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Slope Stability Evaluation and Equipment Setback Distances 
for 

Burial Ground Excavations 

1.0 Introduction 
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After 1970 Transuranic (TRU) and suspect TRU waste was buried in the ground with the 
intention that at some later date the waste would be retrieved and processed into a configuration 
for long term storage. To retrieve this waste the soil must be removed (excavated). Sloping the 
bank of the excavation is the method used to keep the excavation from collapsing and to provide 
protection for workers retrieving the waste. The purpose of this paper is to document the 
minimum distance (setback) that equipment must stay from the edge of the excavation to 
maintain a stable slope. . 

This evaluation examines the equipment setback distance by dividing the equipment into two 
categories, (1) equipment used for excavation and (2) equipment used for retrieval. The section 
on excavation equipment will also discuss techniques used for excavation including the process 
of benching. Calculations 122633-C-004, "Slope Stability Analysis" (Attachment A), and 
300013-C-001, "Crane Stability Analysis" (Attachment B), have been prepared to support this 
evaluation. As shown in the calculations the soil has the following properties: 

• Unit weight 110 pounds per cubic foot 
• Friction Angle (natural angle ofrepose) 38° or 1.28 horizontal to 1 vertical 

Setback distances are measured from the top edge of the slope to the wheels/tracks of the 
vehicles and heavy equipment being utilized. The computer program utilized in the calculation 
uses the center of the wheel or track load for the analysis and this difference is accounted for in 
this evaluation. 

2.0 Excavating and Excavation Equipment: 

2.1 Removal of Overburden 

Generally the waste trenches have four (4) to eight (8) feet of soil over the top of the waste 
containers. This soil layer (overburden) is provided to protect the environment from a release 
from the waste containers, protect the waste containers from the weather, and allow equipment 
traffic over the top of the trench. The overburden distributes the weight of the equipment to 
many containers which allows equipment traffic to pass over the trench safely. When excavation 
begins the confining effect from the overburden is removed and waste containers must be 
protected from the possibility of sliding or toppling into waste arrays. The protection is 
provided by keeping equipment back from the edge of the trench. 

One of the load cases in the calculation determined the excavation equipment setback distance. 
This load case considered the weight of the heaviest piece of excavation equipment, the 
Komatsu® excavator, used for digging. Therefore, the results are applicable for all types of 
lesser weight equipment. In the calculation, the lateral soil pressure on the covered waste array 
was determined considering the excavator at different setback distances from the edge of the 
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array. The calculation also determined the strength of a waste drum accounting for potential 
deterioration. When lateral pressure is compared to drum strength a setback distance of 
3 feet-6 inches (minimum) from the edge of the waste drum array yielded a factor of safety of 
2.9 which is adequate. Figure 1 shows the configuration. 

=....-~~=::-:~:..~_="9f'.::_=~=;=~-:-_-_~ WASTEDRUMAARAY. 

Figure 1 
Removal of the Overburden 

2.2 Excavation for Retrieval : 

Once the overburden is removed and the waste array or containers are exposed, excavation 
begins to uncover the waste containers for retrieval. Since some of the waste containers are 
stacked on other containers excavation and retrieval may occur simultaneously. The depth of 
excavation can vary from 4 to 20 feet. 

When excavating, the preferred method for slope stabilization is sloping with a side slope no 
steeper that a I.S horizontal to 1 vertical (l .Sh to 1 v). Other methods of slope stabilization (i.e. 
shoring, shielding, etc.) could be used if necessary and will be evaluated on a case by case basis. 
The I.Sh to I v slope was selected because this is also the slope required for safe manned entry 
into the trench in accordance with OSHA criteria. When the side slope of a trench is shallower 

2 



HNF-36426 
Revision 3 

than or equal to 1.5h to 1 v, manned entry is allowed in the trench at the same time that an 
excavator is working from the top of the trench. 

Excavation to the deeper depths (12 feet to 20 feet) could require a steepened slope (as steep as 
lh to 1 v) for the excavator to reach the material to be removed. The calculation evaluated slope 
stability at different excavated depths and different slope angles. The results demonstrate that 
the equipment centerline should be behind the sloped line for the soil angle of repose. The 
natural angle of repose for the LLBG was determined by laboratory analysis as 38° or 1.28h to 
Iv. 

2.3 Setback Distances 

To simplify development of excavation procedures for the Waste Retrieval Project, setback 
distances are limited to three conditions: 

I. For the excavator when the tracks are perpendicular to the trench the setback distance 
is 0 feet for all slope angles (Maximum angle Ih : Iv). 

2. For the excavator when the tracks are parallel to the trench the following is allowed: 

• While excavating with a slope angle 1.5h : I v or shallower the set back distance is 
o feet from the edge of the track. 

• While excavating with a slope angle steeper than 1.5h : 1 v (maximum angle is 
Ih : 1 v) the set back distance is 4 feet. 

• When reducing the slope form Ih : Iv (maximum) to a slope of 1.5h : 1 v, the 
setback distance to the edge of the track shall start at 4 feet. During this transition 
the setback distance maybe reduce to 0 feet (edge of the track). 

3. For all other equipment (i.e. water trucks, cranes, golf carts, etc.), the setback distance 
is 4 feet. 

2.4 Methodology Used to Determine Setback Distances 

The setback distances were selected based on the attached calculations. The calculations 
demonstrate that the setback distance is a function of the angle of the side slope and the natural 
angle of repose (38°). Figure 2 was developed to graphically show the relationship between the 
different angles evaluated. The slope that controls the slope stability is the natural angle of 
repose or 1.28h : Iv (38°). The setback distances are controlled by a slope of Ih : Iv (45°). The 
following sections explain the rational used to develop the setback distances. 
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NATURAL ANGLE OF 
REPOSE 

MAXIMUM SLOPE FOR MANNED ENTRY 

Figure 2 
Comparison of Evaluated Slopes 

2.4.1 Side Slope 1.5 horizontal to 1 vertical 

The angle for a side slope 1.5h to 1 v (34°) is less than the natural angle of repose (Figure 2) and 
is very stable. The calculation shows that the only effect any of the equipment has on a slope of 
this angle is some minor compaction of the top of the slope. When the tracks of the excavator 
are perpendicular they could extend over the top of the slope by two or three feet and the slope 
would still be stable. 

2.4.2 Natural Angle of Repose (38°) 

The natural angle of repose for this material is 38° or 1.28h to 1 v. The calculation shows that 
this angle controls the stability of the slope for this soil. Therefore the weight of the equipment 
should always stay behind this line. This angle will be used to calculate the setback distances . 

2.4.3 Side Slope 1 horizontal to 1 vertical (45°) 

The slope of Ih to 1 v is the maximum slope needed for the excavator to reach depths to 20 feet. 
This slope only remains as long as necessary to achieve the trench depth required. Once the 
depth is obtained the side slopes are reduced to the 1.5h to 1 v for personnel entry. 
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2.4.3.1 Setback distance for the excavator when the tracks are perpendicular to the 
excavation: 

Figure 3 shows an example of this configuration. The calculation concludes that the 
center of the track should always be behind the slope for the natural angle of repose. In 
this configuration the center of the track is the center line of the excavator. Measuring to 
the center of the excavator can lead to confusion so to simplify, the setback distance will 
be measured from the top of the limiting slope (lh: 1 v) to the point where the track is 
closest to the excavation (see Figure 3). The setback is then determined as distance from 
the top edge of the Ih tol v slope and top of the 1.28: 1 slope (5 foot -7 inches) minus Y2 of 
the length of the track (17 foot-7 inches -:- 2 = 8 feet - 9 Y2 inches) which is a negative 
distance. A negative distance will not be allowed so the setback distance will be 0 (the 
tracks can come right up to the trench edge on the limiting Ih : Iv slope. 

EXISTlNG GRADE 

MAXIMUM SLOPE FOR MANNED ENTRY 

• THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES. 

o to 6.--1 

Figure 3 
Excavation with the Excavator Tracks Perpendicular 
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2.4.3 .2 Setback distance for the excavator when tracks are parallel to the excavation: 

Figure 4 shows an example of this configuration. The calculation concludes that the 
center of the track should always be behind the slope for the natural angle of repose. 
Measuring to the center of the track can lead to confusion so to simplify, the setback 
distance will be measured from the top of the limiting slope (lh tol v) to the edge of the 
track closest to the excavation. The setback distance is then the distance between the top 
of the lh to 1 v slope and top of the 1.28h tol v slope (5 foot -7 inches) minus Y2 of the 
track width (3 foot+2 = 1 foot-6 inches) which equals 4 foot-l inches (to simplify use 4 
feet) . For slopes with an angle shallower than the 1.28h : I v the set back distance for the 
parallel condition can be 0 feet. 

Once the trench has been excavated to the desired depth the angle of the side slope is 
transitioned from the 1 h : I v, needed for excavation, to a slope of 1.5h : 1 v which is 
required for manned entry. As can be seen in Figure 4 the setback distance, for 
transition, can start at 4 feet from the top of slope to the edge of the closest track and be 
reduced to 0 feet (to the edge of the track) as the slope angle is reduced. This is 
acceptable since the center line of the track will always be at or behind the slope of the 
natural angle of repose (1.28h to I v). 

EXISTING GRADE 

NA rURAl ANGLE OF 
REPOSE 

MAXIMUM SlOPE FOR MANNED ENTRY 

• THIS DISTANCE IS APPLICABLE TO All SLOPE ANGlES. 

Figure 4 
Excavating with the Excavator Tracks Parallel 
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There are several other pieces of equipment that are utilized during excavation (i.e. dump 
trucks, water trucks, front end loaders, etc.) The calculation concludes that these pieces of 
equipment should also stay behind the slope for the natural angle of repose. Due to the 
configuration of this type of equipment the setback distance is the same as whether the piece 
of equipment operates parallel or perpendicular to the trench. The setback is the distance 
between the top of the limiting 1: 1 slope and top of the 1.28: 1 slope (5 foot -7 inches) minus 
Y2 of the width or a set for dual tires similar to the rear tires on the water truck. (3 foot+2 = 1 
foot-6 inches) which is approximately 4 feet (See figure 5). 

EXISTING GRADE 

MAXIMUM SLOPE FOR MANNED ENTRY 

NATURAl ANGLE OF 
REPOSE 

• THIS DISTANCE IS APPLICABLE TO ALL SLOPE ANGLES. 

Figure 5 
Setback Distance for All Other Type of Equipment 
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Benching is a technique used to maintain slope stability and allow an excavator to reach areas 
that are too deep for the size of the excavator from the top of the trench. 

2.4.5.1 Benching for slope stability 

This type of benching is common for slopes that are perpendicular to the center line of 
the trench. This technique is covered in the excavation standard, 29 CFR 1926.650 
Subpart P. From this section the definition of benching is "a method of protecting 
employees from cave-ins by excavating the sides of an excavation to form one or a series 
of horizontal levels or steps, usually with a vertical or near vertical surfaces between 
levels". Figure 6, Section A-A shows how perpendicular benching is done. Note in the 
Section View that the slope ultimately is 1.5h to 1 v. 

TOP OF TRENCH 

TOP OF TRENCH 

TOP OF TRENCH 

TOP OF TRENCH 

Figure 6 Perpendicular Benching 
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BENCH RISER· 

BENCH STEP-

PARTIALLY BURIED WASTE CONTAINER 

BURIED WASTE CONTAINER 

• BENCH RISER IS NEARLY VERICAL CAN 
VARY IN HEIGHT FROM l' TO 2' . 

•• BENCH STEP IS NEARLY HORIZONTAL, 
WIDTH CAN VARY TO AS NECESSARY TO 
FORM A I .SH TO IV SLOPE WITH VERICAL 
RISE SELECTED. 

Figure 6 Perpendicular Benching 
continued 

2.4.5.2 Benching to aid in hard to reach areas 
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This type of benching is when excavating at a steep slope (e.g. Ih to 1 v) is not feasible. 
Generally this condition is present when manned entry is needed either to retrieve upper 
level waste containers or perform hand excavation. In this situation the benching lowers 
the level at which the excavator is placed allowing it to be closer to the work. Figures 7 
and 8 have been prepared to illustrate benching. Note the excavator is shown operating 
from a level base. This is for reference only, the slope that the excavator operates from is 
limited by the capability of the excavator to operate on a sloped surface and not the 
stability of the side slope. The slope stability and setback distances are the same as the 
excavation when benching is not used. Note the slope at the back of the bench is a 
function of the depth of the bench. 
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BENCHING SURFACE 

MAXIMUM SLOPE 
FOR EXCAVATION 

I--;,-L-- -r-- BENCHING WIDTH .--------" 

1h to 1v MAXIMUM SLOPE WHEN 
BENCHING DEPTH IS LESS THAN 4 FEET. 

1.28h to 1v NATURAL ANGLE OF REPOSE 

NATURAL ANGLE OF 1.5h to 1v MAXIMUM SLOPE WHEN BENCHING 
REPOSE DEPTH IS GREATER THAN 4 FEET. 

MAXIMUM SLOPE FOR 
MANNED ENTRY 
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• BENCHING WIDTH AND DEPTH CAN VARY AND IS DETERMINED 
BY FIELD CONDITIONS 

.. THIS DISTANCE IS APPLICABLE TO ALL 

Figure 7 
Benching with Excavator Tracks Parallel 

MAXIMUM SLOPE 
FOR EXCAVATION 

MAXIMUM SLOPE FOR 
MANNED ENTRY 

1 h to lv MAXIMUM SLOPE WHEN BENCHING 
DEPTH IS LESS THAN 4 FEET. 

1.28h to lv NATURAL ANGLE OF REPOSE 

1.Sh to lv MAXIMUM SLOPE WHEN BENCHING 
DEPTH IS GREATER THAN 4 FEET. 

• BENCHING WIDTH AND DEPTH CAN VARY AND IS 
DETERMINED BY FIELD CONDITIONS . 
.. THIS DISTANCE IS APPLICABUE TO ALL SLOPE ANGLES. 

Figure 8 
Benching with Excavator Tracks Perpendicular 
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2.4.S.3 Excavator stability associated with trench excavation 
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The specifications for the Komatsu excavators operated in the burial grounds indicate that 
the excavators can climb or descend a 3So slope (This is just slightly steeper than a l.Sh : 
1 v slope). They recommend performing excavation operations on a slope of 30° 
maximum. For conservatism it is recommended that excavators operate from an 
approximately level grade (when on a bench or otherwise). For ease of identification in 
the field, a slope of ± So, which corresponds to "visually level" , would be adequate. 

3.0 Equipment Used for Retrieval 

Equipment used to retrieve waste containers vary from heavy cranes (tracked or rubber tired) to 
light weight golf carts . The calculations (Appendix A and B) demonstrate that from a slope 
stability aspect the 1.Sh to I v slope, required for manned entry, would be stable if any of the 
equipment (i.e. water truck, front end loaders, track and rubber tire cranes, ect.) were to be 
operated directly at the top edge of the slope. The only affect on the soil would be some minor 
localized compaction at the top of the slope. However, from an industrial safety perspective (e.g. 
a worker exiting a vehicle and falling down the slope) the establishment of a setback distance is 
prudent. An example setback distance of 4 feet is shown in Figure 9; this example is not based 
on soil stability (for which no setback is required with the l.SH: 1 V slope) but is based only on 
worker safety considerations. 

EXISTING GRADE 

MAXIMUM SLOPE FOR MANNED ENTRY 

Figure 9 
Equipment Setback Distance for Equipment used for Retrieval 
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Calculation/Technical Basis Sheet 

Section I: Identificati.GI~ 

l. Project Number 2. Modification Description Title/Subject 3. Page ii ofii 

122633 Slope Stability Analysis 

4_ Calculation Number 5. Rev. No. 

122633-C-004 0 

Section 2: Scope, Objective, M.i;lthjjd, Asspmp.tlons, Technical Basis 

6. Scope and Objective 

This calculation was performed to support safe excavation operations connected with drum retrieval in trenches at 
the Central Waste Facility in the 200 West Area. There were six configurations presented with three different 
loading situations to evaluate. The loadings are given in the assumption section below. The configurations are 
shown in the figures. 

7. Method 

Hand calculation using MathCad 14.0 M011 and Slope stability analysis using the interactive computer program 
STB2006. STB2006 was developed at Delft University and Verified by FGG. This program uses Bishops simplified 
method to determine the minimum factor of safety. The approved for use form is included in the appendix. 

8. Assumptions and Technical Basis 

1. The soli weight Is assumed to be about 110 pcf. This is a reasonable for the area of interest. The soils to be excavated 
contain gravel and are heavier than the sand from Ref. 1. 
2. The angle of internal friction for the soli is 380. (Ref. 1) 
3. The dry soil is cohesionless but has an apparent cohesion of between 11 psf and 14psf when freshly excavated allowing the 
newly excavated slope to stand at 1 H:1V . 
4. The excavator tracks are 31_5 Inches wide, spaced 7'-7" c-c and exert a ground loading of 3,300 Ibslft of track length. 
5. Assume the bulk Poisson ratio for the soil, f.L:= 0.33 (Ref. 5, Table 2-7). 
6. Calculation was to determine equipment distances for 1:1 factors of safety. (1 .1 :1 minimum recommended) 

Section 3: Design Io,piltsliteferences 

9. Ref. No. 10. Inputs/References (with Revision and/or Date or Source) 

1 Site Investigation Report WHC-SD-W025-SE-001 

2 Roark's FotJTlulas for Stress and Strain, 7th Edition, McGraw Hill 

3 Advanced Soil Mechanics, 2nd Edition, Das, Taylor and Francis, New York, NY 

4 Foundation Analysis and Design, 5th Edition, Bowles, McGraw Hili 

Sect,on 4: Conclusions 
1. (Load Case 1) The tracked excavator can operate with the edge of the closest track within 3.5' of the face of the drum stack. 

2. For the 4' and 7' deep excavation at 1:1 slope the excavator should be at least 3' from the top of the slope. 

3. For the 10' and 13' deep excavation at 1:1 the excavator should be at least 4' from the top of the slope. 

4. For the 16' deep excavation at 1: 1 slope the excavator should be at least 5' from the top of the slope. 

5. The 38 deg. angle of repose Is a 1.28H:1V slope. The excavator should always be behind that slope line. 

6. For the 16' deep excavation sloped at 1.5H:1V, the excavator should be at least 2' from the top of the slope. 

7. The H-20 tandem axle truck should not operate closer than 4' from the top of the 1.5: 1 slope. 

A-6003-0S4 (OS/02) 

14 



Fluor Hanford, Inc. 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.: I 22633-C-004 
Revision: 0 

Page No.: I of9 

Client: Fluor Hanford 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: CWC 200W 

T.O.lJob No.: 65400811.122633 

Originated by: D.S. Messinger, p.E.Cd) ~ Date: Ifj,~,b1 
Checked by: David S. McShane, p.~.5~ Date:l (',)~ 'o7 

OBJECTIVE: 

This calculation was performed to support safe excavation operations connected with drum retrieval in trenchs at 
the Central Waste Facility in the 200 West Area. There were six configurations presented with three different 
loading situations to evaluate. The loadings are given in the assumption section below. The configurations are 
shown in the figures. 

REFERENCE: 

1. Site Investigation Report WHC-SD-W025-SE-001 
2. Roark's Formulas for Stress and Strain, 7th Edition, McGraw Hill 
3. Advanced Soil Mechanics, 2nd Edition, Das, Taylor and Francis, New York, NY 
4. Foundation Analysis and DeSign, 5th Edition, Bowles, McGraw Hill 

METHOD: 

Hand calculation using MathCad 14.0 M011 and Slope stability analysis using the interactive computer program 
STB2006. STB2006 was developed at Delft University and Verified by FGG. This program uses Bishops simplified 
method to determine the minimum factor of safety. The approved for use form is included in the appendix. 

ASSUMPTIONS AND LIMITATIONS: 
1. The soil weight is assumed to be about 110 pcf. This is a reasonable for the area of interest. The soils to be 

excavated contain gravel and are heavier than the sand from Ref. 1. 
2. The angle of Internal friction for the soil is 38°. (Ref. 1) 
3. The dry soil is cohesionless but has an apparent cohesion of between 11 psf and 14psf when freshly 

excavated allowing the newly excavated slope to stand at 1 H:1V . 
4. The excavator tracks are 31.5 inches wide, spaced 7'-7" c-c and exert a ground loading of 3,300 Ibs/ft of 

track length. 
5. Assume the bulk Poisson ratio for the soil, J.L := 0.33 (Ref. 5, Table 2-7). 
6. Calculation was to determine equipment distances for 1:1 factors of safety. (1.1:1 minimum recommended) 

CONCLUSION: 

1. (Load Case 1) The tracked excavator can operate with the edge of the closest track within 3.5' of the face of 
the drum stack. 

2. For the 4' and r deep excavation at 1:1 slope the excavator should be at least 3' from the top of the slope. 
3. For the 10' and 13' deep excavation at 1:1 the excavator should be at least 4' from the top of the slope. 
4. For the 16' deep excavation at 1: 1 slope the excavator should be at least 5' from the top of the slope. 
5. The 38 deg. angle of repose is a 1.28H:1V slope. The excavator should always be behind that slope line. 
6. For the 16' deep excavation sloped at 1.5H:1V, the excavator should be at least 2' from the top of the slope. 
7. The H-20 tandem axle truck should not operate closer than 4' from the top of the 1.5:1 slope. 

CALCULATIONS: 

Definitions of Terms: 

Track half-width, b := 31 .5 in 
2 

Soil unit weight, "'1 := 110pcf 

3300 lbf 
ft 

Excavator ground pressure, q := --- = 8.73·psi 
2·b 

Internal friction angle of soil, <l> := 38dcg 
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2 
Active earth pressure coefficient, KA := tan( 45deg - ~) = 0.238 

At Rest earth pressure coefficient, Ko := 1- sin(fj» = 0.384 

Equipment 

L-._.--
WASTE DRUM ARRAY 

.-.- (24'-0') ... ----

LOAD CASE 1 BEGI N EXCAVATION OF TRENCH OVERBURDEN 

Load case 1 is to determine the safe lateral distance from the drum stack for excavation equipment. 

The Bousslnesq equation for a point load can be written as CJ'r := ~[3 r2z - 1 - 2~ ]. For a strip loading 
2P R5 R(R + z) 

condition, the plane strain Poisson ratio is used rather than the bulk Poisson ratio. The expression for the 

plane strain Poisson ratio is~' := -1.1.- = 0.493 1 - 21.1.' = 0.Dl5 or nearly zero and can be Ignored In the 
1-1.1. 

following functions. (Ref. 4, Eq. 11-20a.) 

Expressions for the vertical and horizontal soil pressure, are shown below as functions. 

CJ'z(x,z) := 2;.Jb [ ' : 2J2 d, 
(x - s) + z 

-b 

2q Jb (x-s/z 
CJ'x(x , z) :=-,; . [(x_s)2+i]2dS 

-b 

CJ'z(5ft ,4ft) = 86.032·psf (Ref. 3, Eq. 3.22) 

CJ'x(5ft,4ft) = 123.029·psf (Ref. 3, Eq. 3.23) 

16 



HNF 36426 Revision 3 

Fluor Hanford, Inc. ENGINEERING 
ANALYSIS 

Calc. No.:122633-C-004 
Revision: 0 

Page No.: 30f9 

Client: Fluor Hanford T.O./Job No.: 65400811.122633 

Originated by: D.S. Messinger, P.E.f).!. ~Date: 1/-J1·~1 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: CWC 200W 

CheCkedbY : Davids.McShane, p .E .»~MC Date: /(, ')3- D7 

I-
IIZzZ/ZI/a 

r
~~~~~~ ~\ \)\ \ \/,(-.: ,.-

C, 
Excavator Track 

7'-7" --- --1-1 
1777/7 

~2b --l 

Z l J Poio' o. '0'''''' 

1-.. --- X -------<-1 

Excavator Track Configuration 

Plot the lateral soil pressure for depth ranging from 0-16 feet and track offsets from 5 - 20 feet. 

z:= Oft , .lft .. 16ft x := Sft, lOft .. 20ft 

SEPARATE SURCHARGE AND SOIL LOAD LATERAL PRESSURE ON DRUMS 

O~,~~----~--------~----~==~~~~~ 
, - Track 5' from drums 

\\ " ' -,\ - - Track 10' from drums 
\ \ "" " - - Track 15' from drums 
\ \ "" - - - Trdck 20' from drums 
. ' ' " - Active Earth Pressure 

- 5 --.I;-~ - - -- ~~--.------- - ---- --- ___ __ . At Rest Earth Pressure , \ ' " 

\ \ """ 

\ \ j ~ ._-"-"--""' . ' --IO--W ~ ~ " -"'-" -" ,,-, - 1 - ---

- 15 --4 .-'d,,------"-" -" --I' ---"-, ,- ,,-, ----- --

_ 20L------------L------------~----------~------------~ 

o 200 400 600 800 

LATERAL SOIL PRESSURE ON DRUM STACK - PSF 

17 



HNF 36426 Revision 3 

Fluor Hanford, Inc. ENGINEERING 
ANALYSIS 

Calc. No.:122633-C-004 
Revision: 0 

Page No.: 4 of 9 

Client: Fluor Hanford 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: ewc 200W 

T.O.lJob No.: 65400811.122633 

Ori';""'" by, D.S. M~ •• g", P.E.~ D ... , I). n -"1 
Checked by: David S. McShane, p:D ~A C _ Date: il· 23 ·07 

COMBINED SURCHARGE AND SOIL LOAD LATERAL PRESSURE ON DRUMS 
O~~~=--'--------~---------r--------'---------. 
~~ 

.. ~ 

-51-------t-

- 10 - - --00---- ---------------+ ""'--:-""""'~--t---.--.-

- 15 -- Track 5 ft from drums --
-- Track lOft from drums 
.- - Track 15 ft from drums 
- - - Track 20 ft from drums 

_20~======~=====-~--------L--------L------~ 
o 100 200 300 400 500 

LATERAL SOIL PRESSURE ON DRUM STACK - PSF 

No Information could be found on drum coliaps from external pressure so a lower limit pressure was determined b 
assuming the stiffening rings on the drum provided no increase in support against external pressure. 

Assume 18 gage carbon steel drum: 

Drum shell thickness, t := 0.0478in Drum diameter, D := 23 .5in Drum height, Ld := 34.5in 

Youngs modulus for the steel, E := 29OO0ksi Poissons ratio for the steel, v := 0.3 

Drum radius, r := E. = I 1.75· in 
2 

4.9.r·fl = 75.224 ft 

, E} 4( I )3? 3 
q := 0.807·_ · -- .- = 1.3 x 10 ·psf 

Ld·r I-} ? 

18 

Use short tube formula 

Roark Table 15.2 - Case 19 

Roark Table 15.2 - Case 20 



Fluor Hanford, Inc. 

Client: Fluor Hanford 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.: I 22633-C-004 
Revision: 0 

Page No.: 5 of9 

T.O.lJob No.: 6540081 \.122633 
Subject: Slope Stability Analysis for 
Exavation Work At ewc Trench 
Location: CWC 200W Originated by: D.S. Messinger, P.E.~J.~ Date: 11·g3~()1 

Checked by: David S. McShane, p.E[b...;.M=--f:f:_ ~ ___ Date:l ( , ? 3 '07 

Factors of Safety for Drum Collapse using Active Earth Pressure (Recommended) 

q' 
FS • := = 2.706 

q (CTxC15ft, 16ft) + CTxC22.6ft,16ft) + "/.16ft.KA) 

q" 
FS " := = 2.875 

q (CTXC 15ft , 16ft) + o'x{22.6ft, 16ft) + "(. I6ft.KA) 

Factors of Safety for Drum Collapse using At Rest Earth Pressure 

q' 
FS, := = 1.761 

q {<TxC 15ft , 16ft) + CTxC22.6ft,16ft) + ,,/. I6ft.Ko) 

q" 
FSq" := = 1.871 

(CTxC15ft, 16ft) + CTxC22.6ft, 16ft) + "(·16ft· Ko) 

Following are the slope stability analysis by STB2006. 

Equipment 

I 
3' I EXST I 
~ GRADE 

-.~ 

I 

I 
WAST[ DRUf.I AARAY - --------1 

I 
LOAD CASE 2 DUR ING EXCAVATION OF TR ENCH OVERBURDEN 

19 



Fluor Hanford, Inc. 

Client: Fluor Hanford 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: ewe 200W 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.: I 22633-C-004 
Revision: 0 

Page No.: 60f9 

T.O./Job No. : 65400811.122633 

Ori"."", by, D.S. M=,.,tt, p'~r ~Dat" /I. Z.~-'7 
Checked by: David S. McShane, P.E. _ ' Date: t (. Z! '07 

Equipment 

I (XST ! 
GRADE 

1------ - - -----

I 

I LOAD CASE 3 

I 

I LOAD CASE 3A 

I 
DURI NG EXCAVATION OF TOP DRUM LEVEL 

DURING TOP LEVEL DRUM RETRIEVAL 
OPERATONS 

20 
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Fluor Hanford, Inc. 

Client: Fluor Hanford 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: cwe 200W 

J 

I 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.: 122633-C-004 
Revision: 0 

Page No.: 70f9 

T.O./Job No.: 65400811.122633 

Ori",,,,, by, D.S. M,§; •• ". P.E.j/)*~ 0..., ,fJ:I~p7 
Checked by: David S. McShane, P.;])~_ Date: t'" 2,;}'e>7 

---- ------

--- - - --- -

Eq ui pment 

EXST I 
GRADE 

~ 
J 

P11116' 

L, 
I I LOAD CASE 4 DURING EXCAVATION OF SECOND DRUM LEVEL 

~--

I LOAD C~.sE~~:~DURING 

21 

Equipment 

"'16' 

- - --- -----

EXST 
GRADE 

- "p:j 

SECOND LEVEL DRUM RETRIEVAL OPERATIONS 



Fluor Hanford, Inc. 

Client: Fluor Hanford 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: CWC 200W 

I 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.: 122633-C-004 
Revision: 0 

Page No.: 80f9 

T.O./Job No.: 65400811.122633 

OriOM'''' by, D.S. M~';""'t. P.~~ D,,", I/c IJ·"7 
Checked by: David S. McShane, P.E. ~_-'----~ Date:! (. J,-)"t:J7 

/ 

~6'.J ----

Equ ipment 

EXST I 
GRADE 

- . ., 

I 

----~-i 
I 

I 

I LOAD CASE 5 DURING EXCAVATION OF THIRD DRUM LEVEL 

Equipme nt 

./ 
./ 

.., lS' 

I LOAD CASE 5A DURING THIRD LEVEL DRUM RETRIEVAL OPERATIO S 

22 



Fluor Hanford, Inc. 

Client: Fluor Hanford 
Subject: Slope Stability Analysis for 
Exavation Work At CWC Trench 
Location: CWC 200W 

I 

I 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.: I 22633-C-004 
Revision: 0 

Page No.: 9 of 9 

T.O.lJob No.: 65400811.122633 

Ori~","" by' D.S. M~."g~. p'~f7!Z-Ji:;:; D, .. "I/-.22-0 7 
Checked by: David S. McShane, p.E.1 Me Date} /. 2J" tf( 

(XSf 
GRADE 

-----1 

Equipment 

--- - - ---

1 
11.: 

/ 
/ 

- -------i 

I 
I LOAD CAS E 6 DURI NG EXCAVATIO OF BOnOM DRUM LEVEL 

EXS! 
GR.lDE 

23 
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ENGINEERING COMPUTER PROGRAM APPROVED FOR USE 

Using Discipline(s) 
Program Name ...;:;S..:..'T'.l3=20.;,;06:..;;... _________ - _________ _ 

CIVIL 

Program Version Identifier NA Rc:1ease Dale -=2.::.00~6~ __ _ 

Prognml Source Delft University of Tcchnology-Vcrruijt, Arnold (lrcewllre) 

Approved F 

BY __ ~~AQ~~~~~~~~~~~~~~~~~ ____ __ 

Principal User David S. Messinger Location 1200 Jadwin_2nd floor Phone (509) 372-3805 

Program Abstr~t 

STB2006 is a revised version of the approved program STB2004. There is no noticable difference in the "look and feel" of the two 
programs. Both STB2006 and ST82004 have a tendency to lock up or freeze If certain improper graphical Inputs are made to the 
problem, such as placing the center of the failure circle in n position that can not present a rational solution to the problem. Verification 
of the current version is based on re-running the same set of problems l,lse<! In the verification and vlllldntion of ST1'I2004. COI)ies of the 
hand solved problems from the S'I'02004 V&V packnge are included as a part ofthill V&V package. 

STB is a program fOf the analysis of stability of a slope, using Olshop's simplified method, with some modifications introduced at 
GeoDelft and the Delft University. In this mnnual the various parts of the program are described. together with the basic methods ,111<1 the 
detinitiOJ'J~ (lfLhe parameters. The manual can al~ .... be printed"by clicking the PRINT hutton of the screen 'Manual'. The program can be 
downloaded fI'ee of charge from the intemet, from the page <http://geo.verruijt.nel>. Updated versions of the program will be announccd 
011 this page. The program may be u~d, copied and distributed without limitation, provided that it is not Illodified in any way. No 
responsibility is accepted by the nuthor or the distributot" of the I)rogram for any errors or for losses or (lamages incun·ed by USin8 the 
pt'ogtHm. 

In Bishop'S method the ~al'cty factor of tl slope is determined by (.'Omparing the moment of Ihe weight of II soil wedge about the center of a 
slip circle, with the resisting moment pTOvided by the shear stresses Hloog the slip surraee. The two momenls arc calculated by 
subdividing the sliding wedge inlo a large number or verticlil sliec:1;, 11 is assumed Ihllt on the v(.-rtielll side planes of the slices only 
hori-L.ontal (normal) stresses arc Hcting, lind no shcllr strCS9CS. The tirst bH~;e equHtion is Coulomb's equlltion for thc sheHr stresS along the 
lower part of a slice, t=[ c+(s-p)*tan(phi)]/F, here t is the shear stress, c is the cohesion. s is the total stress normal to the sliding plane, p is 
the porc water prcssure, phi is the angle of internal mction, and F is the safety factor. The second bHsie cqulItion is the equllhon of vt:rtielll 
equilibrium ofa sliCE:, which gives W*h=s+t*tan(alpha), where W is the (average) unit weight of the slice, h is its height, and IIlpha is the 
slope of thc slip surfacc at the slice considered. 

Equilibrium of moments with re.~pect to the center of the circle leads to n formula from which the safety factor ClIJl be calculated, 
iteratively. The program STB2006 also contains the three rcfinements of Bishop's method. 
I - The fint refinement is that care is taken that the direction orthe shCllT stress along the slip surfllee is 1I1WllYS oppo~;ng the sliding 
mcchaniml. This is achieved by cutting ofTthc value of alpha lit a minimum vlllue ofphil2.pi/4. This refinement is due to A.W. KoppejHn 
of GcoDclft. 
2 - The second refinement is that the shearing rc.~ilitanee is reduced if the coefficient of neutral hori7.ontal stress is so small that slip would 
occ;ur along a plane perpendicular to the slip surface, combined with a local rotation. in agreement with a double sliding model. as 
suggested by G. de Josselin de Jong. 'Ibis refinement is effective only if the coefficient of neutral horizontal stress (Ko) is 
smaller than I. 
3 - The third refinement is thnt it is possible to introduce a horizontal body f\)rce, away from the slope. This rnay be used to simulate the 
stability of the slope during an earthquake. The horizontal forces acting on the slices increases the moment of the weight of the slices widl 
respect to the center of the slip (.;rclc, thus rcdu(.;ng the stability fllctor. 

(See Appendix Sheets for limitations, verification problems and hard copy of the manual.) 

Page 1 or~. 
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ENGINEERING COMPUTER PROGRAM APPROVED FOR USE 

Using Oiscipline(s) 
Program Name -"'-STB.::..=.2=.;006:..::..::'---___________________ _ 

ClViL 

Program Version Identifier .....;N:..:;A:..:.... _______ Release Date -'2"-'006;..;;..;. ___ _ 

Program Source Delft University ofTeclmology-VCTTUijt. Arnold (freeware) 

Approv~ring Use fl' IIJ J 
By ~1 ~ .. u ... ..r-.L.o..J J~ ~~·F~ __ MJ~l.J 

Disciplinclvbiiagcr/Chicf Design Engineer 

Principal User David S. Messinger Location 1200 Jadwin-2nd floor Phone (509)372-3805 

Program Abstract 

(Continued from page 1) 

Limitations: The program limitations may be found within the prOglilms help files and embedded electronic manunl. 

Verification: Three verifICation test problems ilre supplied with the sof\w;lre. These problems lU'e listed as test I through test 3 and 
demonstrate the various capabilities of the program. Tn addition. the FGG verifier (Oavid S. Messinger. P.E.) produced five additional test 
problems based on published slope stability problems and answers. 11lese additional verification problems were worked by hand, during 
the verification of Sl'B2004 compared to the publ ished Qnswers and compared to the program generated output for STB2006. 'I'he 
program generated acceptable results in all cases. The verification problem'l are attached. 

STB2006 is authorized f\}T use only after verification by each user on stand-alone personal computers. Authori7.ation is granted only on 
the specific personal computers on which the verification have been run. Verification must be documented on the ACCEPTANCE TEST 
RECORD form and submitted to the feG STB2006 Principal User. 

STB2006 is authorized for usc by professional engineers who possess an und<.,.standing of soil mcchanic~. Users must verify the accuracy 
lind tlpplicability of the results. 

PageZ,of2 I!·NlV028J (05101) 
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STB2006 • Slope Stability 

Copyright © 2006 by A. Verruijt 

Dav id S . Messinger, P.E., Load Case 2 

Genera l Data 

Licensed User : David S. Messinger, P.E. 
File Name : CWC02.stb 
Problem Name : Load Case 2 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Definition Figure 

11 

6.10 

Inpu t Dat a 

Coordinates of Nodes 

Node x y 
1 6.828 16.020 
2 10.092 17.985 
3 11.724 16.320 
4 7.761 13.589 
5 10.000 6.000 
6 0.000 0.000 
7 0.000 2.000 
8 33.974 2.000 
9 33.974 0.000 
10 0.000 0,000 
11 0.000 6,000 
12 16.986 10.000 
13 16.986 10.100 
14 19.611 10.100 
15 33.974 0.000 
16 19.611 10.000 
17 10.000 6,000 
18 14.000 10.000 
19 33.974 10.000 
20 15.120 10.000 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 12 19 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

2 

3 

15 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 2 

Properties of Soils 

Soil Wd Ws Ko 
kNlm' kNlm' 

1 110.000 110.000 1.000 
2 12571.430 12571.430 1.000 
3 110.000 110.000 1.000 

c 
kNlm' 
0 .000 
0 .000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi PIF p=o cap 
degrees m m 
38.000 P 0.000 
0 .000 P 0.000 
38.000 P 0.000 

------------------------------------------------------------

Output Data 

Safety Factors 

1.241 1.247 1.255 1.262 1.274 1.283 1.316 1.347 1.379 1.412 
1.202 1.208 1.213 1.216 1.223 1.234 1.240 1.247 1.254 1.266 
1.173 1.176 1.179 1.1 83 1.187 1.190 1.199 1.202 1.207 1.212 
1.169 1.168 1.169 1.169 1.165 1.167 1.171 1.172 1.160 1.1 81 
1.194 1.190 1.188 1.185 1.184 1.184 1.186 1.187 1.187 1.188 
1.319 1 .315 1.305 1.289 1.265 1.282 1.282 1.284 1.287 1.287 
1.483 1.472 1.463 1.456 1.451 1.448 1.447 1.447 1.449 1.453 
1.468 1.448 1.429 1.413 1.398 1.385 1.373 1.364 1.356 1.349 
1.495 1.467 1.439 1.413 1.389 1.366 1.344 1.324 1.305 1.288 
1.581 1.545 1.511 1.477 1.444 1.413 1.382 1.352 1.324 1.296 
1.746 1.708 1.670 1.633 1.596 1.560 1.525 1.491 1.457 1.424 

Critical slip circle 

Center: x = 9.682, Y = 16.638; Radius: 1D.642, F = 1.165 

28 
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1.447 
1.274 
1.217 
1.184 
1.190 
1.294 
1.458 
1.345 
1.272 
1.270 
1.392 



STB2006 - Slope Stability 
Copyright CI:> 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case 2A 

General Data 

Licensed User : David S. Messinger, P.E. 
File Name : CWC02A.stb 
Problem Name : Load Case 2A 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Figure with critical slip circle 
2 

HNF 36426 

APPENDIX A 
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Revision 3 
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" ,/:ro~"~"'_."i6' _____________________ --;'19 

__________________ J-

7r--------------------------------------------------------------------------------8 

6.10 _ ____ . ______ _________________________ _ _________ , 
9

15 

F= 1.165 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

)( 

6.828 
10.092 
11 .724 
7.761 
10.000 
0.000 
0.000 
33.974 
33.974 
0.000 
0.000 
16.986 
16.986 
19.611 
33.974 
19.611 
10.000 
14.000 
33.974 
15.120 

Y 
16.020 
17.985 
16.320 
13.589 
6.000 
0.000 
2.000 
2.000 
0.000 
0.000 
6.000 
10.000 
10.100 
10.100 
0.000 
10.000 
6.000 
10.000 
10.000 
10.000 
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STB2006 - Slope Stability 

Dav id S. Messinger, P.E., Load Case 2A 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 12 19 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soli Wd Ws Ko 
kNlm' kNJrn' 

1 110.000 110.000 1.000 
2 12571 .430 12571.430 1.000 
3 110.000 110.000 1.000 

15 

c 
kNtm2 
0.000 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi PtF p=o cap 
degrees m m 
38.000 P 0 .000 
0 .000 P 0 .000 

38.000 P 0 .000 

--------.------------- ---------------------_ .. _----

Output Data 

Safety Factors 

1.241 1.247 1.255 1.262 1.274 1.283 1.318 1.347 1 .379 1.412 
1.202 1.208 1.213 1.218 1.223 1.233 1.240 1.247 1.254 1.266 
1.1 73 1.176 1.179 1.183 1.187 1.190 1.199 1.203 1.207 1.212 
1.169 1.168 1 .169 1.169 1.165 1.167 1.171 1.172 1.180 1.161 
1.194 1.190 1.188 1.185 1.184 1.184 1.186 1.187 1.187 1.188 
1.319 1.315 1.305 '1 .289 1.285 1.282 1.282 1.284 1.288 1.287 
1.483 1.472 1.463 1.456 1.451 1.448 1.447 1.447 1.449 1.453 
1.468 1.448 1.429 1.413 1.398 1.385 1.373 1.364 1.356 1.350 
1.495 1.467 1.439 1.413 1.389 1.366 1.344 1.324 1.305 1.288 
1 .581 1.545 1 .511 l .4n 1.444 1.413 1.382 1.352 1.323 1.296 
1.746 1.708 1.670 1.633 1.596 1.560 1.525 1.491 1,457 1.424 

Critical s lip c ircle 

Center: x = 9.682, Y = 16.638, Radius: 10.642, F = 1.165 

30 

Revision 3 

Appendix Page 7 of 43 Page 2 

1.446 
1.274 
1.217 
1.164 
1.190 
1.294 
1.458 
1.345 
1.272 
1.270 
1.392 



7 

STB2006 - Slope Stability 
Copyright ~ 2006 by A. VerruiJt 

David S. Messinger, P.E., Load Case 2B 

General Data 

Licensed User : David S . Messinger, P.E. 
File Name : CWC02B.stb 
Problem Name : Load Case 2B 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons: 3 

Figure with critical slip circle 

11 __________________________ -L_ 

F= 1.090 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 

x 
6.628 
10.092 
11 .724 
7.761 
10.000 
0.000 
0.000 
33.974 
33.974 
0.000 
0.000 
16.986 
16.966 
19.611 
33.974 
19.611 
10.000 
14.000 
33.974 
15.120 

Y 
16.020 
17.985 
16.320 
13.569 
6.000 
0 .000 
2.000 
2.000 
0.000 
0.000 
6.000 
10.000 
10.100 
10.100 
0.000 
10.000 
6.000 
10.000 
10.000 
10.000 

2 

3 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 2B 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 12 19 
2: Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soil Wd Ws Ko 
kN/m' kN/m' 

1 110.000 110.000 1.000 
2 12571.430 12571.430 1.000 
3 0.000 10.000 1.000 

15 

c 
kN/m' 
0.000 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=0 cap 
degrees m m 
38.000 P 0.000 
0 .000 P 0.000 
0 .000 P 0.000 

.-~.-.------.---.---.--------.-----.------------.---.-------

Output Data 

Safety Factors 

1.183 1.189 1.196 1.204 1.217 1.225 1.260 1.288 1.318 1.349 
1.140 1.146 1.151 1.156 1.161 1.1 72 1.178 1.185 1.192 1.205 
1.105 1.108 1.1 12 1.116 1.120 1.123 1.132 1.136 1.140 1.145 
1.094 1.093 1.094 1.095 1.090 1.092 1.096 1.097 1.106 1.107 
1.111 1.107 1.105 1.1 01 1.100 1.100 1.102 1.103 1.103 1.104 
1.239 1.232 1.221 1.200 1.195 1.191 1.190 1.191 1.194 1.193 
1.457 1.441 1.428 1.417 1.408 1.401 1.397 1.395 1.395 1.397 
1.481 1.454 1.429 1.407 1.387 1.369 1.354 1.340 1.329 1.320 
1.576 1.539 1 .503 1.469 1.438 1.408 1.360 1.355 1.331 1.310 
1.782 1.738 1 .695 1.653 1.613 1.575 1.536 1.503 1.469 1.438 
2.175 2 .136 2.099 2.063 2.030 1.999 1.970 1 .941 1.911 1.881 

Critical s lip c ircle 

Center: x = 9.682, Y = 16.638, Radius: 10.642, F = 1.090 
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STB2006 - Slope Stability 
Copyright @ 2006 by A. Verruijt 

David S. Messinger, Load Case 3 

General Data 

licensed User : David S . Messinger 
File Name : CWC03.stb 
Problem Name : Load Case 3 
Number of Slices : 1000 
Relative Horizontal Force: 0 .000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Figure wHh critical slip circle 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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F = 1.332 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 

x 
8.711 
10.668 
10.708 
8.71 1 

y 
29.877 
29.877 
27.390 
27.390 
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STB2006 • Slope Stabi lity 

Dav id S. Messinger, Load Case 3 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

7.000 
0 .000 
0 .000 
33.974 
33.974 
0.000 
0 .000 
24.986 
24.986 
27.611 
33.974 
27.611 
7.000 
14.000 
33.974 
21.560 

Structure of Polygons 

3.000 
0.000 
2.000 
2.000 
0.000 
0.000 
3.000 
10.000 
10.100 
10.100 
0.000 
10.000 
3.000 
10.000 
10.000 
10.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed polnl of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of 50115 

Soil Wd Ws 
kN/m' kN/m' 

1 110.000 11 0.000 
2 12571 .430 12571.430 
3 0.000 10.000 

12 19 15 

Ko c 
kN/m' 

1.000 0.000 
1.000 0.000 
1.000 0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
32.000 P 0.000 
0 .000 P 0.000 
0 .000 P 0.000 

--._.------------ ----- ----------- -------- ----------

Output Data 

Safety Factors 

1.546 1.535 1.522 1.510 1.502 1.489 1.476 1.463 1.453 1.442 
1.516 1.503 1.492 1.480 1.469 1.459 1.446 1.436 1.422 1.410 
1.486 1.474 1.463 1.451 1.440 1.427 1.416 1.404 1.391 1.360 
1.458 1.445 1.432 1.421 1.409 1.398 1.385 1.375 1.362 1.341 
1.427 1.414 1.404 1.393 1.380 1.370 1.357 1.334 1.338 1.338 
1.399 1.389 1.376 1.363 1.346 1.336 1.332 1.332 1.339 1.340 
1.370 1.359 1.336 1.333 1.333 1.333 1 .334 1.335 1.338 1.339 
1.335 1.333 1.333 1.333 1.333 1.336 1.337 1.339 1.343 1.345 
1.333 1.333 1.335 1.338 1.337 1.341 1.342 1.347 1.350 1.356 
1.335 1.338 1.337 1 .341 1.342 1.347 1.350 1.356 1.362 1.367 
1.337 1.341 1.343 1.347 1.350 1.356 1.362 1.367 1.375 1.384 

Critical slip Circle 

Center: x = 9.701 , Y = 28.385, Radius: 25.528, F = 1.332 
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5T82006 • Slope Stability 
Copyright Q 2006 by A, Verruljt 

David 5. Messinger, P.E., Load Case 3 

General Data 

licensed User : David S, Messinger, P,E, 
File Name : CWC03A.stb 
Problem Name : Load Case 3 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Figure with critical slip circle 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

Revision 3 

Appendix Page 12 of 43 Page 1 

.. ~~~~~~ ________________________________ -;·19 

6.1- _________________________________________________________________________________ --f1!15 

F = 1.076 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

x 
0.461 
10,044 
11 .176 
2.574 
7.000 
0.000 
0.000 
33.974 
33,974 
0.000 
0,000 
16.986 
16.986 
19.611 
33.974 

Y 
19.840 
24.292 
19.613 
16.142 
3.000 
0,000 
2.000 
2.000 
0,000 
0,000 
3.000 
10.000 
10.100 
10.100 
0.000 
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David S. Messinger, P.E., Load Case 3 

16 
17 
18 
19 
20 

19.611 
7.000 
14.000 
33.974 
15.959 

Structure of Polygons 

10.000 
3.000 
10.000 
10.000 
10.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soil Wd Ws 
kN/m' kN/m' 

1 11 0.000 110.000 
2 12571.430 12571.430 
3 11 0 .000 110.000 

12 

Ko 

1.000 
1.000 
1.000 

19 15 

c 
kN/m' 
0.000 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0 .000 
0 .000 P 0.000 
38.000 P 0.000 

~-----------------------------.. -.-.-.. --.---------------
Output Data 

Safety Factors 

2.394 2 .389 2.387 2.383 2.381 2.378 2.375 2.372 2.373 2.372 
2.102 2.098 2.092 2.087 2.082 2.080 2.076 2.069 2.066 2.063 
1.843 1.836 1.830 1.824 1.818 1.811 1.805 1.800 1.794 1.790 
1.609 1.602 1.594 1.587 1.581 1.572 1.565 1.559 1.552 1.544 
1.400 1.393 1.385 1.376 1.367 1.360 1.350 1.342 1.335 1.327 
1.219 1.209 1.198 1.189 1.179 1.169 1.160 1.151 1.141 1.124 
1.106 1.100 1.094 1.088 1.084 1.081 1.079 1.077 1.076 1.078 
1.125 1.115 1.1 09 1.103 1.098 1.095 1.092 1.093 1.095 1.099 
1.290 1.293 1.296 1.322 1.325 1.353 1.336 1.312 1.290 1.269 
1.498 1.488 1.476 1.463 1.449 1.432 1.413 1.392 1.367 1.340 
1.577 1.577 1.576 1.574 1.571 1.565 1.556 1.546 1.533 1.517 

Crit ical slip c ircle 

Center : x = 5.671 , Y = 18.349, Radius : 15.406, F = 1.076 
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STB2006 - Slope Stability 
Copyright ~ 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case 3 

General Data 

Licensed User : David S. Messinger, P.E. 
File Name : CWC03A.stb 
Problem Name : Load Case 3 
Number of Slices : 1000 
Relative Horizontal Force : 0.000000 
Number of Nodes : 20 
Number of Soli Polygons: 3 

Figure with critical slip Circle 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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F = 1.076 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

x 
0.461 
10.044 
11 .176 
2.574 
7.000 
0.000 
0.000 

33.974 
33.974 
0.000 
0.000 
16.986 
16.986 
19.611 
33.974 

y 
19.840 
24.292 
19.613 
16.142 
3.000 
0.000 
2.000 
2.000 
0.000 
0.000 
3.000 
10.000 
10.100 
10.100 
0.000 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 3 

16 
17 
18 
19 
20 

19.611 
7.000 
14.000 
33.974 
15.959 

Structure of Polygons 

10.000 
3 .000 
10.000 
10.000 
10.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soli Polygons 
1 : Nodes 10 11 17 20 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soil Wd Ws 
kNlm' kN/m' 

1 110.000 110.000 
2 12571.430 12571.430 
3 110.000 110.000 

12 

Ko 

1.000 
1.000 
1.000 

19 15 

c 
kN/m' 
0.000 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0.000 
0 .000 P 0.000 
38.000 P 0.000 

----.---------------------------------- - ----------------

Output Data 

Safety Factors 

2.394 2.389 2.387 2.383 2.381 2.378 2.375 2.372 2.373 2.372 
2.102 2.098 2.092 2.087 2.082 2.080 2.076 2.069 2.066 2.063 
1.843 1.838 1.830 1.824 1.818 1.811 1.805 1.800 1.794 1.790 
1.609 1.602 1.594 1.587 1.581 1.572 1.565 1.559 1.552 1 .544 
1.400 1.393 1.385 1.376 1.367 1.360 1.350 1.342 1.335 1.327 
1.21 9 1.209 1.198 1.189 1.179 1.169 1.160 1.151 1.141 1.124 
1 .106 1.100 1.094 1.088 1.084 1.081 1.079 1.077 1.076 1.078 
1.125 1.115 1.109 1.103 1.098 1.095 1.092 1.093 1.095 1.099 
1.290 1.293 1.296 1.322 1.325 1.353 1.336 1.312 1.290 1.269 
1.498 1.488 1.476 1.463 1.449 1.432 1.413 1.392 1.367 1.340 
1.577 1.577 1.576 1.574 1.571 1.565 1.556 1.546 1.533 1.517 

Critical slip circle 

Center: x = 5.671, Y = 18.349, Radius: 15.406, F = 1.076 
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STB2006 . Slope Stability 
Copyright © 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case 3B 

General Data 

Licensed User : David S. Messinger. P.E. 
File Name : CWC03B.stb 
Problem Name : Load Case 38 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Figure with critical slip circle 
1 

HNF 36426 

APPENDIX A 
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F= 1.104 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x 
4.596 
8.327 
8.327 
4.596 
7.000 
0.000 
0.000 
33.974 
33.974 
0.000 
0.000 
17.986 
17.986 
20.611 
33.974 
20.611 
7.000 
14.000 
33.974 
15.959 

Y 
20.897 
20.897 
19.231 
19.198 
3.000 
0.000 
2.000 
2.000 
0.000 
0.000 
3.000 
10.000 
10.100 
10.100 
0.000 
10.000 
3.000 
10.000 
10.000 
10.000 
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STB2006 • Slope Stabil ity 

David S. MeSSinger, P.E., Load Case 3B 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soli Polygons 
1 : Nodes 10 11 17 20 12 19 15 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soli Wd Ws Ko c 
kNlm' kN/m' kN/m' 

1 110 .000 110.000 1.000 0.000 
2 12571 .430 12571.430 1.000 0.000 
3 0.000 10.000 1.000 0.000 

-----------------------------------
Output Data 

Safety Factors 

1.511 1.499 1.484 1.470 1.456 1.442 
1.437 1.423 1.409 1 .395 1.381 1.368 
1.365 1.352 1.339 1.324 1.310 1.296 
1.298 1.284 1.271 1.257 1.242 1.228 
1.234 1.219 1.206 1.193 1.179 1.165 
1.172 1.152 1.139 1.134 1.130 1.126 
1.133 1.129 1.125 1.122 1.119 1.116 
1.118 1.114 1.111 1.109 1.107 1.106 
1.108 1.1 07 1.104 1.104 1.104 1.104 
1.106 1.106 1.108 1.110 1.113 1.116 
1.11 6 1.120 1.125 1.129 1.136 1.144 

Critical slip circle 

Center: x = 5.343, Y = 20.220, Radius: 17.300, 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0 .000 
0.000 P 0 .000 
0.000 P 0.000 

1.428 1 .414 1.400 1.386 
1.353 1.339 1.324 1.311 
1.282 1.268 1.254 1.240 
1.214 1.200 1.187 1.173 
1.143 1.139 1.135 1.131 
1.122 1.125 1.122 1.119 
1.113 1.111 1.109 1.109 
1.105 1.104 1.104 1.106 
1.105 1.107 1.111 1.115 
1.121 1.127 1.133 1.142 
1.155 1.167 1.186 1.204 

F= 1.104 
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STB2006 - Slope Stability 
Copyright ~ 2006 by A. Verruijt 

David S. Messinger, Load Case 4 

General Data 

Licensed User : David S. Messinger 
File Name : CWC04.stb 
Problem Name : Load Case 4 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons: 3 

Figure with critical slip circle 

HNF 36426 

APPENDIX A 
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F= 1.332 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 

x 
8.711 
10.668 
10.708 
8.711 

y 
29.877 
29.877 
27.390 
27.390 

41 
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STB2006 • Slope Stability 

David S. Messinger, Load Case 4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

7.000 
0.000 
0.000 

33.974 
33.974 
0.000 
0.000 

24.986 
24.986 
27.611 
33.974 
27.611 
7.000 
14.000 
33.974 
21 .560 

Structure of Polygons 

3.000 
0.000 
2.000 
2.000 
0.000 
0.000 
3.000 
10.000 
10.100 
10.100 
0.000 
10.000 
3.000 
10.000 
10.000 
10.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2: Nodes 12 13 14 16 
3: Nodes 17 18 20 

Properties of Solis 

Soli Wd Ws 
kN/m' kN/m' 

1 110 .000 11 0.000 
2 12571.430 12571.430 
3 0.000 10.000 

12 19 15 

Ko c 
kN/m' 

1.000 0 .000 
1.000 0.000 
1.000 0 .000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=0 cap 
degrees m m 
32.000 P 0.000 
0 .000 P 0.000 
0 .000 p 0.000 

---------------------------------.-------------------
Output Data 

Safety Factors 

1.546 1.535 1.522 1.510 1.502 1.489 1 .476 1.465 1.453 1.442 
1.516 1.503 1.492 1.480 1.469 1.459 1.446 1.436 1.422 1.41 0 
1.486 1.474 ·1.463 1.451 1.440 1.427 1.416 1.404 1.391 1.380 
1.458 1.445 1.432 1.421 1.409 1.398 1.385 1.375 1.362 1.341 
1.427 1.414 1.404 1.393 1.380 1.370 1.357 1.334 1.338 1.338 
1.399 1.389 1.376 1.363 1.346 1.336 1 .-332 1.332 1.339 1.340 
1.370 1.359 1.336 1.333 1.333 1.333 1.334 1.335 1.338 1.339 
1.335 1.333 1.333 1.333 1.333 1.336 1.337 1 .339 1.343 1.345 
1.333 1.333 1.335 1.336 1.337 1.341 1.342 1.347 1.350 1.356 
1.335 1.336 1.337 1.341 1.342 1.347 1 .350 1.356 1.362 1.367 
1.337 1.341 1.343 1.347 1.350 1.356 1.362 1.367 1.375 1.384 

Critica l slip circle 

Center: x = 9.702, Y = 28.385, Radius: 25.528, F = 1.332 
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STB2006 • Slope Stability 
Copyright ~ 2006 by A. Verruljt 

David S. Messinger, P.E., Load Case 4A 

General Data 

Licensed User : David S . Messinger, P.E. 
File Name : CWC04A.stb 
Problem Name : Load Case 4A 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Figure with critical slip circle 

F= 1.121 

Input Data 

Coordinates of Nodes 

Node 
I 
2 
3 
4 
5 
6 
7 

x 
2.000 
5.868 
10.702 
3.207 
7.000 
0.000 
0 .000 

Y 
26.734 
28.333 
25.228 
22.212 
3.000 
0.000 
2.000 

HNF 36426 

APPENDIXA 
CALC. NO. 122633-C-004 
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David S. Messinger, P.E., Load Case 4A 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

34.000 
34.000 
0 .000 
0.000 

21 .000 
21 .000 
23.625 
34.000 
23.625 
7 .000 
17.000 
34.000 
19.799 

Structure of Polygons 

2.000 
0 .000 
0 .000 
3 .000 
13.000 
13.100 
13.100 
0 .000 
13.000 
3.000 
13.000 
13.000 
13.000 

Window of cenlers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soli Wd Ws 
kN/m' kN/m' 

1 110.000 110.000 
2 12571.430 12571.430 
3 110.000 110.000 

12 19 

Ko 

1.000 
1.000 
1.000 

15 

c 
kN/m' 
0.000 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0 .000 
0 .000 P 0.000 
38.000 P 0 .000 

---------------------------------------

Output Data 

Safety Factors 

1.423 1.464 1.510 1.558 1.609 1.664 1.719 1.760 1.846 1.915 
1.370 1.403 1.440 1.479 1.522 1.566 1.612 1.661 1.716 1.771 
1.319 1.344 1.373. 1.404 1.438 1.473 1.509 1.549 1.592 1.635 
1.270 1.288 1.310 1.333 1.358 1.384 1.412 1.442 1.474 1.508 
1.223 1.235 1.249 1.264 1.280 1.299 1.320 1.341 1.364 1.389 
1.181 1.186 1.194 1.200 1.210 1.221 1.233 1.247 1.260 1.276 
1.138 1.133 1.133 1.135 1.140 1.149 1.152 1.157 1.164 1.170 
1.133 1.129 1.132 1.129 1.122 1.121 1.121 1.122 1.124 1.125 
1.136 1.133 1.1 37 1.135 1.132 1.131 1.128 1.129 1.132 1.133 
1.1 46 1.145 1.152 1.154 1.154 1.158 1.161 1.165 1.171 1.179 
1.161 1.166 1.174 1.190 1.203 1.21 8 1.235 1.262 1.256 1.244 

Critical slip circle 

Center: x = 4.308, Y = 25.165, Radius : 22.328, F = 1.121 
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1.989 
1.831 
1.683 
1.544 
1.414 
1.291 
1.178 
1.129 
1.136 
1.191 
1.231 



STB2006 . Slope Stability 
Copyright ~ 2006 by A. Verruljt 

David S. Messinger, P.E., Load Case 4B 

General Data 

Licensed User : David S . Messinger, P.E. 
File Name : CWC04B.stb 
Problem Name : Load Case 4B 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soli Polygons : 3 

Figure with critical slip circle 

F = 1.048 

Input Data 

Coordinates of Nodes 

. Node 
1 
2 
3 
4 
5 
6 
7 

x 
2.000 
5.868 

10.702 
3.207 
7.000 
0.000 
0.000 

y 
26.734 
28.333 
25.228 
22.212 
3.000 
0.000 
2.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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STB2006 - Slope Stability 

David S . Messinger, P .E., Load Case 48 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

34.000 
34.000 
0.000 
0.000 
21.000 
21.000 
23.625 
34.000 
23.625 
7.000 
17.000 
34.000 
19.799 

Structure of Polygons 

2.000 
0.000 
0 .000 
3.000 
13.000 
13.100 
13.100 
0.000 
13.000 
3.000 
13.000 
13.000 
13.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soli Polygons 
1 : Nodes 10 11 17 20 
2: Nodes 12 13 14 16 
3: Nodes 17 18 20 

Properties of Soils 

Soil Wd Ws 
kN/m' kN/m' 

1 110.000 110.000 
2 12571.430 12571.430 
3 0 .000 10.000 

12 19 

Ko 

1.000 
1.000 
1.000 

15 

c 
kN/m' 
0.000 
0.000 
0.000 

HNF 36426 

APPENDIXA 
CALC. NO. 122633-C-004 

phi PIF p=O cap 
degrees m m 
38.000 P 0 .000 
0.000 P 0.000 
0.000 P 0.000 

-----------.-------------------------
Output Data 

Safety Factors 

1.344 1.363 1.426 1.471 1.519 1.570 1.622 1.679 1.740 1.802 
1.293 1.325 1.359 1 .396 1.436 1.477 1.520 1.566 1.617 1.668 
1.244 1.267 1.295 1 .324 1.355 1.388 1.422 1.460 1.499 1.539 
1.197 1.213 1 .233 1 .255 1.278 1.303 1.329 1.357 1.387 1.418 
1.152 1.1 62 1.174 1.189 1.203 1.221 1.241 1.260 1.282 1.304 
1.111 1.1 15 1.121 1.1 26 1.135 1.145 1.156 1.169 1.181 1.195 
1.067 1.063 1.061 1.062 1.066 1.075 1.077 1.081 1.087 1.092 
1.067 1.062 1.064 1.060 1.051 1.049 1.048 1.048 1.049 1.049 
1.076 1.071 1.076 1.073 1.069 1.067 1.064 1.064 1.067 1.069 
1.094 1.094 1.103 1.107 1.108 1.113 1.120 1.1 27 1.137 1.150 
1.121 1.130 1.144 1.170 1.192 1.220 1.253 1.305 1.307 1.300 

Critical slip circle 

Center: x = 4 .767, Y = 24.346, Radius: 21.462, F = 1.048 
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1.870 
1.723 
1.584 
1.452 
1.328 
1.210 
1.099 
1.052 
1.072 
1.169 
1.294 



STB200'6 - Slope Stability 
Copyright ~ 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case SA 

General Data 

Licensed User : David S. Messinger. P.E. 
File Name : CWC05A.stb 
Problem Name : Load Case 5A 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of 5011 Polygons : 3 

Figure with critical slip circle 

HNF 36426 

APPENDIX A 
CALC . NO. 122633-C-004 

Revision 3 
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F= 1.088 
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STB2006 • Slope Stability 

Dav id S. Messinger, P.E., Load Case SA 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x 
2.111 
7.127 
9 .935 
1.905 

10.000 
0.000 
0 .000 
34.000 
34.000 
0 .000 
0.000 

24.000 
24.000 
26.625 
34.000 
26.625 
7.000 

20.000 
34.000 
23.639 

Structure of Polygons 

Y 
29.560 
30.226 
28.822 
26.189 
3.600 
0.000 
2.000 
2.000 
0.000 
0.000 
3.000 
16.000 
16.100 
16.100 
0.000 
16.000 
3.000 
16.000 
16.000 
16.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all Slip circles 
Node 5 

. Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2: Nodes 12 13 14 16 
3: Nodes 17 18 20 

Properties of Soils 

Soil Wd Ws 
kN/m' kNlm' 

1 110.000 110.000 
2 12571.430 12571 .430 
3 110.000 110.000 

12 19 

Ko 

1.000 
1.000 
1.000 

15 

c 
kNlm' 
0 .000 
0 .000 
0 .000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0.000 
0 .000 P 0.000 

38.000 P 0 .000 

-----------------------------------------------

Output Data 

Safety Factors 

1.410 1 .432 1.453 1.476 1.500 1.524 1.548 1.573 1.600 1.626 
1.360 1.376 1.393 1.410 1.427 1.446 1.465 1.485 1.504 1.524 
1.312 1.322 1.335 1.348 1.359 1.372 1.385 1.400 1.414 1.429 
1.264 1.272 1.281 1.288 1 .296 1.304 1.312 1.320 1.330 1.339 
1.221 1.223 1.228 1.230 1.235 1 .238 1.241 1.247 1.250 1.255 
1.178 1.178 1.178 1.1 77 1.177 1 .176 1.177 1.176 1.176 1.1 76 
1.139 1.135 1.131 1.126 1.124 1.119 1.115 1.11 1 1.104 1.103 
1.111 1.103 1.091 1.090 1.089 1.089 1.089 1.088 1.089 1.089 
1.097 1.096 1.096 1.097 1.096 1.097 1.099 1.103 1.106 1.109 
1.104 1.1 06 1.1 08 1.112 1.116 1.120 1.128 1.135 1.146 1.1 57 
1.114 1.1 21 1.127 1.134 1.145 1.158 1.170 1.190 1.210 1.226 

Cri tical slip circle 

Center: x = 4 .104, Y = 27.81 3, Radius: 24.921 , F = 1.088 
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1.654 
1.547 
1.443 
1.348 
1.258 
1.176 
1.105 
1.091 
1.121 
1.178 
1.222 



STB2006 - Slope Stability 
Copyright ~ 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case 5B 

General Data 

Licensed User : David S. Messinger. P.E. 
File Name : CWC05B.stb 
Problem Name : Load Case 5B 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons: 3 

Figure with critical sUp circle 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

Revision 3 
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F= 1.022 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 5B 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x 
2.1 11 
7.127 
9 .935 
1.905 

10.000 
0.000 
0.000 

34.000 
34.000 
0 .000 
0 .000 
24.000 
24.000 
26.625 
34.000 
26.625 
7.000 

20.000 
34.000 
23.639 

Structure of Polygons 

Y 
29.560 
30.226 
28.822 
26 .169 
3 .600 
0.000 
2 .000 
2.000 
0.000 
0.000 
3.000 
16.000 
16.100 
16.100 
0.000 
16.000 
3.000 
16.000 
16.000 
16.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2: Nodes 12 13 14 16 
3: Nodes 17 18 20 

Properties of Solis 

Soil Wd Ws 
kN/m3 kN/m3 

1 110.000 110.000 
2 12571.430 12571 .430 
3 0.000 10.000 

12 19 

Ko 

1.000 
1.000 
1.000 

15 

c 
kNlm' 
0 .000 
0 .000 
0 .000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0.000 
0 .000 P 0.000 
0 .000 P 0.000 

-----------------------------------------------

Output Data 

Safety Factors 

1.320 1.341 1.360 1.360 1.402 1.424 1.445 1.468 1.492 1.517 
1 .275 1.289 1.304 1.319 1.334 1.351 1.368 1.387 1.404 1.421 
1 .230 1.239 1.250 1.262 1.271 1.283 1.295 1.308 1.320 1.334 
1.185 1.192 1.199 1.206 1.213 1.220 1.227 1.234 1.243 1.250 
1 .145 1.148 1.150 1.152 1.1 56 1.1 58 1.161 1.165 1.168 1.172 
1.104 1.104 1.103 1.102 1.101 1.101 1.100 1.099 1.099 1.098 
1.068 1.064 1.060 1.054 1.051 1.047 1.042 1.038 1.030 1.029 
1.045 1.037 1.023 1.022 1.022 1.023 1.023 1.023 1.025 1.027 
1.038 1.038 1.040 1.042 1.043 1.047 1.052 1.059 1.066 1.073 
1.055 1.061 1.067 1.075 1.085 1.097 1.113 1.129 1.151 1.177 
1.080 1.094 1.108 1.124 1.148 1.175 1.205 1.249 1.298 1.342 

Critical slip circle 

Center: x = 3.895, y = 28.648, Radius: 25.781, F = 1.022 
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1.541 
1.442 
1.347 
1.258 
1.175 
1.098 
1.031 
1.030 
1.094 
1.218 
1.353 



STB2006 - Slope Stability 
Copyrighl © 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case 6A 

General Data 

Licensed User : David S. MeSSinger, PE 
File Name : CWC06A.stb 
Problem Name : Load Case 6A 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons: 3 

Figure with critical slip circle 

I' 
,5 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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F= 1.000 

Input Data 

Coordinates of Nodes 

Node x y 
1 7 .192 35,486 
2 14.013 35.541 
3 14,013 29.385 
4 7.247 29.385 
5 3.500 
6 0,000 0.000 
7 0.000 0.000 
8 44 .000 0.000 
9 44.000 0.000 
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STB2006 - Slope S tability 

Da v id S. Messinger, P.E ., Load Case 6A 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

0.000 
0.000 

38.000 
38.000 
40.625 
44.000 
40.625 
17.000 
33.000 
44.000 
37.479 

Structure of Polygons 

0.000 
3.000 
19.000 
19.100 
19.100 
0.000 
19.000 
3.000 
19.000 
19.000 
19.000 

Window of centers of s lip circles 
Nodes 1 2 3 4 

Deepest point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 20 
2 : Node s 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soil Wd Ws 
kN/m' kN/m' 

1 110.000 110.000 
2 12571.430 12571.430 
3 110.000 110.000 

12 19 

Ko 

1.000 
1.000 
1.000 

15 

c 
kN/m' 

12.300 
0.000 
12.300 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0.000 
0.000 P 0 .000 

38.000 P 0 .000 

------------------------------ -------

Output Data 

Safe ty Factors 

1.215 1.193 1.171 1 .156 1.155 1.158 1.163 1.172 1.183 1.201 
1.164 1.147 1.146 1 .147 1.151 1.157 1.168 1.183 1.196 1.179 
1.138 1.138 1.140 1 .146 1.155 1.168 1.189 1.172 1.155 1.138 
1.133 1.138 1.146 1.158 1.179 1.165 1.148 1.131 1.115 1.100 
1.138 1.149 1.166 1.159 1.142 1.126 1.110 1.094 1.079 1.064 
1.154 1.154 1.138 1.121 1.105 1.089 1.074 1.059 1.046 1.034 
1.133 1.117 1.101 1.085 1.070 1.055 1.042 1.029 1.01 9 1.010 
1.098 1.082 1.067 1.052 1.039 1.027 1.016 1.007 1.002 1.001 
1.065 1.050 1.037 1.024 1.014 1.005 1.000 1.000 1.006 1.017 
1.036 1.024 1.013 1.005 1.000 1.000 1.008 1.024 1.043 1.073 
1.014 1.006 1.002 1.004 1.014 1.034 1.061 1.101 1.165 1.278 

Critical slip c ircle 

Center: x = 8.587, Y = 31 .219, Ra dius : 27.719, F = 1.000 
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STB2006 - Slope Stability 
Copyright @ 2006 by A. Verruljt 

David S. Messinger, P.E., Load Case 68 

General Data 

Licensed User : David S. Messinger, P .E. 
File Name : CWC069.stb 
Problem Name : Load Case 69 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons : 3 

Definition Figure 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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_r=--,-_.-;_,-,,-__ ~19 

7~ _________________________________________________________________________ 9j 5 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

x 
20.630 
23.479 
24.191 
20.850 
24.500 
0.000 
0.000 
44.000 
44.000 
0.000 
0.000 

38.000 
38.000 
40.625 
44.000 

Y 
33.790 
33.845 
31 .818 
31 .653 
10.500 
0.000 
0.000 
0.000 
0.000 
0.000 
3.000 
19.000 
19.100 
19.100 
0.000 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 6B 

16 
17 
18 
19 
20 

40.625 
17.000 
33.000 
44.000 
37.479 

Structure of Polygons 

19.000 
3.000 
19.000 
19.000 
19.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soli Polygons 
1 : Nodes 10 11 17 20 
2 : Nodes 12 13 14 16 
3 : Nodes 17 18 20 

Properties of Solis 

Soil Wd Ws 
kN/m' kN/m' 

1 110.000 110.000 
2 12571.430 12571 .430 
3 0 .000 10.000 

12 19 

Ko 

1.000 
1.000 
1.000 

15 

c 
kN/m' 

12.300 
0.000 
0.000 

HNF 36426 

APPENDIXA 
CALC. NO. 122633-C-004 

phi PIF p=O cap 
degrees m m 
38.000 P 0.000 
0.000 P 0.000 
0.000 P 0.000 

-.... _---------_.-.--._-_._---------------_.----. 
Output Data 

Safety Factors 

1.185 1.182 1.177 1.173 1.169 1.164 1.161 1.156 1.151 1.146 
1.149 1.144 1.139 1.134 1.129 1.124 1.119 1.113 1.106 1.101 
1.115 1.108 1.102 1.095 1.090 1.082 1.077 1.071 1.064 1.053 
1.079 1.072 1.065 1.047 1.044 1.041 1.039 1.036 1.033 1.031 
1.039 1.036 1.033 1.035 1.033 1.030 1.027 1.024 1.022 1.020 
1.028 1.025 1.022 1.018 1.016 1.013 1.017 1.016 1.013 1.012 
1.018 1.016 1.013 1.010 1.008 1.006 1.003 1.002 1.001 1.008 
1.011 1.008 1.006 1.004 1.003 1.001 1.002 1.001 1.002 1.002 
1.006 1.004 1.003 1.002 1.002 1.003 1.003 1.005 1.008 1.013 
1.004 1.004 1.005 1.006 1.008 1.011 1.014 1.022 1.029 1.040 
1.006 1.009 1.011 1 .015 1.021 1.031 1.038 1.052 1.069 1.090 

Critical slip circle 

Center: x = 21.742, Y = 32.334, Radius: 22.386, F = 1.001 
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STB2006 - Slope Stability 
Copyright Ii:) 2006 by A. Verruijt 

David S. Messinger, P.E., Load Case 6C 

General Data 

Licensed User : David S . Messinger. P.E. 
File Name : CWC06C.stb 
Problem Name : Load Case 6C 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 19 
Number of Soil Polygons : 2 

Figure with critical Slip circle 

Ir11----------------17 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 6C 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

x 
4 .013 
20.767 
24.191 
6.469 
22.000 
0 .000 
0 .000 

44.000 
44.000 
0 .000 
0 .000 

38.000 
38.000 
40.625 
44.000 
40.625 
10.000 
34.000 
44.000 

Structure of Polygons 

Y 
36.115 
39.931 
31 .818 
32.117 
11 .000 
0.000 
0.000 
0.000 
0.000 
0 .000 
3.000 
19.000 
19.100 
19.100 
0.000 
19.000 
3.000 
19.000 
19.000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 18 
2 : Nodes 12 13 14 16 

Properties of Soils 

Soil Wd Ws 
kNtm' kNtm' 

1 110.000 110.000 
2 12571.430 12571.430 

12 19 

Ko 

1.000 
1.000 

15 

c 
kNtm' 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi PtF p=O cap 
degrees m m 
38.000 P 0.000 
0.000 P 0.000 

--.--------.------- .------.-----------------.---------

Output Data 

Safety Factors 

1.466 1.463 1.462 1.461 1.461 1.462 1.465 1.465 1.468 1.473 
1.412 1.415 1.416 1.420 1.422 1.427 1.433 1.437 1.452 1.462 
1.519 1.518 1.518 1.518 1.518 1.519 1.520 1.522 1.524 1.526 
1.378 1.376 1.374 1.372 1.371 1.369 1.368 1.367 1.367 1.367 
1.268 1.267 1.265 1.263 1.262 1.261 1.261 1.261 1.261 1.262 
1.213 1.214 1.215 1.216 1.217 1.218 1.220 1.221 1.222 1.224 
1.196 1.196 1.196 1.197 1.197 1.198 1.198 1.199 1.199 1.200 
1.183 1.183 1.183 1.183 1.184 1.184 1.184 1.184 1.184 1.184 
1.175 1.175 1.175 1.175 1.175 1.175 1.175 1.175 1.175 1.175 
1.172 1.172 1.172 1.172 1.172 1.172 1.172 1.172 1.172 1,172 
1.173 1.173 1.173 1.173 1.173 1.173 1.173 1.173 1.173 1.173 

Critical slip circle 

Center: x = 7.986, y= 32.528, Radius: 25.688, F = 1.172 
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51B2006 - Slope Stabil ity 
Copyright © 2006 by A. Verruljt 

David S. Messinger, P.E., Load Case 6C1 

General Data 

licensed User : David S. Messinger. P.E. 
File Name : CWC06Cl .stb 
Problem Name : Load Case 6Cl 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 19 
Number of Soil Polygons : 2 

Figure w ith crit ical slip circle 

F = 1.109 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

x 
33.431 
35.847 
35.976 
33.475 
32.950 
0.000 
0.000 

44.000 
44.000 
0.000 
0.000 

35.000 
35.000 
37.625 
44.000 
37.625 
10.000 
34.000 
44.000 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 6 

Soil Polygons 
1 : Nodes 10 11 17 
2 : Nodes 12 13 14 

Y 
21 .190 
21.190 
19.378 
19.387 
18.300 
0.000 
0.000 
0.000 
0.000 
0.000 
3.000 
19.000 
19.010 
19.010 
0.000 
19.000 
3.000 
19.000 
19.000 

4 

9 

16 
16 

12 19 15 

HNF 36426 

APPENDIX A 
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STB2006 • Slope Stability 

David S. Messinger, P.E., Load Case 6C1 

Properties of Solis 

Soli Wd Ws Ko c 
kNlm' kN/m' kN/m' 

1 110.000 110.000 1.000 11 .500 
2 125714.300125714.300 1.000 0.000 

------------------- --.---------------

Output Data 

Safety Factors 

8.308 8 .339 8.497 8.569 8 .729 8.858 
5.210 5 .164 5.149 5.144 5.128 5.149 
3.631 3 .582 3.518 3.480 3.429 3.387 
2.686 2 .627 2.567 2.510 2.454 2.406 
2.098 2 .059 2.022 1.989 1.960 1.932 
1.923 1.883 1.837 1.797 1.756 1.723 
1.764 1.714 1.664 1.619 1.573 1.530 
1.621 1.567 1.513 1.460 1.408 1.358 
1.492 1.436 1.380 1.331 1.278 1.227 
1.393 1.342 1.292 1.245 1.202 1.170 
1.346 1.318 1.306 1.326 1.427 1.866 

Critical slip circle 

Center: x = 33.969, Y = 19.566, Radius: 1.625, 

HNF 36426 

APPENDIXA 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0.000 
0.000 p 0 .000 

9.084 9.367 9.628 10.024 
5.142 5.200 5.254 5.334 
3.376 3.356 3.349 3.367 
2.370 2.334 2.314 2.302 
1.915 1.909 1.909 1.921 
1.694 1.670 1.662 1.661 
1.493 1.460 1.434 1.426 
1.317 1.276 1.242 1.220 
1.179 1.138 1.117 1.109 
1.164 1.188 1.295 1.674 
3.691 3.602 3.522 3.458 

F= 1.109 
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10.512 
5.472 
3.382 
2.306 
1.948 
1.675 
1.427 
1.222 
1.137 
3.995 
3.421 
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STB2006 • Slope Stability 
Copyright <tl 2006 by A . Verruijt 

David S. Messinger, P.E., Load Case 6C2 

General Data 

Licensed User : David S. Messinger, P .E. 
File Name : CWC06C2.stb 
Problem Name : Load Case 6C2 
Number of Slices : 1000 
Relative Horizontal Force : 0.000000 
Number of Nodes : 19 
Number of Soil Polygons : 2 

Definition Figure 

11 17 

I 
7,10 

Input Data 

Coordinates of Nodes 

Node x y 
1 34.500 20.000 
2 35.760 20.000 
3 35.761 19.000 
4 34.500 19.000 
5 34.000 19.000 
6 0.000 0.000 
7 0 .000 0 .000 
8 44.000 0.000 
9 44.000 0 .000 
10 0 .000 0.000 
11 0 .000 3.000 
12 35.600 19.000 
13 35.600 19.010 
14 38 .225 19.010 
15 44.000 0.000 
16 38.225 19.000 
17 10.000 3.000 
18 34.000 19.000 
19 44.000 19.000 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
l ' Nodes 10 11 17 18 12 19 
2 : Nodes 12 13 14 16 

15 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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STB2006 - Slope Stability 

David S. Messinger, P.E., Load Case 6C2 

Properties of Solis 

Soil Wd Ws Ko 
kN/m' kN/m' 

1 11 0 .000 11 0.000 1.000 
2 125714.300125714.300 1.000 

c 
kN/m' 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38.000 P 0.000 
0.000 P 0.000 

---------------------------- -----

Output Data 

Safety Factors 

2.187 2 .155 2.130 2.112 2.102 2.100 2.107 2.123 2.146 2.178 
2.027 1 .991 1.961 1.937 1.922 1.916 1.919 1.932 1.954 1.983 
1.864 1.826 1.791 1.762 1.742 1.730 1.734 1.743 1.759 1.788 
1.715 1.666 1.624 1.595 1.569 1.552 1.542 1.554 1.571 1.600 
1.572 1.519 1.471 1.429 1.402 1.380 1.369 1.374 1.391 1.420 
1.445 1 .383 1.327 1.285 1.244 1.221 1.206 1.205 1.227 1.260 
1.344 1.274 1.219 1.164 1.126 1.093 1.082 1.084 1.115 1.163 
1.341 1.287 1.224 1.189 1.164 1.145 1.184 1.222 1.298 1.453 

Critical slip circle 

Center: x = 35.004, Y = 19.400, Radius: 1.236, F = 1.082 
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STB2006 • Slope Stability 
Copyright@ 2006 by A. Vsrruljt 

David S. Messinger, P.E., Load Case 6C3 

General Data 

Licensed User : David S. Messinger. P.E. 
File Name : CWC06C3.stb 
Problem Name : load Case 6C3 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 20 
Number of Soil Polygons: 3 

Figure with critical slip circle 
1 

[' 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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STB2006 - Slope Stability 

David S. Mess inger, P.E., Load Case 6C3 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

x 
5.155 
16.642 
16.717 
8.846 

0.000 
0.000 

44.000 
44.000 
0.000 
0.000 

38.000 
38.000 
40.625 
44.000 
40.625 
17.000 
33.000 
44.000 
37.479 

Structure of Polygons 

Window of centers of slip circles 
Nodes 1 2 3 

Deepest point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 8 

Soli Polygons 
1 : Nodes 10 11 17 
2: Nodes 12 13 14 
3 : Nodes 17 18 20 

Properties of Soils 

Soil Wd Ws 

Y 
50.062 
49.844 
44.784 
45.245 
5.000 
0 .000 
0 .000 
0.000 
0.000 
0.000 
3 .000 
19.000 
19.100 
19.100 
0 .000 
19.000 
3.000 
19.000 
19.000 
19.000 

4 

9 

20 
16 

kNtm' kNJm' 

12 

Ko 

1 110.000 110.000 1.000 
2 12571 .430 12571.430 1.000 
3 0 .000 10.000 1.000 

19 15 

c 
kNtm' 

11 .500 
0.000 
0.000 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi PtF p=O cap 
degrees m m 
38.000 P 0.000 
0.000 P 0.000 
38.000 P 0.000 

.--------------------------------------------------.--

Output Data 

Safety Factors 

1.784 1.763 1.742 1.722 1.701 1.681 1.660 1.640 1.620 1 .599 
1.664 1.648 1.632 1.616 1.600 1.584 1.568 1.552 1.536 1.520 
1.556 1.544 1.532 1.521 1.509 1.497 1.485 1.473 1.461 1.449 
1.458 1.450 1.442 1.434 1.425 1.417 1.407 1.398 1.390 1.381 
1.369 1.364 1.359 1.353 1.348 1.341 1.336 1.331 1.326 1.320 
1.286 1.264 1.281 1.276 1.275 1.272 1.269 1.266 1.263 1.260 
1.203 1.202 1.202 1.202 1.201 1.201 1.200 1 .199 1.199 1.198 
1.116 1.120 1.121 1.124 1.126 1.128 1.130 1.132 1.134 1.136 
1.043 1.043 1.043 1.044 1.044 1.044 1.045 1.061 1.067 1.072 
1.038 1.033 1.030 1.026 1.033 1.031 1.030 1.030 1.031 1.030 
1.383 1.289 1.149 1.102 1.072 1.052 1.040 1.043 1.035 1.031 

Critical slip circle 

Center: x = 7.303, Y = 48.588, Radius: 43.588, F = 1.026 
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1.579 
1.504 
1.437 
1.373 
1.314 
1.256 
1.198 
1.138 
1.077 
1.032 
1.026 



STB2006 • Slope Stability 
Copyright @ 2006 by A. VerrulJt 

David S. Messinger, P.E., Load Case 6D 

General Data 

Licensed User : David S. Messinger, P.E. 
File Name : WC06D.stb 
Problem Name : Load Case 6D 
Number of Slices : 1000 
Relative Horizontal Force: 0.000000 
Number of Nodes : 19 
Number of Soil Polygons : 2 

Figure with critical slip circle 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 
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F = 1.051 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 

x 
32,156 
35,042 
35,042 
32.156 
33.572 
0.000 

Y 
37,086 
37.086 
33.184 
33.237 
18.655 
0.000 
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STB2006 - S lope Stability 

David S. Messinger, P.E ., Load Case 60 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

0,000 
44 ,000 
44,000 
0,000 
0,000 

38,000 
38 ,000 
40 ,333 
44,000 
40,333 
10,000 
34,000 
44,000 

Structu re of Polygons 

0,000 
0,000 
0,000 
0,000 
3,000 
19.000 
19 ,1 00 
19,100 
0,000 
19,000 
3,000 
19,000 
19,000 

Window of centers of slip circles 
Nodes 1 2 3 4 

Fixed point of all slip circles 
Node 5 

Water Polygon 
Nodes 6 7 8 9 

Soil Polygons 
1 : Nodes 10 11 17 18 12 
2 : Nodes 12 13 14 16 

Properties of Solis 

Soli Wd Ws Ko 
kN/m' kN/m' 

1 11 0,000 110,000 1,000 
2 18214,290 18214,290 1,000 

19 15 

c 
kN/m' 
0,000 
O,QOO 

.... _-_._---------------------------
O utput Da ta 

Sa fety Factors 

3.460 3.403 3,330 3.273 3,193 3,135 
2,980 2,917 2,812 2,713 2,633 2,514 
1,913 1,662 1.403 1,057 1,077 1,301 
2,636 3,479 4,562 6,598 9,143 11 ,871 
11.499 11,386 11.272 11 ,156 11 ,039 10,920 
10,211 10,098 9,983 9,868 9.751 9,633 
9,106 8,995 8,882 8,769 8,654 8,538 
8,159 8,051 7,942 7,832 7,721 7,608 
7,348 7,243 7,138 7,032 6,925 6,817 
6,650 6,550 8.450 6,349 6,246 6.143 
6,049 5,954 5,859 5,762 5,665 5,567 

Critica l s lip c irc le 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=O cap 
degrees m m 
38,Qoo P 0,000 
O,QOO P 0,000 

3,054 2,995 2,906 2,846 
2,375 2,279 2,117 1,984 
1,564 1,972 2,561 3.441 

12,315 12,197 12.077 11 ,956 
10,801 10,679 10,557 10,433 
9.513 9,392 9,270 9,146 
8.421 8,302 8,182 8,060 
7.494 7,379 7 ,263 7.145 
6,708 6,598 6.486 6.374 
6,039 5,934 5,828 5,721 
5.468 5,369 5,268 5.167 

Ce nter: x = 34.465, Y = 35.918, Radius: 17.286, F = 1.057 
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5,003 
11,833 
10,307 
9,020 
7,937 
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STB2006 - Slope Stability 
Copyright@ 2006 by A. VerrulJt 

David S. MeSSinger, P.E., Load Case 601 

General Data 

Licensed User : David S. Messinger. P.E. 
File Name : WC0601 .stb 
Problem Name : Load Case 601 
Number of Slices : 1000 
RelaUve Horizontal Force: 0.000000 
Number of Nodes : 19 
Number of Soil Polygons: 2 

Figure with critical Slip circle 

1"-----------17 

HNF 36426 

APPENDIX A 
CALC . NO. 122633-C-004 
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F = 1.277 

Input Data 

Coordinates of Nodes 

Node 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

x 
34.035 
38.737 
38.780 
33.949 
33.850 
0.000 
0.000 
44.000 
44.000 
0.000 
0.000 
38.000 
38.000 
40.333 
44.000 
40.333 
10.000 
34.000 
44.000 

Structure of Polygons 

Window of centers of slip circles 

Y 
23.471 
23.514 
19.977 
19.891 
18.900 
0.000 
0.000 
0.000 
0.000 
0.000 
3.000 
19.000 
19.100 
19.100 
0.000 
19.000 
3.000 
19.000 
19.000 

Nodes 1 234 
Fixed point of all slip circles 

Node 5 
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STB2006 • Slope Stability 

David S. Messinger, P.E., Load Case 601 

Water Polygon 
Nodes 6 8 9 

Soil Polygons 
1 : Nodes 10 11 17 18 12 19 15 
2 : Nodes 12 13 14 16 

Properties of Soils 

Soil Wd Ws Ko c 
kN/m' kN/m' kN/m' 

1 110.000 110.000 1.000 0.000 
2 18214.290 18214.290 1.000 0.000 

----------------.----------------------------.---
Oulput Data 

Safety Factors 

17.202 17.277 17.175 17.125 17.135 17.220 
7.253 7.111 6.984 6.876 6.750 6.693 
4 .202 4.066 3.954 3.829 3.739 3.643 
2.758 2 .647 2.536 2.426 2.331 2.249 
2.017 1.921 1.836 1.747 1.670 1.598 
1.848 1.759 1.670 1.586 1.504 1.436 
1.629 1.615 1.587 1 .611 1.681 1.817 

HNF 36426 

APPENDIX A 
CALC. NO. 122633-C-004 

phi P/F p=0 cap 
degrees m m 
38.000 P 0 .000 
0 .000 P 0.000 

17.392 17.670 18.072 18.624 
6.642 6.658 6.720 6.839 
3.586 3.537 3.507 3.529 
2.175 2.116 2.069 2.052 
1.530 1.481 1.447 1.435 
1.369 1.314 1.286 1.277 

19.564 
6.976 
3.574 
2.058 
1.451 
1.317 

2.110 2.707 4.155 11 .519 411 .090 
100.969 103.688 106.927 110.829 115.633 121 .679 129.501 140.017 154.783 176.775 211 .777 
53.135 53.684 54.396 55.319 56.529 58.137 60.322 63.392 67.915 75.041 87.389 
25.479 25.091 24 .717 24.362 24.036 23.754 23.542 23.445 23.547 24.038 25.406 
11.851 11 .302 10.736 10.153 9.548 8.919 8.260 7.564 6.822 6.0 19 5.128 

Critical slip circle 

Center: x = 36.367, Y = 20.290, Radius: 2.875, F = 1.277 
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Calculation 300013-C-OOI 
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HNF 36426 Revision 3 

Calculation Cover Sheet and Revision Summary 
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1. Project Number 

300013 

4. Calculation Number 

3000 13-C-00 1 

HNF 36426 

Calculation/Technical Basis Sheet 

2. Modification Description Title/Subject 

Crane Stability Analysis 

Revision 3 

3. Page ii ofii 

5. Rev. No. 

o 
i~~lft1ti~~;~¢~I{; Q'~j(~~l~¢~'W~(h~~~~W.ssifmp.tioi1~~it~~~.ql~~ij~~i~*2~(}~:{i';~;f;}\i~;\~~:~~'1)g;\~~~~:lf&i&M;'K~)~ii,j;'~;~~~8~{ii~8Y;c;t ... i-ji~~~\; 0~t;~& 
6. Scope and Objective 

This calculation was performed to support safe crane operations connected with drum retrieval in trench's at the 
Central Waste Facility in the 200 West Area . There are two cranes considered in this analysis , The first is a 
Manitowoc Model AT1100G12.4T0287 and the second is a Link-Belt Model LS-518. 

7. Method 

Hand calculation using Mathcad 14.0 M011 
The approach recommended by Bowels in Ref. 2, Section 4-9 will be followed. 

8. Assumptions and Technical Basis 

1. The soil weight is assumed to be about 110 pet. This is a reasonable for the area of interest. 
2. The angle of internal friction for the soil is 380. (Ref. 1) 
3. The dry soil is cohesion less but has an apparent cohesion of between 11 psf and 14psf when freshly excavated allowing 

the newly excavated slope to stand at 1H:1V. 
4 . The Link Belt Crane tracks are 44 inches wide, and exert a maximum ground loading of 20.9 psi. 
5. Determine the margin of safety for soil failure for the maximum crane loads. 

'$~~t!qli\~;;\1!~lgD \lDR~r~~~rerences .'\ .... ,j ';';"";;'}:;(;!:>':';;D,'i~:;_:::, "}~i" ':>;~i\'?< ~",§-c"c:;~':;:.ii'i/·,:'.' •. '" 

9. Ref. No. 10. Inputs/References (with Revision and/or Date or Source) 

Calculation No. 122633-C-004 

2 Foundation Analysis and Design, 5th Edition, Bowles, McGraw Hill 

1. The Manitowoc crane was found to have a margin of safety of 12% for the maximum crane load and 15% for the maximum 
expected service load at the trench. 

2. The Link-Belt crane was found to have a margin of safety of 52% with regard to maximum service load at the trench. No 
maximum crane loading was provided. 

~, MoDEL 

CL4IJe. /i.I (s 
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Fluor Hanford, Inc. 

HNF 36426 

ENGINEERING 
ANALYSIS 

Revision 3 

Calc. No.:300013-C-OOI 
Revision: 0 

Page No.: I of 3 

Client: CHPRC 
Subject: Crane Stab-ility Analysis for 
Retrieval Work At cwe Trench 
Location: ewe 200W 

T.O./Job No. : 300013 

O,;gi'"'' by, O.S. ",,;'go<, P.E. ~'''/~ 
Checked by: David S. McShane, P.E~O A/ ate: I v.e. 0 « 

OBJECTIVE: 

This calculation was performed to support safe crane operations connected with drum retrieval in trench's at the 
Central Waste Facility in the 200 West Area. There are two cranes considered in this analysis. The first is a 
Manitowoc Model AT1100G12.4T0287 and the second is a Link-Belt Model LS-S18. 

REFERENCE: 

1. Calculation No. 122633-C-004 
2. Foundation Analysis and Design, Sth Edition, Bowles, McGraw Hill 

METHOD: 

Hand calculation using Mathcad 14.0 M011 

The approach recommended by Bowels in Ref. 2, Section 4-9 will be followed. 

ASSUMPTIONS AND LIMITATIONS: 

1. The soil weight is assumed to be about 110 pcf. This is a reasonable for the area of interest. 

2. The angle of internal friction for the soil is 380 . (Ref. 1) 
3. The dry soil is cohesion less but has an apparent cohesion of between 11 psf and 14psf when freshly excavate( 

allowing the newly excavated slope to stand at 1H:1V . 
4. The Link Belt Crane tracks are 44 inches wide, and exert a maximum ground loading of 20.9 psi. 
S. Determine the margin of safety for soil failure for the maximum crane loads. 

CONCLUSION: 

1. The Manitowoc crane was found to have a margin of safety of 12% for the maximum crane load and 1S% for 
the maximum expected service load at the trench. 

2. The Link-Belt crane was found to have a margin of safety of 52% with regard to maximum service load at the 
trench. No maximum crane loading was provided. 

CALCULATIONS: 

COULOMB EARTH PRESSURES COEFFICIENTS: 

(Passive Pressure) 

• A,. 2 
sm(a - 'l') 

Kp(<l>,a, B,o) :== 2 

2 (sin(<l>+Ii) Sin(<l>+B») sin(a) ·sin(a + Ii) · 1-
sin(a + Ii) sin(a + (3) 

Kp(38deg , 90deg, IOdeg, 20deg) == 21.636 Values check against table 11 -1 & 11-2 of Bowles. (Ref. 2) 
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Fluor Hanford, Inc. ENGINEERING 
ANALYSIS 

Calc. No.:300013-C-OO I 
Revision: 0 

Page No.: 2 of J 

Client: CHPRC 
Subject: Crane Stability Analysis for 
Retrieval Work At CWC Trench 
Location: ewe 200W 

Trench with 1-1/2:1 slope: 

cj> := 38deg 

T.O./Job No.: 3000 13 

Originated by: o.s. Messinger, P.E. W~~L-A'Datc : !fH/~ 
Checked by: David S. McShane, p.~Mc~Datc:EI ~(o'f( 

Kp(38deg,90deg ,33 .7deg,38deg) = 22.924 Kpmax := Kp(38deg , 90deg, 33 . 7deg, 38deg) 

K p(38deg,90deg,-33 .7deg ,38deg) = 1.772 Kpmin := Kp(38deg, 90deg, -33.7deg, 38deg) 

Kpmin 
R := -- = 0 .077 

Kpmax 
From Table 4-4, NIH := 56.1 b := 4ft B := 4ft L := 8 

Ibf 
"f:= 110-

Ibf 
c := 11- N'q:= 48.93 N'c := 45.23 (See Ref. 2, Sec. 4-9, Par. 2, subpar. 1-4) 

ft3 ft2 

Inclination factors: 

ic := I No inclination 

Shape factors: 

N' B 
Sc := I + ~ = 2.082 Sq:= 1+ -·sin( <1» = 1.616 for a square footing at the surface , "-. := 0.6 

N'c L -1 

%ar := 0 since d = OB NIH NIH [b J ComputeN', :=--+_· R+-·(I-R) =43.1 59 
2 2 2B 

qulr82 = 107.724kip 

The maximum crane jack load, Jackmax := 94.820kip Loadmax := 91 .2kip 

The margin of safety for the crane with 4'x4' jack pad set back 4' from the top of slope is: 

Jackmax 
I - ( 2) = 11.979% 

qulrB 

Loadmax 
1 - ( 2) = 15.339% 

qulr B 

Therefore for the assumed conditions the crane would reach its 
maximum capacity before the soil under the jack pad would fail. 

8
2 

~= 1.181 
Loadmax 
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ENGINEERING 
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Revision 3 

Calc. No.:3000J3-C-OO I 
Revision: 0 

Page No.: :I of J 

Cl i~n t : CHPRC 
Subject: Crane Stability Analysis for 
Retrieval Work At ewe Trench 
Location: ewe 200W 

T.O./Job No.: 3000.13 

0,'""", hy O.R M'$"'«, P E.~ D''''~ 
Checked by: DaVid S. McShane, P .~ batc:~ O''f5 

ConSidering the Link-Selt LS-518 tracked crane, only the width and length of track differ from 
the above condition . 

B := 44in L := 15ft effective length @ 20.9 psi 

Maximum track pressure, trackmax := 20.9psi 

B . 
Sq := I +-·sm(<!» = 1.15 

L 

quit := c· N'c ' Sc ' ic + %ar ' N'q,sq' iq + 2.1 ' B·N'yS-t· i"j = 2.013 x I 05 Ib.s- 2.ft-1 
2 

2 6 -2 
qulr B = 2.707 x 10 Ib·s ·ft 

trackma• 
Assume the margin of safety for the tracked crane is I - --- = 51.908 % 

quit 

. quit 
or the factor of safety IS --- = 2.079 

. trackmax 

Appendix Follows 
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Ground Bearing Program - www.linkbelt.com 

Revision 3 

Page 1 of 1 

CALC 300013-C-001 APPENDIX Page 1 of 10 

Link-Belt Constructon Equipment Co., Lexington, Kentucky - LS-518 

Model LS-518 - sid 44 inch shoes - incl wt of shoes on ground 

AS (90000#) ctwl - open throat tube boom (62 x 70) 

30000 Ibs load @ 55 ft radius, pick from Boom 140 ft main boom 

68.90 boom angle 

293,358 Ibs gross vehicle weight (GVW) Date: 12/9/2008- v 1.0 

22.31t 
I 

5.5 psi' Rear 5.5 psi 

Slew Angle '" 31 .0 deg. 

T 

I 
22.3 rt 

1 
9.2 psi Front 

Slew Angle '" 90.0 deg. 

l' , 

I 
22.3 It 

J 
Slew Angle = 31 .0 deg. 

22.3ft 

I 
J. 

IS.7psi 

Slew Angle For Max Ground Bearing Pressure Click & Drag the Boom or Input Slew Angle 

CAUTION: DO NOT USE FOR CAPACITIES! 

User to consult the crane rating manual or capacity plate supplied with the 
machine for input values used in these ground bearing reaction calculations. Do 
not exceed allowable lifting capacit ies for configured machine setup. 

<- Go Back 
• • ! 

Print this pagr 

http://www.linkbelt.com/gbpl/gbJatt.asp?model=LS%2DS\8&type=CRA WLER 
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CALC 300013-C-001 
Messinger, David S 

From: McShane, David S 
Sent: 
To: 

Thursday, December 11, 2008 1 :02 PM 
Messinger, David S 

Subject: 

Attachments: 

atllOOg12.4to 
7 (sm).pdf (4 M 

FW: Crane Pad Loads 

a11100g12.4t0287 (sm).pdf 

- ----original Message-- - -
From: Yan ochko, Rona l d M (Ron) 
Sent: Wednesday, September 24, 2008 12 :20 PM 
To: McShane , David S 
Subject: FW: Crane Pad Loads 

For your u se . 

-----Original Message-----
From: Myers, Dougl as W [mailto : Douglas .Myers@manitowoc .com) 
Sent: Wednesday, September 24 , 2008 12:13 PM 
To : Yanochko, Ronald M (Ron) 
Subject: FW: Crane Pad Loads 

Ron, 

Revision 3 

APPENDIX Page 2 of 10 

This took a long time, but below is i nformation on your AT1100 pad load request . 

Regards , 

Doug Myers 
Product Specialist 
Grove 
Manitowoc Crane Group 
Phone 717-593-5035 
Fax 717-593-5104 
Email - douglas .myers@manitowoc.com 

-----Original Message----
From : Hollingshead, Neil J 
Sent: Wednesday, September 24, 2008 1:49 PM 
To: Myers, Douglas W 
Subject: Fw: Crane Pad Loads 

Not sure if you got this 

Neil 

Neil Hol l ingshead 
Manitowoc Cranes 
Gl obal Product Manager 
Al l Terrain & Rough Terrain Cranes 
+44 (0)7894 595484 (mobile) 
+44 (0) 191 5201013 (office) 
neil.hollingshead@mani towoc . com 

Message sent by BlackBerry 
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----- Original Message ----- CALC300013-C-001 APPENDIX Page 3 of 10 
From: Borsberry, David J 
To: Bage, Michael T; Hollingshead, Neil J 
Sent: Tue Sep 23 13:47:49 2008 
Subject: RE: Crane Pad Loads 

Mike, 

The attached jack load graph for this model shows a max jack point load of 43 tonnes 
(94820 pounds) . 

This is with the 27300 pound ballast lifting 25698 pounds at 55 feet radius. 

The graphical method is only a guide and is not an exact result. 

It will usually err to the high side but is the only info we can officially provide. 

For your info a calculation programme devised by Sunderland Engineering is available. 

This was never officially issued but it is OK to help verify the graphical results. 

The calculation for this crane shows the worst position is over the rear corner. 

The rear corner jack point load for the 25662 pounds load at 55 feet radius is 41.31 
tonnes (91100 pounds) . 

The same jack with t h e 25698 pounds load at 55 feet radius is 41.37 tonnes (91200 pounds). 

Dave 

From: Bage, Michael T 
Sent: 21 September 2008 08:54 
To: Hollingshead, Neil J 
Cc: Borsberry, David J 
Subject: RE: Crane Pad Loads 

Neil, 

I guess the only person that can help with this is Dave Borsberry. 

I copy him to see what can be done. 

Thanks and regards, Mike. 

2 
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From: Hollingshead, Neil J 
Sent: 21 September 2008 11:39 
To: Bage, Michael T 
Subject : FW: Crane Pad Loads 

Try again as first mail bounced back . 

Best regards 

Neil 

Neil Hollingshead 

Manitowoc Cranes 

Global Product Manager 

All Terrain & Rough Terrain Cranes 

+44 (0)7894 595484 (mobile) 

+44 (0)191 5201013 (office) 

neil.hollingshead@manitowoc.com 

From: Hollingshead, Neil J 
Sent: 18 September 2008 13:29 
To: Bage, Mike 
Cc: Myers, Douglas W 
Subject: FW: Crane Pad Loads 

Mike 

HNF 36426 

CALC 300013-C-001 

Do you know how this will be handled ? 

Neil Hollingshead 

Manitowoc Cranes 

Global Product Manager 

All Terrain & Rough Terrain Cranes 

+44 (0) 7894 595484 (mobile) 

+44 (0) 191 5201013 (office) 

neil . hollingshead@manitowoc.com 

From: Myers, Douglas W 
3 
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Sent: 18 September 2008 13:19 
To: Hollingshead, Neil J 
Subject: FW: Crane Pad Loads 

CALC 300013-C-001 APPENDIX Page 5 of 10 

Neil, 

I know this is not your area, but who is left that can help with a pad load request for an 
AT1100. All the guys in the UK are gone. Any idea?? 

Doug Myers 

Product Specialist 

Grove 

Manitowoc Crane Group 

Phone 717-593-5035 

Fax 717-593-5104 

Email - douglas.myers@manitowoc.com <mailto:douglas.myers@manitowoc . com> 

From: Yanochko, Ronald M (Ron) [mailto:Ronald_M_ROn_Yanochko@RL.gov) 
Sent: Tuesday, September 1 6, 2008 6 : 30 PM 
To: Myers, Douglas W 
Cc: McShane, David S 
Subject: Crane Pad Loads 

This is a follow-up to our telephone conversation, earlier this day. 

Please provide outrigger pad loads for the fol l owing crane information, as discussed . 

Crane Description: Grove All-Terrain 110 Ton 

Crane Model No.: AT1100 All-terrain hydraulic crane 

Serial No.: 850430 

Counter weight to be used: 
27,300 lbs . 

27,300 lbs. 

4 
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Case No. 1 Case No.2 



: 
I 

, 

I 

, 

I 
I 

I 

Outrigger Spans: 
25' - 0" x 25' - 0" 

Boom Length: 
100' - 4" 

Boom Angle: 
48 degrees 

Radius: 
55' - 0" 

Lifted Load : 
25,662 . 0 lbs . 

Pad Diameter: 
28 inches 

HNF 36426 Revision 3 

CALC 300013-C-001 APPENDIX Page 6 of 10 

25 ' - 0" x 25' - 0" 

100' - 4" 

57.3 degrees 

55 ' - 0" .1 

25, 698 lbs. 

28 inches 

5 
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