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GEOTECHNICAL SOFTWARE & SOLUTIONS

cb DEEP EXCAVATION II QuayWalls - Gravity Type Quay Walls

omes  D€518N SOftware

PART 1: QuayWalls Software Features and Methods

QuayWalls - Main Software Capabilities
II v Design Gravity Type Quay Walls (Any Shape)
v Calculate Wave Pressures and Overtopping Flow Rates
v' Model Wizard - Automatic Model Generation
v Include External Loads (Surface Surcharges - Mooring Loads & More)
v Calculate Seismic Pressures

v Full Structural & Geotechnical Design

Click here to learn more:

More information: o
QuayWalls — Features and Capabilities
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https://www.deepexcavation.com/en/products/quaywalls-quay-walls-design-software

DEEP EXCAVATION QuayWalls - Model Wizard - Create a Model in Minutes

B. Dimensions Please define your basic soil types. Soil types are used in borehole records (borings).
Automatic Model Generation —— ~ Define soils from text description
2/ 15 m2/1.5 - - - -
o o M ) ) Note: For estimation only, you can descnibe your soil st
for a" PrOJECt StageS: 1315 ft m3 1.5 7 @ Edit soil types language. DeepEX will estimate all properties! Not a sul
B . S s = geotechnical investigation
v’ Select Wall Type et .‘ : _\
v 1) T . : : : : T . ’
. . . - 'lease define an approximate soil layer stratigraphy (boring). A boring uses soil types
‘/ DEflne SO'I Propertles Base ground H. -60 f nd top of layer elevations.

and Stratigraphy i Available wall sections
v’ Define External Surcharges  |~"7" """ 2.8 covoms:

v" Define Mooring Loads ccavaon W 10
v’ Define Analysis Settings e i =

‘/ DEfine Wave Pressures Relief prism sail type RF v | Select add typical soil
‘/ SEIeCt to Apply SEismiC LOadS Soil type for embankment and base GR inadic E:-‘-ahs;pnsn‘l -

Natural soil type below embankment F

1: Boring 1

)| F =F =+ =

Assign layers for quay wall fill zones
4' Fill soil type F

Ground water Elevation 0

o |

2. Geotechnical Codes (Eurocode , etc)

o s _ -
Q) Use a strip load i - i - Do not use a Code
I - : - Analyze all Code Cases in Analyze only one Code
Behind wall 2 ft W - oo e :
Separate Design Sections Case
Do not use a wall surcharge Design Code BS-6£349-1-2-2016

Mooring Loads

-
.

Moaring load normal conditions 6

v Create Base Design Section with Service Case

Mooring load high wave conditions 4 klf
v Link Model in Design Sections to Base Design Section
Moaring load high wave conditions | 3 klf
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(2 REER EXCAVATION QuayWalls - Available Wall Types

Wall Types:
e (Caisson Walls with Infill Zones A
* Slanted Segmental Block Walls

 Segmental Block Walls with Slanted Base &
e T-Shaped Walls

e Gravity Walls (Any Shape)

I_j-_-l"
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DEEP EXCAVATION QuayWalls - Wave Pressures and Overtopping Methods

Wave analysis options Typical Wave Heights X
S Max. Wave Max. Suggested | Suggested Significant wave height Hs |5.245 -
o [ . Condit E'”.“ ;ave wave Period Period Wave wave Select "
Automatic Wave Options Design method | Goda v Seaward SainFlou as modfief < o) Dok T | Tom | Hedd | pewdT |
- ' Hmax {m) | (sec) (sec) Hrec im) | (sec)
\/ . Wave pressures ignored e - - 1e - . by e et Local wave height H [3.439 m
CEM 2011 T I W Design wave Hinc | Sainflou 1923 l TR 05 3 3 3 4 8 ‘ _ . —
. . 7 q 7 0 24 E Lyerage of the heighest 1/3 of waves H1_3 |3.455 m
yp I ca ave Leidraad Kustwerken 2003 Supercell thunderstarm 2 3 3 & 29 5 Select ,
H o ht I I t d \wall side to apply | Coastal Engineering Manual 2002 l Sea bresze 0.5 1.5 3 4 14 35 Select || Average of the heighest 1/10 of waves H1_10 |3.981 m
e |g S IMm p emente Sainflou altemative version Lee waves 05 15 2 5 14 45 Select Peak eried To [7
penod Tp |7 sec
Miche Front squall lines 1 5 4 7 45 5 Select Wi iod iated with H1_3, T1.3 |7
Wave period associated wi 3713 |7 sec
v Overto ineg Flow Rates Goda . . Tropical depression : s F . YN Seloct
p p g Modified Goda (Takahasi 1996) . Goda Method Parameters Tropical stom 5 . ; 5 e ] P Average wave period Tavg |6 o
i Wi , 1 . -
. HHEDE,-A on lﬂ&iﬂ waves, . . - A 11 A Huricane Simpson Scale 1 |4 8 7 n 75 10 Select Local wave period Tloc |7 sec
ngh and Low Wave -|PROVERBS 2000 (automatic selection by software) 1 T e— 0 . 0 - > P~
b CLII:II'I'IIII EE'I: :Iml:lal:t 'r‘.'EI"\"ES,' UmMcane JImpson oCale £ o u d £ J. 2l
o Al Hurmicane Simpson Scale 3 8 12 11 13 115 12 Select
Scena rFiosS Significant wave height Hs | 5.2435 m S, J— Huricane Simpson Scale 4 |10 14 12 15 135 |14 Select
. . : . e pHons tor structures protec Huricane Simpson Scale 5 |10 14 12 15 135 14 Select
Significant incident wave height at toe of structure Hai 5 245 m — Weak Exratropical Cydone |3 : : 0 s p -
. Moderate Extratropical Cyclone |5 8 9 13 7.5 11 Select
1 495 . : .
Local wave height H |3 435 1 v Use uplift for seaward base actig Intense Extratropical Cyclone |8 12 12 17 15 15 Select
- 1 P g T ¥ o i " 7 o 5 el 7 il
Awerage of the heighest 1/3 of waves H1_3 |3.439 m [ SElanaward value for base pre Brireme Bdrairopical Cyclone | | 1 ! 0 ! 173 Select
Wave Pressures Methods: P S M N S RN (N (N N A=
° Average of the heighest 1/10 of waves H1_10 |2.981 m v Use adjustment factor for low wa{ .
° H IMPact waves | UMD [ =ignifican wave height at 10g) [ ..o low wave factor |05 _l, pE!
aln Ou : HI'I‘-,_'.'-:- 3.495 n U 2a.

: 1 pog) :Fa:x_lsz:-
G d Cuomo Factor Cr |1 -100 - o 30 100 150 200
oda Peak period Tp |7 : i

Wave peried associated with H1_3, T1_3 |7 SEC

Wwiave length methed | From Tpeak

e Coastal Engineering Manual 1 -
Awverage wave period Tavg |6 Sec
i AI I SO p 2000 Local wave period Tloc |7 SEC
¢ P ROVE R BS 2000 Storm duration |G Hours Pressure reductions for broken td ¥,
o Overtopping | Automatic selection with EurCtop W lgniored '
* Leidraad Kustwerken |

Influence of foreshore | Automatic selection (EurCtop) e |
¢ M IC h e Apply =ettings to stages 5
{" Apply to all stages Wl 0 44hdd
e . L - I;EEEE
Cuomo 2010 {* Apply to one stage ~ EE:LL

Low wave

[N

m
(=]
T3
o]
=]
=

*" Apply to stages From sta

=
=

[l
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DEEP EXCAVATION DeepFND/HelixPile - Soils and Stratigraphy

B2 <o ? 5 5 5 . :
= Soil Types ' X v' Create multiply soil types and define soil properties
Soil Types 1. Name and Basic 5ol Type . . . .
: -~ [FT e v' Soil properties estimation tools (NSPT values - test data)
gj Description| Relif prism so v' Create multiple borings and define the horizontal stratigraphy
£ o °
51 2. Soil Type - Behaviour v' Add CPT logs and SPT Records - Estimate properties from records
Clay Show test data v . . . .
2 Gravel ¥ | (SPT. CPT. Bc) Custom Layer mode: Create inclined soil layers
v' Relief prism and embankment zones automatic generation
GR Not defined v
3. Default drained-undrained behawvior for clays (See Theory Manual) Assign |ﬂ'1||'Er5 for quay wall fill zones RELIEF SOIL
Fi”SG”t‘_.-'F-E F = F”_I_ -
A.General C. Blastoplastc D.Bond E.Adv. F.Piles
4. Unit Weights - Density Relief prism soil type | RF “w | Select add typical soil '
y (120 | pef . ¥ oo (120 |pof ¥ =[56 _ types for relief prism and
L - - Soil type for embankment and base GR o base.
B. Strength Parameters and Poisson Ratio NATURAL SOIL
Drained strength properties | Matural soil type below embankment | F o
|0 psf 3 g |40 degrees
Pezak - constant vol. (for estimation) )5 15
Enable elastoplastic i . EL 10t L L L
properties * oy Umitec Gegrees | = ——— &
F peak g0 O0EOQrees - TTHH
Add New Soil v|[ .15
LY L%
Gogy.5ol 6. Permeability
: Kox| 0.1 flzec 1= Kz |0.1 fi'zec > . El. -35 1t
oy o — = = r
Deldte Saeaied Sos 8. At-rest coefficients = S -
Paste Soil KoNC|(0.357212)| | = nOCR |0.5 o = KoNC * (OCR)"nOC
L L . L L L r i
Clone
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DEEP EXCAVATION QuayWalls - Seismic Pressures & External Loads

Seismic Pressures - Procedure in QuayWalls External Loads:
> Define Seismic Accelerations Ax and Az v' Define external surface loads
> Select Seismic Pressures Calculation Method v' Define loads on the walls
Seismic Pressure Methods v Include mooring loads (automatic model wizard options)

4 Sem]r]g]d .. . Use a two step wall surcharge

v' Mononobe-Okabe (frictional soils)

v' Wood Automatic

v Wood Manual |
— — lsze a tiangular surcharge

/| Include Seismic Loads g C[, Calculate from Hexc v —

o | h >4 (excavation depth O . i —
ax (0,100 ~ |9 _"'”'EI =i PRy "'-'"'-E Q) Use a strip load 0.6 kst g ft
A AN - Full Seismic Method: Water Behaviour: Behind wall 2 ft
. -~ |9 Options  Mononobe-Okabe - Pervious =
General - Accelerations Method Lirnit Equilibrium Seismic Monlinear Seismic Do not use a wall surcharge
Mooring Loads
4 -1 rresmpE e 4 Mooring load for operating conditions | 6 klf [ Ignore mooring loads
I I [ — ___I r | Mooring load for extreme conditions (high waves) 4 kel
. Mooring load for seismic conditions |3 klf
I === Leismic pressures =
. 0.551 -:Jf_“ _ \
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE & SOLUTIONS

QuayWalls - Structural Codes & Design Standards

v’ Design Standards — Load Combinations: AASHTO LRFD, Eurocode 7, BS-6349 + more

v’ Structural Design Codes: ACI, AISC, LRFD, Eurocodes 2, 3 & 8, AS3600, AS 4100, CN + more
v’ Calculate moment capacity

v’ Perform all checks according to the selected design standard

v Export detailed report with all structural design calculations

Calculation Options for Both Walls X
Kp Passive Method

Do Mot Use A Code :

Q! Analyze only one Code Case

. i
- Structural code options | |Structural code options X
Design Code Concrete Code Options Concrete Code Options
B5-6345-1-2-2016 o
1:ACI 318-11 v| [ [TACI 318 7
Default _ 1:ACI 31811
ECY. 155 2:EC2-2004 Steel Code Options

ECT 2007

DMO2_ITA

3. EC24Geman Annex
4:BEC2-Cyprus Annex
h:EC2-French Annex

17:AISC 360-10 ALL.

> calculations

EC7-Greece FCrT R 1:ASD 1583 M capultl 26374.2
¥P P G ;ng .Eul_stnalz AnEx 2:EC3 2005CEN Left side design moment capacity M cap.desL = e =17582.8 kN
i f-Elemlalian -"'””E”ﬁ 3.LRFD 13th Edtion 2005 FS 5
DIN 1054 (2005 8.EC2-Netherands Annex 4NTC 2008 ” e
P, . 9:-EC2Lzech Annex 5:EC3 2005-Bulgaria
AASHTO LRFD 2 (2018) 0-EC7-Belaium A e Snne ; M capultR _ 26374.
- 10:EC2-Belgium Annex 6:EC3 2005-Slovenia Right side design moment capacity M cap.des® = WRR. SRIiE 17582 .8 kN

BSEN 1337-

11:EC2-Slovakian Annex

FEC3 2005-UK

FEN DOT AASHTO (2010) 12:EC2-Danish Annex 8:EC3 2005-Norway Fs 15
Ao PO T 13:EC2-Finish Annex | |9:EC3 2005-Sweden
CALTRANS LRFD (2012) | 4-EC7-Swedish A 10:EC3 2005-Finland ‘ R V cap.ult _ 5139.9 2
. . ) L r o 1 El:i SI""EdISh Annex 1 WWE D‘ESIU"\ Shear CaDaCIt'y' \V’ cap.des = = = 34260 \N
CALTRANS LRFD (2012) x Approach 15-EC8-Greek Annex 11:EC3 2005-Denmark 2
16-EC8-kalian Annex 12:EC3 2005-Partugal FS 1.5

CN-Level 1

17:EC8-Austrian Annex

13:EC3 2005-Gemany DIN

CN-Level 2 m . 14:EC3 2005-Singapore 4161.418kN-
: ) 18:EC8-Bulgarian Annex 15-EC3 2005Greece Left side moment stress check RAT ML = et il =0.237
CN-Level 3 g
SE 2 13:EC8-Cyprus Annex 16:ANSI/AISC 360-10

AASHTO-17, GSBTW-2
AASHTO GFRP-2 (2017)
B5-6345-1-2-2016
AASHTO LRFD Sth (2020)

20:EC8-Slovenian Annex
21:EC8-French Annex
22 EC2Greek Annex
23 BECZ-2004

L

25CN (China)

18:B5 5550-1:2000
19:A5/NZS 4100
20:CN (China)
21:ANSI/AISC 360-16
22:A15C 360-16 ALL.

17:A1SC 360-10 ALL.

17582.813kN-m

Combined stress check RAT MN = 0 is smaller than moment check alone.

Set RAT MN = 0.237
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II QuayWalls - Gravity Type Quay Walls

omes  D€518N SOftware

PART 2: Additional Modules - Expand QuayWalls Software Capabilities

Slope Stability Finite Element Soil Estimation - Pile Supported
Analysis Analysis Statistical Analysis Abutments

Click here to learn more:

More information: o
QuayWalls — Features and Capabilities
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https://www.deepexcavation.com/en/products/quaywalls-quay-walls-design-software

([ZDEEREXCAVATION  siope stability Analysis Module

v’ Bishop Method 15,08, 2725
v’ Morgenstern Price Method (G.L.E.) «F5=1.752
v’ Spencer Method

v Ordinary (Swedish) Method
v Automatic Slope Search Method 4782, 14.23
v’ Single Point Slope Center

v’ Rectangular Slope Center

v’ Define Radius Search Limits

v’ Clouterre Standards for Soil Nails

wF8=2.448
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EP DEEP EXCAVATION Finite Element Analysis Module

v Moments and reactions calculated with Finite Elements

v Automatic FEM mesh generation

v Consider full soil-structure interaction

v’ Calculate surface settlements

v Display soil mass displacements,
settlements & stresses shadings

Soil Models:

v’ Elastoplastic Model

v  Exponential (Hyperbolic) Model
(approximate solution)

v Exponential (Hyperbolic) Model
(complete solution): Soil hardening
model

[IN

éF,-FF
L

.11 22.1m
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DEEP EXCAVATION

GEOTECHNICAL SOFTWARE & SOLUTIONS

Soil Estimation Statistical Analysis Module

SPT Mift 2. Boring Layers - Layer Elevations

Depth SPT | RQD (%)

] 1 16
[ 26 13
- 3 18

36 18
]
41 14
. ey
Add New Record 45 19
| ]
& Delete Selected
Record Insert point Delete point
¢ Import from tab
& delimited file

OK

Cancel

Name and matenal

Determine confidence

[ Set 1 at Lo ~t- 2

2. Density and Strength 3. Hlasticity 4. Bond Resistances 5. Lateral Pile 6.0OCR

Select Equations to use for esimating soil parameters
2.A: Soil Density

v!y Kullhawy, Mayne, 1990, Table 2-9.pg. 1-54 .. DR. Bowles et al, DeepEX approach
DR, Manual of Estimating Soil Parameters, Table 2-
2. B: Effective Friction Angle 2. C: Undrained Shear Strength
¥ © Parry, 1977 (Perko, Helical Pile Design Manual) v Su=0.06 N Pa=0.125 N (ksf), Kullhawy, Mayne,
@ tnaxial compression calibration, FHWA NHI 132031 Su (ksf) =0.13 N, Terzaghi-Peck 1567
v! © Kullhawy, Chen, 2007 Suvs OCR, Ladd 1977, Jamiolkowski 1985
v © Terzaghi & Peck, 1967 Su clays, Koutsofta vs. OCR and PI

® FHWA pilot database calibrations
®cv, Parry 1977 for clays

v O Kb”f‘i\‘.",’, ME',’F‘E. 1990

v @ Sabatini et. al, 2002, FHWA NHI-10-106
®cv. Holtz-Kovac 1991, 1985 for clays vs. Pl, lower bound
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, average
®cv, Holtz-Kovac 1991, 1985 for clays vs. Pl, upper bound

RELIABLE
GEOEXPERTISE

0

pg. 2-1

w

1990 Eq 4-59 p
v, N T

v Estimate Soil Properties with different methods
v Review a statistical analysis of the estimated properties
v’ Select the project values with a high level of certainty

- L
E estimate
qBond estimate

4 Summary Results

Parameter estimation for

Densty: y

Soi type: F

Sample count: 13

Average input values

Average Nspt= 15.31 bpf

Average Relative denstty DR= 4052

Estmate results

Average estimate y= 115138 pcf

Standard deviation y= 4 266 pcf

Max. value y max= 120.9 pcf
|'|Min. value y min= 109.4 pcf
Confidence level v .des=115.138 pcf
Confidence level at 50% lower bound

5. Adyust or Pass to soil type

Lower bound |5(

1 value based o

hound percert age
ouUNg percetage

Pass value to soil type

www.deepex.com
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DEEP EXCAVATION Pile Supported Abutments Module

GEOTECHNICAL SOFTWARE & SOLUTIONS

v Design pile supported abutments

\ v Use footings (3D loads) and design the foundation piles
Edit pile sections X
File Section Section name and type Section Drawing  Envelope
Feiozi
Concrete pile O Circular
l: El -5 D=24in
| K A
Rectangular -
Structural matenals O Circular - — bt
Concrete mat. | Fe Wi w
Febar steel mat. | Grade 60 e @ Circular Hollow » -
O Octagon
Section Properties  Steel sections - Hollow i E Steel (H, or pipes) hd =
7 fi T/ 3 ft imensions Rei
I I - I D24 in Re O Timber pile
El Ot LSS - L“.“-_ . - S—
i F KaH=0.232 C|? in | ] o L
=125p KpH=13
?: ';f- = 12 fi & '
:;::'it EE% - & Shear Reinforcement
T o a— Bars # #3 -
— 1 A |
k- A
T2 ft - , Options
sV|5 n x-16mm ¥ 18 mm | Use user defined reinforcement
A558 |2 218 |d 90 |d
< Add New Pile Section B e e =
yt= 132.738 pef cot@ =25
b =3L1.:E.; ) Delete Selected File
section
QK Cancel
sales@deepexcavation.com

www.deepexcavation.com
training@deepexcavation.com
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GEOTECHNICAL SOFTWARE & SOLUTIONS

@ DEEP EXCAVATION l www.deepexcavation.com

www.deepex.com
| QuavWaus

THANK YOU!

DESIGN AND OPTIMIZE ANY QUAY WALL SYSTEM IN MINUTES AND GAIN A COMPETITIVE EDGE!

BOOK HERE A FREE ONLINE PRESENTATION

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

or Call Us at: +1 - 206-279-3300

CLICK HERE FOR MORE

Review all software capabilities INFORMATION

Prices and Licensing Questions: sales@deepexcavation.com
Technical Support: support@deepexcavation.com
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