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Introduction

* Why this workshop

 Presenters

Dimitrios Konstantakos Dr. Nikolaos Lesgidis



Topics

« Optimization

« MSE Walls, pile abutments

* Finite element analysis — theoretical background and applications
» Design of sea walls

* Marine projects design methods

« Advanced 3D frame analysis

« Steel connections

* Practice — software applications



1.1 Support Location Optimization
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1.2 Optimization Optlons
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1.3 Results
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2. MISE Walls

* 2024 Version MSE Wizard
e Automatic selection

* Coherent method
 AASHTO Stiffness

* Allen Stiffness



2.1 Use Wizard

¥ DEEP Wizard

1. Welcome 2. Dimensions  Soil layers 3. Wall Type 5. Stages 6. Surcharges 7. Codes
—B. Dimensions

Ground water Hlevation |-22 ft Tiebacks and tierods
H2 72 ft —Br — —
) T T
Initial ground B. |0 [ o o

0=

ELS
l l

— Support options

Frames, circular shafts, and cantilever excavations

—M5SE Reinforcement
Panel Length |5 fit
Reinforcement Spacing |2.5 fit
Panel embedment 2 fit
| Model only last stage
Reinforcement type  Steel strips or grids w
Section  SteelStrip 0 hd

MSE Calculations  Automatic selection (Coherent for steel, otherwise simp
| This iz a permanent wall

Bond fone Lfix |20 ft

—— B2——

— B2 ——

| Specify backfil zone BF ~ | Set typical backfil




2.2 MISE Results
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Seil reinforcement analysis options for MSE walls

— Pressure Methods

2.3 MSE Wall Options

[~ Examine mobilization with simplified LEM Bishop method

*
Automatic selection (Coherent for steel, otherwise simplified stifness) w
Coherent pressures Ko x Kr at top and Ka x factor below (more conservative) w

—Parameter selection

Use stage options for all soil reinforcements

¥ Use force from MSE methods when used

Strength  Pressure factors

—Strenath ootions

Minimum divisions for each reinforcement 10
Division length 1

Installation damage reduction factor Rii 1.4

Creep reduction factor Rf.c 1.4

Dwrability reduction factor Rf.d 1.7
[ Specify additional structural capacity loss

[ Use Zinc corrosion protection

(Geotechnical safety factor FS.geo 1.5

— Apply settings to stages

¢ Apply to all stages
" Apply to one stage Stage 2

" Apply to stages From stage Stage 0

Tostage Stage 3

o [coes ]

v Examine mohilization with simplified LEM Bishop method

Soil reinforcement analysis options for M5E walls x
—Pressure Methods

Automatic selection (Coherent for steel, otherwise simplified stifness) w

Coherent prezsures Ko x Kr at top and Ka x factor below (more conservative) A4

[w Use midpoint between supports FS.Rotational 1.5
(zemirigid walls), Uncheck for flexible fac
|Use stiffness approach based on intersected length -
[ Store search surfaces
—Parameter selection
Use stage options for all soil reinforcements
¥ Use force from MSE methods when used
Strength  Pressure factors
Coherent pressures
Genenic  Steel strips St{glig re
Top factoron Ko 1.5 1.7 25
depth to Ka 20 20 20
Factor on Ka 1 12 12

Stiffness method
DSFE:SSUI'ES AASHTO and Allen 2018 method for Dtmax

—Mpply settings to stages

& Apply to all stages
" Apply to one stage Stage 2
" Apply to stages

From stage Stage 0

Tostage Stage 3

| ok || cancel
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2.4 MSE Simplified Mobilization
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2.5 Adding an Impact Barrier

* Add wall on the left
* Draw impact load

+] Edit Wall Data 52 |
General | Advanced features  Base footing B Retaining Wall Data
—1. Wall Name —Select wall type Dimensions Materials Results Descriptions
Wall Wizl Name
—2. Wall Section Properties Height & ft RT Wall 0
Section RT Wall 0 = Edit Base 6 ft 1. Reinforcement
W Use gravity wall section Too Wi
_ _ . [:1 op Width 2 ft Uze | P1 P2 Rebar S(n)| Ma. Clear(in) | AstlinZ)
Equivalent wall Thickness: |0.458 | ft I 5 . A B 41 LI & 1 3 0.11
—3. Dimensions Top comer
Top EL. |3 ft Select fi ilabl Ity ¥ _|B c = ;I & ! 3 o
op - rom available wall type -
Eﬁ L o . ¥ c [0 [m s [t |3 011
L . Toe width i # o e | <e 1 |3 0.11
Bottom -2 ft
W |E F # -6 |1 3 0.1
[ Use custom passive Bev. — Toe Thick 2 ft _I
™ wallis pe — W |F G # |6 |1 3 0.1
[ Include wi T Wal SeE A ft VM a6 H s ~s |1 3 0.1
—4.3D Wall Coordinates 1 I Usekey W |H A 23 ~|6 |1 3 01N
xWall -1 ft Cut-of-plane v 0
: : ] [T Drain back face
— 7. Wall Nodes (Analysis Settings) ————————
Mumber of Nodes nD (0- 2{ [T Usea rectangular cap at the
| i it mmsilibrimms mmm b e e m T e Aaride car= ] g J-l-'!—n".r] tﬂD




2.6 MSE Impact Load

o
=]

"

=]
=
=]
=
5]
=

—k——
l | | ] I
i L
4 ft
5 ft Pressuras [ksf)
-z -1 0 1
08?4 —] L L E B B S p e
21t
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EREL
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3. Seawalls and Wave
Pressures

* Introduction to wave pressures
* Gravity walls

e (Caisson walls



3.1.1 Wave Pressures - Shoreward
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3.1.2 Wave Pressures - Seaward
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3.1.3
vs. PU

Waves
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Empirical method to determine wave response/actions (refer to Chapter 5)

(1999)

Shoreward wave action: Goda (2000)
Seaward wave action: Sainflou modified by McConnell et al.

Uplift: Geda (2000)

(2000)

Seawa

Uplift:

Shoreward action: Allsop and
Vicinanza modified by McConnell

Cuomo et al. (2010)

rd action: Sainflou modified by

McConnell et al. (1999), model studies

Goda (2000)

Seaward action
modified by Mc
(1999)

Shoreward action: Blackmore
and Hewson (1984) or Camfield
(1991) as appropriate.

- Sainflou

Uplift: Goda (2000)

Connell et al.

h
With h = f

5

Hi ge_ Bea
hs ' Lps

" pg HE
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3.2.1 Gravity Wall Example

¥ DEEP Wizard

1. Welcome 2. Dimensions

L1| 25
L2 15
L3 15
L430

—B. Dimensions

Soil layers 3. Wall Type 6. Surcharges

ml|15
m2 1.5
m3| 1.5
méd 1.5
h110

E

Base ground Bl 60

Tidal lag water difference 5

Final Excavation Depth D |45

Wall Height H |50

Excavation Width B | 100
Top of Wall Elevation 10

Ground water Elevation 0

N

¥ DEEP Wizard
1. Welcome 2. Dimensions Soil layers 3 Wall Type 6. Surcharges 7. Codes

Please define your basic soil types. Soil types are used in borehole records (borings).

7. Codes
Tiebacks and tierods
—BR2 — +—B —B—
TT T
[»] H D
1

l 1

—B—
{J {2 {J I:I 7. % Edit soil types

™ Define soils from text descriplion

Mote: For estimation only, you can describe your soil stratigraphy with simple
language. DeepEX will estimate all properties! Not a substitute for a thorough
geotechnical investigation

Please define an approximate soil layer stratigraphy (boring). A boring uses soil types
and top of layer elevations.

T

TIII
!
|

Tl—B—iT II—BQT—i
EI | N
| |

Frames. circular shafts. and cantilever excavations

sa
all
N

——B2—i ——B2—i

|=ar—= =l =]

Available wall sections
=] Edit borings
1: Boring 1 &
Assign an SPT record
+—8 3_ SET  EditSPT records
Mot selected./default <

When using SPT's you still need to define the
unit weights of each soil type. Effective cohesion

If an SPT record is assigned. then use SPT to
v estimate as many different parameters along

I
flf

Structural Properties
| Estimate structural properties for tiebacks
¥ Include prestress force for tiebacks (with beam-on-elastic foundations solution).

Pult= D407 xhxs

018/t xhxs

for mixed soils cannot be estimated. the pile depth.
Assign layers for quay wall fill zones RELIEF 50IL
4' Fill soil type |F e FILL
Relief prizm sail type RF ~ | Select add typical soil
types for relief prism and
Soail type for embankment and base GR w base.
NATURAL SOIL
Natural soil type below embankment | F w
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3.2.2 Gravity Wall Example -

4 DEEP Wizard
1. Welcome 2. Dimensions ~ Soil layers 3. Wall Type 6. Surcharges 7. Codes

Construction equipment or material stacking behind the excavation can cause
additicnal loads on the support wall. Some typical surcharge loads used in practice
are available below.

IUse a two step wall surchange

|se a tiangular surcharge

Loads

A
Q) Use a strip load 0.6 kst 40 ft
Behind wall 2 ft
Do not use a wall surcharge
—Mooring Loads
Mooring load for operating conditions |6 klf [ Ignore mooring loads
Mooring load for extreme conditions (high waves) 2| klf
Maooring load for seismic conditions |1 klf
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3.2.3 Wave Pressures — Sainflou, CEM

& DEEP Wizard b
Wave analysis options < 1. Welcome 2. Dimensions Soil layers 3. Wall Type 6. Surcharges 7. Codes
Design method | Sainflou 1928 | Seaward |SainFlou as modified by McConnel F- Structural Codes
. Use US Allowable Stress Design for Steel
(@) Keep cument structrural code settings 0 g
Design wave Hinc | Leidraad (2.2 Hs) | {ACl for concrete)
) Typical Wave Heights >
\wiall side to apply | Automatic ~ ‘ P J
" Max Wave Max. Suggested | Suggested i wave height
|Wave is lower from water table feduce press ~ | " Minwave | | e Period Period Wag\rge wa?rg T te 319 f
Condition ':ie'gm(m) height Tmin Tmax Height period T T2
Waveinclinationtowallnormal [0 | den o= Hmax (m) | sec) {sec) Hrec [m) | (sec)
| Localwave haigt H
Select from CEM 2011 Part Il Suggestions Individual thunderstorm 05 15 15 3 14 28 Select i
Significant wave height Hs & Supercell thunderstom 2 3 3 3 29 5 Select FeERrEE e T R E s LD ft
P S S . Sea breeze 05 15 3 4 14 35 Select Average of the heighest 1/10 of waves H1_10 ft
cwen s . _ _ Lee waves 05 15 2 5 14 45 Select PeskpeiedTp 3 |sec
I Use upliftfor s base action Front squall lines 1 5 4 7 45 6 Select S —— e LS TS
. . o o Y
Average of the heighest 13 of waves HI3 [0 | # mC==E e Tropical depression 1 4 4 8 5 7 Select ’
Average of the heighest /10 of waves HI_10 [0 | # I™ Use adjustment factor for low wave base pressure Tropical stom 5 3 5 9 75 3 Select TR see
e e ) " Huricane Simpson Scale 1|4 8 7 11 75 10 Select LocalwaveperiodTlos [9 | sec
> o
= l:l Cuomo Factor Cr Huricane Simpson Scale 2 [ 10 L] 12 55 11 Select
ey sec Huricane Simpson Scale 3 8 12 11 12 15 12 Select
Wave period associated with H1_3. T1_3 sec Huricane Simpson Scale 4 |10 14 12 15 135 14 Select
‘wiave length method
Average wave period Tavg sec e = Humicane Simpson Scale 5 |10 14 12 15 15 14 Select
LocalvaveperiedTloc [6 | sec Wave length ft Weak Extratropical Cyclone | 3 5 5 10 45 8 Select
Somdursion 5| Hous e A op Moderate Extratropical Cyclone |5 3 3 13 75 11 Select
. Intense Extratropical Cyclone 8 12 12 17 115 15
Overtopping | Do not calculate overtopping V| | lgnored w
Extreme Extratropical Cyclone |13 18 15 20 17 175
Monsoonal winds 65
—Apply settings to stages
& Apply to all stages ~
 Apply to one stage v
" Apply to stages From stage >
e — ok | [ Cancel |
]]
ok | [ Cancel | [
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3.2.4 Seismic Pressures

e Seismic earth pressures

* Hydrodynamic pressures on
seaside

* Mononobe-Okabe pressures
* Importance factor

Seismic Effects for Both Walls

—1. Design Accelerations
Include seismic effects in this stage

AxDesign 0.1 g AzDesign= 0

2. Base Acceleration and site effects

2.2 Building Code Options
Building Code Mone
Use a Building Code
Soil Type Class Mone

2.b Base Acceleration and Site Effects

Base Acceleration Site Soil Response
AxBase= 9 Factor Ss=

Topographic Site
Response St=
Importance Factor |=

—3. Wall Behavior and Response R factor

"3.5 Basic Wall Behavior

©) Flexible () Rigid (Wood Method)
—3.b. Flexible \Wall Behavior - R calculations
(@) R= User (") R according to Richards Elms

() R according to Buiding Code  (7) R according to Liao Whitman

—3.c Specific R method options

"3.-:.1: R value (Structure Response)

R=[1

x

—4. Seismic Thrust Options
Seismic pressures added as external pressures

() Semirgid {gEQ= 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

() User defined with many points

() Wood Manual (user specified classical)

7~ Wood Automatic (Auto for nonlinear method from Wood adjusted for
~ wall deformations, Rect. Wood for Classic)

5. Wwater Behavior
(@) Pervious

() Impervious () Automatic (EC8 Limits)
lgnore free water hydrodynamic pressures

Use actual water pressures for Hydrodynamic effects

{0te 1)

—&. Height Options
~ Calculate thrust to @ Calculate thrust to bottom
~ excavation subgrade. = of wall.

—7. Wall Inertia Options

Include wall inertia ffor non gravity walls)

8. Apply General Settings
’7\! Apply settings to all stages (except use of seismic) ‘

Recalculate Design Accelerations

l[ ok || cancel |

=l
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3.2.5 Gravity Wall Model

Prassures [ksf)

i<

D




3.2.6 Wave & Seismic Pressures

[ 1] [ i i o —

‘\.‘.wks

2\

/—'

/

[

[

{

¥§—u
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3.2.7 Bearing Capacity — Slope Stability

Prassuras (ksf)

o0 £ -2 2 [} i}
S
{-17.17, 117.78)
5t 301t 5t
(% 3l kY L |
L A «FS=6.542
| — r— "
T
45 ft 45 ft
5t 301t Bt
o
| I E——
11|F'a B.16
¥ =
bt bft
~ e
=TT
el ||
N
9.669

2.2
Active wedge 30 deg

[31.07, -64.45)
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3.3 Caisson Walls

Dimensions  Files (Abutments) Materials Results Descriptions  Infill zones
Draw

Aeamenio0 |1 {231.07, £4.43)

@@ i

I™ Caleulate driving pressures from edge of wall F"’wﬁ“ (30 widths
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3.4.1 Floodwalls

Use Gravity wall/Abutments
Impact loads
Wave pressures

Local definitions

1% 8
ofea
7 4,85k
M A&
o alls, Elash
Y= 120 pef
¥=20deg 3ft 3fi
osf “l7s.85n I‘ 7 ﬁ-ﬁ ~ pesma
3 K 18,4k, 59,17k 4
=120 pef 0 ﬂI
p=25deg
T
-§0.52kFt -10.89k-ft
o2
yi=110 pef P
#=30d=
-16ft
0.62k-ft
0 58kt
51
yt=125 pef
#=36deg
0. 03kt 0. 03kt
—
-35ft ft
ft
DS
=i At ft
o= 1000 psf
=442
YT 9 TER A




3.4.2 Abutment Wall (17.5 ft

By NELDITHNG vedil Lrdid

-Select wall type

Select from available wall type

~

T Wall

Dimensions  Piles (Abutments) Materials |

ART W -

Wizl M

Height [14.1 | #

|Era1.rﬂ}r

ST

1. Reinf

Top WWidth [1 ft

Distance toleft
Top corner 0.1 ft
e Thick [T
Toe width ft
TeeThok3 ]
Heel width ft
[T Use key

" Drain back face

[T Use a rectangular cap at the
top

8

<

<]

<]

<l

<

<]

Dimensions ~ Piles (Abutments)  Materials  Results

All coordinates are local to the abutment wall

Descriptions

:i:ne | L3 ¥ Length R:xu?alauon :‘ondemﬁ‘): Edt File
b 25 7 45 0 50 :
I, 25 35 15 0 %0
P3 25 a5 15 0 %
P4 25 7 15 0 %
P5 35 7 45 0 %0
Ps 35 35 45 0 %0
P7 35 a5 45 0 %0
P8 35 7 45 0 90
P3 35 0 45 0 90
25 45 ) )
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3.4.3 Water Pressures/Displacements

28



3.4.4 ASCE 7-22 Supplement 2

* Impact forces

* \Wave pressures
* Flow pressures

Load combinations

[ .

[

—'water flow and debris impact settings

= am - s H=r CT MARRIL T

Flood Analysis Settings

Design method ASCE/SE| 7-22

2 ¥

nr SULMFAITE: KA ¥ =

Wall side A tomatic

—water velocity flow options
Velocity distnbulion  |niform with depth
Drag coefhicient mode | zer defined

drag coeficient Cd 2 (typ. 1t0 2.5)

r:’-‘».SCE—SEI 7-22 Options

Risk Category Category |
|

Impact distnbuion Define distribution width

Location Type
Locationtype Cther coastal area o
—Debris Impact Options
Debris Impact Mode ASCE 7-22 Selection w
ASCE Load Type Wood log pole o
Height abowve water to apply 0 ft
Damning closure Mo damning closure w

Water Elevation Cortrolled from desian section Impact distribution width 80 ft
Calculation for CMRI ASCE/SE| 7-22
—Apply settings to stages
" Apply to all stages Wall
f+ Apply to one stage Stage 1
i Apply to stages From stage To stage
0K Cancel

29



4. Al Generated Models

* Conversational Al

* Discuss with DeepEX Al assistant

e Suggestions on wall types, support types etc

* DeepEX assistant can create, run, and modify a model



4.1 Al Assistant

E RIS =R DeepEX 2025 (25.0.2.5): New Project [ - O
General Analysis Seismic Slope MSE Stability+ Design Results Report View Optimize 3D-World 3D-FEM Menitoring Al Help @
i'\ i'\ @ - ; ) ﬁ: 1: Boring 1 v | g Eclit 15t wall - E Left 0.00 E Left -16.40 o=~ ]1;_, Lie - _H:a %+
] - cFy B Edit Boring - I Del right Wall = Center -30.00 = Center -50.00 :
Model Tunnel/Utilities Al Project Move Maodel Soil  Structural Surface Right 0.00 - Right -16.40 - Add Delete  Stage Dates: Draw Draw
o z 4 : g Stage Stageetc.~ Start- End | supports+ | loads~

Wizard~  Wizard  Assistant~ Info | Model Elev. Dim.-Limits | types~ sections~ [ Customlayers - | JJEdit 2nd wall - | Options~

WWiZara nc | WIOQEL LIFTHE | 5 USE D wvall | SUMace s i - Elevations Stages Supports | Loads

Design
Concrete Code: ACI 31B-15/1.5
Steel Code: AISC 360-22 ALL.
1st Wall Limit Equilibrium | Californiz Shoring Manual-11
Megative moment 20%:
Drain State Clays Default
Water y=62.4 pcf Simple flow
Drive FHWA v/t , Km= 1.3, m= 0.2
Resist Kp
Wall 2 classic California Shoring Manual-11
Drive FHWA v'ft, Km= 1.3, m= 0.3
ELOft Resist Kp
65 ft
>7
Al
—Wiew-|
B
- age %9 Xi 191, - - tt, in, k) 0.62H:V
E > |
Locale
n Calculation Progress i
English < 9 Analysis Log L@ Selected design [E All design sections
Units (Length, Displacement, Force) Mew file opened: C\Deep Excavation\Visual Studio Software Development git\DeepEX\DEEP\TXTdata\Default. DEEP = =
. 3 . . Calculate (Press)
English Units (ft, inch, kips) ©




5. Finite element theory and application

e Introduction to the finite element

method
» Theoretical background

 Staging and initial conditions

* Soil constitutive laws

* structural components

* Meshing and analysis options

* Tunneling

 shear strength reduction analysis

 earthquake analysis




Introduction to the finite element method

Numerical simulations are
part of everyday design
tasks.

Cheap and fast way to
forecast the project
behavior.




Introduction to the finite element method

Tan et al (2021)

. . p gravels under triaxial test
Pile: Euler-Bernoulli — et 3D mesh 0,
L :
beam {MJ, Y % Ty qadtiEe
ol P actljldalgra;els ‘-" b7
y Pressure to } __- ? ) _—
. displacement P-Y : ; \}‘,
P-Y'spring —\ | P ¥ law of each spring E,
I R [
y
" s t
oW particle templates g,
y .
. Discrete Element Method
&\ Y .
y
v
Rl y

Winkler method

Area of application/complexity varies
from method to method!

Boundary Element Method



Introduction to the finite element method

]

te element method - a well-established numerica

1ni

The F

analysis method.
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FEM Theoretical background

Mathematical formulation

Modelling assumptions

-y _____

Force |@= = = = = = = =*| Displacement
Equilibrium Compatibility Jj Strain- .
equations equations displacement:
relation
Constitutive -
e r———— Strain
Stress relation
\; e I
—X = - : Discretization

FEM numerical model




FEM Theoretical background

(a) Equilibrium equations

|5 y Stresses within the soil medium
i k T, must satisfy equilibrium
3 i T ——-T‘:- [

N
I
A8
o R
S
'\
... —
K i
K
I | e
-i'lrn. A
v R
| —
I
A
ﬁ T ;
et
|
|.a
s

External body
, forces

divya + b = pit

Mathematical form: Cauchy momentum Acceleration
- Divergence of | (equal to zero
equation stress tensor for static

analysis)



FEM Theoretical background

(b) Compatibility equations

(a) Original (b) Non-compatible (c) Compatible

u, v ow

o oy oz

Strain to displacement relationship: L L
Yook ooy "y o Y e



FEM Theoretical background

(c¢) Constitutive law

Numerical simulations are
part of everyday design
tasks.

Constitutive law

Ao = Ae
L _ e Yield surface in (Ao, ) fm( ) ( Ae, )
Uniaxial stress-strain curve principal stress-space ng &Ey
) a [ e S Ae,
,-"'_"ETX}, 4 ‘ﬂ’}'}fy >
ATy Ay,
\ &sz A \ *l?zy
Stress Strain

Increment Increment



FEM Theoretical background

(e) Boundary Conditions and model geometry
Free surface

I N boundaries

1t
i%

¥

|
|
|
|
|
|
|
fixed Boundaries :
|
|
|
|
|
|
|
|

Constitutive law GT
A()-:Fsoil,GT(Se)



FEM Theoretical background

Reformulating the PDE system to an easily solvable system of algebraic equations!!

Step 1: Discretize the continuum Step 2: Select interpolation functions

756 |
m Vi
&7

i3

L

Step 3: Assemble the global equation system



FEM Theoretical background

Structural components can be simulated with continuum elements:

Ko~

o7

AR
s
< REE
R
e Ay,
S\ KER
IR~

— Continuum finite
elements

SSERARAAN
AT Vs TAVAVAY iy g

= AN NN
AV ALY T, VAT YV

AV — >
- A

oL

AN

/< AN

AV




FEM Theoretical background

Common use of additional special finite elements.

Advantages: WA o

25 kN3

Spring element

E=1

e 1nelastic behaviour

Z
AN

__, Strut element

« computationally

(UND.)

faster e B
directlv i - s Plane strain shell
stress directly 1n element
member level




FEM Theoretical background

What results can you obtain from FEM?

.%2;;‘ : : |
| DAY IS o
SRVAY:: Y 2%

|

AW | “Ngy

b

dispux(in)
0.38422
0.34579
0.30737
0.26895
0.23053
0.19211

0.15389
0.11526
0.07684
0.03842
0

Displacement and stress
nodal properties

displacement and
stresses in any element
location (interpolation)

failure states!



FEM Theoretical background

Plane strain conditions

| 11
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FEM Theoretical background

System conditions on floodwall project:

4
B2 :
a3 W) \mm ESPLANAE GAROENS % 7@6" TOP AND BOTTOM WITH
&l \$3%) PARCNG CECK wovc\ :
A'n (U 6@12" TOP AND BOTTOM WITH 90
\Z25/ 1 RENORCED CONCRETE O T &) § D@GREES END H80K%
8 R BT AmNG e 0 FACE OF 85 / {1'0" MIN - 3' 0" MAX
* - + PLES (TYP) %
-- 2 L
/ I , - i
. et o r——————————r—— - et r————— '
- i -th 2-3" 11 = | ~2-36* ot PiLEg ) g2 al2 j
e | R o 3 3
iTyes N ) ai |_ ' o0 O o| o2 20 —e| o o
Do L - y/ 3\ 99 o oo ¢ ote lo o ¢ ¢
et Lk 2l =
2.Y (L.OMN- : £F.- a2 | Q = .
Bome s1ee | = B 15
AR : € [P[he-g] \-2-36v o ALES  LconsTRUCION ONT IV - EXTEMOR FACE CF § 20'-8"
| i |° 8 © FOOTING OMLY, SEE NOTE  ESPLANACE GARDENS
i ¢ wy § 2 5 ON OWG C-201(TYP)  CECX WALL TO REW
. - = -
KIF o 1| Sl 2 4
® "l 2 Ség 1 % e
/ T8 AE ER&] % 2 LOT\
19450 }— i -
¥ALL SELOW 0_.6.7____5“6' Z I
| FOOTING 7 i e a
1 4'-5 I’:J -
%’44’, H (TyP.)




FEM Theoretical background

Plane strain conditions

: -0 2“- L_ G';,

%&F\ - 2k EL@ 2-36" DA, FILES & CONSTRUCTION JONT IN EXTEMOR FACE OF
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FEM Theoretical background

3D conditions

2
8
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— REINFORCED CONCRETE CONTRACTOR TO MANTAN 0'-0" WIN @ vorz o } A | \ { |
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i e i o i —f il P TP e ~FENFORCED CONCRETE = aom \ AAkitd L |
| ) | 1 | s ALY > 9
I L i s o o S iy e - i 2\
23" = | ~2-38° ola. ALES 5 ala
B aH) foonal 13 f.’ ........... L g % FE
Z-0" I g0 | V[ i = Tz =
i " 4 H L ' - - |-
iTve H A ! o o] o023 c etlo m m
! X\ kil " W
eo concrete L . /_‘ EPE 99 O O 29 95 95 ] springs- 209 90 D903
E =] 5 = q Intermediate q
QueTER SLE S I 5 N = 2le - I — ’
G €357 |- éz-!" w1 [ L - _— floodwall T
L TN iy e A e g i
A : - 236" 2L P ONSTRUCTION JONT N~ EXTEMOR FACE OF § N E vy w)ty
L_|[5c— %‘ PERR el PR SO T~ EXNORE e ! '
H » 2 5 ON OWG C-201(TyP)  CECX WALL TO REW e
[ Sl ugé I WM/*
2 P8 : Nz T 11 "™ o o ol
S T ggg 03 wer O Ol c 0o ©0 0 0O
@ o AB+00 2 2 & 8 Lot \
19450}— o “ Eg H gn \ N N © O O O Q \r‘[
£ - i o) -5 H 2 H e $ |
WALL SELOW . oThG!T | = i 9 3 O O O = = =
//% ee | & 1 B NP O O
an (avea § ! -
O O My O O Springs for plain strain
s N O W = = = boundaries
L L] I
1 ] uib¥ . .
-%_i; =— Nonlinear springs -

passive earth pressure
¥ Springs for plain strain

boundaries



101

FEM model construct

1ce 1n

Good pract

<
=R
= Q
O <
e s B
A
3 x 3 te
HENaS N~
dedﬂdnlonl
9p]

\ 4

steps

ons

Analysis opti

Meshing




Good practice in FEM model construction




Staging sequence

Why is staging necessary?
» Accurate representation of construction process

« smooth convergence for the FEM model



Staging sequence

Initial stage in FEM analysis : Greentfield conditions.

| X : : NN
i i i
|
| i | e
i On L < o=k, 0, | i f
i c | | O
| v | i
- | for £,,=0 > o,=v/(1-v)-0,
Imposed stress field Gravity Analysis
p ; y y
—‘ (ko)
= o
4__I_I_‘ -
On site measurement Corelation formulas

( pressuremeter test) (k, to OCR etc)



Model Staging Sequence

Imposed stress field: equilibrium not always satisfied!!

| |
I | | |
| | | G o |
|
| O.1 O.2 | | g w2 i
I I | O, > <O O, H»*» €O [
i Gh 1~ ; <—Gh 1 Gh,2_' ; “Op 0 : : h,1 5 h,1 h,2 5 h,2 :
| | | o c |
i Gy Gy | i v,1 v,2 |
(a) Inclined surface (b) Inclined layers
| /7NN :
| |
R l
Water | :
|
Table | G o |
: ¢V,1 ¢V,2 i
. On,17L % On,1 Opo?* [*Opp
| 4 ) :
|
i cSv,l GV,2 |
|

(¢) Inclined water table



Model Staging Sequence

Rule of thumb: separate stage for each action.

(a)Excavation (b)Support installation

/7 NN

(c)Dewatering



Ing
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Model Staging Sequence

Example 1: Staging in cut and cover tunnel.

15m

A

15m

Bottom up construction:

Stage 0 : greenfield conditions

Stage 1: installation of walls (Diaphragm 0.6m)
Stage 2: excavation at depth -3.5 m

Stage 3: add a temporary prop at depth -3m
stage 4: excavation at depth -8 m/ dewatering
at -om

Stage 5: add a temporary prop at depth -7m
stage 6: excavation at depth -12 m/ dewatering
at -14.5m

stage 7: construct floor slab at -12 m (H=20cm)
stage 8: construct top slab at -1 m (H=20cm)
Stage 9 : remove temporary pros



Model Staging Sequence

Example 1: Staging in cut and cover tunnel.

15m

A

15m

Top Down construction:

Stage 0 : greenfield conditions
Stage 1: installation of walls

Stage 2: excavation at depth -1 m
Stage 3: construct top slab at -1 m
stage 4: excavation at depth -8 m /
dewatering at -gm

Stage 5: add a temporary prop at depth -7m
stage 6: excavation at depth -12 m
/dewatering at -14.5m

stage 7: construct floor slab at -12 m
Stage 8 : remove temporary pros



Model Staging Sequence

Presence of adjacent structures can modify state of stress!

Residential
buildings

~< | —




Model Staging Sequence

preexisting Shanghai
Metro tunnels Cement — soil mixed piles

Ty T,
VRN
. 24 \ L] '.1"\ \.~ C&\
&3
N, b Vb
P YL R A JockBeom 00 L
L2 ‘c.z 7 i
sl WV . JIsvaSS
/_;m'm x \ l\‘ e D  Diaphragm wall 1) e me—— =52 ...!_._ '.'..,.}.____
A Well = i . v x 9
\3\_ 2 s& ! cA Vi — ,.C_' - LT ST L |
L7 I ) _ : S
//T 3 \ Fhe | "é'::- . . 2 ! —i L ) o : |
%/,E \ 2\ \ %‘%E. 1 E,—m.n s | s e 3 et Bend ) x I ns
,, -12.0 - L e
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e i A A, \ 1 \ I AN Cumr:nt ~soil - \ 8.2
Lz ] ) \ WCL & 2 =204 mixed piles 1.2 _J, -2L0 )
S| Plan |\ ok - 2o R == U\ coment ot
.-____n_" \ \\\ ine - ) £ ;1_ ‘? ‘I:l fea pilas
e "1 Brace \ \5;; ‘1‘ e o Wl De o 1 " Horizontal Dimension (m)
- " [ ] "
} Loal "1%:9’5\1 X |
. . ‘ %1“ A\ "g‘ L]
A 'Eﬂl ..I, 107 ) = -
i E i] : _o/ A - \ ! \ea\ by '3 > B
h le

West  Nanjing M Road excavations for world Commercial
City Complex



Good practice in FEM model construction




Soil Constitutive laws

Selection of soil constitutive law based on:
* Specific problem in question
e Available soil data

Constitutive law comprised of:
 Yield function

 plastic potential function

« hardening/softening rules




Soil Constitutive laws

Model components: (a) Elastic behavior

o 1 —w 1/ L/ 0 0 0 ;
" A e 0 0 0 z“
P -
L L 1 —w 0 0 0
Tz | _ B 1 20 £33
T3 (1+w)(1—2v) 0 0 0 2 0 0 2e23
o1 0 0 0 0 == 0 2614
Kt |0 0 0 0 0 L2 |Ll2n

Elastic parameters linearly mapping the strain tensor to the stress
tensor.



Soil Constitutive laws

Model Ingredients: (a) Yield Function

» separates purely elastic from " Yleklpf(in)cuon
elastoplastic behaviour.
d(o)
« Function of stresses or stress <0 .

invariants and hardening parameters



Soil Constitutive laws

Model Ingredients: (b) plastic potential function

G, Yield function
« specifying the direction of D(o)
strains post yielding

« govern dilatancy effects i,

1

G3
O¥/dc,
Plastic potential 0¥/0o;,
function ¥(o) oV/oao,

o0¥/0c



Soil Constitutive laws

Model Ingredients: (¢) Hardening/Softening rules

Yield function
(] ° (‘5‘2 q)(G;Y)
* Post failure hardening or

softening behavior

 capture pre-failure inelastic
behaviour



Soil Constitutive laws

Mohr Coulomb:

A

MC yield

function

v

Elastic behavior:
E: young modulus
v: Poisson ratio

Post failure behavior:
¢: friction angle
¢: cohesion

y: dilatancy angle



Mohr Coulomb:

NN

(a) Stress dependent elastic

properties
A
}----;--‘-_""---G__’ _____ ‘ *
A b
r6 <+
¢ - .
fl EVC D« VC
el >
*
: ® 0‘
S < “"’_" _____ :

€l

(b) Triaxial test results

y’/é SIS ¢

-7 L 2
by PR
- R
6 /,"’ . ¢ V'S
’/,' %00 00
/’/ " o 2
- 0% &% o

€l

(c) Oedometer test results

Go/Gmax
®

\ 4

v (log scale)

(d) Small strain Stiffness

Used for preliminary estimate with 50% error in displacement.

v



Soil Constitutive laws

Dominating properties in excavations:

unrealistic bottom heave [unloading/reloading Unrealistic surface settlement [pre yielding

stiffness ]

stiffness ] .

A

Unrealistic wall displacement without [small
strain stiffness and stress dependency ]



Soil Constitutive laws

Soil hardening:

Stiffness parameters:
E,: secant stiffness in standard triaxial test
E, .4 tangent stiffness for primary oedometer

q MC yield loading
funct\on isotropic E .: unloading/reloading stiffness
/ hardening v, Poisson ratio for unloading/reloading
K, .. : K, value for normal consolidation
m: power of stress dependent stiffness
. / / > P . .reference G, pressure
Deviatoric \/P y: dilatancy angle
Hardening hardening -
) Cap yield
yield surface Strength parameters:
surface

@: friction angle
¢: cohesion



Soil Constitutive laws

Soil hardening:

A
g
77N g ,0‘
2N
oy s
E(G3,1’1’1)
(a) Stress dependent elastic properties (c) Oedometer test results

Go/Gmax
2 4

v

v (log scale)

£l
(b) Triaxial test results (d) Triaxial test results



Small strain Soil hardening:

MC yield

function -
‘\ 1sotropic

/ hardening

/

Hardening
yield surface

/ ,
Deviatoric P

hardening .
Cap yield

surface

Stiffness parameters:

E,: secant stiffness in standard triaxial test
E, .q: tangent stiffness for primary oedometer
loading

E .: unloading/reloading stiffness

v, Poisson ratio for unloading/reloading
K. : K, value for normal consolidation

m: power of stress dependent stiffness

P . reference o, pressure

y: dilatancy angle

Strength parameters:
@: friction angle
¢: cohesion

Very small strain stiffness parameters:
Eg o mitial young modulus
Yo.7-shear strain for 70% shear modulus reduct.



Soil Constitutive laws

Small strain Soil hardening:

A
g
77N g ,O‘
by ol
* 4
E(G3,1’1’1) oed
(a) Stress dependent elastic properties (c) Oedometer test results

A
GO > -—-o-- - _
*
0.7G a3
£ ‘e
Q \
& b
\‘ -
*
Yo7 K -
v (log scale)

£l
(b) Triaxial test results (d) Triaxial test results



Soil Constitutive laws

Modified Mohr Coulomb:

q function
o
el

’
Y

(01—03)/2 = (01 + 03)/2 * tan(@) + ¢

Stiffness parameters:
E: young modulus
v: Poisson ration
y: dilatancy angle
m: power of stress
dependent stiffness
P . reference ol
pressure

Strength parameters:
@: friction angle
¢: cohesion



Soil Constitutive laws

Modified Mohr Coulomb:

-0l

NN

E(Glam)

(a) Stress dependent elastic
properties

el

€l

(b) Triaxial test results

Go/Gmax

(c) Oedometer test results

‘) v
‘¢
22 F K
— » #
b °
& *
i
4 ‘;‘ 0"’ 0’0
& - —", » & >
el

v (log scale)
(d) Small strain Stiffness

v



Hoek Brown:

4 HB yield
funct?n

Stiffness parameters:
E: young modulus

v: Poisson ration

y: dilatancy angle

Strength parameters:
GSI:geological strength index
D:disturbance factor

6,;: compressive strength of intact rock

v

Appearance of rock mass Description of rock mass Suggested
value of D
Excellent quality controlled blasting or excavation by
Tunnel Boring Machine results in minimal disturbance D=0
to the confined rock mass surrounding a tunnel.
Mechanical or hand excavation in poor quality rock
masses (no blasting) results in minimal disturbance to D=0
the surrounding rock mass.
Where squeezing problems result in significant floor
IO GE 7 £ = i D=05
heave, disturbance can be severe unless a temporary No it
invert, as shown in the photograph. is placed. omvent
Very poor quality blasting in a hard rock tunnel results
in severe local damage, extending 2 or 3 m, in the D=08
surrounding rock mass.
Small scale blasting in civil engineering slopes results D=0.7
in modest rock mass damage, particularly if controlled | Good blasting
blasting is vsed as shown on the left hand side of the
photograph. However, stress relief results in some D=10
disturbance. Poor blasting
Very large open pit mine slopes suffer significant D=10
disturbance due to heavy production blasting and also | Production
due to stress relief from overburden removal. blasting
In some softer rocks excavation can be carried out by D=0.7
ripping and dozing and the degree of damage to the | Mechanical
slopes is less. excavation

(Hoek et al 2002)




Soil Constitutive laws

The selection and parametrization of a constitutive law is highly influential
but also highly complex!

 Limited mathematical models




Soil Constitutive laws

Selection of constitutive law?
1) Level of strain

A
L] Typical strain ranges:
! U i j=-+4=—»=| Retaining walls i
O | |
§ i |<-+4=—>| Foundations |
= | - ]
= |
= ! - +<—{ Tunnels .
? | . Excavation
Very | |
Rallway vibration sma.lll i Small strains | Larger strains A
strains | | | i | |
T 0.0001 0.001 0.01 0.1 1 10
Shear strain £4: %
+“—> < >
Seismic Conventional soil testing
down/ cross
oo hole tests
*-Lp\

local gauges

Geophone
4B
Vertically polarized sh

Cross hole test



Soil Constitutive laws

Selection of constitutive law?

2) Stress paths

a,
% — a,- Aa,
Uif / T, /
g, =)z -
0,=05= kyyz
i MC yield
q function
/,,,/;;Es-sta gel
' BS-Ko




Soil Constitutive laws

Selection of constitutive law?

2) Stress paths

a, - Ao,
% — T3+Ac,
Hf// T, /
L 1 -
0,=05= kyyz
t  MC yield
q function
/,/"/I’ES—stage 1
ES-Ko




Soil Constitutive laws

The selection and parametrization of a constitutive law is highly influential
but also highly complex!

« High uncertainty in input data




Soil Constitutive laws

=]

L

Selection of soil parameters

corelation with SPT/CPT/ and n ] 5 e

= Presente Waork
Decourt (13849)
- Hatanaka & Uchida (199&)

soil classification B [
33F o #
F E:__ Prasaes Wark i)
- 2 w ,-“f \
= Docosrd (1HEA)
" TTTTTT T
_.L“:i Ty 2N X 3 33 35 37T 30 41 &3 £5 4T 44
oA ¢
. Iic ton with coarse
—r
: Directly from lab tests
=) B—d |1 (triaxial test, oedometer test,
e b || e direct shear test)
| Cobeet Loadegrom —"'7 | il Ml Oedometer teSt

Local experience in the site from previous projects!






Soil Constitutive laws

« Selected an existing excavation in berlin (with monitoring results and detailed soil investigation)
« Sent to various university institutes and consulting companies known to deal with Excavation numerical

analysis. %
/
30m Je 2 - 3 x width of excavation
X 1 0.00m
»> g ”L
. . o . % GW = -3.00m below surfacl‘
E le with bed t blished fon sep 1=-4.80m ] =
xample with prescribed properties as publishe . excavation step 1= -4 60m éf@ y
By SChwelgeI‘. excavation step 2 = - 9.30m 7
wers T 7 /23:'
_ -
excavation step 3 = -14.35m §—~—
cheortri é\‘yﬂ?
~
excavation step 4 =-16.80m ? \‘\
e A
é
’
.
top of hydraulic bgm’er =-30.00m é 1200 b ¢ diaoh "
7 -32.00m = base of diaphragm wa
' 1 #U'Bm
/= sand Specification for anchors:
5 prestressed anchor force: 1. row: 768KN
© 2. row: 945KN
o 3. row: 980KN
>
% distance of anchors: 1. row: 2.30m
£ 2. row: 1.35m
-'g Fj? 3. row: 1.35m
” cross section area: 15 cm?
™ d|aph ragm wall: Young's modulus E=2.1e8 kN/m?
o
(E b= 30e6 kPa, d = 0.8 m)
sand

fes



Soil Constitutive laws

Stage GI: Greenfield conditions (Ko based
imposed stress field)

Stage 0: activation of diaphragm wall

Stage 1: excavation at level -4.8m

Stage 2: activation of anchor 1 and prestressing and

groundwater lowering to -9.4m

Stage 3: excavation at level -9.3m

Stage 4: activation of anchor 2 and prestressing
Stage 5: groundwater lowering to -14.5m

Stage 6: excavation at level -14.35m

Stage 7: activation of anchor 3 and prestressing
Stage 8: groundwater lowering to -17.9m

Stage 9: final excavation at level -16.8m

2 - 3 x width of excavation

30m

2 - 3 x width of excavation

0.00m
v

excavation 3193 1=-4.80m
LR

‘_I\.Wér

excavation step 2 = - 9.30m
X

N

prrors sy

excavation step 3 = -14.35m

g
4

Y.
ALEES,

excavation stnaj 4=-16.80m

AT X 17.90m

top of hydraulic ba;mer =-30.00m

m&m‘m&m\\\\‘m}&

R
&%)

/.

pes

YI =‘\I"sand

Iy

7
/N

“HE GW = -3.00m below surfa‘%l

3

2.00m = base of diaphragm wall

Specification for anchors:

prestressed anchor force: 1. row: 768KN
2. row: 945KN
3. row: 980KN

1. row: 2.30m
2 row: 1.35m
3. row: 1.35m
cross section area: 15 cm?

Young's modulus E=2.1e8 kN/m?

distance of anchors:

sand

jes




Soil Constitutive laws

Standard penetration test results:

Dirive Resist
0 ® KaH=0.218 KaH=0.218
) 10 20 30 40 am KpH=7.513 KpH=T.213
°
_5 .
Layer 1 -N,,,=25
°
-10
°
-15 °
°
-20
°
£ o
< 25
o
2 °
-30 { ]
°
-35
°
°
-40
°
-45 ( J

-50
Nspt




Soil Constitutive laws

01-03 (kpa)

900

800

700

600

500

400

300

200

100

E50ref

0.02

0.03

—@— (or=100Kpa)

—8— (or=200Kpa)

0.04

(or=300Kpa)

v

depth of layer] Es™ | Eu | Eoed®™ | v C | <u!|Prer! M | Re|Riner
m kPa kPa kPa ’ kPa| - |kPa| - | - -
0-20 45000 [180000| 45000 |35 1.0(0.2(100/0.55|09]| 0.8
20-40 75000 | 300000 75000 |38 1.0(02(100/0.55|09]| 0.8
> 40 105 000|315 000|105 00038 1.0(02(100/055/09| -




Soil Constitutive laws

&2 Soil Types ? b4
—Soil Types —1. Name and Basic Soil Type
I | Soil Name [F coor |
8; Description| Fil
51 2. Soil Type - Behaviour
Clay Show test data
o Sand v || (SPT CPT. Bre)
sand 3 |Clear1 fine sands, and slightly sity sands |
| Not defined |
3. Default drained-undrained behavior for clays (See Theory Manual)
’_ Undrained behaviour Drained —‘
A.General C.Hastoplasic D.Bond E.Adv. F. Piles
4. Unit \Weights - Density
7 [ s (5] 7 g (88 Joncy <P ]
—5. Strength Parameters and Poisson Ratio
|—Drained strength properties
oo ] @[5 Jewes 5] |
Peak - constant vol. (for estimation)
® o [omer] serees
% pesk’ |Omittsc| degrees
o (3] |
—&. Permeability
Add New Soi box|2.999995¢| isec Kz misec
G 8. At-rest coefficients |
onc[oizE (5] nOCR[EE JKo-kaNC (0CRYn0C
Delete Selected Soil |
|| FEM properties (summarytools)
Paste Soil
Clone
||z Database l [H Database l l oK l l Cancel

10.1 Loading Elasticity Paramaters

Eluad kPa
0%
alo | e [1 |5

103 Reloading Elasticity Modulus

rEur= Eur!EIniuID

2 50il Types

Soil Types ——

F

01

02
L
Clay

GT

sand 3

Add New Soil
Copy Soil

; Delete Selected Sail

Paste Soil

1 Clane

? b4
—1. Name and Basic Soil Type
Soil Name [51 Color |
Description| Medium sand
—2. Soil Type - Behaviour
Show test data
| 5and V|| pT.cPT. Bie)
| Clean fine sands, and slightly sity sands |
| Not defined v/
3. Default drained-undrained behavior for clays (See Theory Manual)
’7 Lindrained behaviour Drained —‘

&8 5ol Types

A.General C Hastoplasic D Bond E. Adv. F. Piles
—4. Unit Weights - Density

v, kim3[>] 7 pup (1884 Jiumey <[3625 ]

5. Strength Parameters and Poisson Ratio
|—Drained strength properties |

i e [2] & [38 | ceorees [>]
Peak - constant vol. (for estimation)
2 o o] ceres

 pesk orate] ceres
o ]3] |
—6&. Permeability

af55999% e

Kz [9.999999¢] misec

8. At-rest coefficients
nOCR (0.5

roncloes

|| FEM properties (summary-tools)

Ko = KoNC * (OCR)"nOC
|

[H Database l

l |Us Database |

—10.1 Loading Elasticity Faramaters

Elnad kP

oz |

el | a1

—10.3 Reloading Elasticity Modulus

rEur= EurfEInilID

—Soil Types —— 1. Name and Basic Soil Type
F Soil Name [sand 3 Color |
8; Description| Rock approx.
51 2. Soil Type - Behaviour
Clay Show test data
GT ‘Sand ~|| (SPT.CPT. Ete)
EET | Clean fine sands, and slightly sitty sands  ~ |
| Nt defined |
3. Default drained-undrained behavior for clays (See Theory Manual)
’7 Undrained behaviour Drained —I
A.Gereral C. Hastoplasic D.Bond E.Adv. F.Piles
—4. Unit Weights - Density
7, [19.625 ] khim3 ¥ putp 1884 |iiimey =[9625 ]
—5. Strength Parameters and Poisson Ratio
rDraian strength properties
€1 kPa m & (38 degrees m ‘
Peak - constant vol. (for estimation)
% o -Om'rt'tec degrees
% peak’ |Omittec| degrees
foss ]3] |
—&. Permeability
Add New Sol Kix[9.99999%¢] misec Kz [9.999995¢| misec
- —8. At-rest coefficients
Copy Soil |
(>] nOCR Ko = KohC * (OCR)"nOC
Delete Selected Sail |
” FEM properties (summary-tools)
Paste Soil
Clone
|3 Database l lH Database ] l QK l [ Cancel

-10.1 Loading Elasticity Paramaters

Elnad kP=
exfiss |
afo |

a5 ]

-10.2 Reloading Elasticity Modulus

rEur= Eur.i'EIuill




Soil Constitutive laws

« Most participants trusted the strength indicated from the
experiments

« stiffness generated from the tests was considered too low by many
participants

« significant variation was observed however in the assumption of the
dilatancy angle yp, ranging from 0° to 15°.



Soil Constitutive laws

-250

-225 200 175 -150 125 100 -v5 6O -2 0 25 50
b
a1 - Id - b Py T

U N R S
-

. 4
'-.'# 1 R
< B11 | % i o :
~+ B12 \ \“ I

@-- X #I'-
... B15 \ e |
+
!

mm
[=rRLEs)
T
R
- —417 e
- -
-

r
-250

T
-225 200 -175 -150 125 100 -¥5 50 -25 0 25 50

horizontal displacement [mm]

24

26

28

30

32

m]

depth below surface [

» Some of the participants used an incorrect stiffness
due to misguiding lab tests

« some participants incorrectly calculated the
prestress force

e Mohr coulomb based models

 Fixed anchors

 the difference in modelling the groundwater
lowering (0.5-1.5cm)

Major issues where caused by the selection of the
soil properties based on lab tests (participants based
on literature and local experience had better results).



Good practice in FEM model construction




Meshing and boundaries

i<

Coarse mesh

vV

»
|

Stress component

Mesh refinement

|-
|

Medium mesh

Fine mesh




Meshing and boundaries

Boundary conditions

ddddd

. e e : ) Aq ‘A Aq 5 . Lo L. . .
oo 7 R e R Reality: semi-infinite soil medium
o o oo

e ——E e S —— T S e e e e e e e |

I

Wi

FEM model: truncated boundaries

. :
1 4 \
. i 2 z |
1 4 a 9| |a !
! ! % 1
| 4 P 4 . '
' Ly A 4 |« # I

:
"""""""""""""""""""""""""""""""""""""""" /4

Artificial boundaries



Meshing and boundaries

Soil medium boundaries

symmetry side :
half distance

Semi-infinite side: based on surface settlement accuracy

(1.5 to 3 times the excavation width)

A 7NN

v

I
<N
§ Semi-infinite side L,
I
|
A
Depth :
|
<IN
|
|
<IN
AN T
pa pa

Depth : a stiff and strong layer is a good
location to cut your model



Meshing and boundaries

Example 3: Boundary dimensions

AN A A A AN AP AN AN N

¥\ AVAVAVAVAY S

yt=1
338
Pa
- Ll
==, iE||:I|'| =
Thick: JBL-Rs 75, -Fzbars #57
Ey'E 138 =d] 1
Wall =8p1 85 0185
=1§.238 H=10.238
3
yi= 18 m3
o= NhkFz
§'=Jhdeg
E=1 “
rEur=3




Meshing and boundaries

Example 3: Boundary dimensions

Change in mesh Change in semi-infinite side Change in bottom depth
Edit FEM General Properties x

—Mesh Prefi i i

esh Freferences e e e 5 [_}emgn .Sectlon .Name and General Data

Level of Mesh: | Very Coarse V | —1. Design Section Name 1. Design Section Name
T— MNew Section 3 copied from 0
[~ Refine stage surfaces with additional points =3 Boundaries / Model Limits -3. Boundaries | Model Limits
Top |10 m R 0 m
Left |30 " Right |30 " Left -120 m Right 30 m
Bottom |42 m
: Bottom -70 m
—Anzalysis preferences — -
Non Linesr Solver Z5 wall In-Flane Rotation 5. Wizl In-Plane Rotation
- | Krylov Newton i ) . Angle in plane from y+" axis |0 deg
Angle in plane from y+" axis 0 deg
o . ) » . ) Thi le rotates th Il anale from the horizortal v+v" axis. T th This angle rotates the wall angle from the horizontal y° axis. To see the
v Calculate initial stress by imposing Ko conditions (gravity loading I3 angie 3 Ine wall angie Trom tne norzorital yy a0s. 10 see e effect. change the angle say 10 degrees and go to View Top-Plan.
W lvsis rwise) effect, change the angle say 10 degrees and go to View Top-Plan. :
analysis othe 6. Excavation shape —6. Excavation shape
Long 20 excavation - Long 2D excavation .
—Hardening Soil Model Solution
Exact theoretical (slower-more difficult convergence) v oK ] [ Cancel
ok || Cancel
Cancel Ok




Meshing and boundaries

Example 4: symmetry conditions




Meshing and boundaries

Example 4: symmetry conditions

Design Section Name and General Data
1. Design Section Name

New Section 2
3. Boundaries / Model Limits
Top 10 m
Left [-25 m Right |12.5 m
Bottom -30 m
5. Wall In-Plane Rotation
Angle in plane from v+ axis 0 deg

This angle ratates the wall angle from the horzontal v+ axis. To see the
effect, change the angle say 10 degrees and go to View Top-Plan.

6. Excavation shape

Long 20 excawvation S

QK ] [ Cancel

Top Down construction:

Stage 0O : greenfield conditions
Stage 1: installation of walls

Stage 2: excavation at depth -1 m
Stage 3: construct top slab at -1 m
stage 4: excavation at depth -8 m
Stage 5: add a temporary prop at depth
-7m

stage 6: excavation at depth -12 m
stage 7: construct floor slab at -12 m
Stage 8 : remove temporary pros



Meshing and boundaries

Example 4: symmetry conditions

Edit Train-Embankment Configuration X
—Coordinates
Center Line of EmbankmentXe[8 | m
Luadaﬂysisnﬁﬂ'ndlﬁﬁﬂlﬂﬁaﬁcﬂmsﬂmsqxa V|

¥ Define an embankment for the train roadway (will be modelled as external load)
—Embankment Information

T (ot devsion05 | —r T
Embankment width ot roadway[609%6 | m Distribute train track load to base

[ (transforms load to a strip load at base

Embankmentslope Vo2 | Horizontal elevation)

Load analysis method One way distibution |

—Train Tracks

Use Absolute x

coordinates Track Spacing Track Load Train Designation

1524 116.798 EB0
1524 116.798 EB0

Set standard single track CTA: Set Track ; CTA: Set Two
with embankment Nomnal Operating Tracks {mix)

OK Cancel




Structural components and interface

Two modelling
options for structural
components in soil: F,

Beam method with T_'x
zero thickness

interface

| Beam |

Embedded row

1

2

4

Embedded beam
row method



Structural components and interface

Beam method with zero thickness interface

NN

___________ Euler
Bernoulli
oo beam

~.Zero thickness
interface

(soldier pile with lagging, sheet pile, secant pile, tangent pile, diaphragm,gravity walls)



Structural components and interface

ZeIéO tPickness element
* Jangle

* R reduction factor (Strength/Stiffness)

—————————— D

Shear stress

| l |
| : l |
| | : |
I g | I
: Int ma<x_ —|—> : :
| l |
I : |
|

__________ P < fcr .
MNormal stress

Separation
(interface tension failure)

Mohr coulomb law

| l |
| | |
| l |
: : :iTTint>Tmax |

| |
: | '
| i '

Slippage
(interface shear failure)



Structural components and interface

Embedded beam row method

Embedded
beam row
spring interface

! No
' Compression

Euler Bernoulli -_._.___. .
beam/bar SPTIng

(Pile rows, tiebacks, tiedowns, soil nails, rock bolts)



Strength reduction analysis

| | Reduction of
| C,0 E FS q strength parameters by FS
| - DOINIT ‘ ,
c Crg=C/FS
) pps=atan(tan(@)/FS)
Increase FS —— P
l .
Yes |
Crs>QPps |
Terminate with _ If . é '
last FS No converging? | i



Strength reduction analysis

Example 5: Shear strength reduction analysis example

Parameter Value Unit
Elastic modulus 10° kN/m?
Poisson's ratio 0.3
Unit weight 20 kN/m?
Cohesion 10 kN/m? LN
Friction angle 20 0 \
Dilatancy angle 0 0




Strength reduction analysis

Example 5: Shear strength reduction analysis example

= Ground Water Table Stage: 1 ? >

Design Section Mame and General Data

—1. Design Section Mame

— Retained Side Water ——

Elev. m

—3. Boundaries / Model Limits
Top 10 m
Left -30 m Right |30 m
Bottom -30 m

—5. wall In-Plane Rotation

Angle in plane from v+ axis |0 deqg

This angle ratates the wall angle from the horzontal y+° axis. To see the
effect, change the angle say 10 degrees and go to View Top-Flan.

—6. Excavation shape
Long 20 excavation

0K || Cancel

—Groundwater Options
™ Hydrostatic

¥ Simplified flow net
" Full flow net analysis

|Iser defined water
PrESEUres .

" Balanced method

—water on Excavated Side

i+ lse general EL -

i~ Maintain at subgrade

e Dewater below
subgrade . m

Dewater on both sides

—Liner Effect (Advanced)
Create seal at excavation bottom (See
Theory Manual).

—Stage
" Apply to all stages

" Apply to stages

i+ Lpply to one stage Stage 1 bt

From stage | Stage 0

To stage | Stage 1

”‘.*.n'ater density

g e kMim3 ‘ QK ‘ ‘ Cancel




Strength reduction analysis

Example 5: Shear strength reduction analysis example

(-10,0) (-5,0)

(15,-10)

il




Example 5: Shear strength reduction analysis example

2 soil Types ? »
—5ail Types —— 1. Name and Basic Soil Type
| | Soil Name |F Color
o Description] Fil
g1 —2. Soil Type - Behaviour
Clay Show test data
GT Sand “!|l (SPT.CPT. Bec)
Rock Clean fine sands, and slightly silty sands
Mot defined w
—3. Default drained-undrained behavior for clays (See Theory Manual) —
Undrained behaviour Drained
A Generdl C Hastoplastic D.Bond E. Adv. F.Pies —10.1 Loading Elasticity Paramaters
—4. Unit Weights - Density Eve[100000 |kPa
y @ Jeum3(>] 7 20 Jiumy [0 ] ] :
- exp 0.5 Prefsss  kPa
—h. Strength Parameters and Poisson Ratio
Drained strength properties a 0 o h 1

Ll " Hr

_cfo s [5] . @ f:m | ‘;BQFETM[_T} —10.3 Reloading Elasticity Modulus
'eak - constant vol. (for estimation rEur= Eur,i'E[:ﬂ;I-qI Y

Q) degrees
@ peak degrees
0 1) |
6. Permeability
Add New Soil Kox[9.999999¢ msec Kz 9.999999¢ misec

—8. At-rest coefiicients |
KnNC nOCR Ko = KoNC * (OCR)*nOC
|

[iﬁ FEM properties {summary-tools) l

Paste Soil

Clone

||z Database llH Database | QK ‘ | Cancel




Tunneling

« Tunnel construction affects existing

structures |
-« E E b
. . . A ' :
« Complex soil structure interaction problem 4Eom
{ % Building
—Dy axis
:

 full numerical analysis essential
Y- -l



Tunneling

arching

3D load transfer
V/ZAR\ : V/ZERSS
Transverse | Longitudinal
arching |
I
I

O

transverse and longitudinal arching around the unsupported section



Tunneling

TBM tunnel construction stages

i 3D physical i //i :: 2D Model i
| structure | ol e |

—_—_————————e— e —_——— e ———————————

When modelling in plane strain something must be prescribed,
rather than predicted.



Tunneling

The volume loss control method

contraction Lo 2 1
( ) ] N

|
v, s R -
) ) a

, “"imposed

Displacement based contraction:

VL= Ve _ Vt

V.: excavated tunnel volume
V,: final tunnel volume



Tunneling

Indication of volume loss values

Table 7-7 Relationship between Volumes Loss and Construction Practice and Ground Conditions

Case Vi (%)

Good practice in firm ground; tight control of face pressure within closed

S . . 0.5
face machine in slowly raveling or squeezing ground

Usual practice with closed face machine in slowly raveling or squeezing

ground L0

Poor practice with closed face mn raveling ground 2

Poor practice with closed face machine in poor (fast raveling) ground 3

Poor practice with little face control in running ground 4.0 or more




Tunneling

Example 6: TBM constructed tunnel




Tunneling

Example 6: TBM constructed tunnel

Stage 0 : greenfield conditions

Stage 1: building structure (conditions
prior to tunnel construction)

Stage 2: excavation of tunnel and TBM
activation

Stage 3: contraction (1 %)

Stage 4: grouting stage (3.5 ksf)

Stage 5: concrete lining installation



Tunneling

A method (Partial deactivation of soil)

- -
- -o

|
Prior to excavation

' ' |
Tunnel excavation stage Plain strain excavation




Tunneling

Example 7: SEM constructed tunnel

SRS OO EAVAV S EAVAVE OO O=)=4

&

&



Tunneling

Example 7: SEM constructed tunnel

Stage 0: green field conditions.

Stage 1: excavation of the upper part of the top heading (partial 20%)

Stage 2: the tunnel crown is supported

Stage 3: Excavation of the support core (partial 20%)

Stage 4. A temporary lining is constructed at the bottom of the so far excavated section.
Stage 5: full excavation of top heading 100%

Stage 6: excavation of the bench part of the tunnel section (partial 20%)

Stage 7: construction of the remaining lining sections (left, right wall and invert)

Stage 8: full excavation of remaining tunnel 100%



Seismic design

Novak Boundaries

Fundamental Solution
of wave equation in
infinite disc:

0°u

or’
2%

ar?

= (A + u)£ +uVu

- o€ 2,
= (k+u)8y+p‘§7 !

= (k+u)§—§ +UV2w

Drive
AN 4 N ANIZA N ANEL- S A\ AN AN TN T
I kM/m 7 ) 45 m -
ckE 1k
435 deg 505 m
E= 3800l kPs
P F8Em |1 16.8m
AN A A i
Y S e e
o /
y=1 kN3
1K
4338 z
avAVAVAV 2
Thick: JEL-Re , B s S5/
F}(Rﬂhﬁr: 128 M =41
wal ) 0.139
= 15.238 10.238
3
=19 2
=
#'=35deg
E=1
Eur=d e

3

E

3

3




Seismic design

Example 8: Earthquake design

Ll

AN AN ANZA AN A P N AN N N
Edr=he=0.3 st I-BE __E-u )
XY A % \{‘:E_—“
wvd VAVAV/

izphr2gm
Thick: JBL-Rs 70, o R-FMebers 57
Ey'E 138 =d] 1
Wall =8p1 85 0185
=1§.238 H=10.238

3

yi= 1% I3
o= NhkFz
§'=3deg
E=1 =

rEur=3 .




Seismic design

Calculation of design acceleration

Occupancy category

Seismic code Higher Moderate Lower
1S 189_3—Parl¥ _ 1.5 1.2 1.0
- The user can directly prescribe the design acceleratic 5o looa ™ <A 12 - e
ASCE/SEI 7 1.5 1.25 1.0
. NZS 1170 Part 5 1.3 — 0.6
- Use bedrock acceleration and factors to generate a;, ~sc 105 20 L5 L0
EAK 2000 1.3 — 0.85
Iranian Standard 2800 1.2/1.4 1.0 0.8

2 b Base Acceleration and Site Eﬁecl

Base Acceleration .
AxBase= 0.3/

g

Site Soil Response

v

Factor Sg= | 2

Topographic Site
Response St=

— Importance Factor |= 4

e

1

M

v

Free-field motion

Earthquake at Bedrock



Seismic design

Calculation of Response R factor

- Rigid walls experience greater forces compared to yielding walls

-3. Wall Behavior and Response R factor -
3.3 Basic Wall Behavior -
O Fexible Rigid (Wood Method)

3.b. Flexible \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
—3.c.1: R value (Structure Response) -

R=1 B

Table 7.1 — Values of factor r for the calculation of the horizontal seismic

coefficient

Type of retaining structure

Free gravity walls that can accept a displacement up to , = 300 o-S (mm)
Free gravity walls that can accept a displacement up to ¢, = 200 ¢-S (mm)

Flexural reinforced concrete walls, anchored or braced walls, reinforced
concrete walls founded on vertical piles, restrained basement walls and bridge
abutments

Eurocode EC8




Seismic design

Mononobe-Okabe :

W) : Weight of wedge in the active zone

W5 : Weight of wedge in the passive zone



5. Deep Excavation FEM Cases

* Collapse case
* Measured deflections
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6.1.2 Deep Excavation Collapse

Mischaracterization of soil properties during investigation
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6.1.3 Conventional Analysis

Wament [kN-m/m) -
a0 2000 -0 0 0 200 ) 100
II\I\I\I\IIIIIIII\IIIr\I\III LN AL B
EkN-mim .|. -|- J-
T T
175m
104.55kN/m
-19.8kN-m/m &
15 des 3 E
&m 50.5kF5-5 kP2 s
120.5kp; [FHlakEs
e 15 de= T
10.35 m
€1 [UND.) I z3m
VSF '95';'::;:3 3E1.75kN/m
= —
15 deeT T
1267HN/m b z3m
4 212 85kN/m
-13m ‘.—‘
C3 UND.) o LiCH 15 d=z Q2 0.5 mZB 12.85m
e ui:simga :\ s
-15m -1223 %P3 126 1kPz
C2 [13-13 5)
= 18.2kNim3
c=13kPz p 151 kijm
#=10deg
-102 8 kP
-1&m 5.85m
ca
= 18.3kN/im3
c=32kP=
#=10deg | 14kPa sl
Wall§ T 23
Reinf. Conc. Piles (2.}
Pile Diam: €5 cm, 16 Rebiprs 12, @0.85m 0.C
FykRahars =413 8 MPz, | 0. TMPa
2 Supports: California Trandh Manuzl 2011
25m
€5 [UND.)
¥i=19.34 kNim32
Su=115kP=
=== Net total wall pressures [factored)
— Wall Bending
= Momant capacity
Boring 1
- 126



6.1.4 Non-linear analysis

Mament (kN-m,/m} Prassuras [kPz)

Deflzction [cm)

=30 ) 0 &l

[
Jin

o E P
Eh=3d Tuaiima £.534cm

1 (UND ) 28m

V=13 kN/m3
1kN-m/m i T -@"'""f #*

Sumax= 35 kPa
E= 20000 kPa
rEur=3e=1 b

i@

4

T3 [UND TELL L
=194 kN/m3 -
Su.mao= 100 kPa
E=28000kP3
B0 15m
C2 (1213.5)
=182 kN/m3

-18m

4
yt=18.3 kN/m3
c=32kPa
$=10d=g
E= 18000 kPa .
rfEur=3e=1 57.45cm -+

s (l2g.)
& Rebars #13, @0.83m O.C.

L.



6.1.4 FEM Analysis

4

C1[UND.}
yi=13kHim3
Su=35kFs

— .13

T3 [UND.]

Vi=Hrme—
Su=100kPz
E=2S00 kPa

c4
yt=18.3kN/m3
c=32kPa
$=T0ceg
E=12000kFz
Eur=3e=1

wall1 e
Risinf Conc Fies (sg )
Fie Diam: 5 cm. 18 isbars 318 @0 35m 0.0
FykRebars =412 8 MPs, Fok= 20 TP
Wl 5= E5% @




6.2.1 Excavation with LEM/NL/FEM

e 17.7m deep excavation in Taiwan
* Published case history

* 1cm of lateral displacement

* FEM Calibration with MC Model
* Water table at 10.0m

_ Total Effective
Ground layer description
N # stress stress
c ¢ c ¢
Bottom depth of each layer value kN/m’ kPa ° kPa °
1 The backfill layer gradually cha-
nged to yellowish brown clayey
silt and silty sand mottled with 1.5-19 193 9*8 :1 0 30
gray including some gravel. ) o
Average thickness 4.0 m
2 The coarse gravel layer com-
prised vellowish brown coarse, 15 ¥ &
medium, and fine silty sand. to=50 216 — = 49 38
Average thickness 11.7m (40)
3 The gravel layer comprised ye-
llowish brown and gray coarse, 20-58 i1 - — £ %
medum, and fine silty sand. (35) 0 38
Average thickness 4.6 m
4 The composition of this layer
was gray s'a.nd and clayey silt 12-26 194 98 24 0 32
contamning thin layers of sand (16)
and clay
Average thickness 4.1 m
5 The coarse gravel layer com-
prised yellowish brown coarse, - g ¥ £ %
medium, and fine silty sand. (s0) 221 9.8 40

Average thickness 10.0 m_ hole bottom
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6.2.2 LEM Methods

Deflaction [em) .- Momant [kN-m/m) Prassuras (kPs) 2 Deflectian (cm) 2
P "
T T
T T T
I 3m
18447 KN
€= 15391 KN “— m e
im
& S0.8SKNim 4m € 10845 Kim
24m
< €= 21151KNm — #*
23im
7m
& 1T = 20E0EENm ¥
23im
2874 KN-mim 4 —— Si235%Nim -59.6kNm/m 4\ s ¥
48m
157
L 0.16cm e m 440 2kN-m/m
EL-1ZT
—_
3m 203m
23m
2.4
B FES ks m RS
| —
744.5%Fa 744.5kPs £
wal 1 Wl 1
Diaphragm Diaphragm
Thick. 70 cm, € L-Rebars 58, 6 R-Rebars 551m Thick: 70 cm, & L-Rebars #5, € R-Rebars 3611 m
FyRebars =413.8 MPa, Fo'= 20.71Ps FyRebars = 413.8 MPa, Fo=20.71Fa
‘Supports: Beam aralysis Supports; Califomia Trench Manual 2011
WallB= 5% © Wall5=68% &
WallB.drve= 0% © Wal Bdrive=0% ®

FHWA-Blum’s FHWA-CALTRANS 130



6.2.3 NL Analysis

2555 kN-mim 4

e

/

Pressures [kPa)

400

ELOm

T Ed
€ sz5%Nm 28.5%Nm )
zm
& 120.52%Nm ¥ 120.32KN/m- =)
zam
= 17538 KNim E 3 17838 kNIm =)
33m
177 m
= 24678 %N/m E 3 295 T4ENIm  —
33m
| — T E 3 BT SIENIM  m—
48m
398.1 kNamim
ELI7Tm
23m
b
Wal 1 wall1
Disphragm Diaphragm
Thick: 70 cm. & L-Rebars #5, 5§ R-Rebars 551 m Thick: 70cm., § L-Rebars #5, 5R-Rebars #5/1m
FyRebars =413.8 MPa, Fc'=20.7MPa FyRebars = 413.8 MPa, Fo'=20.7MPa

Suppons: California Tranch Manuzl 2011

Wall 5=85% @
Wal S.drive=33% ¢

Suppons: Califomia Trench Manuzl 2011

Wall B=85% ©
Wall B.drive=33% @

=387 kN-m/m

A\
\

b 285.5kN-mim

0.52cm

0.04em

a
3
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6.2.4 FEM with MC Model

15 Deflection fem)

I
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— smsim
3 &
A Ca
e
1 157m i ¥4 ol * = e [
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L3 2 s 7\
yi=18.7 kiim3 st A
deg v £ - l fer 3
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e lsam X 4 % 7 s = z
4 | 7
1
Sl e
1
wall 1 A
g Dizphragm
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e !
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e
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=
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e
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wall 1
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L Wall5=80% &
[
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6.2.5 NL Model with e Use SPT Estimate for wall displacement

EXP Soil Models » Randolph sand (least conservative Eq. most adequate)

e PTTe
Deflection Pressuras Pressures Deflection
Descripion———————————— Lo lem) [kPz) . (kPa) (em)
Loading Soil Modulus vs. SPT Blow Counts 252 L& e w0
The elastic load modulus Eload can be ug l J' J'
P - = 1 + with the Non linear module (beam on elas ELOm ELOm
Sand %.andmphf I_E(Mpa) _N (2 (1 V) foundations) and represents the soil stiffne T T
—— Sand D'Apollonia: E{MPa)= 18+ 0.75 N during loading behavior. F 13m
— Gravelly Sand & Gravel, Bowles: E(MPa)= 1.2 (N+6) e Cazzim * 2zvum
Gravelly Sand & Gravel, Bowles: E(MPa)= 0.6(N+6) N<15), E= 0.6(N+6)+2 N=15 Standard Penetration Data can provide a EICIE Zm
Silty Sand, Bowles: E(MPa)= 0.3(N+6) ' SRS — e S—
e b , : = U 4m 102,38 KNm 1 e
250 ——— 77— — [T The equations should be treated as first o 24m
: : : : : estimates to be used in the absense of D1em e
laboratory tests. & 1T IR e 1S3 ITHNIA =
200 Mspt = Uncomected SPT test blow counts 23m
Eload = Modulus of elasticity for soil @1 77w
—_ V=22 kN3 -
m c=5kPa €= 2e31%Nm 3 ETTHNIm ==
p e=io000 ke
‘O_ 150 Eur=3e=0.35 33m
E e szEITENm e SEESTENIT  — -
5 27
g 100 48m
o -15.7m
w 52
=214 kNim3 o ELI7Im L
50 Ll e e
—SPT Data and Medulus Eve 4+
20.3m
0 N spt 0 M3
1= 18.7 kNim3 ,
i oz
E 16000 kPa Easenes
Nspt Blow Counts load -
Curment X 18.00 Y |28800.00 Options  Title l Accept Value of Hoad
Legend —— || Show Min/Max - = A =
s = Sier = V'Sible_ l Exit (Without Accepting New Value: T b, 6L Rabars 8, 6R-Aasars 871 m TEh 7h e, & L Rabars 6, 8. Rabars 86/1m
Select a curve 100 - Show FyRstars =413 8MPe, Fo'=20 7MPs FyRabars =413 8 MPa, Fo'= 20 TMPa
Iy Sand & Gravel, Bowles. E(MPa)= 1.2 - . Supports: Califomis Trench Manusl 2011 Supports: California Trench Manusl 2011
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6.2.6 FEM Model with HS Randolph E Estimate

Deflection IMoment Moment Deflection
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il ]
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-
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6.2.6 FEM and NL Model with Bowles Gravel E

Deflection Moment

€ 4119 kNim

€ se.TEENm

arzem €= 148 03NIm

41.19kNm )

SETBENM P

1402KNm

Moment Deflection

ELOm

0.14em

= 2az 725N 242724NIm -y
EER
93,1 kN-m/m e SEESIKN/m e SEESTENI —— 396.8 kN-m/m
s5m
467.2kN-mim 4555 kN-mim
lem -1.55em
33m
ol sl
wail1 Wall1

Diaphragm

Thick: 70 cm, 8 1-Rebars 56, 6 R-Rsbars 281 m
FyRabars =4135 MPs, Fo= 20.7MP
Suppons: Calfomia Trench Manual 2011

Wall 5=80% @
Wall8.drve= 0% @

Diaphragm

Thick: 70 om, & 1-Rebars 6, 6R-Rebars 261 m
FyRebars =413.8 MPs, Fo'=20.TMP2
Suppon: Calfornia Tranch Manual 2011

Wall 5=80% ®
Wall 5.drive=50% @
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5.27 Influence of Water Modeling in NL Analysis Flownet vs. 1D

Deflection [em)
2 0 2
Deflection Momant Momant Deflaction
(N,
ELOm ELOm
= =
18m
ELD
= -~ = F 3sssxm e IHIERNm Y
Im
31BkNm $16EN/m ) o ETENIm =
zm R
24m 0.12em
€ 10035 KM ¥ 10035 KNI
& 1E258%N/m 16258KN/m =3
z4m
= 147 425Nm e 14T42ENIm = 2im
177 m
EER 61 — 22188%NIm ¥ Z4TEERNIm —
77 m
= 22524 kN/m -3 226.24kNm =P 33m
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126.5 kN-m/m e 530,35 kN/m e SO0IGKNIM ey 428.1kN-m/m
27 48m
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52 - e
4558 kN-mim 446 TkN-mim seem fem
55cm -1.50m
ML3 33m
93m
e e
wall1 Wall1
= == Diaphrzgm Diaphragm
Wall 1 Wall 1 Thick: 70 cm, & L-Rebars #6, & R-Rebars #5/1m Thick: 70 cm, § L-Rebars #6, & R-Rebars #5/1m
T et £ £ ebare 55 D et 56, 6 RLRebars 561 Fy'Rebars =413.8 MP=, Fc'=20.7MPa Fy'Rebars =413.8MPa, Fc' MPa
ick: 70 cm, ~Rebars #6, 6 R-Rebars #6/1m ick: 70 cm, 6 L-Rebars #5, -Rebars #6/1m # i #
L e Suppons: Caiiforniz Trench Manuzl 2011 Suppons: Caiifornia Trench Manus1 2011
Supponts: Califonia Trench Manusl 2011 Supponts: Califonia Trench Manusl 2011 Wall 5=50% © Wallg= 0% 0
[P o Wall5.drive=B0% © Wall5.drive= B0% ©
Wall 5. drive=B0% ¢ Wall 5. drive=30% © &2

Flownet (2D) Simplified flow (1D) 136







7.1.1 Steel sheet piling corrosion

 Sacrificial thickness
« Marine steel grade ASTM A690
« Higher yield steel to extend life
* Protective coatings

« Cathodic protection



7.1.2 Corrosion Zones

zonhe of high-attack
(splash zone)

;

zone of high-attack
(low water zone)

mean
high water
m
anchor intertidal zone
mean
¢ low water
i,
permanent
immersion zone
water earth r
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7.1.3 Decision Tree for Corrosion Protection

TEMPORARY STRUCTURE
v v
I.__NO YES | — —
| f f
I NONSTRUCTURAL APPLICATION
I
L > ATMOSPHERIC WATER
EXPOSURE EXPOSURE
IS THE APPEARANCE IS THERE A MARINE/SEA
OF RUST ACCEPTABLE? WATER ENVIRONMENT?
YES -~ NO ves -\ NO
I'4 L) o u
Industrial, Marine,  Apply a coating SP Brackish
Subject to Road Salt or YES .70 NO
Other Corrosive "4 u
Materials Size Polluted
YES PR NO Specific  Fresh Water
¥ N ves + 7\ _NO
SP NSP I’ ')
SP Tidal

NO
SUPPLEMENTAL
PROTECTION
REQUIRED

SOIL EXPOSURE

}

ARE THE NATURAL
SOILS UNDISTURBED?
~
YES » ~ NO
o ")
NSP Soil Contains Deposits
of Cinders, Salts or
Other Corrosive
Materials or Highly
Polluted
A
YES » ~ NO
4 ")
SP NSP

YES -+~ NO
» N
NSP SP at Water Line

LEGEND

NSP = NO SUPPLEMENTAL
PROTECTION

SP = CONSIDER SUPPLEMENTAL
PROTECTION IF PROJECTED
STEEL LOSS IMPACTS
SERVICE LIFE OF STRUCTURE
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f Thickmness Due to Corrosion for Steel Sheet Pilings ( Ref 4) 4

Soll, with or without gr -

DESIGN LIFE

Eurocode 3

ESES )
Desionof Stel Stuctures N

Polluted natural soils and incustrial - 0.45 mm 0.75 mm i.50mm  2.25 mm 2.00 mm

Part 5: Piling (ENV 1993-5) arounds

Loss of thickness (mm)

MNon-compacted and non-agores- 048 mm  0.70mm 120mm  1.70mm  2.20 mm
sive fills & (clay, schist, sand, silt...)

Very polluted fresh water (sewage,
industrial effiuent-,...) in the zone of 0.30 mm 1.30 mm 230mm  3.30mm 4.30 mm

high attack (water line)

Sea water intemperate climate in 025 mm  0.90 mm 1.75mm  2.80mm 250 mm
the submerged zone or tidal zone

A Wihaes are provided for genen] guidance ocly. Loca knowledze may lead o the use of other valwes for desizn. The vakwes given far 5

and 25 years are based oo messursments, whereas othar values are extrapolaed.

Io compacted flls, these comosion losses should be dvided by oo

The hizhest comosion rate is wsually found at the spiash zove of marine environments or at the low water level in tidal waters. However, | 4
in mostcases, the highest bending stresses ocour in fie submerged zons.

oo



7.1.4 Section modulus vs. reduction in
thickness

RESDEL‘J:TION MODULUS VS MOMENT OF INERTIA VS
CTION IN THICKNESS REDUCTION IN THICKNESS

® PIC23 =o=PRIC18 —e=F72] -8=PIC1]
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- g,»e’. : ; l |
S u<“ ‘ 4 Ut
43.!‘4 ; \_j 0 { ‘ 5, ?c 2
40,00 - —— & Yooof PSE| ! |
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7.1.5. Sheet pile design life

« EC, USACE consider end of design life when any part of the pile
reaches a maximum permissible stress through corrosion loss

« Many state DOT’s (Florida, etc), require design life at 85% of full
section values (note that could be area or section modulus)

« Latest USACE (2008) piling sections thinner than 0.250 inches
restricted to uses with low bending, low corrosion, and low
interlocked joint strength in tension.



7.1.6 Mariner Grade Steel ASTM A690

« ASTM A 690/A 690M - 07

[.2 The atmospheric corrosion resistance of this steel is
substantially better than that of ordinary carbon steels with or
without copper addition (see Note 1). The steel has also shown
to have substantially greater resistance to seawater “Splash
Zone” corrosion than ordinary carbon steel (Specifications
A 36/A 36M and A 328/A 328M) where exposed to the wash-
ing action of rain and the drying action of the wind or sun, or
both. Where the steel is not boldly exposed, the usual provi-
sions for the protection of ordinary carbon steel should be
considered.

« ASTM stated, A690 exhibited 2 to 3 times more resistance in
the splash zone...
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7.1.7 Galvanized Steel

« Based on AGA (American Galvanizers Association) Tropical Marine
exposure, a galvanized system will have a projected life (to 5% of
surface rust) in excess of 75 years.

« Galvanized coating life determined by thickness and severity of
exposure conditions.

« Typical protection 3 to 7 mils.

« Expected service life defined when 5% rusting of the steel substrate
occurs. At 5% surface rust, no steel integrity lost; time to consider
applying new corrosion protection.



7.1.8 Hot-dip galvanized steel service-life
chart

100
— 90
2
E 80
— Key
*ﬂ.'l '."I'J . Rural
§ ﬁu . Suburban
5 . Temperate Marine
‘E 30 . Tropical Marina
© . Industrial
£ 40
w30
e 20
L]
E 10
0
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Average Thickness of Zinc (mils) 1 il = 26.4pm = 0.5602/2

*Time to first maintenance is defined as the fime to 5% rusting of the steel surface.
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7.2 Cathodic protection

* Required if design life cannot be achieved by other methods

* |f used with a coating system, Cathodic protection becomes
effective when the coating life ends.

* Types:
* Impressed current
« Sacrificial anode

« Continuous as long as system is maintained - 5 year typical system review (base
metal anode replacement, electrical continuity upgrade at 20 years)



o O DN -

7.3 Indicative design life cost comparison

Base section $8.0/ft?2
Marine grade A690 +$0.75/ft?2
Higher grade steel +$0.22/ft2

Coatings (both sides) +$2.60/ft?2
Cathodic protection +$6.25/ft2

32 years
+32 years
+6 years
+15 years
+20 years

$9.0/ft2
+$0.85/ft2
+$0.24/ft2
+$2.85/ft?2
+$6.25/ft?

41 years

+41 years
+ 8 years
+15 years
+20 years

Adapted from Skyline Steel, LLC example for an 800ft x 40 ft wall without coating



7.4.1 Example

Wall at EI. +8

Seafloor at El. -10, sloping down 10 deg
Anchor rod at El. +1.5

Deadman block at EI. +4.5

[N

Cantilever: Fres sarth



7.4.2 Staging

Wall 1

Steel Sheets

DES: AZ 26, Suoe=48.36 in3/ft
FyShest=30ksi

Cantilever: Fres sarth
Wall5=33% ¢

— 132 Kf

Wall 1

Steel Shests

DES: AZ 28, Swor=48 36 in3fft
Fy'Shest= 30 ksi

T

=

€ 132 kf




7.4.3 Design Life Settings

—1. Consider Corrosion and Design Life

[ E—— et i r for all stages (usually

—2. Design life

selected for last stage only) |

Design life in years 50

Moment 1214514]

Defined comosion rates ~

—3.a Corrosicon rates

Corosion rate in splash zone (high attack) 0.0029527 infyear
Comosion rate in soil | 0.0013778| infyear

Cormosion rate in intertidal zone | 0.0029527| infyear

—4 wiater elevations (relative or absolute)

[¥ Use absclute water elevations

Splash depth
Mean high water 1.5 ft + (3 ft
Low watertable -5 ft - |3 ft

—5. Thickness requirements

Min. recommended thickness 0.25 in

[+ Examine minimum secticn properties percentage (i.e. Florida DOT 85%)

" Apply to stages From stage | Stage 0

To stage | Stage 4 Comosion

85 %
—Apply settings to stages
" Apply to all stages
f+ Apply to one stage Stage 4 Comosion ~

I oK H Cancel

il
1.2 |p-§7 ki 10:24 KT €= 353k
€ LENKIf
13.4 k-ftff
ElL -0t

Wl 1
St=s| Shests
DES: AZ 25, San=48 36 in/ft
Fy Shest =50 ksi
Fressanh
Wl B=23% ©
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7.4.4 Water Level Difference & Optimization

5.5 ft
- S

115t
1 k-

Wall 1

Stesl Sheets

DES: AZ 26, Se=48.3E in3ft
Fy'Shest =50 ksi

Fre= =anh

Wall =% P
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8. Advanced Frame Analysis

« Create typical soil conditions

« Import Buildings from Google Maps
* Draw wall perimeter on map

« Draw cross-sections

* Analyze

» Building damage assesment



8.1.1 Set General Problem

101t fill, 30 deg, 125 pcf
Clay Su= 2000 psf, 120 pfc
Water table at -15ft

Excavation 25ft

One level of bracing at -8ft

Secant pile wall W27

% DEEP Wizard

1. Welcome 2. Dimensions

—EB. Dimensions
Final Excavation Depth D 25

Excavation Width B |60
Top of Wall Bevation 0

Ground water Elevation -1

Support options
Horizontal Spacing |20

|—Struc1ural section

—I Soil Layers
Soil layers 3. Wall Type 5. Stages 6. Surchan _H‘Hlable Borings _ 1
ft Tiebacks and tierods
Wall Height H 55 ft — B2 —
’ ! l
it 1 J
ft
Struts, rakers, or concret
_I_ —B—
of |}
: l
ft Frames, circular shafts, a
— B2 ——
- 1

1. General Boring Information - Coordinates ————
MName | Boring 1

Coordinates X 65617 |ft Y0 ft

The x coordinate controls where the bonng 1s shown 1
Each dezign section uses one boring (zoil strata). Yo
each design section.

—SPT Data Option (Applies to Design Section)
SPT Record Not assigned W E
W Pass same SPT log to boring (3D visualizal

—CPT Record Option (Applies to Design Section) —

CPT Record | Mot assigned ~ :
—2. Boring Layers - Layer Elevations
Top ;
Bev f) Soil Type OCR
0 F |1
|10 Clay |
: -
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8.1.2 Setup Secant Wall & Braces

- Edit Wall Properties
—wall Sections

A.Wall Type B Steel Beams F. Draw

1. Wall Type
Secant pile wall with steel | beam

Soldier pile and lagging + |~
Sheet pile wall w
Secant pile wall ~

—2. Wall Name

Wall 1

3. General Section Data

Soldier Files Vi

W2 114 v LaI s
l_"\ e -‘./\

Trim ex
(drawin

r—4. Dimensicns

\widthd |3
Hor. Space 5 45
Passive widih (below exc.) 4.5
Active width (below exc) 4.5
Water width (below exc ) 4.5

¥ DEEP Wizard

1. Welcome 2. Dimensions  Soillayers 3. Wall Type 5. Stages 6. Surcharges 7. Codes

From this menu you can selectthe options for creating the
construction stages for the new excavation.

Automatic Elevations ©) Tabulated Blevations Cantilever

— Tabulated Depths for Supports
Depth Hexc Support EL.
]
Subgrade at each below the lowest support level (before
stage is hZ 2 ft the lowest support is installed)

4 Include stage for activation of supports. THIS |5 USED WHEN A SOIL SPRING AMALYSIS IS
SELECTED. (STRONGLY RECOMMENDED WHEN SOIL SPRING AMALYSIS 1S USED)

Segme

155



8.1.3 Preliminary Wall Optimization

Momant [k-ft/ft)

[T Y

-10ft

24k

y ksi
Free eanh: CALT

T b
5t
& cizki -+ BATEY m—
5
17 ft
<
12 ft
e
walli

Fi ksl
RANS - D_Fx=25%)

rt pile wall

 Sxx=283in3, @4.5710.C.
y ksi, Fo'=3ksi

Freseanh: CALTRANS - D_Fix=25%)




8.1.4 Open Map Function

[~Map information Imported Map  Move in free google maps

Use online map service v
Longitude. Lat 37.3361057

-121.890270262957 Long: -121.8926943
Latitude
37.3353907039877

Zoom level

P —
Map type
€ roadmap  hybrid

 satellite  terrain

I” Use paid Google Maps Key

Image size (pixels)
’7 width 400

height 400

Process map coordinates
Save Map Image
Set reference point on screen

[~ Project reference coordinates ——| [

B —
yref o \
Set project map reference <
Scale factor [1

N —
y Pixel offset [0 |

Regenerate image

I™ Mapis visible in map

Pass map data
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Fi]
2D Plan
Black white I
Y Fioama Analysis
el
v [ Refresh ]
’? Z ¥ sec Draw'IF'I Soil
s or Augmented Reality
fatiesneX E : [ e Irzlaag;]es

* Draw project region

« Import buildings from Google Maps

158



18.1.6 Import Buildings

Information from Google Earth for terrain

Cadmapper for Buildings
Certain buildings might be missing

Then import in DeepEX
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8.1.7 Remove
& Move
Structures




V|
Analysis

T \
3D Model Wizard /

d 1 Perimeterto Use 2. Design Section 3. Wall Perimeter 4 Topographical 5. 0K
3. Select which wall perimeter to use

(©) Modify existing wall perimeter | 0: Perimeter ~

J
j Soil
| Plan
{ Images

() Create a new wall perimeter

Select modify existing wall perimeter to modify an existing wall perimeter. This will totally replace dll existing
wall perimeter data. Otherwise, Select Creale @ new wall perimeler to have a new perimeler generated

—Wale Segments

By selecting this option, DEEP will generate all individual wales and il
individual supports at each wale as @ 3D strut or = 3D ancher affset from the
first Wale node. This will generate considerably more 2D ftems than the stand

Options for Generating ltems from Perimeter

P Wall perimeter with excavation
surface

" Wall perimeter only

—Select wall from design section

Design Section | Base model v

Wall | wall v

* Draw wall perimeter
« Generate preliminary layout

* Modify existing wall perimeter
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7.2.2 Initial and Revised Strut Layout
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8.2.3 Re-entrant Corner Walers

walis SUMAcE EIev. NEXT To wall wvater cievanions stages supports | Loaas

A Waler Data B, Loading Pattems ~ C. Stages-Activate D). Joints

Name |A_1

Flveien )

General waler section (stecl orconcrete)  ~

Waler section H-Waler - Edit

I~ Waleris a cap beam
Wall perimeter Fermeter 0 -

Wall segment VN1 -

Attachtobracing (.. stached to a bracing ine v

(X =

A Waler Data B, Loading Pattems C. Stages-Activate  D. Joints

Start-End Nodes  Connection options

Connectto other waler Name |A_Z
Startnode N6 -|a0 - Loading
Elevator :
Endnode 7 = | Free end (no reaction) " [~ Loading
Supportindex 0@ £ 3 - General waler section (steel or concrete) ~

Loading check box will treat the edge as free but connected waler will be loading as point load

Waler sechon H-WWaler w Edit |

Show full calculations

LN\ [ ‘waler is a cap beam
Wall penmeter Ferimeter s
A Waler Data B, Loading Pattems  C. Stages-Activate  D. Joirts .
—Analysis Options Wall segment VN2
Name (A 2 ~
- Analysis | Automatic - Point loads for soldiertangent pile ~ [~ Teall Attach to bracing o
Elevation ft leval Mot attached to a bracing line e

Start corner taken at | At edge of waler w
General waler section {steel or concrete) ~

End taken at | At edge of wal
Waler section H-Waler - Edit | e camerisken 2 geC e s

~ Reductions in axial force due to interface friciion

Stat-End Nodes  Connection options

These options connect how the waler extends or gets attached physically to other walers at the
end and start points. These options are applicable only if the waler is connected and are not

[~ Waler is a cap beam Ignore ffull axial load calculated) used otherwise.
Wall perimeter Perimeter 0 =
Wall segment N2 ° ~Unsupported length in verbical At start point | Waler is attached to following waler ~
SEEEIT |Mg Mot attached to a bracing line ~ Braced at support locations b
Stat-End Nodes  Connection options I~ Apply toall walers At end point | Waler extends to full length of wall segment w
Connect to other waler Use custom waler angle
Startnode N7 - ||A_1 - [+ Loading ’7— Use user defined angle from horizontal ‘
e & T|A3 """ Loading Show full calculations
Supportindex 0@ E. -3 @

Loading check box will treat the edge as free but connected waler will be loading as peint load.
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3.1 Design Sections

* Reposition 15t design section
« Change project limits

Use Boring Walls Surface Elev, next to wall Water Elevations Stages Supports
Basemodel Project Plan
The GlassHouse H n Base model
{ChlJWEwDPEPMMARUCYTK-1FE
EL 01t - Resist Rasist
333 T
KpH=3 KpH=3
-104t
= KaH=1 KeH=1 25t KeH=1
TIPS S i S T 5 111 KpH=1 HpH=1 HpH=1
EL-257 | omp
1. Design Section Name 12 ft
s
— = wall 1
3. Boundaries / Model Limits wall Secant pile wall
= 114, Sxx=289in2, @4.5ft 0.C. Pile: W27x114, Sxx=289ind
Top |20 ft 50 ksi, Fo'=2ksi FyBeam = 30 ksi, Fe'= Zksi
- CALTRANS - D_Fix=25%) Fres earth: CALTRANS -D_
Left |-350 ft Right | 20 ft
Bottom -50 ft

5. Wiall In-Plane Rotation
Angle in plane from y+" axis | 31 deg

This angle rotates the wall angle from the horizontal y+* axis. To see the
effect, change the angle say 10 degrees and goto View Top-Flan.

6. Excavation shape
Long 20 excavation

OK

| [ cancel
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8.3.2 Cut Cross-Sect

EL Oit]

ions

ExtrudedStructure
(ChiJJz0gNEFMMARTINMKVMF Vv

Extrudeditructure
[ChlJGWRENEPMMARWGEES4R|

yi=12|fpet

ExtrudedStructure
(ChIJV4KISEPMMARSFREYOIREM

Labyrinth Bar & Kitchen

e
hIJZUL1SEPMAAREREGEUGA

CTERET

Clav [UND-}

Secant pile wall
Pile: W2Tx114, Sxx=28%in3, @4.5ft 0.C.
FyBeam =30 ksi, Fo'= Zksi

Fres sarth: CALTRANS - D_Foc=25%)

Resist

KeH=0.333 KaH=0.332

achity 0.82ksf

KaH= 7 aan

HpH= = ITH
e

Secant pile wall
Pile: W2Tx114, Sxx=28%in3, @4.5ft 0.C.
FyBeam =30 ksi, Fo'=Zksi

Fres earth: CALTRANS - D_Foc=25%)
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3.3 Pass Appropriate Design Sections

Water Elevations Stages Supports | Loads

: Select design section and wall

.\‘_ I Use z different design section and wall from the wall perimeter

Design Section | DS@-188.259,13.144, -59.8deg v
Wall | Wall o
[V Use worst loading from all linked design sections ¥ Apply to all segments

Edit wall items |

"Wallsection Bracing levels  Arching effects

o

WALL: W27x114
Sx= 299 in3

:I:Z.ZS

—
oK |
\ \ et
N2

DY oA N K AN

N (WN7
b ' Select design section and wall

[V Use a different design section and wall from the wall perimeter

Design Section ' Base model N
Wall | Wall v
[V Use worst loading from all linked design sections v Apply to all segments

Edit wall items

Wall section  Bracinglevels Arching effects

(—

WALL: W27x114
Sx= 299 in3

:]iZ.ZS

|
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8.4.0 Analyze

- Slope Stability+ Design Results Report View Optimize Help
S - = | Summary Wale results Stnt results Cost estimate
- [7* ox ERAT. [Ef cap| e soittor. s NetHor. QNet Apparent  [Lf Water Press i Min Max vals| 5 Cost {4 Tables o
~Hpz EIRAT.  ECap. O Total Vert. [y surch| [ Water Oy Totalsoil | [H W ENV Show Env. . ©) Show altems ") Show only selected elevation Hev.-8
“sup. Fx| [l COMB [RSTR | G ff.Vert. S Seismic [ Grad. QWave | B Water Head Grio  Global Env. Hide wall elements Results for walers (30)
5 Ratios / Capacity Stresses on walls Soil Mass Stresses - Contours Options Other Diagrams | Bev. Moment | Shear | Adal ‘ RAT RATM | RATV |length | Weight | Sec
4 « - d - %
Basemodel Project Plan  DS@-188.259,13.144, -59.3deg £ ) * | L] J
i B 15708 13872 [NaN  |NaN 19217 [158528 | W
i -8 46.1 4059 1379 ‘NaN 0.153 0339 19618 1.0219 Wi,
B 49779 13432 |NaN  |NaN 126165 134037 | W1
B 2368 (9188|2938 (085 085 (0767 65065  [69126 |W
8 402 1781 340.26 159.025 |16.8943 Wi
) 21249 |se86 25263 0611 los11 0725|2057 |21862 |wi
Results for steel comections (walers to struts)
| Weld size RAT | RaT
Welr St |G Weld Length () stifeners | BT | BAT o
» WALE: A 4STRUT: ST s1 0375|252 457%.. (0292 0527 |
WALE: A_OSTRUT: S1 A0 [si 035 |0 467% . 0361|0431 |
WALE: A_4-STRUT: 53 A4 |s3 0375 22524 45796 0215 |
WALE: A_3STRUT: 3 A3 s3 035 |0 465.7% 05|
= L ‘
Results for struts and anchors (3D)
Results for st (30)
\ Lengh | Moment | 62l RAT Weight | Section
> Name ) - ) Neme |
B 73748 |12441  |4683 (063 |134959 |PMGODX
s3 19385 914  |24602 |0031  |36573 | PMGOOX.
S4 6292 90.56 1746 0.288 115143 | PM60OX.
s5 6253 (%06 21293 (0333 |115169 | PMBOOX
6 62948 (064 (20163 (032 |1151%4 | PMBOOX.
S7 62.961 9068 246.39 0372 115219 | PME0OX.
8 63025 (9086 (20378 0323 |115335 | PMBOOX
Results for anchors (tiebacks) 30
Free | Fwed | Al | RAT |
\ Togh |G| Secton |8 |Rar  |EE | RaTSTR ‘
> MName ) [Neme |80 - - - |
ExtrudedStructure
[ChlJJzlgNEPMHEARMNMEVMFYY
ExtrudedStructurs n ExtrudedStructure
IJGWRSNEPMHAREGEES4RI [ChlJV4KI SEFMHARSFREYTIREM
Moment Pressures Pressuras IMomer
(k- e Labyrinth BapgpKitchen k-t /)
- 2 : '
CRTRUS TR e oo
{ChlJZUL15EPM} SR T
418 oas
I LL TS0,
— — -
1 0.8
T k B 2ksf i 0.42k
1 & —— 734%F 10:1TKE —):i 0.155 ksf
Oksi, = I5f 0,172 k=f]
R “18ksT -27.2 k-t
0,247 kst El -25 ft
=
12 fi
0,114 ksf
Wall 1 Wall 1 0.0838 ksf
Sacant pile wall Secant pile wall

£ [UND.)
e WY o

Pile: W27x114, Soo=253 in2, @4.5ft 0.C.
Fy'Baam =30 ksi, Fo'= Zksi
Free earth: CALTRANS - D_Fix=25%)

Pile: W27x114, So=253ind, @4.5f 0.C.
Fy'Beam =30 ksi, m i
Free earth: CALTR CD_Fix=23%)



—Analysis Options
Name A D Analysis | At Point loads f Idiers I | Teall
15 omatic - Point loads for soldierstangent pile ~ oo
Elevabon _-E fit
_ Start corner taken at | A edge of waler w
General waler section (steel or concrete) v
End taken at | At edge of wal w
Waler section H-\Waler 4 Edit cermeriaen g% o WalEt
—Reductions in axial force due to interface fnichion
[ ‘whaler is a cap beam Reduce along wall: line load x tan(d -~
Wall penmeter Perimeter 0 M & deg v Apply to all walers
Wall segment V/ND T — Unsupported length in verical directions
hto |mg Mot attached to a bracing line e Specified Lu by user >
Start-End Modes Connection optiong L}"_IEBI' ft v ﬁ.ppl}f to all walers
Connect to other waler —lse custom waler angle
Startnode M5 ~ A7 » | Loading [ Use user defined angle from horizontal
End node & AT * [T Loading
Supportindex & E. -8 e
Loading check box will treat the edge as free but connected waler will be loading as point load.
Show full calc:ulatiurtsJ QK
e aadaa s s VWAl e A [

« Assume wall friction

« Cut vertical unbraced length
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8.4.2 Optimize Waler-Strut Sizes

# Optirize waler bearn A_6 at EI. -8ft

—Flease select from the available list

y or Al

Area=51in"2: W3lk173, Stress check= 0.91
Area=51.7in"2: W24x176, Stress check= 0.964

dloDel| -~ 57 5in" 2 W27x178, Stress check= 0876

Area=532in"2: HP18x181, Stress check=0.9
Area=53.6in"2: W21x182, Stress check=0.971
Area=54.1in"2: HP16x183, Stress check=0.967
Area=56.3in"2: W3x191, Stress check= 0797
Area=56.3in"2: W24x192, Stress check= 0.869
Area=56.8in"2: W14x193, Stress check=0.912
Area=57.2in"2: W27x194, Stress check=0.778
Area=58.5in" 2 W40x199, Stress check= 073

OK

> o
Optimize strut Strut 17 with length L= 91.744ft
Please select from the available list

Area= 32 54in"2: PP28x0.375, Stress check= 0.845
Area= 34.9in"2: PP30x0.375, Stress check=0.716

Area= 37.26in"2: PP32x0.375, Stress check= 0.622
@l | Area= 39.61in"2: PP34x0.375, Stress check= 0.551
Area= 40.06in"2: PP26x0.5, Stress check=0.817

M| Area=41.97in"2: PP36x0.375, Stress check= 0.495

Area=43.2in"2: PP28x0.5, Stress check= 0.675

Area= 44.33in"2: PP38x0.375, Stress check= 0.449
Area=45.9in"2: PP24x0.625, Stress check= 0.848
Area=46.34in"2: PP30x0.5, Stress check= 0.574
Area= 46.68in"2: PP40x0.375, Stress check=0.412

S U \\

169



8.5.1 Non-linear analysis & Settlement

Btrudedstructure

an (inch)

4 023in
' deg 737
E=500kst
Eur=3 = 0fs —
2. 19kst
2203 1. General Boring Infol
Name | Boring 1 Qirrs 6.6 kU
Coordinates X 617 [k Y0 it
4 Thexc < bo —
E: ng (s
& gn section
SPT Data Option (Applies to Design Sectior)
SPT Record | Not assigned || Add edt SPT records
¥ Pass same SPT log to boring (2D visualizations)
CPT Record Option (Applies to Design Section)
CPT Record | Not assigned ~ Add edit CPT records
Clay (UNDJ) 2. Boring Layers - Layer Elev
=120 pof.
SM%EZ}:;” pet = @ | SlTwe ocR ke Edt
ur=
I B EE 05 Edi
10 Clay =2 0.707 Edit
. e

Add New Boring

Delete Selected
Boring (Stratigraphy)

Clone B
lone Boring e Delete Layer

0K Cancel




MName | Extruded Structure

Source D (Google eic) |{D1I.Jtc3r1 MEPMi4ARIE3dWCELa3

Structural data for load calculations

Dead load on floors qDL ksf
AveragefloorheightH [12 |[f

Average wall density kef
Base slab thickness Tslab ft

Live load on floors glL ksf
Average wall thickness Tw Ft

Critical Wall Crack Strain Profiles
1. Select building/construction type from following list

Full brick walls with supporting concrete beams 1.2 <L/H<3

Elevations and options

[T Change Ground Elevation (for building)

ser specified loading options
[~ Assume user defined pressure for all wall footings

[T Assume user defined pressure for all slabs

Damage Assesment Options

Building type Concrete frame building

o | Critical strains and type for walls

ecit S

Damage Assesment  Based on 30 model fplan view)

> |

« Click on a building

« Define critical strains

« 2D-3D assessment

¥ Perform damage assesment when form closes

Full brick walls with supporting concrete beams 1.2 <L/H<3

2_The following table presents critical response modes for vanous construction methods. A
wide range of values is possible. You can select based on the provided range or enter your
own critical strain value.

Mode | Min value | Max. value | Used value

Tensile from flexure 0.00049

15. J. BURHOUSE: Composite action between brick panel walls amd their supporting beams, Proc., Inst. of Civ.
Engrs, 1963, Part. I, 5, 782-783

Ol | Cat:ﬂll
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8.5.3 Building Damage Assesment

Maximum values Al elements Individual elements Horizontal movement ~ Settlement ~Boscardin-Cording Chart ~ Hogging Chart (Budand 1979)

| Unts | Value |

DN s Towaontel iy £ Woe - o

Max.tensie strain: &.T Max 0000186

Max. principal strain: &.P.Max 0.000824

Max. angular ditotton: B |deg  |o00

Max. out of plane rotation: 8.0ut deg 0

Max. shear strain: y. Max | 0.0029

Ave. shear strain: y.Ave | 0.00145

Cumiative pincipal crack wih Cp|in 00861

Cumulative tensie crack width Ct in 0

Max principal crack width Crp Max_|in 004

Max tensie crack width Cr.Max |in 0

Max. damage category | sight

Damage category crack width Siight

Damage category Boscardn Cordng | | sight
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8.6.0 Special 3D Wizard Applications

« Caterpillar excavations

 Arbitrary excavation



.6.1 Caterpillar SOE

E AR R
General Analysis Seismic Slope MSE

Station structure (quick)

Quickly generate the internal concrete structure of
subway station for a design section where there are no slabs
Station structure (full wizard)

Quickly generate the internal basement or station structure
with detailed options

Embankment Wizard

Quickly generate an embankment with or without a flood
wall or with stone columns

Caterpillar SOE Wizard

Create a caterpillar shaped excavation for 3D FEM analysis

Stability+ Des
K K % E 1: Boring 1
- [ E s g ceree

Model | Tunnel/Utilities | Project Move Model Seoil  Structural
Wizard ~ Wizard Info | Model Elev. Dim.-Limits types~ sections = Custor
Excavation Wizard hperties UseB
1 Create 2D-3D quick models with excavation walls and e

support

T

—

—1. General
Mumber of openings 4
Reference Point X0

Spacing of king panels Sk 4%
ring wall thickness Tr £
basic ring panel width 10

Internal radivs R 42.25

&= &F & =

[~ Equally adjust panel lengths

— Bracing &t king panels
Concrete st ~

EL |0 Rotation 0 deg ~Concrete Section
Hexc 80 Hwall 120 Conc strut 2 =
Intermediate king panel dimensions
Panel face width wk & ft
Owerall section depth dK 16 ft
Face thickness i & ft

—2. Left Opening
Shape  Circular without any cuts

—3. Right Opening
Shape Circular without any cuts

—Additional Bracing Levels

Depth Hexc Support EL.
1|8 14 -8

Subgrade at each below the lowest
stage is h2 & ft support level (before
the lowest support is
installed)
—\Water
[V Use design section i: Baze model w
l OK ‘ [ Cancel l
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| 8.6.2 Caterpillar SOE

. 3D FEM only
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8.6.3 Arbitrary Excavation Shape

_| % DEEP Wizard

1. Welcome 2. Dimensions  Soil layers 3. Wall Type 5. Stages

—B. Dimensions

6. Surcharges 7. Codes

Final Excavation Depth D |45 ft Tiebacks and tierods
Wall Height H |50 ft —B2 — —B— —BR —
Excavation Width B | 100 ft -||:; T L ] -|[; T
H H H
Top of Wall Hlevation |0 i 1 J 1 1 J- J,
, Edit wall perimeter paints
Ground water Elevation |-16.404 | ft Struts. rakers. or concrete slabs
3D MNodes — O * — B2 —
ls I I
Name ‘ X Y z Surface H E
2] - 1
1 cantilever excavations
: — B2 ——
3
T
H
L
0 MoveX | NATURAL SOIL
0 MoveY |
1] Maowve z (elev) I
0K |
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- Q. Steel

connections
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| 9.0.1 Waler connected to diaphragm wall

STRUCTURAL CEMENT WALERS W24 STRUT PP30X0.5
(E1-E2)
JxW24 WALES
STRUT PP30x0.5
- , BOLTS| & & | BOLTS

-
e S

ey

]
|k

W8 BRACKET
W8 BRACKET
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9.0.2 Double channel waler

« On soldier pile walls
* Typical to use one channel with one tieback per two piles

« Channels designed for moment

M = PL/4 for both channels
PL
Z
2 Channels

Mpgs =



N (FT)

e
i

ELEVATI

8.0.3 Double channel walers

SECTION 1

ELEVATION VIEW SUPPORT OF EXCAVATION SECTION G-I ELE
) 24°-5 , 820" | c
6'-0" 6'-0' 6-0" 6'-0' §'-0" §'-0' 60" 6'-0' 60" §'-0' §-0" §'-0' 6'-0"
e I’ Il I’ /’ I’ /’ I’ /’ I’ /’ f’ I’
78" SLOPE GRADE
TO 35 DEG.
EXIST GRADE VARIES SLOPE GRADE G L +131
[EL +134'-0"+/-] B
SAFETY BARRIER CUT GRADE TO
H NOT SHOW FOR CLARITY /[EL. +123'-0"+/-]
—_—
EL. +119-4"
r
LEVEL 2 TIFBACKS
+£115'=7" W "
EL. 1”32"' = WP. EL. +115'-0
EL. +112-0"
b
I
TYPICAL SUB CELL
\ TOP OF SLAB
| O EL. +106'-3"
— L e EF E—
ELo4+103=0" b 0 b "q“ ‘F AT T T =
. — =t — 4 — - — = — — — R N N R N BRRSEEN B EEE S e
EXPECTED LOWEST WALL FOOTING — — — % % ': T
ZONE OF POSSIBLE HIGH ROCK. ROCK BOLTS MAY BE REQUIRED. .
SEE SECTION 3, SOE—03. CONSULT WITH SOE ENGINEER, V.LF. ’
PILE No. : 80 79 78 77 76 75 74 73 72 71 70 69 68 67
WALE No. ; 38W (IF REQ.) 37TW 36W 35W 34w 33w 32w
TIEBACK No. : 41T(IF REQ.) 40T 39T 38T 37T 36T 35T

PILE 80 MAY NOT

BE REQUIRED V.I.F. LOWEST DESIGN BEDROCK ELEVATION EI.

98, NOTIFY ENGINEER IF ROCK IS ENCOUNTERED LOWER THAN EL. +98 FOR RESOLUTION,



9.0.4 Double channel walers

N, =

PL 1"X12"X1'=0" (BOTTOM)
PL 1"X12"X1'=0" (TOP)

2 X CHANNELS MC 18X45.8
CUT W10X45

" THICK STIFFENER PLATE
ABOVE AND BELOW WALER (TYP.)

W10X68 PILE

CUT W10X49 IN HALF
FOR 2 TEES

-
T
|
aa
|
|

DRILLED IN STEEL PILE

PL 1"X12"X1'=0" (BOTTOM)

2 X CHANNELS MC 18X45.8
7 WALER (TYP.)

PL 1"X12"X1’-0" (TYP.)
HOLE DIAMETER TBD BY
TIE-BACK MANUFACTURER,

NOT TO EXCEED 4"9.
TIE-BACK (TYP.)
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9.0.5 Tieback through W waler

« W walers may be used as walers for tiebacks
* Need to cut hole through web, flange, or both

e Cut hole reduces section modulus of waler

183



9.0.6 Tiebacks through W walers

» Greater loss of section due « Smaller loss of section due
to flange. to smaller holes at flange.
- Easier to connect to pile * Requires connection

bracket to connect to pile
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9.0.7 Example Tiebacks through W walers

Calculate Moment of Inertia and Section Modulus of the two W walers

cases.
b=12.3"
W 12x120*— =
7y
1 1) ! [t =111"
1 o
RS v
£ =K =O.Z1” _: _132 X d=8n
ymSS v
RN =111

b~|=4.1” I
s=4.11y

S, = 163 in®
Syy = 56 in’

Bending y-y
Calculation of x,, (position of y-y

%L b/2 = 6.15" (symmetry)

Modulus of Elasticity

Iy = Iy,l + Iy’z + Iy’g + Iy,4

tr - b3
_ T _ ;
I, = 5= 172.13 in*
L+ 3
w .
L, = o= 0.239 in*
tf * b13

lys =lys ==ty by s> =82877 in*
So, I, = 338.123 in*

Section Modulus:

Il
_ Yy _ .
Syy = bz 54.98 in3

Bending x-x

Calculation of y,, (position of x-x
M: Ay + Azy, + +Azys + Asy,
. A+ A, ++A5 + A,
Modulus of Elasticity

= 7.82"

I, = Ix,l + Ix,2 + Ix,3 + Ix,4

b-tg3 ) »
L, = v +tr-b-s” =304.071in
t, - d3
L, = W1—2+ t,-d-s,?=113.178 in*

bl * tf3
Ix,3 = Ix,4 = 12

+t; - by - 53 = 238.821 in*
So, I, = 656.07 in*

Section Modulus:

I
Sey = — = 83.896 in3
Ym



S
v

Jt, =111

a

d=10.9’

;=111

Bending y-y
Calculation of x,,, (position of y-y

axis) Aixqy + Ayxy + +Azx3 + Agxy
x =

mn A+ A, ++A5 + A,
Modulus of Elasticity
Iy == Iy,l + Iy’z + Iy’3 + Iy.4 + Iy’5

= 6.284"

tr by’ .
Ly =1ly4 =2+t b 52 = 81934 in*
d-t,>
I3 = 12”” +d-ty,-s,% = 0464 in*
tr by
f 2 .
L,=1,5= 0zt b, - s3% = 80.604 in*

So, I, = 325.54 in*

Section Modulus:

I
Syy === =518 in?
xm

Bending x-x
Calculation of y,, (position of x-x

axis)
ym = D/2 = 6.55" (symmetry)

Modulus of Elasticity
I, = Ix,l + Ix,z + Ix,3 + Ix,4 + Ix,5

by - t;3
Iyt = lya = 112f +t; by - 52 = 132.044 in*
t, - d3
Lz = le = 76.623 in*
b2 * tf3

Lz = lys = =5+ ty by - s> = 260,681 in*

So, I, = 862.073 in*

Section Modulus:

I
Syy = — = 131.614 in3
Ym
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.0.10 Pipe hole through soldier pile

&"g XS FIPE 12"

T >—&—\
YF. 7

%"# x 6" WELDED SHEAR
STUDS @ 1'-0" ON CTR.

/—EEAKING FLATE

LT | ___—ANCHOR HEAD ASSEMBLY

[~ = |> <TYF. BOTH ENDS
P—q e OF &"#¢ FIPE

B 1% x 12 x 16 A \
\}9__lf B 1% x 12 x "6
Y6
Y6
= TYP.

MIN,
(TYF.)

Tt

1

73"

02

T

—

WEB & 8" X5 FIFE

SEE NOTES TO
DESIGNER

?
|
fl.

| —E 12 x 12 x 1'-6

é (T‘YF‘. ALL
% 4 SIDES
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9.1 Trick of the trade (with walers and more)

* Need greater strength at specified location?

« Use web or flange plates

P 1x12

P
A
A
A

\ WALERS
/3 XW

Bf , Bf | Bf

188



Quiz: Waler design - Torsion

You have a 70 ft wide sheet pile braced excavation supported by cross-lot
struts, corner braces, and walers. The walers are welded on the sheet piles,
and the struts and braces are welded on the walers without brackets. Should
you consider torsion for the design of the walers?

a) Yes, torsion should be considered
b) No, torsion can be ignored




9.2 Flanges and Webs with Concentrated
Forces

This applies to single- and double-concentrated forces applied normal to the flange(s) of wide
flange sections and similar built-up shapes. A single-concentrated force can be either tensile or
compressive. Double-concentrated forces are one tensile and one compressive and form a
couple on the same side of the loaded member.

When the required strength exceeds the available strength as determined for the limit states
listed in this section, stiffeners and/or doublers shall be provided and shall be sized for the
difference between the required strength and the available strength for the applicable limit state.
Stiffeners are required at unframed ends of beams.

[ 3 ===



9.3.1 Flange Local Bending

This applies to tensile single-concentrated forces and the tensile component of double-
concentrated forces.

The design strength, ¢R,,, and the allowable strength, R,, /02, for the limit state of flange local
bending shall be determined as follows:

Ry, = 6.25-t:% - Fyf
$=0.90 (LRFD) 0=1.67 (ASD)
where: F,r = Specified minimum yield stress of the flange
t; = Thickness of the loaded flange

If the length of loading across the member flange is less than 0.15 - b¢, where bf is the member
flange width, the previous equation need not be checked.

When the concentrated force to be resisted is applied at a distance from the member end that
is less than 10 - t¢, R,, shall be reduced by 50 percent.

When required, a pair of transverse stiffeners shall be provided.



9.3.2 Web Local Yielding

This applies to single-concentrated forces and both components of double-
concentrated forces.

The available strength for the limit state of web local yielding shall be determined as follows:
$=1.00 (LRFD) 0=1.50 (ASD)

The nominal strength, R,,, shall be determined as follows:

I. When the concentrated force to be resisted is applied at a distance from the member end that
is greater than the depth of the member d:

R,=(G-k+N)-t,-F,
ii. When the concentrated force to be resisted is applied at a distance from the member end that
is less than or equal to the depth of the member d

R,=@25-k+N)-t, E,,

where: F,r = Specified minimum yield stress of the web
t, = Web thickness

k = distance from outer face of the flange to the web toe of the fillet

= = length of bearing (not less than k for end beam reactions)

When required, a pair of transverse stiffeners or a doubler plate shall be
provided.



9.3.3 Web Local Crippling

This applies to compressive single-concentrated forces or the compressive component of

double-concentrated forces.
The available strength for the limit state of web local crippling shall be determined as follows:

$=0.75 (LRFD) 0=2.00 (ASD)
The nominal strength, R,,, shall be determined as follows:

i. When the concentrated compressive force to be resisted is applied at a distance from the
member end that is greater than or equal to d/2:

1.5
N\ [t
R, =080 -t,2- 1+3-<—)-<—W>
" W [ d) \t, t,

|E-t7 - B

R, = 0.40 - t,,2 -

1.5
4N t
1+ (— — 0.2) : (—W>
d ty

ii. When the concentrated compressive force to be resisted is applied at a distance from the
tw
where: d = Overall depth of the member

member end that is less than d/2:
E-trE,y
|
t; = Flange thickness

For N/d < 0.2 i For N/d > 0.2
Ny (t ] E -t B - ,
1+3'<5)'<E) J— R, = 0.40-t,>2-
When required, a transverse stiffener, or pair of transverse stiffeners, or a doubler plate
extending at least one-half the depth of the web shall be provided.



9.3.4 Web Sideway Buckling

This applies only to compressive single-concentrated forces applied to members where relative lateral movement between
the loaded compression flange and the tension flange is not restrained at the point of application of the concentrated force.
$=0.85 (LRFD) 0=176 (ASD)
The available strength of the web shall be determined as follows:
i. If the compression flange is restrained against rotation:
For (h/ty)/(1/bf) < 2.3: For (h/t,)/(1/bs) > 2.3:
Cr -ty - ty h/t,\’ The limit state of web sideways buckling does not apply.
f

When the required strength of the web exceeds the available strength, local lateral bracing shall be provided at the tension
flange or either a pair of transverse stiffeners or a doubler plate shall be provided.

ii. If the compression flange is not restrained against rotation:
For (h/t,)/(1/bs) < 1.7: For (h/t,)/(1/bs) > 1.7:

C.-t,3t h/t,\°
PR TR ) P LA
n /b,

When the required strength of the web exceeds the available strength, local lateral bracing shall be provided at both flanges
at the point of application of the concentrated forces.

The limit state of web sideways buckling does not apply.

In the above bs= Flange width h = clear distance between flanges less the fillet or corner radius for
equations: t, = Flange thickness rolled s_hapes; distance between adjacent lines of fasteners or the
t,, = Web thickness clear distance between flanges when welds are used for built-up

shapes
[ = largest laterally unbraced length

. . C,= 960,000 ksi when Mu < My (LRFD) or 1.5Ma < My (ASD) at the location of the force
%Zgg either flange at the point of ™"_7 25500 ksi when Mu = My (LRFD) or 1.5Ma = My (ASD) at the location dfthe force



9.3.5 Web Compression Buckling

This applies to a pair of compressive single-concentrated forces or the compressive
components in a pair of double-concentrated forces, applied at both flanges of a member at the
same location.

The available strength for the limit state of web local buckling shall be determined as follows:

$=0.90 (LRFD) 0=1.67 (ASD)
p 2t tw> * JE - Epy
n = n

When the pair of concentrated compressive forces to be resisted is applied at a distance from
the member end that is less than d/2, R,, shall be reduced by 50 percent.

When required, a single transverse stiffener, a pair of transverse stiffeners, or a doubler plate
extending the full depth of the web shall be provided.



0.3.6 Web Panel Zone Shear

This section applies to double-concentrated forces applied to one or both flanges of a member at the same location.

The available strength of the web panel zone for the limit state of shear yielding shall be
determined as follows: $=0.85 (LRFD) 0=1.76 (ASD)
i. When the effect of panel-zone deformation on frame stability is not considered in the analysis:

For P, <0.4- P For B. > 0.4-P,: p
R, =060"-F, -d.-t, Rn=0.60-Fy-dc-tW-(1.4—Fr>
C

ii. When frame stability, including plastic panel-zone deformation, is considered in the analysis:

For P. <0.75-P.: For B. > 0.75- P.:

3 : bcf * tcfz 3 * bcf * tcfz 12 * PT
R,=060-F,-d.-t, |1+——"——— R,=060-F,-d.-t, - |1+——|:|19—
" v et ( Ty de oty " e T d 2

When required, doubler plate(s) or a pair of diagonal stiffeners shall be provided within the boundaries of the rigid connection
whose webs lie in a common plane.

In the.above A= column cross-sectional area P. = P, (LRFD)

equations: b.s = width of column flange P, = 0.6 - P, (ASD)
dp = Beam depth P. = Required strength
d. = Column depth P, = F, - A = axial yield strength of the column
F, = specified minimum yield stress of t.r = thickness of the column flange

the column web t, = column web thickness



9.3.7 Unframed
Ends of Beams and
Girders

« At unframed ends of beams
and girders not otherwise
restrained against rotation
about their longitudinal axes, a
pair of transverse stiffeners,
extending the full depth of the
web, shall be provided.



9.3.8 Additional Stiffener Requirements
for Concentrated Forces

Stiffeners required to resist tensile concentrated forces shall be designed in accordance with the requirements of
Chapter D and welded to the loaded flange and the web. The welds to the flange shall be sized for the difference
between the required strength and available limit state strength. The stiffener to web welds shall be sized to transfer
to the web the algebraic difference in tensile force at the ends of the stiffener.

Stiffeners required to resist compressive concentrated forces either bear on or be welded to the loaded flange and
welded to the web. The welds to the flange shall be sized for the difference between the required strength and the
applicable limit state strength. The weld to the web shall be sized to transfer to the web the algebraic difference in
compression force at the ends of the stiffener.

The member properties shall be determined using an effective length of 0.75 - h and a cross section composed of two
stiffeners and a strip of the web having a width of 25 - t,, at interior stiffeners and 12 - t,, at the ends of members. The
weld connecting full depth bearing stiffeners to the web shall be sized to transmit the difference in compressive force
at each of the stiffeners to the web.

Transverse and diagonal stiffeners shall comply with the following additional criteria:

I. The width of each stiffener plus one-half the thickness of the column web shall not be less than one-third of the
width of the flange or moment connection plate delivering the concentrated force.

ii. The thickness of a stiffener shall not be less than one-half the thickness of the flange or moment connection plate
delivering the concentrated load, and greater than or equal to the width divided by 15.

iii. Transverse stiffeners shall extend a minimum of one-half the depth of the member except as required in sections 3.8.5
and 3.8.7 above.



9.3.9 Additional Doubler Plate
Requirements for Concentrated Forces

Doubler plates shall comply with the following criteria:
i. The thickness and extent of the doubler plate shall provide the additional material necessary to equal

or exceed the strength requirements.
ii. The doubler plate shall be welded to develop the proportion of the total force transmitted to the

doubler plate.



Quiz: Corner waler connections

You have a 90 degree corner wale to wale connection with W24x120
beams. Should you specify web stiffeners plates?

a) Yes
b) No




| 8.4.1 Steel Connections Done Wrong #1

* Nicoll highway collapse

J. Endicott, 2004

CEMENT MORTAR

Dlaphragm Wall
THK. 1000mm

HOLE :
@35 W/GROUT

L=100x100x10

ANGLE

WALING
H-300x300x10x15

6
.?/ a-M22
STRUT

| i \H—SOOxSOOMOxlS AL

STIFFNER R (2EA)

200x145x50x141

BRACKET
RE-BAR D29

201



| 9.4.2 Steel Connections Done Wrong #2

5000
4500
4000
3500
3000
2500

2000

Axial Load (kN)

1500

1000

500

(After COI Report Ref 1)

-10 -5 0 5 10 15 20 25 30 35 40 45 50
Sway of Waler Flange G







9.4.4 Steel Connections Gone Wrong #2
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9.5.1 Steel Connection

« Create deep excavation box 40ft

X 40ft, sheet piles

« 35 ft deep, one support at -10ft

% DEEP Wizard

1. Welcome 2. Dimensions | Soil layers 3. Wall Type 5. Stages 6. Surcharges 7. Codes

— B. Dimensions
Final Excavation Depth D |45

Wall Height H |50

Excavation Width B |40
Top of Wall Blevation 0
Ground water Blevation -20

s = = = =P

B2 40 ft

Tiebacks and tierods
ITTBJ’Z—l TET
i) P
l l

Struts, rakers, or concrete slabs

—Support options
Horizontal Spacing | 20 ft

Structural section

| Create a new structural section for
each support level

—B— —BR2—
I’I Il l B
1 J_ 1

l

Frames, circular shafts, and cantilever excavations

PMG00X19 v

—— B2 —— —— B2 —— ‘

T
B1
L
T
H
L

Example

— Soil Layers

r—&vailable Borings —

Add New Baring

Delete Selected
Boring (Stratigraphy)

Clone Boring

—1. General Boring Information - Coordinates
Name Boring 1

Coordinates X 65617 | Y 0 ft

The x coordinate controls where the baring 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)
v||  Addedt SPTrecords |

SPT Record | Not assigned

[+ Pass same SPT log to boring (3D visualizations)

—CPT Record Option (Applies to Design Section)
CPT Record | Not assigned v||  AddedtCPTrecords |

2. Boring Layers - Layer Elevations

El?::.m} Sail Type OCR | Ko Edit
3 E |1 05 Edit
30 51 |1 D.441 Edit
45 Clay |1 05 Edit
: -

Insert Layer ‘ | Delete Layer ‘

ok J[_cng05




9.5.2 Steel Connection Example

Optimize initial design section
Wall embedment FS >=1.3




9.5.3 Steel Connections - Top View

 Resize excavation for sheet

3D Model Wizard

1. Perimeterto Use 2 Design Section 3. Wall Perimeter 4. Topographical 5. 0K

A How do you want to create a 3D model?
Generate a standard shape (rectangular) by modiying the selected perimeter

The wizard works by generating a Wall Perimeter from nodes used in a 3D
Perimeter. Then the 3D perimeter is used to generate the Wall Perimeter and the
excavation surface as well as all wales and slabs.

Option 1. Select and Existing 30 Perimeter to Use

3D Perimeter Excavation Perimeter Ee

[~ Option 2. Create a New 3D Perimeter and Nodes

Reference Point X0 Y0 Z0

©) Rectangular Shape DX 40 f DY |40 ft Qo deg

B

*

pile sizes

B

SOTXZTM 07V

A_1: W12X106

A_3:W12X106

Ed

103334

A_2W12X106

e

e

123041

245090

12304

GOTKZTA 0 ¥

A_3: W12X106

24,509k

A_2TWI12K106

123048

245091

12304k
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9.5.4 Optimize Walers and Braces

Optimize waler beam A_D at EI. -10ft

Please select from the available list

Area=104in"2: W33 354, Stress check=

Area=107in"2: W40k 362, Stress check=
Area= 109in" 2 W4Ak372, Stress check=
Area= 114in" 2 W3k 387, Stress check=
Area= 115in" 2 W3kk391, Stress check=
Area= 116in"2: W3k 395, Stress check=
Mrea=117in"2 W40x397, Stress check=
Area=127in" 2 Wdlk431, Stress check=
Area=130in"2: W36xd41, Stress check=
Area= 143in"2: W36x487, Stress check=

0.999

Area=106in"2: W3Ex361, Stress check=0.341

0.958
0.937
0.906
0.941
0.851
0.866
0.795
0.756
0.68

Optimize strut AD with length L= 15879t

—Flease select from the available list

Area= 44 33in"2; PP38x0.375, Stress check=0.974
Prea= 45360072 PP20x0.75, Stress check=0.995
Area= 459in"2: PP24x0 625, Stress check= 0.965
Area= 46.34in"2: PP30k{0.5, Stress check=0.941

Area= 46.68in"2: PP40x0.275, Stress check=0.923
Area=47.07in"2; PP18x0.875, Stress check=0.974
Area=47.12in"2: PP16x1, Stress check= 0.996
Area= 4904 in"2: PP42x0.375, Stress check=0.878
Area= 49.48in"2: PP32x0.5, Stress check=0.879
Prea= 49.82in"2: PP26x0.625, Stress check=0.884

Area=50.07in"2: PP22x0.75, Stress check= 0.392

74176kt ErERET

208



9.5.6 Optimized Bracing (not connections)

12304k

248080

12304k

>
=
£
w
2

A_L:W36x361

A_3:W36x361

A_2IW36x36L

12.304

12.304

Steel Connection Data

F—
L2 Stfiener status
Name [WALE: A_0-STRUT: AT
Horizontal angle 45 dea Max, weld stress check (all stages)

Input  Stage Results
—Cennection Options

ey

—Connection Stub
Type| Use H for W) beam stub -

Stub section __W-waﬂ v

Min. overlsp with st

\eld (pipe to connecter

—Stiffeners
Siffener Name__| Location Thick ) Height i) Wiicth i)
¥ Top ~lors 57955 10529
FL1_B Bottom j 075 5.7955 10.929
PL2T Top <o 57955 10823
FL2_B Bottom j 0.75 5.7955 10.929

Weld Size|0.375 ~ | in I Remove stiffeners

[v Match changes to similar steel connections oK Cangel
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O0.5.7 Steel Connection Results

-

AN

3D Frames mnanyse " H
3D Frame Calculation Summary O X
Summary  Wale resuts  Strut resuits  Cost estimate
—Select
(@) Show all tems () Show only selected elevation Hev.-10
Results for walers (30)
Elev. Moment Shear Axial RAT RAT M RATV Length Weight Section
¥ Nome n D ) - - - ) )
AD -10 174234 (50345 |100636 (0541 (0841|0738 49217 177673 |W3Rd361
At 10 174234 (50349 |100696 (0941 (0841 |03 49217 177673 |W3Re361
A2 10 174234 (50349 |100636 (0341 (0841|0736 49217 177673 |W3me361
A3 10 174234 (50349 |100636 (0841 (0841|0736 49217 177673 | W3Re361
Results for steel (walers to siruis)
ﬁwﬂ]ad S22 | Weld Length (n) stifeners | P | FAT | BeseL “E,“f;z':é'n) a
> WALE:A_D-STRUT: AD [ 91.266 | B8 N/A N/A N
WALE: A_3-STRUT: AD 05 91.266 | EBE N/A N/A N
WALE: A_D-STRUT: Al 05 91266 | R NiA N
WALE: A_1-STRUT: Al Al Al 05 91.266 ] B3 N/A N/A N
WALE: A_2-5TRUT: A2 A2 A2 [ 91.266 | B8 N/A N/A N
WALE: A_1-STRUT. A2 A1 A2 05 91.266 | EBE N/A N/A N
WALE: &_2-STRUT. A3 A2 A3 05 91.265 | B8 N/A NeA N
WALE: A_3STRUT: A3 A3 A3 05 91.266 | B8 N/A N/A N
A 1040 AD Al 025 59.56 &7.79%.. 0481 |0 N/A N
A_To-A_2 Az Al 01875  |5956 &779%. 0116 |0 NiA N
A_3t0A2 A2 A3 025 5956 57.79%.. 0461 |0 N/A N
A 3040 AD A3 01875  |5958 &779x. 0116 |0 N/A N
< 2>
Results for struts and anchors (3D)
Results for struts (30)
lengh | Moment | 7X3 | RAT | Weight | Section
¥ Name - [ - % Name
AD 12822 329 126834 (0932  |2037% | PR3O
Al 12822 |31 126834 (0932|2037 | PP3MD..
A2 12822 329 126334 (0932|2037 | PP3N0..

DeepEX: Steel Connection Optimization X

Stiffeners are required, optimization routine obtained size.
Weld size:0.6875 in
Stiffeners added: H= 4.707in, t= 0.675in, welds (2x)= 0.375in

210




9.5.8 Sample Steel Connection Results

Steel Connection Data

Refresh

—Name and section type
Name |WALE: A_0-STRUT: A1

Horizontal angle 45 deg

Stiffeners are required.
Provided shiffeners are adeguate.

Max. weld stress check (zll stages)

Input  Stage Results

—Stiffener Results trut 'weld Results
o Pl | T B, e e s | e
Force Stiffener Force b Weld size {in) 0.6875 MN/A 0.6664
0 0 0 N/A Stress at welds ksi) 14381 14847 |W/A
LRFD J1... |0 0 0 NAA S Welds in3 94399
LRFDJ1... |27627 |0 173.03 Yes Syy Welds in3 64.27
LRFDJ1... |0 0 0 N
LRFD J1... 40471 |0 4459 Yes
LRFDI1_ |0 ] ] NAA
LRFD J1... |0 o o NAA ‘weld stress check 0.959
LRFD J1... [0 ] ] N  Stub results
LRFD J1.. |757.88 |0 0 No s | Vae ?h,zsci
Panel W.. | 76455 |0 ] No
b Al Strength 75327 1634
Shear strength (along welds) k) 561.6 2258
Weld strength strength ) 1386 0915

Stiffener strengths reported below for two stiffeners (top and bottom)
Compression Stiffener Strength  633.5 k

Tensile Stiffener Strength 408,16 k

Stiffeners are adeguate.

™ Match changes to similar steel connections

OK Cancel

“Name and section type

Steel Connection Data

Name

Horizontal angle

45

deg

Stiffeners are required
Provided stiffeners are adequate.

Max. weld stress check (all stages)

=
@
)
2

Input  Stage Results

G ion Options
Vel Size[08125 | in | Selected ields
G ion Stub
Type Use H for W) beam stub ~
Stub section |W4k327 ~
Clearance to strut
Min. overlap with strut
‘weld (pipe to ) |04375  «~|in
—Stiffeners
Stiffener Name Location Thick {in) Height {in} Width {in)
3 PLI_T Top j 1625 779 3358
PL1_B Bottom j 1625 779 3398
PLZT Top j 1625 779 3398
PLZ_B Bottom j 1625 779 3398
wield Size in [ Remove stiffeners l

[~ Match changes to similar steel connections

OK Cancsl
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9.5.9 Knife Plate Connection

~MName and section type

Name |WALE: A_0-STRUT: A1

Horizontal angle 4

Stiffener status

E

5 deg

Max. weld stress check (a

Input  Stage Results

—Connection Options

Weld Size|0.6875 ~ | in

—Selected Welds

r—Connection Stub
Type| Use knife plate

Weld (pipe to connector)

pjso  |in 2 i
Min. overlap with strut in

e -

Stiffeners

Stiffener Name Location
» PL1_T Top

PL1_B Bottom
PLZ_T Top
PLZ_B Bottom

Thick {in) Height (in)
~||os7s 779
_~|l087s 779
_~||0a7s 7.79
~|l0.87s 7.79

Width {in)
3398
3398
3398
3398

Veld Size in

Remove stiffeners

teel Connection Data

lame and section type

(EUPMIWALE A 0-STRUT: Al

Horizontal angle 45 deg

Stiffeners are not reguired

Max. weld stress check (all stages) 244

put  Stage Results

‘Connection Options

Weld Size|0.3125 ~ | in

Selected Welds

-Connection Stub
Type|Use knife plate

0 o1
Clearance to strut
Min. overlap with strut

‘wield (pipe to connector)

L4 I

3
3
40 in
0.75 in

n

in

i

“Stiffeners

Stiffener Name Location
3 PL1_T Top

PL1_B Bottom
PLZ_T Top
PLZ_B Bottom

Thick ({in)

~|/18625
|82
~|/1825
/1825

Height (in) Width {in)
779 3398
779 3358
779 33398
779 3398
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.5.10 Keep it SImp

12.304ft 24.503f

¥

Ed

=
E

Steel Connection Data

—Mame and section
= Stiffener status
: STRUT: A1
T Horizontal angle 45 deg Max. weld stress check (all stages)
Input  Stage Resutts
—Ci ion Options
AL BT Weld Size[0.8125  +|in fezi=ilitis
12 304ft
—Ci ion Stub
b= Strut Se.ctlon; Type| No stub (member connects directly)
|—St"'-It Sections — | A Type-Dimensions B, Advanced
PP30x0.5 1N
PP24x0.500 Eme
Vi36:361 [W3xaET |
—2. Section Type e —— —
[ 1on aton i ¥
* ic H Use a steel -Section |UEEEE] w Aoply section & Flat H I—}x [
roperties |y
. @ Use a pipe section prep " Vertical T .L!w =
L2,
i |:| Use hollow sections [~ Double member options
¥ Single member
Steel material | ASD ~ (" Double member [ Stiffeners
B ) i Stiffener Name Location Thick {in) Height {in) Width (in)
¥ Mrodel strut section s nom-yielding (in nonfinear » R Top =|[1825 779 3398
) : PLIB Bottom ~|[1825 779 3398
™ Edit strut properties manually
3. Section Dimensions - Mech | Properties PL2T Top j 1625 773 333
- D|3s in Atgs 2 #lso ksi E[29000 |ksi PL2 B Bottom ~|[1825 779 3398
= in el 1 12 in k 296 1.
= Delete Selected e
24.509% S Stnit Section ind J109 ind (ET plf weld Sise0 75 - l . .
e . |ze n emove stiffeners
a Add New Sin i3 7o(1550 N3 zyyzea  [ind -
r 1 r
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9.6 Frame Options to reduce moments

« Corner arching effects (EAB)
 Clear span points on walers at struts (mid point or edges)
« Waler points of rotation

« Splays



10.0 3D FEM Analysis

« Wizards generate quick models
« Wall perimeters — wall segments
- Walers

« Struts

« Anchors

 External 3D loads

215



10.1.0 General FEM3D Settings

DeepEX 2024 (24.0.2.1): New Project
Analysis Seismic Slope Stability+ Design Results Report View Optimize 3D-World 3D-FEM Monitoring Hel

‘ ahz E -.I:‘.- % % E a @ E Suﬁ Showj}e{rmed@s;‘:!t v«.f+ B

Clays Water Edit 3D Soil Add 3D Generate Analyze
- Pressures = | surfaces~ stratigraphy - surcharges~ | mesh 30 FEM - table shape - - = Elements o
Mesh and Run Results

General

= O

View Refresh3D | Hide Model Stage
3D FEM FEM model ' items - | |Options | Options ~

FEM 3D p
—Meodel Boundary Dimensions
Xmin 270 f Xmax 260 ft

Ymin -200 ft Ymax 190 ft
Zmin -150 ft
—Mesh Pref

Mesh refinement:  Coarse

[~ User defined mesh

wn
=+

Soil element relative size:

£

—Analysis p
¥ Calculate initial stress by imposing Ko conditions (gravity loading analysis otherwise)

—Exponential model used in FEM
reformulated hardening soill model (Bower et al 2018) with MC yielding Criterion

o

“\wfith this option the user selects the constitutive law used in the FEM analysis for the soils
with the exponenential model defined in the soil properties tab "C.Elasto Plastic™. When the
automatic corellation option is disabled this option is ignored.

—Minimum cohesion (all stages)

v Specify min. cohesion for better .
convergence minc= |0 psf

Cancel Ok )
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10.2.0 Wall Properties for 3D FEM

« FEM3D tab on wall
sections

fl. Edit Wall Properties
-Wall Sections ——

Ring Panel 0
King Panel 1

A Wall Type C. Sheet Piles
— Determination of 30 FEM Flate Properites
All 3D FEM properties are user defined

A Wall Type C. Sheet Files
Determination of 30 FEM Plate Propenites

FEM3D F. Draw

DeepEX automatically determines properties

Determine properties as a percentage from main axis properties
All 30 FEM properties are user defined

FEM 3D

F. Draw

d

density

— User Defined FEM 30 Propriies

1.4
D.022728

353008 515424758

0.15

o
0.75735(
0. D00E8:
1]
0.12623"
0.0378E6:
0. 22866¢
0. D0026€
0.00762:

ft
ki3

fraift
frd/ft
fraift

Calculate default properties (0 values
will be automatically set imtemally
during calculations)
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10.3.1 Wall Perimeter - Segment Options

« Unlink from 2D design section 51.3:;;

Active-Inactive

(for structural properties) e

Select design section and wall

« Length options (wall depth) e e

Design Section  Base model

Wall Wall 1

Iv Use worst loading from all linked design sections v Apply to all segments

Wall Ring Panel 0

Wall Length L1 120 ft
‘wall Length L2 120 ft

Wall section  Bracing levels Arching effects  Elevations  Interfaces-FEM3D  Elemerts



10.3.2 Elevations, Interfaces, Elements

n
——Name

Wall section  Bracing levels  Arching effects
WHN32

Blevations Intefaces-FEM3D  Flements

[ User defined interface value (otherwise software automatically selected based on wall section)
Active-Inactive I

¥ \Wall segment is active for current stage
Select design section and wall

I+ Deon'tlink wall segment to 20 design section

Connection to previous . .
[
™ Use a different design section and wall from the wall perimeter wazll segment Gl i el
Design Section  Base model Connection to next ) )
wall segment Automatically determined
Wall Wall 1 ~

¥ Use worst loading from all linked design sections W Apply to all segments

Wall Ring Panel 0 ~
Wwall Length L1 120 ft
‘wall Length L2 120 ft

Wall section Bracing levels  Arching effects  Hevations  Interffaces-FEM3D  Elements

These options allow you to add additional wall elements that can be activated or deactivated at
different stages.

Wall section  Bracing levels  Arching effects  Elevations  |ntefacesFEM3D  Elements

These options allows the program to recalculate the top of wall elevations based on the

N Top. EL Bottom
topographical ground survey. The adjustments will take place only if topo points are defined in the Dt
imtial natural surface at stage 0.

) EL. ft) Wall section Options

Reset elevations  Dont change elevations

- Sy teat end Start-End Elevations
elevations StartEL. 0 ft

EndEL. O ft

Add wall element at Add wall element at Height 10
bottom top



10.4.0 Wale Segment End Connections

[0 Y

A Waler Data B. Loading Pattems C. Stages-Activate D. Joints

Name A_0
Elevation -2 ft
(General waler section (steel or concrete) w
Waler section H-Waler - Edit |

[~ ‘Waler is & cap beam
Wall penmeter Perimeter 0 <

Wall segment WHD 2

Attach m% Not attached to a bracing line -

Stat-End Nodes Connection options  Extenions

These options connect how the waler extends or gets attached physically to other walers at the
end and start points. These options are applicable only if the waler is connected and are not
used otherwise.

Atstartpoint Waler extends to full length of wall seament [ Moment connection

Atend point Waler extends to full length of wall segment | Moment connection

Show full calculations

Analysis Options
Analysis Automatic - Point loads for soldiertangent pile ~ [ Toall
Start corner taken at At edge of waler w
End corner taken at At edge of waler ~

Reductions in axial force due to interface fnclion
Ignore {full axial load calculated) W

Unsupported length in vertical directions
Braced at support locations -

[~ Apply to all walers

Use custom waler angle
™ Use user defined angle from horizontal

Strut reaction method
Position strut reaction at stnut center (largest ~ | Apply to all walers
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11. 3D City

 Import city buildings, elevations (cadmapper)
* Import utilities

« Generate new tunnel/subway line

 Position stations

« Estimate service level improvements

« Estimate costs & benefit analysis




. 11.1Set Map Location

I | T amokchupe o modspog otnv & X @ Create | CADMAPPER x | -

Import map image from Goagle Maps
“Map information imported Map Move infree google maps < G ] ] https://cadmapper.com,/pro/home
Use online map service v — TR A - . — B

lriziicie 5;2* o Longitude 1825145006179 Latitude & M R

-118.251450061798 c. . n PE Fr
Latitude arn Jewelry \WI =]

34.0455300711071 Jeweler — )

Zoom level ’
e ) Mark Broumand B . DTLA Smoke Shop CREATE MAP Search or input lat,lon_.. [
Aogle 0 *‘!' @ 0 .

T — Metro h‘y T—Mnbile@ t‘»‘@ < Riced Sel desi

- Cell phone store antonese
@ @ & =) e el oo elect your design program
" satellite  terrain %Q? Chicken = |

[ e D TownBuger 1Q) iy T
I~ Use paid Google Maps Key e @ Fampraaniin B AutoCAD @ SketchUp 2015+ [ lllustrator

|
\\‘\‘ SixthSarn

Shoe store

w Jewelry Center Slurbuckse @ nalE
~Image size (pixels) a E'ﬂ v.]fwel?y Yois. 5] . ArchiCAD SketchUp 8 to o
widh 400 2 Rhino 5 rchi 2014
2 s Pizza
B 45} Burlington = .~.i§’?i£‘.ﬁ‘.”s¢ I Blueslane
izl Clothing store Hakuten sl
_romnponinn_| v NN ' ° *
Frocess map coordinales Rise Athletics LA: G Other (.DXF) «/
= Best HIT, MMA & Eds Box & Supply Co © cirtons Repubic Q i
Image =
Gusto Greeno el Q S Fidaler Supal
5 LogiFix iPhone, iPad, Exchange LA
Set reference point on screen I “ Ma%buuk, Samsung..@ a. The Haas Building LA. Cafe -\{9 >
Project reference coordinates —— r{\o" Mobile phone repair shop H 9 %"‘:" Joe's AL Include ank
N - e o -
xref 0 G_;Z\ United Bldgo $'§' . @ PresidentiHot
e g S 0 Joe's Auto Park
vref g b Q)@m Carl's Jr Tierra Mia Coffee E
A Ross Dress for Less ) Fast Food - § 9 9 a Tarnk:
__ Septraprrce | A =) o 9
Scale factor 1 The Reserve
— THE CORNER bugstere B
x Pixel offset. 0 BARBERSHOPS ®... g H - . . .
e b Bg, 2jLAsmokeshop 3D Buildings (if available) Topography 1 B
b o GlobaBal
B — cos Qgh f
Clothing st iekh ® Little Dama i i
. — it ot Shoe store EneiDamage d (M| Set false height if no 3D data Contours T AT O
Footaction = a Leo Nail bar
I™ Mapis visible in map Shoe store ¢LDS Eng:l‘es'e 5]
- nosemsmons@ @ o QU
O oThe Chapman Flats N T e Shiadang'Korear
L | [N Al g ~ 9 BrogZo REf” ) < Road Geometry J
JawibunEter Inn
Centerlines v T~
-

-~ ASBIEar



11

i Copy and paste text from

CAD-MAPPER website
here:

L o5 A

Cir fill each Value from duxf map:

Ltm Zone

Easting

MNorthing

Reference Elev. 0

Launch Cadmapper.com

File Type: Other (.DXF) DXF

Area: 0.913 km?

11.2 Import Cadmapper DXF

Buildings: 554 total, 37 with height value (7%)
Topography: Included,|2102.66 m above sea level |

Settings: Road centerlines, 3D buildings (no value = 10.0 m)

Spatial Reference System: Meters; UTM [zone: 12, easting: 439332.93, northing: 3894319.74 |

DOWNLOAD (220.9 KB) Download available for 1 week.

Ws 2 o S5

o o
. h*i.w

=1

,,.t

A

|
dah'lnet'ﬁ by bun

I'Hay Mg

i

g
Fapaslonn's ‘




. 11.3 Draw Subway Lines & Stations

| Subway Line kditor A
—1. Name and Basic Data
Name _ Cdor [
™ Is existing gl Sway -
Subway lines can be used to guickly create subway alignments with stations and tunnels for a whole
project. Method TBM Soft Rock, Ground (shielc -~
—2. Data
2.1 Plan Coordinates 2 2 Hevation Profile 2.3 Stations and Shafts 2.4 Section Along Path
| EL | Shape Type Station X Ground EL Set Elevations From Topo
| Line =ljo 263.5436013563... Reset Ground Elevations from Topo
~ || 878.0180641711... |292.0209313907...
_I Set alignment elevations from ground Depth 15 ft
;I 1371.215031925... | 255.24600646174 minus depth -
;I 1624169699543, . | 296.4300416073... Set alignment elevations from start Slope -25 %
depth with slope
LI 1785.161748055... | 296.53873073515
Recalculate stations and elevations
LI 1944 936568046, | 296 4807861164, {with Elev. profiles)
LI 2854 636195346, |301.9608728118...
Reset Mode Station Positions
;I 3043.522056415... | 316.3750164948...
;I 3486.465125278... | 364.8200317424... Associated Geological-Geotech Section
;I 3856.371555016... [412.1508475058... Long. Section Subway line: e
LI 3928 .694732770... |415.5537511915... [ R T e e e e T Lo
LI 4611507657652 | 389.6476869250... Insert Point At Station
LI 5752.304857661... | 289.34244026789
Insert Paint At Station Position Station 0 ft
;I 6879.036780037... | 273.3886784410...
_~||7207.017100225... | 266 7905624657... Subway Operational Profile (hours of aperation and days)
LI T717.138523910... | 271.1033750652... Typical NYC service profile A
LI B8060.525969433.. | 2712218318217 .
LI 8349.950088859... | 270.85998217153
;I 8461.412001346... | 271.0025079444. ..
@ ;I 8840.939365047... | 271.25345504265
1912.231851283... ;I 5023.228063258... | 271.6590526760...
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11.4 Tunnel Costs (Planning Level)

“EREMCESVASCE 2023 Geocongress\230207 LA REGIONAL WITH OP ANALYSIS.DEEP

Results Report View Optimize 3D-World Manitaring Help &
Estimate ’ ]
mrmicet meed $ D @
th Cost  Tunnel Cost Estimate cost (without
ED) options  Options analyzing maodel)
ion Cost Opticns

1. Cost Estimation Analysis Type
Analysis Type  Planning level estimate ~
2. Planning Level Cost Curve Selection

Cost Curve  Automatic (based on RMR, etc.) ke A cost curve of 100% indicates the most
expensive estimate while a cost curve of 0
the cheapest. 50% cost curve indicates an
average estimate value.

) The referenced costs in this approach use
Inflaction Factor from 2008 1.5 2008 USD. The inflation factor adjusts to
today's dollars.

Cost Contribution due to Geology (RMRE) 35 % ) ) )
— The location defined option will use the
Cost Contribution due Materials 15 Ed local material and labor cost indexes
- against 100 (Means average cost) to scale
Cost Contribution due Labor-Equipment 50 B the cost curve. Otherwise, use & user

specified location factor to adjust for
internaticnal locations.

Location Costs | From defined location mateiaHabor cost factors
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11.5 Operational Analysis Settings

bdam-\Warld AN Wirard and Dlan Wiewe L Tt etk
= Subway System Operational Analysis rafwEy > g Radius Fromies
1. Select Analysis Method Profile Name Defauit
o Analysis method Perform detailed train travel analysis and operational costs ~ B General Frrminerilie i
- Design Life 50 Max. Operational Speed between stations 50 mph Maximum acceleration 3 fisec?
—7. Select Operational Cost Profile Speed Manoeuvreus at Stations 15 T Basic jerk for linear acceleration 0.75 ftisec3
Typical w [ Edit ] Entrance Speed at Stations 27 miph
—3. Operational Profiles (service per hour) —2. Dwell and other time intervals
Mame Edit Options Dhwell times at stations 20 SEC Layover time at end station 180 SEC
) » ) ) ) Add Mew Operational Profile
4 Typical NYC service profile Edt Dwell times at major stations 25 sec
Typical Lond ice profil Edit
ﬂ:fca ndon SBT\TICE P l|e : Delete Selected Operational —3. Curves 3. Cant settings for curves (superelevation of one rail vs. lower)
Typical Athens service profile Edt rofile Max. tangential non compensated acceleration 5 | filsec? Radius (ft) Cant {in)
aten —
[ 125
Jerk limit 275 fizecd
= s 1300 325
Min. turn radius 150 ft 1500 7
— 4. Select Ridership Response Profile and Fares Max Speed at C
= - ax at Curves 50 mph 1650 2677
NYC-MTA | Edit ] 2o tae
5. Detailed Speed Operational Profiles 4000 1
Not selected | Edit ] 4399 1
! 5000 ]
1000000000000  |D
QK Cancel

Stage 0

|
ol
=S

TR e A Yy . 0 0000000
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. 11.6 Subway Operations & Costs

lEl Subway Operational Profile X .
Subway Operational Cost Profile Settings L The operational profiles contral the
i Profile Name  Typical NYC service profile level of service during specific times
. are and 0 i be set for
—  Frofile Name  Typical Total Viehicles Per Train 3 paﬁ?ﬁ ﬁjmu;:rwc:.e These
1 E 1 be later used to estimate
P Average Inflation 4 % i Average Speed 40 kPh (Km perk ~ mﬁ?ﬂmﬁm cﬁ:ts.
Annual cost increase due toaging 0.5 % per year (on tunnel and station maintes™™ Awverage Express Speed 65
1. Train Costs 2 Tunnel Maintenance 3. Station Costs 4. Revenues Reliability Trains 2 Lemmos s s 2
2 = Preventive Maintenance Trains 1 (In maintenance/immobilzed >8hrs)
; Total operating cost for Engine 165 Simile [ Corrective Maintenance Trains 2 e
. T List Daily-Hourly Profile
Total operating cost for Coach 7 Simile | o — _ -
s e i T e ztrwesends [ s [Tt | 2 | s
ravel cos ne g e
] S DO o CETRC -
A Travel cost for Coach & Simile ] Sunday 06:00:00 10:00:00 10 r
® L] Monday 10:00:00 22:00:00 75 r
[] Tuesday
Purchase cost for Engine 6500000 g [ Wednesday 00:00:00 10 r
| R O Thursday r
12 Purchase cost for Coach 2500000 5 = S g;ﬂ?mv
Replacement life for trains 30 Years |
FATITLEG ST RIS TR LT Bl P LS L .I i
nennentane %
Annual vehicle maintenance cost 075 - 8
increase (due to aging) - | = l Add ]
l Delete ]
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. 11.5 Service Level Improvements

e

o

e

; 1 .
. Transportation Service Levels = O x F
Access Data
Name mss 'IM'ime Limit ;::vp;z Eé%%irof gnl:f:‘lzﬁt:lgoi gggnnual cost Color
Walking LI 5 362434 479 0 90608552
Walking ;I 10 655440 1543 0 98315967
Lewel 2 Walking ;I 15 2314 3093 0 83140108
Walking ;I 20 966346 4431 0 0

Routing Services

ol

1. Select Analysis Method
Analysis method  Simplified calculation from distance -

Analysis Options

Iw Limit diztance for scurce points to stations

Limiting Distance Omitted Label3




| 11.7 Operational Cost Analysis

Subway Operational Cost Analysis Results : Total costs for new and existing lines

1. Table Results 2. Graph Results 3. Train Results 4. Annual Ticket Sales

Subway Operational Cost Analysis Results : Total costs for new and existing lines

Year I‘:tnﬁl I -Ilj—urarg\ase Ilpril_zr:ationa %:I\:‘el s ;r;::tenanc gpag;:iona ‘::i?::nanu -ll\;!iri‘!'rt‘tz‘nanu gtor:; 3 ;{?n‘;f"ue
S mil. S mil. mil. S mil. Smil. S mil. S mil. mil.

S 16441 |33155 48944 |187.15 13525 304 377  |2616 |0 701415
1 2864 an5 k| 123 08 199 155 015 0 63.81
2 248 0 333 127 0.84 207 208 0.15 0 63.81
3 284 0 347 133 088 215 218 016 0 69.55
4 8.1 0 361 138 093 224 227 017 0 69.55
5 96 0 375 143 0.97 233 238 017 0 69.55
& 10.01 0 39 149 1.02 242 248 018 0 75.81
7 1043 0 406 155 1.07 252 25 019 0 75.81
] 10.87 0 422 161 112 262 27 02 0 75.81
9 11.33 0 439 168 117 273 284 0.1 0 8264
10 1.8 0 456 174 123 283 256 022 0 8264
1 123 0 475 1.81 128 295 31 023 0 8264
12 12.82 0 454 1.89 135 307 324 024 0 50.07
13 13.36 0 513 196 141 319 338 025 0 90.07
14 1393 0 534 204 148 332 354 0.26 0 50.07
15 1452 0 5.55 212 155 345 37 027 0 98.18
16 1513 0 577 221 162 359 386 028 0 93.18
17 15.77 0 1 23 17 173 404 03 0 98.18
13 16.43 0 6.24 239 178 3as 422 0N 0 107.02
19 1713 0 6.49 248 1.87 403 441 03z 0 107.02
20 17.85 0 6.75 258 195 42 461 034 0 107.02
21 18.61 0 7.02 269 205 436 482 035 0 116.65
22 194 0 73 279 215 454 504 037 0 116,65
23 20.22 0 76 291 225 472 527 0.3% 0 116.65
24 .07 0 79 302 236 491 55 04 0 127.15
25 21.96 0 822 314 247 51 575 042 0 127.15

1. Table Results 2. Graph Results 3. Train Results 4. Annual Ticket Sales

Year Tickets Tickets Tickets Tlc_kets Tickets
Yearly Monthhy Weekly Daily Single

s [4s02e4 (3179700 (3314432 1611223

- 2 90441 1455046 | 3211497 | 3347636 | 1627336
3 91345 150595996 | 3243612 3381113 | 1643608
4 G2258 1526006 |3276045 (3414524 | 1660045
5 53181 1540347 | 3308808 | 3445073 | 1676645
6 54113 1585750 (3341857 | 3483565 1653411
7 95054 1571308 |3375315 | 3518359 1710346
g 96004 1587021 | 3409069 (3553583 |1727445
) 96564 1602852 | 3443160 3585120 | 1744724
10 575934 1618520 | 3477550 (3625011 | 1762170
11 58913 1635105 (3512366 | 3661261 1779793
12 99502 1651460 |3547491 | 3697874 | 1797591
13 1005901 1667575 | 3582565 | 3734851 | 1815566
14 101511 1684655 | 36187595 | 3772200 | 18337E2
15 102529 1701502 |[3654583 |3805522 | 1852060
16 103558 1718517 (3651532 | 3843021 | 1870580
17 104998 1735702 | 3728449 | 3886502 | 1885286
18 106045 1753068 | 3765733 3525368 1908178
15 107109 1770550 |3803350 | 3964621 | 1527261
20 108175 1788295 (3841424 4004268 | 1946533
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12.1 Embankment Wizard

« Embankments with MSE and stone columns

=l Soil Layers
—Awvailable Borings —

—1. General Boring Information - Coordinates
Mame Boring 1

Coordinates X 65617 | Y0 ft

each design section.

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

—SPT Data Option (Applies to Design Section)
SPT Record Mot assigned ~ [

Add edt SPT records |
[v¥ Pass same SPT log to boring (30 visualizations)

—CPT Record Option (Applies to Design Section)

CPT Record Nt assigned v | Addedt CPTrecords |
—2. Boring Layers - Layer Elevations
Top ] i
Blev ) Sail Type OCR Ko Edit
0 F ][ 05 Edit
-10 o1 | 0.562 Edit

E 51 - 0.441 Edit
: =]

= F

Analysis

Seismic Slope MSE

X X 4

|
Model | Tunnel/Utilities | Project

Wizard ~ Wizard Info
Excavation Wizard
Create 20-30 quick models with excavation walls and
support
Station structure (quick)
Cuickly generate the internal concrete structure of a

subway station for a design section where there are no slabs

Station structure (full wizard)

Cluickly generate the internal basement or station structure
with detailed options

Embankment Wizard
CQuickly generate an embankment with or without a flood

Model Dim.-Limits | 201l
types -

Mowve Model Elev, % i
iy

Stru
sect

lerti

wall or with stone columns I

230



11.2 Embankment Wizard

Embankment Information

Top (roadway) elevation 20 f
Embankment width at roadway 10 ft
Mo surcharge e

I™ Use geo reinforcement 4 a
- 7
Herizontal 2 L — — 5
Vertical 1 |
Embankment scil type
F ~ I~ Usewall

Horizontal

1 Vertical

[¥ Use stone columns
Spacing & fit
Edit Stone Column Data J

Cancel

1. Coordinates and Dimensions

X0 ft Length 33 ft
Horizonial
20 ft Gt 10 ft
Diameter 3 ft
2. Analysis Method
Soiltype GT ~
Putomatic based on area ~
I™ Match basic info for all stone columns oK Cancel

1 - Supplemental Reference Exhibits

ES=1.203 .




11.0 Conclusion

 Attention to modelling choices in FEM

* Initial state of stress conditions

« Soil loss in tunnelling

« Wave pressures and corrosion for sea walls

« Import buildings from Google Maps and damage assessment

« Steel connections deserve attention
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