¢ DEEP EXCAVATION SnailPlus Example: Stage Conditions

Example 2: Slope Stability FS for Different Stage Conditions
Global Stability Safety Factors Comparison

e o AFS=151

_P;_JIPE'j-:_-SS- Rhesd=2 14 ki

F
¥t= 120 pef " RATM= 0.407
y=aomey—| St
o RATP=T 154
Otz 3. 3psi =
51 GEO= 0. " RATM= 0.483
yi= 123 pef STR=0.299 |
=34 deg , RAFP=T 157
Ouh=20psi GED= 0.408 - RATM= D.451
STR= 0.355 |
RAFP=T0.144
207t GED= 0.373 - RATM= 0,423, __ .
STR=D.338 ™
GEO= 0.324 RapP=T0.087
STR= 0311 ™~ RATM= D.255
GEO= 0721 -
STR= 0.188
GT
yt= 130 pef
o= 200 psf
$'=36 deg
Dult=26. Tpsi
Baring 1
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE & SOLUTIONS

NZ

SnailPlus Example: Stage Conditions

Al. Model Wizard - Project Geometry & Soil Nails Layout

Medel wizard - create a soil nail wall model gquickly

English Units ft, inch, kips) ~

A. Dimensions | B. Shotcrete and plates  C. Analysis methods 4k
1. Dimensions
Model width L=[160 | #
Surface slope El deg Vidth right
Surface elevation Els= I:l ft f
[] Ground water
Define =l f horizontal
ine slope angle from ’ Subgrade
Q) By angle 75 # elevation Elsub=
By V/H (Vericalte ft
Horizortal) method V' 1.5 1
2 Soil nails o .
Vertical spacing |:| ft L f Depth to 1st nail ®
Horizontal spacing D ft [] Include all intermediate construction stages
Soil nail angle deg
Bar# #11  ~ Rebar Steel mat. | Grade 60 v Eff diameter [4 | in

Cancel

y.

=

Geometry:
30ft Excavation
160ft Model Width
40ft Distance from the Base of the Wall to the right
15deg Slope Angle from Horizontal

Sml Nails Layout:
bft Vertical Spacing
bft Horizontal Spacing
30ft Fixed Length for the Soil Nails
15deg Inclined from Horizontal
Do not include all Construction Stages

Soil Nails Section:
f#11 Rebar Steel
Grade 60 Steel Material
dinches Hole Diameter
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¢ DEEP EXCAVATION

SnailPlus Example: Stage Conditions

A2. Model Wizard - Shotcrete Facing & Head Plate Sections

Model wizard - create a soil nail wall model quickly >

A. Dimensions | B. Shotcrete and plates | C. Analysis methods 1)

Shotcrete properties

Select from available sections | Slab 0 ~

Define new shotcrete section

[] Use two stage facing (temporary and permanent) [] Use only one layer of mesh reinforcement

Final facing thickness D in
Tophars# 3 Clear. Ck:pin
Bottom bilsb‘ 5 Elear_t,‘.hd in

Concrete| 3 ksi Concrete ~

Rebar Grade 60 w

Mesh spacing Sh in

Mesh spacing Sv in
Horizontal Botiom bars #

Plate data
Selecthead plate P 2:8x1 25 v

lUse plate studs H#3/Diam = 0.375 ~

Studlength(s  |in

Use waler bars H4 v

Reset default bolt sizes

Pressures an facing

Pressure on facing as ratio active Ranges from 0.5 to 1.0 of active (standard 0.75)

English Units fit. inch, kips) ~ Mext Cancel

Shotcrete Facing Section:
Permanent Facing with 2 Rows of Rebars
12in Thick Facing
#6 Bars @ 8in Spacing Horizontal & Vertical
3 ksi Concrete, Grade 60 Rebar Steel Materials

Head Plate Section:

- Plate 8in x 8in x 1.25in
“ - bin Long #3 Rebar Studs
ft4 Waler Rebars
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GEOTECHNICAL SOFTWARE & SOLUTIONS

¢ DEEP EXCAVATION

SnailPlus Example: Stage Conditions

A3. Model Wizard - Analysis Methods & Codes

Medel wizard - create a soil nail wall model quickly

A. Dimensions  B. Shotcrete and plates | C. Analysis methods
A. Select critical slip suface search method

Circular failure search
O Automatic search Tridinear search

Correct safety factor when excess unbalnced forces are calculated from
s0il nails (see theory manual)

Use available shear method for nails
B. Please select design method

FHWA ASD - Allowable Stress Method (GEC7)

C. Shotcrete facings: Please select design method
ACI direct method and FHWA ASD Equations for Bff

Use working stress method (at nail heads)

D. Please select if this wall is temporary or permanent

Pemanent wall

English Units ft. inch, kips) =

Ok

4 [

Cancel

<_ Initial Slope Surface Search Method:
Automatic Search Approach

‘_ Geotechnical Design Method:
FHWA Allowable Stress Method (GEC 7)

Structural Design Codes:
4— - ACl direct Method for the Shotcrete Facing
- FHWA Allowable Stress Design Equations for Steel
Members
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DEEP EXCAVATION SnailPlus Example: Stage Conditions

GEOTECHNICAL SOFTWARE & SOLUTIONS

B. Soil Properties and Stratigraphy (Soil Layers)

\,".='2FI- pef i Or Su d)'
$=deg | (pcf) (psf) (deg)

o F - Sand 120
yt=125 pcf
=34 dag -5 S1 - Sand 125 0 34
Qult= 20psi
-20 GT - Till 130 200 36
20

A. General B Hastoplastic Lateral E. Adv.

2. Boring Layers - Layer Elevations 4. Unit Weights - Density
- 0 - - . ) ~ w —|576
Top Soil type OCR Ko Edit ¥ 120 [pef : Y dy 120 Jpef ¥
[ _ F w1 0.5 Edit 5. Strength Parameters and Poisson Ratio
5 <1 Wk 0.441 Edit Drained strength properties
‘D ] ; ' 3: Aenreco
ot 20 GT w1 0.412 Edi - M psf ¢ degrees
yt= 130 pcf
200 psi . >
=38 deg
Qult= 26, Tpsi
V(D35
5. Atrest coefficients
KoNC |05 : nOCR |05
Ko = KoNC * (OCR)"nOCR
&. Uttimate bond (grouted piles when bond option is selected)
Baoring 1 20 5

skin.u
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SnailPlus Example: Stage Conditions

C. Structural Sections - Manual Review/Input

T Facing for soil nails (shotcrete or other) >
Edit soil nail
n A Data B Resuts C.Resultsforthis st D. Ad d
A.General B Resuts C.Detailed results C. Envelope esuls esulls Torihis slage CoE=
1. Name 1. Name 6. Options for staged excavation
NO P Soil nail facing Enable activation of individual stages L
1. Dimensions < 2. Facing type
1.1 Start coordinates 1.3 Lengths Shotcrete (uses concrete slab sections) ~
X|-7.502577388 | # § Lire=|0 ft Two stage facing femporary and permanent) in
Z)2 ft Soil nail facing ~ Lfi| 30 ft 3in
1.2 Angles
- Horizonial [ #
“15 deg Spacing —
Frort face is to the right side
1.4 Head Plates = . .
Plate Section | PL&x8x1.25 ~ Edit 3. Slab section used for facing
Slab O ~ Edit
Cover plate angle B 105 deg = )
4. Activate/Deactivate #5 #5
5 o 2l Section Us
2. Support Type and. Structural Section Used 7] Activete facing for tis stags T Tame
Structural Section | N1 w Edit —~ ton
Facing is pemanent Slab 0 Ct
Include shear capacityinan] 2 Stnyctural Materials " —I—I
Use user defined CF (FHWA )
N1 \ Concrele 3 ksi Concrete w|  fok 3 kesi :
\ctivate/ i Sy : E 11 ksi bl F———— ==
9 Akt e _ : . N - - . 3122 -
:’. .Aittl.«ie. Dead:;atetr.upjort Permanent or TemEolal, N ., 2 Bnd 0|:Itll:ll'|$ Fee LEI'll;ﬂ'l} 5. Edit facing point: —— o -
Activate support for this stage Support is permaner ) Edit rade [ fcl 60 51
Rebar Steel mat. | Grade 60 w fr /g0 = Rebar vk 60 1 . -
Prest il E |29000 |ksi - |—| [
ress nal Type Select diameter or bars —olor Lhot) ]
—_ Bottom
4 Apply settings to Stages P — . P
@® This Stage Only O, 3. Section Dimensions .
(O) From Stage [ to |0 [ Apply basic changes to D 12 In B Fa in
Recalculate Properties
(@) Solid Bar OrBar & |#11 w Mo |1
4. Longitudinal Slab Reinforcement
() User area Total net area A 1.56 in"2 Vert. Front bars # |46 || = | Ctop|2 in SpaceH|3 in
Hor. Front bars &# |#6 v SpaceV|g in
3. Grout Options (Fixed Body)
Concrete mat. | § ksi Conrete » Vert. Base bars # [H6 ~[ > | Chot3 in SpaceH|8 in
Dsfil =a x Dperf Dfix |4 i Hor_ Base bars & |#6 “ Space V(g in
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SnailPlus Example: Stage Conditions

D1. Temporary Conditions (48 Hours) - Input

CLE ACl BUTO G Set left + + 1. 1. [ Insert Stage
ALP FHWA FS 15 - % % & 17: =

3 Set right 53 Copy Stage

Analysis Shotcrete design ASD Safety | Failure o Soil nails Draw nails | Draw = Add Delete
t~ | method ~| | method: AC| and FHWA ~  Factors~ | surface~ | ¥ MUserstart | table~ andfacing~ | loads~ | Stage Stage (% Paste Stage

Analysis method Draw toels Seil nails Loads Stages
-
BP -
Bikep  DiShOP
= __ S B Base model | Stsee conditions Short term #8hrs
({}‘E General limit equlibrium (Moment-force) Win required F5 13
Spe- IMethod IMorgenstern-Price
ﬁcal' SpEnCl‘:l' Mail methods Availzble shear
Surface search Automatic
Seismic Options e Left limits -658.028ft to-15.538ft
. _— . Right limits Oft to 2.5ft
Edit seismic options Number of points :
Stage conditions (select one) SR Sk
X - R Tolerance 1%
Typical slope conditions (general FS) Force Tolerance 10%
" . " Initial FS0 1
. . =
I W Temporary excavation 48 hrs (soil nail walls) I WP interslice foctor m I
= Temporary structure (long term) A Ll el FEr d
- MP initial Lamda.0 o

Permanent structure (long term)

Extreme event - Seismic

Extrerne event - High water

Temporary excavation non-critical (48hrs)
Advanced

Store intermediate failure surfaces

Bond resistance obtained from tests

Minimum active pressure options

¥ o
Right search

Select temporary conditions (48 hours)

Review the minimum required FS and the partial factors for the selected conditions

Soil nail analysis

Same settings an all nails

Mail stability External-internal

Nzil shear lznored
F5 on nail STR strensth 18

FS on nail pullout 2

FS on facing bending 135
FS on facing punching 1.35

FS on bolts 1.5

F& an bearing 2.5
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GEOTECHNICAL SOFTWARE

¢ DEEP EXCAVATION

5 1gy S S=1.602
Presented Results:
- Critical Slope Surface
e - Slope Stability FS (GLE Method)
0365 — - Soil Nail Head Reactions
\ SarP=iE3 Fres2s - Plate Punching & Moment Check Ratios

| = 045 Soil Nail Structural & Geotechnical Check Ratios

GEO= 0.401
STR= 0.291 |

: RATR=TI 153 Ahasd= 2 25 ki
* RATM= .45 —

GEO= 0.411 ;
5TR= 0.359 '
|, RarP=T 145

GEO= 0.394 T RATM= 0.431n1 20c 1 30 4
STR=10.359
GEO= 0358

STR= 0.343 .
GED= 07301 i _
STR= 0.209 —

\ Rarp=07089
RATM= 0.262
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE & SOLUTIONS

SnailPlus Example: Stage Conditions

CLE ACI
+
ALP FHWA F S

Analysis Shotcrete design ASD Safety
method ~|§ method: AC| and FHWA = Factors =
Analysis method

EP -
Bikep  BiShOp

C{JLE General limit equlibriumn (Moment-force)
Spe-

ncer  SPENCEr

Seismic Options
Edit seismic options

Stage conditions (select one)
Typical slope conditions (general F5)
Temporary excavation 48 hrs (soil nail walls)

Ternporary structure (long term)

I v Permanent structure (leng term) I

Extreme event - Seismic

Extreme event - High water

Temporary excavation non-critical (48hrs)
Advanced

Store intermediate failure surfaces

Bond resistance obtained from tests

Minimurmn active pressure options

BUTO

Failure
surface v

E1. Permanent Conditions - Input

Gy Set left I == I i, "ﬂf_lnsertStage
B 2 & Bk

2 Set right =3 Copy Stage
c‘: 9 Soil nails  Draw nails Draw Add Delete 2 ~P g
% Userstart | table~ andfacing~ | loads~ | Stage Stage (I Paste Stage

Draw tools Soil nails Loads Stages

Base model

Stzse conditions
Min reguired F&

Permanent structure longterm

155

Method Morgenstern-Price
Nzil methods Avzilable shear
Surface search Automatic
Left limits -68.038ft t0-15.538ft
Right limits Oft to 2.5ft
Number of points 5
Min. slice width 3ft
Tolerance 1%
Force Tolerance 10%
Initial F50 1
MP interslice factor m 1
MP interslice factor v 1
MP initial Lamda.0 0

Sail nail analysis

Same settings on all nails

Nail stability External-Internal
MNazil shear lgnored

FS on nail STR strength 18
FS on nzil pullout 2
FS on facing bending 155
FS on facing punching 15
FS on bolts 17
FS on bearing 3

L
Rlight search

Select Permanent Structure conditions (long term)
Review the minimum required FS and the partial factors for the selected conditions
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¢ DEEP EXCAVATION SnailPlus Example: Stage Conditions

E2. Permanent Conditions - Slope Stability FS

1 o2, F3suggested min
m rchiLeft exit pt: -32.432
e ., SFS=1508

Presented Results:
Critical Slope Surface
Slope Stability FS (GLE Method)
i 005 e - Soil Nail Head Reactions
| mare0T sz - Plate Punching & Moment Check Ratios
| =05 — - Soil Nail Structural & Geotechnical Check Ratios

.-E:"I'Pf:jf-'; Rhead=2 28 kif
* RATM= 0.5

—

GEC= 0.401
5TR=0.291 4

GEC= 0.411
STR=0.353 |
h, RAFP=T163
GEO= 0.39§, I RATM= 04730 0ec 1 3045
STR= 0.359 .

GED= 0.358 \, RAFP=TD39

STR= 0.343 ™. F!JuTr-f=-:|_2a*_
GED= 07301 J

STR=0.209 - Right search
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SnailPlus Example: Stage Conditions

F1. Extreme Conditions (Seismic) - Input

pom AUTO | & Setfeft + + 1. | . B Insert Stage
FHWA FS = . % % & —I+7= =
) % Set right ) 53 Copy Stage
Analysis Shotcrete design ASD Safety | Failure | - Soil nails Drawnails | Draw | Add Delete
method || method: ACl and FHWA - Factors~  surface~ | T Userstart | table~ andfacing~ | loads~ | Stage Stage [Ifh Paste Stage
Analysis method I Draw tools Sail nails Loads Stages
BP -
Bihep  DIShOP
CLE Base model

| Generallimit equlibrium (Moment-force)

Spe-
Spe )
neer  OPENCET

Seismic Options

Edit seismic options

I~

Temporary excavation 48 hrs (soil nail walls)

Stage conditions (select one)

Typical slope conditions (general F5)

/

s

Stage conditions

Extreme svent, flood or seismic

Min required F5

1.1

Seismic Effects for Both Walls

1. Design Accelerations

| Include seismic effects in this stage
AxDesign| 1]

2. Base Acceleration and stte effects

2 a Building Code Options

AzDesign=0

Ternporary structure (long term)

Permanent structure (long term)

{ v

Extreme event - Seismic I

Extreme event - High water

Temporary excavation non-critical (48hrs)
Advanced

Store intermediate failure surfaces

Bond resistance obtained from tests

Minimum active pressure options

AR

Building Code
Usze a Building Code

Soil Type Class
2b Base Acceleration and Site Effects

Base Acceleration |

Site Soil Response
AxBase= Y g

Factor Ss=
Topographic Site
Response St=
Importance Factor |= 1

3. Wall Behavior and Response R factor
3.a Basic Wall Behavior

Q! Flexible
3b. Aexible Wall Behavior - R calculations
O R= User R according to Richards Elms

R according to Building Code R according to Liao Whitman

3.c Specific R method options
3c.1: R value (Structure Response)

R- 1 .

Select Extreme Event conditions (seismic)
Edit Seismic Options: Define the earthquake acceleration & the seismic pressures method

4. Seismic Thrust COptions
Seismic pressures added as external pressures
g Semirigid {qEG= aDesign x B x Sv_total) B=0.75
©) Mononobe-Okabe (Only frictional soils, a = Adesign)
Trapezoidal distribution

[] User defined distribution

User specified extemal pressures

5. Water Behavior

Pervious ) Impervious Automatic (ECB Limits)

Use actual water pressures for Hydrodynamic effects

6. Height Options
Caleulate thrust to

= Calculate thrust to bottom
excavation subgrade

of wall.
8. Apply General Settings
| Apply settings to all stages lexcept use of seismic)

Method Morgenstern-Price
Nazil methods Avsilzble shear
Esrthguake gx= 0.1 zz= O
Seismic pressures Mononobe-Okabe
Surface search Automatic
Left limits -68.038ft to-15.538ft
Right limits Oft to 2.5ft
Number of points 5
Min. slice width 3ft
Tolarance 1%
Force Tolerance 10%
Initial FS0 1
MP interslice factor m 1
MP interslice factor v 1
MP initizl Lamda.0 o

Soil nail analysis

Same settings on all nails

Nazil stability Externzl-Internal
Mail shesr lenored

FS on nail STR strength 135
FS on nail pullout 15
F5 on facing bending 1.1
FS on facing punching 1.1
FS on bolts 1.3
F5 on bearing 2.3
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¢ DEEP EXCAVATION SnailPlus Example: Stage Conditions

F2. Extreme Conditions (Seismic) - Slope Stability FS

 gFs-151 Presented Results:
Y - Critical Slope Surface
L } . - Slope Stability FS (GLE Method)
. ' ' o ——— - Seismic Pressures Diagram
“ D | it - Soil Nail Head Reactions
| st mean - Plate Punching & Moment Check Ratios
S | avmosss _— - Soil Nail Structural & Geotechnical Check Ratios

GEO= 0.406

| |, RarP=T 144

GEO= 0.373 !

STR= 0.338 ™,
GEO= 0.324
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¢ DEEP EXCAVATION SnailPlus Example: Stage Conditions

Thank You!
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