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What is a Capstone
Project?

What is a Capstone Project?

> Final year undergraduate students at the University
of Technology Sydney undertake a year-long
individual design or research subject, called
capstone project. (12 credit points)

» Students apply the skills and knowledge, acquired
in their coursework to a practical project.

> Itis an opportunity for students to demonstrate that
they can meet the levels of performance expected
of a professional engineer.




|deas for Capstone
Projects

Ideas for Capstone Projects

» lIdeas for the capstone projects can be
suggested by:

» the academic supervisors,
» industry, or

» the students themselves.
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Approaches for Capstone Projects

Experimental Investigation
Numerical Analysis

Filed Measurements
Analytical/Mathematical

Developing Programs for Design Projects

MATLAB: 4
An Effective Tool for
Training




MATLAB: An Effective Tool for Training

It has been realised that MATLAB can be used as
a highly effective tool for training final year
capstone students in Civil Engineering Discipline.

It makes the study of complex concepts more
interesting.

Complex Concepts Interesting
[ & Problems }:> ‘\ :> [ Solutions

MATLAB: An Effective Tool for Training

Each semester, | organise a number of intensive training
sessions for my capstone students to be familiar with
the main features of MATLAB.

They are: programming approaches and techniques,
graphics, optimisation toolbox, statistics toolbox,
symbolic toolbox and graphical user interface.

Accordingly, capstone students can quickly generate
results and then plot or animate their results via an
interactive interface, without being inundated in low-
level programing details.




MATLAB: An Effective Tool for Training
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QUIZ

1. How do you get the revised data of the table

when you edit them?

2. Assume the table is a large matrix; how do

you get only the data of the last column?




TD = get (tablel,'data’)

D = size (TD)

LCD = TD(;, D(2))

Answer

% table data

% row and column size

% last col. data
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QUIZ

How do you add a sound file to
your program?

4

Answer

File name

7

ly,Fs] = audioread (‘bankm_sound.wav')
% Play the audio
sound (y, Fs);

11



Graphical User Interface (GUI)

1. Method One: Figure/Text Based GUI

2. Method Two: Figure/Set Based GUI

See the handout for

1 Z all methods .
3. Method Three: Figure/Function Based GUI
4. Method Four: Guide Based GUI
An Arithmetic Series Value of Term vs Number of Term

Through a simple i -
example, you can Common dfferenc (@ i I I I
learn how to write Rt ) e -1
GUI codes as easy as et T = o S it
drinking a gIaSS of Sum of all terms 185
water.

An Example:
Comparing Main Design
Methods for Various
Retaining Walls

12



Main Design Methods of Retaining Walls

Comparison of the Global Factor of Safety to the Partial
Factors of Safety Used by the Australian Standard,
AS 4678-2002, for
Earth Retaining Structures

? Retaining Wall

Gravity Cantilever Embedded

Various Types Retaining Walls

13



Failure Modes in Retaining Walls

Analysis carried out for main 3 failure modes:

Overturning Sliding Bearing
Failure Failure Failure
-] Retaining Wall Comparison Model - Menu = 8

1| UNIVERSITY OF
%%4 TECHNOLOGY SYDNEY
&

Comparison Model of the Global Factor of Safety
to the Partial Factors of Safety used by
AS 4678-2002, for Earth-Retaining Walls

FEIT

— Select Retaining Wall Type:

® Gravity Wall

O Cantilever Wall

© Embedded Wall

14



Retaining Wall Comparison Model - Cantilever Wall

Cantilever Wall: GFS & PFS Comparison Model << Back lo Menu I

— Soil Propert
Backfil:

Slope with h

Foundation:

Base friction

Base adhesi

Unit weight, 7, [k/mr]
Friction angle, ¢ [']

unit weight, 7, s/}
Friction angle, ¢, [']
Cohesion, CF [kPa]

Input Messages:

Enter / modify input values.
[Then press “Calculate”

Consider passive soil?

— Wall Properti
Wall dimensions:
13 Toe to wall width, b, [m] 0.8
30 Wl bottom width, b, [m] 1
arizontal, B, [ 10 Heel to wall width, b, [m] F]
Total base width, & [m] 38
13 Wal top width, v, [m] 0.5
30 Wwall height, by, [m] 0
10 Base height, h_ [m]
L5 11 20 Include shear key?
o, C,, [kPa] 5 Height of shear key, hy, [m] 05

Concrate unt waight, 7_ [kim’] [ 24
Uniform Surcharge, g [kPa] 10

Height of soi in front, h [m]
Fil condition. Structure failure classification:
Class ll (controlled 95%) - PHI=D.S_. 8 {moderate) - PHIn=1.0 v Calculate
— Output ‘
Key values [ GF: — PFS —Graph
Active lateral earth pressure cos | K, = K=
Passive lateral carth pressure coe | K = - |
Active lateral earth force Fo kNl =
Passive lateral earth force Fa Tk = [
Total weight F, k] = '
Pressure at the base Py [KPa] =
Uttimste soil-bearing capacty Py [kPal = |
Failure Modes:
Overturning GFS, = °nRZ:JSZ: =
Sliding GFS, = "nRAs‘SAs =
Bearing GFS, = 4RSs =
Design outcome
)

— Input

Retaining Wall Comparison Model - Cantilever Wall

Cantilever Wall: GFS & PFS Comparison Model << Back o Wenu I

Failure Modes:
Overturning
Sliding
Bearing
Design outcoms

GFS, =423 =2 design OK
GFSg =167 >1.5design 0K
GFS,=675 »3 design OK

Design satisfies overturning,
sliding & bearing failure modes.

anags;,:zaa >1  design OK
§,RyS, =084 <1 NOTOK, revise
§,RjS, =0.82 <1 NOT OK, revise

Unsatisfactory design.
Fleas revise

— Soil Propert — Wall Properti nput Messsges

Backfil: Wall dimensions:

untt weignt, 7, [kN/m’] 18 Toe to wall width, b, [m] 08 Enter / modify input values.

Friction angle, 4 ['] 30 Wall bottom width, b, [m] 1 Then press "Calculate”

Slope with horizontal, B [ 10 Heelto wall widtn, b, [m] 2

Feundation: Total base width, B ] 38

Unit weight, 7, [kN/m?] 18 Walltop width, v, [m] 05

Friction angle, 4. ['] 30 Wall height, h,, m] 4

Cohasion, € [kPa] 10 Base height, h_(m]

Base friction, 5_ [ 20 Include shear key?

Base adhesion, C, [kPa] 5 Height of shear key, h, [m] 05

Consider passive soil? Concrate untt weight, 7, [kNim] [ 24

Height of sail in front, h_ [m] 0s Uniform Surcharge, g [kPa] 10

Fil condttion: Structure failure classification:

Class Il (controlled 85%) - PHIED.S... v B (moderate) - PHin=1.0 v Calculate

 Output
Key values — GF — PF —G -
Active lateral earth pressure coe | K, = 0.350 K= 0389 Safety Factors vs Total Bass Width [m]
Passive lateral earth pressure coe | K= 3.000 K= 2711 : GFS,
Active lateral earth force k= 7108 F = ozas GFS
Passive Isteral earth force Fo lkN] = 27.00 Fp kN = 19.52 GFS,
Total weight F M= 27147 F M= 21808 5 e Sy
Pressure at Ihe base P [PAl = 3126 P WPal = 23332 B e PR
Uttimate soik-bearing capacty ParlkPal=  s4g19 P WPal= 19157 B e PR
1
&

Total Base Width [m]

15



Retaining Wall Comparison Model - Cantilever Wall -
Retaining Wall Comparison Model - Help - -

How to Use

Abbreviations

Assumptions

Images

rAssumptions

General:

- All backfill material is assumed to be granular cohesionless soil in drained conditions.

- Retaining walls are assumed to be rigid with linearly varying active and passive soil pressures.

- Back and front faces of retaining walls are frictionless. This assumption has been made so that Rankine's theory
for determining active and passive lateral earth pressure coefficients could be used.

- Soil in the front of the wall is assumed to be vertical, frictionless and horizontal

- The effect of surcharge (live load) is ignored if it is contributing to resisting actions of the wall.

- General bearing capacity equations based on Hansen's theory are used to determine ultimate

bearing capacity of foundation soil.

Gravity Wall:

- Plain concrete wall.

- Only positive eccentricity values (i.e. towards the toe) are accepted in calculations. This is done

to prevent the effective footing width from exceeding the actual width and thereby avoid un-conservative results.

Cantilever Wall:

- Plain concrete wall.

- Back face of the wall is assumed to be vertical to simplify earth pressure distribution near the heel and
streamline calculation process.

- Ifincluded in calculation process, shear key at the base of the wall is considered only in sliding failure

mode calculations. The weight of the shear key is ignored.

- Only positive eccentricity values (i.e. towards the toe) are accepted in calculations. This is done

to prevent the effective footing width from exceeding the actual width and thereby avoid un-conservative results.

Embedded Wall:

- Steel shest pile wall.

- Embedded steel sheet pile walls analysed in this report are assumed to have free earth support condition at the
bottom tip of the wall.

- Backfill soil is assumed to be horizontal on both sides of the wall to simplify design calculations_

- For GFS method factor of safety of 1.5 is incorporated in calculations by reducing the passive lateral earth
pressure coefficient.

A Selection of Other
Projects at a Glance

16



More Examples for Geotechnical Engineering

Shallow Foundation Design

1. Global Factor of Safety
2. Limit State Design (Partial Factors of Safety)

Anchored Wall Design in Layers Soil

1. Global Factor of Safety
2. Limit State Design (Partial Factors of Safety)

2

hallow Foundat mit State Approach Reset I Help I Close I

Input | Qutput

Analysis Options Load Properties Input Messages:
Analysis Type: Dead Load, P, [kN] 1400 Enter / change al input values, then press -~
‘Calculate". Refer to the "Input Parameters'
Drained Analysis (Sand/Clay) - Live Load, P, [kN] 100 topic in the help file for detailed descriptions.
Loose Sand? Is there eccentricity?
Apply a limit state approach? Eccentricity in the direction of width, e, [m]  [0.25
Construction quality control class: Eccentricity in the direction of length, e, [m]  [o
Class 2 - Is there an applied moment?
Structure type: Moment on the axis of width, M [kN.m] 100 b
2. Ordinary Bl My is applied on which side of e,? Opposite =
Extent of site investigation: Moment on the axis of length, M, [kN.m] 0
2. Regular - M, is applied on which side of 6 ? Same |
Soil classification Is there a given factor of safety required?
Class 2 Controlled Fill - Required factor of safety, FOS, 3
Load inclination,  [°] 10
Load inclination factor, o 5
Soil Properties Foundation Properties

Is groundwater present? Foundation width, B [m] 2

Depth to groundwater, D, [m] 2 Strip footing? ] Load Inclination

Are v, and ,, known? Foundation length, L [m]

Dry unit weight, 7, [kN/m®] 16 Foundation depth, D [m]
1

Saturated unit weight, 7., [kN/m’] 20 Ground inclination,

sat

S| [o] ™| [

Drained cohesion, C' [kPa] 20 Base of foundation inclination, 7 [°]

__
Friction angle, ¢ [°] 30 Is adhesion known? B
Account for flooding? [}
Base Inclination

Calculate

17



g ¥E‘é¥,ﬁ,ﬁn‘rﬂ&$§m~n Shallow Foundation Design Using a Limit State Approach Reset I Help I Close I

Input | Output

Hansen's Equation Factors

Global Factor of Safety Limit State Approach
Factor Cohesion Overburden Wedge weight ‘ Factor Cohesion Overburden Wedge weight
Bearing Capacity N,= 3014 N = 1840 N = 1507 Bearing Capacity N,= 2394 N = 1320 N = 932
Shape 1504 s = 1413 s = 0670 Shape s.= 1463 s, = 1381 s, = 0664
Depth 1267 d = 1192 d = 1.000 Depth d,= 1261 d = 1198 d = 1.000
Inclination 0666 i = 0684 i= 0582 Inclination i,= 050 i = 0621 0509
Ground 1000 g = 1.000 g = 1.000 Ground g,= 09890 g = 093 g = 093
Base b= 1000 b = 1.000 b = 1.000 Base b= 0993 b = 0982 b = 0982
Key Outputs Graph
. N Global Factor of Safety Limit State Approach o Safety Factor vs. Base Width
Dimensions 2
©
Effective width [m] B'= 300 B= 284 9
Effective length [m] LU= 363 L= 337 ‘E 8
e 7
Effective area [m?] A= 1090 A= 957 c‘/)“ 8
Minimum depth [m] n = 2,00 D, .= 185 =5 —
Soil Adjustments % 4 '
Design cohesion [kPa] c'= 200 c'= 150 s 3 =
Design friction angle [°] @= 300 ¢t= 210 z f o
Passive earth pressure coef. K,= 3000 K,= 2663 E < . . .
Depth factor multiplier k= 0.289 k= 0.304 0 2 4 6 8
Design unit weight [kN/m®] Vues = 1020 Vges = 620 Base Width [m]
Overburden pressure [kPa] a,= 3200 q,= 2269
Design Outcomes
Load and Strength
Global Factor of Safety = 920 >=3.0
Adjusted total load [kN] Pt= 1350 Pr= 1761
Global factor of safety design OK
Utt. foundation strength [kPa] q,= 1123 q,= 506
Limit State Safety Ratio = 281 >=1.0
Ult. foundation load [kN] P,= 12426 P, = 4943
Limit state design OK
Allowable foundation load [kN] P = 4142 P,= -
Design satisfies global factor of safety and limit state design approaches.
NIVEI OF
g TECHNOLOGY SYDNEY Using a Limit State Approach - HELP

Close

Help Topic About

This program is intended to be used in conjunction with the associated capstone project report by Daniel Dhiacé@eveloping a
computer program for shallow foundation design based on a limit state approachdated January 2014. Please refer to the report,
hereafter referred to as "the capstone report”, for more information on any aspect of this design program.

@ About

Instructions

The computer model for Shallow Foundation Design (SFD) based on a limit state approach has been developed for two main reasons
Abbreviations
Input Parameters 1. Asan easy-to-use, interactive and reliable design tool for shallow foundations.

2. Asatool to test, validate and compare a global factor of safety (GFS) approach to the limit state design (LSD) approach introduced
Images in the associated capstone project report

J Hansen's general bearing capacity equation is adopted to design shallow foundations based on their ultimate bearing capacity. The
use of Hanserls equation enables a variety of shallow tobe designed. can account for:

rProgram Details
Program Tie: - Drained or undrained analyses

- Different soil types (clays and sands)

- Eccentric loads

- The position of the water table

Shallow foundation design
based on a limit state approach

Program Name: SFD - The shape of the shallow foundation
- The depth of the shallow foundation below the ground surface
Project Number: A13 - 179 - Inclined loads
- Ground inclination
Author Daniel D - Inclination of the base of the foundation
- Loose sands
Major:

Civil & Environmental Engineering The program enables the GFS and LSD results to be easily compared. The side-by-side comparison of all factors, key parameters and

Student ID: 10845081 graphical results for each design approach enables a high-level of the of the limit state approach.
Users can easily identify significant differences to determine whether the limit state approach is performing as expected, allowing
Supervisor:  Hadi Khabbaz discrepancies to be assessed and limit state factors to be adjusted accordingly.

Last updated:  January 2014 Not only will the program help geotechnical engineers to design shallow foundations, it also represents a starting point for further

Version o1 research into a limit state approach for shallow foundation design, and can act as a vehicle to experiment with and optimise limit state
factors. Preliminary iterative modelling has been undertaken as a part of this project, and there is the capacity to continue these
investiaations usina the nraaram as a functional foundation
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Evaluation of Safety Factor for the Design of Earth-Retaining Structures
Compare between GFS Method and PFS Method, abiding AS 4678-2002

Gravity Wall Cantilever Wall Embedded Wall Anchored Wall

Surcharge loadin‘g | Surcharge Lnadh\g‘ Surcharge Loading Uniform Surcharge Loading
"o 3

Front Faze

<<Back | Help | Exit ‘

Autumn Semester 2013 e AUNG [Student ID: 11276538]

4] Menu - Safety Factor of Earth-Retaining Structures [E=NESE X ]
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4] Evaluation of Factor of Safety of the Earth-Retaining Structures - Embedded Wall = )
Ay UNIVERSITT Ur
-4 TECHNOLOGY SYDNE)

Analysis: Anchored Wall i N R o

Select Select the Condition:
rinputs
Soil Properties Other Properties
Soil Layer-1: Wall dimensions: Diagram
Unitweight, 45, [kN/m®] 8 Excavation Height, H [m] 2 Uniform Surcharge Loading
Frict le dg, [°
ticton angle g, ('] * Factor of Safety & Surcharge: LLiiilil
Cohesion, ¢ [kPa] = 0 (Cohesionless Soil) -
Factor of Safety, FS 15
Uniform Surcharge, q [kPa] 0 Front Face

Point of anchor from the top of the wall:

Distance from the top of the wall [T

Inclination of Anchor:

Indination Angle of the Anchor from the horizontal
degrees

Input Messages: Fill condition:

Class I (controlled 95°%) - PHI=0.90; C=0.75 v
Enter / modiy input values

Then press "Calculate”
Structure failure classification:

B (moderate) - PHIn=1.0 -

C (significant) - FHin = 0.9

Autumn Semester 2013 Version 1 - Ye AUNG [Student ID: 11276538]

"4 Evaluation of Factor of Safety of the Ean}rKﬂa:m? Structures - Embedded Wall = e S|
UNIVERS T ¢
-4 TECHNOLOGY SYDNEY
Analysis: Anchored Wall | mackiotiens | | Hew | [ Resat | cose

|’Se|e::l

Resuits

Output GFs PFS

Key values
Active lateral earth pressure Goe: Layor-1 0.333 Kaq 0.369
Active lateral earth pressure coe: Layer-2 NA Koz = NIA
Passive lteral eatth pressure coe: Layer-2 3.000 Ky = 2711
Resultant Active lateral earth force 877 1713
Resultant Passive lateral earth force 152 147
Depth of embeddment 029 027
Total Wall Height 171 173
Anchor Force 7.25 15.66
Required Anchor Length 0.35 0.38
Logation of max mement from top 155 [m 164
Max moment acting on the wall Mygax KNmI = 0,26 Mypax KNmI= 020
Graph Decision

GFS & PFS Comparisons Incorporated Faclor of Safety = 150
€ midrant Dot o Anarraes o Arariange This factor of safety is used n the analysis using GFS method
. . Maximum Woment (GFS) = 0.28
a0s Maximum Moment (PFS) = 0.20
» as

The designer can casily determine the minimum section medulus for the
steel sheet-pile wall by simply dividing the maximum moment by the
allovable flexural stress of steel

Autumn Semester 2013 Version 1 - Ye AUNG [Student ID: 11276538]




Structural Engineering

fa

File Edit View Insert Tools Desktop Window Help

2D Frames

Find the Displacements of a 2D Frame

STAGE 1: Main Data

No. of Elemants

No. of Nodes

Moment of Inertia (mm*4)

Madulus of Elasticity (MPa)

Maximum Allowable Displacement (mm)
Density (kg/m*3)

Elements Cross Sectional Area (mm"2)

STAGE 2: Elements & Nodes

STAGE 3: Calculations

Results

Frame Design
Using Finite
Element
Method (FEM)

Magpnification Factor for Displacements

Close
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2D Frame = B -

File Edit View Insert Tools Desktop Window Help

Total No. of nodes 14 Reset Back

Node x(mm) y(mm) Fx(kN) Fy(kN) M{kNm} Dx Dy Dm

1 0 0 0 0 0 oo |0

2 0 1000 0 0 0 101

K 0 2000 0 0 0 101

4 0 3000 0 0 0 101 |1

5 | 2000 | 3000 10 0 0 101 |1

6 0 4000 0 0 0 101

T 0 5000 0 0 0 101

& | 2000 | 6000 0 20 0 101 |1

9 | 4000 | 5000 0 5 0 101 |1

10 4000 | 4000 0 0 0 1011

11| 4000 | 3000 0 0 0 101

12| 4000 | 2000 0 0 0 101

13 4000 | 1000 0 0 0 101 |1

14 | 4000 0 0 0 0 oo |1

2D Truss - o lEl
File Edit View Inset Tools Desktop Window Help
Total No. of Elements 14 Reset Back
NoE MNd1 Nd2 I(mmd)  E (Wmm2)

111 |2 2.5e+07 210000
22 |3 258407 210000
303 |4 258407 210000
t14]s 2.5e+07 210000
515 |n 25e+07 210000
25807 210000

2.5e+07 210000
25e407 210000

© - o
@~ e
w|~|®

3 25e+07 210000
e 10 25e+07 210000
NETH T 2.58+07 210000
12011 |12 2.5e+07 210000
Bl1z |13 2.5e+07 210000

14113 | 14 25e+07 210000




File Edit View Desktop  Window Help

Insert  Tools

Find the Displacements of a 2D Frame

STAGE 1: Main Data

2D Frames
1

Results

Maximum Hor_ Displacement (mm) = 6 443

Maximum Ver. Displacement (mm) = 1.304

Mo. of Elements 14
No. of Nodes 14
Moment of Inertia (mmad) 2 5e+0T Total Weight of the Frame (kg) = 1167.07
Modulus of Elasticity (MPa) 210000
Maximum Allowable Displacement (mm) 20
Density (kg/m*3) 7800 1
Elements Cross Sectional Area (mm*"2) 8100 :
i
1
i
i
STAGE 2: Elements & Nodes 7
i
i
Elements Nodes g
I
i
STAGE 3: Calculations
Magnification Factor for Displacements 40
Run
Close
2D Frames = (=
File Edit View Insert Tools Desktop Window Help k]
Results

Find the Displacements of a 2D Frame

STAGE 1: Main Data

No. of Elements 14
No. of Nodes 14
Moment of Inertia (mm~4) 2.5e+07
Modulus of Elasticity (MPa) 210000
Maximum Allowable Displacement (mm) 20
Density (kg/m*3) 7800
Elements Cross Sectional Area (mm"2) 8100
STAGE 2: Elements & Nodes
Nodes

Elements

STAGE 3: Calculations

Maximum Hor. Displacement (mm) = 6.443
Maximum Ver_ Displacement (mm) = 1.304

Total Weight of the Frame (kg) = 1167.07

Magnification Factor for Displacements 90

Close
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File Edit View Inset Tools Desktop Window Help

Find the Displacements of a 2D Truss

No. of Elements 11
MNo. of Nodes 6
Basic Cross Sectional Area (mm*2) 250

Modulus of Elasticity (MPa) 210000
Maximum Allowable Stress (MPa) 260

Density (kg/m*3) 7800

STAGE 1: Main Data

Elements Nodes

STAGE 2: Nodes & Elements

2D Truss - B

Truss Design
Using (FEM)

Max Stress (MPa) = 253.082
Maximum Displacement (mm) = 2.411
Total Weight of the Truss (kg) = 22.213

Increase the cross sectional areas of the bars

Magnification Factor for Displacements 40
Close
STAGE 3: Calculations
2D Truss - 0
File Edit View Insert Tools Desktop Window Help
Find the Displacements of a 2D Truss Results

No. of Elements 14
No. of Nodes 6
Basic Cross Sectional Area (mm*2) 260

Modulus of Elasticity (MPa) 210000
Maximum Allowable Stress (MPa) 260

Density (kg/m*3) 7800

STAGE 1: Main Data

Elements Nodes

STAGE 2: Nodes & Elements

STAGE 3: Calculations

Max Stress (MPa) = 243 348

Maximum Displacement (mm) = 2.318

Total Weight of the Truss (kg) = 23.101

Magnification Factor for Displacements 40

Close
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TrussAnalysis

TRUSS ANALYSIS AND DESIGN COMPLIANCE CHECK | ReseTwoRcsPace

— TRUSS JOINTS

Input Number of Joints

Input Joint Coordinates

Joint No. X - Coord ¥ - Coord

— TRUSS

Input Humber of Members

Input Member Connections and Properties

Member No.|  1st Joint 2nd Joint E (GPa) A (mm2)

— TRUSS SUPPORTS

Input Number of Supports

Input Support Joint and Type

Support at Joint: Support Type (1 or 2) N“"’:DF”'; Support Type

1=Re
2=Pin

— TRUSS LOADS

Input Number of Loaded .J

Loaded Joint (Enter Factored Loading)

Direction.
Load at Jaint: | Direction (1 or2)| Force (kN) |Load Type (1 or 2 1 = X-direction
2= Y-direction
Load Type:
1 =Dead Load
< >

Tip: If a joint has both X and ¥ loads, consider the X and ¥ loads of said
joint as 2 separate loaded jeints and input data inte table accordingly

Analyse Truss

TRUSS ANALYSIS AND DESIGN COMPLIANCE CHECK

TrussAnalysis

RESET WORKSPACE

— TRUSS JOINT: _ TRUSS MEMBERS
Input Humber of Joints 4 Input Number of Members 5
Input Joint Coordinates Input Member Connections and Properties
Joint No. | X-Coord | Y- Coord Member No.| 1stloint | 2ndloint | E(GPa) | A(mm2)
1 0 0 1 1 3 200 250
2 + 2 1 2 200 250
3 1 1 3 2 3 200 250
4 2z 0 4 2 4 200 250
5 3 4 200 250
— TRUSS SUPPORT!  TRUSS LOAD:
il 3
Input Number of Supports 2 Input Number of Loaded Joints
i T T T Loaded Joint (Enter Factored Loading)
] Note: For Support Type Direction
Support at Joink| Support Type (Tor2)| (RS ad at Joint: Direction (1 or2)]_Force (kN) |Load Type (1 or 2)| 1=Xdirection
1 2 | 2-pin 3 2 = | 2 = Y=grection
<
3 1 20 | Load Type:
2 1 -10 1=Dead Load
2 =Live Load
< >
Tip: If a joint has both X and Y loads, consider the X and Y loads of said
joint as 2 separate loaded joints and input data into table accordingly

Toggle 1 Input and Result!

(O RESULTS / DESIGN CHECK Analyse Truss
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— RESULTS - JOINT DISPLACEMENT, REACTIONS AND MEMBER FORCES——

TRUSS ANALYSIS AND DESIGN COMPLIANCE CHECK

Load C:

TrussAnalysis

Y |

¥
RESET WORKSPACE

— TRUSS MEMBER PROPERTIES.

Unfactored

(01356 0126+1.5Q

Joint/Node Displacement and Reaction Forces

Member Forces

Joint

oo

0
0.5000
1.2000
1.2000

X disp (mm) | Y disp (mm)

0
2
-2

0

Frx (kM)
-10

-10

20

0

Fry

-50

Mem...| Force (kN)
-21.2100
25
0
£
-49.5000

M oa @ R

Insert Member Properties for Design Compliance Check

— RESULTS - DESIGN COMPLIANCE CHECK.

Toggle between Input and Results ——F

O INPUT

(® RESULTS / DESIGN CHECK

Design Compliance Check

Show/Draw Truss

Analyse Truss

TRUSS ANALYSIS AND DESIGN COMPLIANCE CHECK

TrussAnalysis

— RESULTS - JOINT DISPLACEMENT, REACTIONS AND MEMBER FORCES—————————————————

- - EN

RESET WORKSPACE

— TRUSS MEMBER PROPERTIES ——
Load C: Mati I
O Unfactored @ 1,356 (0126 +1.5Q (ISteel () Timber
Joint/Hode Displacement and Reaction Forces Member Forces Insert Member Properties for Design Compliance Check
Joint | X disp (mm) | ¥ disp (mm) |  Frc (kM) Fry Mem... Force (kN)
1 0 0 -13.5000 20.2500 1 -28.6400
2 0.7000 -2.7000 -13.5000 0 2 337500
3 16000 -2.7000 27 -67.5000 3 0
4 1.6000 0 0 47.2500 4 472500
5 -66.8200
— RESULTS - DESIGN COMPLIANCE CHECK.
Design Compliance Check
‘Show/Draw Truss
Toggle betv Input and Result
CINPUT (®) RESULTS / DESIGN CHECK

Analyse Truss
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TrussAnalysis

]

¥

TRUSS ANALYSIS AND DESIGN COMPLIANCE CHECK

— RESULTS - JOINT DISPLACEMENT, REACTIONS AND MEMBER FORCES

— TRUSS MEMBER PROPERTIES.

Material

Load C¢

() Unfactored ® 135G (012G +1.5Q

Joint/Node Displacement and Reaction Forces

Member Forces

(® Steel () Timber

Insert Member Properties for Design Compliance Check

RESET WORKSPACE

Joint | X disp (mm) | Y disp (mm)|  Fc(N) | Fry ||| Mem..| Force i) Member Properties
1 0 0 135000 202500 1 286400 fy (MP3) 2000 o
2 0.7000 -2.3000 -13.5000 o 2 337500 u (MPa) 5000
3 2 -2.3000 2 -B7.5000 3 0 alpha(b) 0.0200
4 1.6000 0 0 47.2500 4 47.2500 () (mm) 20
S 635200 rly) (mm) 0
. B @
< >
— RESULTS - DESIGN COMPLIANCE CHECK-
Design Compliance Check Design Compliance Check
(Steel - AS4100:1998, Timber - AS1720:2010)
Member| Compliance | Phi"Nt Phi"Nc N |Min. Area (mm2)
1 0K - 326.23 2864 (C) 8779
3 oK 875 - 3375 (M 125 Show/Draw Truss
3 zero force m. 0 0 0-
4 oK 875 - 4725 M) 175
5 0K - 81.56 86.82 (C) 204.82
Toggle 1 Input and R It:
CINPUT @ RESULTS / DESIGN CHECK Analyse Truss

Railway Engineering
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) Particle Brakage Analysis

RAILWAY BALLAST

Height of Ballast Ballast Breakage

=Iolx|

Ballast Properties

Close

7). Particle Brakage Analysis

Before Loading

=l m| @

o ol o
|
a
o
o
S
=4
®

BALLAST BREAKAGE INDEX

=
=

Particle Size Distribution |

@

Ballast Breakage Index |

Ballast Drainage and Fouling Index|

Effect of Confining Pressure |

0.075

EEREEEEREEEERERE:
RRRRERRRREREREED

=lalx|

After Loading

&= B @ @
o G| o] @

EEREEEEREEEEEERE:

©

0.075

)

SRR EERRRREREREEL:

Default Close
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7 _Particle Brakage Anal

Before Loading

i Dia Passing (%) Particle Size Distribution

] & 1814 100 x x T T T T

S m =w o[ ] ]
a5 2554 - |
420 283
d25 3072 o / 1
30 3299 g 8O-~ b
435 3518 2 sof-- i
d40 rcrd i /
45 9.4 L : : / :
d50 4137 By : H )//’./
455 k) Eii) S ; ; 1
40 4521 .. /’7 1
485 BT4 0 _r//
470 4827 0 10 20 0 40 50 &0
75 179 d {mm)
d80 51.32
85 5285
o g8 Semi-log Sca\el Normal Scale
35 5955
d1em & Standard Grading (AS2758.1) | Recommended Grading (JoV) |

Cu=203
Cz=1.08

After Loading

P =

Dia. Passing (%)
o5 132
d10 19.47
di5 224
20 221
25 2807
o30 3098
o35 3322
40 3/32
45 3742
50 3924
55 4118
60 43.21
dBs 4822
o70 47 08
75 4889
df0 5072
bisia] 62 66
90 8576
95 59.38
100 B3

Cu=222
Cz=1.14

Back

. Particle Brakage Index - Results

Indraratna et al. (2005)
Breakage Potential, Bp = 914 58
Total Breakage, Bt = 195 38

Ballast Breakage Index, 0.21

Ballast Breakage Index (Indraratna et al., 2005)
100 T T T T T T T T

Passing (%)

Il A
B
BBI = A/ (A+B)

=181

1 1 1
o 10 20 30 40 50 60 70 80 90 100
d {mm)
Breakage Indraratna et al | Hardin | Marsal | Miura and Ohara |
Index: Back
Nakata et al | Leslie | Lee—Farhoomamdl Lade etal |

29



g Pressure on Ballast Breakage Index Based on Large Scale Ti

ial Testing

Effect of Confining Pressure on Ballast Breakage
Index Based on Large Scale Triaxial Testing

Input Deviator Stress
Range: 230 kPa - 750 kPa

Deviator Stress, q (kPa)

400

Input Effective Confining Pressure
Range : 10 kPa - 240 kPa

Effective Confining Pressure, Sigma3 (kPa) 200

BBI

Ballast Breakage Index vs. Effective Confining Pressure
6

0.12

— =750 kPa
— =500 kPa
— =230 kPa

0.1

0.08

0.06

0.04

0.02

i |
200 250
o
OUTPUT: BBI, Strain & Settlement
Ballast Breakage Index (BBI)= 0.026
Axial Strian (%)= 4
Settlement (mm) = 23.7
). Railway Track Foundation Design o [w]E3
Railroad Track Foundation Design
Required Height of Granular Layer
o ‘Wheel Diameter (m) 087
Traffic Conditions |
Train Velncty (kmh) El
Wheel Load (kM) 73
Total Traffic Tonnage (MGT) &0
. . Rait Area (m"2) 0.00851 Sleeper - Length (m) 26 Sleeper : Mass (ki) 363
Rail and Sleeper Properties | — — .
Feail - Gauge (m) 15 Sleeper : Area (m*2) 0,056 Sleeper :Spacing (m) 061
Rail: E (GPa) 207 Rail : Mass (koin) 68 Sleeper: E(GPa) il Sleeper : Width (m) 0273
Rail 2 | (m*a) 3.95e-08 Fastener_Stitfness (Mi/m) 175 Sleeper | 1 (m4) 0.000242
et Ballast : Resilient Modulus: 280
Ballast Characteristics |
Ballast - Ko 1
Ballast : Density (o/m3) 1.76
Ballast : Poizson Ratio 03 Note on Resiliert Modulus of Ballast : Max. = 540 MPa and Min. = 140 MPa
P Subgrade : Moclus (MPa) 14 Type of Soil: [ (Fat Ci :I.
Subgrade Characteristics | (Pt Clay)
Subgrade | Ko 1
Subgrade : Density (Mg/im*3) 192 Subgrade : Thickness (m) 15
Subgrade : Poisson Ratio 035 Compressive strength (kPa) a0 Note on Resiliert Modulus of Subgrace : Max. =110 MPa and Min. = 14 MPa
. . . Allovvable Plastic Strain (%] 2
Design Criteria | =
Allovvable deformation (mm) b=

Eallast Min. Height (m) 0.25
Eallast Max. Height (m) 15

Default

Close
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Design

Pd (kN) = 232
No. of Load Cycles = 42500

*
Granular Layer H(mm) =766

Subgrade Layer T (mm) = 1500

Rigid Boundary

Pracedure 1: Preventing Progressive Shear Failure Procedure 2: Preventing Excessive Plastic Deformatiom
le= 0.11694 Ip= 0.0476642
H1 (mm) = 766 H2 (mm) =717

Required height of ballast and subballast in mm = max (H1 and H2) : 766

Back

Conclusions ‘\

Engineering Education and Design
Problems for its:

' ) N

Powerful Easy Matrix

L Graphics ) Operations

4 N M
Graphical User

I Interface ) { Useful Toolboxes y
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Conclusions

» Through the developed codes in MATLAB and
the comparison of the results, advantages and
disadvantages of different civil engineering
design problems and methods can be
identified in terms of:

O Safety,
0 Economy and
U Design Contexts.
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Pile Design

Design and Analysis of Pile Foundations
under Vertical and Lateral Loading

User Defined MATLAB Model for Piles

K U TS Analysis of Pile F dati under Vertical and Lateral Loading Help |
¥y =  Effective unitweight of soil /rock (kN/m?]
: . . p = Frictional angle of soil/rock under drained
® Cohesioness Soil O Cohesive Soil O Rock ¢ iy peEk-uilen o
s ¢4 =  Residual friction angle for cohesionless soil under
Yy = 17 y = y = drained conditions [*]
q; = 30 c = d = Note: If left as zero, this will be assumed to equal ¢’
U 6 = Shear strength of cohesive soil under undrained
El = 25 E = Jd = conditions [kPa]
; _— _ ; ¢ = Shearswength of rock mass under drained
Vo= 0.4 U — E' = conditions [kPa]
=T 28 | el = E =  Youngsmodulusof cohesive soil under drained or
Ty undrained conditions [MPa]
¥ = E' = Youngsmodulus of soil/rock under drained
conditions [MPa]
g = G = Shearmodulus of rock mass under drained
conditions [MPa]
th = Note: Iflft as zero, this will be assumed to equal ——
g = v = Poisson's ratio of cohesive soil under drained or
u
; drained conditi
Number of recorded soil layers = R )
v = Poisson’s ratio of soil/rock under drained conditions
W = AngleofDilation for rock mass under drained
Depth at top of current layer [m] = 6 conditlons]
Note: Ifleftas zero, this will be assumed to equal ¢'/8
qc = Unconfined compressive strength of rock mass
Depth at bottom of current layer [m] = 15 MPa]
g. =  Ulimate bearing pressure of rock mass [MPa]
| Undo Previous Layer | | Define NextLayer | | Define Pile Parameters |




User Defined MATLAB Model

Analysis of Pile Foundations under Vertical and Lateral Loading Help |
Installation Type Head Fixity * Please enter all applicable pile and loading parameters

® i ( BoringMilling/Gra... [%]) () Free Head @ Fixed Head

O Displacement

Pile Cap Properties Circular Rectangular Ground Level
R Plan area of pile cap [m?] = R
Structural Properties p P - I
< ; r Thickness of pile cap [m] = 0. w
Pile surface material = | Rough Concrete | § . ‘ pl } fP Lh] o 03
* Caps only apply to fixed head piles
Yield moment [kNm] = | 0 3 b
— ) s &
Concrete strength [MPa] = | 85 | *If appicable Applied Loads Circular
—— =1 a1 H-sectit Hollow Secti
Young's modulus (pile) [MPa] = | 36900 g, [kPa]= | 10 | q [kPa]= 30 % %
—_— = e — | —
Young's modulus (concrete) [MPa] = | 33500 P, [kN]='800 P, [kN]=' 100
2nd morent of area (pile) [m%] = 0 e, Im =10 [e [m=/02 ‘«IH by
*2nd MOA, & yield moment are approximated if left blank, but M [kNm]= 0
oy for circ. {rect. concrete piles and H / CHS steel piles h o
Sectional Properties o
M R,
@ Circular O Rectangular () H-section O Circular Hollow Section q, = previous maximum 8% S i
soll surcharge [ I i
a1 ey 1
L |- q, = curent sol N N < -
sucharge f
d_ = 0.6 [t
2 0
ik & 0.6 Free head Fixed head

Units = metres
Circular = closed end
Circular Hollow Section = open end

Dimensioning and Positive Sign Conventions

| UndoLastLayer ||  AnalysePile |

Pile Capacities and Deformations

ﬂuTS Analysis of Pile F dati

Axial Capacity (soil) Lateral Capacity
Compression:

Shaft [kN] = 999
Base [kN] = 1046
Total [kN] = 2045

Fixity Type = fixed head
Load Capacity [kN] = 557
Load Eccentricity [m] = 0.2
Failure Type = stuctural
Tension: Yield Depth [m] = 4.7
Shaft [kN] = 863

Pile Weight (kN] = 92

Soil Weight [kN] = 0

Cap Weight [kN] = 38

Total [kN] = 993

under Vertical and Lateral Loading

Vertical Settlement

Pile Type = floating
Vertical Load [kN] = 600
Settlement [mm] = 5

Lateral Deflection

Pile Type = non-socketed
Lateral Load [kN] = 100
Moment Load [kNm] = 20
Deflection [mm] = 13

equi
Required structural capacity (tension) [kN] =

\

capacity ion) [kN] = 2045

003 If loadings exceed load capacities, the above values will not apply.

Restart User Defined Analysis J [ Proceed to Parametric Analysis

Note: Predicted values of settiement and deflection apply at ground level.
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Parametric Studies

53 U TS Parametric Analysis of Piles under Vertical and Lateral Loading

Analysis Type

O Axial Capacity

Analysis Type

@ Lateral Capacity

Analysis Type

O Vertical Settlement

Analysis Type

() Lateral Deflection

* Please select system conditions for analysis, working from left to right. Only one analysis
type may be chosen at a time. Please be patient as analysis may take several

Soil Type Yariable for Analysis

O Soil Weight
() Frictional Angle

() Cohesionless
() Pile Diameter

[ Help |

() Pile Embedment Depth

s "
O Cohesive () Shear Strength
Head Fixity Soil Type Variable for Analysis
@ Free Head @ Cohesionless O Frictional Angle O Pile Diameter

(O Shear Strength

O Fixed Head O Cohesive (*) Pile Embedment Depth

Base Type Yariable for Analysis

O Floating O Soil Modulus () Pile Diameter
() Pile Cap Diameter

0O i
O End-bearing O Pile Embedment Depth

Head Fixity Modulus Type Wariable for Analysis
\ % '3 i
() Free Head O Uniform O Soil Modulus
() Pile Embedment Depth
O Fixed Head O Linearly Increasin =
v “ y 9 () Pile Diameter

A Sample of Parametric Study Results

Relationship between Uniform Soil Modulus and Lateral Deflection

16 |

Lateral Deflection [mm]
=

T
Lateral Deflection (Elastic)
Lateral Deflection (Yielded)

= Lateral Deflection (Yield+Soil Separation Effects) ||

Fixed Head

Uniform Soil Modulus

Pile Modulus [MPa] = 40,000
Embedment Depth [m] =15
Shaft Diameter [m] = 0.6
Lateral Load [kN] = 350

Lateral Load Eccentricity [m] =0

! L 1 !

| 1 1 1 |
20 40 60 80 100 120 140 160 180
Soil Modulus of Elasticity [MPa]

200
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) Whey Processing Using UF Membrane Plants
-

Whey Processing Using UF Membrane Plants

Membrane System Behaviour

STEF 1 Select Maximum Mumber of Available Stages in the Ultrafiltration Plant

Max Mo, of Available Stages |1 =

Flant Netwark Structure |

STEP 2 Check or Change Plant Data

Plant Operating Conditions | Module Characteristics

/

STEP 2 Run the Model

1

Plant Behaviour Madel |

Help

Cloze | Photos |

1o %]
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il <) Metwork Structure (PTY)

Plant Network Structure

=10l |

Total Diafiltation Rate (%) 24

Mazx. Diafiltation Ratio in each Stage (%) i)

Stage Mumber :

1 2 E 4 5

] T 3 9 10 11 12
Stage in Operation? Yes Yes Na Mo Yes Yes Yes Yes Yes Yes Yes
I

Diafiltration Flowrate (L'h) @ | 0 0 | 0 | il o] | 1] o | 1]
Mo. of Wessels :

Mo. of Membranes :

204 |1c|2c| |D 0

) Whey Processing Using UF Membrane Plants

P [=1 |
Membrane System Behaviour

Il 4

Whey Processing Using UF Membrane Plants

STEF 1 Select Maximum Mumber of Available Stages in the Ultrafiltration Plant

Wlax Mo of Available Stages |1 -
STEP 2 Check or Change Plant Data
Plant Metwiork Structure Plant Operating Conditions | Module Characteristics
STEP 3 unthe Model
Plant Befaviour Madel |
Help Close | Photos |
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il <) Plant Operating Conditions i ] |

(Type of Mass Transfer Coefficient Carrelation) £

Plant Operating Conditions

Mass Trasfer Coefficient Corrolation Type: Levegue Method (Laminar Flow)

Feed Components Concentration  Rejection Stage by Stage Data
Protein (wi%) | 08 |IEEES
NPM (wi%) 024 0.55
I Lactose (wi%) 455 0.08
Fat {int%) 0.05 0.995
Ash Prit%) 051 0.03
Total Dry Solids (wi%) B Undated Solution Viscosity (Pa.s) 0.00139
pdate
Walugs »>  Diffusion Coefficient (m2/s) 83811
| 10 [ 14 7 "
Temperature (C) 1 ) — | Feed Density (kg/m3) 102877
pH of Whey g
Feed Flow Rate (L'hr) 1000 “olume Concentration Ratio | £
Operating Elapsed Time (hr) 20 Bk Tatal Diafiltration rate (%) 24
Io(x]
i - q

Membrane System Behaviour

. Whey Processing Using UF Membrane Plants

STEF 1 Select Maximum Mumber of Available Stages in the Ultrafiltration Plant

Max Mo, of Available Stages |1 =

STEP 2 Check or Change Plant Data

Plant Metwiork Structure Plant Operating Conditions | Module Characteristics

STEP 2 Run the Model

Plant Behaviour Madel | i—\\

~/

Help Close | Photos |
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Plant Behaviour Model

Plant Operation Results
NUMBER: OF STAGES 12

Tot. Member. Ares (m2) 3850 Feed Flow Rate (L) 51000 Totsl Disfitration Rate (%) 24
Totsl Solids in Reten. (%) 287 Retertate Flow Rate (Lb) 1342 Permeste Flow: Rate (Lh) 50852

=15
Go to:

COSTMODEL |

Ave. Ratio Factor (WCR) 35
Average VWPC % 7959

WCR (Ratio Factor) Whey Protein Concentrate
a0 a0
45 80 | e F
40 b 70 o
§ 35 g &0 £ 20
30 50 g
25 % & "°
20 30 o
1} 5 10 15 20 ] 5 10 15 20
Elapsed Time (h) Elapsed Time (h)
Feed Components Retentste Components
. B . a0 _ B
§, 4 §, 20 § 4
S S S
E E E
E 2 £ 10 €2
8 8 g
5 5 5
<0 2 0 <0
1 2 3 4 5 1 2 3 4 5

MPM Lac Fat  Ash Pro HPM Lac Fat  Ash
Results in Tables Back Results in Gl

Percentage of Recirculsted Permeate Flovrate
40

o

0 20 20
Elapsed Time (h)

Permeate Components

1 2 3 4 &
Fro MPW Lac Fat Ash

raphs

Results in Tables

Flux (LMH)
Time Step

Stage Mo 1 2 3 4 5 B T E
1 29.45 29.06 2564 2941 29.03 2562 252 ars
2 2766 2724 2682 27 96 278 el | 268 26.41
3 o 0 0 2613 2658 2645 26.05 25.64
4 o 0 0 o o o o o
El 2527 2486 2446 2375 2335 2296 22.58 222
] 22.03 2163 2125 2054 2016 19.78 19.43 19.07
T 17.53 17189 16.84 1612 1877 15.44 15.12 148
g 11.87 116 11.34 107 10.44 1018 9.94 a7
g T.24 708 6.92 648 B.32 BT 6.02 5.88
10 5.54 546 5.38 516 508 am 4.94 487
11 3 297 294 283 27 276 274 27
12 1.57 156 155 15 1.49 1.48 147 146

Time Step

Stage Mo. 11 12 13 14 15 16 17 18
1 26 64 26 26 2587 255 2602 29 84 29.44 29.04
2 2525 24 87 2448 2411 249 2\ 26.33 2783
3 2445 24 06 2366 2328 24 48 285 281 2768
4 a 1} 1} a 2165 29 68 29.25 288
a 21.08 072 2035 19499 19.33 2276 22.42 22.05
[:] 18 17 65 1718 1685 1628 14956 19.25 1691
T 13.87 13.57 1327 1295 12.08 1518 14.92 14.62
g a0 879 857 8368 785 a8 a7s 953
g 547 355 Epa) 508 4.76 586 B.01 582
10 467 461 4.54 448 432 49 479 471
11 283 2B 257 255 246 259 264 251
12 1.44 143 142 142 157 1.44 142 1.41

Back |

(=]

Select a Variahle

IFqu i I

9 10
2742 2703
2602 2563
2524 2434

0 a
2182 2145
1569 18.34
14.45 1447

.47 9.24
574 56
4.8 474
268 265
148 145
19 20

2863 2824
2753 2714
2728 2688

2835 273
pea =i} e |
18.54 1819
1431 14
9.3 907
579 565
465 459
259 258
1.41 14
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Design and Construction of Roads on Expansive Subgrades

1.87e+07

RR R
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) Root Water Uptake

File

=18ix|

Root Water Uptake Rate

Soil suction at wilting point (kPa) :IW
Highest soil suction at max RWUIT Root Water Uptake Rete
Lowest soil suction at max, R\/VUIT
Initial soil suction (kPay =] 400

Max roct density, Bmax =[ 025

Root tree type coefficient, k1 =| 04

oy

Root tree type coefficient, k2 =| 09 =

Raoot density coefficient, k3 =| 874

=

=
SRR
LR
s iy

Transpiration cosfficient, k4 =[0.014
Radial distans, i (my =] 4

Depth below surface, z0 (m) =[ 3
Maix. radial dictane, r_max (my =~ 12

Ianc. depth of root, z_max (m) = 9

Max. Root VWater Uptake Rate (Liday) = 3 08676
Potential transpiration, Tp [ Fosition Depth {m} =3

Radial Distance (m) £
Close
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