-5 

INCORPORATED 

MAY 1 5 2014 
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CHAPTER 2 

SOILS 

INCORPORATED 

MAY 1 5 2014 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
December 20, 1991 (R April 2014) 

for redistribution during final reclamation. A figure of the surveyed topsoil stockpile and estimated 

quantity of soil stored in the pile is included in Appendix 2-2. Plate 5-2B shows the as-built features 

associated with the overflow pond. 

Topsoil from the Link Canyon Substation No. 1 will be placed and stored on the outs lope ofthe pad. 

This storage area will be protected with berms and/or silt fences, a three-strand barbwire fence, and 

revegetated to control erosion. This soil will not be moved or disturbed until it is required for 

redistribution during final reclamation. 

Soil from the Link Canyon Substation No.2 will be placed in a soil stock pile located atthe south end 

of the pad area. The storage area will be protected with berms and/or silt fences, a three strand 

barbwire fence, and revegetated to control erosion. This soil will not be moved or disturbed until it 

is required for redistribution during final reclamation. 

Soil from the Link Canyon Mine Portal area will be placed in a topsoil pile located south of the 

disturbed portal pad area out of the floodplain (Plate 5-2F). The storage area will be protected by 

installing a topsoil storage sign at the base of the pile, berms and/or silt fences, a three strand 

barbwire fence, and protected from wind and water erosion by surface pitting the stockpile to retain 

moisture and reduce erosion and by being revegetated with a quick growing vegetative cover 

(standard seed mix in section 3.4.1.2 minus the shrubs and trees) to control erosion . This soil will 

not be moved or disturbed until it is required for redistribution during final reclamation. The surface 

of the topsoil pile will be pitted to reduce runoff and erosion. Vegetation removed during site 

construction, such as sage brush and other woody plants, will be placed on top of the pile. 

Excess subsoil associated with construction of a run of mine coal stockpile and the West Lease 

portal tunnel development is stored at SUFCO Mine's waste rock disposal site. At the mine site the 

substation binwall has approximately 2,160 cubic yards of subsoil material and 5,300 cubic yards 

of road base, with the additional 11,341 cubic yards of subsoil material (Soil Nail WaillWest 

Lease/run of mine stockpile) being stored atthe waste rock site there is a total of 18,801 cubic yards 

(approximate) that will be available for use as subsoil material during final reclamation of the mine 

site facilities. Reference Appendix 2-3 for the analyses of the subsoil being stored at the waste rock 

site to be used during reclamation of the mine site. 

Approximately 81 cyds of subsoil was removed during the stabilization construction of a soil nail wall 

located behind the Warehouse Annex Building . INCORPORATED 

MAY 1 5 201~ 
2-20 

Div. of Oil, Gas & Mining 



CHAPTER 5 

ENGINEERING 
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Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
December 20,1991 (R April 2014) 

A soil nail wall will be constructed to stabilize the slope directly behind the Annex building . The 

technique uses grouted tension-resisting steel elements drilled into an exposed soil face and grouted 

into place. Design details and drawings associated with the soil nail wall (shotcrete) and soil nails is 

located in Appendix 5-11. Sheet 1.2 illustrates the location of the wall and soil nails. As noted on 

Sheet 1.2 the exact length ofthe wall will need to be field-fit, thus on the illustration the location of soil 

nails extends beyond the end of the wall. Sheet No. 1.4 illustrates the soil material to be removed to 

facilitate the instillation of the wall and facilitate the insertion of the soil nails. 

The soil nails will remain in the slope and covered with soil during reclamation, the shotcrete wall will 

be broken up and buried during reclamation. Bonding for the removal of the shotcrete wall has be 

provided in Appendix 5-9. The reclamation contours of the slope are shown on Plate 5-38. 

Building and Utility Demolition. Prior to significant regrading activities at the East Spring Canyon 

facility, existing buildings, walls, utilities, coal-handling facilities, and other above-ground structures 

will be removed from the area. To the extent possible, these structures and facilities will be salvaged. 

Those materials requiring off-site disposal will be placed in a licensed landfill. Final decisions 

regarding salvage or disposal of structures and equipment will be made just prior to reclamation 

following an assessment of the salvageability of the structures and equipment. If foundations and 

buried utilities will not interfere with regrading activities, they will be left in place for on-site burial. The 

water and sewer lines were installed and buried priortoAug. 3,1977 undera Special Use Permit with 

the Forest Service and will be left in place upon completion of mining activities. 

Southern Slope Regrading. The present slope at the southern end of the mine yard will be cut from 

its existing continuous slope of approximately 1.4H: 1 V to a slope of 2. 5H: 1 V in the center of the slope. 

The regraded slope will taper along the east and west sides of the slope to blend with the natural 

slopes. The recontoured slope will have 1 O-foot wide benches on 80-foot vertical centers to collect 

slope runoff and minimize the potential for erosion. 

Proposed post-reclamation contours of the East Spring Canyon site are presented in Plate 5-3A&B. 

Analyses presented in Appendix 2-4 indicate that the fill under this configuration will have a minimum 

static safety factor against failure of 1.51. 

Backhoes, loaders, dozers, and other appropriate earthmoving equipment will be used to regrade the 

southern slope. Material removed from the southern slope will be backfilled as described below to 
INCORPORATED 

5-68A 
MAY 1 5 2014 

Div. of Oil, Gas & Mining 



Canyon Fuel Company, LLC 
SUFCO Mine 

Mining and Reclamation Plan 
December 20, 1991 (R April 2014) 

reduce cut slopes in the mine yard and achieve the final surface configuration presented on Plate 5-3A&B. 

Primary Sedimentation Pond, Overflow Pond and Dam Removal and Interim Sediment 

Control. The existing primary sedimentation pond at the base of the mine-yard fill slope will be 

removed to allow construction of the main reclamation stream channel. All ofthe fill material from the 

pond and the dam west of the reclamation channel will be removed . This material will be used as fill 

in the mine-yard area as needed to reduce final slope grades. The pond and dam fill material east of 

the reclamation channel will be cut back to a 2H: 1 V slope above the rock channel. The regrading plan 

for the overflow pond will be to reclaim the area for its entire length. The pre-existing slopes and 

channel for the overflow pond area will be restored to the extent possible and in accordance with 

Approximate Original Contour regulations using all the fill material stored in the dam. Topsoil from the 

overflow pond topsoil storage pile will be redistributed over the newly restored slopes. Removal of 

the primary sedimentation pond, overflow pond and dam will be accomplished using backhoes, 

loaders, dozers, and other appropriate earthmoving equipment. 

Immediately following removal of the sedimentation pond and dam, silt fences will be installed for 

interim sediment control at the locations noted on Plate 5-3A&B to control erosion priorto revegetation 

success. Immediately following removal of the overflow pond and dam, silt fences will be installed 

for interim sediment control at locations below the area to control erosion prior to revegetation 

success. These silt fences will be installed as noted in Figure 5-3. In addition to silt fences , straw

bale dikes may be installed on a temporary basis as necessary to control localized erosion prior to 

the establishment of revegetation efforts. If installed, locations of the straw-bale dikes will be selected 

to reduce sediment contributions to runoff based on field observations. Straw-bale dikes will be 

installed as noted in Figure 5-3. 

Backfilling and Compaction. All vegetation, organic matter, and debris will be cleared from areas 

to receive fill. The cut material from site regrading, sedimentation pond removal, and channel 

excavation will be placed as fill and graded to facilitate drainage from the mine site and contributing 

side areas. All fill placed during recontouring of the site will be compacted to at least 85 percent of 

maximum Proctor density (ASTM 0698) . Compaction will be accomplished using repeated passes 

of rubber-tired equipment, rollers, and other appropriate equipment. 

Side hill embankments, where the width (including bench cuts) is too narrow to allow access 
INCORPORATED 

MAY 1 5 2014 
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APPENDIX 5-9 

Reclamation Bond Estimate 
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SUFCo C/041/0002 

Bonding Calculations 

Direct Costs 

Subtotal Demolition and Removal 
Subtotal Backfilling and Grading 
Subtotal Revegetation 
Direct Costs 

Indirect Costs 
MoblDemob 
Contingency 
Engineering Redesign 
Main Office Expense 
Project Mainagement Fee 
Subtotal Indirect Costs 

Total Cost 

Escalation factor 
Number of years 
Escalation 

Reclamation Cost Escalated 

Bond Amount 

Bond Amount (rounded to nearest $1,000) 
2019 Dollars 

Posted Bond 

Difference Between Cost Estimate and Bond 
Percent Difference 

$1 ,233,662.50 
$548,005.00 
$171,967.00 

$1,953,634.50 

$195,363.00 
$97,682.00 
$48,841.00 

$132,847.00 
$48,841 .00 

$523,574.00 

$2,477,208.50 

$244,449.00 

$2,721 ,657.50 

$2,722,000.00 

$2,874,000.00 

$152,000.00 
5.29% 

Printed 5/13/2014 File Name: TotalUpdate April 2014.xls 

Revised April 2014 

10.0% 
5.0% 
2.5% 
6.8% 
2.5% 

26.8% 

0.019 
5 

INCORPORATED 
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SUFCoMine 

pescnptlon 
Ref 

Ambulana GDlnlgl!: 
B.~ 0 011:0' Tank 
Blast Channels A 

Blost Chari"'" B 
Bulk and Used Oil Storaoe 
Cm Ma IUJnc 
ChlonnotorBla 
Covered Storage" 
o,esel Tan~ 
Drainaoe Cul .... ets 
ErednClI Bid 
Fan 
F'" W_ Tonk 300000 Gal 
Fuel COCA. 
GUlirD t-IDLi5e 

Loadout Belt 
Lower Stacker Coal Storage 
lumoCQ.:at8en 
Lum Coal Storaae 
Na 1, 6elt 

I O1tke Buildino 
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Rock Dust Bin 
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ROM MCC Bid 
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Seotic Tanks 
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Side Release Tank 
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Stoker Belt 
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Stoker Coal Storaoe 
Sloko'O~ Tank. 
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Tipplo MCC &id!;og 
Tioel. Off"", Bull/llno 
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Four~FDn 
Mlne 1 PitG 
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Printed 5/13/2014 

. ... 
... 
~--

"'. 
~ 

"" ~ 
;;J 

:::l 
to 

Demolition Costs Revised April 2014 

Materials Means Unit Unit Length Width Height Diameter Area Volume Weight Density Time Number Unit Swell Quantity Unit Cost 
Reference Cost Factor 
Number 

$2.5j)~ .00 

$13 00 
S10,211 .OO 

$53A88 00 
S1 .SIS.oo 

S22 00 
M!.OO 
3000 

S995.OO = .. 2300 
$802.00 

$8.435.50 
$11 .126 00 

S224,OO 
$3<900 

S2.593.OO 
S2.14900 

SSll.oo 
S2.13900 
Sl.4Q4.oo 

$67377.00 
SlS 657.50 

5:12.00 
50.00 

Si1200 
$259.583 00 

53551.00 
521 .139,00 

51 02200 
$99100 

S2 90S 00 
sa2~'OO_OO 

SI 53300 
3000 
so 00 

$121932.00 
611 .1!41 .oo 
52.32.200 

5161 .00 
S7.7~7 00 
SI .lQ4 00 
SS.755 00 
$l.127 00 
SI.539.00 
$1 .256 00 

sn.648J!O 
$000 

Si9.00 
536,19400 
52,75900 
53.161.00 

510.:10300 
554200 

SI !9S00 
536352.00 . SO 00 

~ SO.OO 
';;" 583.424 00 
:;:- . 59'5.50 
.=:::;. 54.117 00 ... 

$8,04200 
Sl9. ISO CO ...... 

..... 52.591 00 
;:::::: $18.066 00 = .... 51080700 

~ $20.118.00 
SO·1:z!3.E82.50 

o 
File Name DEM02068Update 4 25 2014 xis and Worksheet Name Total Page' of 67 



Sufco Mine Demoliti,...~ Costs April 2014 

Description Materials Means Unit Unit I-enQfh Width HeiQht Diameter Area Volume WelQnt Density nme Number Unit Swen Quantity Unit Cost 
Ref Reference Cost Factor 

Number 

Annex Buildina 
S::ruc:uf'"'i Oernoll!mfl em SUHl'l .ctmav::1I 02221\1100012 031 ICF 11263 CF 11263 Cf 3'92 
Slruc:P.lro',5 Vol, Uemori5Jled 02 &l Cy 
Rubble's W~~t toe.lucm l lUI! 
Truck:a C:llDilcJN 
H~ulBae 

Ttilrt5. Mnt)ol\ Cost Ncn Stu,\ Truck. 
Tn!lns;ICIltlltion ~il Nol'I Steol OriIIe 
010,.",,1 CQ$' No. SUlol 
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Truc:k"" Cp-DilCIlv 15 CY 5 TrIM 
HBulnOe l TriDi'DiIII" 
Tralll~ ,milton Cost.St~ Truc.k Truck durnD U5 tOf) D3VfciKf O, 5!iO 200 5300 718." Ido. 1.7 DAY 
Tt1I"'!!II~~ .. Uan CO'Sl Skl!1 TNCk OrM! Truck D~r. HeB1IY i,'" 50~.5 " ~36 HR 
Oisoos:al Cost SUttl 
s.-. ~1!2 

Eoolom""' .. 0,"""",,1 eo", 
~lu'itllna~1 
EQuiome:nt -:$ -Vel. ~mohhed 1 1 
Loodl""ecm 
TrDI1:5.00r1 Cosl.s 
Ili$nosal Coo" 
SUbIn1aJ 

Cofla'~ttt Of.motitidn 
O./nOli1ion C.oOi COOCft!lf!! d!mofiikm CGnt:ro'utOomo' 11.311 ICy m CY S63 CY 6401 
Concf!:t!"" VoI 1 OfimOII'SI'If!d 1.3 732 C,; 
loadQ'J C'lil~1 Fum~ erw:l IOild!r J CV 02315424 1300 ,00 ICY 732 cv 776 
TransDortation Cost lOY 'tBTon OumoTl'\IClC.lfl mi.md. tllP <n31S 4001lJ2O 2.Jl ICY 7J2 CY 2123 
DlsDosal Costs Ot'!!litl!IctI'5QO!:!1I 022202405550 9.15 lOY 132 cr 8695 ,-, - "" 18QD( 

SOi.I NlliJW611 
ecl'crolQ Oom~1don 
De:mollUon Cos'!. Concrete demolition CanaawDerT1Q \ '1 .>8 lex <25 CY 4.3 cy -.e.9 

ConcrelJII"s VCI Damoi8/'111td 13 56 CY 
l<>odlnQ eos: FrClnt end InDdc:r 3 C'f 02,,54241Joo I.O!I ICy 58 y 59 
TrDn'IJ.oortDtIo.n Coil '2CY 115 Ton1 Dum. T'''''. '12 mi. ,no "", 02315490 Ol20 2.l1 /0( S!I CV 162 
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1.0 GENERAL 

I I SOIL N.~ILS TO BE INSTALLED AT TIlE: LOCATIONS INDICATED IK THESE DRAW INGS SUBJECT TO FIELD VERIFICATION BY 
CONTRACTOR, ANY ('CIANGE WILL R.EQUIRE THE WIUTTEN APPROVAL OF IGES , E:'IDS OF WALL WILL R.EQUIRE FIELD-FIT IN 
COORDINATION WITK OWl'ER'S REPRESENTATIVE /YDIVID UAL SOIL NAILS MAY BE MOVED UP TO 11 INCHES II'> AN Y 
DIRECTION BY SHORING CONTRACTOR GREATER CHAI'>GES MUST HAVE PR.IOR WRITTEN APPROVAL BY IGES 

12 ALL UTILITIES MUST BE VERIFIED B) CONTRACTOR PRIOR TO EXCAVATION OR INSTALLATION OF SOIL ANCHORS. IGES 
SHA LL BE NOTIFIED IMMEDIATE LY IF THE SOIL ANCHORS CONFLICT WITH UTI LITY LOCATIONS, 

1.3 THESE DOCUMEI'TS ARE INSTRJ;MENT;; OF SERVIC E AND SHALL REMAIN THE INTELLECTUAL PROPERTY OF IGES. INC NO USE 
OR RE-USE OF THESE DOCUMENTS SHALL BE PERMITTED I:-J PART OR IN TOTAL Ul'LeSS EXPRESSLY AUTHORIZ ED IN WRITING 
BY IGES, INC 

2,0 FXCAVATlON 

2 I EXCAVATI ON IS TO BE PERFORMED AT THE APPROPRIATE LINES AND GRADES I:-JDlCATED IN TIIESE DR-~WINC;S SUBIECT TO 
FIELD VERIFICATION BY THE CONTRACTOR. ANY CIIANGE WILL REOUIRE THE \\'R.ITTEN APPROVAL OF IGES 

22 ANY UN-REfl'FORCED EXC AVATIONS AT TIlE SITE MUST COMPLY WITH OSIIA STANDARDS FOR TEMPORARY EXCAVATIONS 
2 3 INSTALL TEM PORARY ACCeSS RESTRICTION, NOTICE, ANDIOR WARNING BEH1l'D TOP O F EXCAVATION OR OTHER 

OSHA-APPROVED FALL PROTECTION 
24 INSTALL TEMPORARY HAI'DRAIL ALONG THE TOP OF TH E EXCAVATION TO PRF.VENT FALL INJURIF.S_ HAN DR-A IL SHALL 

COM PL Y WITH OSK,\ REQUIR EMEN- S 
25 EXCAVATION SHALL BE PERFORMED ro PROVIDE A WORK AREA FOR I HE INSTA LLAT ION OF A ROW OF. SO IL ANCHORS AND 

SHALL :-JOT EX I E~D LOWeR THAN 4 ft,_ r BELOW THE LOWEST ANCHOR LOCATION WITHIN I'HE ROW. 
26 EXCAVATION MAY BE EXTEI'DED ONL" AfTER THE SOIL ANCIIORS I-lAVE BEE:-J TESTED AND LOCKED-Off (SEE NOTE 4,5) 
27 THESE DOCCMCNTS DO NOT ADDRESS ROCK FALL HAZAR DS, IF ROCKFALL HAZARDS AR E IDENTIFIED ABOVE THE 

EXCAVATION APPROPRIATE ROCKF ALL PROTECTION Me ASURES SHALL BE IMPLEMENTED TO PROTECT WORKeRS SCALE 
\LL POTENTIALLY HAZARDOUS ROCK, OBSERVED ABOVE THE CUT 

3.0 SOIL NAil WALL MATERIALS 

) I SOIL ANCHORS 
" I I SOIL NA IL TE:-JDONS SHALL BE RJ~:-J , NO 10 ALL-THREAD. OR AN ENG INEER-APPROVED EQUIVALENT. 
-' I 2 ALL BARS SIIALL BE STRAIGHT AND l lNDAMAGED 
-' I ) SOIL NAIL LE:-JGTHS SHAL L BE ACCOF.D1l'G TO THESE PLANS AND IlXSTALLED AT THE ANGLES lXOTED OlX TlIESE PLANS 
) 14 SOIL NAIL H N DO:-JS MAY BE INJECTION BORED OR IN STALLED II< AN OPEN HOLE WITII pvc CENTRALIZeRS SPACED NO 

MORE TIIAN R FT O.C BEG I N:-JI~G ~O MORE TIIAN 2 FEET FROM THE END OF THE TENDON, CENTRALIZERS SIIALL BE 
SCHEDJ;LE 40 PVC AND 112 INCH SM \LLER IN OUTSIDE DIAMETER TH AN THE DIAYlETER OF THE BORE HOLE ALLOWING 
fREE GROUT FLOW 

) I 5 HORE HOLE DIAMETER SHALL BE 4 I :-J~{]ES MINMUYl fOR INJECTION BORED ANCHORS 
) I (, SOI L NAI L GROUT SHALL HAVE A ~(JNIM\JM 2S-DAY COMPRESSIVE STRE:-JGTIl DC 3.000 PSI AlX D A ) -DAY COMPRESSIVE 

STRENGTfI Of 1.500 PSI. ).1A INTAI~ A WATER-CEMENT !<ATIO BETWEEN 045 AN D 0 55 GROUT MAY BE A NEAT CEMENT. OR 
CEMENT DEVELOPED USIN G A fiNE AGGREGATE 

) 2 SOIL NAIL HARDWARE 
) 2, 1 ALL BEARING PLATE STEEL SHAL L ill WXg"XO 5" A36 MIL D STEEL OR BETTER. BEARING PLATES SHALL HA VE fOUR HEAD<D 

STUDS WELDED WITH ! IN f1LLH WE LD ,\ROUN]) rH E CIRCUMfERE NCE Of 'IHE HEADED S,[ U]) SHAFT; HEADED s r UD 
SIZING IS PRESENTED ON SHEET I 5 

) 22 SUPPLY BEVELED WASHERS AS REQUIRED TO SQUARELY ATTACH NUTS. ALTERNATIVELY , THE BEAR.ING PLATES MAY BE 
WH-SET AGAINST THE SHOTCRHE SUCH THAT THE PLATE IS PERPENDICULAR TO THE NAIL 

) 2.) ALL NUTS AKD WASHERS SHALL CONFORM TO SOIL NAIL TENDON MA:-JurACTURER'S SPECIF.ICATIONS 
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L< I RElNFORIE.MEl'T LAveRS SIIALL (,01'51ST OF .j· X.· Wl 9X\v;!ITEMf'ORARV FA<;,l):(; ' AND . · X4" W4,OX W4.11 ( reRMASENT 
,,,CISG) "'fLDE!) WIRE MESIIIWWM), ALL WW~1 SHALL CONfORM ro ,\STM ,~Ii~, .\LTEKi'<Anvl:: IVWM SllIIi(. MAY 81: 
ALLOWED, SUBJ ECT TO APPROVAL BY IGES 

3) 2 \1ESH SHALL BE SPLICED WITH WIRE TIES AT i-FOOT IKTERVALS Ml:-JIMUM WITH AN O' f ERLAP OF AT LEAST 12 INC HeS 
) 4 SHOTCRETE 
34 I SHOTCRETE THICKNESS SIIALL BE 4 INCHES MINIMUM (TEMPORARY FAC ING) AN D 7 INClIES MINIMUM (PERMA-'1ENT 

FACING). 
J.4 2 SHOTCRETE SHALL HAVE A 28-DAY COMPRESSIVE STRENGTH OF 4 000 PSI . WITH A 3-D,\ Y COMPR ESSIVE STRE:-JGTH Of 2,000 

PSI THE WATER-C EMEI'T RATIO SHOULD BE ABO\JT 0 4 
343 SHOTCRETE SHALL CO NFOR-M TO AC I 506 2-95 

4.0 SOIL ANCHOR CONSTRUCTION 

4 I EXCAVATE SUFflC!J:NTL Y TO ALLOW ACCESS FOR DRILLING EQUIPMENT USED ])URINCi lNSTALLA nON 
42 I:-J STALL SOIL AN CHORS USJNG INJECTION BORE OR OPE~-HOLE 
4 J I:-J STALL NAIL TO REQU IRED LENGTI I A:-JD CONTlI'UE GROUTlKG UNTIL A GOOD GRO Ul RETURN IS OBSERVED 
44 ALLOW) DAYS OR DEVELOPMENT OF 50% OF THE l:>-DAY GRO UT COMPRESSIVE STRENGTH (AASHTO TI06) BEFORE TESTING 

ANDI .OCK OFf.-
4.5 IcOCK-Off' HAN D-TlG HH.N [\LT LNTlL CONTACT IS MADE WITH TH~, Rf VELED WAS HER; NEXT. USE A WRENCH TO TIGHTEN 

I\LT AN ADDITIONAL I TO 2 T URNS UN TIL THE BEARING PI ,ATE HAS AC HIEvm I~;TIMATE, FIRM CONTACT WITH THE 
HeARING SURFACF. 

5,0 MONITORING 

5 I DAILY fl'SPECTION OF SOIL NAIL WA LL SHALL BE PERFOR-vtED BY A QUALIFIED PERSON PRIOR TO ENTRY INTO 
EXCAVA nON TO CO).1PL Y WITH OSHA REGULATIONS ADDITIONAL MON ITORING AND,OR SURVEY MAY BE REQUIRED AS A 
PART Of TKE PROJECT SPECIFICATIONS AND SHOU LD BE fOLLOW ED WHERE APPLICABLE 

6,0 TESTING 

6 l ONE SACRIFICIAL VERI FICA TlON TEST SHOULD BE PERFORMED BY IGES TO 100 PI Rl'ENT OF THE DESIGN LOAD, THE 
\1AXIM UM BONDED NAIL LENGTH SHOULD BE 10 FEET TO ENSURE THE MAXIMUM BAR YIELD STRENGTH IS :-JOT EXCEEDED 
AND TO ALLOW THE GROoT/SOIL BOND TO FAIL VERIFICATION TEST LOAD SHALL BE lIETER-vtINED BASED ON THE BONDED 
LENGTH AND TH E ASSUMED DESI(,K SOIL-GROUT AD HESION (SEE SHEET 1.71 ~DDITIONAL VERIFICATION TESTS MAY BE 
REQU IRED If SUBSURfACE CONlJITIONS VARY GREATLY_ WHICH ).1AY I'OT BE EVIDEI\T UNTIL CONSTRUCTION 

62 PROOF TESTS SHOULD BE PERFORMED OK 5 PERCENT OF PROD UCTI ON SOIL NA ILS IN EACII ROW TO 1)0 PERC. I\T Of THE 
DESIG~ LOAD (Yl INIMUM OF ON E TEST PER ROW) 

b] DES IG~ LOAD SHALL BE DETER-vtINED BASED ON THE BONDED LEI'GTH AND TH E VALU ES PRESEKTED 01' SHEET I 7 
('4 ).1AXIMUM TEST LOAD SIIALL NOT EXCE ED 90 PERCENT OF THE SOI L NAI L TENDON YIELD LOAD (81 KJPS FOR AN R38N BAR) 

THE MAXIMU).1 TEST LOAD MAY BE BELOW 130 PERCENT DL FOR LON(; ER SOIL NAILS 
65 SOIL NAILS TO BE TESTED SHALL HAVE A I FOOT MINIMUM TEMPORARY UNBO:-JDED U:-JGTH 

7.0 CONSTRUCTION CONS lDERA TI ONS 

7 I BEDROCK MAY BE El<COll:-JTERED DU RIN G EXCAVATION AND/OR DRI LLlNG IF B :DROCK IS ENCOUNTERED DURING 
EXCAVATION, IGES SHOULD BE CONTACTED TO ASSESS COMPATIBILITY WITH THE DESIGN PRESENTED HEREIN If 
BEDROCK IS ENCO UNTERED DURING DRILLl)«i, THE SOIL NAIL LENGTH SHALL BE TilE DESIGN LEI'GTH OR THE LENGTH 
RtQUlRED TO PENETRATE X ,EET INTO BEDROCK. WHICHEVER IS LESS 

7.2 IF SOILS THAT ARE PARTICULARLY SUSC EPTIBLE TO FROST KEAVE (E G, CLAY SOILS) ARE EXPOSED O:-J THE CUT FACE, OR 
IF WATER IS ENCOUNTERED ON THE CUT FACE (E G _ A SPRI;o.IGl. TIlE OWNER SHOULD CONSIDER IKCORPORATING 
I~SULATION INTO THE WA LL IN ORDER TO MINIM IZE THE POTE:-JTIAL FOR DAMAGING fROST HEAVE 

73 SHRINKAGE CR-ACKS IN SOIL NAIL WAL LS IS NORMAL. AI'> D ARE LARGELY A COSMETIC ISSUE ONLY: If THE OWNER WOULD 
LIKE TO MII'IMIZE TH E APPEARANCE or SHRINKAGE CRACKS, TH E OW:-JER SHOULD CONSID ER THE ADDITION OF FIBER 
RE IN f ORCEMElXT OR OTHER SPECIALTY !\J)DlTIVES TO THE SHOTCRETE MIX ADDITIONALLY VERTICAL CONTROL JOII'TS 
SPACED 10-FEET 0 C CAN MINIMIZE THE V ISUAL IMPACTor SHRIN KAGE CRACKS. 

7.4 IF fREE WATER (SPRI~GS, GROUNDWATER) OR VERY MOIST CONDITIONS ARE IDENTIFIED DURING EXCAVATION, 
CONSTRUCT ION SHALL CEASE AND IGES SHOULD BE CONTACTED TO ASS ESS TH E IMPACT OF WATER TO THE DESIGN 

W
' I PLOT DATE : APR 17,2014 

® 12429 SOUTH 300 EAST STE 100 PERMANENT SOIL NAIL WALL DESIGN ' G~EO Y: APR 6 0 4 Pl,0T SCAI.E 
A K A BY K DRAPER, UTAH 84020' • SUFCO MINE ANNEX BUILDING DflAWN BY: DA. APR, 16 2014 1~1 

REVISIONS (i E 5 (801 ) 748-4044 FA X; (801) 748-4045 EMERY COUNTY, UTAH ~:~RCKEDOVEDIIYBY:' OM APR \7 2 14 DWG SCALE . A APR 7 201~ nfa 
GENERAL NOTES KE5 PROJECT NO, SHEET NO 1 6 

01108-010 '. 
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PROOF TEST SCHEDULE 
lOAD 
AL (0.05 DL MAXIMUM) 
0.]5 DL' 
0.50 DL 
0.75 DL 
1.00Dl 
1.25 DL 
1.30 Dl CREEP TEST ,. 

HOLD TIME (MIN. 5 MINUTES) 
UNTIL STABLE 
UNTIL STAHLE 
UNTIL STABLE 
UNTIL STABLE 
UNTIL STABLE 
UNTIL STABLE 
SEE BELOW 

'DESIGN LOAD (Dl) ~ 24 KIP/fT 

"CREEP TEST, I () MIN. HOLD. NAIL MOVEMENTS SHALL BE MEASURED 
AND RECORDED AT THE FOLLOWING TIMES AFTER APPLICATION OF 
THE FULL CREEP TEST LOAD: I MINUTE. 2. 3. 4.5.6 AND 10 MINUTES. IF 
THE NAIL MOVES MORE THAN 0.04 INCHES DURING THE 10 MINUTES 
HOLD. MAINTAIN LOAD FOR AN ADDITIONAL 50 MINUTES AND 
MOVEMENTS SHALL BE RECORDED AT 20.30.50 AND 60 MINUTES. TIlE 
lOAD DURING ALL LOAD INCREMENTS SHALL BE MAINTAINED 
WITHIN 5 PERCENT OF THE INTENDED LOAD. THE NAIL SHOULD NOT 
MOVE MORE THAN 0 08 INCHES BETWEEN 6 AND 60 MINUTE 
READINGS. 

TEST N,\IL· 

\ 

Y 
BOND LENGTH 

FREE LENGTH 
I FTMIN 

SOIL NAIL TESTING 
NOT TO SCALE 

VERIFICATION TEST SCHEDULE 
LOAD HOLD TIME 
AL (0.05 DL MAXIMUM) UNTIL STABLE 
0.25 DL' UNTIL STABLE 
050 DL 10 MIN." 
0.75 DL 10 MIN" 
1.00Dl 10 MIN." 
1.25 Dl 10 MIN." 
1.50 Dl 10 MIN." 
I 75 DL 10 MIN." 
2.00 DL 10 MIN .. 
:.-2.00DL PULL TO FAILURE'" 

"DESIGN LOAD (DL) ~ 2.4 KIP/fT 

"'DO NOT EXCEED 90% OF YIELD STRESS (46 KIPS FOR R32N) 

STEEL PLATE/REFERENCE PLATE 

DIAL GAUGES ATTACHED TO 
TRIPOD INDEPENDENT OF WALL 

~ ~ 7" AND SOIL ANCHOR TO RECORD 
~ ELONGAIION DIAL GAUGE ACCURACY 

SHALL BE 0.001 INCHES 

TO HYDRAULIC PUMP AND PRESSURE GAUGE 

STEEL SHIM TO SIllM CliAIR 
PERPENDICULAR TO SOIL NAIL. 

\ 

"" REACTION BEAM· 4 FT AVERAGE LENGTH 
OR STEEL PLATE 

OPTIONAL: REINFORCED SHOTCRETE 
PARTIALLY CONSTRUCTED TO PROVIDE 
TEMPORARY BEARING SURF ACE 
(VERIFICATION TESTING) 

PERMANENT SOIL NAIL WALL DESIGN 

WICES® 12429 SOUTH 300 EAST, STE. 100 SUFCO MINE ANNEX BUILDING 
EMERY COUNTY, UTAH DRAPER, UTAH 84020 

o IY (801) 748·4044 FAX; (801) 748'4045 
SOIL NAIL TESTING DETAILS 

'A 

PLOT DATE: APR 17. 2014 

APR 16. 20) " ]pLOT SCALE 
APR 16. 2.014 I ~1 
APR 17 2014 DWG SCAkEi 
A PR 17. 20.14 n/a I 
SHEET N°,1. 7 I ~/~ 'l 
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April 17, 2014 

2.1 Design Criteria 

Project Description 

Our understanding of the project is based on the plan set titled "SUFCO Mine Annex 
Building Slope Stabilization" Sheets 1 and 2, dated February 18, 2014, and other 
infonnation provided by Advanced Shoring and Underpinning. The project is located at 
the SUFCO Mine located in Convulsion Canyon, Emery County, Utah. We understand 
that a new metal storage building will be constructed at the mine facility; as a part of the 
construction, a part of the natural slope behind the new building must be cut back, 
necessitating the construction of a pennanent soil nail wall wall. The new wall will be 
about 15 feet tall (finished height) and will shore about 1,250 square feet; the proposed 
excavation layout is conceptually illustrated on Sheet 1.2. 

Design Parameters 

For our assessment of native site soils, IOES has reviewed soil data presented in the 
geotechnical report by RB&O (2011) completed for a different area several hundred feet 
away from the project site. The referenced geotechnical report by RB&O includes two 
borings that indicate the site is underlain by upwards of 20 to 30 feet of undocumented 
fill, which in tum overlies sandstone bedrock. There is no subsurface data for the area to 
be excavated for the new wall. In addition to the referenced geotechnical report, IOES 
was provided several photos of the slope; the photos provided poor data as there was 
substantial amounts of snow on the ground, but the photos did suggest that the slope was 
covered with relatively coarse, boulder colluvium. IOES also reviewed a geologic map 
for the area (Doelling, 2004); the map indicated that the mine area consists largely of 
exposures of sandstone (Blackhawk Formation), with lesser amounts of shale located 
near the floor of the canyon surrounding the coal mine. The existing slope is currently 
varies from about 40 to 45 degrees (about IH:1 V). 

Considering the available geotechnical data, the following engineering parameters have 
been selected for our model: 

Table 1 
Parameters for Subsurface Model 

Friction 
Cohesion 

Ultimate Unit 
Soil Type Elevation angle 

(pst) 
soil/grout Weight 

(deg.) bond (psi) (pct) 
Colluvium n/a 42 0 32 125 

The ground anchors were designed assuming ultimate effective grout/soil bond strengths 
of 32 psi; this value is based on assumed subsurface soil types (coarse, boulder 
colluvium), correlations with published data by FHW A, and our engineering judgment. A 
factor-of-safety of 2.0 was applied to the ultimate soil-grout bond for design. Anchors are 
assumed to have a nominal grouted diameter of 4 inches. 

INCORPORATED 
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Groundwater is not known to occur on the slope; as such, our analysis does not consider 
the presence of groundwater or underground springs. If groundwater is identified during 
construction, construction must cease and IGES must be notified so that the impact to the 
design can be properly assessed. 

For the seismic (pseudo-static) assessment of the proposed wall, a seismic coefficient Kh 
was taken as 12 of the peak ground acceleration (PGA) resulting from an earthquake 
having a 2 percent probability of exceedance in SO years (2PESO). Since the site is 
located in the mountains and is mapped largely as Cretaceous sandstone, the site is 
assumed to be best represented as Site Class B (rock); hence, no near-source ground 
amplification factor was used. The ground motion was assessed using the DesignMaps 
online application available at the USGS website. Based on information provided by the 
DesignMaps application, the PGA at the site, for a 2PESO event, is estimated to be 
0.2S2g. Based on this result, the seismic coefficient Kh was taken as 0.126g. A summary 
of the DesignMaps output is presented in Section 2.3. 

011108-010 Dl 
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2.2 Engineering Analysis 

Based on the information provided and the design parameters discussed in the previous 
paragraphs, a representative section was analyzed using the computer software SnailWin 
to determine nail pattern and length; the section analyzed is Station 11 +00, illustrated on 
Sheets 1.2, 1.3, and 1.4. 

The permanent wall has been designed assuming a 0.25H:IV cut (about 14 degrees 
batter). A minimum static factor-of-safety of 1.50 (permanent) and 1.20 (temporary) 
(intemallexternal SnailWin) was considered acceptable for this project based on the 
available information and design assumptions. For seismic conditions, a minimum factor
of-safety of 1.1 was adopted. The results of the SnailWin analyses are included in Section 
2.3. 

The shotcrete facing was designed in general accordance with the recommendations 
contained in Lazarte et aI., 2003. A summary of the shotcrete facing design is included in 
Section 2.3. 

The global stability of the retained slope was modeled using GSTABL 7 slope stability 
software, a computer application incorporating (among others) Bishop's Simplified 
Method of analysis and Spencer's method. Calculations for stability were developed by 
searching for the minimum factor-of-safety for a circular-type failure (Bishop) and a 
wedge-type block failure (Spencer). A minimum static factor-of-safety of 1.50 (global) for 
permanent conditions and 1.2 for temporary conditions was considered acceptable for this 
project considering the available information and design assumptions. Homogeneous 
earth materials (existing site soils) and arcuate failure surfaces were assumed. For our 
analysis, we evaluated two of the most critical sections (Section A-A', Section F-F'). Based 
on our analysis, the global stability of the cunently proposed soil nail wall configuration 
meets the minimum design factor-of-safety of 1.20. The results of the global stability 
analyses are included in Section 2.3. 
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2.3 Design Calculations 

SnailWin Soil Nail Wall Design Calculations 

Shotcrete Facing Design Calculations 

GSTABL 7 Global Stability Calculations 

DesignMaps Summary - Assessment of Seismic Coefficient 
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. t" PROJECT TiTlE: Advanced/SUFCO; Sta . 11 +00 20H Temp Static r;][Q)~ 

Date: 04-15-2014 SnailNin 3.19 

Minimum Factor of Safety = 1.35 
70.0 ft Behind ~~all Cl'est 

At Wall Toe 

H= 20.0 ft 

Seale = 10 ft 

LEGEND: 
PS= 18.0 Kips 
FY= 60.0 Ksi 
Sh= 5.0 ft 
Su= 

GAM PHI 
pef deg 

1 125.0 42 

5.0 ft 
COH SIG 
psf psi 

o 16.0 



File: 11+00 A Page -

CALIFORNIA DEPARTMENT OF TRANSPORTATION 
ENGINEERING SERVICE CENTER 

DIVISION OF MATERIALS AND FOUNDATIONS 
Office of Roadway Geotechnical Engineering 

Date: 04-15-2014 Time: 14:19:37 

Project Identification - Advanced/SUFCO; Sta. 11+00 20H Temp Static 

WALL GEOMETRY 

Vertical Wall Height 20.0 ft 

Wall Batter 14.0 degree 
Angle Length 
(Deg) (Feet) 

First Slope from Wallcrest. 43.0 29.0 
Second Slope from 1st slope . 31. 0 19.3 
Third Slope from 2nd slope. 31. 3 31. 3 
Fourth Slope from 3rd slope . 18.0 40.0 
Fifth Slope from 3rd slope. 0.0 0.0 
Sixth Slope from 3rd slope. 0.0 0.0 0 
Seventh Slope Angle. 0.0 :;::' 

--------- SLOPE BELOW THE WALL 
0 -

There is NO SLOPE BELOW THE TOE of the wall 
Q 
G) 
Q) 

--------- SURCHARGE --------- en 
Ro 

There is NO SURCHARGE imposed on the system. s:: 
:J 
S· 

(Q --------- OPTION #1 

Factored Punching shear, Bond & Yield Stress are used . 

SOIL PARAMETERS 

Unit Friction Cohesion Bond* Coordinates of Boundary 
Soil Weight Angle Intercept Stress XS1 YS1 XS2 YS2 
Layer (Pcf) (Degree) (Psf) (Psi) (ft) (ft) (ft) (ft) 

125.0 42.0 0.0 16.0 0.0 0.0 0.0 0.0 

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

3: 
~ -
CJ1 

'" c::::I -~ 

File: 11+00 A Page -
--------- WATER SORFACE 

NO Water Table defined for this problem . 

11+00 A 

Z 
() 
0 
JJ 
'"U 
0 
:c 
~ 
m 
0 

--------- SEARCH LIMIT 

The Search Limit is from 50.0 to 100.0 ft 

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

- ----- RElNFORC.::t*"'l"i: PA;\./\METE...'l.S ---------

Number of Reinforcement Levels 
Horizontal Spacing 
Yield Stress of Reinforcement 
Diameter of Grouted Hole 
Punching Shear 

.; 
S . O 

60 . 0 
~ . O 

le . O 

ks_ 
i n 
kips 

(Varying Reinforcement Parameters) ---- -----

Vertical Bar 
Level Length Inclination Spacing Diameter Bond Stress 

(ft) (degrees) (ft) (in) Factor 

1 29 . 0 1 5 . 0 2.0 1. 22 1. 00 
2 24 . 0 1~ . 0 5.0 1. 22 1. 00 
3 14 . 0 1 5 . 0 5.0 1. 22 1. 00 

9 . 0 1 5 . Q 5.0 1. 22 1. 00 

File: 11+00 A 

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE 
SAFETY BEHIND PLANE PLANE 
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH 

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

Toe 1. 415 55.0 19.1 l7.5 53.2 64.3 

Reinf . Stress at Level 1 • 22.117 Ksi (Pullout controls ... ) 

2 - 16.237 Ksi (Pullout controls . .. J 
3 - 3.479 Ksi (Pullout controls .. . 1 
4 - 9.044 Ksi (Pullout controls . .. 1 

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE 
SAFETY BEHIND PLANE PLANE 
FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH 

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

NODE 2 
1. 399 60.0 26.6 13.4 48.5 72.4 

Reinf. Stress at Level 28.559 Ksi (Pullout controls ... ) 
23.735 Ksi (Pullout controls • .. ) 

9.466 Ksi (Pullout controls ... , 
11. 289 Ksi (Pullout controls .•. ) 

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE 

Page -



NODE 
1. 378 

SAFETY 
FACTOR 

65.0 

BEH:ND 
WA LL TOE 

(ft) 

25.9 

PLANE 
ANGLE 
(deg) 

14.5 

LENGTH 
(ft) 

47 .6 

PLANE 
ANGLE 
(deg) 

77 .1 

LENGTH 
(ft) 

Reinf. Stress at Leve l 26.937 Ksi (Pullout controls .. . ) 

NODE 4 
1. 363 

MINIMUM 
SAFETY 

~. 22.317 Ksi (Pullout controls .. . J 
3 8.98 8 Ksi (Pull out controls .. . J 
to· 11.110 Ksi (Pullout controls .. . , 

DISTANCE 
BEH I ND 

LOWER FAILURE 
PLANE 

UPPER FA ILURE 
PLANE 

FACTOR WALL TOE ANGLE 
(deg) 

LENGTH 
(ft) 

ANGLE 
(deg) 

LENGTH 
(ft) (ft) 

70 . 0 25.3 15.5 46 . 8 81. 7 

Reinf. Stres s at Level 25.344 Ksi (Pu lloue con trols •.. ) 
control s ... ) 
controls •.. ) 
controls . .. ) 

NODE 
1. 353 

MINIMUM 
SA FETY 
FACTOR 

75.0 

2· 20.92 3 Ksi (Pull out 
3· 8.528 Ksi (Pullout 
4 · 10.938 Ksi (Pu llout 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

24.3 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

16.5 

LENGTH 
(ft) 

45.5 

UPPER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

85 .6 

Reinf. Stress at Level 23.410 Ksi (Pullout controls ... ) 

NODE 
1 . 354 

MINIMUM 
SAFETY 
FACTOR 

80.0 

~ 19.299 Ksi (Pul lout 
~ ~ 7.821 Ksi (Pullout 
~. 10.673 Ksi (Pullout 

DISTANCE 
BEHIND 

WAL L TOE 
(ft) 

23.4 

LOWER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

17.4 44.3 

con t rols ... ) 
cont.rol s ... ) 
controls ... J 

UPPER FA ILU RE 
PLANE 

ANGLE 
(deg) 

89.4 

LE NGTH 
(ft) 

Reinf . Stress at Level 1 21.555 Ksi (Pullout control s ..• ' 

NO DE 
1 .36 0 

11+00 A 

MINIMUM 
SAFETY 
FAC TOR 

85.0 

2 k 17. 73 4 Ksi (Pullout controls ... J 
7. 1 68 Ksi (Pullout controls . . • , 

10.428 Ksi (Pullout controls ... , 

DISTANCO: 
BEH IND 

WALL TOO: 
(ft) 

22.7 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

18 . 4 

LENGTH 
(ft) 

43.2 

UP PER FAILURE 
PLANE 

ANGLE 
(deg) 

93.3 

LENGTH 
(ft) 

o 
uJ 
~ 
a: o 
a.. 
a::: 
o 
() 
z 

~ 
Ln -
~ 

en 
c: 
·C 
~ 
~ 

~ 
~ 

6 -o 
.~ 
Cl 

Reinf. Stress a t Level 1 
2 
3 
4 

19 . 772 Ksi (Pullout contro)s .. • ) 

NODE 
1. 371 

MIN IMUM 
SAFETY 
FACTOR 

90 . 0 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

16 . 224 Ksi (Pullout controls . .. ) 
6.563 Ksi (Pullout controls ... ) 

10 . 201 Ksi (Pullout controls ... ) 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(f t) 

UPPER fl.ILURE 
PLANE 

ANGLE LENGTH 
(deg ) (ft) 

22.0 19.4 42.2 97.3 

Reinf. Stress at Level 18.055 
14 . 7 63 

6.002 
9.990 

Ksi 
Ksi 
Ksi 
Ksi 

(Pullou t 
(Pullout 
(Pullout 
(Pu llout 

control s ... ) 

NODE 
1. 385 

MINIMUM 
SAFETY 
FACTOR 

95.0 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

21. 4 

LOWER FAILURE 
PLANE 

ANGLE LE NG TH 
(deg) (ft) 

20.4 41. 3 

control s ... ) 
con t rol s ... ) 
control s .•. ) 

UPPER FF ILURE 
PLM E 

ANGLE 
(deg) 

101. 2 

lENGTH 
(ft) 

Reinf. Stress at Level 1 - 16.398 Ksi (Pullout 
2 - 13 . 347 Ksi (Pullou t 
3 - 5.478 Ksi (Pullout 
4 ~ 9.794 Ksi (Pullout 

controls ... ) 
controls ... ) 
contro ls .. . ) 
control s .. . ) 

NOOE10 
1. 400 

MIN I MUM 
SAFETY 
FACTOR 

100.0 

DISTANCE 
BEHI ND 

WALL TOE 
(ft) 

20.8 

LOWER FAILU RE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

UPPER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

21. 4 40.5 105.2 

Reinf. Stress at Leve l 14.796 Ksi (Pullout cont r ols • . . ) 
Z - 11.973 Ksi (Pullout contro l s ... ) 
3 - 4 . 990 Ksi (Pullout controls ... ' 
~ - 9.611 Ksi (Pu llout controls ... ) 

For Factor of Safety = 1.0 
Max imum Average Re i nforcement Wor king Force: 

6.010 Kips/level 



Date: 04-15-2014 SnailHin 3.10 

Minimum Factor of Safety = 1.59 
81.3 ft Behind Wall Crest 

At Wall Toe 

H= 14.7 ft 

------
Scale 10 ft 

0 
~" -a 
~ 

:2 -.. 
Q (") 

~- -< 0 
G) :n 
Il> c..n '"0 
rn 0 
Qo t:5 :n 
s: l> 
5" Jj: -1 
5" m 

co 0 
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LEGEND: 
PS= 
F'i= 
Sh= 
Su= 

GAM PHI 
pef deg 

1 125.0 42 

18.0 Kips 
60.0 Ksi 
5.0 ft 
5.0 ft 

COH SIG 
psf psi 

o 16.0 
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CALIFORN I A DE PARTMENT OF TRANSPORTATION 
ENG INEERI NG SERVICE CENTER 

DIVISION OF MATERIALS AND FOUNDATIONS 
Office of Roadway Geotechnica l Engineering 

Date : 04 - 15- 2014 Time: 13:46:51 

Page -

Project Identification - Advanced/SUFCO; Sta. 11+00 14.7H Final Static 

WALL GEOMETRY 

Vertical Wall Height 14.7 ft 
0 
U1 Wall Batter 14.0 degree 

~ Angle Length 
CDeg) ( Fee t ) a::. 

First Slope from Wallc rest. Q3 . C 29 . 0 0 Second Slope from 1st slope , 31.0 19 . 3 CL Third Slope from 2nd slope. 31.3 31. 3 a::. Fourth Slope from 3rd slope 18 . 0 40 . 0 
0 Fi ft h Slope from 3rd slope. 0.0 0.0 

Sixth Slope from 3rd slop e . O.C 0 . 0 U 
Seventh Slope Angle. 0 . 0 Z -

SLOPE BELOW THE W.~LL 

There is NO SLOPE BELOW THE ~: OE of the wall 

--------- SU~CHP.RGE ---------

There is NO SURCHARGE impos ed on the s ystem. 

OPTION #1 

Factored Punching shear , Sorld & Yie l d Stress are used. 

Uni t 
So il Weight 
Layer (Pcf) 

1 25.0 

Friction 
Angle 
(Degree ) 

42.0 

SOlL PARAMETERS 

Cohesion 
Irltercept 

(Psf) 

0. 0 

Bond" 
Stress 
(Psi) 

1 6 . 0 

Coordinates of Boundary 
XS1 YSl XS2 YS2 
(ft) (ft) (ft) (ft) 

0.0 0 . 0 0.0 0.0 

* Bon d Stress also depends c,n BSF Fac tor in Option #5 when enabled. 

-s:. 
~ 
&r') -
~ 

File: 11+00 B Page - 2 
- ------ 'i!\T E~ SURFACE ------ -

NO Water Table defined for t h is problem. 

11+00 B 

0) 
c: 
-C 
~ 
oCS 

~ 
(!) 

6 -o 
.2 o 

SEARCH LIMIT 

The Search Li mit is from 50.0 to 100.0 ft 

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

--------- REIN:ORCEMENT PARAt-IETERS -------

Number o f Reinforceme nt Level s 
Horizo n tal Spacing 
Yield Stress of Re inforcement 
Diameter of Groute d Hole 
Punching Shear 

4 
5 .0 ft 

60 .0 ks i 
4 .0 in 

18 . 0 kip s 

---------- (Var ying Reinforcement Parameters) ---------

Vertical 
Level Length Incl i nation Spacing 

Bar 
Di a meter 

(in) 
30nd Stress 

Factor (ft) (degrees) (ft) 

29 .0 15 . 0 
2 24 .0 15 . 0 
3 14 .0 15. 0 

9 .0 15 .0 

File: 11+00 B 

MINIMUM DI STANC E 
SAFETY BEHIND 
FACTOR WALL TOE 

( ft) 

Toe 1. 749 55.0 

Reinf. St ress at Leve l 1 • 
2 • 
3 • 
4 • 

MI NIMUM DISTANCE 
SAFETY BEHIND 
FACTOR WALL TOE 

(ft) 

NODE 
1.714 60.0 

Reinf. St re ss at Lev el 1 -
2 -
3 • 
4 • 

MINIMUM DISTANCE 

2 . 0 
5 .0 
5 .0 
5. 0 

. 22 
_2 2 
.22 
.22 

1. 00 
1. 00 
1.00 
1. 00 

LOWER FAILURE 
PLANE 

UPPER F,\ILURE 
PLANE 

ANGLE ""ENGTH ANGLE 
(deg) 

40.4 

34.497 Ks i 
26.977 ksi 
19.458 ks i 

0.000 Ksi 

LENGTH 
(tt ) 

65. 0 

(deg) (tt) 

62.4 11. 9 

(Punching Shea r contro ls . • ) 
(Punching Shear controls . . ) 
(Pun ching Shear controls . . ) 
(Pullout contro.l s ... ) 

LOWER FA ILURE UP PER FMLURE 
PLANE PLAI1E 

JI.NGLE LENGTH ANGLE LENGTH 
(deg) (ft) (deg) (ft) 

0 . 0 6.0 45 . 9 77 . 6 

34.170 Ksi (Pullout contro~s ... ) 
29.955 Ksi (Pullout contro:s ... ' 
15.421 Ksi (Pullout contro:s . .. , 

0.000 Ks i (Pullout contro : s . . . ) 

LOWER FAILURE UPPER FilILURE 

Page -



NODE 3 
1. 675 

SAFETY 
FACTOR 

BEHIND 
WALL TOE 

(ft) 

65.0 0.0 

PLANE 
ANGLE 
(deg) 

6.5 

LENGTH 
(ft) 

45.1 

PLANE 
ANGLE 
(deg) 

82.9 

LENGTH 
(ft) 

Reinf. Stress at Level 1 - 32.903 Ksi (Pullout controls ... , 
2 - 28.878 Ksi (Pullout controls ... , 
3 - 14.533 Ksi (Pullout controls . .. ) 
4 · 0.000 Ksi (Pullout controls ... ) 

MINIMUM DISTANCE 
SAFETY BEHIND 
FACTOR WALL TOE 

(ft) 

NODE 4 

LOWER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(ft) 

1. 639 70.0 0.0 7.0 44.2 87.9 

Reinf. Stress at Level 1 
2 
3 

NODE 
1.611 

MINIMUM 
SAFETY 
FACTOR 

75.0 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

31.558 Ksi (Pullout controls .. . ) 
27 . 762 Ksi (Pullout controls ... ) 
13 . 646 Ksi (Pullout controls ... J 

0 . 000 Ksi (Pullout controls ... J 

0.0 

LOWER FAILlJRE 
PLANE 

ANGLE 
(deg) 

7.5 

LENGTH 
(ft) 

43.0 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

92.3 

LENGTH 
(ft) 

Reinf. Stress at Level 1 « 30 . 0 45 Ksi (Pullout controls .. . , 
2 26 . 5 61 Ksi (Pullout controls . .. , 
3 « 12 .7 57 Ksi (Pullout controls . .. , 
4 - 0 .0 00 Ksi (Pullout controls . .. ) 

NODE 
1. 596 

MINIMUM 
SAFETY 
FACTOR 

80.0 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

Reinf. Stress at Levell . 
2 • 
3 « 

MINIMUM DISTANCE 
SAFETY BEHIND 
FACTOR WALL TOE 

(ft) 

NODE 7 
1.591 85.0 

11+00 B 

0.0 

LOWER FA I LlJRE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

8 . 0 41. 9 

28.593 Ksi (Pullout 
25.400 Ksi (Pullout 
11.887 Ksi (Pullout 

0.000 Ksi (Pullout 

0.0 

LOWER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

8.5 40.9 

UPPER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

96.7 

controls .. . ' 
controls ... ) 
controls .. ·t 
controls ... ) 

UPPER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

101.1 

o 
~. 

a -_9 
C) 
m 
rn 
Qo 

s: s· 
s· 
ec 

~ 
-< -

U1 

'" Q 
:&: 

-Z 
() 
o 
:0 
1J 
o 
:0 

~ m o 

Reinf. Stress at Level 27.196 Ksi (Pullout controls ... l 

NODE 
1. 591 

MINIMUM 
SAFETY 
FACTOR 

90.0 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

24.275 Ksi (Pullout controls ... 1 
11.034 Ksi (Pullout controls ... 1 

0.000 Ksi (Pullout controls ... 1 

LOWER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

0.0 9 . 0 39.9 

UPPER FAILlJRE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

105.6 

Reinf. Stress at Level 1 « 

2 
25.848 Ks 
23.182 Ks 
10.196 Ks 

(Pullout 
(Pullout 
(Pullout 
(Pullout 

controls . .. ) 

NODE 
1. 595 

MINIMUM 
SAFETY 
FACTOR 

95.0 

3 -
4 « 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

0.000 Ks 

LOWER FAILlJRE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(ft) 

controls .. . ] 
controls .. . ) 
controls .. . ) 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(ft) 

0.0 9.5 39.1 110.1 

Reinf. Stress at Level 1 -
2 ~ 
3 « 

4 « 

24.545 Ksi (Pullout controls .. . ' 

NODE10 
1.602 

MINIMUM 
SAFETY 
FACTOR 

100.0 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

22.118 Ksi (Pullout controls .. . ' 
9.372 Ksi (Pullout controls ... ' 
0.000 Ksi (Pullout controls ... , 

0.0 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(ft) 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(ft) 

10.0 38.3 114.6 

Reinf. Stress at Level 1 - 23.283 Ksi (Pullout controls ... 1 
2 - 21.082 Ksi (Pullout controls . .. j 
3 ~ 8.560 Ksi (Pullout controls .. . ) 
4 ~ 0.000 Ksi (Pullout controls .. . ) 

For Factor of Safety ~ 1.0 
Maximum Average Reinforcement Working Force : 

2.758 Kips/level 



Date: 04-15-2014 SnailNin 3.10 

Minimum Factor of Safety = 1.27 
86.3 ft Behind ~Iall Crest 

At Wall Toe 

H= 14.1 ft 

-----
Scale 10 ft 

Pill : 11+88 C 

LEGEND: 
Crit.Ac= 0.21g 
Hoz. HH= 0.13g 
Urt.P](H= I!! . 

PS= 18.1!! Hips 
P'l= 60.1!! )(si 
Sh= 5.1!! ft 
Su = 

GAM PHI 
pcf deg 

1 125.0 42 

5.1!! ft 
COH SIG 
psf psi 

8 16.0 
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CALIFORNIA DEPARTMENT OF TRANSPORTATION 
ENGINEERING SERVICE CENTER 

DIVISION OF MATERIALS AND FOUNDATIONS 
Office of Roadway Geotechnical Engineering 

Date: 04-15-2014 Time: 13:47:24 

Page -

Project Identification - Advanced/SUFCO; Sta. 11+00 14.7H Final Pseudo-Static 

WALL GEOMETRY ---------

Vertical Wall Height 
Wall Batter 

14.7 ft 

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

14.0 
Angle 
(Deg ) 
43. 1) 
3L I) 
3L 3 
18. 0 

0. 0 
0. 0 
O. C 

degree 
Length 
(Feet) 

29 . 0 
19 . 3 
31. 3 
40 . 0 

0 . 0 
0 . 0 

SLOPE BELOW THE WALL 

There is NO SLOPE BELOW THE TOE of the wall 

--------- SURCHARGE 

There is NO SURCHARGE imposed on the system. 

OPTION #l 

Factored Punching shear, Bond & Yield Stress are used . 

SOIL PARAMETERS 

0 :;:. 
0 

~ -Q 
G) 
m CJ1 en 
Qo r-..,) 

C) 

~ -::;' ~ 

S· 
ro 

Coordinates of Boundary 

Z 
("') 
0 
:0 
'1J 
0 
JJ 

~ m 
0 

Soil 
Layer 

Unit 
Weight 
(Pcf) 

Friction 
Angle 
(Degree) 

Cohesion 
Intercept 

(Psf) 

Bond* 
Stress 
(Psi) 

XS1 YS1 XS2 YS2 
(ft) (ft) (ft) (ft) 

125.0 42.0 0.0 16.0 0.0 0.0 0.0 0.0 

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

File: 11+00 C 

EARTHQUAKE ACCELERATION 

Horizontal Earthquake Coefficient 
Vertical Earthquake Coefficient 

11+00 C 

0.13 (a/g) 
0.00 

Page -

WATER SURFACE 

NO Water Table defined for this problem . 

--------- SEARCH LIMIT 

The Search Limit is from 50.0 to 100.0 ft 

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

REINFORCEMENT PARAMETERS 

Number of Reinforcement Levels 
Horizontal Spacing 
Yield Stress of Reinforcement 
Diameter of Grouted Hole 
Punching Shear 

5 . 0 ft 

60 . 0 ks i 
4 . 0 i n 

Ie . O iu ps 

---------- (Varying Reinforcement Parameters) 

Level Length Inclination 
(ft) (degrees) 

29 . 0 15 . 0 
2 24 . 0 15 . 0 
3 14 . 0 15. Q 

9 . 0 15 . 0 

File: 11+00 C 

MINIMUM DISTANCE 
SAFETY BEHIND 
FACTOR WALL TOE 

(ft) 

Toe 1.351 55.0 

Vertical 
Spacing 

(ft) 

2 . 0 
S. O 
S. O 
5 . 0 

Bar 
Diameter 

(in) 

. 22 

. 22 

. 22 

. 22 

Bond Stress 
Factor 

LOO 
LOO 
LOO 
LOO 

LOWER FAILURE 
PLANE 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

40.4 

LENGTH 
(ft) 

65.0 

ANGLE 
(deg) 

62.4 

LENGTH 
(ft) 

1L9 

Reint . Stress at Level 34.497 Ksi 
26.977 ksi 
19.458 ksi 

(Punching Shear controls . . 1 
(Punching Shear controls .. ) 
(Punching Shear controls •. ) 
(Pullout controls ... ) 

MINIMUM 
SAFETY 
FACTOR 

NODE 2 
1. 321 60.0 

2 • 
3 
{ 0.000 Ksi 

DISTANCE LOWER FAILURE 
BEHIND PLANE 

WALL TOE ANGLE LENGTH 
(ft) (deg) (ft) 

39.5 70.0 61. 7 

UPPER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

12.7 

Page -



Reinf. Stress at Level 35 . 109 Ksi (Punching Shear controls . . ' 
27.349 ksi (Punching Shear controls . . , 
19 . 589 ksi (Punching Shear controls .. , 

NODE 3 
1. 307 

MINIMUM 
SAFETY 
FACTOR 

65.0 

0 . 000 Ksi (Pullout controls ... ) 

DIST.l\NCE 
BEHIND 

WALL TOE 
(ft) 

38.8 

LOWER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

75.0 61.1 

UPPER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

13 .4 

Reinf. Stress at Level 1 
2 
3 
~ 

35 . 651 Ksi (Punching Shear controls .. , 
27 . 677 ksi (Punching Shear controls .. , 
19.704 ksi (Punching Shear controls . . ' 

0.000 Ksi (Pullout controls ... ) 

NODE 4 
1. 293 

MINIMUM 
SAFETY 
FACTOR 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

70.0 37 . 9 

LOWER FAILURE 
PLANE 

ANGLE 
(degl 

79.8 

LENGTH 
(ftl 

60.3 

UPPER FAILURE 
PLANE 

ANGLE 
(degl 

14.1 

LENGTH 
(ftl 

Reinf. Stress at Level l ~ 36.307 Ksi (Punching Shear controls . . ) 
2 28.075 ksi (Punching Shear controls . . ) 
3 ~ 19.843 ksi (Punching Shear controls .. ) 

0.000 Ksi (Pullout controls ... 1 

NODE 5 
1. 28 9 

MINIMUM 
SAFETY 

DISTANCE 
BEHIND 

fACTOR WA LL TC,E 
(f~) 

75.0 40.0 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

97.9 

LENGTH 
(ft) 

89.9 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

0.0 

LENGTH 
(ft) 

Reinf. Stress at Level 1 - 34.792 Ksi (Punching Shear controls .. , 
2· 27.157 ks i (Punching Shear controls .. ' 
3· 19.521 ksi (Punching Shear controls .. ) 
4 ~ 0.000 Ksi (Pullout controls ... ) 

NODE 6 
1. 280 

MINIMUM 
SAFETY 
FACTOR 

DISTANCE 
BEHINe 

LOWER FAILURE 
PLANE 

WALL TeE ANGLE 
(ft) (degl 

80.0 38.9 102.8 

LENGTH 
(ft) 

89.9 

UPPER FAILURE 
PLANE 

ANGLE 
(deg) 

0.0 

LENGTH 
(ft) 

Reinf. Stress at Level l· 35.574 Ksi (Punching Shear controls .. ) 
2 27.631 ksi (Punching Shear controls . . , 
3· 19.687 ksi (Punching Shear controls . . ) 

0.000 Ksi (Pullout controls ... ) 

MI NIMUM DISTANCE LOWER FAILURE UPPER FAILU RE 

11+00 C 

o 
LU 

~ 
0: o 
0-
0: o 
() 
z 

~ 
~ 
Ln -s ...... 

0) 
c: 
"2 
~ NODE 

olS 
1. 274 

SAFETY 
FACTOR 

BEHIND PLANE 
WALL TOE ANGLE 

(ft) (degl 

85.0 21.3 18.2 

LENGTH 
(ft) 

41. 2 

PLANE 
ANGLE :,ENGTH 
(deg) (ft) 

90.4 

gg Reinf. Stress at Level 1. 25.852 Ksi (Pu l lout 
2· 26 .92 4 Ksi (Pullout 
3· 20 .9 67 Ksi (Pul lou t 

contro.ls . .. ) 
control s .. . , (!) 
control s . .. ' 

6 0 .00 0 Ksi (Pullout contro l s .. . ) 

-o 
;; 
is 

MINIMUM 
SAFETY 
FACTOR 

DISTANCE 
BEHIND 

WALL TOE 
(ft) 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

LENGTH 
(ft) 

UPPER FAILURE 
PLANE 

ANGLE 
(degl 

j,ENGTH 
(ft) 

NODE 8 
1. 270 90.0 20.6 19.2 40.3 94.4 

Reinf. Stress at Leve l 24 . 427 Ksi 
26.402 Ksi 
20.784 Ksi 

(Pullout 
(Pullout 
(Pullout 
(Pullout 

contro .. s ... ) 

NODE 9 
1. 270 

MINIMUM 
SAFETY 
FACTOR 

95.0 

2 
3 
4 0.000 Ksi 

DISTANCE 
BEHI ND 

WALL TOE 
(ftl 

20.1 

LOWER FAILURE 
PLANE 

ANGLE 
(deg) 

20.2 

LENGTH 
(ft) 

39.4 

contro:.s ... ) 
contro .. s ... ) 
contro:.s ... l 

UPPER f AILURE 
PLAlIE 

ANGLE 
(deg) 

98. 4 

LENGTH 
(ftl 

Re i nf. Stress at Level 1 • 
2 

23.047 Ksi (Pullout contro~s • .. ) 

NODEI0 
1. 273 

MINIMUM 
SAFETY 
FACTOR 

100.0 

3 • 
4 • 

DISTANCE 
BEHI ND 

WALL TOE 
(ft ) 

25.918 Ksi (Pullout contro~s ... , 
20.614 Ksi (Pullout contro~s ... ) 

0.000 Ksi (Pullout contro ~s •. . ) 

LOWER FAILURE 
PLANE 

ANGLE LENGTH 
(deg) (ft) 

UPPER FI\ILURE 
PLAtJE 

ANGLE j,ENGTH 
(deg) (ft) 

19.6 21. 2 38.6 102.4 

Reinf. Stress at Level 1 21 .708 Ksi (Pullout contro:,s ... j 

2 -3 • 
4 • 

25 .467 Ksi (Pullout contro:.s ... j 
2Q . 4 56 Ksi (Pullout contro:.s .. . , 

0 .000 Ksi (Pullout contro:.s ... ) 

For Factor of Safety = 1.0 
Maximum Average Reinforcement Working Forc:e: 

14 .08 1 Kips/level 



Soil Nail Wall Facing Design: FHWA AO-IF-03-017 GEe7 

Project: SUFCO M ne Sod Nail Wall 
Location: Emery County. Utah 
Client: Adanced 
Section: Sla 11+00 
Soil Nail Wall Type: ("Permanent" or ''Temporary"): Permanent 
Sheet modified by DAG 9J30J09 

1. Global Stability Results: (from SNAIL) 

Inputs: Hole Diameter, DOH = 40 
Cross-seclional Area of soil nails used in SNAIL. Ar. = 

Equivalent Diameter of IBO Bar used in SNAIL = 
Facing Punching Shear Capacity used in SNAIL = 

Horizontal Nail Spacing (Sh) = 
Vertical Nail Spacing (Sv) = 

PGA= 

Am= 

kh = 

116 In' R32N 

Calculated Min FS = 
Calculated Min. FS = 

RClnf0rc.6m.lll\t Slf f!l !1$ a~ LevI!:! 

SlAti CC P~Stnl ije 

122 In 
1800 kips 

500 ft 

500 ft 

025 
030 

015 

159 Stabc 
t V p.;sln,," 
S~e p .. s' · c 

25848 23047 
231B2 25918 
10196 I 20614 

(normalized peak ground accelerations) 

(normalized horizontal acceleration) 

(horizonlDl seismic coefficient) 

~i~7 1 
OK -

T""IHI = US! ' . AS, ]l<!P' (Maximum average reinforcement working force calculated for a FSG = 1 0) 

T m~x !; 29984 30065 kips 

Ta• Q • 22901 26,904 kips 

2. Sliding Stability Analysis 

FSsL = rRli:D 

rR = cbBL + (W+aD+PAsin~)tan~b 

rD = PACOS~ 

H = 147 fl 
.'H = 0 ft 
~ = 40 degrees 

ii"q = 0 0 degrees 

1400 degrees 
theta = 10400 degrees 

cb = 0 psf 

BL = 9 ft 

W = 643125 kipsJft 

aD = 25 kipsJft 

Ijl'b = 42 degrees 
1\1' = 42 degrees 
6 = 21 degrees 
y = 125 pel 

H, = 147 fl 

KA = 041 

PA - 547 kips 

(eq 57) 

(eq 58) 

(eq 59) 

(wall height) 
(slope rise up to bench If present) 
(backslope angle) 

(equiyalent backslope angle) 

(face batter angle, from vertical) 
(inclination of wall face from horiZontal = u + 90) 

(soil cohesion strength along the base) 

(length of the horizontal failure surface where cb is effectively acting) 

(weight of soil nail block) 

(permanent portion of total surcharge load QT) 

(effective angle of internal friction of the base) 
(effective friction angle of soil behind soil nail block) 
(wall-soil interface friction angle) 
(tolal unit weight of soil mass) 
(effective height oyer which the earth pressure acts H 1 = H+(B+tan~:t)tanBaq) 

(active earth pressure coefficient) 

rR = 
W= 

FS SL = 

~U21 .- I T I 41 9 ... ", .... _ .,.,.."'Y 
151 OK OK OK 

Page 1 of 3 

0 
~. 

0 

S 2 -.. 
0 (") 

... ::::.:. -< 0 
G> :n 
Sl) 

U1 
"t1 

rn 0 
Qo '" :n 
:s: c:::» l> 
s· ~ -I 
s· m 

CO 0 



3. Nail Tensi le Resistance 

T_.-I 361 1574 llop. 

F- ~,~ Tempol'8l)' 1 
~I.IIK P'.st.'lK 

FST - 1.80 135 1.80 

Fy" 75 ksi (yield strength of nail tendon) 

N. = (Tm ... ·F~)Ify (required cross·sectional area of steel soil nail bar) 

PtIII'NIIf!t!IiI I Temporary 1 
$t* ~.st.ItIC. 

At - 0.09 0.28 009 in2 

OK OK OK 

4. Nail Pullout Capacity 

DOH = 4.0 in (Drill Hole Diameter) 

qll = 32 pSI (ultimate soil·grout bond strength) 

au = 483 kipslft (Ultimate pulloul capacity per foot 01 bonded length) 
Global stabililty analyses in SNAIL satisfies conditions for pullout resistance. 

5. Facing Flexural Capacity 
Input parameters: 

500ft 

5.00 ft 

See Appendix A. Table A 2 

Horizontal nail spacing. SH = 
Vertical nail spacing , Sv = 

welded wire mesh area :: 

horizontal ~waler- bar area, At.w:: 
vertical "bearing" bar area. Avw :: 

yield strength of reinforcement. fy:: 

o in2 s...App.mdilt A. TableA.3 
o in2 

65 ksi 

concrete compressive strength. fc :: 

nominal trial facing thickness. h :: 

bearing plate thickness, ~ :: 

4000 psi PT[T7"'],n ·Flexure Pressure Fador. CF :: 

··Flexure Pressure Factor. CF = 

(Table 5.1, P 98) 05 

bearing plate length. Lt>p :: In 

For Permanent Facing with Studded Plates: Yes (Using Studded Plates: Yes or No?) 
HUded--SIud' $elecuon ' 

Headed·stud shah diameter. Ds :: a 5 
Head diameter, D", = 

Headed·stud thickness, t", = 0 31 in 

Length of headed·stud, L, = 35 In 

Headed·stud spacing S",s ;::. In 

Number of Studs. NI1 ;: 

yield strength of studs. fv;: 60 kSI 

Grade of Steel = A3Q7 (W A325'? 

Area of steel at nail head (vertical), .... . In2lft 

Area of slee l at midspan (vertical). a-& 1n
2
tft 

Area of sleel at nail head (horizontal). ~ . ,n2
1ft 

Area of steel at midspan (horizontal). an"" s l 0 12 0.087 hnz/ft 

To = T.".,"(O 6+0 057·(Sm.Jft)-3)) 

See Appendix A, Table A.6 

Note: for vertical and horizontal waler. 

a~n = avrn + (Ay.JS",) 

aM .. allfq + (A:wJSv) 

(eq 541, design nail head tensile force at the face) 

Smax; S 00 1\ (Maximum soil nail spacing, Sv or Sh) I Salo!: P-Slatlc I 
To . 2.}J8 l ' ::. lc!:u. 

""""""'"' Temporary 
"'- .""-Facing Flexural Capacity, RFF ;: 34.58 34 58 28.6520 k ps 

Facing Flexural Capacity, ~F :;:: 3458 3458 28.6520 kips 
Minimum ~lSurai Capacity, Rt:F :;:: 34.58 34.58 286520 kips 

FS" . r- 1~«l fl O. , '" 
OK OK 01( 

R,,[kips-ftlft)=3 8xC,x(a,,+a,.)Qn2lft)x(s,.·h(ft)/S,)xfJksi) 

R"[kips.ftlft)=38xC,x(a,,,+a,mWn2lft)x(S,'h(ft)/SH)xf,(ksij 

(Eq 5 43a. p 96) 
(Eq. 5 43b, P 96) 

Page 2 of 3 
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"'~u'rnanflnl TtunDOl"tuy 
Reinforcement Ratio, ~ .... -= 
Reinforcement Ratio, .:t_II; 

Reinforcement Ratio, P ..... 

Reinforcement Ra~o, P hm= 

029 

029 

029 

029 

Pmln= 023 

Pmlx= 179 

6. Punching Shear Capacity 

OK 
OK 
OK 
OK 

Facing Punching Shear Capacity, RFP = Cp·VF 

036 OK 
036 OK 
036 OK 
036 OK 

Punching Shear Force, VF ~ l :?:1 SiS 35 .4 1 Iklo. 

D't ~ 

hiI', 

1-- '-1 RFP = 21 sa I 38-"1 kips 

{Also Check that RFp>Punching S~ OK OK 

S~~WSlII'i:. T~ 
FSFP ,. 131 •• , 1"_ .~ , 

OK OK OK 

7. Facing Headed..stud Resitance - Permanent Facing 

Headed·Stud Resistance, RFH = 4712 kips 

1.-{sljlO,Sh)' 1DO (eq 549, P 99) i= direction (horizontal or vertical) 

j = location (nail head or midspan) 

pmin=O.24·(fc[psi])"O.S/fy[Ksi] (eq.S.S1, p.100) 

pmax=0.05'(fc[psi]/fy[ksiJ)'(90/(90+fy[ksi])) (eq.5.53. p 100) 

(eq 554. P 101) 

Punching Pressure Factor, Cp = 

V, = 0.58(fc[psiJ)'O 5ITO',[ft]h,[ft] 

(Typically 1.0, p.102) 

(eq 556. P 102) 

For temporary or permanent facing without headed·studs: 

D'c = LBp +h = effective diameter of conical failure surface 

h'c = h = effective depth of conical surface 

For permanent facing with headed·studs: 
D'c = min of (SHS +h'c and 2h'c) 

h'e= Ls·ts+tp 

FSFP = RFprTo (eq 5.59. p 103) 

RFH = NHAsHfy (eq. 5.60, p. 103) 

~N I Temporary 1 
1J;Ll!iC .P~ 

FSHT = 18.28 419 1828 FSHT = ~HrTo (eq 561. P 103) 
OK OK OK 

Check: AH >= 2 SAsH OK 
AH= 079 10' Cross·sectional area of the stud head 

ASH = 020 10' Cross·sectional area of headed-stud shaft 

Check: t., >= 0 5(OH-O,) OK 
t.,= 031 In 

o 5(OH-Os) = 025 In 

0 
~" 

0 

$ 
Z -0 
('") 

.. -=:. -< 0 
C) :IJ 

m c..n "'0 
0 

Qo ~ :IJ 
3: ~ 

.l> 
S" -; 
S" m 

CO 0 
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Advanced/SUFCO; 01108-010; Sta. 11+00 ; 20H Temp; Static 
X:\GSTABLE\01108010\A1.PL2 Run By: DAG 4/15/2014 1 :49PM 

150 I. .. 
# FS Soil Soil Total Saturated Friction Piez. 
a 1.49 Desc. Type Unit Wt. Unit Wt. Angle Surface 
b 1.49 No. (pcf) (pct) (deg) No. 
c 1.49 Qc 1 125.0 130.0 42.0 0 
d 1.50 
e 1.50 

.50 
9 1.50 
h - 50 

1.50 

125 rL---.....J 

100 

• 
• 

75 . --

.. 
------

a h 
gc e 

""'-1 

'\ 1 1I:i n 

01 

0 .~ 
:§ uJ E ~ ~ 4:"1 
~ tt. 

~ (!) 0 
0- - a tt. >'! 
0 ~ '0 0 ;;; Z is -

50 L' _____________ ~ ______________ ~ ______________ ~ ______________ L_ ____________ ~ ______________ ~ 

o 25 50 75 100 125 150 

GSTABL7 v.2 FSmin=1.49 
Safety Factors Are Calculated By The Modified Bishop Method 
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GSTABL7 

** GSTABL7 by Garry H. Gregory, P.E . • • 

** Original Version 1.0, January 1996; Current Version 2.002, 
December 2001 •• 

Ai 

(All Rights Reserved-Unauthorized Use Prohibited) 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static Earthquake, and Applied Force Options. 

Analysis Run Date: 
Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 

4/15/2014 
1:49PM 
DAG 
X:a1. 
X:a1.0UT 

Unit System: English 

Plotted Output Filename: X:a1.PLT 

PROBLEM DESCRIPTION : Advanced/SUFCO; 01108-010; Sta. 11+00 
; 20H Temp; Static 

BOUNDARY COORDINATES 

Top Boundaries 
Total Boundaries 

Boundary X-Left 
No . (ft) 

1 0.00 
2 40.00 
3 45.00 
4 65.80 
5 82.30 
6 86.30 

User Specified Y-Origin 

ISOTROPIC SOIL PARAMETERS 

1 Type(s) of Soil 

Y-Left X-Right 
(ft) (ft) 

70.30 40.00 
70.30 45.00 
90.30 65.80 

110.30 82.30 
120.00 86.30 
122.00 116.30 

50.00(ft) 

Y-Right 
(ft) 

70.30 
90.30 

110.30 
120.00 
122.00 
132.00 

Soil Type 
Below Bnd 

D ;::. 
0 -.. 

_Q 
G) 
ll> en 
~ 

:s: 
S· 
S· 

CO 

1 

:2 
~ () 

0 -< 
:0 
1) 

U1 0 

'" :0 
C) 

~ ~ 
m 
0 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Paramo (psf) 
1 125.0 130.0 0.0 42.0 0.00 0.0 

SOIL NAIL LOAD(S) 

Nail 
No . 
1 
2 

4 SOIL NAIL LOAD(S) SPECIFIED 

X-Pos Y-Pos Nail Dia Tendon Dia Spacing Inclin. 
(ft) (ft) (in) (in) (ft) (deg) 
44.50 88.30 4.0 1.2 5.00 15.00 
43.25 83.30 4.0 1.2 5.00 15.00 
42.00 78.30 4.0 1.2 5.00 15.00 
40.75 73.30 4.0 1.2 5.00 15.00 

SOIL NAIL LOAD DATA 

Soil Nail No. 
Load Diagram Type 

3 Load Points Apply to This Nail 
3 

POINT NO . X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 
44.50 88.30 3600.00 

2 53.53 85.47 9088.50 
72 .51 80.79 0.00 

Allowable Pullout Stress 2400 . 0 (psf) 
Allowable Tendon Stress 60000 . 0(psi) 
Allowable Nail Head Load 18000 . 0(lbs) 

Soil Nail No. 
Load Diagram Type 

3 Load Points Apply to This Nail 
3 

POINT NO . X-COORD. (ft) Y-COORD. (f t) FORCE (lbs) 
1 43.25 83.30 3600.00 
2 49.91 81.12 7831.86 
3 66.43 77.09 0.00 

Allowable Pullout Stress 2400.0(psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Soil Nail No. 3 3 Load Points Apply to This Nail 
Load Diagram Type 3 

POINT NO . X-COORD. (ft ) Y-COORD. (ft) FORCE (lbs) 
1 42.00 78.30 3600.00 
2 B.87 77.42 5318.58 
3 55.52 74.68 0.00 

Allowable Pullout Stress 2400.0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Soil Nail No. Load Points Apply to This Nail 

No. 
0 

Length 
(ft) 
29.00 
24.00 
14.00 

9.00 



Al 

Lo a d Di agram Type 

POINT NO . 
1 
2 
3 

X- COCRD . (ft) 
40 . 75 
40. 2 5 
4 9. 44 

Al l owable Pu llout Seress 
Allowable Tendon Stress 
Al lowable Nail Head Lo a d 

Y-COORD . (ft) 
73 . 3 0 
73 .06 
70 . 97 

2400.0(psf) 
60000.0(psi) 
1 8000. 0 (lbs ) 

FORCE (lbs) 
36 00. 00 
4061.9 5 

0. 00 

NOTE - An Equiva l ent Line Load Is Calculated For Each Row Of Soil Na i ls 
Assuming A Uniform Di stribution Of Load Horizontally Between 
Indi v i dua l Nai ls . 

A Cri ti cal Failure Surface Search ing Method, Using A Random 
Technique For Gen e r aLing Circu l ar Surfaces, Has Been Spec if ied. 

1 600 Trial Surfaces Have Been Gen e ra ted . 

40 Surface Is) I nitiat e ls) From Each Of 40 Points Equ a lly Spaced 
Al ong The Gr ound Surface Betwe en X 10 . 00 (ft ) 

an d X ~ 40. 00( ft) 

Each Surface Terminates Between X 50.00(ft) 
a nd X 1 00 . 00I f t ) 

Unl e ss Further Limitations Were Imposed , The Minimum Elevati on 
At Which A Surface Extends Is Y ~ O.OO(ft) 

8.00 Ift) Line Segment s De fine Each Trial Fa ilure Surfac e . 

ERROR - RC ll 

Followi n g I s Displ ayed The Mos t Critical Of The Trial 
Failure Surfaces Evaluated. 

* * Safety Fa c tors Are Calculated By The Mod ified Bi shop Method * " 

Total Number o f Tr i . l Su rfaces Evaluated 1600 

Stat is tical Da t a On All Valid FS Va lues: 
FS Max ~ 3 .840 FS Min ~ 1 .4 91 FS Av e ~ 0.1 67 
Standard Deviat i ~n ~ 0 .4 66 Coe ffici e nt of Var i ation 278 . 70 

Failure Surfa ce Spe :ified By 1 5 Coordinate Points 

Slice 
No. 

4 
5 
6 

10 
11 
12 
13 
14 
15 
16 
17 
18 
1 9 

Point X- Surf Y-Surf 
No. 1ft) (ft) 

1 11. 54 70.30 
2 19.40 68 .80 
3 27 . 38 68.28 
4 35.37 68.75 
5 43 . 24 70.19 
6 5 0 . 87 72 .58 
7 5 8.15 75.90 
8 64 . 97 80 . 09 
9 71. 22 85 . 08 

10 76.81 90.80 
11 81.66 97. 1 6 
1 2 85 .68 104.08 
13 88.8 3 111. 43 
14 91. as 119 . 12 
15 91. 81 123 . 84 

Ci rc l e Cent e r At X = 2 7 . 61 ; Y 133. 28 

Factor of Safety 
1. 491 

I n d ividu a l da ta on the 19 slices 

Water Water Tie Tie 
Fo rce Force Force Force 

Width We ight Top Bo t Norm Ta n 
(ft) (lbs) (lbs) (lbs) ( l bs ) (lbs) 

7.9 73 5. 5 0 . 0 0 . 0 o. 
8. 0 1754.1 0.0 0 .0 0" 
8. a 1783. 3 0.0 0 .0 0 " 
4.6 654 . 5 0 . 0 0.0 O. 
3.2 2784 . 0 0.0 0.0 o. 
1. 8 3595.6 0 . 0 0.0 o. 
5. 9 1 5742. 1 0.0 0. 0 o. 
7. 3 2 2933. 5 0.0 0 .0 o. 
6 .8 240 56 .0 0. 0 0 . 0 O. 
0.8 3071.3 0 . 0 0 . 0 O. 
5 . 4 19627.2 0.0 0.0 O. 
5. 6 19004 . 4 0 . 0 0 . 0 o. 
4. 8 14669. 3 0.0 0 .0 o. 
0. 6 1778. 3 0.0 0 .0 O. 
3.4 8321. 3 0 . 0 0.0 O. 
0.6 1313.3 0 . 0 0 . 0 O. 
2.5 4414 . 6 0 . 0 0 . 0 O. 
2. 2 2204. 4 a . a 0 .0 O. 
0. 8 210. 2 0.0 0 .0 O. 

**** END OF GSTABL7 OUTPUT **** 

0) 
c 

CI "2 
U.I 
1-- 4* ~ 
c:( ~ 06 
c:c:. 
0 &on ~ 

(!) 
(1.. -II: "6 
0 ~ 
l) :;: -0 

Z .~ 
0 

cLnd Ra diu s 65 .0 0 

Ear thqu a ke 
Force Surc harge 

Hor Ver Load 
(lbs) (lbs) (lbs) 

O. 0 . 0 0 . 0 0 . 0 
O. O. a a . a 0.0 
c. O. a 0.0 0.0 
O. 0.0 0 . 0 0 . 0 
o. 0.0 0.0 0 . 0 
c. 0 . 0 0.0 0 . 0 
c. 0 . 0 0.0 0 .0 
O. 0. 0 0.0 0.0 
o. 0.0 0. 0 0 .0 
C. 0.0 0 . 0 0 .0 
o. 0.0 0 . 0 0.0 
O. 0.0 0 . 0 0 . 0 
o. O. a 0.0 0.0 
O. 0. 0 0.0 O. a 
O. 0.0 0.0 0 . 0 
0 , 0.0 0 . 0 0. 0 
O. 0 . 0 0 . 0 0.0 
O. 0. 0 0.0 0.0 
o. 0. 0 0.0 0.0 



Advanced/SUFCO; 01108-010; Sta. 11+00 ; 20H Temp; Static (Spencer's) 
X:IGSTABLEI011080101A1S.PLT Run By: DAG 4/15/2014 1:51PM 

150 irri=============F=========='-~------------~------------~------------~------------~ 
Soil Soil Total Saturated Friction Piez. 

Desc. Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 

Qc 1 125.0 130.0 42.0 0 

125 1 

~ 

/ 1 

• .I 

100 

I 
/ 

// / 
0 
~. -a 

~ 
2' - () 

?\ I II 5 1'1 
~Q -< 0 

:0 
'1 / Ci) -0 'J2111 :i 1\ m U1 0 

75 ~ j / 'JY115n Qo N :0 -1 s: c;::, l> 
'J"II " 1\ S' ~ -f 

1 m S' 0 co 

50 ~I ------------------------------~------------------------------~------------~~------------~ 
o 25 50 75 100 125 150 

GSTABL7 v.2 FSmin=1,36 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-1) 
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GSTABL7 

** GSTABL7 by Garry H. Gregory, P. E . •• 

** Original Version 1.0, January 1996; Current Version 2.002, 
December 2001 ** 

(All Rights Reserved-Unauthorized Use Prohibi ted) c 
UJ 
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! 

A15 

SLOPE STABILITY ANALYSIS SYSTEM 
Modif ied Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes SFencer & Morgenstern -Price Type Analysis) 
Including Pier /P i le , Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static Earthquake, and Applied Force Options . 

Analysis Run Date: 
Time of Run: 
Run By: 
Input Data Filename : 
Output E'ilename: 
Un it System: 

4/15/2014 
1 :51PM 
DAG 
X:als. 
X:als.OUT 
English 

Plotted Output Fi lename: X:als.PLT 

PROBLEM DESCRIPT I ON : Advanced/SUFCO; 01108-010; Sta. 11+00 
; 20H Temp; Stat ic (Spencer's ) 

BOUNDARY COORDINATES 

6 Top Boundaries 
6 Total Boundaries 

Boundary X-Left 
No. (ft) 

O.O C 
40 .0 C 

3 45.0 0 
4 65.8 0 
5 82 .3 0 
6 86 .30 

User Specified Y-Origin 

ISOTROPIC SOIL PARAMETERS 

Y-Left 
(ft) 

70. 30 
70 .30 
90 .30 

110 . 3C 
120. 0C 
122. 00 

X-Right 
(ft) 

40 .00 
45 .00 
65 . 80 
82. 30 
86. 30 

116. 30 

50.00 (ft) 

Y-Right 
(ft) 

70. 30 
90. 30 

110 . 30 
120 .00 
122. 00 
132. 0C 

Soil Type 
Below Bnd 

! 

o 
a.. 
ex: 
o 
u z 

:;!: l 
c::::I 
C"ooI 

Lt") -
~ 
~ 

1 Type (s) of Soil 

Soil Tot al Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressllre Constant Surface 

en No . (pcf) (pcf) (psf) (deg) Pa ram o (psf) e 
'2 

125 . 0 130 . 0 0 . 0 42.0 0 . 00 0.0 :E 
~ 
en SOIL NA IL LOAD(S) 
«S 
~ 4 SOIL NAIL LOAD(S) SPECIFIED 

6 
_ il X-Pas Y-Pos Nail Dia Tendon Dia Spacing Inclin. 
° No. (ft) (ft) (in) (in) (ft) (deg) 
> 1 

5 2 
44.50 88.30 4.0 1.2 5. 00 15 .00 
4 3.25 83.30 4.0 1.2 5.00 15.00 
42.00 78.30 4.0 1.2 5.ClO IS.00 
40.75 73.30 4.0 1.2 5.ClO lS.OO 

SOIL NAIL LOAD DATA 

Soil Nail No . 
Loa d Diagram Type 

Load Points Apply to This Nail 

POINT NO . X-COORD. (ft) 

44 .50 

51.12 

3 67.68 

Allowable Pullout Stress 
Allowable Tendon Stress 
Allowable Nail Head Load 

Y-COORD. (ft) 

88.30 

86.12 

82.09 

2400.0(psf) 
60000 . 0(psi) 
l8000 .0 (lbs) 

FORCE (lbs) 

36(10.00 

78::1.86 

0 .00 

Soil Nail No. 2 3 Load Points Apply to This Nail 
Load Diagram Type 

POINT NO. X-COORD. (ft) 

43 . 25 

2 47. 49 

3 61. 60 

Al lowable Pul lout Stress 
Allowable Tendon Stress 
Allowable Nail Head Load 

Y-COORD. (ft) 

83.30 

81.77 

78.38 

2400.0(psf) 
60000.0(psi) 
18000.0(lbs) 

FORCE (lbs) 

36(0.00 

65,5.22 

0.00 

Soil Nail No. 
Load Diagram Type 

Load Points Apply to Ttis Nail 
3 

POI NT NO . X-COORD . (ft) Y-COORD . (ft) FORCE (lbs) 

No. 

0 

Length 
(ft) 
24.00 
19.00 
14.00 

9.00 



A1S 

42.00 

43.87 

55.52 

Allowable Pullout Stress 
Allowable Tendon Stress 
Allowable Nail Head Load 

78.30 3600.00 

77.42 5318.58 

74.68 0.00 

2400 . 0 (psf) 
60000.0(psi) 
l8000 . 0(lbs) 

Soil Nail No. 
Load Diagram Type 

Load Points Apply to This Nail 

POINT NO . X-COORD. (tt) Y-COORD. (ft) FORCE (lbs) 

1 40.7 5 73 .30 3600.00 

40.25 73.06 4061.95 

49.44 70.97 0.00 

Allowable Pullout Stress 2400.0(psf) 
Allowable Tendon Stress 60000 . 0 (psi) 
Allowable Nail Head Lo ad 18000.0 (lbs) 

NOTE - An Equivalent Line Load Is Calculated For Each Row Of Soil Nails 
Assuming A Uniform Distribution Of Load Horizontally Between 
Individual Nails. 

Trial Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 40 . 00 70.30 
2 44.80 70.30 
3 55.01 81. 29 

65.30 92.20 
5 73.57 104.71 
6 80.25 118.15 

80.82 119.13 

Sum of the Soil Nail Forces 

Theta 
(deg) 

(ki~1.0) 

37.50 

FOS 
(Moment) 
(Equil. ) 

1 .362 

FOS 
(Force) 
(Equil.) 

1. 259 

9029.66(lbs) 

Lambda 

0.767 

0 :c:. -a 
~ 

Z --_9 
('") 

-< 0 
G) :0 
m U1 

1J 
en 0 
Qo ~ :0 
:s: C) .l> 
5' :e: -j 

5' m 
co 0 

Slice 
No . 

2 
3 
4 
5 
6 

56.25 
37.51 
37.52 

-1. 508 
1. 362 
1. 361 

256.488 
1. 259 
1. 361 

1. 497 
0 .768 
0 .768 

Factor Of Safety For The Preceding Specified Surface 
Theta (ki ~ 1.0) 37.52 Deg Lambda = 0.768 

1.3 61 

Factor Of Safety Is Calculated By GLE (Spencer 's) Method (0-1) 

Forces from Reinforcement, Piers/Piles, Applied Forces, and Soil Nails 
(if applicable) have been applied to the slice base(s) 
on which they intersect. 

Selected ki function Constant (1.0) 

Selected Lambda Coefficient 1.00 

The option of water in tDe tension crack o n 
the last slice has been selected. 

Line of Thrust and Side Force Data 

Slice X Y Side Force ki Force P,ngle 
No. Coord . Coo rd . LiH (lbs) (Deg) 

1 H. 80 72.14 0.096 9769 . 1. 000 37.52 
2 1s5 .00 72.32 0.091 9643 . 1 .000 37.52 
3 55 .0 1 80.09 -0.064 7212 . 1 . 000 37.52 
4 65 .30 85.40 -0.386 3681 . 1 . 000 37.52 
5 65 .80 84.83 -0.468 3239 . 1 .0 00 37.52 
6 73 .57 118.34 1. 342 -2 159. 1. 000 37.52 
7 80 .25 118.60 0.704 - 4439 . ; .000 37.52 
8 80 .82 119.04 0.000 - 4449. : .000 37.52 

***Table 1 - Individual data on the slices"'** 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Width We igh t Top Bot No~m Tan Hor Ver Load 
(ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

4.8 576 0 . 0 0 .0 0.0 0.0 0 .0 C.O 0.0 0.0 
0.2 487.3 0. 0 0.0 0.0 0.0 0 . 0 0.0 0.0 

10.0 24036.3 0 .0 0.0 0.0 0.0 0. 0 0.0 0.0 
10.3 23316.0 0 .0 0.0 0.0 0.0 0. 0 0.0 0.0 

0. 5 1092.6 0. 0 0.0 0.0 0 .0 C. O 0.0 0.0 
7.8 13355.4 0. 0 0.0 0.0 0 .0 0 .0 0.0 0.0 
6.7 4510.1 0 .0 0.0 0.0 0.0 0. 0 0.0 0 .0 
0.6 23.0 0. 0 0.0 0.0 0.0 0. 0 0.0 0 . 0 



- TABLE 2 - Bdse Stress Data on the S Sli ces -

0 :0 

0 c: 
Slic e Alpha X- Coord . Base To~al Total Mobilized -2 
No . (deg) Sl ice Cn~ r Leng . Normal S'L.:!:" ess Vert . Stress Shear Stres s W -#" ~ (ft) ( fe ) (psf) (psf) (psf) t2 -c::I 00 c:: C'oI 

(:) 

o . CO ~ 2.40 LSD 20 9.4 1 1200.0 C 16:'4 . 21 r ' Lt"') ro '-.; es " -1-':... 

!X 
~ 6 2 47.11 4 4 . 90 0 .29 1199 . 88 1 6 58 . 39 7 93 . 98 C) -1... ..... ; ::.;: C 

3 47.11 5 0 . 0 0 14 . 71 11 39.92 1634.3 5 7 5 ~ . 3 1 Z . -;; 
0 

~ 46 .68 60. 15 15.00 11 04 .2 2 1 55~ .7 0 730 .68 

56 .53 65. 5 5 0 .91 S23 . 2~ 120 5.0 5 54 ~ . 75 

6 56 . 53 69.68 1 4 .09 647 .55 94 7 . 88 42 8 . 50 

7 63 .5 7 76 . 91 1 5 . 01 200 . 46 300 . 50 132 . 65 

8 59 .81 SO. 54 1. 13 13.66 20 .2 6 9.04 

* ~*~ END OF GSTABL 7 OUTPU T * *** 

A1S 



Advanced/SUFCO; 01108-010; Sta. 11+00 ; 14.7H Final; Bishop; Static 
X:\GSTABLE\01108010\B1.PL2 Run By: DAG 4/15/2014 1 :52PM 

150 rl ~, ====~========~=================='------------r---------------'----------------~--------------, 

125 

100 l-

75 I-

# FS 
a 1.53 
b 1.53 
c 1.54 
d 1.54 

Soil Soil Total Saturated Friction Piez. 
Desc. Type Unit wt. Unit Wt. Angle Surface 

No. (pcf) (pcf) (deg) No. 
Qc 1 125.0 130.0 42.0 0 
Afc 2 125.0 130.0 36.0 0 

e 1.54 11-' ----------------

f 1.54 
g 1.54 
h 1 54 

1.54 

/, 
e ' 

·~~~ "I ~ l l 
\I?- 2 ; ' ~,,., . 

a 

h 

1 

//# 

/ / / 9 

N I(u 5 rt 

:\21/ :' Ii 

l 
l 

0 
~. 

0 

:£ 
:2 -.. (") 

~Q -<" 0 
G) - :n 

~ 
m 1) 
en VI 0 
Qo ~ :0 
~ 

Q ;::. 
5' ~ -j 

s· m 
CO 0 

50 ------------------------------~--------------~------------------------------~--------------~ 

o 25 50 75 100 125 150 

GSTABL7 v.2 FSmin=1.53 
Safety Factors Are Calculated By The Modified Bishop Method 
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GSTABL7 

* * GSTABL 7 by Garry H. Gregory , P .E. * 1r 

** Original Ve rs ion 1.0, January 1996; Cu r r e nt Version 2. 00 2 , 
December 200 1 ** 

B1 

(All Ri ghts Reserved-Un a utho r ized Us e Prohib i ted) 

SLOPE STABILI TY ANALYSI S SYS TEM 
Modifi e d Bi s hop, Simplifi e d Janbu, or GLE Method of Sli ces . 
(Includes Spencer & Morg e ns tern-Pri ce Type Analysi s) 
I ncl udi ng Pier/ Pi le , Reinforceme nt, So i l Nail , Ti ebac k, 
Nonlinear Undra ined Shea r Stre ngth , Curved Ph i Envelope, 
Anisotrop~c Soil , Fiber - Reinforced So i l, Boundary Loads , Water 
Sur f aces , Pseudo- St atic Earthquake, and Applied Force Options. 

Analys i s Run Date : 
Time o f Run: 
Run By: 
Input Da ta Fi lename: 
Output File name: 
Un it System: 

4/1 5 /2014 
1:52PM 
DAG 
X:b1. 
X: b1.0UT 
English 

Pl o tted Output Fi l e name: X: b l.PLT 

PROBLEM DESCR I PTION: Advanced/SUFCO; 01 108-010; Sta. 1 1 +00 
; 14.7H Final; Bishop; St a tic 

BOUNDARY COORDI NATE S 

8 Top Bou ndarie s 
10 Tota l Bou ndaries 

Bounda ry X- Left 
No . (ft) 

0 .0 0 
33.00 
33.10 

4 41.30 
5 45.00 
6 65. 80 

82 . 30 
86.30 

9 3 3 .00 
10 40.00 

User Spec ified Y-Origln 

Y- Left 
( ft ) 

70. 30 
70 . 30 
75.60 
75.60 
90.31) 

110.30 
1 20 . 00 
122. 00 

70. 30 
70 . 30 

X- Ri ght Y- Right Soil Type 
(ft) (f t ) Below Bn d 

33 . 00 7 0 .30 1 
33 .1 0 75 . 60 2 
41 . 30 75 . 60 2 
45.00 90 . 30 
65 . 80 110 . 30 
82.30 120 . 00 
86 . 30 122.00 

11 6 . 3 0 13 2 .00 
40 . 00 70.30 
41. 3 0 7 5 . 60 

50.00 ( tt) 

0 
W 

~ 
.:r -C) 

a: C"oI 

0 Lr") 

a. 
a: 
0 S u .0:: .• 

Z 

C) 
c: 
'2 
~ ISOTROPIC SOIL PARAMETERS 
~ 
en as 2 Type(s) of Soil 

CJ 

(5 Soil Tota l Satu rated Cohesion Friction Por E~ Pressure Piez . - Type Unit Wt. Unit Wt . Intercept Ang l e Pressllre Cons tant Surface 
0 

"> 
No. (pef ) (pcf ) (ps f ) (de g ) Pa r .:\m. (ps f) 

1 125.0 130.0 0 . 0 42.0 0. 00 0.0 
C5 2 125.0 130 . 0 0.0 3 6.0 0.00 0.0 

SOIL NAI L LOAD(S) 

Nall 
No. 
1 
2 
3 

4 SOIL NAI L LOAD(S) S PECIF I ED 

X- Po s Y-Po s Nail Dia Tendon Dia Spacing Inclin. 
( tt) ( ft) (in) (in ) (ft) (deg) 
44. 5 0 88.30 4 .0 1.2 5 . (' 0 15.00 
43.24 83.30 4 . 0 1.2 5. (' 0 15. 00 
41. 98 78.30 4 . 0 1.2 5. ('0 15 . 00 
33 . 09 75.30 4 . 0 1.2 5. (' 0 15. 0 0 

SO IL NAIL LOAD DA TA 

So il Nail No. 
Load Diagram Type 

Loa d Point s Apply t o Te is Nail 

POI NT NO . X- COORD. (tt) Y- COORD. (ft) FORCE (lbs) 

44 . 50 88.30 36(0.00 

2 53.53 85 .47 90 E8.50 

72 . 51 80.79 0 . 00 

Allowable Pullou t Stress 2400.0(psf) 
Al l owa ble Te ndo n Stress 60000.0(psi) 
Al l owable Nai l Head Lo a d 18000 . 0 (lbs ) 

Soil Nail No. 3 Load Po ints Apply t o Te is Nail 
Load Diagram Type 3 

POINT NO. X- COORD. (ft) Y- COORD. (ft) FORCE (lbs) 

1 43.24 83.30 36(0 . 00 

2 49 .9 0 81 . 1 2 78:; 1. 86 

3 66 .42 77. 09 0 .00 

Allowable Pullou t Stre s s 2400 . 0 (ps t) 
Allowa ble Tendon Stress 60000 . 0( p si) 
Al l owa ble Nail Head Loa d 18000 . 0 (lbs) 

No. 
0 
0 

Length 
( ft) 

29 . 00 
24 . 00 
14.00 
16.00 
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Soil Nail No. 3 
Load Diagram Type 

Load Points Apply to This Nail 

POINT NO. X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 
1 41. 98 78.30 3600.00 
2 43.85 77.42 5318.58 

55.50 74.68 0.00 

Allowable Pullout Stress 2400.0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load l8000.0(lbs) 

Soil Nail No. 
Load Diagram Type 

3 Load Points Apply to This Nail 

POINT NO . X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 
1 33.09 75.30 3600.00 

36.24 74.16 5821.24 
48.55 71.16 0.00 

Allowable Pullout Stress 2400 . 0(psf) 
Allowable Tendon Stress 60000 . 0(psi) 
Allowable Nail Head Load 18000 . 0 (lbs) 

NOTE - An Equivalent Line Load Is Calculated For Each Row Of Soil Nails 
Assuming A Uniform Distribution Of Load Horizontally Between 
Individual Nails. 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified . 

1600 Trial Surfaces Have Been Generated . 

40 Surface(s) Initiate(s) From Each Of 40 Points Equally Spaced 
Along The Ground Surface Between X 10.00(ft) 

and X ~ 33.00 (ft) 

Each Surface Terminates Between X 75.00(ft) 
and X llO. 00 (ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y ~ O.OO(ft) 

12.00(ft) Line Segments Define Each Trial Failure Surface . 

Following Is Displayed The Most Critical Of The Trial 
Failure Surfaces Evaluated. 

Slice 
No. 

9 
10 
II 
12 
13 
14 
15 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Total Number of Trial Surfaces Evaluated 1600 

Statistical Data On All Valid FS Values: 
FS Max ~ 2.089 FS Min ~ 1.534 FS Ave ~ 1.756 
Standard Deviation = 0.102 Coefficient of Variation 5.80 

Failure Surface Specified By 9 Coordinate Points O 
~. 

0 ~ 
2 - () 

Q ~ -- 0 
C) - Xl 

m U'1 
-0 
0 

Qc "" :0 
~ 

C) 

~ 5' ~ 
5' m 

CO 0 

Point X-Surf Y-Surf 
No. (ft) (ft) 

33.00 70.33 
2 44.52 73.67 
3 55.59 78.32 
4 66.04 84.22 
5 75.74 91. 28 
6 84.56 99.41 
1 92.39 108.51 
6 99.12 ll8.45 
9 104.03 127.91 

Circle Center At X = 9.85 ; Y 171.61 and Radius 103.89 

Factor of Safety 
1. 534 

Individual data on the 15 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Width Weight Top Bot Norm Tan Hor Ver Load 
(ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

0.1 32.6 0.0 0.0 O. O. 0.0 0.0 0.0 
7.4 3873.6 0.0 0.0 O. O. 0.0 0.0 0.0 
0.8 281. a 0.0 0.0 O. O. 0.0 0.0 0.0 
3.2 3548.2 0.0 0.0 O. O. 0.0 0.0 0.0 
0.5 925.3 0.0 0.0 O. O. 0.0 0.0 0.0 

10.6 25529.9 0.0 0.0 O. O. 0.0 0.0 0.0 
10.2 30876.0 0.0 0.0 O. o. o. a 0.0 0.0 

0.2 782.0 0.0 0.0 O. O. 0.0 0.0 0.0 
9.7 30976.2 0.0 0.0 O. O. 0.0 0.0 0.0 
6.6 19486.8 0.0 0.0 O. O. 0.0 0.0 0.0 
2.3 6281. 2 0.0 0.0 O. O. 0.0 0.0 0.0 
1.7 4587.9 0.0 0.0 O. O. 0.0 0.0 0.0 
6.1 13736.5 0.0 0.0 O. O. 0.0 0.0 0.0 
6.7 98ll.1 0.0 0.0 O. O. 0.0 0.0 0.0 
4.9 2404.5 0.0 0.0 o. O. 0.0 0.0 0.0 

END OF GSTABL7 OUTPUT **** 



Advanced/SUFCO; 01108-010; Sta. 11+00 ; 14.7H Final; Bishop; Pseudo-Static 
X:\GSTABLE\0110801 0\B1 P.PL T Run By: DAG 4/15/2014 1 :52PM 

150 r.l i=============F==========~=r==========~~------------~-------------.------------~ 
Soil Soil Total Saturated Friction Piez. I Load Value 

Desc. Type Unit wt. Unit wt. Angle Surface Horiz Eqk 0.130 g< 
No. (pcf) (pcf) (deg) No. 

Qc 1 125.0 130.0 42.0 0 
Afe 2 125.0 130.0 36.0 0 

0) ...----. 0 
c: ·c 

125 I-
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---- 1 ~ ~ cXS 
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GSTABL7 

** GSTABL7 by Garry H. Gregory, P.E . • , 

** Original Version 1.0, January 1996; Current Version 2.002, 
December 2001 ** 

B1P 

(All Rights Reserved-Unauthorized Use Prohibited) 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static Earthquake, and Applied Force Options. 

Analysis Run Date: 
Time of Run: 
Run By: 
Input Data Filename : 
Output Filename: 
Unit System: 

4/15/2014 
1:52PM 
DAG 
X:blp. 
X:blp.OUT 
English 

Plotted Output Filename: X:blp.PLT 

PROBLEM DESCRIPTION: Advanced/SUFCO; 01108-010; Sta. 11+00 
; 14.7H Final; Bishop; Pseudo-Static 

BOUNDARY COORDINATES 

Top Boundaries 
10 Total Boundaries 

Boundary X-Left Y-Left 
No. (ft) (ft) 

1 0.00 70.30 
2 33.00 70.30 
3 33.10 75.60 

41. 30 75.60 
45.00 90.30 

6 65.80 110.30 
7 82.30 120.00 

86.30 122.00 
33.00 70.30 

10 40.00 70.30 

User Specified Y-Origin 

X-Right Y-Right 
(ft) (ft) 

33.00 70 . 3() 
33.10 75 . 60 
41.30 75 . 60 
45.00 90 .30 
65.80 110 . 30 
82.30 120 .00 
86.30 122 .00 

116.30 132 . CO 
40.00 70.30 
41.30 75.60 

50.00(ft) 

Soil Type 
Below Bnd9 

~. 

1 
2 

a --
~Q 
Ci) 
III 
en 
Qo 

~ s· 
S' 
ec 

1 

-
~ 

2 
() 

-< 0 - :0 
"'0 c...n 0 ....., :0 

C) l> 
~ -I m 

0 

Nail 

ISOTROPIC SOIL PARAMETERS 

2 Type(s) of Soil 

Soil 
Type 

No. 
1 
2 

Total Saturated 
Unit Wt. Unit Wt. 

(pcf) (pcf) 
125.0 130.0 
125.0 130.0 

Cohesion 
Intercept 

(psf) 
0.0 
0.0 

Friction 
Angle 
(deg) 
42.0 
36.0 

Pore 
Pressure 

Paramo 
0.00 
0.00 

A Horizontal Earthquake Loading Coefficient 
Of 0.130 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of 0.000 Has Been Assigned 

Cavitation Pressure 0.0 (psf) 

SOIL NAIL LOAD(S) 

4 SOIL NAIL LOAD(S) SPECIFIED 

X-Pos Y-Pos Nail Dia Tendon Dia Spacing 

Pressure 
Constant 

(psf) 
0.0 
0.0 

Inclin. 
No. (ft) (ft) (in) (in) (ft) (deg) 
1 
2 
3 

44.50 88.30 4.0 1.2 5.00 15.00 
43.24 83.30 4.0 1.2 5.00 15.00 
41. 98 78.30 4.0 1.2 5.00 15.00 
33.09 75.30 4.0 1.2 5.00 15.00 

SOIL NAIL LOAD DATA 

Soil Nail No. 3 Load Points Apply to This Nail 
Load Diagram Type 3 

POINT NO . 
1 
2 

X-COORD. (ft) 
44.50 
53.53 
72.51 

Allowable Pullout Stress 
Allowable Tendon Stress 
Allowable Nail Head Load 

Y-COORD. (ft) 
88.30 
85.47 
80.79 

2400.0 (psf) 
60000.0(psi) 
18000.0 (lbs) 

FORCE (lbs) 
3600.00 
9088.50 

0.00 

Soil Nail No. Load Points Apply to This Nail 
Load Diagram Type 

POINT NO . X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 
1 43.24 83.30 3600.00 
2 49.90 81.12 7831.86 

66.42 77.09 0.00 

Piez. 
Surface 

No. 
o 
o 

Length 
(ft) 

29.00 
24.00 
14.00 
16.00 
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Allowable Pullout Stress 
Allowable Tendon Stress 
Allowable Nail Head Load 

2400.0 (pst) 
60000.0(psi) 
18000 .0(lbs ) 

Soil Nail No. 
Load Diagram Type 

Load Points Apply to This Nail 

POINT NO. X-COORD. (ft) Y-COORD . (ft) FORCE (lbs) 
'11.98 78.30 3600.00 
43 . 85 77 .42 5318.58 
,is . 50 74.68 0.00 

Allowable Pullout Stress 2400.0 (psf) 
Allowable Tendon Stress 60000.0 (psi) 
Allowable Nail Head Load 18000.0 (lbs) 

Soil Nail No. 
Load Di agram Type 

3 Load Points Apply to This Nail 
3 

POINT NO. X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 
1 :13 .09 75.30 3600.00 
2 :16.24 74.16 5821.24 

<18 .55 71.16 0.00 

Al lowable Pullout ~; tress 2400.0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

0 
W 

~ 
-=r -~ 

0: '" 0 Ln 

CL. -a: 
0 ~ u ""_. z 

NOTE - An Equivalent Line Load Is Calculated For Each Row Of Soil Nails 
Assuming A Uniform Distribution Of Load Horizontally Between 
Individual Nai ls. 

Trial Failure Surface Specified By 9 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

33.0(1 70 .3 0 
2 4 4 . 5;' 73 .67 
3 5 5 . 59 78.32 
~ 6 6.0' 84.22 
5 7 5 .7' 91. 28 
6 8 4. Sf, 99.41 
7 92.39 108.51 
S 9 9 . 12 118.45 
9 10 4 . 00 127 . 91 

Circle Center At X = 9.71 ; Y 171.76; and Radius 104 . 10 

* • Factor Of Safety Is Calculated By The Modified Bishop Method * • 

Sum of Soil Nail Forces on Failure Surface 12642.68 (lbs) 

C) 
c: 
"2 
:E 
~ 

~ 

" 
<5 
a 
:> 
cs 

Factor Of Safety For The Preceding Specified Surface 1. 249 

The calculated factor of safety for the specifi3d surface without 
piers/piles, 

reinforcement, soil nails, or applied forces 1.051 

Slice Width 
No. (ft) 

0.1 
7.4 

3 0.8 
3.2 
0.5 

6 10.6 
7 10.2 

0 . 2 
9 . 7 

10 6 . 6 
11 2 . 3 
12 1.7 
13 6.1 
14 6.7 
15 4 . 9 

***Table 1 - Indiv idua l Data on the 

Water Water 

15 SLices*** 

Earthquake 
Force 

Hor Ver Weight 
(lbs) 

Force 
Top 

(lbs) 

Force 
Bot 

(lbs ) 

Tie 
Force 
Norm 
(lbs ) 

Tie 
Force 

Tan 
( lbs ) 

Surcharge 
Load 
(lbs) (lbs) (lbs) 

32.9 0 . 0 0.0 0 .0 0. 0 4.3 0.0 
3890.2 0 .0 0.0 0.0 0. 0 505.7 0.0 
283.0 0.0 0.0 0.0 0. 0 36.8 0.0 

3541.0 0.0 0.0 0.0 0. 0 460.3 0.0 
934.5 0.0 0.0 0.0 0. 0 121. 5 0.0 

25542.5 0.0 0.0 0 . 0 O.C 3320.5 0 .0 
30871. 3 0 .0 0.0 0 . 0 0 .0 4013.3 0 .0 

786 .5 0.0 0.0 0.0 0. 0 102.3 0.0 
30970.0 0.0 0 .0 0.0 0. 0 4026.1 0.0 
19490.1 0.0 0.0 0.0 0 .0 2533.7 0.0 

6270.5 0.0 0.0 0.0 0 .0 815.2 0.0 
4598.8 0.0 0.0 0.0 0. 0 597.8 0.0 

13735.9 0.0 0.0 0.0 0. 0 1785.7 0.0 
9818.8 0.0 0.0 0 .0 0. 0 1276.4 0.0 
2400.8 0.0 0.0 0 .0 O. C 312.1 0.0 

***Table 2 - Base Stress Data on the is :31ices ·· * 

X-Coord. Base Available Mobilized 

0. 0 
0 . 0 
0. 0 
0 . 0 
0 . 0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 .0 
0 . 0 
0 .0 
0 .0 
0 .0 

Slice 
No. 

Alpha 
(deg) Slice Cntr Leng . Shear Strengti1 Shear Stress 

1 
2 

8 
9 

10 
11 
12 
13 
H 
15 

16.31 
16.31 
16.31 
16.31 
22.79 
22.79 
29.45 
29.45 
36.05 
42.67 
42.67 
49.29 
49.29 
55.90 
62.57 

(ft) 

33.05 
36.82 
40.92 
42.91 
44 .76 
50.29 
60.69 
65.92 
70 . 89 
79.02 
83 . 43 
85.43 
89.35 
95.75 

101.57 

(ft) (psf) 

0.10 236.63 
7.75 375.54 
0 .79 319.09 
3.35 941.07 
0.52 1532.25 

11. 49 1898.19 
11.72 2180.93 

0.28 2363.89 
12.00 2104.51 

8.92 1776.50 
3.07 1659.02 
2.67 1417 .19 
9.34 1209.41 

12.00 689.16 
10.66 197.39 

NOTE: Pier/Pile, reinforcement, soil nail, and applil!d forces (if 
applicable) 

(psf) 

1412.45 
158.67 
274.90 
337.44 
960.07 
873.20 

1306.25 
1903.48 
1530.59 
1496 . 07 
1427 .57 
1358.40 
1129.89 

688.80 
212.86 
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are included in the Available Shear values in Table 2 by uniform 
distribution on each slice base, based upon the converged factor of safety . 

Sum of the Resisting Forces (including Pier/Pile, Tieback, Reinforcing 
Soil Nail, and Applied Forces if applicable) ~ 127006.92 (lbs) 

Average Available Shear Strength (including Tieback, Pier/Pile, Reinforcing . 
Soil Nail, and Applied Forces if applicable) ~ 1341.57(psf) 

Sum of the Driving Forces 101703.55 (lbs) 

Average Mobilized Shear Stress 1074.29(psf) 

Total length of the failure surface 94.67(ft) 

CAUTION - Factor Of Safety Is Calculated By The Modified Bishop 
Method. This Method Is Valid Only If The Failure Surface 
Approximates A Circular Arc. 

**** END OF GSTABL7 OUTPUT **** 
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Advanced/SUFCO; 01108-010; Sta. 11+00 ; 14.7H Final; Bishop (FG) Static 
X:\GSTABLE\01108010\B2.PL2 Run By: DAG 4/15/2014 1:53PM 

150 iii 

125 

100 I-

75 

Soil Soil Total Saturated Friction Piez. 
Desc. Type Unit WI. Unit WI. Angle Surface 

No. (pcf) (pcf) (deg) No. 
Qc 1 125.0 130.0 42.0 0 

# FS 
a 1.60 
b 1.61 
c 1.61 
d 1.6.2 
e 1 . 62 11---------.:~-.:..:..:.:.:....-.:..::::.~-~-.J 

Afr. ;1 1250 130.0 36.0 0 

f 1.62 
9 1.62 
h 162 
i 1.62 

2 

a h, 
9
d 

. e c 

.4'.. . /~ ~ 

..... 

0 
uJ 
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ex: 
0 Ln 
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GSTABL7 v.2 FSmin=1.60 
Safety Factors Are Calculated By The Modified Bishop Method 
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** GSTABL7 by Garry H. Gregory, P.E. ** 

** Original Version 1.0, January 1996; Current Version 2.002, 
December 2001 ** 

82 

(All Rights Reserved-Unauthorized Use Prohibited) 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bishop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/Pile, Reinforcement, Soil Nail, Tieback, 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static Earthquake, and Applied Force Options. 

Analysis Run Date: 4/15/2014 
Time of Run: 1:53PM 
Run By: DAG 
Input Data Filename : X:b2. 
Output Filename: X:b2.0UT 
Unit System: English 

Plotted Output Filename: X:b2.PLT 

PROBLEM DESCRIPTION : Advanced/SUFCO; 01108-010; Sta. 11+00 
; 14.7H Final; Bishop (FG) Static 

BOUNDARY COORDINATES 

Top Boundaries 
10 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil 
No . (ft) (ft) (ft) (ft) Below 

0.00 70 . 30 33.00 70.30 
33.00 70 . 30 33.10 75.60 

3 33.10 75 .60 n.30 75.60 2 
41. 30 75 .60 45.00 90.30 

5 45.00 90 .30 65.80 110.30 
6 65.80 110 . 30 82.30 120.00 
7 82.30 120 .00 86.30 122.00 
8 86.30 122 . 00 116.30 132.00 
9 33.00 70 . 30 40.00 70.30 

10 40.00 70 . 30 41. 30 75.60 

0 ;;£:. 
0 -p 
G) 

Type m 
Bnd Q<> 

§; 
::J 
5' 

CO 

-
S 

2' 
(") 
0 
:JJ 
1) 

c...n 0 
"-' :JJ 
c:J 

~ ~ 
m 
0 

User Specified Y-Origin 50.00(ft) 

ISOTROPIC SOIL PARAMETERS 

2 Type(s) of Soil 

Soil Total Saturated Cohesion Friction Pore Pressure Piez. 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No. (pcf) (pcf) (psf) (deg) Paramo (psf) 

125.0 130.0 0 . 0 42.0 0.00 0 . 0 
2 125.0 130.0 0. 0 36.0 0.00 0 . 0 

SOIL NAIL LOAD(S) 

Nail 
No . 

1 
2 

4 SOIL NAIL LOAD(S) SPECIFIED 

X-Pas Y-Pos Nail Dia Tendon Dia Spacing Inclin. 
(ft) (ft) (in) (in) (ft) (deg) 

44 . 50 88.30 ~. O 1.2 5 . 00 15.00 
43 . 24 83.30 ~ . O 1..2 5 . 00 15.00 
H . 98 78.30 ~ . 0 1.2 5 . 00 15.00 
33 . 09 75.30 4 . 0 ~ . 2 5 . 00 15.00 

SOIL NAIL LOAD DATA 

Soil Nail No. 
Load Diagram Type 

3 Load Points Apply to This Nail 
3 

POINT NO. X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 

44.50 88.30 3600.00 

53.53 85.47 9088.50 

72.51 80.79 0.00 

Allowable Pullout Stress 2400.0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Soil Nail No. Load Points Apply to This Nail 
Load Diagram Type 

POINT NO . X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 

43.24 83.30 3600.00 

2 49.90 81.12 7831.86 

66.42 77.09 0.00 

No. 

0 
Q 

Length 
(ft) 

29.00 
24 .00 
14 .00 
16.00 



B2 

Allowable Pullout Stress 2400 . 0(psf) 
Allowable Tendon Stress 60000 . a (psi) 
Allowable Nail Head Load l8000.0(lbs) 

Soil Nail No. Load Points Apply to This Nail 0 Load Diagram Type UJ 

~ POINT NO. X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 
41. 98 78.30 3600.00 a: 0.85 77.42 5318.58 

C :5.50 74.68 0.00 
D-

Allowable Pullout ~tress 24 00. a (psf) a: 
Allowable Tendon Stress 60000.0(psi) 0 
Allowable Nail Head Load l8000 .0(lbs ) U 
Soil Nail No. 3 Load Points Apply to This Nail 

Z 
Load Diagram Type 3 

POINT NO . X-COORD. (ft) Y-COORD. (ft) FORCE Ilbs) 
1 ::3.09 75.30 3600.00 
2 :: 6.24 74.16 5821.24 
3 48.55 71.16 0.00 

Allowable Pullou~ >tress 2400.0 (psf) 
Allowable Tendon Stress 60000.0Ipsi) 
Allowable Nail Heac Load l800D.Ollbs) 

NOTE - An Equivalent Line Load Is Calculated For Each Row Of Soil Nails 
Assuming A ln iform Distribution Of Load Horizontally Between 
Indi vidual Kai1s. 

A Critical Failur e Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified . 

1600 Trial Surfaces Have Been Generated . 

40 Surface Is) [nitiatels) From Each Of 40 Points Equally Spaced 
Along The Ground Surface Between X 33.10Ift) 

and X ~ 41.30Ift) 

Each Surface Terminates Between 
and 

X - 7 5.00(ft) 
X a n O.OO(ft) 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y ~ O.DDlft) 

12.00Ift) Line Segments Define Each Trial Failure Surface . 

OJ 
C 
'2 

..:r ~ -~ ae:s N 
~ ..n 
(!) -

~ 6 -~ a 
-> 
is 

Slice 
No. 

1 
2 
3 

5 
6 
7 

10 
11 

Following Is Displayed The Most Critical Of The Tr ial 
Failure Surfaces Evaluated. 

•• Safety Factors Are Calculated By The Modified Bishop Method •• 

Tota l Number of Trial Surfaces Evaluated 1600 

Statistical Data On All Va lid FS Values : 
FS Max ~ 2.370 FS Min = 1.601 FS Ave ~ 1.974 
Standard Deviation = 0.076 Coefficient (I f Variation 3.87 

Failure Surface Specified By B Coordinate Poin1:s 

Point X-Surf Y-Surf 
No. 1ft) 1ft) 

~l . 30 75.60 
2 S2.3'; 80.31 
3 62.83 86.13 
4 72 . 66 93.02 
5 81. 72 10 0.89 

89 . 91 109.66 
97 . 1S 119.23 

101.98 127.23 

Circle Center At X ~ 2.04 ; Y 183.23 and Radius 114.56 

Factor of Safety 
1. 601 

Individual data on the 11 slices 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Wid th Weight Top Bot Norm Tan Hor Ver Load 
(f t ) (lbs) (lbs) (lbs) (lbs) (lbs) Ibs) (lbs) (lbs) 

3 . 7 3034.0 0.0 0.0 o. o. 0 .0 0 . 0 0 .0 
7 .3 13840.0 0.0 0.0 O. O. 0 .0 C.O 0 . 0 

10 .5 25150.8 0.0 0.0 O. o. 0 .0 C.O 0 . 0 
3.0 8055.8 0.0 0.0 o. o. 0 .0 C.O 0 . 0 
6. 9 18601.5 0.0 0.0 O. O. 0 .0 0 . 0 0 . 0 
9. 1 22695.8 0.0 0.0 O. O. 0. 0 0 . 0 0 . 0 
0 .6 1355.9 0 . 0 0.0 o. O. 0.0 C. O 0.0 
4 .0 8674.3 0 .0 0.0 o. o. 0 .0 0 .0 0.0 
3 .6 6715.3 0.0 0.0 O. o. 0. 0 0 . 0 0.0 
7 .2 9018.7 0.0 0.0 o. o. O . a 0 . 0 0 . 0 
4 .8 1929.4 0.0 0.0 O. o. 0. 0 0 .0 0 . 0 

• ••• END OF GSTABL7 OUTPUT •••• 



Advanced/SUFCO; 01108-010; Sta. 11+00 ; 14.7H Final; Bishop (FG) Pseudo-Static 
X:IGSTABLEI01108010IB2P.PL T Run By: DAG 4/15/2014 1 :54PM 

150 I. " 
Soil Soil Total Saturated Friction Piez. I Load Value 

Desc. Type Unit Wt. Unit Wt. Angle Surface Horiz Eqk 0.130 g< 
No. (pcf) (pcf) (deg) No. 

Qc 1 125.0 130.0 42.0 0 
Afc 2 125.0 130.0 36.0 0 
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Factor Of Safety Is Calculated By The Modified Bishop Method 
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GSTABL7 

•• GST~BL7 by Garry H. Gregory, P .E . •• 

** Original Versi on 1.0, 
December 2001 ** 

January 1996; Current Ve rsion 2.002, o 
u.I 

(~l .l Ri ghts Reserved- Unauthorized Use Prohibited) 

~ 
a: 

. ... . ... . .............. .. .. ... ... .. .. ...... .......... . .. ... .. .. .. .... .. . . .... .... 0 
SLOPE STABILITY ANALYSIS SYSTEM ~ 

B2P 

Modified BL5hop, Simpli f ied Janbu, or GLE Method of Slices. 0 
(Inclu des Spencer & Morgens tern-Pri ce Type Analysis) 
Including P:Ler/ Pile, Reinforce ment , Soil Nail , Tieback, l) 
Nonlinear Undrained Shear Strength, Curved Phi Envelope, Z 
An i sotropic Soil, Fi ber- Reinforced Soi l, Bounda r y Loads, Water --
Surfaces, P~;eudo -Static Earthquake, and App l ied Force Opt i ons . 

Analysi s Run Date: 
Time of Run: 
Ru n By: 
Input. Data Filename 1 
Output Filename: 
Unit System: 

4/15/2014 
1 :54 PM 
DAG 
X:b2p . 
X:b2p . OUT 
English 

Plot ted Output Filename: X:b2p.PLT 

PROBLEM DESCRIPTION : Advanced / SUFCO; 01108-010; St a. 1 1+0 0 

BOUNDARY COORDIN~TI:S 

Top Boundal"ies 
10 Tota l Boundaries 

Bounda ry 
No . 

7 
8 
9 

X- Left 
(ft) 

0 .0 0 
33.00 
33.10 
41. 30 
45.00 
65.80 
82.3 0 
86.30 
33.00 

; 14.7H Final ; Bishop (FG) Pseudo-Static 

Y-Left X-Right Y- Right Soil Type 
(ft) (ft) (ft) Be l ow Bnd 

70.30 33.00 70 .30 
70.30 33.10 75.60 
75.60 41. 30 75.60 
75.60 45.00 90 .30 
90.30 65.80 110.30 

110.30 82.30 120.00 
120 . 00 86 . 30 122.00 
122.00 11 6 . 30 132.00 

70.3 0 40 . 00 70.30 

-$. 
~ 
Ln -
~ -. ... -

) 

10 40 .00 7 0 .30 41 .30 75 . 60 

en User Specified Y- Origin 50 .0 0 (ft) 

c: ·c 
~ ISOTROPIC SOIL PARAMETERS 
olS 

~ 
~ 

2 Type (s ) of Soil 

<5 Soil Total Saturated Cohe sion Friction Pore Pressure Pi e z. - Type Unit Wt . Uni t Wt. Intercept Angle Pressure Constant Surface 0 
~ 

i5 
No. (pcf) (pcf) (psf) (deg) 

1 25 . 0 130 . 0 0 .0 42.0 
1 25. 0 130. a 0 . 0 36 . 0 

A Horizontal Ear t hquake Loading Coef ficient 
Of 0.130 Has Been ~ssigned 

A Ve r tica l Earthqua ke Loading Coeffici en t 
Of 0 .000 Has Been ~ssigned 

Cavitation Pressure 0 . 0 (psf) 

SOIL N~IL LOAD(S ) 

4 SOI L NAI L LOAD(S ) SPECIFIED 

Par3m. (psf) 

0 .00 0. 0 
0 . 00 0 . 0 

Nail X-Pos 
No . ( ft) 

Y-Pos 
(ft) 

Nail Dia 
(in) 

Tendon Dia 
(in) 

Spaci1g 
( f t) 

Inclin. 
(deg) 

1 
2 
3 

44.50 88.3 0 4. 0 1. 2 5 . )0 15 .0 0 
43.2 4 83.3 0 ~ .O ) . 2 5. )0 15 .0 0 
41. 98 78.3 0 ~ .O 1 .2 5. )0 15 .00 
33.09 75.30 4 .0 1 .2 5. )0 1 5 . 00 

SOI L NAIL LOAD DATA 

Soil Nai l No. 
Loa d Diagram Type 

3 Load Points Apply to T:,is Nail 
3 

POI NT NO . 

2 

3 

X- COORD. (ft) 

44 .50 

53.53 

72.51 

Y- COORD. ( f t) FOR':E (l bs) 

88 .30 36')0 .00 

85.47 9038.50 

80 . 7 9 0.0 0 

No. 

0 
a 

Length 
(ft) 

29.00 
24.00 
14 . 00 
16.00 



1 

B2P 

Allowable Pullout Stress 2400.0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Soil Nail No. 3 Load Points Apply to This Nail 
Load Diagram Type 3 

POINT NO. X-COORD. (ft) '(-COORD. (ft) FORCE (lbs) 

43.24 83.30 3600.00 

49.90 81.12 7831.86 

3 66.42 77.09 0.00 

Allowable Pullout Stress 2400.0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Soil Nail No. Load Points Apply to This Nail 
Load Diagram Type 

POINT NO. X-COORD. (ft) FORCE (lbs) '(-COORD. (ft) 0 :c:. 
41. 98 78.30 3600.00 

43.85 77.42 5318.58 

0 :::s: -0 ~ 
3 74.68 0.00 55.50 G) -m U'1 en 

Allowable PUllout Stress 2400.0(psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

S20 
,..., 
c:;, 

:s:: -2: 
... 

Soil Nail No. Load Points Apply to This Nail 
Load Diagram Type 

~ 
CO 

POINT NO. X-COORD. (ft) '(-COORD . (ft) FORCE (lbs) 

33.09 75.30 3600.00 

36.24 74.16 5821.24 

3 48 .55 71.16 0 . 00 

Allowable Pullout Stress 2400 .0 (psf) 
Allowable Tendon Stress 60000 .0 (psi) 
Allowable Nail Head Load 18000.0 (lbs) 

NOTE - An Equivalent Line Load Is Calculated For Each Row Of Soil Nails 
Assuming A Uniform Distribution Of Load Horizontally Between 
Individual Nails. 

Trial Failure Surface Specified By 8 Coordinate Points 

z 
(") 
0 
JJ 
'"'0 
0 
JJ 

~ 
m 
0 

Point X-Surf '{-Surf 
No. (ft) (ft) 

1 41. 30 75 .60 
2 52.34 80 .31 
3 62.83 86 . l3 
4 72.66 93 . 02 
5 81.72 100. 89 
6 89.91 109.66 

97.15 119.23 
101.98 127.23 

Circle Center At X ~ 2.03 ; '{ 183.23; and Radius 114.57 

•• Factor Of Safety Is Calculated By The Modified Bishop Method •• 

Sum of Soil Nail Forces on Failure Surface 15568.73 (lbs) 

Factor Of Safety For The Preceding Specified Surface 1. 310 

The calculated factor of safety for the specified surface without 
piers/piles, 

reinforcement, soil nails, or applied forces ~ 1.000 

***Table 1 - Individual Data on the 11 Slices*** 

Water Water Tie Tie Earthquake 
Force Force Force Force Force Surcharge 

Slice Width Weight Top Bot Norm Tan Hor Ver Load 
No. (ft) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 

1 3.7 3034.3 0. 0 0.0 0.0 0.0 394 .5 0.0 0.0 
2 7.3 13840.1 0. 0 0.0 0.0 0.0 1799.2 0.0 0.0 
3 10 .5 25151.0 0. 0 0.0 0.0 0.0 3269.6 0.0 0.0 

3.0 8056.6 0 .0 0.0 0.0 0.0 1047.4 0.0 0.0 
5 6.9 18608 .2 0. 0 0.0 0.0 0.0 2419.1 0 .0 0.0 
6 9.1 22696.3 0 .0 0.0 0.0 0.0 2950.5 0.0 0.0 
7 0.6 1350.6 0 .0 0.0 0.0 0.0 175.6 0.0 0.0 
B 4.0 8673.6 C.O 0.0 0.0 0.0 1127.6 0.0 0.0 

3 . 6 6712.1 0 .0 0.0 0.0 0.0 872.6 0.0 0.0 
: 0 7.2 9018.3 0. 0 0.0 0.0 0.0 1172.4 0.0 0.0 
: 1 4.8 1928.0 0. 0 0.0 0.0 0.0 250.6 0.0 0.0 

***Table 2 - Base Stress Data on the 11 Slices*** 



Slice Alpha X-Coord. Base Available Mobilized 
No. (deg) Slice Cn t r Leng. Shear Strength Shear Stress 

(ft) (ft) (psf) (psf ) 

1 23.1 0 43.15 4.02 698.45 327 . 35 
2 23 . 10 48.67 7 .98 1605.88 696 . 37 
3 29 . 02 57.58 12.00 1884 .85 1027 . 65 
4 35 . 0 3 64.32 3.63 1960.56 1309 . 74 
5 35.0 3 69.23 8.38 1960.50 1289 . 98 
6 ~O . ge 77.19 12.00 1657.16 1250 . 75 
7 H . 9 6 82.01 0 .85 1397.68 1309 . 97 
8 ~6 . 9 6 84.30 5.86 1301. 51 1103.19 
9 ~6 . 9 6 88.11 5.29 1115.99 951.32 

10 52.8 9 93.53 12.00 670.51 609 . 84 
11 56.81 99.57 9.34 188.94 190 . 15 

NOTE: Pier / Pile, reinforcement, soil nail, and applied forces (if 
applicable) 

B2P 

are included in the Available Shear v alues in Table 2 by uniform 
distribution on each slice base, based upon the converged factor of safety. 

Sum of t he Resisting Forces (including Pier/Pile, Tieback, Reinforcing 
Soil Nail , and Applied Forces if applicab l e) = 106274.24 (lbs) 

Average Available Shear Strength (including Tieback, Pier/Pile, Reinforcing, 
Soil Nail, and Applied forces if appl icable) = 1306.45(psf) 

Sum of the Driving forces - 81150.83 (lbs) 

Average Mobi lized Shear Stress 997.60(psf) 

Total length of the failure surface 81.35(ft) 

CAUTION - Factor Of Safety Is Calculated By The Modified Bishop 
Method. This Method Is Valid Only If The failure Surface 
Approximates A Circular Arc. 

**** END OF GSTABL7 OUTPUT **** 
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Advanced/SUFCO; 01108-010; Sta. 11+00 ; 14.7H Final; Spencer's; Static 
X:\GSTABLE\01108010\B3S.PLT Run By: DAG 411512014 1:41PM 

150 r.I , ============~==========~--~--------------------------~--------------~------------1 
Soil Soil Total Saturated Friction Piez. 

Desc. Type Unit Wt. Unit Wt. Angle Surface 
No. (pcf) (pcf) (deg) No. 

Qc 1 125.0 130.0 42.0 0 
Afc 2 125.0 130.0 36.0 0 

~. 
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100 
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GSTABL7 v.2 FSmin=1.52 
Factor Of Safety Is Calculated By GLE (Spencer's) Method (0-1) 
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GS TABL7 

•• GSTABL7 by Garry H. Gregory , P.E . ** 

.* Original Version 1.0, Januar y 1996; Current Versi on 2.002, 
December 2001 ** 

(All Rights Reserved-Unauthoriz ed Us e Prohibited) 

o w 
~ 
~ o 
~ 
~ 
o 

+~ ** ***** * *~ ~* ******** * *****~** ** ********** * ********* ** ******* **** ******** ** ***~ 

B3S 

SLOPE STAB ILITY ANALYSIS SYSTEM 
Modified Biahop, Simpl i f ied Janbu , or GLE Method of Slices . 
(Includes Spencer & Morgenstern -Price Type Analysis) 
Inclu ding PLer / Pi le , Reinforcement, Soil Nail , Tiebac k, 
Nonline ar Undrained Shear Strength, Curved Phi Envelope, 
An isotropi c Soil, Fiber-Reinforced Soil , Boundar y Loads , Wat er 
Surfaces , Pseudo- Static Earthquake, and Applied For c e Opti ons . 

Analys is Run Date : 
Time of Run: 
Run By: 
Input Data Filename : 
Output Filename: 
Unit System: 

Pl otted Ou tput Filename: 

4/15/2014 
1 : 41 PM 
DAG 
X:B3S. 
X:B3S.0UT 
English 

X:B3S.PLT 

PROBLEM DESCRIPTION : Advanced/SUFCO; 01108 - 010; Sta. 11 +00 
; 14.7 H Final; Spencer's; S t atic 

BOUNDARY COORDI NATES 

Top Boundaries 
10 Tota l Boundaries 

Boundary X- Le ft Y-Left X-Right Y- Right Soil Type 
No. (ft ) (ft) (ft) (ft ) Be low Bnd 

1 0.00 70.3 0 33 . 00 70.3 0 
2 33.00 70.30 33 . 10 75.60 
3 33.10 75 .60 41.3C 75 . 6C 

41.30 75 . 60 45 . 00 90.30 
45 . 00 90 . 30 65.8 0 110.30 
65.80 110.30 82 . 30 120.0 0 
82.30 120.0 0 86 . 30 122.0 0 
86 .30 122.00 : 16 .3 0 132.00 

9 33 . 00 70 . 30 40.01J 70 . 3 0 
10 40 .00 70.3 0 41 . 30 75.6 0 

z 

OJ 
c: 

1'2 
.:r ~ -~ ~ '" 
U"') ~ - ~ 

~ 6 -'!E 0 
:> 
6 

Use r Speci fied Y-Origin 50.00 (ft) 

ISOTROP IC SOIL PARAMETERS 

2 Type(s) o f Soil 

Soil Total Saturated Cohesion Friction Pore Pressu re Piez. 
Type Unit Wt. Uni t wt. Intercept Angle Pressure Constant Surfa ce 

No. (pcf) (pcf) (psf) (deg) Paramo (psf) 

1 125.0 130 . 0 0. 0 42 . 0 0. 0 0 0 . 0 
2 125.0 130.0 o .() 36 .0 0. 0 0 0 .0 

SOIL NAI L LOAD(S) 

Nail 
No. 

1 
2 
3 

4 SOIL NAIL LOAD(S) SPECIFIED 

X- Pos Y-Pos Nail Dia Tendon Di a Spacing Inclin . 
(ft) (ft) (in) (in) (ft) (deg) 

44. 50 88.30 4 .0 1. 2 5.00 15.00 
43.24 83.30 4 .0 1. 2 5.00 15.00 
4 1. 98 78.30 4 .0 1.2 5.00 15 .00 
33 . 09 75.30 4 .0 1.2 5.QO 15.00 

SOIL NAIL LOAD DATA 

Soil Nail No . 
Load Diagram Type 

3 Load Points Apply to T~is Nail 
3 

POINT NO. X- COORD. (ft) 'i-COORD. (ft) FOR·:E (lbs) 

44 . 50 88.30 36)0 . 00 

53. 53 85.47 9038 .5 0 

72.5 1 80 .79 0.00 

Allowabl e Pul l out Stress 240 0 .0(psf) 
Allowable Tendon Scress 60000.0(psi) 
Al lowabl e Nail Head Load 1 8000.0( lbs ) 

Soil Na il No. 2 3 Load Points Apply to T1is Nail 
Load Di agram Type 3 

POI NT NO . X-COORD. (ft) Y- COORD. (ft) FORCE (lbs) 

1 43.24 83.30 36')0.00 

2 49.9 0 81.12 7831 . 86 

3 66. 42 77.09 0.00 

No . 

Leng th 
(ft) 

29.00 
24.00 
14 .00 
16.00 



B3S 

Allowable Pullout Stress 2400.0(psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nai l Head Load 18 000.0(lbs) 

Soil Nail No . 3 Load Points Apply t o This Nail 
Load Diagram Type 3 

POI NT NO. X-COORD. (ft) 

41. 98 

2 43.85 

3 55.50 

Allowable Pullout Stress 
Allowable Tendon Stress 
Allowable Nail Head Load 

Y- COORD. (ft) 

78.30 

77.42 

74.68 

2400.0(psf) 
60000.0(psi) 
18000.0(lbs) 

FORCE (lbs) 

3600.00 

5318.58 

0.00 

Soil Nail No. 
Load Diagram Type 

Load Po i nts Apply to This Nail 

POINT NO. X-COORD. (ft) Y-COORD. (ft) FORCE (lbs) 

1 33.09 75.30 3600.00 

2 36.24 74.16 5821. 24 

3 48.55 71.16 0.00 

Allowable Pullout Stress 2400 . 0 (psf) 
Allowable Tendon Stres s 60000.0(psi) 
Allowable Nail Head Load 18000.0 (lbs) 

0 :;::. 
0 --~Q 
G) 
III 
en 
Ro 
~ 
S· 
S· 

NOTE - An Equivalent Line Load I s Calculated For Each Row Of Soil Na~s 
Assuming A Uniform Distributi on Of Load Horizontally Between 
I ndividual Nails. 

Trial Failure Surface Specified By 6 Coordinate Points 

Poin t X-Surf Y- Surf 
No. (ft) (ft) 

1 33 . 00 70.30 
2 46 .95 70 . 30 
3 60.6 7 84 . 85 
4 73.31 100 . 35 
5 85.53 116 . 18 
6 88.23 122 . 64 

Sum of the Soil Nail Forces 9769.12 (lbs) 

~ 
U'1 

"-l 
C) -.. 

Z 
() 
0 
:lJ 
"0 
0 
:lJ 

~ m 
0 

Theta ,OS 'OS 
(deg) (Moment) (Force) 

(ki=1.0) (Equil. ) (Equil. ) Lambda 

39.50 1. 636 1.532 0.824 
59 . 25 1 61. 364 20.000 1 . 681 
39.48 1. 636 1 .532 0.824 
39.47 1. 518 1. 518 0.823 

Factor Of Safety For The Preceding Specified Surface 1. 518 
Theta (ki = 1.0) 39.47 Deg Lambda = 0.823 

Factor Of Safety Is Calculated By GLE (Spe ncer's) Method (0-1) 

Forces f rom Reinforcement, Piers/Piles, Applied Forces, and Soil Nai l s 
(if applicable) have been applied t o the slice base(s) 
on which they intersect. 

Selected ki functio n Constant (1.0) 

Selected Lambda Coefficient 1 . 00 

The option of water in the tension crack on 
the last slice has been se l ected. 

Line of Thrust and Side , o r ce Data 

Slice X Y Side Force kl 
No. Coord. Coord . L/H (lbs) 

33.10 70.34 0.008 34. 1.000 
40.00 73.16 0.540 4710. 1. 0 00 
41. 30 73.50 0.60 4 6003. 1.000 
45 .00 73.74 0.172 14 787. 1. 000 

5 46.95 73 .9 0 0. 1 64 22 449 . 1 . 000 
6 60.67 85 . 74 0.044 17553. 1.000 
7 65.80 89 .92 - 0.064 12913 . 1. 000 
8 73 .3 1 93 . 91 - 0.448 7174 . 1.000 

82.30 83.18 -3 .600 2301 . 1. 000 
10 85.53 60.93 - 10 . 165 1249. 1.000 
11 86.30 46.11 -18 . 084 978. 1. 000 
12 88.23 17 .24 0 . 000 69 1. 1. 000 

*** Tabl e 1 - Individual data on the 12 slices*** 

Wate r Water Tie Tie Earthqu a ke 

Force Angle 
(Deg) 

39.47 
39.47 
39 . 47 
39 .4 7 
39.47 
39.47 
39.47 
39.47 
39.47 
39.47 
39.47 
39.47 



Force Force Force Force Force Surcharge •••• END OF GSTABL7 OUTPUT • •• • 
Slic e Wid t h Weight Top Bo t Norm Tan Hor Ver Load 

No. (f t) (lbs ) (lb:;) (lbs) (lbs) (lbs) (lbs) (lbs) (lbs) 0) 
c: 

1 0.1 33.1 1) .0 0 .0 0 . 0 0.0 0. 0 0 . 0 0.0 

~ 
·c 

2 6.9 4571 .2 0.0 0.0 0 . 0 0.0 0 . 0 0 . 0 0.0 -s: ~ 
3 1.3 861. 2 1).0 0.0 0 . 0 0 . 0 0. 0 0 .0 0 . 0 

~ ~ 4 3.7 5850.6 0 . 0 0.0 0.0 0.0 0. 0 0. 0 0.0 ~ 
5 2.0 510 3 .5 0 .0 0 .0 0 . 0 0.0 0 . 0 0 . 0 0. 0 ex: ~ 

13.7 36351. 4 0 .0 0 .0 0 . 0 0.0 0 . 0 C. O 0.0 0 Lt"') C) 
7 5.1 1 272 1. 3 0.0 0 . 0 0 .0 0.0 0. 0 C.O 0.0 Cl- - -8 7.5 15735.4 0.0 0.0 0.0 0 . 0 0 .0 0 . 0 0.0 ex: <5 9 9.0 12568.7 0.0 0 .0 0 . 0 0.0 0 . 0 C.O 0.0 0 ~ -10 3 .2 2713 .0 0 .0 0 .0 0 . 0 0.0 0 .0 C. O 0.0 .,- 0 

11 0.8 452.9 0.0 0.0 0.0 0. 0 0 .0 0 . 0 0 .0 0 7-
.~ 12 1.9 47 9.7 0. 0 0 .0 0. 0 0 . 0 0 .0 0 .0 0.0 ~ 

- TABLE 2 - Base Stres s Data on the 12 Slices -
D 

Slice Alpha X-Coord . Base Total To ta l Mobilized 
No. (deg) Slice Cntr Leng . No rmal Stress Vert. Stress Shear Stress 

(ft) (f t) (psf) (psf) (psf ) 

0.00 33. 0 5 0 . 10 546 . 63 331. 25 26 1 .60 

2 0 .00 36.55 6.90 1093.27 662 . 50 523.2 0 

3 0.00 40.65 1. 30 129 4.73 662.50 767.88 

~ 0.00 43.15 3.70 3090 .25 1581.25 1832.77 

5 0.00 45 . 97 1. 95 5114.7 9 2617.19 3033. 48 

6 46 .6 8 53.81 20.00 1277.79 1817.70 757.83 

1 50.80 63.24 8.12 1102.81 1567.19 654.06 

50 .80 69.5 6 11. 88 931. 81 1324.17 55 2.6 4 

9 52.33 77.81 1 4.71 595.80 854.31 353 . 36 

10 52.33 83. 92 5.29 357.95 513.2 6 212.29 

11 67.33 85.92 2.00 150.74 226.74 8 9.40 

1 2 67.33 87.26 5. 01 63 . 69 95 . 80 37.77 

B3S 
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150 II " 

Soil Soil Total Saturated Friction Piez. I Load Value 
Desc. Type Unit Wt. Unit Wt. Angle Surface Horiz Eqk 0.130 g< 

No. (pcf) (pcf) (deg) No. 
Qc 1 125.0 130.0 42.0 0 
Afc 2 125.0 130.0 36.0 0 
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GSTABL7 

** GSTABL7 by Garry H. Gregory, P.E. " 

** Original Version 1.0, January 1996; Current Version 2.002, 
December 2001 ** 

(All Rights Reserved-Unauthorized Use Prohibited) 
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********************************************************************************* () 

B3SP 

SLOPE STABILITY ANALYSIS SYSTEM 
Modified Bi.hop, Simplified Janbu, or GLE Method of Slices. 
(Includes Spencer & Morgenstern-Price Type Analysis) 
Including Pier/ Pi le, Reinforcement, Soil Nail, Tieback, 
Nonlinear Urdrained Shear Strength, Curved Phi Envelope, 
Anisotropic Soil, Fiber-Reinforced Soil, Boundary Loads, Water 
Surfaces, Pseudo-Static Earthquake, and Applied Force Options. 

Analysis Run Date: 
Time of Run: 
Ru n By: 
Input Data Filename: 
Output Filename: 
Unit System: 

Plotted Output Filename: 

4/15/2014 
1:42PM 
DAG 
X:B3SP. 
X:B3SP.OUT 
English 

X: B3SP.PLT 

PROBLEM DESCRIPT I ON: Advanced/SUFCO; 01108-010; Sta . 11+00 
; 14.7H Final; Spencer's; Pseudo-Static 

BOUNDARY COORDINATES 

Top Boundaries 
10 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ftl (ftl (ft) Below Bnd 

0.00 70.30 33.00 70.30 
33.00 70 .30 33.10 75.6 0 
33.10 75.60 41. 30 75.60 

4 41. 30 75.60 45.00 90.30 
5 45.00 90.30 65.80 llO.30 
6 65.80 110.30 82.30 120.00 

82.30 120 .00 86.30 122.00 
86.30 122.00 ll6.30 132.00 
33.00 70 .3 0 40.00 70.30 

10 40 .00 70.30 41.30 75.60 

User Specified Y-Origin 50.00(ft) 

z 

... -c::::) 
C"oI 

U"') 

>-
$ ... :. ,. 

C) 
c:: 
'2 
:E 
~ ISOTROPIC SOIL PARAMETERS 

m 
<!l 

<5 -0 

-> 
i5 

2 Type(s) of Soil 

PorE~ Pressure Piez. Soil Total Saturated Cohesion friction 
Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface 

No . (pcf) (pcf) (psf) (deg) 

1 
2 

1 2 5 . 0 
:25. 0 

130.0 
130. 0 

0 .0 
0 . 0 

42 . 0 
36 . 0 

A Horizontal Earthquake Loading Coefficient 
Of 0.130 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of 0.000 Has Been ASSigned 

Cavitation Pressure 0.0 (psf) 

Paramo (psf) No. 

0 .0 0 
0 . 00 

0.0 
0.0 

o 
o 

SOIL NAIL LOAD(S) 

Nail 
No. 

1 
2 
3 
4 

4 SOIL NAIL LOAD(S) SPECIFIED 

X-Pos 
(ft) 

44.50 
43.24 
41. 98 
33.09 

Y-Pos 
(ft) 

88.30 
83.30 
78.30 
75.30 

SOIL NAI L LOAD DATA 

Nail Dia 
(in) 

4 . 0 
~ . a 
4 .0 
4 .0 

Tendon Dia 
(in) 

1. 2 
1. 2 
1. 2 
1. 2 

Spacing 
(ft ) 

5. ( 0 
5. C 0 
5. (0 
5. CO 

Inclin. 
(deg) 

15.00 
15.00 
15.00 
1 5.0 0 

Soil Nail NO. 
Load Diagram Type 

Load Points Apply to Teis Nai l 

POI NT NO. X-COORD. (ft ) Y-COORD. (ft) FORCE (lbs) 

44.50 88.30 36CO.00 

2 53.53 85.47 9088.50 

72 .51 80.79 0.00 

Allowable Pul l out Stress 2400. 0 (psf) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Length 
(ft) 

29.00 
24.00 
1 4.00 
16.00 



1 

B3SP 

Soil Nail No. 3 Load Points Apply to This Nail 
Load Diagram Type 3 

POINT NO. X-COORD. 1ft) Y-COORD. (ft) FORCE Ilbs) 

43.24 83.30 3600.00 

49.90 81.12 7831.86 

66.42 77.09 0.00 

Allowable Pullout Stress 2400.0(psf ) 
Allowable Tendon Stress 60000.0(psi) 
Allowable Nail Head Load 18000.0(lbs) 

Soil Nail NO. 3 Load Points Apply to This Nail 
Load Diagram Type 

POINT NO. X-COORD. 1ft) Y-COORD·lft) FORCE Ilbs) 0 :cO 
41. 98 78.30 3600.00 0 

~ -
2 43.85 77.42 5318.58 _Q 

55.50 74.68 0.00 C) 

m U"I 
Allowable Pullout Stress 240 000 (psf) !2c ~ 
Allowable Tendon Stress 60000.0Ipsi) c;:) -Allowable Nai l Head Load l8000.0Ilbs) ~ .. 3° 
Soil Nail No. 3 Load Points Apply to This Nail 3° 
Load Diagram Type 3 CO 

POINT NO. X-COORD. 1ft) Y-COORD. (ft) FORCE Ilbs) 

33.09 75.30 3600.00 

2 36.24 74.16 5821.24 

48.55 71.16 0.00 

Allowable Pullout Stress 2400. a Ipsf) 
Allowable Tendon Stress 60000.0 (psi) 
Allowable Nail Head Load 18000.0(lbs) 

NOTE - An Equivalent Line Load Is Calculated For Each Row Of Soil Nails 
Assuming A Uniform Distribution Of Load Horizontally Between 
Individual Nails . 

Trial Failure Surface Specified By 6 Coordinate Points 

Point 
No o 

X-Surf 
(ft) 

Y-Surf 
(ft) 

Z 
(') 
0 
:IJ 
1J 
0 
:IJ 

~ m 
0 

1 33 .00 70.30 
2 46.95 70.30 
3 60.67 84.85 

73.31 100.35 
85.53 116.18 
88 .23 122.64 

Sum of the Soil Nail Forces 9769.12Ilbs) 

Theta FOS FOS 
(deg) IMoment) (Force) 

Iki=1. 0) IEquil. ) (Equil. ) Lambda 

39.50 1. 350 1. 274 0.824 
59.25 0.000 0.799 1. 681 
41. 79 1.350 1. 315 0.894 
36.95 1. 341 1. 235 0.752 
46.59 1. 257 1.419 1. 057 
42.04 1. 349 1. 320 0.902 
41. 46 1. 351 1. 309 0 .883 
44.09 1.331 1.361 0.969 
42.62 1. 34 6 1. 331 0.920 
42.79 1. 345 1.335 0.926 
43.33 1. 341 1.346 0.943 
43.16 1. 342 1. 342 0.938 

Factor Of Safety For The Preceding Specified Surface 1. 342 
Theta Iki = 1.0) 43.16 Deg Lambda = 0.938 

Factor Of Safety Is Calculated By GLE (Spencer's) Method 10-1) 

Forces from Reinforcement, Piers/Piles, Applied Forces, and Soil Nails 
lif applicable) have been applied to the slice basels) 
on which they in t ersect. 

Se l ected ki function Constant (1.0) 

Selected Lambda Coefficient 1 . 00 

The option of water in the tension crack on 
the last slice has been selected. 

**** END OF GSTABL7 OUTPUT **** 
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_USGS Design Maps Detailed Repol \. 

2012 International Building Code (38.9142°N, 111.417°W) 

Site Class B - "Rock", Risk Category I/II/III 

Section 1613.3 .1 - Mapped acceleration parameters 

Note: Ground motion values provided below are for the direction of maximum horizontal 

spectral response acceleration . They have been converted from corresponding geometric 

mean ground motions computed by the USGS by applying factors of 1.1 (to obtain 55) and 

1.3 (to obtain 5,). Maps in the 2012 International Building Code are provided for Site Class 

B. Adjustments for other Site Classes are made, as needed, in Section 1613.3.3. 

From Figure 1613.3.1(1) [I] Ss = 0.630 9 

From Figure 1613.3.1(2) [2] 5 , = 0.175 9 

Section 1613.3.2 - Site class definitions 

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or the 

default has classified the site as Site Class B, based on the site soil properties in 

accordance with Section 1613. 

2010 ASCE-7 Standard - Table 20.3-1 
SITE CLASS DEFINITIONS 

Site Class 

A. Hard Rock 

B. Rock 

C. Very dense soil and soft rock 

D. Stiff Soil 

E. Soft clay soil 

F. Soils requiring site response 
analysis in accordance with Section 
21.1 

Vs NorN," 5, 

>5,000 ft/s N/A N/A 

2,500 to 5,000 ft/s N/A N/A 

1,200 to 2,500 rt/ s >50 >2,000 psf 

600 to 1,200 ftls 15 to 50 1,000 to 2,000 psf 

<600 tt/s <15 <1,000 psf 

Any profile with more than 10 ft of soil having the 
characteristics: 

• Plasticity index PI > 20, 
• Moisture content w '" 40%, and 
• Undrained shear strength su < 500 psf 

See Section 20.3.1 

For 51: 1ft/s = 0.3048 mls 11b/ fP = 0.0479 kN/m2 
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Section 1613.3.3 - Site coefficients and adjustea maximum considered earthquake spectral 
response acceleration parameters 

Site Class 

A 

B 

C 

D 

E 

F 

Site Class 

A 

B 

C 

D 

E 

TABLE 1613.3.3(1) 

VALUES OF SITE COEFFICIENT F, 

Mapped Spectral Response Acceleration at Short Period 

55 $ 0.25 55 = 0.50 55 = 0.75 55 = 1.00 

0.8 0.8 0.8 0.8 

1.0 1.0 1.0 1.0 

1.2 1.2 1.1 1.0 

1.6 1.4 1.2 1.1 

2.5 1.7 1.2 0.9 

See Section 11.4.7 of ASCE 7 

Note: Use straight-line interpolation for intermediate values of 55 

For Site Class = Band 55 = 0.630 g, F. = 1.000 

TABLE 1613.3.3(2) 

VALUES OF SITE COEFFICIENT F, 

55 ~ 1.25 

0.8 

1.0 

1.0 

1.0 

0.9 

Mapped Spectral Response Acceleration at 1-s Period 

5, $ 0.10 5, = 0.20 5, = 0.30 5, = 0.40 5, ~ 0.50 

0.8 0.8 0.8 0.8 0.8 

1.0 1.0 1.0 1.0 1.0 

1.7 1.6 1.5 1.4 1.3 

2.4 2.0 1.8 1.6 1.5 

3.5 3.2 2.8 2.4 2.4 

0 
~. 

0 -.. 
0 

.... ::::.: 
C) 
.Q) 
en 
Qo 

~ ;:, 
S· 

See Section 11.4.7 of ASCE 7 
CO 

F 

Note: Use straight-line interpolation for intermediate values of 5, 

For Site Class = Band 5, = 0.175 g, F, = 1.000 
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Equation (16-37): SMS = FaSs = 1.000 x 0.630 = 0.630 9 

en 
Equation (16-38): SMl = F,Sl = 1.000 x 0.175 = 0.175 9 

Section 1613.3.4 - Design spectral response acceleration parameters 

Equation (16-39): SDS = % SMS = % x 0.630 = 0.420 9 

Equation (16-40): SDl = % SMl = % x 0.175 = 0.117 9 

c: 
'i: 

~ ~ ~ 
olS ~ ~ 
~ ct. 

~ C) a - 6 0-

ct. S '0 8 -- ;t z '0 -
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Section 1613.3.5 - Determination of seismic desrgn category 

TABLE 1613.3.5(1) 

SEISMIC DESIGN CATEGORY BASED ON SHORT-PERIOD (0.2 second ) RESPONSE ACCELERATION 

RISK CATEGORY 
VALUE OF SDS 

lor II III IV 

SDS < 0.167g A A A 

0.167g :s SDS < 0.33g B B C 

0.33g :s SDS < O.sOg C C D 

O.sOg :s SDS D D D 

For Risk Category = I and SDS = 0.420 g, Seismic Design Category = C 

TABLE 1613.3.5(2) 

SEISMIC DESIGN CATEGORY BASED ON 1-SECOND PERIOD RESPONSE ACCELERATION 

RISK CATEGORY 
VALUE OF SDl 

lor II III IV 

sDl < 0.067g A A A 

0.067g :s SDl < 0.133g B B C 

0.133g :s SDl < 0.20g C C D 

0.20g :s SDl D D D 
--

For Risk Category = I and SDl = 0.117 g, Seismic Design Category = B 

Note: When S, is greater than or equal to 0.75g, the Seismic Design Category is E for 

buildings in Risk Categories I, II, and III, and F for those in Risk Category IV, irrespective 

of the above. 

Seismic Design Category" "the more severe design category in accordance with 
Table 1613.3.5(1) or 1613.3.5(2)" = C 

Note: See Section 1613.3.5.1 for alternative approaches to calculating Seismic Design 

Category. 

References 

1. Figure 1613.3.1(1): http://earthquake. usgs.gov/hazards/designmaps/downloads/pdfs/IBC-

2012-Fig1613p3p1( 1). pdf 

2. Figure 1613.3.1(2): http://earthquake. usgs.gov/hazards/designmaps/downloads/pdfs/IBC-

2012-Fig 1613p3p1(2). pdf 
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• USGS Design Maps Summary k'=Oport 
User-Specified Input 

Report Title SUFCO Mine Wall Site Class B 
Tue April 15, 2014 16:08:22 UTC 

Building Code Reference Document 2012 International Building Code 
(which utilizes USGS hazard data available in 2008) 

Site Coordinates 38.9142°N, 111.417°W 

Site Soil Classification Site Class B - "Rock" 

Risk Category I/II/III 

E~~=:=::::JI ~JD", 

~ 
V 1so 

USGS-Provided Output 

Ss = 0.630 9 

S, = 0.175 9 

SMS = 0.630 9 

SMI = 0.175 9 

4I10141 

SDS = 0.420 9 

SDI = 0.117 9 

~ AI.,.QIaut 

For information on how the SS and Sl values above have been calculated from probabilistic (risk-targeted) and 

deterministic ground motions in the direction of maximum horizontal response, please return to the application and 

select the "2009 NEHRP" building code reference document. 

MCE" Response Spectrum 
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Although this information is a product of tne U.S. Geological Survey, we provide no warranty, expressed or implied, as to the accuracy of 
the data contained therein . This tool is not a substitute for technical subject-matter knowledge. 
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Soil Nailing - Hayward Baker 

HAYWARD 
BAKER Geotechnical Construction 
llipua 

Home- 'Nnat \iVe Do Techniques Earth Ret~n~oll Soil Nailing 

Page 1 of 1 

www.haywardbaker.com 

1-800-456-6548 

Soil Nailing 
Soil nailing is an earth retention technique using grouted tension-resisting steel elements (nails) that can be 

design for permanent or temporary support. The walls are generally constructed from the top down. Typically, 

3 to 6 feet of soil is excavated from the top of the planned excavation. Near-horizontal holes are drilled into the 

exposed face at typically 3 to 6 foot centers. Tension-resisting steel bars are inserted into the holes and 

grouted. A drainage system is installed on the exposed face, followed by the application of reinforced 

shotcrete facing. Precast face panels have also been used instead of shotcrete. Bearing plates are then fixed 

to the heads of the soil nails. The soil at the base of this first stage is then removed to a depth of about 3 to 6 

feet. The installation process is repeated until the design wall depth is reached. The finished soil nails produce 

a zone of reinforced ground. 

Soil nailing equipment is small enough that it can easily negotiate restricted access. For existing steep slopes, 

such as bluffs or existing retaining walls, the soil nails can be installed from crane-suspended working 

platforms. Soil nails can also be installed directly beneath existing structures adjacent to excavations. Care 

should be exercised when applying the system underneath an existing structure. Hayward Baker has used 

extensive 3D modeling to avoid conflicts between soil nailS and other earth retention systems on complex 

projects that involve the use of multiple techniques, and to ensure the safety of buried utilities. 

Soil nailing has been used to stabilize slopes and landslides, provide earth retention for excavations for 

buildings, plants, parking structures, tunnels, deep cuts, and repair existing retaining walls. 

This technique is available in most areas through either Hayward Baker or sister Keller companies. Contact 

your local Hayward Baker office for more information on soil nailing. 
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