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Design of Deep Excavations & Tunnels
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Deep Excavation LLC Websites: Contact Information:
240 W 35th Street, Suite 1004 www.deepexcavation.com sales@deepexcavation.com
New York, NY, 10001, USA www.deepex.com training@deepexcavation.com

V Software solutions for excavation and foundation professionals
V Consulting Servicélesign of deep excavations and pile foundations
V Virtual Reality applications for geotechnical engineers and contractors
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DeepEX Features & Capabilities
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https://www.deepexcavation.com/en/products/deepex-deep-excavation-software

DEEP SeenEX
E" =cb DeepEX Software Versions & Modules
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Version: DeepEX 2D Version: DeepEX 3D Version: DeepEX 3D City
Design & Analysis of 2D Cut Sections with All Stages All DeepEX 2D Package Capabilities All DeepEX 2D & 3D Package Capabilities
All Common Wall Types & Support Systems Generate & Design 3D Models with Struts & Walers Finite Element Analysis Method (2D & 3D FEM)
Limit Equilibrium & Notbinear Analysis Generate & Design 3D Models with Ground Anchors Design Tunnels & Utility Lines
Slope Stability Analysis Project Cost Estimation Define your Subway Alignment & Tunnel Sections
Model Optimization Check Steel Connections Perform Transportation Analysis
Soil Estimatiog Statistical Analysis Export 3D Model Holograms Design all Metro Stations
Export Sketches to DXF (2D Sections, Wall Section Detailg) Import Buildings & Site Map from Google Estimate Settlements from Soil Loss & Consolidation
Export Reports to PDF & Word V Perform Building Damage Assessment Perform Damage Assessment for all Affected Building
V 2D Finite Element Analysis Export Sketches to DXF (Sectiqiidan Viewg Detalls)
Soil Estimatiorg Statistical Analysis
Design Gravity WallsPile Abutmentsg, Sea Walls
Include Soil Reinforcements, MSE, Embankments
Integration with Monitoring Data
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Optional Module Available to be added dll PackagesGravity Walls/Pile Abutments/Sea Walls/MSE
Optional Module Available to be added in tHeeepEX 2[Package: 2D Finite Element Analysis
Optional Modules Available to be added in tHeeepEX 3[Package: Integration with Monitoring Data, 3D Finite Element Analysis
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Full Structural and Geotechnical Design of any Deep Excavation Model

—

Wall Types in DeepEX Support Systems in DeepEX

Box Sheet Pile Walls
Custom Walls

Circular Shafts
Cantilever Walls

V Soldier Pile and Lagging Walls V Anchored Walls (Tiebacks and Helical Anchors)
V Sheet Pile Walls V Braced Excavations (Steel Struts and Rakers)
V Secant/ Tangent Pile Walls V Top/Down Excavations with Concrete Slabs

V Concrete Diaphragm Walls (Slurry Walls) V Deadnan Walls

V Soldier Pile and Tremied Concrete Walls V BinType Walls

V Combined Sheet Pile Walls (King Piles) V Cofferdams

V V

V V

ANALYSIS METHODS: LIMIT EQUILIBRIUM ANALYSIS NOMNINEAR ANALYSIS (SOIL SPRINGS) FINITE ELEMENT ANALYSIS

| | '

Soil Pressures: Active/Passiveestt Apparent Moments and Reactions from Spring  Moments and Reactions from Finite
Pressures (FHWA, Peck, Adaptive, Custom Trapezoidal = Analysis Elements
+more)

Cumulative Results from Stages Full Soibtructure Interaction
Beam Anal ysi s: Bl umlLjs, FHWA Si mple Span, CALTRANS
+more Realistic Displacements Calculate Surface Settlements
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Common Wall Types in DeepEX
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Secant pile walls

Tangent pile walls

SPTC walls
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Diaphragm (slurry) walls
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Combined sheet pile walls
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Box sheet pile walls
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Support Systems in DeepEX

Anchored Walls (Tiebacks)

Braced Excavations (Struts and Rakers)
L l l l L \
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52
Rock
B2 B-5 M
Circular Shafts (Ring Beams) Deadnan Walls (Tierods) TopDown Excavations (Concrete Slabs)
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Limit Equilibrium NonLinear Analysis (NL) Finite Element
Analysis (LEM) (Elastoplastic Springs) Analysis (FEM)*
Moment [kN-m/m} Pressures (kPa) Deflection Moment Fressuras Deflection Moment Pressuras
-0 50 00 50 50 50 150 250 350 [em) [kN-m/m]} lkP=) [em) (k- /1) [kPa)
............ wod e B Bl 20 2 4 50 0 50 150 50 250
I [ [ I [I""""'I""""'I":”TI""""'I % ERRREERE aaaanasas |-,-,-,-,-|-,-,-,-,-|T :
y [ .
< ’ 121,12 kMfm l T 53 38 KNI l o
— — 2 -I:-"“":h - 106,65 kN/m
20 des b
20 deg & 20 dezdl . I‘c,....----"""

1 L
i1

*The 2D FEM module is optional in DeepEX 2D Version, included in DeepEX 3D and 3D City packages
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Structural & Geotechnical Design

Diagrams, Reactions & Check Ratios:

Structural Checks & Design Calculations:

= calculations

b Moment [k-ft/ft) Pressuras (ksf) —
M-l -5 0 > 4 & 8
[TTTT[Trro[ors [ I [TTT[7Tr] I | | A:-:ials.trESS:=a=F'f.-5x=G'.-"25.l=Elk.-"|‘|-“2
F [ EL O
Bending stress in X-X: fbx= | Mxx + MxxDL| /Sxx = |140.8240| x 12 in/ft /131in3=12.9k/in"2
20 je:ﬁfﬂ Bending stress in Y-Y: fby | Myy + MyyDL]/Syy = |0+0| x 12 in/ft /44 3in3= 0k/inA2
/ e SECTION: HP14xB9 Section is W or | beam
51 20.5 dez 02 “
- Dead Load Moments: MxDL= 0 k-ft, MyDL=0 k-ft
i. 1P
GEC= 0928
5TR= 0.685 | Classify section flange for compact/noncompact status, Table B4.1
0. 723 kst 032 kst
GEO= 0.5665
STF!=-:IE--:I4§;£ o O5bf
. = =11.951
Lf
Classify section flange for compression, Table B4.1
7o ks 703 ks

52 Sakdier Pile- agging hr =056 E steel _ 13.487
Pilz: HP14x89, Sxx= 131 in3, @8 ft 0.C. P V T
FyBeam =30 ks fy
Suppons: Besm anslysis
Wall = 50% & <

Structural Codes: Eurocodes 1,2 & 8, ACI, LRFD, AISC, AS 3600 & 4100, CN (China), CSA, IS + more
Design Standards: Eurocode 7, DIN, BS, XP, AASHTO LRFD, CALTRANS, CN (China), CAN + more



Slope Stabllity Analysis Options
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{-3.2T| 24.53]
Mo menp] (k-ft /)
140 -50(| 50 5
L FS=1.974
gon . i - x
(0. -10) oy |

V Bishop Method
V Morgenstern Price Method (G.L.E.)
V Spencer Method
V Ordinary (Swedish) Method o
V Automatic Slope Search Method LEL
V Single Point Slope Center Pie: HP14x102, S 1503, @3 0.C
V Rectangular Slope Center Suppans: Califomia Tfench Manual 2
V Define Radius Search Limits soring 1
V Clouterre Standards for Soil Nails %o e

www.deepexcavation.com



Elevation (feet)

-20

-25

-3

-35

40

-45
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55

<60

ecant pile wa
Pile: W21x73, Sxx=151in3. @3.29f O.C.
Fy'Beam = 50 ksi, Fc'=s 3ks:

Wall Section #
ecant pile wsll: Reinforced intesecting concrete piles (stematng)
Pile Diam: 24 in, ebars #3. ft 0.C.
Fy'Rebars = G0 ksi, Fo'= 3ksi

==:-u:s::-:l e

Wall Section #2

Secant pile wa
Pile: W21x73, Sxx= 151 in3, @3.25 ft O.C.
Fy'Beam = 50 ksi, Fo'=s 2ksi

CES:PZC 28, 5= 51.2iIn30M
Fy'Sheet = 50 ksi

2D Sections:

V Export all 2D Sections Sketches for each Construction Stage
V Export Wall Section Detalils

V Export 2D Sections with Result Diagrams

3D Models:

V Export all 2D Sections and Wall Details

V Export Full Project Plan Sketches

V Export Elevation Sketches for each Project Wall

10.00

10.00
30.00

3

50.00

20.00

i
th
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SPT Nfft 2. Boring Layers - Layer Elevations . . . . .
o "W = R - V Estimate Soll Properties with different methods
[ T I T |
» I - 0 . - . . . .
. ST V Review a statistical analysis of the estimated properties
1 1A 0 1 1 " 1
V Select the project values with a high level of certaint
- - 16 11 0
21 16 0
¢ ;5 12 0 1. Select Set 4 Joubie-=CliCK 10 eC
¢ " 18 0 Set 1 Content: Image i)
. 26 18 0 I 2 Result Type 80 120 160 }
. , , - |y estimate - E ' ' SO L™ ' : :
41 14 0 l s E S0% Range | Ave 1151448
[ ] | - 115.4p |
Add New Record 46 19 0 HS stimcte 80 E ;
. W [ |3u f:\-.‘ nc:- 20 'é : g
® Delete Selected SEF:”' 317 mate = o 4
Fecord Insert point Delete poirt | ' E s 7. °
. Impart from tab * . E { o
® delimited file oK Cancel = o1 .
= . .
i : , e >
Name and matenal 1 E- ./. “i*'-- =
Set 1 Determine confidence values [ S --cz*""'ﬁ-k H B s = O L L J
[ at lowerbound [&¥ = | * e 80 12 160
stimation ft y pef
2. Density and Strength  3_ Blasticity 4. Bond Resistances 5. Lateral Ple 6.0CR gif;"w S oo e
- z 3 : Sod type: F iewing filters
SS|SCt Equ‘atlons to use for estimating soil parameters §:"1t‘;5'-'ec': unt: 13 Base model v | Al borings v All estimation sets v | All soll types
2.A: Soll DCFSlt‘;’ 7 = : -“«-.'era‘;e Input values . Eoaes e e e
DR. Bowles et al., DeepEX approach Average L-s.p:=1531 5;,?? =" , 25 30 35 40 45 50 100 110 120 130 140 200 400 600 800 1000 O© 10 20 30

Average Relative densty DR= 4052

DR, Manual of Estimating Soil Parameters, Table 2-9, pg. 2-19

Estimate results

Average estimate y= 115138 pcf
2. B: Effective Friction Angle 2. C: Undrained Shear Strength ﬁ:’_‘dfvf‘f‘a’:j 'h::‘g;:c
W)l © Parry. 1977 (Perko, Helical PileDesig!m) v Su=0.06 N Pa =0.125 N (ksf), Kullhawy, Mayne, 1990, Eq 4-59. p| | |Mn. value ¢ min= 109 4 pef i 'l_L + i ﬁ
@ triaxial compression calibration, FHWA NHI 132031 Su (ksf) = 0.13 N, Terzaghi-Peck 1967 :;j:fji::ed atdce -;i;at;ii‘: ++_| + ¥ i FFy
v ® Kullhawy. Chen, 2007 Suvs OCR, Ladd 1977, Jamiolkowski 1985 N ] F + + 4"?
v O Terzaghi & Peck, 1967 Su clays, Koutsoftas & Ladd, 1985, vs. OCR and PI 5. Adjust or Pass to soil type Boring 1
:D FHWA pilot database calibrations Lower bound |50
cv, Parry 1977 for clays
v ~Il KL.”"::\ vy, Mayne, 1995 Determine 1 ew design value based on lower
¢ © Sabatini et al, 2002, FHWA NHI-10-106 | it o
®cv, Holtz-Kovac 1991, 7925 for flf- vs. Pl, lower bound [ Pass value to soil type
®cv, Holtz-Kovac 1991, 1985 for ¢ s. Pl, average i ‘
®cv, Holtz-Kovac 1991, 1985 for -Ia,s vs. Pl, upper bound ] Preview Report S -

www.deepexcavation.com
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Finite Element Analysis and Tunnels
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Wall S
Dizphr:

: m. ol Rahs = ER
FyRepars 28128 MPaRe=20.7M

V DeepEX 2D FEM Engine (DeepF

V Consider full sasitructure
Interaction

V Automatic FE options

V Soil Models for FEM

V Include Tiedowns & Foundation F

Tunnel Options:

V Tunnel Analysis with FEM

V TBM Tunnels

V NATMSEM Tunnels

V Oval and Complex Tunnel Shape
V Tunnel Model Wizard

V CutandCover Tunnels

The module is optional in DeepEX 2D Version, included in DeepEX 3D and 3D City packages

www.deepexcavation.com
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o V Full Desigi®D Sections and 3D Model
V Structural & Geotechnical design of Tiebacks and Struts
g P we] T V 3D Building Loads
V Full Model Optimization (Walls and Supports)
V Virtual Reality Model Visualizatilsxport Model to HoloDeepEX

F
yt= 123 pof
$=30deg

51

yi= 133.758 pof
$=34deg

GT
yi= 140127 pef
=205 psf
$=3Edeg

SacantPiles W21X72
Rock Secant pile wall
yit= 171.575 pef Pile: W21x73, Seoe= 151in3, @3 257t 0.C.
= 2088 psf Fy'Beam =30 ksi, Fo'=3ksi
¢'=30deg Supports: Baam analysis

B-2
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Steel Connection Data

Kame and sechon yps

WL ALE: & 1-STRLIT: Ab

Horizontzl angle  A° dag

Irput Stage Resuls
Connection Opbions

Shffenera are not requined

M. weld stress check (all aages)

Check & Optimize Steel Connections

V Generate all steel
connections

V Check Steel Connections
(Struts and Walers)

V Optimize Steel Connection:
with a Click

V Adjust weld sizes and apph
plate stiffeners

ECTTEOT T o r s T TEEer sy T |

Wedd Size |0.155 Selected \Welds
Connection Stub
Type Use H (or W) beam siub w
Shub sechon W38 135 .
Min. overlap with strut| 74 | in
Cl=mrance o srr.rl.j | ifi
Weld (pipe to connector) (0375 -~ | i
Stffeners
Stifferar Mame Location Thick iin] Heagit (in) Wigth dn
Ll PL1_T Tap j 075 5. 7955 10,929
PL1_H Hottam 1lfl i} 5 355 {924
PLET Tap LI 0.5 555 100929
FLZ_H Battam ﬂ 0.5 955 1954
‘ield Size|0.375 | im

0K

Cance
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Estimate

nraiart cack $ D |“||

I Cost  Tunnel Cost Estimate cost (without
) opticns  Options analyzing model)

n Cost Options

COSTESTIMATION OPTIONS

1. City Multipliers £ Wall 3 Tiebacks 4. 5Stnts 5. Slabs 6. Wales 7. Excavation 8. Dewatering 9. Calculations
Material costs
Cost of steel see 4. struts

Soldier File Walls Diaphragm wall

{« Driven piles 36 75 |/m Trenching Soil | 156 15 | i
i F' : ijiu im . 196.13/m3 Cost of reinforcement see 5. Slabs
(" Drilledinpiles  53.52 ¢ Trenching Rock|392.39 [jma _ -
Lagging Lost £ o7 ' Lagging for Soldier Piles
: 11592 |/m2 _ ey | .
(INST) e Conc. Tremie|183.65 |/im3 Lagging Cost(5.38  |/m3
(MAT)

Standard D= (30.48 |cm Standard Depth |60 m

Secant Pile \Walls
Tangent piles | 3505 |/m

L

5 Ton Secant piles |22 02 [/m

Driven Sheet piles Sheet piles Matenial

e
(¢ Leavein Place Leave in place

(" Extract - Salvg.
Standard Depth (1524 |m

Obstructions
| Multiplier for cbstructions

Extract and salvage
Standard OD= |30.48 |cm Diaphragm wall Material

Conc. Tremie|202.73 |im3

Select from database .
Owverpour|15 4o

Chverpour is also used for secant pile,
Size factors for drilling and driving tangent pile, SFTC walls, and drilled soldier
v Use size cost factors piles.
Factor of extra

fO.0.=[1 reinforcment "

1 v Do not allow smaller
m0.0=|2

Cost = (OD/ST_D)"m than 1

Set cost settings as default Open default cost settings

P TR T T T — =T

Project Cost Estimation

V Edit and save your cost database
V Calculate project material quantities
V Estimate project costs in detall (labor and materials)

V Review summary and detained cost estimation reports

3D Frame Calculation Summary

Summary Woale results  Strut results  Cost estimate

By

Cost vs. Stage | Wall costs  Support costs  Walers costs  Excavation costs  Dewatering costs

. . . | Cost
Total cost | Wall cost | Tieback Strut cost | Slab cost | Wale Excavatior| Dewatering inde

5 3 cost 5 5 3 cost 5 cost 5 cost 5 P

§/m2
b Stage 0 S 262300 |0 0 0 0 0 0 0/m "2
Stage 1 420242 262300 0 0 0 0 157943 0 14381
Stage 2 530322 262300 0 60080 0 114428 157943 0 15855
Stage 3 776418 262300 0 c0080 0 114423 354038 0 1328 4

www.deepexcavation.com
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V Import your Excavation Site from Google Maps
V Import all buildings directly from Google

V Estimate the building dimensions and loads

V Generate 2D cut sections

V Perform Damage Assessment for all buildings

]

B 1005 0X42dd

= =

»y T
Extrudeditructurs

(O Wty Goook RYTTNE2C gb

ExtrudedStructure ExtrudedStructure

(S gz GokRgl3ye-ds | | (ChlJHObiyz Gook AT 1gbgli
ik L.IE J.o

[ |
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Building Damage Assessment

V Perform Damage Assessment of all Buildings close to an excavation ¢

Eldg. 0
V Review Crack widths, Damage Categories, Strains etc. for all building
Deflection [inch}) IMoment [H-ft/ft) -
0 1 -300 {200 100 0] [ 100 200 [=00 Building Damage Results O W
T T T | T T T ||||||||I||||I| |||||||||||| Elng
— —— a— o Maximum values All elemerts  |ndividual elements  Horizontal movement  Settlement  Boscardin-Cording Chatt  Hogging Chart (Burland 1979)
F 803 ki
Qi s e e~ Diam. #
e ———— 10.08 kif 8 out y.Max y.Ave Cpiin) Ctiin) Crp (in) Cri (in) gaatmage Crack Elarn. i
widith nscardin
01 (UND.) o - .
H__"‘ ' P Bottom side continuous basement wall 203 |0 0.005103 | 0.00255 0 0 0 0 Moderate | Megligibe | Moderate
343 k-t
17.82 ki Left side cortinuous basement wall 2rr |0 0000752 |0.000376 |0 0 0 0 Megligihe | Megligibe | Negligibe
Clay [UND.) ‘:"f Right side continuous basement wall 826 |0 0.002511 |0.001256 |0 0 0 0 Megligbe | Megligbe | Megligibe
" Top side continuous basement wall 0 0 0 0 0 0 0 Megligbe | Megligbe | Megligibe
063 Exterior wall &t floor 16 0, -10.67, 30to -20.67 30) 407 |0 0.025554 |0.001561 |0.2327 0.3337 0.1551 0.2225 Moderate | Moderate | MN/A
s1 == Exterior wall at floor 161, 0, (-20.67, 70to -10.67.70) 0 0 0 0 0 0 0 Negligbe |Megligbe |N/A
Units Value Exterior wall at floor 16. 0, (-20.67, 30to -30.67.30) ave |0 0.022453 |0.002055 |0.0798 0.0235 0.0532 0.0199 Slight Slight MR
0.05in P Max. horizontal train: 2.H Max - 0087083 Exterior wall at floor 18. 0, -30.67, 70to -20.67,70) 0 0 0 0 0 0 0 Megligbe |Medligbe |MAA
M= tensie s e T Max 0.005841 Exterior wall at floor 18. 0, (-30,67, 30to -40.67 30) 63 |0 0.014331 |0.001945 (0 0 0 0 Megligibe | Megligibe | NAA
Rock Max. principal strain: £.P.Max 0.00646 Exterior wall at floor 16. 0. (-40.67. 70 to -30.67.70) 0 0 0 0 0 0 0 Megligbe |Negligibe |MN/A
jor w -10.67 -10.67 435 |0 0.02574 0 0.153 0.2154 0.102 0.1436 [ i A
Maxx. angular distortion: P deg 0,754 Exterior wall at floor 18. 0, (-10,67, 40to -10.67,30) 3 1 21 102 1 Slight Slight M
o Exterior wall at floor 18, 0, (40,67, 30to -40.67 40 34 0 0.007772 (0001901 |0 0 0 0 Megligbe |Megligbe |MAA
Max. out of plane rotation: 8.out deg 0 Eor et & Toer ' ¢ ) 94 94
_ ] J— Exterior wall at floor 1. 0, (-10.67, 50to -10.67.40) 169 |0 0.02417 |0 02536 01803 01957 0.1:202 Slight Slight AR
Boring 1 Max. shear strain: v.Max 0.02574
R Exterior wall at floor 18. 0, (4067, 40 to -40.67,50) 391 |0 0.002266 |0 0 0 0 0 Megligbe |Medligbe |MAA
Ave. shear strain: v Ave 0.003355 : — —
: — Exterior wall at floor 16 0, (-10.67, 60 to -10.67 50) 336 |0 0.013545 |0 0.0476 0 0.0317 0 ey slight | Very slight | N/A
Cumulative principal crack width C p in 0.2336 : . . . . . . - — —
> Exterior wall at floor 1. 0, (-40.67, 50 to -40.67,60) 0 0 0 0 0 0 0 Meglighe |Megligbe |MN/A
Cumulative tensi b width Ct in 0.3409
Hiatlve tensile crack W BExterior wall at floor 18 0, (-10067, 70to -10.67 60) 0 0 0 0 0 0 0 Megligibe | Megligibe | NAA
inci i [ 0.1957
Max principal crack width Cr.p. Max " - Exterior wal at floor 161 0, (40.67, 60to 40.67,70) 0 i i i 0 0 0 Neglighe | Negiigibe | N/A
i I. i : HHTE ] M N n nTs n nn M i n - M n n = .
SIIELEITIILL . T in - Exterior wall at floor 251, 10, (-10.67, 30to 2067.30) 407 |0 0025554 |0.001561 |0.1975 |0.2805 (01317 (0187  |Sight  |Sight | N/A
Max. damage category Moderate Exterior wall at floor 28. 10, (<2067, 70to -10.67 70) 0 0 0 0 0 0 0 Megligbe |Medligbe |MAA
Damage category crack width Moderate Exterior wall at floor 2B 10, (-20.67, 30 to -30.67 30) g72 |0 0.022453 |0.002095 |0.1566 0.2011 0.1044 0.1.341 Slight Slight MR o
Damage category Boscardin Cording Moderate b ¥

www.deepexcavation.com
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V Generate any 3D FEM model in seconds with our powerful wiz
V Parametrical model creation and &aiticess and edit all the items

In the model area in seconds
V Perform 3D FEM considering fulésadture interaction
V Review results in tables for all walls, walers and supports
V Perform structural checks on all supports and walers
V Review 3D FEM shadings for soil, walls and supports for all st:

s Iy
m11 kMmgm) | |

522 S |
124423 [

i -1\
/9,923 a1\ o
i | i ﬁ' o T Ay
 7.724 i, A b
- 1 " 1
! 4 34 LY
i- 5524 - '* i It ﬂ & %
e i, mmm’ﬁﬂ_.—;
25 i A T W — |, i —— e N | g A r
= L '~

o P
B T e T e Al o o o T o =
T WL Plowil,  sbe¥dh. | dnThie | apfEin | aphirs nrioiee - s T = T = d o | | S ri %
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The module is optional in DeepEX 3D package, it is included in the DeepEX 3D City package '
www.deepexcavation.com
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E 27| Shoring Design Software Gravity Walls & Pile Abutments

V Design gravity walls (any shape)
V Design pile supported abutments

V Use footings (3D loads) and design the foundation piles
= lew Footing O (3C
yt= 18.5kN/im2 100 k
$'=32 deg "
El 0 Drive Resist
[ F B KaH=0.333 KaH=0.233
"‘E =1 yt= 123 pc KpH=2 KpH=23
- =2loeg ) b
. “ = taH= faH=
52 . ) I:Ia"f' [L”'“:'II I":F'H=- ._.-.___|=-
yi=20.5 kN/im3 3t 3 yit= 127 383 pcf [
*. =_35.:_:-.; i I : oo L -Elu=-2l- -E'- -E' FEf
— f KaH=0.293 -
=125 KpH=3 -

Boring 1 LEE:E 12 fi KaH=0.2583 KaH=0 253
oring KpH=3.537 KpH=3.537
K=H=0 743 al

":Hi 3.5913 fi yt= 133.758 pcf
—_ .1:.:_2,;1..:_:..;
A
12 ft
45 ft

KaH=0.26 KaH=0.2%
o HpH=23.852 KpH=3 852

yt=133.758 pef SecantPiles W21X73

S Secant pile wa
GT fe: W21x73, Seoc= 12113, @3.25 0.C
yi= 140.127 pcf :'EE-E'H =30 ksi, Fc =2ks
o= osf ST I Ines2 2ain

The module Gravity Walls/Pile Abutments/Sea Walls/MSE is optional in DeepEX 2D and 3D packages, it is includ8d@itihpdokageX

www.deepexcavation.com



Sea WallBguay WallBXave Pressures

V Load combinations for British Standards 0% _
o0 StructureQuay Walls)

~ Moment (k-fi/ft)

V Wave pressures with Sainflou, McConnel, Proverbs
V Average overtopping volume calculations

V Block/segmental walls with individual shear resistances and de
V Quay caisson walls (3D) with infill zones. The program can calc

400
T T T 1

3D weight

V Quay wall wizaifizreate a model in minutes

Pressures [ksf) Pressures [ksf)
0 1 3 2 1 0

T
T" > . ] - 2 3
-241 5 k-t H"“-l . I I ,_.: -.|: I T T I T T L e T |_': -.I:-I T 1 T T T 1 T T T 1 T 1T 1]
s ]—'1 |
SR
— : O ft |

T

Boring 1 | L+
-

SHET

1
x:
M,

L -1 47

0.13
020029

& Fit il & Fit

The module Gravity Walls/Pile Abutments/Sea Walls/MSE is optional in DeepEX 2D and 3D packages, it is includ8d@itihpdokageX

www.deepexcavation.com



MSE Wallsoil ReinforcementiE mbankm

V Steel grids and strips, geogrids, geotextiles tor slope stabilizatic
S V Stone columns and adaptive soil improvement. Stone column s
strength calculation from replacement ratios.

V Embankment Wizard with loadingyg@eforcements, train loading,
q q stone columns, etc.
-7‘5 0.875 s r(f— .
ﬁﬂa—»qh__ﬁ_ﬂi.it I i Fs—1h3s {Right exit pt: 47 578
ihhhﬂhme A J
) o —p &

.......... ) | |
":f#/// i

The module Gravity Walls/Pile Abutments/Sea Walls/MSE is optional in DeepEX 2D and 3D packages, it is includ8d@itihpdokageX

www.deepexcavation.com



V Import Inclinometer readings TTOM eMastel

V Associate Inclinometers with Construction Stages
V Calculate Bending Moments from Inclinometers
V Perform Live Checks on all supports and walers
V Check Models under Predefined Displacements
V Display Graphs in 2D Sections and 3D Plan View

The module is optional in DeepEX 3D package, it is included in the DeepEX 3D City package
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The Future is Here!

V Import your City Map with all Structures from Google

V Define your Tunnel Construction Stages and Location on the Map

V Automatically Generate 2D Cut Sections along your Tunnel

V Define your Metro Station Locations on the Map and Design Them

V Analyze the Tunnel, Calculate Settlements considering Soil Volume Loss, Consolid
and Water Drawdown

V Estimate the Damage Cost for all Imported Buildings

And more!

* EUR 1095078.24: Total average cost (i
EUR 2656596.8: Total 95% cost

’
e 10 029 kmd
=200

T EOR99513—
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Pressures [ksf)

2 4 & 8 i0 2

[}
[

4.017 ksf

www.deepexcavation.com


https://www.deepexcavation.com/en/products/deepex-deep-excavation-software/wall-types-and-support-systems-deepex

DEE\E,P DeepEX

# A\ | Shoring Design Software

B2 Soil Types ? X
1. Name and Basic Sail Type
Soil Name |F Color
Description| Fil
2. Soil Type - Behaviour
Show test data
Sand “ |l (SPT.CPT. Be)
Clean fine sands, and slightly sity sands -

Not defined I
3. Default drained-undrai| == 30il Layers

| rAvailable Borings
A General C. Bastoples| | RS0 M
4. |nit Weight=s - Density
y 19 |knm3|>

5. Strength Parameters &
Drrained strength proper

€5 kPa

Add Mew Sail |35

&. Permeability

nnnnnnn

Copy Sail

Delete Selected Soil = — ;
8. At-rest coefficients

Paste Soil KoNC |0 577
Clone
; Database Il Database

Add Mew Boring

Delete Selected
Boring (Stratigraphy)

1. General Boring Information - Coordinates

Mame Boring 1

Coordinates X -20 m Y (0 m
The x coordinate controls where the boring is shown in your design section view.
Each design section uses one boring (soil strata). You can use a different boring on
each design section.

SPT Data Option (Applies to Design Section)
SPT Record | Mot assigned w Add edit SPT records
Iv Pass same SPT log to boring (3D visuslizations)

CPT Record Option (Applies to Design Section)

Soll Types & Stratigraphy

V Create multiply soil types and define sG
V Soill properties estimation tools (NSPT védetdata)

V Create multiple borings and define the horizontal stratigrap
V Add CPT logs and SPT ReEEsisnate properties from recorc
V Custom Layer mode: Create inclined soil layers

V Soil Change Commands: Change soll properties through st

CPT Record | Mot assigned w Add edit CPT records
2. Boring Layers - Layer Elevations
Ti . .
E‘f;_im.; Sail Type OCR | Ko Edit
3 51 |1 D.47 Edit
10 52 | 0441 Edit

S

www.deepexcavation.com



= »'\| Shoring Design Software Include All Construction Stages

V Create all intermediate construction stages
V Review the results for each stage & recognize the critical stages

V Perform an efficient model optimization

V Get more realistic results for methods that consider staging (NL, FEM)

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

Stage 1: Cantilever Excavation Stage 3: Further Excavation




Limit Equilibrium Analysis Concept (LE

# A\ | Shoring Design Software

V Assumdateralearthpressures _eiom on
= =T R I A
V Determindixity locationdor forcesat subgrade irtaceliadll i -
V Analyzevallbeamwith assumedoads et §
-12m ) ae e G ae
V Advantaged€asymethodto verify. Givesa backcheck _ m é | v
for morerigorousmethods =223 - e
V DisadvantageSoilstructureinteractionignored e e rep—
B-2
0 da 24k
0 de
|
0 de
p_ L7 ke AT2kst @ PALKIE
Soll Pressures Surcharge Water PressuresSeismic Pressures Net Pressures



Earth Coefficients in DeepEX

DeepEX Automatic Method Selection According to Project Parameters

Active Coefficient Ka

Parameters Horizontal Surface | Inclined Surface Wall Friction Seismic Effects Applied
Considered
Method Rankine Coulomb Coulomb No Effect

Passive Coefficient Kp

Parameters Horizontal Surface | Inclined Surface Wall Friction Seismic Effects Applied
Considered
Method Rankine Coulomb Caquot-Kerisel Lancelotta

Drive Resist Drive —g.1 Resist Drive -5 Resist Drive Y Resist

KaH= 0.204 [ KaH=0.304 KaH=0.441 [ KaH=0.333 KaH=0.4132 | KaH=0.304 KaH=0.413 [ KasH=0.304

KpH=3.542 KpH=3.542 KpH=5.737 KpH=2 KpH="7.08 KpH=3.242 KpH=5.254 KpH=3.185
No surface slope Surface slope Surface slope Surface slope
No wall friction No wall friction Wall friction Wall friction
No seismic effects No seismic effects No seismic effects Seismic effects

www.deepexcavation.com



Soll Pressure Methods (LEM Analysis

# A\ | Shoring Design Software

Cantilever Excavations Construction Stages with multiple support levels
AtRest Pressures Peck 1969 Pressures FHWA Apparent Pressures Custom Trapezoidal Pressures

— \ — _j—\ —

é | \j | \j

TwaStep Rectangular Pressures WMATA Pressures New York City DEP Pressures
: i + i N —
BN SN F\
=in ‘_155 N ; ‘\\ I 3 ‘\ I * ‘\\

www.deepexcavation.com



Water Pressure Methods

Simplified Flow Hydrostatic Full Flownet Analysis

essures [ksf) essures [ksf) essures [ksf)
By ur . _ ) . __ Pressures (ksf _ ) . |, Pressuresfisf) . u (ksf)

'-\.-I.E'

LN s L3 G MR S
tn En tn (%51 tn (%51

www.deepexcavation.com



External Loads: Types & Pressure Me

=4 A | Shoring Design Software

o ) r 0\ o
5 | K 4 kft/f ) 45-0/2L5 Elastic to d "*{451'51” 2 O
T N vertical stress | A
— q=KaxAoy o | ‘
Loads on ground surface: Loads on the wall: Load modeling options:
V Strip surcharges V Strip surcharges V Elasticity equations
V Linear loads V Linear loads V Twaway distribution angle
V 3D loads (buildings, footings, 3D V External moments V Oneway distribution angle
surface loads V Prescribed displacements V Oneway distribution angle from soil friction

V Elasticity to vertical stress x Ka (or Ko)
V CIRIA Special Pub49®93

www.deepexcavation.com



Seismic Pressure Methods

Pressuras [ksf)

_Moment _I.kl*-.-m_iq_'l:- Pressu res (kPa) o PFEEEUE_EE (ksf) .
(hrrrpraaprrrrprr e rrp et L | r s ] _ '
142 5 kM-m/m.] ; T T4k 5 - L. o T T ¥ . pr— - iy ot T ; s 5__._.F - -
R 25 dezJE oyl | I i -
> 138 kN-m/m 131t [ ] 20 ot -15ft 0 degs
—H-3m (= 1 [ 51
T e 20 deg AL yi=133.758 pof 0 degdL
§'= 34 deg I - =24 deg
= 30t = i = 30f |
== Wall Bending ﬂziql?céﬁr:f wzlﬂﬁff
=== Leismic pressures $'=36 deg =36 deg
== Moment capacity = ekl
Procedure in DeepEX Semirigid Method Mo_no_nobe-O_kabe Method
U Define Seismic Accelerations Ax and Az 1 Total Vertical S (Frictional Soils)
¥ iSmi i U lotal Vertical Stress at U Extension of the Coulomb
U Select Seismic Pressures Calculation Method Bottom of Wall x B _
U Select a Seismic Design Standard i B = 0.75 in DeepEX ) Static Thepry
il Rectangular Pressure U Accelerations added to a
Seismic Pressure Methods Diagram Coulomb Wedge
V Semirigid U Seed & Whitman (1970)
V Mononobe-Okabe (frictional soils) ~ Seismic Thrust Redistribution
V Wood Automatic U Inverse Trapezoid Pressure
V Wood Manual Diagram



Cantilever Wall Analysis Concepts

# \.| Shoring Design Software

Fixed earth method Free earth method

Balances out Moment and Shear Balances out Momet®hear not balanced
Increase length by 1.2 to get FS 1.0

Then apply additional safety factors

|

y |
Wiater |
’ g ) .
table l : P ' . Shear (kN/m) i N Moment (kN-m/m)

Lt | AL WA TR | s S A | e R e
‘ — — -

. _gom
“ Zone A
1 || Active '
. ; Sand
\|| pressure
~-
\ 57kN/m
”H'(f_u(' \\ 57k
line ] 7 1572 kN-m/m

R e— M .
v ‘} e -—--— T S /
/ Jorkh = -181.4 kN/m

Passive

—
-
-
-
-
-~

—

pressure l‘prc-s\nn'

pressure: i pressure  Zone B S i
R | (< % | | A
Active Passive 1

i SVE  Zone C Sand M ] \

£z LD
85kPa
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Pinned support@ontinuous beam
Point of zero net soil shear below subgrade.

Use point of zero shear as a virtual support.

Shear Moments Net loading

=30 =20 -10 0 10 20 -100 _E : : E : b | : : '\3

¥t 2FC'p-c SHIFL ""--_-... < ; ol T
o \ ) ;
\ TSEWR BET kA < 'E""': . E
Reaction for Virtual Available .
. FS. Ive —
embedment Fxb support resistance RX S.passive



Beam Analysis: FHWA Simple Span Method |

# A\ | Shoring Design Software

Pin support at excavation base, simple spans

Shear Moments Net loading

MMaomeant [k-ft/ft)

=2 u - -

.3 \\ 129kHt 431 e_-'-_-'-.—< deF &"“':. i - 3
o \':-.3:_--_ | 'E"':J &
,!: EE:E 2Bk \ ded
-12.1 r\\ o d ¢ G-"f ) T
S0t lih:—' :f:;’:_
1,|1=‘|3215|:-=:f 033 ks
' Virtual ' .
Reaction for A_vallable FS.passive —
embedment Fxb support resistance Rx



Beam Analysis: CALTRANS Approach

# A\ | Shoring Design Software

Pinned support8mple span
Base at point of zero moment below bottom support

Shears and moments balance out

Shear Moments Net loading

-

h\ il ¥
=120 pc “\\ o ded il T
§'= 30 deg
204 \\ - 20 deF H-. 0
o — 4

b

=

85y
A
o

No Embedment Virtual
Reaction support

FST OA OB



Removed soil prior to

Initial Free Field anchor installation

______ !__ — e e e e e e e e e e e e e e e e e e o o e e e

HAN-

AN~

AN~

, FAA-

Intermediate FAA-

i e
excavation level

______ - R Y. ¥, ¥

Removed soil after

. , anchor installation — waA-
-inal Excavation Level

Beam elements modeling

the flexible wall

Spring element
modeling the
ground anchor

Stress, o

EP-Pertectly Plastic EP-Stram Hardenmg

A oA
2 o
r B |vield_ ~¥
o - m f {
/ 4.1 ; 'y
" !
# '_.'.ﬁl ..'. I-'ly
' ra - I >
Strain, £ Stram, £
Elastoplastic Exponential
model model
Soil Models

U Linear elastic perfectly plastic
i Exponential (Hyperbolic)
E=Eve[(o, 0+, 0, }-’pref]n
U Subgrade modulus
U Small strain hardening
Reloading stiffness linear 3 to 5 x loading



DEEP SeenEX .
Ev eep Finite Element Analysis Concept (FEM

# A\ | Shoring Design Software

Soil Models:
e | V Elastoplastic Model (MdiZoulomb)
N T i - . % | V Exponent?al (Hyperbol?c) Model (approximate sc_)lutit
o e b V Exponential (Hyperbolic) Model (complete solution):

= = o : :
P \\f/ \/ /\,/ /\% VA Soil hardenmg:’Todel

¥

all §
i N TN | e
V Moments and reactions calculated with Finite Elements
V Consider full sestructure interaction
V Calculate surface settlements
V Design Tiedowns, Foundation Piles and Steel Columns

Wall 1
Steel Sheats

www.deepexcavation.com
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Projects Designed with DeepEX

Over 3000 Users Professional Engineers & Firms
10000+ Projects Worldwide!

www.deepexcavation.com
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