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Design and Installation of Pile Foundation

Contents

- Foreword

I .General Review

1. In Commemoration of the Centennial Anniversary of Large Diameter Cast-in-sitn Pile(1893~—
1903) cerescccrcaccsncnnssacnnansatssnsniciistissnncsscsotsocttosnsonsnrensses Shi Peidong & Liang Jinyu
Abstract The paper reviews the historical development of large diameter cast-in-situ pile.
An appraisal of its significance and Contribution,a summary of its technical features and a
general account of its recent advances at home and abroad are given,as well as an outlook of its
further development.

2. Application of Driven Cast-in-situ Pile for Tall Buildings ssssss=seeereresenseccssccces Ye Shijian
Abstract Through follow-up observation and analysis of relevent data of the quality of tall

| buildings founded on driven cast-in-situ piles and completed during the years 1986 ~ 1989 in
HaiKou, Hainan, the author is of opinion that driven cast-in-situ piles can favourably be used
for buildings below 20 storeies in geological conditions similar to those of HaiKou

3. Recent Advances of Large Diameter Hand-dug Pile in Changchun +sssssesssseec Yun Tiezeng
Abstract As tall buildings grow continuously in numbers and storeies during these years in
Changchun, large diameter hand-dug piles are frequently used for them and mean-while their
diameter and length increase up to 2. 7m and 22m respectively. The bearing capacity of single
pile reaches up to 40MN. Summarizing engineering experiences with such projects, the author
pointed in the paper both advantages and problems encountered of using hand-dug piles in the
said city. The problems mainly are 1) dewatering for excavation below 20m, 2) protection of
underwater excavation and 3)requirement of deeper exploration and investigation of geoloéical
conditions. Relevent solutions are stated in the paper.

1 .Theoretical Researches on Design

4. A Discussion on Pile-tip Resistance s+s++seeeseessesstsnecercsrssessarerssesossans «essse Chen Rulian
Abstract An empirical formula summarized from static loading test results,is of good val-
idity ,because it considers not only the property of bearing stratum and the embedment of pile-
tip, but also the characteristics and thickness of soils overlying the tip bearing stratum. It is also
pointed in the paper that some attention should be paid in the calculation by the formula for
different types of pile. ‘

5. Load Transfer Bthavior of Single Pile under Axial Load ++-+ss+sseesrsesescrssssanacs He siming
Abstract A number of model and field studies have shown that the load transfer behavior
of single pile is nonlinear and it can be well represented by a hyperbolic function. The author
suggests in the paper a new function and explains that both the Japanese scholar’s and Xu He’s

— 1 —



functions are only special cases of the suggested general function.
6. Ultimate Bearing Capacity of Pile as Determined by Its Shaft Strength  ssexeeseereesssenrorenes

ceveeresesascrsssestsarnssrsensenansssesssssssssess Chen Shuangxi,Zhang Shihan & Wu Changchun

Abstract By using four-nodal non-co-ordinate axi-symmetric element method, an elasto-

plastic matrix expression for axi-symmetric problem is presented. Plastic analysis is made for

large diameter solely-end-bearing piles in two particularly-supported cases. Ultimate bearing

capacity of piles with different boundary restraints and determined by its shaft strength is given

in the paper.

7. A Re-cognition of the Base Resistance of Hand-dug Pile in Cobbles in Sanming Urban District
teeerenseanens teeeeeeseseeeessseessresssreesresaesrasssassssesensssssssncssssss Chen Shushen & Gu Zuyan
Abstract ‘Based on engineering experiences as well as results of full-scale in-situ base-resis
tance test of hand-dug piles with their shaft-friction eliminated, the author raises a question
.that the base-resistance values for piles ended in cobbles in Sanming Urban District as
recommended by local geological investigation organizations are too conservative. Appropriate
values are suggested by the authoir ,hoping that design for such piles could be not only safe,but
also economical and reasonable.

8. An Analysis of the Radius of Soils Displaced by Installation of Piles «:«++++s+<s+ Liu Zhenfang
Abstract Article 4. 2. 18 of {Code for Construction and Acception of Foundations Jrequires
that the sequence for installing piles should be reasonably decided by the "intensity”of piles.
The paper gives a quantitative expression for the "intensity” of piles for reference in works,by
analyzing the effect of sequence of installing piles on the radius of soils displaced.

9. A study of the Behavior of Pile Group and Its p-y Curve Under Lateral Load «ssereereesecseees

------ ssesesasnennnes YangKeiji, Li Qixin, Wang Fuyuan, Yu Ming,He Guangchun & Xi Ping
Abstract Based on investigations and model tests,and in combination with the research
work on group effect of pile groups under lateral load relating to the code of fixed offshore plat-
form, a series of studies were performed on the behavior and failure mechanism of laterally
loaded pile groups,as well as on the stress-strain relation ship for single pile and pile group.
Some new laws regarding non-uniformity of load distribulion in longitudinal direction of pile
group and load-deflection (p-y) curves for pile groups were found. An empirical formula was
presented in order to supplement current calculation methods at home and abroad. These
results can serve as a reference for design of pile foundations under lateral load.

10. Laboratory Model Investigation of Interaction of Isolated Columm Footings and Raft = s+

ceesareseereensssiseissisetis i ssssessisssssesessnsssssss Huang Benho, Yan Lirong & Gong Jianfei
Abstract The load distribution ratio of isolated column footing and raft is analysed by
model test of 11 groups with different sizes,spacings and embedments,and in different soils.
The stress variations under different levels of load are also discussed.

11. Vertical Bearing Behaviour of Large Diameter Belled Pile in Collapsible Loess — =--===essseeee-

SEe sEsME sERERAERE B LAR AR RAR RN SRR RRR RRT RES ROY Ll Dazhan,Teng Yanjing’He Yihua & Su1 Guoxiu

Abstract Measurements were made for 4 large diameter cast-in-place belled piles in
collapsible loess with instruments on shafts and toes. Influences of immersion collapsibility on
— 9 —



12.

13.

14.

15.

16.

I,
17.

pile vertical bearing capacity were analyzed. Law of variation in negative skin friction was
obtained. A “3-stage method” for analyzing load transfer mechanism of large diameter pile
during time of immersion test is presented.

A study of Pile-soil-raft Interaction Calculation Model <++e+s+esesesescescecseeces Hy Chuan-yun
Abstract Based on symmetry theory and proper assumptions,a pile-soil-raft interaction
model is studied in the paper,on conditions that the stiffness of structure is very high,the size
of foundation is very big and piles are designed with many rows and columns. An elastic
solution is obtained and the load distribution between pile and soil is discussed with a case that
a multi-storey building is reversely constructed. The conclusion is that in such a case the load
is first taken by the subsoil and when piles are driven,it will mainly taken by the piles.

A New Method for Predicting the Settlement of Single Piles

066 800 00 seEate Esn a0 T CRT RN e P SRS P RTINS 000 00 NSE BN IREEE SES SR ENS Wang Jian—Hua &. Lln Qiong

Neural Network cseeesees

Abstract A model for predictiong single piles settlement under working loads with L/D is
built in this paper by using artificial neural network combined with information diffusion
method. The predicted values of elastic theory method, 3D linear finite element method and
semi-theory and semi-experience method compared with that of artificial neural network indi-
cated that the artificial neural network has powerful capacity of dealing with contradictious
samples,and the accuracy of predicted value is high.
Nonlinear Elastic Analysis of Settlement of Single Floating Pile +t++ss+ssssesseses Zhu Dadong
Abstract Boundary integral method based on theory of elasticity that employs the e-
quations of Mindlin for subsurface loading within a semi-infinite uniform mass, has been used
to analyse the load-settlement relationship of pile. In the paper,soil is considered as nonlinear
elastic mass,modulus E is taken as a function of load. Comparison is made between solutions
from nonlinear elastic analysis by the author and field observed results of a floating pile. The
calculated and the observed settlement-load curves are in good agreement. And the predicted
curves of pile I agree well with measured curves.
A Direct Solution for Vertical Foundation Pile Group by Principle of Elastic Center «-«++«++-
ettt e e e s es s e bt s s e st sesses sasesanesesans ssanenssseeses Gan Youchen
Abstract The paper carefully works out a solution for vertical foundation pile group by
principle of elastic center and mathe-matics method, which can meet the require-ment of
formulation and tabulation in design work. In addition, it considers the mutual influence of
displacement between foundations.
A General Solution for Equation of Internal Forces and Displacement of Rigid Foundation
IR e st s s s e st st st sre s s s s esesss Gan Youchen
Abstract The paper includes 1)independent displacement co-efficient of foundation der-
ived from the analysis of particularity of force and couple acting on rigid foundation, and 2) a
general solution for equation of internal forces and displacement of rigid foundation derived
from translation principle of forces and independent displacement co-efficient.
Calculation Method for Design
Design and Calculation of Pile-cap Footing under Column ++++ssssseerererrescerusnns Huang Bin

_3_



18.

19.

Abstract Pile-cap footing under column is usually adopted in building design. It is speci-
fied in more detail in { Technical code for Building Pile Foundations ) (submitted for
approval) ,and the calculation method is made to be more reasonable. In accordance both with
the mentioned Code and the {Design Code for Concrete Structures GBJ10-89%and based on
the author’s substantial calculations,an analysis of the failure mechanism of pile-cap footings
under column is presented in the paper. '
A Simplified Calculation Method for steel Reinforcement of Circular Retaining Piles «+-+=«+-
Abstract According to the current {Design code for Concrete Structures GBJ10-89),
longitudinal steel bars in eccentric compression members of reinforced concrete of circular
cross-section should be spaced uniformly along its circumference. It is found, however,in the
case of circular piles for landslide prevention or for retaining structures that mainly resist lat-
eral load , the calculated amount of steel is more than enough. It is suggested in the paper that
steel bars for the memtioned piles could be arranged some far from the neutral axis. By this
way,40% of steel could be saved in comparison with the Code method.
Calculation of Equivalent Single Pile and Its Application in Offshore Engineering «e+reseee-
et bt st st e st s s e st ettt st et sbe et ets s ste ensae e sae e e ns Zhao Deting
Abstract Based on offshore engineering practice and deformation characteristics of single
pile under horizontal load ,the paper presents an equivalent calculation method for single pile,
including calculations both of pile-top stiffness and the equivalent pile stub. The application

-method is expounded with practical examples.

20. Experimental Study and Finite Element Analysis of the Load Transfer Mechanism of Settle-

ment-Reducing Pile «++scessesessseesssansaisastunnnsiossunsasaesnsennes Zheng Gang & Gu Xiaolu
Abstract The load transfer mechanism of cap with single pile is studied through exper-
iment and finite element method with more attention paid to the case when the load exceeds
the ultimate bearing capacity of pile. The mechanism of shallow foundation plus settlement-re-

ducing pile and the feasibility of this system in engineering practice are also discussed in the

paper.
21. Design and Application of Large Diameter Hand-dug Piers «-+:-- sesssesssensisssesss Zhao Yan
Abstract Due to limitations of a certain project, special types of hand-dug piers are de-

signed and installed. Their lengths are all 5m,while their diameters range from 1.5 to 3. 6m.
and their bases are enlarged by 1. 16 to 2. 50 times respectively. Static loading test shows that

such piers meet the design requirement satisfactorily.

22. A Brief Introduction of An Analytical Program of Vertical Vibration of Pile Foundation +--

St e eeeeteee e e ses e e esssssssseesesaenses Sun Jun & Liu Zen
Abstract The program suggested in the paper is useful in calculation of pile foundation
with vertical vibration, including frictional and end-bearing pile foundation. Amplitude , fre-
quency and geometrical parameters of the pile,as well as relevent soil characteristics are taken
into consideration. Effect of variations of geometrical parameters of the pile on amplitude and
frequency of resonance can be analyzed.

— 4 —



23. Calculation of Bearing Capacity of Underpinning Piles +++++» Chang Shuzhen & Xiao Zhaoran
Abstract The paper presents a method for calculation of bearing capacity of underpinning
piles , which is based on the hyperbolic relationship between skin friction of pile and displace-
ment of soil surrounding the pile. and mean-while considers the fact that the ultimate skin
friction and shear modulus of a pile increase with the radial pressure on pile shaft.

24. Application of Rock Plate Loading Test Results in Designing Large Diameter Piles +--+++++

ereteessesessisaniaisatssssannsisarsaesarnensssnansossssessssnssenssnsessss Ni Bing,Li Yanhe & Cheng Gui

Abstract The paper analyses three kinds of method usually used in determining the bear-
ing capacity of rock. Applications of rock plate loading test results in designing large diameter
piles in Nanjing are presented in the paper. It proves that this is a reliable and economical
way.

25. Combined Application of Pile Foundation With Spread Footing Under Columns in One Build-
I seererserresesrs sttt ea e setsts teane e ens s sas ensns sssss sessas e s asssssansess. Dy Yong
Abstract A case is presented of the combined apphcatlon of different types of foundation
in one building, which shows that the additional stresses of subsoils under different foun-
dations are mutually effected. So are settlements. It is necessary to control the differential
settlement so that the deformation of soils under different foundations can abide by the Foun-
dation Design Code.

26. Design and Analysis of the Pile Foundation of South Commercial Building ++++<++=+«« Lin Fei
Abstract Through considerative design and analysis of the pile foundation of South
Commercial Building and by testimony of the results of static loading test,the author advo-
cates that large diameter percussed and belled piles are technically reasonable and economical
for tall buildings in Shantou Area. It is the first case using such piles in the area.

27. Application of Prestressed Pipe Pile ++++esssreesseeercarcrneruneenenneneensenseneensens Cai Changgen
Abstract The paper presents a case history of applying pipe piles of 550 and ¢400 in a 3-
storeied factory buildingt in Panyu,Guangdong. The determination of pile’s bearing capacity
and the design of pile-cap are des-cribed in the paper.

V ,Construction Practice

28. Some Views Regarding Short Wooden Piles in Soft Soils seceeeseececcesentiacticcciancninion.

wreesresentesutesisesansitassrassansosasessassessssesssssess Chen Zhuhuan,Chen Peng & Zhou Aihua
Abstract Based on engineering experience in a county in Guangdong Province,the author
states that short pine piles are suitable for buildings in soft soil area on condition that short
pine trunks are available. Such piles would be technically reasonable and economical.

29. Design and Practice of Mixture Ratio of Underwater Concrete for Large Diameter Bored Piles

feeettteteseeteetesne e sette es eae se aaneneaen ssnenessssansesnssenssserenensesessesess Wang Zhenduo
Abstract The underwater concrete construction for large diameter bored piles requires
that the mixture should have good construction property. The paper presents by engineering
practice the construction requirements, materials needed and design method of the mixture,
and their effectiveness is discussed. It improves the mixture design theory and practice.

30. Analysis of Effect of Soil-displacement on Bearing capacity of Pile Foundation of a Tall Build-

— 5 —



31.

32.

33.

34.

35.

36.

37.

g +resessessnese sttt st e et et e s s s s s asesee s sen e Zhou Guangkong
Abstract Known from geotechnical investigation during construction of a tall building in
Beihai City,as well as from static and dynamic pile loading test results,the physical and me-
chanical properties of soils became worse as compared with these before pile driving as re-
ported in the detailed investigation. By the cavity expansion theory and Mohr-Coulomb criter-
ion,and considering the average volumetric strain and in-situ over-burden pressure,formulas
of lateral pressure,radial displacement and its radius in plastic zone of soil are derived. It is
suggested that the bearing capacity should be determined a few weeks after driving,i. e. at
the time when soils would gain its original characteristics.
Analysis and Treatment of a Failure Case of Vibro Cast-in-situ Pile +=ssesesesesas Chen Zijie
Abstract = The paper describes a failure case history of vibro cast-in-situ pile of a project by
using pile test data. It shows the importance of loading test. Causes and treatment of the case
are presented for futurereference.
Construction and Quality Control of Ramming Reamed Pile  ssresrerssctirnnennnen Yang Jiali
Abstract The paper introduces the ramming reamed pile and its construction equipment.
Construction procedures, sludge prevention measures and quality control and inspection
systems are stated. Obvious technical and economical benefits would obtained with this type of
pile when it is properly applied.
Analysis of a Part of test Results of Pile Foundation in Fuzhou =«-essessseseess Huang Jianhua
Abstract Through analysis of a large number of test results of pile foundation in Fuzhou,
the paper summarizes some useful cognition regarding the time effect on bearing capacity,the
load transfer mechanism, the interaction of pile groups, the difference between static and
dynamic test,etc,all of which would benefit futrue application of piles in the area.
Analysis and Remedy of the Inclination of a Building «-+-- sessesssssesansasaniieees Chi Xishan
Abstract A case history of inclination of a dwelling building is presented. Causes are an-
alyzed and correction measures are stated. Statically pressed piles with anchor rods were
applied successfully. Some experience and lessons would be of benefit for future reference.
Some Technical Problems in Construction of Vibro Cast-in-situ Piles sessssseesserserssesaenene
*»+ Zhou Hongchui,Gao Xiaofei,Qi Xuejian,Lu Minggang ,Guo Zhigiang & Zhang Guiliang
Abstract Some technical problems arising in the construction of vibro piles in Zhongyuan

Ethylene Project are discussed. Measures to solve the problems are presented.

Analysis of Test Results of Large-diameter Super-long Bored Piles «+ssteeessierecesiirirernnnes
S8 008 b s LA AL A A L R L Ly I I Dong Jinrong &_ Zhen Chaohui
Abstract - Through analysis of test results of vertical bearing capacity of four large di-

ameter super-long bored piles from static loading test and other method of test, the paper
comcludes that the bearing capacity of such piles are closely related to proper selection of
construction technique,such as the reverse circulation method,the shortening of boring time,
the quality of slurry,the inte-grity of shaft and the clearing of slim as well.

Coustruction Problems and Improvement Measures of Large Diameter Hand-excavated Belled
Piles  seeseesserserseoeeeeanenneanennsons st ennonnersson vessessuesnssmemmemmnnnn oo Liu Chun &. Shi Feng
— 5 —



38.

39.

40.

41.

42.

43.

44.

Abstract Large diameter hand-excavated belled piles were used in a large seven-storeyed
supermarket in a coastal city in Fujian. The results of static loading test,of P. D. A. and P. L.
T,and of sample coring showed that the bearing capacity of single pile reached only 70~80%
of the design value,and some piles had serious shaft defects. High pressure grouting was used
to improve them. In treating the problems, pile-soil interaction was taken into consideration.
Computer analysis gives load distribution between piles and concrete slab,and about 30% of
load is carried by the latter.
Construction Problems and Improvement Measures of Bored Cast-in-situ Pile in soft Soil Area
fessieieae i s sessbs st sssssesne sessesssssnsssssassns s ssssns s Shi Feng & Liu Chun
Abstract Construction procedures of bored cast-in-situ piles in a thirty-storeyed building
in Fuzhou soft soil area are first described in the paper. Test results both of static loading and
of P. D. A. showed that thick sludge existed under the pile tips. Improvement measures were
taken to control the thickness of sludge during construction.
A Cast History of Ground Improvement by Root Piles for Reforming Old Building -+« =e+++
e ee ettt s st s sts e e e ses st e s asneaessessesss sssnnese s Wang Jianping
Abstract A case history is presented of ground Improvement by root piles. The design
theory, construction method and bearing capacity of root pile are discussed. The results
showed that their bearing capacity is quite high while their settlement is small. So differential
settlement of such foundations can be neglected. This treatment method is of practical mean-
iong in reforming old buildings.
Treatment of Drilling Accident of Large Diameter Foundation Piles <+« Zhang Chengcheng
Abstract Three methods are described in the paper. 1) method for tools accident, 2)
method of wire link

a fishing tool for bit accident,and 3)method of slip pipe catcher for
falling off of drill strings. Procedures and effectiveness are discussed with examples.
Construction of Vibro Pile Reamed by Drop-Hammer +ssteeseeesreessseccscssnsneees Xy Xilin
Abstract A case history is presented of vibro pile reamed by drop-hammer,instead of by
the normal internal ramming tube. It is a development of the ramming reamed pile.
Increasing the Bearing Capacity of bored Pile by High Pressure Grouting ++++*++++ Xie Wendo
Abstract The paper introduces the technique of bored pile grouted at high pressure after
sealing the bore-hole. Tensile load test was conducted. Analysis is made of the high bearing
capacity obtained by the method.
A New Technique of Constructing Rock-socketed Bored Pile teeccsesesetvoecncnninnnicnannns.n,
Heetssetatsti ittt s s e e st sneee e st stsee e eaneneeenons Qian Zheng & Zhang Cunyin
Abstract According to experience in some rock-drilling projects using submarine drill, it
was found that the resistance of bit-tip was the main thing effecting drilling efficiency. There-
fore,a hole was first drilled into rock mass by the normal rock-coring method,so that the re-
sistanceof bit was reduced. As a result,drilling efficiency was raised to 3~4 times and the
comsumption of alloy dropped down. By another method of 3-point friction coring, 95% of
cores can be achieved.
Engineering Practice of Pressed cast-in-situ Pile with Enlarged Base in Fuzhou Soft Soil Area
— 7 —
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Abstract Thin hard Sandwiched layer under the deep soft soil is often selected as bearing
stratum of pressed cast-in-situ piles with enlarged base. On the basis of this engineering expe-
rience, the anthor made some rough discussion on the bearing mechanism,calculation method
and economic advantage of such pile.

45. A Summary of Shock Reducing Measures for Pile-driving for the Enlargement Project of
Dragon Lake Hotel +++ersereessersnietmisniemnumnummanieisiisanssissesansssesessinseess Chen Xiaoming
Abstract Some effective shock reducing measures for pile-driving for the project are
summarized in the paper. Cracks on walls and beams of neibouring buildings due to pile-

driving were substantially prevented.
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