
Il/ ~~ !Il ~Il~~~~ l ~ ~ :~:::~ 
Uing 
GTEC- 274 

TECHNICAL ENGINEERING ANO DESIGN GUIDES 
AS ADAPTED FROM THE 

US ARMY CORPS OF ENGINEERS, No.1 

DESIGN OF 

American Society of Civil Engineers 
345 East 47th Street 
New York, New York 10017·2398 



DESIGN OF PILE FOUNDATIONS 

TABLE OF CONTENTS 

Chapter 1. lntroduction 

1-1 Purpose 
1-2 Applicabi lity 
1-3 References, Bibliographical and Related Material 
1-4 Defin itions 

Chapter 2. Generai Considerations 

2- 1 Generai 
2-2 Structural and Geotechnical Coordination 
2-3 Design Considerations 
2-4 Nature of Loadings 
2-5 Foundation Materia! 
2-6 ldentification and Evaluation of Pile Alternatives 
2-7 Field Responsibilities for the Design Engineer 
'2-8 Subsurface Conditions 
2-9 Pile lnstrumentation 

Chapter 3. Geotechnical Considerations 

3-1 Subsurface lnvestigations and Geology 
3-2 Laboratory and Field Testing 
3-3 Foundation Modification 
3-4 Groundwater Studies 
3-5 Dynamic Considerations 
3-6 Pile Load T est 
3-7 Selection of Shear Strength Parameters 

Chapter 4. Analysis and Design 

4-1 Generai 
4-2 Design Criterio 
4-3 Pile Capacity 
4-4 Settlement 
4-5 Pile Group Analys is 
4-6 Design Procedure 
4-7 Specia l Considerations 

l 
2 

3 
3 
3 
4 
5 
5 
7 
8 
8 

9 
9 
9 

l O 
l O 
l O 
11 

13 
13 
17 
23 
26 
31 
34 

Ili 



IV DESIGN OF PILE FOUNDATIONS 

Chapter S. Engineering Considerations Pertaining to Construction 

5-l Generai 
5 -2 Construction Practices and Equipment 
5-3 Pile Driving Studies 
5-4 Control of Pile Driving Operations 
5-5 Results of Corps Experiences 
5-6 As-Built Analysis 
5-7 Field Evaluation 

Chapter 6. Field Pile Tests 

6-1 Generai 
6-2 Decision Process 
6-3 Axial Load T est 
6-4 Monotonic Latera l Load T est 

Appendices 

A-l Appendix A. 

B-1 Appendix B. 

References 

Bibliographical and Related Material 

C- l Appendix C. Case History-Pile Driving at Lock 
and Dam No. l Red River Waterway 

D- l Appendix D. Pile Capacity Computations 

In de x 

38 
38 
48 
50 
52 
53 
54 

56 
56 
57 

63 

64 

67 

BO 

99 

t 



REFERENCES 63 

APPENDIX A 

REFERENCES 

A-1 • References are US Army Corps of 
Engineers Directives 

1. TM 5-849-1, "Pile Driving Equipment." 

2. EM 385-1-1, "Sofety ond Heolth Requirements 
Monuols." 

3. EM 1110-2-1902, "Stobility of Eorth ond Rock Fili 
Doms CH 1." 

4 . EM 1110-2-1906, "loborotory Soils Testing CH 1-
2." 

5. EM 1110-2-1910, "lnspection of Eorthwork Con
struction." 



64 DESIGN OF PILE FOUNDATIONS 

APPENDIX B 

BIBLIOGRAPHICAL AND RELATED 
MATERIAL 

B-1. Corps of Engineers Publications. Ali relat
ed publications are available on inte~library loan from 
the Research Library, US Army Engmeer Waterways 
Experiment Station, Attn: CEWES-IM-MI-R, 3909 Halls 
Ferry Road, Vicksburg, MS 39180-6199. 

1. Brown, D. A., and Reese, L. C. 1988 lfeb): 
"Behavior of a Large-Scale Pile Group Sub1ected 
to Cycle Lateral Loading," Miscellaneous Pepe: 
GL-88-2, US Army Engineer Waterways Expen
ment Station, Vicksburg, MS. 

2. CASE Task Group on Pile Foundations. hl980
1 (Dee). "Basic Pile Group Behavior," Tec nica 

Report K-80-5, US Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 

3. CASE Task Group on Pile Foundations.hl983
1 (Sep) . "Basic Pile Group Behavior," Tec nica 

Report K-83-1, US Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 

4 . Dawkins, William P. 1984. "User's Guide: 
Computer Program for Soii-Structure lnteraction 
Analysis of Axially Loaded Piles (CAXPI~E)," 
lnstruction Report K-84-4, US Army Engmeer 
Waterways Experiment Station, Vicksburg, MS. 

5. Hartman, Joseph P., Jaeger, John J., Jobst,
1 John J., and Martin, Deborah K. 1989 Uu ). 

"User's Guide: Pile Group Analysis (CPGA) 
Computer Program," T echnical Repo~t ITL-89-3, 
US Army Engineer Waterways Expenment 
Station, Vicksburg, MS. 

6. Jaeger, John J. , Jobst, John J., and Martin, Debo
rah K. 1988 (Apr) . "User's Guide: Pile Group 

P Il Grophics (CPGG) Computer rogrom, . 
T echnicol Report ITL-88-2, US Army Engmeer 
Woterwoys Experiment Station, Vicksburg , MS. 

7. Martin, D. K., Jones, H. W., end . 
Rodhakrishnon, N . 1980 Uun). "Documentohon 
for LMVDPILE Progrom," T echnicol Report K-80-
3, US Army Engineer Woterwoys Experiment 
Stotion, Vicksburg, MS. 

8. Morrison, C. S. , end Reese, L. C. 1988 (Feb). 
"A Lateroi-Load Test of Full-Scale Pile Group in 
Sand " Miscelloneous Poper GL-88-l , US Army 
Engi~eer Woterwoys Experiment Stotion, Vicks
burg, MS. 

9. Mosher, R. L. 1984 Uon). "Load11 -TronsdfedrCP~I·Iter~a 
for Numerico l Anolysis of Axio y Loo e l .es m 
Sand, P art l : Lood-T ransfer Criterio," T echn1cal 
Report K-84-1 , US Army Engineer Waterwoys 
Experiment Stotion, Vicksburg, MS. 

10 . Mosher, R. L. 1987. "Comporiso
1 
n of Ax

1 
io l t 

Copocity of Vibrotory-Driven Pi es to mpac
Driven Piles," Technical Report ITL-87-7, US. 
Army Engineer Waterways Experiment Stot1on, 
Vicksburg, MS. 

11. Mudd, T. J. 1971. "Anolysis of Pilfe Found~tion, " 
Poper presented ot Structures Con erence, ower 
Mississippi Valley Division, 23-24 Sep 1969, 
Vicksburg, MS. 

12. Ochoo, M., end O'Neill, M. W. 1988 Uun). 
"Laterol Pil~roup lnteraction Factors for Fr~e
Heoded Pile Groups in from Full-Scale Expen
ments " Miscellaneous Poper GL-88-12, US 
Army 'Engineer Woterways Experiment Station, 
Vicksburg, MS. 

13. Rodhokrishnon, N., end Porker, F. 1975 (Mf F~y) . 
"Background Theory and Documentotion. o 1ve 
University of T exos Soii-Structure lnterachon 
Computer Programs," Miscelloneous Po~er K-75-
2, US Army Engineer Woterwoys Expenment 
Station, Vicksburg, MS. 

14. Reese, L. C., Cooley, L. A., and Il 
Rodhakrishnon, N. 1984 (Apr). "Latera y 
Looded Piles end Computer 
Progrom COM624G," Technicol Rep.ort K-84-2, 
US Army Engineer Woterways Expenment 
Stotion, Vicksburg, MS. 

15. Smith, William G., end Mlokor, Poul F
1
. 1 .98~ 

Uun) . "Lumped Porometer Seismic Ano ys1s o 
Pile Foundations," Report No. J650-87-
008/2495, Vicksburg, MS. 

16. Strom, Rolph, Abrahom, Kevin, ~dnd Jpo.n
1
es, H. 

Woyne. 1990 (Apr) . "User's ~u1 e: 1 e 
Group-Concrete Pile AnalySIS Program (CPGC) 
Computer Progrom," lnstruction Repo.rt ITL-90-2, 
US Army Engineer Woterwoys Expenment 
Stotion, Vicksburg , MS. 

17. Tucker, L. M., end Brioud, J. l9d88h. "Axlial t 
Response of Three Vibrotory an T ree mpac 
Driven H-Pile in Sand," Miscellaneous Paper 

BIOGRAPHICAL MATERIAL 

GL-88-28, US Army Engineer W aterwoys Experi
ment Stotion, Vicksburg, M S. 

18. US Army Engineer Woterways Experiment 
Station. 1987 (Moy). "User's Guide: Concrete 
Strength lnvestigotion and Design (CASTR) in 
Accordance w ith ACl 318-83," lnstruction 
Report ITL-87-2, Vicksburg, MS. 

B-2. Other Publications. Ali reloted publicotions 
are ovailable on interlibrary loon from the Research 
Library, US Army Engineer Waterways Experiment 
Stotion, Attn: CEWES-IM-MI-R, 3909 Halls Ferry 
Road, Vicksburg, MS 39180-6199. 

19. American Concrete lnstitute. 1983. "Building 
Code Requirements for Reinforced Concrete," 
ACl 318-83, Detroit, MI. 

20. American Concrete lnstitute. 1986. "Recommen
dotions for Design, Manufacture end lnstollation 
of Concrete Piles," ACl 543R-7 4, Detroit, MI. 

21 . American lnstitute of Steel Construction. 1989. 
Monuol of Stee/ Construction, 9th ed., New 
York. 

22 . American Society for Testing and Materiols. 
197 4. "Method for Establishing Design Stresses 
for Round Timber Piles," D2899-74, Voi 04.09, 
Philadelphia, PA. 

23 . America n Society for T esting and Materials. 
1978. "Method of Testing Individuai Piles Under 
Static Axial Tensile Load, " D3689-78, 
Voi 04.08, Philadelphia, PA. 

24. America n Society for T esting and Materials. 
1981. "Method ofT esting Piles Under Latera l 
Loads," D3966-81 , Voi 04.08, Philadelphia, 
P A. 

25. American Society for Testing end Moterials. 
1983. "Method of T esting Pii es un der Stati c 
Axial Compressive Lood," D 1143-81 , 1986 
Annua/Book of ASTM Standards, Voi 04.08, 
Philadelphia, PA. 

26. Aschenbrenner, T. B., and Olson, R. E. 1984 
(Oct) . "Prediction of Settlement of Single Piles in 
Clay," Analysis and Design of Pile Foundations, 
American Society of Civil Engineers, J. R. 
Meyer, Ed. 

27. Bowles Foundation Analysis and Design. 1977. 
2nd ed., McGraw-Hill, New York. 

28. Coyle, H. M., and Reese, L. C. 1966 (Mar). 
"Load-Transfer for Axially Loaded Piles in Clay," 
Journal, Soil Mechanics and Foundations Divi
sion, American Society of Civil Engineers, 
Voi 92, No. SM2, pp 1-26. 

29. Coyle, H. M., and Sulaiman, l. H. 1967 (Nov) . 

65 

"Skin Friction for Steel Piles in Sand," )ournal, 
Soil Mechanics and Foundations Division, Ameri
con Society of Civi l Engineers, Voi 93, No. SM-
6, pp 261-278. 

30 . Dovisson, M . T. 1970. "Latera! Load Copacity 
of Piles," Highway Research Record No. 333, 
Highway Research Board, Notional Acodemy of 
Sciences-Nationol Research Council, Wash ing
ton, DC. 

31. Deep Foundations lnstitute. 1979. "A Pile 
lnspectors Guide to Hammers, " Equipment Appli
cations Committee, Springfield, NJ. 

32. Deep Foundations lnstitute. 1981. "Giossary of 
Foundation T erms," Equipment Applications 
Committee, Springfield, NJ. 

33. Department of the Navy. 1982 (May). "Founda
tions and Eorth Structures. " NAVFAC DM-7 .2, 
Naval Focilities Engineering Command, 200 
Stovall St., Alexandrio, V A. 

34. Federai Highwoy Administration. 1985. "Menu
al on Design end Construction of Driven Pile 
Foundations," Demonstration Projects Division 
and Construction and Mointenance Division, 
Washington, DC. 

35. Garlanger, J. H. 1973. "Prediction of the Down
drag Load o t Culter Circle Bridge, " Symposium 
on Downdrag of Piles, Massachusetts lnstitute of 
T echnology. 

36. Hetenyi, M. 1946. Beams on Elastic Foundation, 
The University of Michigan Press, Ann Arbor, MI. 

37. Hrennikoff, A. 1950. "Analysis of Pile 
Foundation w ith Batter Piles," Transactions, 
American Society of Civil Engineers, Voi 115, 
No. 2401 , pp 351-383. 

38. Kraft, L. M., Focht, J. A., and Ameras inghe, S. F. 
1981 (Nov). "Friction Capacity of Piles Driven 
lnto Clay," )ournal, Geotechnical Engineering 
Division, American Society of Civil Engineers, 
Voi 1 07, No. GTll , pp 1521-1541. 

39. Matlock, H. 1970 . "Correlations for Design of 
laterally Loaded Piles in Soft Clay," Paper 
No. OTC 1204, Proceedings, Second Annua! 
Offshore T echnology Conference, Houston, TX, 
Voi 1, pp 577-594. 

40. Meyerhof, G. G . 1976 (Mar). "Bearing Capaci
ty and Settlement of Pile Foundations," Journal, 
Geotechnical Engineering Division, American 
Society of Civil Engineers, Voi l 02, No. GT3, 
pp 197-228. 

41. Nathan, Noel D. 1983 (Mar/ Apr). "Sienderness 
of Prestressed Concrete Columns," PC/ )ournal, 
Vol. 28, No.2, pp 50-77. 



66 

42 . Novak, M . 1984 (Nov) . "Dynamic Stiffness and 
Damping of Piles," Conodion Geotechnicol )our
nol, Voi 11 , No. 4, pp 57 4-598. 

43. Novak, M., and Grigg, R. F. 1976 (Nov) . 
"Dynamic Experiments With Small Pile Founda
tions," Canodion Geotechnicol )ourno/, Voi l 3, 
No. 4 , pp 372-385. 

44. O'Neill, M. W . 1964. "Determination of the 
Pile-Head, Torque-Twist Relationship fora Circu
lar Pile Embedded in a Clay Soil, " M.S. thesis, 
University of T exas, Austin, TX. 

45. O'Neill , M . W ., and Tsa i, C. N. 1984 (Nov). 
"An lnvestigation of Soil Nonlinearity and Pile
Soii-Pile lnteraction in Pile Group Anolysis," 
Research Report No. UHUC 84-9, Department of 
Civil Engineering, University of Houston, 
prepared for US Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 

46. Peck, R. B., Hanson, W . E., and Thornburn, 
T. H. 197 4. Foundotion Engineering, Wiley, 
New York. 

47. PCI Committee on Prestressed Concrete 
Columns. 1988 Uui-Aug). "Recommended Prac
tice for the Design of Prestressed Concrete 
Columns and Walls," Voi 33, No. 4, pp 56-95. 

48. Poulas, H. G., and Davis, E. H. 1980. Pile Foun
dotion Anolysis ond Design, Wiley, New York. 

49. Prakash, S. 1981 . Sai/ Dynomics, McGraw-Hill, 
New York. 

50. Reese, l. C. 1975 (Mar) . "Laterally Loaded 
Piles, " Design, Construction, and Performance of 
Deep Foundations Lecture Series, University of 
California, Berkeley. 

51 . Reese, l. C. , Cox, W . R., and Koop, F. D. 
197 4 . "Analysis of Laterally Loaded Piles in 
Sand," Paper No. OTC 2090, Proceedings, 
Sixth Offshore T echnology Conference, Houston, 
TX, Voi 2, pp 473-483 . 

52. Reese, l. C., Cox, W. R. , and Koop, F. D. 
1975. "Field Testing and Analysis of Laterally 

DESIGN OF PILE FOUNDATIONS 

Loaded Piles in Stiff Clay," Paper 
No. OTC 2312, Proceedings, Seventh Offshore 
T echnology Conference, Houston, TX, 
pp 671-690. 

53 . Reese, l. C., and Welsh, R. C. 1975 Uul) . "Lat
eral Loading of Deep Foundations in Stiff Clay," 
)ournol, Geotechnicol Engineering Division, 
America n Society of Civi l Engineers, Voi l O l , 
No. GT7, pp 633- 649. 

54. Saul, William E. 1968 (May) . "Static and 
Dynamic Analysis of Pile Foundations," )ournol, 
Structurol Division, American Society of Civil 
Engineers, Voi 94, No. ST5 . 

55. Scott, F. S. 1981. Foundotion Anolysis, Prentice
Hall, Englewood Cliffs, NJ. 

56. Semple, R. M ., and Rigden, W . J. 1984 (Oct) . 
"Shaft Capacity of Driven Pile in Clay," Anolysis 
ond Design of Pile Foundotions, Americon Soci
ety of Civil Engineers, J. R. Meyer, Ed. , 
pp 59- 79. 

57. Stoll, U. W . 1972 (Apr) . "Torque Shear Test of 
Cylindrical Friction Piles," Civil Engineering, 
American Society of Civil Engineers, Voi 42, 
pp 63-65. 

58. Teng, W . C. 1962. Foundation Design, Prentice
Hall, Englewood Cliffs, NJ. 

59. Terzaghi , Z., and Peck, R. B. 1967. Soi/ 
Mechonics in Engineering Practice, Wiley, New 
York. 

60. Vesic, A. S. 1977. "Design of Pile Foundations," 
National Cooperative Highway Research 
Program, Synthesis of Highway Practice No. 42, 
T ransportation Research Board, Washington, 
DC. 

61 . Vijayrergiya, V. N . 1977 (Mar) . "Load- Move
ment Characteristics of Piles," Ports '77, 
Proceedings, 4th Annua/ Symposium of the 
Woterways, Port, Coastal and Ocean Division 
of Americon Society of Civil Engineers, Voi 2, 
pp 269-284. 


