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Preface

Soil mechanics and foundation engineering have developed rapidly during the last fifty
plus years. Intensive research and observation in both the field and the laboratory have
refined and improved the science of foundation design. Originally published in the fall of
1983 with a 1984 copyright, this text on the principles of foundation engineering is now in
the eighth edition. It is intended primarily for use by undergraduate civil engineering stu-
dents. The use of this text throughout the world has increased greatly over the years. It has
also been translated into several languages. New and improved materials that have been
published in various geotechnical engineering journals and conference proceedings that are
consistent with the level of understanding of the intended users have been incorporated into
each edition of the text.

Based on the useful comments received from the reviewers for preparation of this
edition, changes have been made from the seventh edition. There is a small introductory
chapter (Chapter 1) at the beginning. The text has been divided into three major parts for
consistency and continuity, and the chapters have been reorganized.

Part 1 —Foundation Analysis (Chapters 2 through 5)
Part 2— Earth-Retaining Structures (Chapters 6 through 8)
Part 3—Soil Improvement (Chapter 9)

A number of new/modified example problems have been added for clarity and
better understanding of the material by the readers, as recommended by the reviewers.
Listed here are some of the signification additions/modifications to each chapter.

« In Chapter 2 on Shallow Foundations: Ultimate Bearing Capacity, the laboratory
test results of DeBeer (1967) have been incorporated in a nondimensional form
in order to provide a general idea of the magnitude of settlement at ultimate load
in granular soils for foundations. The general concepts of the development of
Terzaghi’s bearing capacity equation have been further expanded. A brief review
of the bearing capacity factor N, obtained by various researchers over the years has
been presented and compared. Results from the most recent publications relating

Xii



Preface  Xili

to “reduction factors™ for estimating the ultimate bearing capacity of continuous
shallow foundations supported by granular soil subjected to eccentric and eccentri-
cally inclined load are discussed.

Chapter 3 on Settlement of Shallow Foundations has solutions for the elastic
settlement calculation of foundations on granular soil using the strain influence
factor, as proposed by Terzaghi, Peck, and Mesri (1996) in addition to that given
by Schmertmann et al. (1978). The effect of the rise of a water table on the elastic
settlement of shallow foundations on granular soil is discussed.

The example for structural design of mat foundation in Chapter 4 is now consistent
with the most recent ACI code (ACI 318-11).

Discussions have been added on continuous flight auger piles and wave equations
analysis in Chapter 5 on Pile Foundations.

In Chapter 8 on Braced Cuts, principles of general wedge theory have been added
to explain the estimation of active thrust on braced cuts before the introduction of
pressure envelopes in various types of soils.

Chapter 9 on Ground Improvement and Modification now includes some recently
developed empirical relationships for the compaction of granular and cohesive soils
in the laboratory. New publications (2013) related to the load-bearing capacity of
foundations in stone columns have been referred to. A brief introduction on deep
mixing has also been added.

A new Appendix A has been added to illustrate reinforced concrete design principles
for shallow foundations using ACI-318-11 code (ultimate strength design method).

Natural soil deposits, in many cases, are nonhomogeneous. Their behavior as related

to foundation engineering deviates somewhat from those obtained from the idealized theo-
retical studies. In order to illustrate this, several field case studies have been included in
this edition similar to the past editions of the text.

Foundation failure of a concrete silo and a load test on small foundations in soft
Bangkok clay (Chapter 2)

Settlement observation for mat foundations (Chapter 4)

Performance of a cantilever retaining wall (Chapter 6)

Field observations for anchored sheet-pile walls at Long Beach Harbor and Toledo,
Ohio (Chapter 7)

Subway extension of the Massachusetts Bay Transportation Authority (MBTA),
construction of National Plaza (south half) in Chicago, and the bottom heave of
braced cuts in clay (selected cases from Bjerrum and Eide, 1963) (Chapter 8)
Installation of PVDs combined with preloading to improve strength of soft soil at
Nong Ngu Hao, Thailand (Chapter 9)

Instructor Resource Materials

A detailed Instructor’s Solutions Manual and PowerPoint slides of both figures and exam-
ples from the book are available for instructors through a password-protected Web site at
www.cengagebrain.com.



Xiv  Preface

Acknowledgements

Thanks are due to:
* The following reviewers for their comments and constructive suggestions:

Mohamed Sherif Aggour, University of Maryland, College Park
Paul J. Cosentino, Florida Institute of Technology

Jinyuan Liu, Ryerson University

Zhe Luo, Clemson University

Robert Mokwa, Montana State University

Krishna R. Reddy, University of Illinois at Chicago
Cumaraswamy Vipulanandan, University of Houston

= Henry Ng of hkn Engineers, El Paso, Texas, for his help and advice in completing
the reinforced concrete design examples given in Appendix A.

* Dr. Richard L. Handy, Distinguished Professor Emeritus in the Department of Civil,
Construction, and Environmental Engineering at [owa State University, for his con-
tinuous encouragement and for providing several photographs used in this edition.

*  Dr. Nagaratnam Sivakugan of James Cook University, Australia, and Dr. Khaled
Sobhan of Florida Atlantic University, for help and advice in the development of the
revision outline.

= Several individuals in Cengage Learning, for their assistance and advice in the final
development of the book—namely:

Tim Anderson, Publisher
Hilda Gowans, Senior Development Editor

It is also fitting to thank Rose P. Kernan of RPK Editorial Services. She has been
instrumental in shaping the style and overseeing the production of this edition of Principles
of Foundation Engineering as well as several previous editions.

For the past thirty-five years, my primary source of inspiration has been the immeas-
urable energy of my wife, Janice. I am grateful for her continual help in the development
of the original text and its seven subsequent revisions.

Braja M. Das



i !

At TR |

LR TR 1

B HEAKR 2
it hk 2

at TREEE 4

2% Lk 4

SIS N
O 00 N N b B W N

LR 5B S
- RS 1 E .
| ] ) 7] y
ik 6

HAMS 6

KPS IR NS 11

WERH 16

WA AR FAKRABIE 18
IR I AKX 19
RBIIFREN, . TR R BRI R B0 HAb T & 7 ik
e BR ARSI B8 29

I+ R 4R TR 35

26



vi Ea@T®r

2.10
2.11
2.12
2.13
=k

T B AR SRl 39

B i o AR T T Mo BB BR7R 287 40
A fe fioCo 1o 4RAE F R HUBE RO BR AR 3R ) 47
(U 2R H T S S S Y st J AR PR AR 28
59

56

ZHE Mk 62

RERMTIRE 64

W e e W W W W W
O 00 N N R W N -

wow oW ow
bt b
A W N = O

5

S 30k

F4E
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
14

2% 30k

ik 64

AR AL (u, =0.5) REERHAHMEDIFE 64
TSR UIEARX 67
SAMEGTRE R it A5 75

i R ZE S 0 R BO TR+ S DiRE 80
BT S ABL A 4 RS 89
ETHERRSEOT AR I UikE 93
MR AR TR SRR AR 99

LT 101

[ DT I = S50
W EE5iE 107
MFZERILLE 109
BERHE S 111
HAY) SRV UIRE
114

102

112

116
X E A
A 118
BEASERE 118
MaEER ) # WA 123
PR AR S 125
PR A 51000 129
R X SE Ry B0 71T R R ) <12 B3]
#MEARERE 131
e STy
153

118

129

134

155



F5E

bl

I I R N

Y I S Y RV R

M=l R e R R T S

[P —
)

12

+13

14
15
16
17
18
19
20
21
22
23
24
25

.26
5.

27

]
SHEHR 267

PEE A
Wik 156

156

BERZEAY R A5 i

IRHEREFLIETENE (CFA #E)

BRI 167

ULBE 168

PER AN 17
BERIRB AR~ K

MR L A A AR 0,

158

1
175

M ORGSR R TT O,

BHVR AR 2 A B0 L e R T Q,

166

178

181

185

vii

F FORL - BOBR HE B A -(SPT) AR 3 ) iRl e 452 (CPT)
RN RE T QMK A
W rIsEMEER S (Q,)
B A B BRI EE RE
T MRiE B FL R TEAE A AR FR AR 2R
e BE AT S AR 2

AL A AT i

212

BERFAPEDTRE 217

A i) 52 o A

TR

K RS TUHETAME TROBER) R ER 1 240

234

220

W TR 241
eI P

TERERL

249

245

197

205

190

188

202

WA P RERERR PR AR SR )1 253

PERE RO S DR

256

REBER EIZ50TRE 257

A E
261

260



vill =8 138

F28y H X G 27

6.1
6.2
6.3
6.4
6.5
6.6
6.7
.8

(=)}
O

10
11
12
13
14
15
16
- 17
I

= - - = - N =

ik 272

PRI RS 274

KR ]+ e A TR £ RS E 275
PR e 277

WERE 279

HRwsiRE 281

M RE SRS 285

P4 H e TS M R K 293
PRI R Se ] 296

st 299

hnfg R 300

i PR AR S 302
&R AN PR 303
BT A @A MM A L35 310
+ TA AL P45 315

+ TN - PysE R A 322

+ TRaMn - sk it #2322
327

ZECR 329

F7E

7:1
7.2
7.3
7.4
]
7.6
7.7
7.8
w9

7.10 AT AR B R AR BES 9 3 e Sk i

Tl

WERE 331

AR 331

i Tk 334

BEA RS 336
FTARE b g B At 336

FTA M A b iy i AR e 4] 343
FTARME L EE et 317

ITARH 28 RPER R 352
mipraHR RS 356

FTARE £ b AP AR bR B9 A Hidmik 357

AW L YR RS A 25 R0 D> 365

361



12
13
14
15
.16
17
.18
5]

NN NN NN

FTAWYE L R R AR S B3 T BTk 368
il AR (Y B A 372

STAREE L rp R OB B0 A el 374
+4f5 381

bkt e H R BRARE ) 381

Bkt (@=0) BERBRRKRES 390
FAFEIRRRRPT S 391

392

Sk 395

F8F

8.1
8.2
8.3
8.4
8.5
8.6
8.7
8.8
8.9
I

AZEFE 3%
ik 396
T — AR B 4 N ST TFHZ T 397
WSHEIHZ RO R R ek 402
W2 L IFHER L E L 404
W SHETHZ R AR - 13t 405
WSCHETTHZLB] 415
e LRI 420
Wik LR E Y 424
B A ) 86 F MR DIRE 429
431

SR 433
EIWS T RHMR 435

FIE

9.1
9.2
9.3
9.4
9.5
9.6
9.%
9.8
9.9
9.10

TR R ELIE 436
Wik 436
FESCHFEA B 437
R ER A 440
MAIESL 443
FitE oK 0 B B R SE A 446
fRoh 449
MR 455
fiilE 457
hHEK 461
T R HEK A 472



X =& L7

11 fKmE 478

12 JK¥ehniE 480

13 BRI 482

14 fEABE 483

PrEOHE 488

16 ZSIEEL 490

17 WEEFEEIR 492

18 WA 494
2t 497
ZHE R 499

BT AR BE L AR 502
A1 HFREE T 45T 502
A.2 WG 505
A3 BRI RE 506
A4 ELEREIERE LR 507
A5 HEFIERERSSER] 511
A6 HEMEIEEAITSEE] 516
SE R 520
WIS HEE 521

© ©© 0 oY
—
wn



Contents

1.1
1.2
1.3
1.4
1.5

bl ~ ol
inuroadt

uction 1

Geotechnical Engineering 1

Foundation Engineering 1

General Format of the Text 2

Design Methods 2

Numerical Methods in Geotechnical Engineering 4

References 4

2.1
2.2
2.3
2.4
2.5
2.6
2.7

2.8
2.9
2.10
2.11

Shallc

Foundation Analysis

-

yw Foundations: Ultimate Bearing Capacity
Introduction 6

General Concept 6

Terzaghi’s Bearing Capacity Theory 11

Factor of Safety 16

Modification of Bearing Capacity Equations for Water Table
The General Bearing Capacity Equation 19

Other Solutions for Bearing Capacity N+, Shape,

and Depth Factors 26

Case Studies on Ultimate Bearing Capacity 29

Effect of Soil Compressibility 35

Eccentrically Loaded Foundations 39

Ultimate Bearing Capacity under Eccentric
Loading—One-Way Eccentricity 40

XV



Xvi Contents

2.12 Bearing Capacity—Two-Way Eccentricity 47
2.13 Bearing Capacity of a Continuous Foundation Subjected to
Eccentrically Inclined Loading 56
Problems 59
References 62

BEER Scttiement of Shallow Foundations 64
3.1 Introduction 64
3.2 Elastic Settlement of Shallow Foundation
on Saturated Clay (u, = 0.5) 64
3.3 Settlement Based on the Theory of Elasticity 67
3.4 Improved Equation for Elastic Settlement 75
3.5 Settlement of Sandy Soil: Use of Strain Influence Factor 80
3.6 Settlement of Foundation on Sand Based on Standard
Penetration Resistance 89
3.7 Settlement in Granular Soil Based on Pressuremeter
Test (PMT) 93
3.8 Effect of the Rise of Water Table on Elastic Settlement 99
3.9 Primary Consolidation Settlement Relationships 101
3.10 Three-Dimensional Effect on Primary Consolidation
Settlement 102
3.11 Settlement Due to Secondary Consolidation 107
3.12 Field Load Test 109
3.13 Presumptive Bearing Capacity 111
3.14 Tolerable Settlement of Buildings 112
Problems 114
References 116

g | lVlat Foundations 118

Introduction 118
4.2 Combined Footings 118
4.3 Common Types of Mat Foundations 123
4.4 Bearing Capacity of Mat Foundations 125
4.5 Differential Settlement of Mats 129
4.6 Field Settlement Observations for Mat Foundations 129
4.7 Compensated Foundation 131
4.8 Structural Design of Mat Foundations 134
Problems 153
References 155



