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Overview of DeepEX

* DeepEX isthe specialized software for deep excavation:

Wall systems: Soldier pile, tangent pile, secant pile,
sheet pile, diaphragm wall, etc.

Support systems: Strut, raker, concrete slab, ground
anchor, gravity wall*, etc.

* |t can use either Limit Equilibrium, Non-Linear, or Finite
Element Method* for the modeling problem.

* Unique features:

Soil parameters correlation from field tests.
Strength calculation of retaining and support system.

Design check with structural (e.g. ACI, AISC) and
geotechnical design codes (e.g. AASHTO, Eurocode 7).

Quick design comparison of various retaining systems.

Customizable report (PDF or WORD format).
Export to DXF*.

*Need optional module.
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Analysis methods in DeepEX
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Relevant Design Codes (in Indonesia)

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

(R ERF RN 1)

Earthquake-Resistant Design
SNI 1726-2019 (ASCE 7-16)

ACI 318-19

An ACH Standard

Building Code Requirements
for Structural Concrete
(ACI 318-19)

Commentary on
Building Code Reguirements

aNL.

Persyaratan boton strukiural untuk bangunan
gecung dan ponjolasan
LAEE B I 1 e 5 LAY, WRCGY

C

HRE

Specification
for Structural Steel Buildings

Spesifikas untuk bangunan gedung baja strukiural
AN DG 18 KT

s (BSN i
) Fr P
.0 ML 10T

Concrete Design
SNI 2847-2019 (ACI 318)

Steel Design

SNI1729-2020 (AISC 360)

ENI T

St Mi-sns batons b

Parsyaralan porancangan gecteknik

BSN)

Geotechnical Design
SNI 8460-2017
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Design Sequences of Deep Excavation

Mamant [kN-m /m} Prassures [kPa)
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Define soil parameters and stratigraphy _ P Radiasn

21,2 kN-m/m z s iz 15_:,.'1-'-
£al8 B
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Determine wall and support system -

I ik ﬂoc}
186.2 kN-mi/m
B kP2

C3 [UND.) y 11128
-122 3kPa 23.9kPa
Create construction stages c2 (3435) plt
I m "
Z4kPa
Select analysis method and design codes R Con s (a3

Fie Dism: 65 cm, 16 Febars 18, 80.85mO.C

FykRebars =413.8 MPa, Fek= 20.TMPa
l Suppons: Calfoenia Trench Manusl 2011

€5 (UND.)

Perform analysis and check safety ratio — g —————

= Wall Bending
l Boring 1

Analysis results in DeepEX
Generate report and drawing (Cantileverwall with ground anchors)
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Scopes in Deep Excavation Design
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Gentechnical Engineer

Selection of soil properties.

Choose suitableretaining system.
Choose suitablesupport system.

Perform flow & stability analysis.
Evaluate impact of CST variance.

Structural Engineer

* Design of sheet piles.
* Design of tangent/secant piles.
* Design of struts and waler.

* Design of concrete slab.

* Design of raker.

Construction Engineer

* Info onsite physical constraints.

* Study of various CST sequences.

*» Feedback on wall/supportsystem.
* Develop schedule of CST works.

* Supervise on site instrumentation.

CeoStrukitur



Main Modeling Challenges

1. Select appropriate soil properties.

2. Calculate wall/support strength.
* Design loop between geotechnical-structural engineers
(e.g. secant pile, sheet pile).
* Ground anchor capacity. Stage O: Initial Stage Stage 1: Install Sup. at EI: 6 ft

I

3. Establish robust cost-effective solution.
* Sensitivity study:
* Check potential soil variations.

* Check of design robustness (e.g. excessive external
) Stage 2: Exc. to El: -12 ft Stage! Install Sup. at El: -10 ft
load, over-excavation, etc.). ¥ . v .

* Value engineering for the retaining/support system. —

In many cases, 70%-80% of the time spent for the deep
excavation modeling, is for selecting soil properties and TAgUA inel apek: - 10 B: o
calculating wall/support capacity. In the end, only little time Staged-constructionin DeepEX
left for doing model iterations. (Sheet-pile cofferdam)

. CeoStrukitur




Soil Data for Deep Excavation

Definition: Deep excavationis an excavation with
depth = 3m (SNI 8460, section 11.1).

* Minrecommended soil data for deep excavation:
3-5 points at the critical section™.

* Min recommended testing depth: See figure®,

Important parameters for modeling:
» Soil stiffness (E).
* Undrainedshear strength (c, ¢).
* Drained shear strength (c’, ¢’).
* Permeability (k).
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Soil investigation depth for retaining wall with GWL_[Ieft} above the
base of excavation; (right) below the base of excavation.

Tips: Even when we have sufficient information; these
data (e.g. field and lab data), they should be cross-
checked with each other.

Refer to SNI 8460 Table 2 and Figure.
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Soil investigation depth for trench excavation
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Soil Properties: Correlations

8 Sail ? * . " - ;
5;“:“ R — DeepEX offers various correlation for determining soil
£ || SoitName [51 Cor | engineering properties (from CPT, SPT, etc).
02 Description| Medium sand
51 2. Soil Type - Behaviour
Clay Show test data i i i
or - “'| (SPT.CPT. Bc) | Correlating soil properties from SPT data:
— * Sand: ¢_..4based on Peck et. al correlations.
3. Default drained-undrained behavior for clays (See Theory Manual) . Clav . Su = E N‘S PT.

» Silt :d,,=85% P.,qandc’=25% S,
A General C Bastoplastic D.Bond E Adv. F. Pies
4 lJlr-ll:".','mgh'.*s - Density

|k [ 5 i | lehime 3 =[11 1 : y
A 7 putt |1 IWNmiy S[7 | Correlating undrained shear strength from CPT data:
5. Strength Parameters and Poisson Ratio q.—0,
Drained strength proparties S‘h‘, — ik s
e s | | el ke (2] e [ Jeegees [5] Nk
B (Peak - constant vol. (for estimation) Where:
< M | * g, =Cone resistance.
% peak’ Cmitec degrees | » 2
vioxs |[z] —— * 0, =Totalvertical stress.
~6. Permeability —— * N =Cone factor (typically between 10-20).
Add New Sel Kx 3.999999¢) misee | Kz|9.999999 misec | 2 _
: S ' Note: Pl may also be required (when Ny = 15).
Copy Sol 8. Al-rest coafficients
| | | KoNC[0440807] [ > OCR (05  |Ko=KoNC * (DCR)"nOC - . . ; .
Delete Selected Sof ' : 2 : - Tips: Selecting an appropriate set of soil properties needs a
Paste Sol ! : thorough evaluation of soil investigation results. Correlation
oo | should only be used as the first order estimate.

|+ Ostabsse | |kl Database OK Cancel @ GeoStruktur 10




Soil Properties: SPT Correlation

B Soil Types T X
Soil Types 17~ 1. Name and Basic Soil Type : —
T 1| Soil Name [51 Color I Test Data SPT Estimator Notes Other
om .
02 U SR Modhon sand Nsgt
S | 2 Soil Type - Behaviour 1
' Show test data
- Sk v | (SPT.CPT. Bc) g all
Rock | r v
Not defined v 17 2z =
3. Default drained-undrained behavior for clays (See Theory Manual) | & v
|14 = -
A.Gereral C Hastoplasic D Bond E Adv. F.Pies 2 =
4. Unit Weights - Density i | -
7 (52 Jwma(] 7 e (92 JowmrsBZ_] | o 0
5 Strength Paramelers and Poisson Ratio | sull v
r~ Drained strength properties [
e . o e = -
pmpﬂ‘!;l?h | |52 Jwpa [2] =~ @ (254 |degrees [2] | - i Slider for SPT
—Peak - conatant vol. (for estimabon) — Elasbicaty modulus I .
® o 24516 | dogreos [ Important Note: correlation
o = |L Thedj:m:;e:t:;fn:ﬂmmhe used to calcul
& * 24 516 degrees | capacity of b ks
— PERE: 24 516§ 2 ) To do this, you have to switch on the Use Soil Bond Strengths
V0.3 ||L| Options for the tiebacks, Otherwise, the program will either average
— ! the vertical and honizontal confining stresses or use the bond stress
re Fﬁ'r_mahh['_.' = : ] 25 defined in the Geotech tab from the beback sechon opbion
Add New Sol Kx|9.99999%¢ misec | 2|  Kz[9.99999%misec |2 | |
Cooy Sol - —8. At-rest m:fﬁclml:'_ -I
: || KoNClos7 |[>]| mOCR|[05S |Ko=KoNC*(OCR)OC
Delete Selected Sol | | A= — '
| &
Paste Soil i
Clone
| |
|+ Database [H Dasbase | | ok | Cancel




Soil Properties: CPT Correlation

B Soil Types
~Soil Types 1. Name and Basic Soil Type
F Soil Name 'i:la'ﬁr ] Color I Test Data SPT Estimalor Notes Other
:g; D-H-:nmunl Sln‘fdaar .| 1. Stxndard _F'emaﬂur- Test Data - Relative Density
g1 -2 Sl Type - Behaviour - r Ave. N0 j
: Show test data ——
GT Clays (drained and undrained) ¥ (SPT.CPT. Be) NGOOmitted | | > | Hammer Efficieny n= 65 .
Rock PRI s -
DR{Omated | % 5 |
Not defined || 2 Spacimen [n-situ stresses and Plasticity Index
= 3. Default drained-undrained behavior for clays (See Theory Manual) ey
@) Undrained behaviour Drained O\ |Omited | kPa
a 1
A General C Bastoplastic D.Bond E Adv. F.Ples '
—4&. Unit \Weights - Density _ - . DCH.'|
r f 2ﬂ' i kN/m3 | 2y L 15 _!ENs'm."?" -,—[H}] | =3 Cone Penetromeler Da
5. Strength Parameters and Poisson Ratio r 1
hait | |
Drained strangth {Irrm_!_—equilih'lmn and :&I_?E_s_lablllh' aﬂal'.'sgs_ only) 7 Qshak |Omtted | kPa
G domoasic | | o0 Jypy [5] @ [ |deess [5] |
Undrained strength — 1 | NEE“IIEMT analysis only (required for — _ “iidation
] cis =" - o Cons ol
5“5-55? |kPa P o | M degrees | » J Eued:i.l}ﬂ ks iday
P pesk’ 211  degrees | | €0 |06 !
¥045 ||a} : § :
; L 4 Pressuremeter Tests
= EK:T*BH-'; = Click for CPT P, [omtted |MPa  [>]
999999 my | = L =
DK Nowt | b __________rr'.--x-h:. i CDrrEIEtiDn —User specified ultimate bearing pressure
Cooy Sol =7 Minimum Pressures for clays (Li :
o0 Min sh'|0 ;I:Pa Min Kz ilu ! ? Bearing ULT [ M | po
| Delete Selected Sod | 8 At-rest cosfiicients | |
Paste. Sof KoNC|0.5 ] | >| mOCR[0S Jm = KahNC * (OCR) 'nDC
|ls Database | |knd Database oK Cancel

Required data for
S, correlation
from CPT data




Soil Properties: Permeability Estimation

Gravel Kz= 0.1 cm/sec
Clean Sand Kz= 0.01 cm/sec
Fine Sand Kz = 0.001 cm/sec
Silt Kz= 10*-5 cm/sec

Silty Clay Kz = 10*-7 cm/sec
Clay Kz= 10*-8 cm/sec

® Soil Types ? x
~Soil Types - 1~ 1. Name and Basic Soil Type — . =1
F Soil Name (51 Gl |
g; Dumpﬁmlheﬂmwd |
' | |~2_ Soil Type - Behaviour : i
| Clay _ | Show test data |
GT St (SPT. CPT. Bc) |
Rock f |
|| Net defined _ _v-|
I~ 3. Default drained-undrained behavior for clays (See Theory Manual) -
Ingraned behanolr '-'.'-':'--:-Z
A General (. Hastoplastic D.Bond E Adv. F. Pies
4. Unit Weights - Density
7,2 Jum() 7 [0 Joumr [T ]
:%.amgﬂ'lhm;wpuum Ratio
I Dirained strength propert ]
e e | | s [ # (M4 |dogees [>] |
Peak - constant vol {lor estimation) ~———
% oy Omitec degrees
. - @ paak’ Omitec degrees [E'
vios |[>]
6. Permeability
| PEp—— e} P TR T, ey
Add New Soi | | Kx9.99999%¢ misec |>]  Kz[5.99999%misec |3 ]
| z
Cogy Sol 8. Al-rest -u:ul'llia::nmtz-.F_~
KoNC uﬁnaﬂmhl” nOCR |05 |Ko=KoNC* (O]
Dielete Selectad Sol 1 =
| . FEM o
Paste Soi | s
|
2 —
* = i
|+ Database ][Hmm [ OK ‘ ‘Cmcd




Wall: Concrete Tangent Pile (1/5)

» Wall Type: Tangent Piles.

* Properties:
* Diameter 600 mm.
* Concrete cover 75 mm.

* Concretestrength f."= 21 MPa.
* Rebar 16-D19 (p = 1.6%).

* Rebaryield strength f, = 420 MPa.

— 0.8

* Refer to ACI 318 and/or SNI 2847 for details.

* Conventional Way: Ask structural engineer to

create the P-M diagram™.

- ?-Max

.
-
-

Axial Load (kM)

- - -

-
e
-
-
-

P-Min

Tension-Controlled

—— NOminal

Compression-
Controlled

Tens-Cont

M, ~ 340 kN-m

M-Max
Balance

ransition

M

Moment (kN.m) ¥

For tangent piles, spaced 600mm, the
moment capacity (per m) equals to

34‘2’ ~ 566.67 kN-m/m
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Wall: Concrete Tangent Pile (2/5

¥l Edit Wall Properties
Well Sactions
(Wall ]

1. \eiadi T'..':.‘t
Tangent pale wall with resnforced
conCrele piles

Soldier pile and lagging ~ =

Sheet pile wall v
Secant pile wall v
Tangent Pile W

1. Select Tangent | =

Pile Wall -
—a—

| 10 IE]

Faste ] K

-

—%—

-JC

e

Delete
Add . -

§

W Redimesion wall sutomatically

——

A Wal Type D, Concrete-Rebar F. Draw

2 Wall Hame

Wal 1

|~ 3. General Section Data

QO

—=—

3. Set material
properties

MNon-prestressed section
£ Dimensions
wdthd 0.6 r
2 Hor. Space S 06 m

Passive width (below exc) [ 6 m |2
Active width (bedow exc ) [ 5 mo| >
‘Water width (bedow exc.) 06 m

[~ GFRP

Tha “paymwn with ard pctag width below sxc * am used o muiegdy 5o pewrsargll on B weal s baiow the

L St f =gl ;'I:‘!':H_-I'.-I

6. Pile offset options (double row of piles for soldier piles and

Uge el offost

Sufiness factor §

2. Set geometrical
properties

+ Database kd Database

wend pele walls only)
Pile offsat m

Ax (05 offset] "2 %

5. Structural Matenals
Concrete - Rebar Materials
Rebar stee! mat

Grade 60 - Edi

Concrede mat

Fe Jksi : Edit
0K Cancel
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Wall: Concrete Tangent Pile (3/5

€ Edit Wall Properties
wall Sections A Wal Type D Concrete-Rebar F. Draw

_ 1. Congreie Sacthon T-r-p.¢

reinforcement

3. Longitudinal Reinforcement (Tens
Teop Rebars (left side)
N 16 Bars & 26

4 Shear Reinforcement

Shear rerforcement is spir

Duplcate
Pame

Copy

i

Lt

Add

W Redimesion wall sutamatically [

Define custom
Lise more than one reirforcement sections e et
4, Longitudinal
Bh743 em2  bec 63617251 | emd Hecalculate bo - shioe analysis

i with fplalc bufion 0l

Ef conc ' 25 % for pecars piss

- Compression)

Ctop

= AaTop 4542 cmd 5 cm

Bar® #5 - whs 195999 em2 sV 1524 cm

Metric Rebars D10 for 10mim Ciam

Treat wall s slab for shear callacky calculatons idaphragm wals only)

5. Shear
reinforcement

Hatabase kd  Catabase

* |
Elevation view

Shear reirfo ament

Shear reinfom ament
|

C

—_0—

Draw Concrete Section

oK Cancel

GS
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Wall: Concrete Tangent Pile (4/5)

¥l Edit Wall Properties

Wall Sections A Wal Type D.Concrete-Rebar F. Draw

Dupbcate
Paste

Copy
Diete
Add

[w Radimesion wall sutormabically

6. Visual check

LEnce

@ CeoStrulkitur 17



Wall: Concrete Tangent Pile (5/5)

Moment (kN-m/m)
£00 40 -200 O 200 600
omtLOm S51&N-m/m o SE1ENmD -
4m
| o s & El -4m_:‘£
1155.2 kN-m/m | ]
1124 m
Red vertical line shown here indicates the wall moment oJs
capacity (as calculated by DeepEX). e piles
emO.C.
Wall moment capacity (manual) = 566.67 kN-m/m
. = Wall Bendin
Wall moment capacity (DeepEX) = 561 kN-m/m — st c,:.,,.iw‘

Note: By default DeepEX uses Wall SF = 1.6; it is set to 1.01in
this example (for illustration purpose).

Result are in good agreement !! - Eliminate design loop with
structural engineer (=save time). (lagb CeoStrulktur 18




Wall: Steel Sheet Pile (1/5)

59.6°/13.0
» Wall Type: Steel Sheet Piles. WO 95

* Properties:
*» Geometry, as shown (A23)*.

* Steel Grade A36, f}, = 250 MPa. - 1500 -
* Conventional Way: Manual calculation as per
referred standard (e.g. AISC 360). AU 23
. A G L Wiy s Ay
1. Assume Z, = S, (conservative). o s = 2in
I 50700 PerS 130.1 102.1 9830 579 8.69 1.03
Zx = £ = = 2268.46 cm3/m Per D 260.1 2042 76 050 3 405 17.10 2.04
y 44?":2 PerT 3802 308.3 104 580 3 840 16.38 3.05
2 Calculate nﬂ'minal ca paCit‘f" Per m of wall 1734 1361 &0 700 2270 17.10 1.36
. . 25{]'[2268.4-6) - A Sectional area
Mn T Fny T 103 T 567'11 kN-m G Mass per meter
. I I t of inertia about th i fral axis y-
3. Calculate factored capacity - it s b b i
Wayy Elastic section modulus
M 1
n_n — m(Sﬁ?‘ll) — 339 .59 kN-m T Radius of gyration about the y-y axis
. . Ay Coating area. One side, excludes Inside of Interiocks
* Note: ), is the safety factor for flexure. - T —————
D Double pile, wall considered neutral axis y-y

T Triple pile; considered neulral axis y"-y"
: " ) @ CeoStruktur
* Link: https://sheetpiling.arcelormittal.com/products/au-23-3/




Wall: Steel Sheet Pile (2/5)

ﬂ Edit Wall Properties
\all Sectona

A Wall Type . Shest Pies F. Draw

1. Wall Type
Steel sheet pale wall

Soldier pile and lagging w
Sheet pile wall -

1. Select Steel
Sheet Pile Wall v

Dupicale

Paste

Copy
Dt
Add

Soldier pile and tremied co. >

Custom s
Combined sheed pile wall v
Box sheet piles W

I Bedimesion wall automatically

2 Wizl Name
WWal 1

3. General Secton Dats

/TX
Sheet Piles B T = . -
ALZ3 “|  |ALL MANUFACTURERS ~
4, Dimensions
Widthd 0.45 m
Hor. Space S 1 m
= Passive width (beow exc) 1 m
Active width (bebow exc.) 1 m
Water widih (below exc ) 1 m !>
The “Baszive width and activs wisth balow mic. ~ B b 1o multigh S0 oo

RECvabon P (3R AT

2. Set geometrical
properties

4 Database b  Dstabase

3. Set material
properties

L ™ Lo ] =

= Lo ke ]

5. Structural Materials

Stesl Beam Matenals
. | Exit

A3

Cancel

@ CeoStrulkitur 20



Wall: Steel Sheet Pile (3/5

- Edit Wall Properties
Wall Sechons
wWal1 |

Duplicate

Paste

'

Copy

[haterd

Add

A Wall Type C. Sheet Pies  F Draw
1. Section Designation {from database)

Section |AL23

2 Shest pile properbes

h44? |cm A173
b Fic} o, 1.3

boe 50700 jemdim 8095

S 2270 cm¥m a 45

Unsupported Length Lx
facior below excavabon -

W Redimesion wall automatically

cmd/m
cm

cm

4 Datahass

Interlock type D Select Intedock type

4, Detail Properties

bl Dstabase

Cancel

@ CeoStrulitur 21



Wall: Steel Sheet Pile (4/5)

1 Edit Wall Properties

wiall Sechions A Wal Type C. Sheet Piles

Dupbcate
Fasie

Copy
[etete
Add

¥ FReadimesion wall automa

tcally

F. Draw

4 Datsbase

4 WALL: AU23
&7 Sx= 2270.01 cm3
1

0.75

kel Database

OK

Cancal

@ CeoStrulitur 22



Wall: Steel Sheet Pile (5/5)

Moment (kN-m/m)
400 -300 200 100 O 100 200 300 400

o KL LS kimim o 337 SeN-m'm =

4m
El 4m.|.

F - 3 J“" 4 ¥ = vy
-1 2.3 kN-m/m g
1124 m
sl
yt=21kN/m3 | l
Ll Wall1
Steel Sheats
DES: AU23. Swoc= 2270.01 ecm3'm

Red vertical line shown here indicates the wall moment
capacity (as calculated by DeepEX).

= Wall Bending
= MNoment capacity

Wall moment capacity (manual) = 339.59 kN-m/m
Wall moment capacity (DeepEX) = 337.5 kN-m/m

Results are in good agreement !!

@ CeoStrulitur 23



Other Wall Types

Soldier Pile

Secant Pile

7 |
Fal w \
W EER Ay |

a

) . a i
] [ Tl
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| ==

L g S L T P - T

3
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T |
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T

Tangent Pile

Sheet Pile

Wooden Sheet
Piles

Diaphragm Wall
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Support: Strut (1/5)

* Support Type: Steel Strut.

* Properties:
* Geometry, as shown (W30x99).
* Steel Grade A50, fF = 344.74 MPa.
* Unbraced length = 15m.
* Horizontal spacing= 5m.

* Conventional Way: Manual calculation as per
referred standard (e.g. AISC 360).

B Stet Sections %
Strut Properties = g advanced
PP24x0.500 1 Name
B EE] | W399
? SachenTyee~ Section R o k
I 11 hon Rotabon ¥
is - {YW3Dx93 v . 3
H Use a steel |-Section l-»"ﬂph‘ | |~ Flat H T—: =
properties d x- j
[ @ Use a pipe section | | (% Vartical I . ¥ b
" O lUse hollow sections Double member options
{* Single member
Steel material ASD v | | T Double member
Model strut section as non-yredding (in nonhinear
v analysis)
™ Edit strut properties manually
3. Section Dimensions - Mechanical Properties
V75438 |cm A18774 cm2 fy 144 MPa E 200100 |MPa ™ 29718 cm
— bf 2567 |cm 1702 |em w1321 com k135 i Y5334 (=W
Delete Selected
Strut Section bot 166076 1 M4 lyya27s o Jisgg omd W o144 kN/m T g5 ©m
Add New Stnut G, 44 emd Syy 4015 cm3 Fyx'51128 cm3 Zyy 612 cm3 Cw 7196761 cmb
+ Database knd Database OK || Cancel

@ GeoStruktur 25



Support: Strut (2/5)

TABLE B4.1a
Width-to-Thickness Ratios: Compression Elements
Members Subject to Axial Compression
Limiting
3 Width-to- | Width-to-Thickness
S| Description of | Thickness Ratio A,
Element Ratio |(nonslender/slender) Examples
1 | Flanges of rolled i I
I-shaped sections, =| b
plates projecting | L, P _J
from rolled I-shaped __i _1
sections, outstanding E
legs of pairs of angles b/t 0.56 |— b
connected with con- Fy P —l b
tinuous contact, T FH |
flanges of channels, E Tt
and flanges of tees
‘E 2 | Flanges of built-up [a]
E I-shaped sections r'_*li
@ and plates or angle b/t 0.64 |KE 3 N
g legs projecting from ' Py i h 3 |_rr
@ built-up |-shaped - e
8 sections

Strut design starts with determining the section classification
(non-slender/slender), figure from AISC 360. @ CeoStruktur 26



Support: Strut (3/5

E3. FLEXURAL BUCKLING OF MEMBERS WITHOUT
SLENDER ELEMENTS

This section applies to nonslender-clement compression members, as defined in
Section B4.1, for elements in axial compression.

User Note: When the torsional effective length is larger than the lateral effective
length, Section E4 may control the design of wide-flange and similarly shaped
columns.

The nominal compressive strength, P, shall be determined based on the limit state

of flexural buckling:

-Pn;Ffr-'tg (E3-1)
The critical stress, F.., is determined as follows:
(a) When e c 47y E (or ﬁsz.ﬁz
rUNR F.
K
F.=[0.658%|F, (E3-2)
£ : | it
(b) When L2 5 471 E (or — > 2.25)
r \F F,
Fer =0.877F, (E3-3)
where

Al[‘. = gross cross-scctional area of member, in.: {mm:}

E = modulus of elasticity of steel = 29,000 ksi (200 000 MPa)

Source: AlSC 360-16.

4.

F. = elasiic buckling siress determined according to Equation E3-4, as specified
in Appendix 7, Section 7.2.3(b), or through an elastic buckling analysis, as
applicable, ksi (MPa)

E {E3-4
3 23-4)
&)
r
F, = specified minimum yield stress of the type of steel being used, ksi (MPa)
r = radius of gyration, in. (mm)

User Note: The two inequalities for calculating the limits of applicability of
Sections E3(a) and E3(b), one based on L_/r and one based on F,/F,. provide the
same result for flexural buckling.

TORSIONAL AND FLEXURAL-TORSIONAL BUCKLING OF SINGLE
ANGLES AND MEMBERS WITHOUT SLENDER ELEMENTS

This section applies to singly symmetric and unsymmetric members, certain doubly
symmetric members, such as cruciform or built-up members. and doubly symmetric
members when the torsional unbraced length exceeds the lateral unbraced length, all
without slender elements. These provisions also apply to single angles with bt >
0.71, ) EfF,. where b is the width of the longest leg and ¢ is the thickness.

The nominal compressive strength. P,,. shall be determined based on the limit states
of torsional and flexural-torsional buckling:

Pp=F., A, (E4-1)

The critical stress, F., shall be determined according 1o Equation E3-2 or E3-3, using
the torsional or flexural-torsional elastic buckling stress, F,. determined as follows:

(a) For doubly symmetric members twisting about the shear center

. [rPEC, ] 1
Fe=| 5+

Te+ 1y ¥
@ GeoStruktur 27



Support: Strut (4/5

Edit Sunmort Data_ Stans: 0 Applv
= Strut Arrangement Prest
Urensiieny rescress
Moment [kN-m/m) 1.1 Coardinates at \Wall 1.3 Langtha 1
-100 =30 0 100 130 Strut X 0427 m Liree 14° m M,u&f.wut
i es
I|I||I||||I||III|F'I|'||TI|'| Z!'l m
12 ;u.-.gles kN
DMLY
~ Lo dag m?u!-:;u:-ﬂ‘:ih
- e e Horzonksl 151 timer
) L m
™ Adjust structura
a Hete: Negatroe value for
28 3kN-m/m E—— 11045KNm 5 m 11048 KN/ et
r 2 Suppont Type and Structural Secton Used -
3 | Horizontal
ElL & Structural Sechion Wix99
108.8 kN-m/m - ;
T T Seel s secton - Aow ten Spacing
£ Unbraced Lengths Options =
™ Use user-defined uniraced lengths T e S i
Verbcal Unbraced Length Luy [ m
Change suppoit
Sm
Unbraced
Length
Wail 1
Stes! Sheats
DES: AZ 26, Suoe= 2600 cm3'm
Fy Shest =344 £ MPa
Fres eanh
1 ActvalaTeactvale Support - Parmanent or Temporary
o Actrvale support for thes stage Temporary support w
| Sherw full caloulsbions ] 0K | Cancel
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Support: Strut (5/5)

Edit Support Data, Stage: D

x

|

2. Support Structural - Geotechnical Checks
Stress Check= (2 347
Calculated Axial Support Capacibes
Pall= 2584 kN Pult=
—3.1 Geotechnical Capacity
Pall= NA kN
Pult= NA kN

3884 kN
3.2 Structural Capacity
Pall= 2584 kN
Pult= 3884 kN
MxAll= 182 3 kN-m
MxUlt= 274.1 kN-m
MyAll= 104 kN-m
MyURt= 156.2 kN-m
Used FSSTR= 1

o
Strut Load Netes . Envelope -
-
¥ = - 110.5 -
and Capacity ™ s s
-
Moment M - 382 kN-m s
el -
o
- -
=
— -
= -
e -
2. Support Structural - Geotechnical Chacks
Stress Checks [2347 i
Calculated fxial S Capaci
Pall= 2584 kN Pult= IEE 4 kN
3.1 Geolechrical Capacity 32 Strucharal Capacity
Pall= WS kM Pall- KB4 kN
‘ Pult= 3884 kN
Pult= NA kM Mxil= 182 3 kM-m
Mx Llt= 2741 kN-m
My All- 104 kN-m
MyUlt= 1563 kN-m = il
el v
—_— —

Strut axial capacity (manual) = 390.86 kN (details not shown)
Strut axial capacity (DeepEX) = 388 kN

Results are in good agreement !!

Show hull calculations |

x |

Cancel
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Support: Ground Anchor (1/6)

* Support Type: Ground Anchor.

* Properties:
* Fixed Length = 5m; Free Length =5 m.
* Orientation=45°, : :
* 4-Strand Tendon 270ksi, f, = 1862 MPa. & ™
* Anchor diameter= 15 cm.

Anchor plate

* I I = .

* Bond Resistance: Manuallycalculated (e.g. refer SNI 8460).

* Remarks: Prestressing force of 75%-100% anchor force shall ﬁ#z
be applied (to avoid excessive deflection).

Illustration of Ground Anchors

@ GeoStruktur 30



Support: Ground Anchor (2/6)

* Fixed length requirements:

Aszumed Coulomb
foslure plane

* At least 5m below the ground.

=

* Located outside the failure surface.
* Embeddedin N-SPT = 25 (non-cohesive) and N-SPT > 20 (cohesive).

* Geometry recommendations:
* Spacing21.5m for anchor with D € 20 cm (to avoid group effect).
* Anchor angle between 30°-45°,

* Length requirements:

* Free Length (Min): 3.0m (bar tendon) and 4.5m (strand tendon). .
* Fixed Length (Min): 3.0m. Ascimed phjoint " || 450, &' il Sy

{point of zers chear) e hafched zone

C ? ’
TESTIRSTRST |

* Fixed Length (Max): 13.0m (unless proved from pullouttest).

« SFrequirements: Location of anchorfixed length (BS-8081)

Category Tendon (STR) Interface (GEQ)
Temporary (<6 months) 1.4 2.0

Temporary (<24 months) | 1.6 2.5

Permanent or whenin 2.0 3.0

corrosive environment

. ) @ CeoStrulitur 31
Refer to SNI 8460 Section 10.6 for details.



Support: Ground Anchor (3/6)

* Anchor capacityin cohesive soil:
Ry = 'EIASLSS‘H,H,UQ = QuitAsLs

* Anchor capacityin non-cohesive soil:
Ryt = 0pAsLsKs = qyupAgLs

* Where:
* Ry =Ground anchorultimate capacity.
* gy = Ultimate skin friction capacity.
« Ag = Unit shaft area.
* L = Fixed length.

. Su_avg = Avg. undrained shear strength along fixed length.

s« = Adhesion factor.
. o, = Eff. ver. stress at mid-part of fixed length.
¥ K = Anchor coefficient.

For example, assuming cohesive soil with
Swavg = 180 kPaand a = 0.35 = q,;; = 63 kPa.

* Figure from Canadian Foundation Engineering Manual 4™ Edition

1.00

. ] T 1 —
@ NOT
o APPLICABLE
E" u,?sl—— gl
2
L;E 050 — ' =
o .
4]
D ol .
s
=T
a : I ! Ty l : il
o 20 40 &0 80 100 120 140 160 160
UNDRAINED SHEAR STRENGTH, kPa
Adhesion Factor®
Category Loose Compact | Dense
Non-PlasticSilt | 0.1 0.4 1.0
Fine Sand 0.2 0.6 1.5
Medium Sand 0.5 1.2 2.0
Coarse Sand 1.0 2.0 3.0

Anchor Coefficient

@ CeoStrulitur 32




Support: Ground Anchor (4/6)

R CAil Tures 7 » I W S S L. b4
~ Soil Properties  =c5oiTe : - Anchor Properties :
F - | Color . ' Anchor
o Cescrpson] S o — !
s 2. Soil Type - Behaviour — e -ggmﬁ +Srand Properties
Show a3 | rands -Strands
GT | Clys (dramed and undraned) “|| sPr.cPT. Be)
Rock 2. Strand Options (Free Length)
Rebar Steel mat. ;
Not defined = r Strands 270 ksi v MPa E 200100 MPa
3. Default drained-undrained behavior for clays (See Theory Manual) -
B Urchained beksaioir Drained Type Select diameter or bars
: Strands or 1724 | em [0 7672n |
A Genersl C. Bastoplastic D. Bord E Adv. F. Pies (o user bars ﬂ-mm 133‘1 w | CM Eﬁect A ﬂ!-E?-dE |
Ultimate Bond Resistance for Tiebacks Standard strands ~ ""“:a:h—i
qskr (63 | kPa . (" Solid Bar —
AN & oalal | e ——
The ultimate skin friction can ¥ zsed to calculate the gectechnical [ Internal diameter Eh,u ' cm
capacity. You must select usf Soil Bond Opbion from the Support Tab | N ————
for this bond to be used. Othfirwise, the options on each tisback as
defined in the Tieback Sectjons | Geolach 1ab are used
jot nails
Bond s [ST457 | kNim3
Resistance  [eresforsainais Import from 2207 R
T (834 kPa i — - m
shinu (™" | = !
Add New Soi Ultimate bond resu*;l;an-ce.iof concrete walls An ChDr TVPE 3. Grout Options (Fixed Body)
0 kPa | : : e e
ban.u | | ¥ =
Copy Sol HOTE- Mt boad b e ik Concrete mat. | Fc 4ksi v | Dsfil=axDperf Difx [15001 |cm
Delete Selected Sol | Tieback Section
Paste Sol | ¢ Database !H Database 0K | Cancel
Cone ' Anchor
Diameter
< Database b Database OK Cancel
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Support: Ground Anchor (5/6)

- | T . -

Prestess

; IJ. | ”m
PPN & SOty i
|

Prestress Load

Fixed Length [ i f
m:fim —

1.4 Prostress options

Z|5 m
—:If

Free and

" Helical anchor

Ground ' = .
- Horizontal
Anchor )
! Spacing

3 Activate/Daactivate Support - Permanent o Temporary

o Activate support for this stage Temporary support w

Harhnass Batviour Lossar edeate

| conca

OK
CeoStrukitur 34
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Support: Ground Anchor (6/6)

Anchor Load
and Capacity ., -

Noles

MomentM « 0 kN-m

2. Support Structural - Geotechnical Checks
Stress Chack= [ 037

Caleulated Axial Support Capacibes

Pall= 742 kN Pult=
1.1 Geolechnical Capacity

Pall= 742 kN

Pult= 1485 kN

Used FSPullout= [ N\ 2|

Bond
Strength

Bond ult. capacity (manual) =63 kPa (D) (5) = 148.4 kN
Bond ult. capacity (DeepEX) = 148.5

Tendon ult. capacity:
Pue = aAf, = 0.6(798.97) = 479.38 kN

E. Envelope
0.3 kNim
1465 kM
3.2 Struchural Capacity
Pall= 4734 kN
Pult= 192 k
Tendon

Strength

om gokin.ultmate each soil type, Paligea = | [Pdes sir = STR.des x As x Fy = 0.6 x 42907 x 1862 1 = 47938 kN
Pult GED / F5_Geollsar x FS_GeoBond Code
148 4 225 kN
Show full calculations | oK Cancel
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Other Support Types
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Effective Deep Excavation
Analysis and Design
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Modeling Approaches

gt= 20 kNIm3
c=3kPa / ~

Fr=32 deg 72145 ) e

Boring 1

Initial Free Field

“inal Excavation Level

Y T L L - By S a—

x o Intermediate
=
B . excavation level

Hm p—— -

[ LA,

————————— e A
LA LY |
Y | e
m : Al
P | e Soring element
'va H ¥
v < “wa modeling the
e ey
--------- VAT | =mag Eround anchor
Removed soil after WA : """"‘“"“1,”;’
i o A [ A
anchor installation  was. boAasad ~_
A L A A
____________ mw Tk
" ]
PAA | anad
. PAA | Saeg
Downhill wedge — wane | “ana
AR | Aaag
B | A
BAA L A

Limit Equilibrium Method

L=
[+ 4]
¥

4
2

S
A
e
Y]

/)
i
)
:

LY
»
0
i

TAVAYAN
oAl
“l‘.
1.7

Removed soil prior o Beam elements modeling
anchor installation the flexible wall

Finite Element Method

Non-Linear Springs Method
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Limit Equilibrium Method

Well known and widely-used method (classical) in
geotechnical engineering - Relatively easy to verify.

Satisfy static equations in the presumed failure mode.

Each limit equilibrium approach (e.g. Rankine, Coulomb, at-
rest pressure, Peck, FHWA, etc) employs separate set of
assumptions - By default, DeepEX selects automatically the
most appropriate approach.

Typically requires only soil properties at failure.

Limitations:

* |gnore stress path - Each stage is calculated
independently.

* Ignore strain-compatibility - Generally inaccurate
displacement prediction.

* |gnore soil-structure interaction.

In Results Report View Optimize H

FHLIA Supports: Beam ~
o Kp

- : _ Cantilever: Free-ear
Drive Pressures: Resist Pressures:
FHWA ~ Passive ~ N Below grade:Normj

Active pressures
At-rest pressures - Ko
Peck 1969 Apparent
Custom Trapezoidal
FHWA Apparent
Two step rectangular
User pressures

v | Optimize wedge analysis
Wedge analysis options

- Simple span beam analysis (not recommended)

1-.

Options for drive (active) pressures

(iGS!) GCeoStrulitur 39



Rankine: Active Pressure

MC: (o7 — 03) = 2¢' cos @’ + (o] + 63) sing’

A

Shear Stress, T MC Yield Surface

Active Zone
(Unloading)

Passive Zone
(Loading)

r

Ofp = Gy tan® (45 - %) — 2¢"tan (45 — 'ﬁ)

g ﬂ- + i l!]r ‘l I,

Rotation of cantileverwall due to excavation



Rankine: Passive Pressure

MC: (67 —03) = 2¢' cos @’ + (0] + 03) sin¢g’ Limitations of Rankine’s earth pressure:
A * Applies only for frictionless wall.
MC Yield Surface ; :
Shear Stress, T * Applies only for vertical wall.

JJ C.J'
%', € * Applies only for horizontal slope surface.

* Does not consider seismic load.

Tips: Cohesion shall be used with caution as it will
reduce the active pressure and increase the passive
pressure - Conservatively, neglect cohesion !!

0y = oy tan’ (45 =} %) + 2¢"tan (45 + %)
Note: K;, = tan® (45 + %) — 1"’51_—“5“”%
Y (Lﬂé)l CeoStruktur 41



Earth Pres.: Flat Slope, No Wall Friction

= B Soil Types ? v
P = N L. - - S T Soil Types 1. Name and Basic Soil Type .
KaH=0.251 KsH=0.261 [Custom Soil Name [Sand | Coor |
KpH=2.77 KpH=2.77 E; Description| |
: -5 m 4 (51 2. Soil Type - Behaviour (
E— Clay Sand o gp'n?rwéﬁdga}
— GT : c
| : |
Rock -
3. Default drained-undrained behavior for clays (See Theory Manual)
%'Eﬁd _ e bl _
1Dra
Sandi A.Genersl C.Bastoplasic D.Bond E Adv
- -tg KN/ 3 4. Uit E'th-‘ighﬁ = [:El'lﬂn_if"_,l' .___ i
w;tﬁ‘.a: o Y, 19 Jeum3[>] 74|16 [kNmcy ]
g:i-'gm 5. Strength Parameters and Poisson Ratio
DES: AZ 26, Sior= 2600 cm3/m [T S EORh Sc = =
FySheet =144 EMPa - 1 |_*=]0 IkPa | 2| @ |28 degrees | > |
Cantiever. Freesanh —Peak - constant vol. (for estimation)
- ® o Omitec
Soil Slope ca=10° 2 degreee L3,
: F o o _ f o |  ® peak’ Omitec degrees | > |
Interface 3 =i voss |[> St -
: | Add New Sod L2
|-
: = o b, Fermeability -
wa” Face l 9 — U Copy Sol f Kx[0.1 __: misec || Kz |01 _im'se-c s
; Delete Selected Sold . 8. Al-rest cosfficients
Rankine earth pressure coefficient: | Pase a 0 RS0 R
1-sin(¢’) ; o
K,=——21 3 g (¢' =28 = 0.361 |
i+s.1nE(pf)) 4 Database kd Database oK | Cancel
+sin( ¢ " "
Kp = ooy > Ko(9' = 28°) =277
CeoStrulitur 42



Coulomb: Active Pressure

Coulomb’s assumes soil failure wedge (AABC) -
Active and passive earth pressure coefficients are
calculated based on the static stability of this wedge.

Symbols:

@' :Soil friction angle

8" :Soil-wall interface friction.
a :Soil slope angle.

6 :Inclination of wall upstream face.

cos?(¢’ — )

S — 2
cos?(8) cos(§' + 0) (1 + Jsm(é‘ + @) sin(p’ — ﬂf))

cos(6' + 6) cos(0 — «)

. . . N @ CeoStruktur 43
Reference: [Das and Sobhan, 2018] Principles of geotechnical engineering, 9" edition.



Coulomb: Passive Pressure

Coulomb’s earth pressure consider interface friction
(§'), non-horizontal soil slope («), and non-vertical
wall face (0).

When pluggingé’' = 0, a = 0,and 8 = 0 into
Coulomb’s formula, we will get Rankine’s formula.

For interface friction angle §' # 0, the resultant force
direction makes an angle 6' from horizontal.

cos?(¢@' + 0)

. 7 e 3 2
@t -0 (1~ ol ka5

@ CeoStruktur 44
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Earth Pres.: Flat Slope, With Wall Friction (1/2)

@__E 0m A " Drve Resst
- " KaH=0.279 (aH=0.278 -
R sako £l 4m
v 5 m L = T E""l = — *‘
Friction ' = 30° GAiE
Soil Slope o =10°
2
Interface = qu’ = 20° A

Wall Face =@ =¥

Coulomb’s earth pressure coefficient:

cos?(¢p' -6
o = ;> Ko = 0.297
e M)
2 r
K = e . > K, = 6.105

cos(8’—8) cos(a—6)

p
E{}SZ{QJ E{}S{é"—ﬂj(l _JSin(5’+¢Jf} Siﬂ((pf+(l})

. . L . (|GS|) CeoStrulkitur 45
Reference: [Das and Sobhan, 2018] Principles of geotechnical engineering, 9" edition.



Earth Pres.: Flat Slope, With Wall Friction (2/2)

ELD Drve Resist
ELOm & " z
— = = = >
KaH=0.279 (aH= 9 . o
KoH=4 58 KpH=4.98 £l 4
Y;;? T El 4m
5 m L - ~ -

Sandl

What are the assumptions in DeepEX?

1. Rememberwhen §' # 0, pressure resultant is not horizontal, shown
values in DeepEX are horizontal projection coefficients.

2. For wall with interface friction angle, DeepEX by default uses the
Caquot-Kerisel coefficient.

K, ,(Coulomb) = 0.297 cos(20) = 0.279
Kph(Coqumb) = 6.105cos(20) = 5.73

Kph(CK) = K, cos(20) = 5.30cos(20) = 4.98
Note: CK (Caquot-Kerisel) coefficients can be obtained from table.

Reference: [Kerisel and Absi, 2003] p. 14.

4 m
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Caquot-Kerisel: Passive Pressure

* Caquot-Kerisel assumes a logarithmic spiral failure surface
— More realistic (compared to Coulomb’s).

Active and passive earth

pressure coefficient book i ] ) .
{Caquut-l(erisel) * |n general, It pFOVIdES more conservative passive pressure

(Coulomb 5.73 vs CK 4.98 in the last example).

_ _ @ CeoStruktur 47
[Das and Sobhan, 2018] and [Kerisel and Absi, 2003].



Earth Pres.: Non-Flat Slope, Wall Friction, Seismic

M\*‘_‘

nEsst

KaH=0.201

T . KpH=3.855 - dn
Friction @' = 40° i
Soil Slope - =15° L s m
Interface & =40°
Wall Face 0 =0°
EQ Acc. a, = 0.16g,a, = 0.0g

Coulomb’s earth pressure coefficient (driving side):
K., = K,cos(6') = 0.234
K, = K, cos(6') = 16.64

Note: When seismic is active, seismic effects are added separately in the
active side. The passive side, by default, will use Lancellota approach.
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Lancellota: Seismic Passive Pressure

» [Lancellota, 2007] — Conservative (lower-bound) seismic passive pressure.

* Parameters:

™ — —d Gx
B L2 (1iaz)

o 98 = gin T (TR0 oy iy (FI—EYY . 50 _
260 = sin (Sin{qg,))Jrsm (Sin{@,))Jréf +(a—pB)+ 2B

e = (A +a)?+a2)”

» Seismic passive pressure coefficient:

. = cas(o’) f N PZERIY.  ainP (AT 26 tan(¢’)
KF'E' — CDS{(I—E)—JSiDZ{SI)—Sinz{q—’{-}) (CDS((‘D ) - \/Sln ((S ) sSin ((S )) e

* Bpp = er?’l cos(a — BB)

F . slide: : ; ; :
qﬂr:j:' Z:;V SHee Using Lancellota: * For comparison, using Coulomb’s extension
4 — 150 B =9.09° for earthquake forces (Mononobe-Okabe),
I _ 100 20 = 1.029 we would get K,,;, = 15.54.
o) 10 ph
v = 1.013 ) :
6 = (Q° K. — 10401 * Hence using Lancellota (lower-bound) is a
a, = 0.16g oo ; conservative (safe) assumption.
B K., = 10.477
a, = 0.0g P

@ CeoStrulitur 49
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Summary: Active & Passive Coefficients in DeepEX

Active Passive
Method
Available | Soil Slope | Interface EQ* Available | SoilSlope | Interface EQ

Rankine Yes No No No Yes No No No
Coulomb Yes Yes Yes No Yes Yes Yes Yes
Caquot- No - - - Yes Yes Yes No
Kerisel

Lancellota No - - - Yes Yes Yes Yes

* Seismic effects are added separately.
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Apparent Earth Pressure

* In reality, for anchored/strutted system, it is found that the
deformation pattern is not consistent from Rankine/Coulomb
pressure distribution.

» [Terzaghi and Peck, 1967] and [Peck, 1969] propose loading
diagram for conservative design of strut in internally braced
excavations - Apparent Earth Pressure.

*» Some modificationshave been done since 1969, particularly
by [Henkel, 1971] and [FHWA, 1998] - Itisincorporatedin
FHWA ApparentEarth Pressure*.

Peck Apparent Earth Pressure in DeepEX
* FHWA-1F-99-015 Geotechnical Engineering Circular no 4.

Struts
—_—

1.
-
p=0.65KJYH
Ka= tan® (45-¢'/2)

(a) Sands

| "
_..\ 0.25H

|0.5H

0.25H
= v

p=0.2YHto
0.4YH

(b) Stiff=hard fissured
clays

|0.25H

0.75H

1,

p=1.0K:YH

Ka=1-m 4Su
TH
m = 1.0 Except as noted

(See Section 5.2.6 for discussion|

(c) Soft to medium
clays

Peck Apparent Earth Pressure*
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Commonly-Used Stability Calc. Method for LEM

* For cantileverwall:

* Free-earth support method — Pile rotates at the tip,
applies when the embedment depth is relatively small.

* Fixed-earth support method — Pile rotates a pivot point
above the pile tip (at fixity point).

* For cases with supports: Blum’s method = Essentially fixed-
I o : C cti Pre di Sh Bend Deflecti
earth support method with some modifications*. Pepsicion Fasn s . sl

Free-Earth Support Method*

* SNI 8460 also allows the use of Rowe’s moment reduction e
method = It considers pile flexibility for reducing the o
required moment for wall design (use with lots of caution!!).
Passive if:p
‘-"T‘Tl?.'m ——
d F,
v | -
Crossssection ldealized pressure diagram Shear Bending Deflection Simplified pressure

moment diagram

Fixed-Earth Support Method*

. : s @ CeoStrulitur 52
* [Puller, 2003] Deep Excavations: A Practical Manual 2™ Edition.



Design Check Summary

Parameter Applicability Description Requirement
STR Moment Wall Ratio Wall Demand capacity ratio of wall (bending) <1

STR Shear Wall Ratio Wall Demand capacity ratio of wall (shear) <1

STR Support Ratio Support Demand capacity ratio of supports <1

Support Geotechnical Support Demand capacity geotechnical support <1

Capacity Ratio (Pullout)

FS Basal Global Basal stability safety factor 1.25 (SNI 8460)
Toe FS Passive LEM Embedment safety factor (horizontal forces) 2.0 (SNI 8460)
Toe FS Rotation LEM Embedment safety factor (rotation) 1.5 (SNI 8460)
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Effective Deep Excavation
Analysis and Design
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Essential Design Considerations (SNI 8460)

Undrained vs Drained Strength Construction Tolerances

* Embedded wall analysisshall be performed with soil * Additional load of min 10 kPa, shall be applied at the
parameters representing the most critical condition. upstream face (for equipment, excavated soils, etc).

» |f unsure, both short-term (undrained) and long-term » Qver-excavation shall be considered, typically 10% H (but
(drained) analysisshall be performed. no need greater than 0.5 m).

Lateral Displacement Limit Water Pressure

» Maxtolerabledisplacementis typically0.5% H = Ex. for * Groundwater level fluctuation shall be considered.

10m excavation, max displacementis 5 cm. : ! .
P * |f the excavationarea is susceptible to flood event, ground

* Highertolerance may be applied (up to 1% H) - Depends water level shall be taken at the ground surface.
ontheproxmity withinearby fadliiesand:soiltype. » Water pressure may be modelled as hydrostaticor steady-
state flow (preferred for drained, long-term condition).

Base Stability Concerns

» |f the excavation base is sand, piping/sand boiling may
occur (SF = 1.25).

* |f a confined aquifer is present, blow-in may happen
during an excavation (SF > 1.5).
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Case Study: Deep Excavation with Berm and Raker

* Objective: Predict the maximum lateral displacement!!

* Method: Compare results with LEM, NL, and FEM using DeepEX.

" o %nund floar

T d floor
J | = caps00a00 ﬂ‘i‘l"?‘\mn = A

y I Il.,_
= a— Anchor for -+
= basement wall el | T -— Anchor fior
§ - = N basement wall
a3 | Yower ground 2 |
- | i F A A | 3 _..: LGWE‘r gn}und
Waler [ r |
! Y
= Basement 1 $ Rasement 1
é E i E e 2 ¥ e
2 HE
b - 3 ~4 %
Y Basement 2 Rasement X
Z7777, Ig Y %
So00cn  000¢cm = i h
¢ Raft + pile cap 2000¢ A000cm Rafc+ pile cap
Bore pile (800 Bore pile §800
- @1200(L=20.0m) < @1200(L=200m)
+ bentonite pile + bentonite pile
600 ]
Yy L . . X
a Soldier Pile b
Figure and data from: [Ma'ruf dan Darjanto, 2017] Back @ GeoStrulitur 56

calculation of excessive deformation on deep excavation



Case Study: Soil Data

Paramcter Symbol Layer 1 Layer 2 Layer 3

Name Soft Clay Clay Stff Clay
Material modecl Mohr Coulomb  Mohr Coulomb Mohr Coulomb
Type of material behavior Undrained Undrained Undraincd
Unsaturated unit weight (kN/m’) o 16 16.8 17.2
Saturated unit weight (kN/m’) Yoit 17 18 18
Stiffness modulus (kKN/m?) E 7E3 9E3 12E3
Poisson ratio v 0.3 0.35 0.35
Cohesion (kN/m?) c 11 21 20
Friction angel (°) o) 12 13 17

Figure and data from: [Ma'ruf dan Darjanto, 2017] Back @ CeoStrul:ttur 57
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Modeling: Input Soil Data (Top Layer)

—1. Name and Basic Soil Type —1. Name and Basic Sail Type
Soil Name |C1-intial Colie Soil Name |C1-intial Color
Description| Organic clay Description| Organic clay
—2. Soil Type - Behaviour — 2. Soil Type - Behaviour ‘
11 Show test data = Show test data
Sand v | (SPT.CPT. Bc) Sist v | (SPT.CPT. Bc)
Not defined v Not defined v
—3. Default drained-undrained behavior for clays (See Theory Manual) - —3. Default drained-undrained behavior for clays (See Theory Manual)
Undrained behaviour Crained -‘ Undrained behaviour Drained §|
A General C.Hastoplasic D Bond E Adv. F.Pies

A.General C. Bastoplasic D.Bond E.Adv. F.Pies
—4. Unit Weights - Density ~10. Soil Model and Behavior
¥ 168 |kNm'y = Blastic-Plastic (Linear Load-Reload) i
- m i -

7, kNim3

—5. Strength Parameters and Poisson Ratio Subgwademnﬁ.ﬁ.!s

r~Drained strength properties : . HS-Small (approximated procedure)

_::EI kPa E_ & |12 degrees ._- ‘ —10.1 Loading Elasticity Paramaters
Evci7000 |kPa

Peak - constant vol. (for estimation) —
Prefsss kPa [

® o[z ders =
uhE [3

% peak' [18 | degrees @ |

¥|03 —10.3 Reloading Elasticity Modulus
rEur=Eur/Boad|3 B

— 6. Permeability
(9999595 misec (2] K [5.59999%]misec
—&. At-rest coefficients

KoNC|0.752088:) nOCR Ko = KoNC * |:|[:utznr‘n|::1uc|
|




Modeling: Assign Soil Data

C2-nitial
yi=18 kN/m3
c=21kPz
¥=T3deg

—1. General Buﬁmlnhnuﬁm-(iw&mtu

il

Name Boring 1

Coordinates X :AEF m

rio

Th:mﬁmmm_ﬁfmaﬂubmmmﬂm in your design section view.
Each design section uses one boring (soil strata). You can use a different boring on

each design section.
—SPT Data Option (Applies to Design Section)
SPT Record Not assigned v ||__ Add edt SPT reconds
¥ Pass same SPT log to boring (3D visualizations)
—CPT Record Option (Applies to Design Section)
CPT Record Not assigned v || Add edt CPT records

lcs) ceostruktur 59



Modeling: Input Wall Data

2. Wall Name 0]
Wall 1 -
—3_ General Section Eata .
T s = ~L T .__. -
g by "
o g
—
/
A
#
#
I . 5. Structural Matenals . ;
e o |_JGERE | —Concrete - Rebar Materials - :
) : : 1 WARL: Diam= 0.8 m
4. Dimensions || Rebar steel mat. / Rbbar: 1249
Widthd 0.8 m Grade &0 || Eda | Clgar: €.19 cm
i- 2. Hor.Space S 12 m Concrete mat -
Passive width (below exc) 1.2 m |i| Fo ks " Edt | - e
Active width (belowexc) 12 m | > | g
o #
Water width (below exc.) 0 8 m | > g 1.2
o 5
The "passive width and active wicth bekow exc.” are used to muRiply sod pressures on the wal eiement below the i
®ICAVELION grade (see manual) I -
6. File offset options (double row of piles for soldier piles and tangent pile walls ani;.-:l i
Use pile offset File offset m al
Stiffness factor for A x (0.5 offzet)™2 |0 " .
-
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Modeling: Staged-Construction

Stage 0: Initial Conditions - No Excavation Stage 1: Excavate to El: -8m, Create Bench

lcs) ceostrukitur 61
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Stage 2: Raker Installation at El: -6m



Result: LEM, Flat Slope, No Wall Friction

Settings:

* Soil Pressures: Active/Passive for the cantilever excavation
stage, FHWA Apparent/Passive for stages with supports.

* Beam Analysis: Blum’s Method

» Wall Friction: 0 ° for the driving/resisting side.

» Water Pressures: Simplified Flow

Wall Tos Safety WWall 1
Mim FS= 1
F5 Embed= 1
FERgtw 1.007
Req. toe F5=1 12m
Tos El FE=1 =20 m
Mg ToaFS e
FS Basal= 2253
Easal standard 2353
S333!grardged idse Deflection fem) Moment [kN-m/m)
30 BD -1200 800 400 O 400  E0D
||||| T T L [T TIT [T T TT7T]
ECL-mitial 34.520m 417 8 gh-mim ATk
C2-Initial
C2-Initial
-1128 7 kN-m/m
C3-Initial Wall1

Reinf. Conc. Piles (lag

* Surface Slope=0°

Result: Displacement= 34.93 cm (at stage 1)

!

Pile Diam: 80 cm. 12 Rebars #3, §1.2mO0.C
FyFRebars w413 8 MPy, Fe'm 20.TMP

Carthever Freeeanh

@ CeoStrulitur 62



Result: LEM, Flat Slope, With Wall Friction

Wl T:l-t_’?..l"'l'.'.' Wall 1
Y T Settings:
FSpas = 1957 - . . i -
FSRoi= Taa * Soil Pressures: Active/Passive for the cantilever excavation
Rag tos FEmt ESm
SRRl “5; stage, FHWA Apparent/Passive for stages with supports.
e o e e * Beam Analysis: Blum’s Method
Easal 31ascans 2,353 10 S £00 200 200 600 : : i i Q
— e I = S Bu L » Wall Friction: 33% of soil friction.
Rt ELILER S AR * Water Pressures: Simplified Flow
* Surface Slope=0°
Result: Displacement= 12.66 cm (at stage 1)
C2-Initial
C2-Initial
581 8 kN-m/m £
C3-Initial
¥Wal1 i
F:Qi"..: :‘:":_Tﬂj:lg 1] sl e = Wil Bending
) Hebas 2413 5 Ps Foegh Mre O ——  Wall Displacement
Cantiever, Freseanh =  Moment capacity
Baring 1 Wall=e5% o
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Result: LEM, Non-Flat Slope, With Wall Friction

Vial Tos Safety Wak1
Min FS= 1,188 B
e s S Settings:
—E2Ras 18 * Soil Pressures: Active/Passive for the cantilever excavation
e TTatars stage, FHWA Apparent/Passive for stages with supports.
ES Easal= 2354 1
fussacers | 235 | Dafecvionfem) Moment (em/m) * Beam Analysis: Blum’s Method
Eazalsrardars 234 o 2 0 1000 Erivy 11]
RESRERERLE » Wall Friction: 33% of soil friction.
nitia 2222 1T B kM-m L = .
cinits ——— » Water Pressures: Simplified Flow
* Surface Slope =5°
Result: Displacement= 22.22 cm (at stage 1)
C2-Initial
C2-Initial
B82S kN-mim S
N
C3-Initial
';;.ra:.n T E
Pie Dism. 30 12 Habars #9, @1.2m 0.C =N Banciee
Fy'Resars w412 8 MPa, Fes 20, TMPs = Wall Displacament
Cartlzver. Freszanh =  Moment capacity
Boring 1 Wl o : s @ CeoStruktur 64




Result: NL, Flat Slope, With Wall Friction

Defiection [om)

Momant (kN-m/m)

Settings:

» Soil Model (all soils): Elastic-Plastic.
»  Wall Friction: 33% of soil friction.

* Water Pressures: Simplified Flow

» Surface Slope=0°

Result: Displacement= 14.8 cm (at stage 1)

=10 O C 20 430 230 50 130
iti 14.8cm
|__ECTmitial Z: P o
0 kN-m/m
C2-Initial '\T' ¥
wii- <5 deg
=
C2-Initial
423 SkN-m/m
A Z2em |
Wall1
= Rednf. Conc. Files (g.)
C3-Initial Pée Diam: 80 cm, 12 Rebars #5, @1.2m 0.C
FyRebars =413.8 MPa, Fc'=20.7TMPa
Walli=31% o
Boring 1

=  Wall Banding

——  Wall Displacement <iGS!' Ggugtrul{tut‘ 55



Result: FEM, Non-Flat Slope, With Wall Friction

_ N Settings:
. 5 :uﬂen_gn """':'q_. - - -rlji:m'flfulkh'ﬂi_"”., : ) ) .
| — A e e o » Soil Model (all soils): Elastic-Plastic.
Ctiniial * Non-Linear Solver: Krylov-Newton Method
» Wall Friction: 33% of soil friction.
» Water Pressures: Simplified Flow
* Surface Slope =5°
2.2 kM-m/m
C2ritial | f*'-‘i@k\\ Result: Displacement= 22.43 cm (at stage 1)
<
=355, 5 kMN-m/m
Wal 1 4
Reinf. Conc. Piles (lag.)
C3-Infvig File Diam: B0 cm, 12 Rebars #75, §1.2m 0.C
FyFebars =413 EMPa, Fe'=20.7MFa
Wal5=33% 2
= Wall Bending
== Wall Displacement
3-FEM i (lGSI) GeoStruktur 66



Case Study: Summary

» Wall friction has a considerable effect on the wall performance.
» Construction tolerance (represented by 5° slope) has a non-negligible effect on the predicted lateral displacement.

» Using LEM, NL, and FEM, also by considering wall friction and construction variance (represented by 5° slope), the
estimated lateral displacementis between 12-23 cm (among the cases considered).

_ General | Analysis Seismic Slope Stability+ Design Results Report View Optimize Help

iw\ r@ E B E 1: Boring 1 - [k Edit 1st wall ~ E Left 0.00 =
= il [ EditBoring - - Add right wall =

Model Project Move Model Soll  Stouctuzal Surface

: r T l ) ST Right 0.00 -
bl Sl s E;';m_'“m Tips: All of these cases can Oitians
Wizards Info Maog#l Limits ) i Walls Surface Elev. next to wall
be analyzed in single file
[Design sections|  Tree vp/an .
o _ when using DeepEX o SerH R
Design Sections Mmao (ol

2 0: Base model .
¢ 1: New Section 1 E

Edit Name
Add Section
Add as new section e Diive Hiiia
Add new linked section | . . et gt G0 =
= =
Delete Section o i
N sean

|

View Selected DS
1T
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Summary

* Modeling challenges and workflow enhancements.
* Select appropriate soil data.
* Perform wall STR analysis.
* Perform support STR and GEO analysis. Usually, these parts take
most of our time

* LEM approaches and design check.

* Various earth pressure coefficient.
* Calculation method. N

* Essential design aspects & case study.
» Sensitivity analyses. -
* LEM vs NL vs FEM comparison.

Important part to obtain
a robust design
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Your Trusted Partner for Digital Transformation

—
e

Thank you for your attention!

www.geostruktur.biz
Email: general @geostruktur.com

Subscribe our YouTube Channel: GeoStruktur WA: +62 812 6075 200
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