
['. 00 
0\ ~ 
00 00 
~ ~ 

o o 
0\ 0\ 
~ ~ 

:::.:::o 

Foundation 
Engineering: 
CURRENT PRINCIPLES 
AND PRACTICES 
Volume2 
Proceedings of the Congress 

sponsored by the 
Geotechnical Engineering Division and the 
Construction Division of the American Society 

of Civi l Engineers 

co-sponsored by the 
Illinois Section, ASCE and 
Northwestern University 

in cooperation with the 
American Concrete lnstitute 
Association of Engineering Geologists 
Association of Soil and Foundation Engineers 
Deep Foundations lnstitute 
lnternational Association of Foundation Drilling 
Structural Engineers Association of Illinois 

Evanston Illinois 
June 25-29, 1989 

Edited by Fred H. Kulhawy 

Published by the 
American Society of Civil Engineers 
345 East 47th Street 
New York, New York 10017-2398 



CONTENTS 

Volume l 

A. Site Characterization and Geologica! Aspects of Foundation Engineering 

Site Characterization of Yorktown Forrnation for New Accelerator 
Pau! W. Mayne . . . . . . . . . . . . . . ............ . . . . ............... . . ...... . ... . . . . . 1 

Pressuremeter Evaluat.ion of Glacial Ti li Bearing Capacity in Toronto Canada 
Timothy G. Orpwood , Shaheen A. Ahmad, and Kenneth R. Peaker . . . . ... . . . . . .. . ... 16 

Foundation Engineering Constraints in Karst Terrane 

Joseph A. Fischer and Robert Canace ........... . ..... . ... . ..................... 29 
lnfluence of Geologie Development on Horizontal Stress in Soil 

Fred H. Kulhawy, John F. Beech, and Charles H. Trautmann ..... .. . . . .. ...... . . . .. 43 
Location of Geologie Discontinuities by Geophysical Techniques 

G. W. Blaney, A. Li , and M .W. Lewis ....... ... . ... . ........... ... ............ 58 

B. lnterpretation of Laboratory and ln-Situ Data for Foundation Design 

Screw Plate Test for Drained and Undrained Soil Pararneters 
Suni l K. Mital and Gunther E. Bauer ......... . ....... ... . . . . . .. .. ... . .......... 67 

Some Dilatometer Test Results in Pennsylvania and New York 
Alireza Boghrat. ................ . . . . . . . .. ...... . . . . . ........ ..... . . ......... 80 

An Evaluation of Pile Design in Fraser River Delta Using ln-Situ Tests 
P.K. Robertson , R.G. Campanella, M.P. Davies, and A. Sy .. . . . . . ... ........ .. . ... 92 

Cyclic Behavior of Natura! Overconsolidated Clay in Two Loading Modes 
M. W. O'NeiU, T. W. Dunnavant , and C.J . Belleman .... .. ....... .. . . ........... . 106 

First-Order Estirnation of Ko in Sands and Clays 
Fred H. Kulhawy, Christina Stas Jackson, and Pau! W. Mayne . ... .. . ...... . ..... . . 121 

Collapsible Soils in the Antelope Valley-Califomia 
Fred Romani and Bruce A. Hick ... .......... . .................. . ............. 135 

C. Foundations in Metast.able Soils 

ldentification and Characteriz.ation of the Collapsing Alluvial Soils of 
the Western United St.ates 

George H. Beckwith and Lawrence A. Hansen . ............ . . . . . .. . . . ........... 143 
State-of-the-Practice Mitigation Measures for Collapsible Soil Sites 

William N. Houston and Sandra L. Houston ........ . . .......... .. . . . .... . . . . . .. 16 1 

iii 



A Use of Geostatistics to Predict the Occurrence of Collapsing Soils 
Edward A. Nowatzki , Molla M. Ali. and Donald E. Myers ........ . . .............. 176 

Characterization of a Site Underlain by Deep Collapsing So ils 
Lawrence A. Hansen, Roben D. Booth. and George H. Beckwith . ........ o .... .... 191 

Foundations of Expansive Soils in Nonhern Virginia 
Lawrence C. Rude and Farshad Amani .................. ... . . o ................ 209 

Helical Bearing Plate Foundations for Underpinning 
Stan Rupiper and William G. Edwards ...................... .... . . . . .. o o ... o ... 221 

Chemically lnduced Foundation Heave 
Richard W. Stephenson. Brian A. Dempsey, and John B. Heagler, Jr .... . ....... o . . 1633 

D. Foundations on lmproved Soils 

Design and Construction of Stone Column Reinforced Cofferdams 
R. Roben Goughnour and John S. Jones, Jr. ............ . . .. ......... . ... . ...... 23 1 

Design Methodology for Foundations on Stone Columns 
Roben C. Bachus and Richard D. Barksdale ........... o . .. o. o . o ... o o o o ... ...... 244 

Power Pole Foundations in Reclaimed Mining Area 
Kou-Roung Chang ...................................... . . . ................ 258 

Jet Grout Stabilization of Peaty Soils Under a Railway Embankment in ltaly 
Battista DePaoli, Renato Tornaghi, and Donald A. Bruce ......... .............. . . 272 

Jet Grouting for Underpinning and Excavation Suppon 
George K. Burke, Lawrence F. Johnsen, and Roben A. Heller ...... . ...... o ....... 291 

Jet Grouting to Construct a Soilcrete Wall Using a Twin Stem System 
Kenneth B. Andromalos and Hcrff N. Gazaway . ..... ......... o ................ . 301 

Case Histories of Shallow Foundations on lmproved Soil 
Anta) Panos, Joseph P. Welsh, Peter W. Kazaniwsky, and Edward Sander . . ......... 313 

Compaction Grouting as an Aid to Construction 
Richard M. Berry and Harry Grice .. . ................... . . .... . o . ...... . ..... . 328 

Consolidation Grouting Operations for Kirkwood Penstock 
Kenneth D. Weaver . ............................. . .... .... o ...... o . . . . . .. . . 342 

Deep Soil Mixing at the Jackson Lakc Dam 
Christopher R. Ryan and Brian H. Jasperse .......................... o . o .. o . o ... 354 

Settlement Characteristics from ln-Situ Tests in Fly Ash Structural Fills 
Richard M. Hillis and Ramesh C. Gupta ..... ... ...... . .. .... ....... o . . . .. . .... 368 

Improving Properties of Active Clay by Sand Admixtures 
S . Leelanitlrul . ...................... o ... . .............. o ................. . 381 

Ground Modification fora 14-Story Structure Over a Deep Peat Deposi! 
Thomas P. Venema, C.R. Waletzko, and Frank J. Swekosky .. o ...... . ............ 392 

E. Excavation for Foundations in Rock Without Blasting 

Concrete Removal Techniques with Potential for use in Rock 
Roy L. Campbell , Sr. . . o .................................................. o 406 

Rock Excavation with Boom Mounted Hydraulic lmpact Hammers 
Jack T. Anderson and William N. Papineau ... . . ........... . . . . . . ... ... .. ...... 418 

iv 

Rock Excavations in Downtown Toronto 
J . Bennett, S.A. Ahmad, and K.R. Pcaker .......... ..... . ... ..... ... .. o .. . o .. . 432 

Fracturing of Rock Using Expansive Soundlcss Chemical Demolition Agents 
Charles M. Schram and Jimmie Hinze . . . ... ...... ... ... . . ... ....... . ..... . . . . . 447 

Rock Excavation with Microwaves: A Literaturc Revicw 
J . Carlos Santamarina ....... ....... . . . . ...... ....... . . . ... ....... ... ... ... .. 459 

F. Physical Modcling of Foundations 

Model Tests for Bearing Capacity of VenicaHy Reinforced Foundations in Sand 
Vijay K. Puri and Braja M . Das ..... . ....... . . . .... ... . . . . . . .. ............. . . 474 

Static Behavior of Piles in Ccmentcd Calcareous Sands 
C.Y. Lee, M.A. Allman, and H.G. Poulos . ... . . . .. ..... ... . . . .. . . ... o .... o . . . . 485 

Tangent Modulus of Piles Determined From Strain Data 
Bengt H. Fellenius .. o . . ..... . ............. . ... ........ ..... o o. o ....... ... . . 500 

Load Transfer in Deep Foundations Under Repeated Axial Loading 
John P. Tumer and Fred H. Kulhawy .......................... o ..... . ......... 5 11 

Modeling of Displacement Piles in Sand Using a Pressure Chamber 
C. Vipulanandano D. Wong, M. Ochoa, and M.W. O'Neill ....... o . . ... . o ........ 526 

On the Criticai Relative Displacemcnt of Pile Shaft and Surrounding Soil 
Myoung Mo Kim , Eun-Chul Shin, and Hon-Yim Ko . . . . . .. ........ . . o ........... 542 

The lnfluence of Cyclic Loading on the Lateral Load Response of Groups of Piles 
DanA. Brown .............. . . . . . . ............ . . . . . ........... o ... . ....... 553 

G . Numerica! Modeling of Foundations 

Numerica! Modeling of lnterface Behavior for Drilled Shaft Foundations 
Under Generalized Loading 

Patrick W.-W. Wong, Fred H. Kulhawy, and Anthony R. lngraffea . o ... . . ... . . . . . . . 565 
lnvestigation and Modeling of Soil-Structure lnterface Propenies 

Patricia A. Lee, William F. Kane, Eric C. Drumm, and Richard M. Bennett .... . ... . 580 
Fact or Friction: A Review of Soil Response to a Laterally Moving Pile 

Trevor D. Smith . . . . ... . ... . ... . .. o . o .............. ... . . . . . o . ... o .......... 588 
Subgrade Models for Soil-Structure lnteraction Analysis 

John S. Horvath .................................. o .... o . o .. . .............. 599 
Beams on Elastic Foundations: A New Approach 

C .V. Girija Vallabhan and Y.C. Das ..... o. o . . . ................. o ............. 613 
Settlement of Strip Foundations on Regularly Jointed Rock Masses 

John P. Cane.r and Habibollah Alehossein ...................... o . ...... . ....... 625 
A Geotechnical Analysis System With Applications for Drilled Shaft Foundations 

Kirk L. Gunsallus, F.red H. Kulhawy, and Anthony R. lngraffea . . .. . .............. 640 
Ultimate Capacity of Deep Foundation by a Rigid-Plastic Analysis 

Ronald Y.S. Pak and Takeshi Tamura .......... o . .. ....... . . . . .. . . . . .......... 654 
Senlement of Single Piles 

Reda M. Bakeer, Sayed M. Sayed, and Lourdes Leyva . . . . . ....... . . . . . . . ........ 666 

v 



Numerica! Analysis of Venically Loaded Pile Group 
M.C. Mc Vay. F.C . To wnsend. D.G. Bloomquist. M.O. O 'Brien. and 
J .A. Caliendo ..................... . ................ . ......... ......... .. .. 675 

CUFAD: A Computer Program for Compression and Uplift Foundation Analysis 
and Design 

Charles H. Trautmann, Fred H. Kulhawy. and Vito J . Longo . . ......... ... . . .. .... 691 
Newneg: Microcomputer Program for Downdrag on Piles 

Jean-Louis Briaud and Huben Porwoll ................................ . . ... . ... 706 

H. Foundation Response to Dynamic Loading 

Transient Dynamic Response Analysis of Embedded Rigid Foundations 
Toyoaki Nogami , Kazuo Konaagai , and Jun Otani ... ..... ..... . .. .. . . . . . . . . . . . . . 719 

Subgrade Mode! for Static and Dynamic Response Analysis of Surface Foundations 
Toyoaki Nogami ..... . . . . . . . .. ...... .. . . . . . . ......... . .. . . . . . . . . . . . .. . . . . . . 733 

Foundation Studies for Turbine-Generator on Liquefiable Soils 
Fred Romani and Carole Wockner . ..... ... . . . . . .... . ....... . ... . . . . .... . ..... 748 

l. Foundation Response to Seismic Loading 

Ground Failure Damage to Buildings During Eanhquakes 
T. Leslie Youd . .............. . .. ....... . . . . . .. . . . . . . . . . ...... . . . . . . . . .. . . . 758 

Effect of Sile Soil Properties on Seismic SSI Response of Embedded Structures 
Farshang Ostadan, Wen S. Tseng, and Ai-Shen Liu .......... . .. ...... ..... . . .. . . 77 1 

Seismic Response Study of Two Memphis Sites 
Howard H.M. Hwang, Yeng K. Low, and Tzyy-Shiou Chang .... .......... . . . .... 786 

Simplified Seismic Analysis of Pile Foundations 
H. Wayne Jones, Pau! F. Mlakar, and Reed L. Mosher .......... . . . . . . . . . .... . . . . 799 

Seismic Response Considerations in Foundation Design 
Peter H. Edinger. . . ......... ... . .. ... . . . .. .. . . ...... . .... . . . . . . . . . .. . . . . . . . 814 

Subject lndex .............. . ...... . ....... .. ....... . . . . . .... . .... . . ...... . . . 825 

Author lndex .... . ......... . ............ . ...... . ...... . .... . ... . . . . .... . ... . 829 

Volume 2 

J . Risk, Reliability, Feedback, and Expen Systems in Foundation Engineering 

Uncenainties in Offshore Axial Pile Capacity 
Wilson H. Tang ..... . . . .... .. ........ . . . . . .. . . . .•... . . .. . .. . . . . . .. . . . . . . . . 833 

Risk Correction Factors for Bearing Capacity Analysis 
K.ingsley Harrop-Williams ........ . . . ..... . ..... . . . .......... . . . ... .. . . . . ... . 848 

Human Factors and Communication Problems in Foundation Engineering 
J.C . Santamarina and C.J. Turkstra . . ... . . .. ...... ... . . . . ... . ... . . . . . .. . . . . . . . 857 

vi 

Movement Contro! of Excavation S uppon Sy tems by lterative Design 
G . Wayne Clough . Elizabeth M. Smith , and Bryan P. Sweeney ........ . ........... 869 

Some Expen System Applications in Geotechnical Engineering 
Teresa M. Adams. Pau! Christiano. and Chris Hendrickson ........................ 885 

Geotechnical Judgment in Foundation Design 
Thomas F. Wolff . . . .. ................... .. ......... ...... ........ . ... .... . 903 

K. Pile Foundation Practice 

Structural Foundation Pract ices for Highway Projects 
Jerry A. DiMaggio ........... . ... ...... . . .... . . ...... .. .... . .... . . . ..... . . . 9 18 

Analysis of Pile Load Tests at Lock and Dam 26 
Jean-Louis Briaud. Bruce H. Moore. and G . Britt Mitchell . . .. . .... . . . ... . . . . . ... . 925 

Comparative Performance of Two Pile Types 
Vinod K. Duggal. Joseph Bohinsky. and Chiang P. Chu . . . . .. . ... . ...... . . . ...... 943 

Pile Foundation Construction Practice in Stiff Clays with Dense Granular Layers 
Terence K. Wang and Edward E. Rinnc .. . .. . ... . . . . . . . .... . . . . - . ..... . ...... . . 957 

Augercd Cast-in-Piace Piles 
James J. Neate .... . . . . . . . ...... . . . ....... . . . . . ...... . . . . . . .. .......... . ... 970 

Bearing Pressure--SPT Correlations for Expanded Base Piles in Sand 
William J . Neely . ..... . ... . ... . ...... . . . . . . . . . ...... . . . . . .. . .......... . . . . 979 

Contribution of Soil Freeze to Pile Capacity 
Roben G . Lukas and Ted D. Bushell . . . . ... . . . . . ...... ....... .. . ...... . . . . . . . . 991 

Owner and Designer Advantages Derived from Use of Construction Consultant 
John W. Fowler . . . . . . . . .. . . . . . . . . . . . . . . . ........ . . . . . . . . . . - ..... . . ... . . . . 1002 

L. Drilled Foundations 

Some Observations on Undrained Sidc Resistancc of Drillcd Shafts 
Fred H. Kulhawy and Christina Stas Jackson . . . . . . . . ..... . . ............. . . . . . .. 1011 

New Design Method for Drilled Shafts from Common Soil and Rock Tests 
L.C. Reese and M. W. O'Neill . . . . . . . . . . . ...... . . . . . ... . .. . . . . . . . . . . . . . . .... 1026 

Performance of High Capacity Caissons Founded on Decomposcd Rock 
D.C. Koutsoftas and L.C. Reese . . . . .... . ... . ... ... ...... ...... . . . . .. . ..... . . 1040 

Load Tests on Bored Friction Pilcs in Clay 
William H. Hover, Richard M. Simon, and Harry G . Cooke . . . . . . .. . . . . .......... 1054 

Skin Friction Load Test for Caissons in Residua! Soils 
Erncst Winter, Theodore S. Nordmark, and Timothy Burns . . ... . .. ............ . . 1070 

Full Scale Caisson Load Test for the Milwaukce Center 
Alan B. Wagner and Clyde N. Baker, Jr . . . . . . . . . . . . .. .... . . . . . . .. .. ... . . . . . . . 1076 

Drilled Shafts-A Database Approach 
Jamcs H. Long and Scott Shimel ... . . . . . . . . . . . .... . . . . ..... . . ..... . . . . . . . . . . 1091 

Caissons in Uplift in Sandy Soils 
George H. Glos, Ul . . .... . . . . . . . . . . . . . . . . . . . .. . . . . . . ..... . . ... . • . . . . . .•. . . 1109 

A LateraJ Load Test on Seven Foot Diameter Caissons 
Pau! R. Macklin and Nelson N.S. Chou . . . . .. ... . . ..... . .... . .... . ..... . . . . . . . 1122 

vii 



lnterpretation of Load Tests on Drilled Shafts-Pan l: Axial Compression 
Anwar Hirany and Fred H. Kulhawy ....... . . . ........... . ... . . . . ...... ... . . . 1132 

lnterpretation of Load Test on Drilled Shafts-Pan 2: Axial Uplift 
Fred H. Kulhawy and Anwar Hirany ...................... . . . .... . . . . .... ... . 1150 

lnterpretatio n o f Load Tests on Drilled Shafts-Pan 3: Latera( and Moment 
Anwar Hirany and Fred H. Kulhawy ........ . ........................ . . ... .. . 1160 

Nondestructive Test ing of Deep Foundations with Sonic Methods 
Larry D. Olson and Clifford C. Wright ................................. . . . ... 1173 

Geophysical and Nuclear Methods for Non· Destructive Evaluation of Caissons 
Barry R. Christopher, Clyde N. Baker. Jr . . and Dennis L. Wellington . . . ....... . . . . 1184 

M. Rafts and Shallow Foundations 

Bearing Capacity of Shallow Strip Foundation on Strong Clay Underlain 
by Weak Clay 

Braja M. Das and Vijay K. Pu.ri . . . ... . . ... . ..... . .. . . . ... . . . . . .......... . ... 1199 
Rectangular Footing on Nonhomogeneous Elas tic Half Sapce 

John P. Dempsey and Hui Li ................... . .. .. . ... . . . . . . . . ........ . . . . 1212 
Effect of Vo id on Footing Behavior Unde r Eccentric and Jnclined Loads 

M.C. Wang , C.S . Yoo, and C. W. Hsieh .. . . . . . ... . ... . . . . . . . .... . . . . . ...... . . 1226 
Performance of a Large Ribbed Mat on Cohesive Soil 

Lawrence D. Johnson ..... . . ................... . ..... ...... . . ... . . . . . .. . . . . 1240 
Bearing Capacity of Shallow Foundation on Granular Column in Weak Clay 

Braja M. Das . . . ......... . . . . . .... . ............ .. . .. . ... ........ . . . .... . . 1252 
Performance of Different Retention Systems in Similar Soils 

Safdar A. Gill ... . . . ... . . ..... . . . . .. . . ... . ....... . . . .. . . . . . . . . . ...... . . . .. 1264 
Field Performance of a Soil Nail System in Loess 

Carlton L. Ho, Harald P. Ludwig , Richard J . Fragaszy, and K. Ronald Chapman ... . 1281 

N. Case H istories and Foundation Performance 

lnterpretation of lnstrumented Driven Steel Pipe Piles 
Tung-Li Yen , Hsiuan U n, Chung-Tien Chin, and R.F. Wang . .. . . . . . . ... . .... ... . 1293 

lssues in Evaluating Combined Repeated Loading of Deep Foundations 
John P. Tumer and Fred H . Kulhawy .... ...... . ...... . ..... . ..... ... . ...... . . 1309 

Pile-Drilled Caisson Combination for Foundation of High Rise Building 
A.R. Reginatto and C. Shimel ....... . ...... . .... ... .. .. .. .... . . ....... . .... 1324 

Statistica! Analyses of Drilled Shaft and Embedded Pole Models 
A.M. DiGioia, Jr. , L. Rojas-Gonzalez, and F.B. Newman . .. . . . . . ............ . .. 1338 

Cost Effective Pile Foundation Suppons Fast Track Paper Mill 
Jon H. Gould .. . .. . . . . . . . . . .. ..... ..... . . . . ......... . . .. . . . . . . . . ...... . .. 1353 

Analysis of Drilled Shafts in a Deep FiJI 
Lymon C . Reese, Stephen G . Wright, Shin-Tower Wange, and Mark A. Walsh . ..... 1366 

Evaluation of a 50-Year Old Barge Dock on the Missouri River 
Paul A. Hustad and J. David Langford ... ... . . . . ........ . . . .. .. .... ... . . . . . . . . 138 1 

Combination Drilled Shaft and Driven Pile Foundation for a High-Rise Building 
Cynthia Shaw and Robert D . Darragh .. ... . . . ....... . ... .... . . . . ..... .... . . . . 1396 

viii 

Performance of a Building Foundation Designed to Accommodate Large Settlements 
Donald L. York and Oscar Suros . . . . ...... . ... . ... . . . .. ... . . .. . . ... . . . . . .... 1406 

Special Bedrock Conditions and a Foundation Project in Greater Boston 
Cetin Soydemir and John T. Humphrey . . ........ . . . . . . ...... . .. . . . . . . . . . . ... . 1420 

Long Term Performance of High Rise Mat Foundation 
Charles E. Williams ........ . . . . . . . . . ...... . ..... . .. . .. . ... . . . . . . .. .. . . . . .. 1432 

Complex High-Rise Foundation Design and Construction 
Clyde N. Baker, Jr. , Stephen A. Bucher. and William F. Baker, Jr. ... . ... ... . . . .. 1445 

A New Combined Footing and Drilled Shaft Foundation Design 
Clyde N. Baker, Jr. , Elliott E. Drumright , Martin J. Steer. and John E. Benson . . . . . . 1459 

O . Specialty Foundations and Foundations in Frontier Environments 

Sensitivity Study of the Cyclic Axial Capacity of a Single Pile 
Farrokh Nadim, Mohammed Gabr, and Birger Hansen .... . . . . . . . ............ . . . . 1473 

Design , Construction, and Load Testing of a High Capacity Caisson 
Edward C. Demsky and Bruce H. Moore ...... . ...... . . . . . . . . . ..•..... .. . ..... 1486 

Underwater Foundations fora Jack-Up Barge 
Eldon L. Abbott and Stephen J. George ... . ... . .... . ....... . . . ............ . . . . 1498 

Innovative Foundation Designs for Permafrost Conditions in the Arctic 
Carlos P. Bastidas . ... . .................. . . . . . .......... . . . . . ...... . ..... . . 1643 

Axial Capacity of Pressure-lnjected Piles: A Cavity Expansion Model 
Roy H. Borden and Shuih-Liang Yan ......... . ... . ...... . . . . . ........ . ..... . . 1505 

Response of Concrete lsland Drilling System to Ice lmpact Loading 
Shah riar Vahdani , Donald E. Bruggers , and Sherman B. Wetmore . ........ . .... . . . 1520 

P. lnvited Theme Lectures 

Thoughts on the History and Curre nt Practice of Foundation Engineering in 
North America 

Victor Milligan .. ... . . . . . . . . ............ . . . . . . . . . .... . . . . . .. . ............. 1533 
lnteraction of Geology, Construct ion Practice, and Foundation Design 

William S. Gardner . ... . ... . ... . ............ . . . . . .. . . . . . ... . . . . ........... 1552 
The Role of Analytical Geomechanics in Foundation Engineering 

Harry G. Poulos and Tim S . Hull .............. . ... . ... .. . .... . .• ..... . •.. . .. 1578 
lmpact of Litigation on Foundation Enginerring in the United States 

Robert D. Darragh ....... . . . . . .................. . .... . . . . .. . . . . . . . . .. . ... . 1607 
Reliability in Foundation Engineering Practice 

Erik H. Vanmarcke .... . ........................ . ...... . . . .. . . . . . . . ....... 1658 
lntegration of Research lnto Design Practice 

John T. Christian .......... . . . . . . . ............ . . . . . ......... . . . . . . . ....... 1623 

Subject lndex . . . ............ . . . . . . . ......... . .... . . . .... . . .. . . . . . . . . . . ..... 167 1 

Author lndex . .......... . . . . . . . . . . . ............ . . . ... . ....... . . •. . . . . . ..... 1675 

ix 


