NS NS NS NS NS N TN NS N N NS N N N N N N N N AN AN X

=X

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

@ ASUNET

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

N AN AN A AN AN A AN AN NN NN EAEEANEENEAE N

=




=X

Y7
12

SN NN N NN NN NN AN N NN/

it | o ek | S
@ ASUNET

et | i ekl | S
(o pSetel | (i ) G gl

i el
@ ASUNET

4 '

5
*

* &

U

by edead]
he S

Ll

ds2
ol
.

€
MONA MAGHRABY

BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

oA DEAD DA ADEEADEDEAE AN EADE=

PR AR A A A A A A A A



BRSES CSED P EEo N EE0 N STON STON STON SEON SEON ST N STV SEONSEEN SEONSEONSEON SEON SEON SEON STV ST SE0 N

=X

il o ==
@ ASUNET

et | i ekl | S
(O el 1§ w3 G ol

PORICE

b

*

b ey

2al) Gal j3Y) sla Jadad

* ® o0

A Balal) ¢ alial) 4l
b 9 i 38 daadall ol BY) ol o

s

19 ol § bl d| ot el
(o=t

»

@ ASUNET
N]
Loy daa

(ol
it

il §
9
4y

»

okl e
o

<

MONA MAGHRABY
AN AN AN NS NE AN NEENES

SN NN N NN NN NN AN N NN/

PR AR A A A A A A A A

=




Cairo University

COST BENEFITS ANALYSIS FOR ROCK-SIDE SLOPE
FAILURE PREVENTION CONSIDERING RELIABILITY
BASED DESIGN

By
Haitham Mohamed Adel Abul-Hakam Sorour

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for Degree of
DOCTOR OF PHILOSOPHY
in
Civil Engineering - Public Works

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



COST BENEFITS ANALYSIS FOR ROCK-SIDE SLOPE
FAILURE PREVENTION CONSIDERING RELIABILITY
BASED DESIGN

By

Haitham Mohamed Adel Abul-Hakam Sorour

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for Degree of
DOCTOR OF PHILOSOPHY
in
Civil Engineering - Public Works

Under the Supervision of

Prof. Dr. Yasser Ali Abdul-Hai Hegazy Dr. Sherif Adel Akl
Prof of Geotechnical Engineering Associate Prof. of Geotechnical Engineering
Public Works Public Works

Faculty of Engineering, Cairo University  Faculty of Engineering, Cairo University

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



COST BENEFITS ANALYSIS FOR ROCK-SIDE SLOPE
FAILURE PREVENTION CONSIDERING RELIABILITY
BASED DESIGN

By

Haitham Mohamed Adel Abul-Hakam Sorour

A Thesis Submitted to the
Faculty of Engineering at Cairo University
in Partial Fulfillment of the
Requirements for Degree of
DOCTOR OF PHILOSOPHY
in
Civil Engineering - Public Works

Approved by the

Examining Committee

Prof. Dr. Yasser Ali Abdul-Hai Hegazy Thesis Main Advisor
Prof. Dr. Mostafa Abdul-Hamid Abu-Kiefa Internal Examiner

Prof. Dr. Mohie EI-Dien Mohamed Afifi ElImashad External Examiner

Head of the Geotechnical Engineering Department at the Structural Research
Institute of the National Water Research Center

FACULTY OF ENGINEERING, CAIRO UNIVERSITY
GIZA, EGYPT
2021



Engineer’s Name: Haitham Mohamed Adel

Date of Birth: 28/07/1976

Nationality: Egyptian

E-mail: haithamsorour@hotmail.com

Phone: +201005253298

Address: Villa 330 first touristic village, Privilege district in front of gate 1

Spring Valley Compound - 6 October

Registration Date: 01/10/2011

Awarding Date: / 12021
Degree: DOCTOR OF PHILOSOPHY
Department: Civil Engineering - Public Works
Supervisors: Prof. Dr. Yasser Ali Abdul-Hai Hegazy
Dr. Sherif Adel Akl
Examiners: Prof. Dr. Yasser Ali Abdul-Hai Hegazy Thesis Main Advisor
Prof. Dr. Mostafa Abdul-Hamid Abu-Kiefa Internal Examiner

Prof. Dr. Mohie EI-Dien Mohamed Afifi EImashad External Examiner
Head of the Geotechnical Engineering Department at the Structural Research Institute of the
National Water Research Center

Title of Thesis:

COST BENEFITS ANALYSIS FOR ROCK-SIDE SLOPE FAILURE PREVENTION
CONSIDERING RELIABILITY BASED DESIGN

Key Words:

Rock, Reliability, Slope, Cost, Optimization

Summary:

This thesis examines the economic benefits of rockslide prevention measures at Gebel
Mokattam. A frequency ratio index (FRI) was achieved, by a simple probabilistic model,
based on the rockslide-related geological and climate factors (e.g. slope, aspect, curvature and
precipitation), results showed that the slope was the most hazardous rockslide factor
controlling the rock failure. As a result the supporting of the rock side slope was done by
using rock bolts. After obtaining the hazard places subjected to the rockslide, the optimal total
cost that meets the optimal reliability index must be calculated. So it is necessary to
determine the most critical parameters to reach optimal cost; the most critical parameters
were shortlisted into two main parameters; uniaxial compressive strength (UCS) and
geological strength index (GSI). Considering such critical parameters, in addition to
analyzing their different nine scenarios; leading to reach the optimal total cost that meets the
optimal reliability index.



Disclaimer

| hereby declare that this thesis is my own original work and that no part of it has
been submitted for a degree qualification at any other university or institute.

| further declare that | have appropriately acknowledged all sources used and have
cited them in the references section.

Name: Haitham Mohamed Adel Abul-Hakam Sorour Date: --/--/2021

Signature:



Dedication

To whom | owe my life
To my Religion
To my Country
To my great Family
To my great Father God bless his soul
To my great Mother
To my great wife Ellen
To Alie-Eldien & Youssef

Without you all my life is meaningless



Acknowledgment

“In The Name of Allah the Most Gracious, the Most Merciful”

All praises and thanks to almighty, Allah, lord of the world, sustainer of the
universe, and ruler of the day of resurrection, who provided me with all means of
support, guidance, patience and ability to complete this thesis.

The author wishes to express his gratitude to Prof. Dr. Yasser Ali Abdul-Hai Hegazy
Professor of Geo-Technical Engineering and Foundations, Cairo University, for his
significant guidance, encouragement and advice through the research work.

The author is indebted with great favor to Associate Prof. Dr. Sherif Adel Akl
Associate Professor of Geo-Technical Engineering and Foundations, Cairo University,
for his continuous supervision of this research and for the help and invaluable
suggestions through-out the progress of this work.



Table of Contents

1Tl F= ] T PSP I
DT [ or: £ [ ST PP URPRTPRORPRTPIN i
ACKNOWIEAGEMENT ... ii
Table OF CONENES ...viiiiiiiiee bbbt sbe st 0\
LISt OF TADIES ... viii
S ) T U= OSSR iX
NOMENCIALUIE ...t sttt e st et neenreeneeenes Xiv
AADSTTACT. ...ttt bbb XV
Chapter 1: INTrOQUCTION. ..ot bbb 1
1.1 BACKOIOUNG.....c.oiiiiieeie ettt et e st e esraesneeaesnnesraeneeas 1
1.2 ODJECLIVES OF STUAY ......eviiiieiieieee e 1
1.3 TNESIS FrAMEWOTK ....c.oiiviiiiiiiiieie ittt ettt st 2
Chapter 2: ReVIEW OF [ITEratUre .......c.ooiiiiiiii s 3
P20 R 1 oo [0 od o] o J OSSR 3
2.2 ROCKS ...ttt ettt e nre e te e e reere s 3
2.2.1 Categorization Of FOCKS........c.civviiiicie e 3
2.2.2 ROCKS PArGMELEIS ......vevieiieiiee ittt ste sttt steesee st te e s e e aneesreeseesneesneeneeas 4
2.2.3 ROCKS FRATUIES. ......eiteiviiiieiieiie ettt sttt sttt ettt bbb e b reenes 4
2.3 Slope stability INAUCEA TACTOIS.........coviiiiiiieeee s 5
2.3.1 SIOPE QEOMELIY ...ttt ettt et e s b e e te e e e sreenresnnesraeneeas 5
2.3.2 Geological setting and STIUCTUIE .........coiiiiiiiiieee e 5
R T R O] 1 1S [ o USSR 6
2.3.2.2 Internal friction aNQIE .........ooiiiiii s 6
2.3.3 GIOUNG WALET ...ttt bbbt n b bbb b enes 6
2.3.4 DYNAMIC FOICES ..ottt bbbttt bbbt 6
2.3.5 TENSION CTACKS ...ttt ettt bbb enes 6
2.3.6 Pre-existing Collapse SUMTACES..........coiiiiiiiiieicee s 6
2.4 Types Of SIOPe COMAPSE ...ocuviiieieccceee e 6
2.4. 1 Plane COMAPSE ... 6
2.4.2 WEdQe COIAPSE.....c.veieeieee ettt et ra e 7
2.4.3 CIrCUIAr COAPSE ... bbb 8
2.4.3.1 Types of Circular COHAPSE...........ccveieie e 8
2.4.4 TWO BIOCK COIAPSE ... s 8
2.4.5 TOPPIING COMAPSE ...t reenae s 8
2.5 DESIGN OF SIOPES ...ttt 9
2.5.1 Wedge collapse analySiS..........ccccuiiiiiiiieiie et 9
2.5.1.1 Spherical projection solution using factor of safety .........cc.cccoveviviieiieie i 9
2.5.1.2 Chart SOIULION ......coueiiiiiiie et et 9
2.5.1.3 Spherical projections solutions using probabilistic approach .............ccccoovvvnenne. 9
2.5.2 Circular collapse STUAY .......c.oeiiiiiieiieciic s 9
2.5.2.1 TeChNIQUES OF SHICES .....ccuiiiiiiieiiie s 9
2.5.2.2 Modified techniques OF SHICES ......ccovviiiiiiii i 9
2.5.2.3 Simplified techniques Of SHICES ........ccciiiiiiiieee 10
2.5.2.4 Friction CIrcle teChNIQUE .........oiviiiie it 10
2.5.2.5 Taylor’s Stability NUMDET ........c.ooiiiiii 10
2.5.3 TWO DIOCK COAPSE......eeiieiii e 10
2.5.4 Toppling COAPSE @NAIYSIS .....c.eoveiiiiiieiiieeee e 10
2.5.5 Other teChNIQUES STUAY .....oovvieiie i 10
2.5.5.1 Limit equilibrium teChNIQUE ......ccveiviiiiiieeee e 10



2.5.5.2 Stress analysis teChNIQUE ..........ooiiiiiii e 10

IS (o] oT=N o (0] 1=To! o] o 1SS 10
2.6.1 Classification Of SIOPE .........coviiiiiiii e 10
2.6.2 Components on a well design and maintained man made Slope ...........ccccovevvvennee. 10
2.6.3 SIOPE TAIIING.....eeeiii e 10
2.6.4 Protection and treatment t0 roCK SIOPE ........coveviieieiiciece e 11
2.6.5 Protection and treatment to earth-filled SIOPe ..o 11
2.6.6 Protection to slope by rigid SUMfACe ..........cccovveviiiie i 12
2.6.7 Improvement to slope by SOt SUMTACE ..........ccveiiiiiii e 13
2.6.8 Protect the slope b the use of retaining wall.............cccccoooiiieiic i, 13
2.7 Forecasting models for side slope failures ... 13
2.7.1 Logistic regression MOGEL..........cccvoviiieiiiieiee e 13
2.7.2 Frequency ratio iNdexX MOdel ... 13
2.7.3 Neural Network Model ..o 14
2.8 Geographical information System (G.1.S) ..o 14
2.9 Developed techniques of slope stability risk analysis ............cccocveveiiieiiiie e, 14
2.9.1 First order second Mmoment teCANIQUE...........oveierierieiiieris e 14
2.9.2 Point estimation teCANIGUE ........cceoveiieiice e 15
2.9.3 Monte Carlo simulation teChNIQUE ..........cooiiiiiiieieie e 15
2.9.4 Mean first order reliability teChNIQUE ..........ccveiiieiicee e 15
2.9.5 Risk analysis algorithm with Fellenius limit equilibrium technique...................... 15
2.9.6 Deterministic approach using fuzzy set technique ..........cccccoevvevciecce e, 16
2.9.7 Random finite element teCANIQUE ..........cccviiiiiieieee e 16
2.9.8 Finite element technique with the first order reliability technique......................... 16
2.9.9 Interval estimate tEChNIQUE ........covoiiiiiiii e 16
2.10 COSt OPLIMIZALION. .....cuviivieiecie e st re e sreenee e 17
2.10.1 Deterministic optimization teChNIQUES ..........coveriiriiiiiiieeee e 17
2.10.1.1 Gradient based algorithms............ccooviiiiicii e 17
2.10.1.2 Nelder-Mead SIMPIEX ........ccueiviiiriiiiiisieieee e 17
2.10.2 Stochastic optimization teChNIQUES .........c.coveiieiiceccece e 17
2.10.2.1 GenetiC algOrtNm ........cviiiieie e 17
2.10.2.2 Particle swarm optimizations ...........ccccceiieiiiiieieece e 18
2.10.2.3 Simulated anNEaIING ........ccooviiiiiiirer e 20
2.10.2.4 Differential evolution algorithm..............ccooiiiiiicie e 20
2.10.2.5 Artificial DEE COIONY ......ooiiiiiiii e 21
2.10.2.5 OLNEIS ..oovieiee e e ettt bbb nre s 22
2.10.3 Hybrid optimization tECRNIQUES ..........covriiiiieieese e 22
Chapter 3: Methods of COMPULALION ............cccciiiiiicie e 23
1200 115 0o [ o4 1 o SRS 23
3.2 Limit equilibrium teChNIQUES .......coviiiiicie et 23
3.2.1 Relationship between Hoek-Brown and Limit Equilibrium...........ccccccoooiiiinnnnns 23
3.3 Finite Element teChNIQUE ..........couiiiieie e 23
3.3.1 BASIC PIINCIPIE ...t 23
3.3.2 EIaStiC FOrMUIALION ......veeiiiiiiiieie e e 24
3.3.3 Plane STrain STAL........ccveiieeieiieiie et e et re e enreenee e 25
3.3.4 Choice of element Shape and SIZE...........cccovviiuieiiiiiie e 25
3.4 ROCDALA SOTIWAIE ..ottt e e nneenee e 26
I ot I Lo (0o [0 Tod 1 o o TSSOSO 26
3.4.2 SErENGLN CIITEITA ...o.ve et 26
3.4.3 Curve fitting OF teSt data.........ccoeiviieiiiii e 27



3.4.4 ROCPIOD database . ... 27

BUA5 ROCLAD ..o bbb 27
3.4.5.1 Implementation of RocData SOftWArE...........cceierieiiiiiiniseeee e 28
3.5 SHAE SOTIWANE ...t bbbt nne s 29
TR 300 I Lo oo [0 Tod o o ST 29
35,2 NEBW TRALUIES ...ttt bbbttt st benne s 29
3.5.3 Transient groundwater analySIS .........ccccveerierierieiiene e e 29
3.5.4 RaAPIA AraWAOWN .....coeeiieiecie ettt e e nreenne e 31
3.5.5 New and improved material Properties .........ccooevererereniniesieee e 31
3.5.6 NewW Search tEChNIQUES .........oiveiicic e 32
3.5.7 Editing, drawing and interpretation t0O0IS ............ccoeiiiiiiniiiieee e 32
3.5.8 Other IMPIOVEMENTS .......ccviiieiiieie et te e te e reesre e e e sreenreenee e 33
3.5.9 Implementation of Slide SOFtWAre ...........cccoviiiiiiiii e 33
3.6 LAB Fit SOTIWAIE ..ottt bbb 35
3.6.1 Implementation of LAB Fit SOTtWAre .........cccoeiiiiiiiiiieeeeeee e 35
3.7 Comparison between finite element and limit equilibrium .............ccccoooveiiieineen, 37
Chapter 4: Data collection and Methodology..........ccoerereriiinininieeee e 39
o I [ o To L8 Tox o] RSSO PR PR 39
4.2 GEOMOIPNOIOQY ..ottt 42
4.3 Models Of the CaSE STUAY .....c.ocviiieicie e 43
4.4 Steps of the suggested algorithm ... 47
4.5 Statistical analysis of testing rock parameters for upper and middle plateaus.......... 48
4.6 Reliability and factor of safety Calculation............cccoeiiiiiiiniie e 52
4.7 Length of the rock bolt and tensile strength calculating............ccccoccovvveviviiiicinenns 52
4.8 Models Of the general CaSE .........ccuoiiiiiriieir s 55
4.9 Data collection for the general Case............coveiieieiie i 55
4.10 SumMmary OF thiS CRAPTET.......ccviiiiiieie s 57
Chapter 5: RESUILS. .......veivieiecieece ettt re e be e sreesreenee e 58
T80 A 111 0o [ o4 1 o] SR 58
5.2 Application of Frequency Ratio IndeX (FRI) .....cccooovviieiiiiiieeeece e 58
5.3 Calculating FRI ..o 58
5.4 Results of the unsupported rock side slope (general study) .........cccccoveveiieieeinennee, 62
5.4.1 Results of the general case for SANASLONE ..........cccovverieeiiriieie e 62
5.4.2 Results of the general case for LIMEStONe ...........cceeveveiiieiieie e 66
5.5 Results of the unsupported rock side slope (case Study) ........ccccvvvvirienencicninininns 70
5.5.1 Results of the unsupported rock side slope for upper plateau ...........cccccovevveneee. 70
5.5.2 Results of the unsupported rock side slope for middle plateau ..............ccccevenene 73
5.6 Results of the supported rock side slope (Case Study) ........cccovveveivieiieieivieseesieenn, 77
5.6.1 Results of the supported rock side slope for upper plateau............cccoocevvriiirnnnnns 77
5.6.2 Results of the supported rock side slope for middle plateau.............ccccceveevvvennnnnne. 80
ST A 03 Tod 1115 o] o SRR 84
5.8 SumMmMary of thisS CRAPLEr........c.ooiie i 84
Chapter 6: COSt OPIIMIZATION.......coiiiiiiieiee e 85
6.1 INEOTUCTION ..t sttt ettt sre et ene e 85
6.2 Determination of the most critical Parameters ...........cocveieriinienieiese e 85
6.3 Determination of the total number of SUPPOIS........cccveiiiiiieiiece e 89
6.3.1 Determination of the total number of supports for upper plateau ..............c.ccoco... 89
6.3.2 Determination of the total number of supports for middle plateau .....................91
6.4 Determination of the total length of SUPPOIT .........coviriiiiiii s 92
6.5 Cost of construction, failure and total COSt..........ccoviiiriiiiiiie 95

Vi



B.5.1 FalUre defiNitION . ..o 97

6.5.2 COSE OF TAIIUIE ...t 97
6.5.3 Calculation of COSt Of TAIIUIE ........ccoveiiiiie e 98
6.6 Determination of the optimal cost value by differentiation ..............c.ccccoevevennnn. 100
6.6.1 Determination of the optimal cost value for upper plateau ............c.ccccevvrirnnnne. 100
6.6.2 Determination of the optimal cost value for middle plateau ..............cccccoeeveeneenee. 110
Chapter 7: Conclusions and Recommendations.............coovererininieienene e 120
7. L CONCIUSIONS ...ttt bbbt bbbttt bbb b 120
7.2 RECOMMENAALIONS .....eeveeiieieeie sttt ettt e b e neeeneenns 121
7.2.1 Recommendations related to the results of the study ..........c.ccccovveveiieiicieceee. 121
7.2.2 General RECOMMENUALIONS. .......ciiiiiiieiieie e 121
RETEIBNCES ... ettt bbbttt bbb re s 122
APPENAIX A bbbttt bbbt ene s 131
APPENTIX Bttt ta e te e e e re s 147
APPENAIX Co e bbbt bbbttt bbbt ene s 152
APPENGIX D .ottt ae e nre e 186
T N ST OTTRTPRTTRTT i

vii



List of Tables

3.1 Comparison between finite element and limit equilibrium ... 38
4.1 Rock parameters for upper plateau (Mohamed S. A., 1985)......cccccceeveviveieiiieinenns 44
4.2 Rock parameters for middle plateau (Mohamed S. A., 1985)......ccccoeiiiiiinininnnn. 45
4.3 Probability for the rock parameters for upper plateau..........ccccoevvevevieiieieiieceenns 45
4.4 Probability for the rock parameters for middle plateau...........ccocevveieieiiiciiiinnne. 46
4.5 The best distribution for middle plateau using LAB Fit program.............ccccceevennine 53
4.6 The best distribution for middle plateau using LAB Fit program..............ccccceovvene. 53
4.7 Values of R.l and F.S for upper plateau ............ccecveieieeiieeie e 53
4.8 Values of R.I and F.S for middle plateau ..........ccooeieieiiniiiiiiiceeec e 53
4.9 Probability for the rock nails for upper plateau............cccccveveiieiiiieiic e 55
4.10 Probability for the rock nails for middle plateau.............ccocovviiiieieincine 55
4.11 rock parameters for SANASIONE ........cc.civeiiiie e 56
4.12 rock parameters for LIMESIONE ........cooiiiiiiiiieieiee s 57
5.1 The rockslide occurrence points (slide and failure) recorded in Mokattam area ......60
5.2 Frequency ratio calculated for the rockslide-related factors in Mokattam area......... 62
6.1 Probability for upper plateau (most critical parameter) .........c.cccceeevivevieiieiicceenenn, 85
6.2 Probability for middle plateau (most critical parameter) ..........ccocceveveienininininninns 85
6.3 The best distribution for upper plateau using LAB Fit program...........ccccccevevvvenene. 86
6.4 The best distribution for middle plateau using LAB Fit program...........c.ccocevvvvnnns 86
6.5 Values of R.I for upper plateau (most critical parameter)..........ccccceovvevveveieeinennenn, 86
6.6 Calculations the most critical parameters for upper plateau ............ccccoocevvrvnvnnnnnns 86
6.7 Values of R.I for middle plateau (most critical parameter)...........cccccevvveveieerieennenn 87
6.8 Calculations the most critical parameters for middle plateau ...........cccccooevviiinnnnns 87
6.9 Calculation of R.I and total length of supports for upper plateau ................ccoveeee.e. 96
6.10 Calculation of cost of construction and cost of failure and total cost for upper
0] F LT T SRS 97
6.11 Shows the number of vehicles moving and parked at peak hours.............cc.cceceeene 99
6.12 Shows the critical and optimal case for upper plateau .............cccccveevevieieeiecnnenee. 119
6.13 Shows the critical and optimal case for middle plateau ............cccoceeeiiiiiinnnnne 119
A.1 Rock parameters for SANASIONE..........ccvevviiieiicie e 131
A.2 Probability for the rock parameters for Sandstone.............cocoveviiiiieienc s 131
A.3 Rock parameters for Upper Plateau ...........ccoiveiiiieiieie e 132
A.4 Rock parameters for middle plateau...........ccovevriiiiiiiie 138
A.5 Rock parameters for HMESIONE ..........ccvecuiiie i 140
A.6 Probability for the rock parameters for limestone..........cccocvevvvievvevencieneece e 140
A.7 Values of R.l1 and F.S fOr SaNASIONE ..........coueiivieriiiiiie e 141
A.8 Values of R.l1 and F.S fOr lIMeStONe .........ccooveiiiie e 144
C.1 Design of rock bolts for upper plateau............cccveveeviiiiiiiiiiecec e 152
C.2 Design of rock bolts for middle plateau...........cccceveriiiiiiiniicc e 153
C.3 Values of R.l and F.S for supported upper plateau............ccccccveviieeiieiieivieieenens 161
C.4 Values of R.1 and F.S for supported middle plateau.............ccoovveviiinenciinnnnnn 163

D.1 Values of total length of support and total number of supports for upper plateau.166
D.2 Values of total length of support and total number of supports for middle plateaul76
D.3 Values of total cost for upper plateau............ccecveiiieiie i 186
D.4 Values of total cost for middle plateau...........coceveriiiniiiiinicee e 191

viii



