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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

INTRODUCTION: DEEPEX — SHORING DESIGN SOFTWARE

DeepEX is a powerful software program for the design and evaluation of earth
retaining systems. It can perform full structural and geotechnical design of any
common wall type and support system.

Any model (2D sections, 3D Frames) can be created, analyzed and optimized in
minutes. Results and check ratios can be displayed in tables and graphically in a
comprehensive way. Analysis warnings and recommendations can lead to the most
efficient model optimization.

Available Wall Types: Soldier Piles, Secant/Tangent Piles, Sheet Piles, Box Sheet Piles,
Concrete Diaphragms, Combined Sheet Piles (King Piles), Gravity Walls and more.

Available Support Types: Ground Anchors (Tiebacks), Concrete Slabs, Steel Struts and
Steel Rakers, Steel and Concrete Walers, Tiedowns, Tierods and more.

Analysis Methods: Limit Equilibrium (LEM), Beam on Elastoplastic Foundations (Non-
Linear Analysis with Elastoplastic Springs), Finite Element Analysis (FEM).

Soil Pressures Methods (LEM): Active/Passive, FHWA Apparent, Peck 1969 Apparent,
AASHTO-17 (Temp. Bridges), Custom Trapezoidal, WMATA, NYC DEP (Sewers),
German EAB, Two-step Rectangular, At-Rest and more.

Lateral Earth Coefficients: Rankine, Coulomb, Caquot-Kerisel, Lancelotta.

Beam Analysis Methods (LEM): Blum’s, FHWA Simple Span, Simple Span with
Negative Moments, CALTRANS, WMATA.

Seismic Pressures Methods: Semirigid, Mononobe-Okabe, Wood, User-Defined.
Water Pressures Methods: Hydrostatic, Simplified Flow, Full 2D Flownet Analysis.
Soil Properties: User-Defined, Estimation Tools (Test Data), SPT and CPT logs.
Structural Codes: ACI, AISC. ASD, LRFD, EUROCODES 2, 3 and 8, AS, CN and more.
Geotechnical Codes: AASHTO LRFD, CALTRANS, EUROCODE 7, CN, DIN and more.
Printed Reports: Reports Exported in PDF and Word, Sketches exported to DXF.
Model Creation: Graphical (Interactive Interface), Model Wizard, Voice Commands.

Model Optimization: Automatic Optimization Tools — Wall/Support Structural
Sections, Tieback fixed lengths, Support Locations and more.

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.

Features and Capabilities

Projects Designed with DeepEX

DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
projects have been designed using the
software.

DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
additional optional modules, that can be

activated inside the software upon
purchase, increasing the software
capabilities.

DeepEX Versions and Modules
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

A. PROJECT DESCRIPTION — MODEL DATA

20

20

This example presents a design of a 5m x 5m concrete drain box (0.6m thick
concrete diaphragm walls with concrete slabs). The water table is at El: -3 m.

‘ﬂ‘ l = =3
7 an 2 Fam)oEm o 7 ag
0.4 m r—Sm l = =
b = o
Supporis: Beam znalysis Supponts: Besm snalysis
Figure: 2D Section Model
Table: Soil Properties and Soil Layer Elevations

Soil Soil Soil Friction | Cohesion Total Elasticity Exp.

Layer Type Angle Unit Modulus

Elev. (-) (deg) (kPa) Weight (kPa)
(m) () (KN/m3)
0 F Sand 30 0 19.5 14000 0.5
(Fill)
-3 S1 | Medium 34 0 20.5 28000 0.4
Sand
Table: Wall Properties
Property/Wall Both Walls
Wall Type Reinforced Concrete Diaphragms (Slurry Walls)
Wall Section 0.6 m thick Concrete Diaphragms
Reinforcement Long.: 5 $18 bars/m (both sides), Shear: bars / 10 cm
Materials Rebars: S500, Concrete: C20/25
Top Wall Elevation Om
Total Wall Depth 5m

Table: Support Locations and Section Properties

Property/Support Level 1 (Top Slab) Level 2 (Base Slab)

Elevation (Center) 0.4m -4.6m
Support Type Conc. Slab Conc. Slab
Slab Thickness 0.8 m 0.8 m

Reinforcement

5 ¢10 bars/m of slab (top and bottom reinf.)

Materials Rebars: S500, Concrete: C20/25
Unbraced L - 2.5m
Live Load 20 kPa 10 kPa

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.

Features and Capabilities

Projects Designed with DeepEX

DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
projects have been designed using the
software.

DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
additional optional modules, that can be
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

B. DEEPEX SOFTWARE - SOIL TYPES AND BORINGS

|71 , Wm3[>] 7 g [195 Jkumiy =[105 | ‘ Blastic-lastic iLinear Luad-ReIuadi L ;

5. Strength Parameters and Poisson Ratio —————————————————— Subgrade-modulus '

—Soil Types — 1. Name and Basic Soil Type 1. Name and Basic Soil Type
F Soil Name [51 Color | || Seit Name [s1 | Color |
g; Description| Medium sand Description| Medium sand
—2. Soil Type - Behaviour —2. Soil Type - Behaviour
Clay Show test data Show test data
Car = V| Srsidan ||l s v || (PT. CPT. Bo)
Rock Clean fine sands, and slightly sitty sands | Clean fine sands, and slightly sity sands ~ ‘
Not defined ~ Not defined ~
3. Default drained-undrained behavior for clays (See Theory Manual) 3. Default drained-undrained behavior for clays (See Theory Manual)
’7 Undrained behaviour Drained —I Undrained behaviour Drained —‘
A General| C. Bastoplastic D.Bond  E. Adv.  F. Pies A General D.Bond EAdv. F.Pies
4, Unit \weights - Density —10. Soil Model and jor

[~ Drained strength properties | HS-Small (approximated procedure)

£ LPa ﬁl u degrees m —10.1 Loading Elasticity Paramaters
”Feak - constant vol. (for estimation) Elod &

© oo o] oo wios ][] Pl i
P peak’ |Omittec| dearees | > “v El *y

Add New Soil v

"10.3 Reloading Elasticity Modulus

rEur= Eur/Hoad| 2

E= Eve|(e, 0+, 0, Ypraf]"

|
Copy Sol 6! Pemmestili ‘
|

ty
| w5555 e (3] e [550555 e
Delete Selected Soil 8. At-rest coefficients
Paste Soil KaNC|[D 440807 nOCR Ko = KoNC * (OCR)"n0C
]

Figure: General soil properties — Sand Layer (Soil S1)

—1. General Boring Information - Coordinates
Mame Boring 1

Coordinates X -20 m Y0 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| Not assigned ||  Addedi SPTrecords |
¥ Pass same SPT log to boring (3D visualizations)

—CPT Record Option (&pplies to Design Section)

CPT Record | Nt assigned || AddediCPTrecods |
—2. Baring Layers - Layer Elevations
E‘;ﬂ_{m} | Soil Type OCR | Ko Edit
» F |l 05 Edit
3 51 |l 0.441 Edit
. | -]

Figure: Soil Layers

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.

Click here to review all software
Features and Capabilities

Projects Designed with DeepEX

DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
projects have been designed using the
software.

Click here to learn more:
DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
additional optional modules, that can be
activated inside the software upon
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capabilities.
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

C. DEEPEX SOFTWARE — WALL AND SUPPORT SECTIONS

A Wal Type D.Concrete-Rebar F. Draw
1. Concrete Section Type

- - Define custom
Use more than one reinforcement sections reinforcement
2. Section Di
D|60 cm AlGD00 cm2 boc 1800000 cmd Recalculate box - slice analysis
Used wih recalc
B 100 cm Eff. conc 25 %,  buttonand for

secant piles

3. Longitudinal Reinforcement (Tension - Compression)

Top Rebars (left side) Ctop

N6 Bars # ©18 v =AsTop 1527 |em2 6 cm
Bottom Rebars (Right Side) Chot

N 6 Bars# |®18 - | =AsBot 1527 |cm2 6 cm

4. Shear Reinforcement
Bar® @8 ~ =As 0503 |cm2 sV 10 cm sH 10 cm

Shear reinforcement is spiral Metric Rebars D10 for 10mm Diam
Treat wall as slab for shear capacity calculations (diaphragm walls only)

Figure: DeepEX — Concrete Diaphragm Wall — Section Properties

| General | Advanced features 4 ¥ Wal Section Drawing (Plan)
1. Wall Name:

Wall 1
2. Wall Section Properties

Section |Wal 1 | L B cactiondita
[| Use gravity wall section

Equivalent wall Thickness m

[—3. Dimensions

TopEL. 0 m T
DepthL 5 wetlat e L
L . .
" llade s s go {17 618 Right R 8218 over 100
Bottom -5 m S - -
[ Use custom passive Hev. Kk A

™ Wall is permeable
™ Include wall weight

4. 30 Wall Coordinates
xWal ) m Out-of-plane y|0 m
[~ 7. Wiall Nodes (Analysis Settings)
Number of Nodes nD (0- 21
Limit equilibrium anslyses use nD to divide wal into smaller elements

BEF uses Mesh DELTA as defined in the “Analysis Tab" in then main form
and recaiculates nD.

Figure: DeepEX — Wall Properties

1. Name
ﬂﬂ.&m Slab | ‘ Top ciop
3. Structural Materials LN
Concrete C20/25 ~| fek 20 MPa Dx .
E 29962 MPa
Rebar S500 ~v | fyk 500 MPa
ool :f:
Color | |L| Chot
Bottom

4. Section Dimensions

Dlgo |om  AfB000 |om2 bofazeeee|cmé  Loxd[20 | kiim

ch Recalculate Properties |

5. Longitudinal Slab Reinforcement
™ Use bar spacing instead of number of bars

Top Rebars Ctop
N5 | Bars#[®10 | -AsTop 3525 em2 [381 |om
Bottom Rebars Chot
N[5 | Bars#{®10 | =AsBot3ses em2 em

Metric Bars Type D10 in mm, US bars indicated with & sign

Figure: DeepEX — Concrete Slabs — Section Properties
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ick here to learn more:
DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

D. DEEPEX — CONSTRUCTION STAGES

In DeepEX, all construction stages can me generated and analyzed. This allows
the advanced analysis methods (Non-Linear and FEM) to converge, as well as,
the user is able to review all results in all stages, recognize the most critical
stage and take important decisions, in order to perform the most efficient
model optimization.

Figure: Stage O (Initial Stage — No Excavation)

20 20
e e il
- - -
S 410m Em 10 S m
0K m m

Figure: Stage 1 —Install Drain Box

DEEP EXCAVATION LLC

www.deepexcavation.com
www.deepex.com

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.

Click here to review all software

Features and Capabilities

Projects Designed with DeepEX

DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
projects have been designed using the
software.

Click here to learn more:
DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
additional optional modules, that can be
activated inside the software upon
purchase, increasing the software
capabilities.

Click here to learn more:
DeepEX Versions and Modules
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

E. DEEPEX — 2D SECTION ANALYSIS SETTINGS

1. Water Pressures (All Methods) -> Hydrostatic

Kakp 5'%1stwallv =% 2nd wall -
AUTO (|50
Clays: |Analysis:|| Thrust
Default~ | Hyd.~ || options~
Water be & Hydrostatic |
zar Model 7 Fl.  Gimpiified flow

HE Balanced (hydrostatic to exc.)

?E Balanced with wall thickness
2. Wall Friction (All Methods) -> 50% of the Soil Friction
Kakp  Hftstwall- 5% 2nd wall -

AUTO | 50 | 50
Thrust
options ~

| Include Wall Friction |

3. Soil Pressures (Limit Equilibrium Method) -> At-Rest

B 1stwall - | 5% 2nd wall - KO l‘-{E Supports: Beam -
| 50 | 50 Cantilever: Free-ear
Drive Pressures:| Resist Pressures:
At-rest ~ Passive ~ Beam: Blum's metht
Include Wall Friction || Select driving earth pressures
Active pressures
Madel - LEM Ka x Load Factor

Between Ka and Ko
At-rest pressures - Ko

Peck 1969 Apparent

4. Beam Analysis (Limit Equilibrium Method) -> Blum’S method

Ko EE Supports: Beam E

Cantilever: Free-earth ~
Drive Pressures: Resist Pressures: Advanced
At-rest ~ Passive ~ Beam Blum’s method ~ ‘ Options ~
| | Beam method for multiple supports
==

Beam: Blum's method
Hinges at supports, virtual support at point of zero net shear below excavation

Beam: FHWA Simple Span Method
Method assumes hinges below the 1st support level, and a hinge at excavation subgrade. Moments
calculated with a simple span method.

Beam: Simple span with negative moments

5. Analysis Method -> Limit Equilibrium (LEM)
-> Non-Linear Analysis (NL)
-> Finite Element Analysis (FEM)

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.

ick here to review all software
Features and Capabilities

Projects Designed with DeepEX

DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
projects have been designed using the
software.

ick here to learn more:
DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
additional optional modules, that can be
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

F. LIMIT EQUILIBRIUM ANALYSIS RESULTS

Moment (kN-m/m) Moment (kN-m/m)
0 0

1

49.2kN-m/m 49 2kN-m/m
4.1 kN-m/m ‘(— 85 %'k&»m S 8533 6N/m —)] 4.1 kN-m/m
Wall 1 Wall 1
Diaphragm Diaphragm
Thick: 60 cm, 6 L-Rebars ®18, 6 R-Rebars ®18/1m Thick: 60 cm, 6 L-Rebars ©18, 6 R-Rebars ®18/1m
FykRebars = 500 MPa, Fck=20MPz FykRebars = 500 MPa, Fck=20MPz
Supports: Beam analysis Me=96.8 kN-m/m Supponts: Beam analysis
Wall53=30% © Wal5=50% ©
Figure: Wall Moment Diagrams, Support Reactions
Shear Pressures Pressures Shear
(kN/m) (kPa) (kP2) (kN/m}
-1000 100 S0 0 S0 S0 0 30 -1000 100
325 kNm I ) = 335kNIm
27.8kPz 27.8kPa
24 5kPa 245kP2
85 kN/m ! Bsm ! 85 kN/m
-20.3kN/im 328kP2 & - BEkFz 20.3kN/m
Wall 1 = Wall 1
Diaphragm Diapht

Thick: 60 cm, 6 L-Rebars ®18, € R-Rebars ©18/1m
FykRebars = 500 MPa, Fck=20MPa
Supports: Beam analysis

Thick: 60 cm, 6 L-Rebars 18, 6 R-Rebars ©®18/1m
FykRebars =500 MPa, Fck=20MPa
Supports: Beam analysis

Wall5=50% ¢ Wall 5=50% ¢

Figure: Wall Shear and Horizontal Soil Pressures Diagrams
Prassures [kPa)
[+]

Pressures [kPa)
1]

[T [ rrr o] L L R

. T —_—) .

Wall 1 = Wall 1
Diaphragm Dizphragm

Thick: 60 cm, 6 L-Rebars ©18, & R-Rebars @181 m Thick: 60 cm, 6 L-Rebars ©13. & R-Rebars @181 m
FykRebars =300 MPa, Fok=20MFa FykRebars =300 MPa, Fck=20MFa

Supports: Beam anzlysis Supports: Beam anslysis

Wall&=30% ¢ Wall 5=30% ¢

Figure: Water Pressures Diagrams and Support Check Ratios
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DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.
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Projects Designed with DeepEX

DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
projects have been designed using the
software.

ick here to learn more:
DeepEX — Project Gallery

DeepEX — Customize your version

DeepEX implements a series of
additional optional modules, that can be

activated inside the software upon
purchase, increasing the software
capabilities.

ick here to learn more:
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

G. NON-LINEAR ANALYSIS RESULTS

G MemearfNam) i ML= 51 2 kNemim MR=-512 kNemim ot doment khem/m).. 00
EEEEEEssE s ne ] T
£1.3kN-m/im 61.2kN-m/m

Mc=48.8 kN-m/m
24.3kN-mim 24.3kN-m/m
¢ X £ : |
—— s3ilp T SSkNm ——)
Wall 1 = wall1
Diaphragm Dizpl
Thick: 60 cm, 6 L-Rebars ®18, 6 R-Rebars ©18/1m Thick: 60 cm, 6 L-Rebars ©18, 6 R-Rebars ©18/1m
FykRebars =500 MPa, Fok=20MPa FykRebars =500 MPa, Fok=20MPa
Wall8=50% & Wall3=50% ©
Figure: Wall and Slab Moment Diagrams, Support Reactions
Prassures VL= 100 kN/m Pressures
Shear (kN/m) (kPa) [kP3) Shear (kN/m)
o 0 % 00 0 100 00 0 100 % 0
- v Okhiiz E
47.1kNim H e 47.1kNim
3m D3N H 3 kN/m
kN . | -7 kNJj
Dsaum | ; - = 3R
y — &7 157,55 KM - j i ip
12.8kN/m 53.8kF2 T gs.gw: - — 5 saes 12.8kN/m

k4
Walll e e e e W B
Diaph 20.041kPa P

r2gm 1agm
Thick: 60 cm, 6 L-Rebars $18. 6 R-Rebars @181 m Thick: 60 cm, 6 L-Rebars ©18, 6 R-Rebars ©18/1 m
FykRebars = 300 MPa, Fck=20MPa FykRebars =500 MPa, Fck=20MPa
Wall 5=30% ¢ Wall3=350% @

Figure: Wall and Slab Shear - Total Effective Soil Pressures Diagrams

Pressures [kPa) Pressures [kPa)
[1] [1]

il

Wall1 = wall 1

Diaphragm Dizphragm

Thick: 60 cm, 6 L-Rebars ©13, & R-Rebars @181 m Thick: 60 cm, £ L-Rebars ©12, & R-Rebars @181 m
FykRebars = 500 MPz, Fck=20MPa FykRebars =500 MPz, Fck=20MPz

Wall5= 50% Wall 5=50% ©

Figure: Water Pressures Diagrams and Support Check Ratios

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

H. FINITE ELEMENT ANALYSIS RESULTS

Maoment (kN-m/m}) Moment (kN-m/m)
-0 0 0 -0 0 0

-100 -100 100
7.3kN-m/m
SRR =¥ :
-83.6 kN-m/m 848 kN-m/m
Wall 1
Dizy 2}
Thick: 60 cm, 6 L-Rebars $18Y5 H:Hebais S18/1m TAER DO.CH1'6 L-Rebars @18, 8 R-Rebars ©18/1m
FykRebars =500 MPa, Fck= i Py 1Pa, Fok=20MPa
Wall5=50% © Wall3=50% ©
Figure: Wall and Slab Moment Diagrams, Support Reactions
Shear Prassures Prassures Shear
(kM/m) [kPa) [kPz) [kMN/m}
1000 100 -0 0 100 -0 100 -1000 100
|'I'|'l'|'|'|'|'|'|'| rl'l'l'l'rl'l'n'l ||I|||||I|| |||I||IIII|
Wall 1

Dizphragm
Thick: 60 cm, & L-Rebars 918, §R-Rebars 2181 m
FykRebars = 500 MPa, Fok=20MPa

Wall 5=50% &

Thick: 60 cm, & L-Rebars $£18, & R-Rebars @181 m
FykRebars =500 MPa, Fok=20MPa
Wall 5=350% ¢

Figure: Wall and Slab Shear - Effective Vertical Pressures Diagrams

disp uz(cm)
0.12284
0.10726
0.09158
0.0758
0.06022
0.04455

Figure: Soil Settlements Shading and Support Check Ratios

DeepEX Features and Capabilities

Design and evaluate any deep
excavation system (2D Sections and 3D
Frames) with different analysis methods:

- Limit Equilibrium Analysis

- Non-Linear Analysis (Soil Springs)

- Finite Element Analysis
Perform Structural and Geotechnical
design of any wall type and support
system in the same software package.
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DeepEX is trusted by more than 2000
engineers and engineering firms
worldwide and more than 10000
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CONCRETE DRAIN BOX DESIGN EXAMPLE - DEEPEX

THANK YOU

DESIGN AND OPTIMIZE ANY DEEP EXCAVATION SYSTEM IN MINUTES AND GAIN A COMPETITIVE EDGE!

Learn tips and tricks of deep excavation design PRESENTATION
E: training@deepexcavation.com

CLICK HERE FOR EXAMPLES, VIDEOS

Learn from examples, videos and case studies
AND ARTICLES

Prices and Licensing Questions: sales@deepexcavation.com

Technical Support support@deepexcavation.com
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