
LIST OF REFERENCES

1. ประยูร รุ ่งเรืองรัตนกุล, " กำลังรับน้ําหนักในแนวแกนของเส์าเข็มเช, "

วิฑฮานิพนธปรืทุฅท«หาบัณฑิต ภาค'วิ!/าวิef-วกรรม,โอธา บัณฑิตวิทยาลัย 

จุฟ้าลงกรณ์มหาวิฑฮาลัย, 2531.

2. S ilva  De N.s.K.N., "Analysis o f Bored P iles  in  Bangkok c lay by

F in ite  Element Method," AIT Thesis, Bangkok, Thailand, 

1980.

3. Poulos, H. G. and Davis E. H., E la s tic  Solution fo r  S o il and

Rock Mechanics, W iley, New York, 1974.

\

4. Poulos, H. G. and Davis, E. H., P ile  Foundation Analysis and

Design, John W illy  &. Sons, Inc . ,  New York, 1st ed ., 1980.

5. Terzaghi, K. and Peck R. B ., S o il Mechanics in  Engineering

P ractice , W iley, New York, 1967.

6. Tomlinson, M. J . ,  Foundation Design and Construction, W iley,

New York, 1963.

7. Meyerhof, G. G., "Bearing Capacity and Settlement o f P ile

Foundations," Journal of the Geotechnical Engineering

Devision, ASCE, Vol. 102, No. GT3, 196-228, 1976.



57

8. Desai, c . ร . ,  Johnson L. D. and Hargett c . M., "Analysis o f 

P ile-supported G ravity  Lock," Journal o f the Geotechnical 

Engineering D iv is io n , ASCE, Vol. 100, No. GT9, 1009-1029, 

1974.

9. Pressley, J. ร. and Poulos H. G. "F in ite  Element Analysis of 

Mechanisms o f P ile  Group Behaviour," Research Report 

No, R518, School o f Engineering, The U n ive rs ity  o f 

Sydney, 1974.

10. Mondkar, D. P ., e t a l,  " s ta t ic  and Dynamic Analysis o f Nonlinear

S truc tu res ," Report No. KKkC 75-10, College of 

Engineering, U n ive rs ity  o f C a lifo rn ia , Berkeley, 1975.

11. Chandrangsu, K ., "A F in ite  Element Formulation fo r  Nonlinear

V iscoe lastic  A na lys is ," Ph.D. d isse rta tio n , Department o f 

C iv i l  Engineering, The Ohio s ta te  U n ive rs ity , 1976.

12. Cook, R. D., Concept and Applications of F in ite  Element A na lys is ,

Wiley, New York, 2nd ed., 1974.

13. Reddy, J. N., An In troduction  to  the F in ite  Element Method,

McGraw-Hill, Singapore, 1985.

14. Weaver, พ. J r. and Johnson, P. R ., F in ite  Element fo r  s tru c tu ra l

Analysis, P ren tice -H a ll, New Jersey, 1984.

15. Bathe, K .J ., Wilson, E .L., and Ozdemir, H ., " s ta t ic  and Dynamic



58

Geometric and M ateria l Nonlinear A na lys is ," SESM Report 

74-4, Department o f c i v i l  Engineering, U n ive rs ity  of 

C a lifo rn ia , Berkely, 1974.

16. Bathe, K. J . ,  Wilson, E. L . , and Id ing , R. H ., "NONSAP -  A

s trc o tra l Analysis Program fo r  s ta t ic  and Dynamic 

Response o f Nonlinear Systems," SESM Report 74-3, 

Department o f c i v i l  Engineering, U n ive rs ity  of 

C a lifo rn ia , Berkeley, 1974.

17. ACI Committe 318 , "B u ild ing  Code Requirement fo r  Reinforced

Concrete," American Concrete In s t itu te ,  D e tro it, 1983.

18. ปฐม เฉลยวาเรศ, "การทรุดตัวชองฐานรากแบบเลัาเช็มในเfนดินเหนียว,"

วิทยานีพนธปวิเ™ามหาบัณฑิต ภาควิลัาวิศวกรรมโยธา บัณฑิตวิทยาลัย 

จุฟ้าลงกรณมหาวิทยาลัย, 2529

19. ธานีนทร 'พงส์รุจิกร, "เทคนิคในการประมาณค่าการทรุดตัวชองอาคารลังใน

กรุงเทพมหานคร," วิทยาน'พนธปริท)ฌูามหาบัณฑิต ภาควิลัาวิศวกรรม'โยธา 

บัณฑิตวิทยาลัย จุฟ้าลงกรณมหาวิทยาลัย, 2528

20. Lambe, T. พ. and whitman , R. V. , S o il Mechanics, Wiley,

New York, 1979.

21. Desai, c. ร. and C hris tian  J. T ., " Numerical Methods in

Geothechnical Engineering, " McGraw-Hill, New York, 1977.



59

Table 4.1 Suggested ranges of values o f Poisson’ s ra t io  o f s o i l

S o il type Value of V s

Undrained condition

Clays 0.50

Drained condition

S t i f f  over consolidated clays 0.10-0.20 (0.15)

Medium clays 0.20-0.35 (0.30)

Soft normally consolidated clays 0.35-0.45 (0.40)

Sand 0.25-0.35 (0.30)

Suggested average values are shown in  brackets

Table 4.2 Suggested ranges o f average values o f s o i l  modulus fo r  

driven p i le  in  sand

Sand density Range of re la t iv e Range o f Es

density , D^ (t/m 2)

Loose < 0.4 2750 -  5500

Medium 0.4 -  0.6 5500 -  7000

Dense > 0.6 7000 -  11000
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Table 4 .ร Summary of parameters fo r  the analysis o f the settlem ent 

behavior o f p i le  groups

(a) P ile

P ile  descrip tion Length Ep> V F>

(m) (t/m 2)

Prestressed concrete 

s o lid  p i le  0.4x0.4 m

20.0 2.97x10e 0.15

(b) S o il

Layer S o il

descrip tion

Depth

(m)

Eร

(t/m 2)

V ร

1

2

Soft clay 

S t i f f  clay

0-14

14-20
13000* J 0.49

3 Sand 20-30 3000 0.30

4 Very s t i f f  c lay 30-50 2500 0.49

5 Sand 50-60 5000 0.30

The value of Es in  founding layer (laye r 1 and 2) is  assumed to  

be the value which backfigured from p i le  load te s t



Table 4.4 Summary of average settlem ent o f p i le  groups

P ile

group

s/d Pi (mm) p 1 (1) 

p 1 (2)

Proposed method(l) Poulos’ s method (2)

2x2 2 7.10 9.49 0.75

3 6.63 8.88 0.75

4 6.25 8.55 0.73

5 5.92 8.27 0.72

3x3 2 12.72 17.56 0.72

3 11.38 15.91 0.72

4 10.30 15.17 0.68

5 9.41 14.29 0.66

4x4 2 18.39 27.65 0.67

3 15.67 24.86 0.63

4 13.66 23.15 0.59

5 12.17 21.82 0.56

The settlements o f the s ing le  p i le  from both methods are 

Proposed method (1) = 3.25 mm 

Poulos’ s method (2) = 3.59 mm
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Table 4.5 Immediate settlement and equivalent w idth Be o f sm aller 

p i le  groups

Group

No.

Number o f p i le Group size

(m X m)

Pi

(mm)

B
&

(m)

1 5 X 6 = 30 5.20 X 6.40 12.3 4.58*

2 6 X 8 = 48 6.40 X 8.80 16.6 6.09*

3 7 X 8 = 56 7.60 X 8.80 18.3 6.64*

* Values o f Be are in te rpo la ted  form Figure 4.13

Table 4.6 Summary o f parameters fo r  the analysis of the settlem ent 

of Tower c B uild ing

(a) P ile

P ile  descrip tion Length EIP V TP

(m) (t/m 2)

Prestressed concrete 

I-se c tio n  0.4x0.4 m

25.0 2.40xl0e 0.15
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(b) S o il

Layer S o il Depth l/m v E V
XX

Es’ V 3’

descrip tion (m) (t/m 2) (t/m 2)

1

2

Soft clay 

S t i f f  c lay

0-13.5

13.5-29.0

-
• 2900* J 0.49 J 2513 J 0.30

3 Sand 29.0-39.0 3886 - - 2887 0.30

4 Very s t i f f  c lay 39.0-46.5 2006 2478 0.49 1900 0.15

5 Sand 46.5-53.5 6878 - - 5110 0.30

6 Very s t i f f  c lay 53.5-62.0 2427 2997 0.49 2298 0.15

Backfigured from p i le  load te s t, see reference (19)

Values o f Eu and Es’ are ca lcu la ted using equation (4 .3 ),(4 .4 )

For c lay w ith  Vs ’ = 0.30 ะ Es ’ = 0.867 X Eu

For c lay w ith  Vs’ = 0.15 ะ Eu = 1.235 X l/m v

Es’ = 0.767 X Eu

For sand w ith  Va’ = 0.30 ะ Es ’ = 0.743 X l/m v
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Table 4.7 Comparisons of the settlements o f Tower c B u ild ing

Method of analysis p1 (mm) P (mm)

Observed data (1) _ _ A a x  37 -  44 66 -  72*

Proposed method (2) 28.2 -  35.7 40.6 -  51.1

Poulos’ s method (3) 38 -  40* 65 -  71.6*

Proposed method (2) 

Observed data (1)

0.76 -  0.81 0.62 -  0.71

Poulos’ s method (3) 

Observed data (1)

1.03 -  0.91 0.98 -  0.99

Proposed method (2) 

Poulos’ s method (3)

0.74 -  0.90 0.62 -  0.71

Settlement values of observed data (1) and Poulos’ s method (3) are

from reference (19)
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Figure 2.1 Deformation path o f a body.
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Figure 2.2 Three dimensional isoparametric hexahedral element.
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FIGURE 3.1 Flow chart fo r  the computational procedure o f the 

nonlinear e la s t ic  s ta t ic  f in i t e  element ana lys is.



P/2 lb / in 2

5-------------------------  L --------------------------->

E = 12000 psi

V  = 0.2

p = 10"e lb-sec

b = 1 inch

d = 1 inch

L = 10 inch

p = 10 lb / in 2

Figure 3.2 E la s tic  c a n t i l iv e r  beam under unformly d is tr ib u te d  load.
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อ Linear analysis
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0 Proposed program
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Figure 3.3 The re la t io n  between load and t i p  displacement.
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Figure 3.5 The settlement p r o f i le  o f s o i l  surface.
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Figure 4.3 Plan o f 4x4 p i le  group.
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No translation in 
No translation in 
No translation in 
No translation in

X, y and z direction 
X and y direction 
X and z direction 
y and z direction

F ig u re  4 .4  F in i t e  element model f o r  2x2 p i le  group
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F ig u re  4 .5  F in i t e  element model f o r  3x3 p i le  group.
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F ig u re  4 .6  F in i t e  element model f o r  4x4 p i le  group.
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■ Pile element
A No translation in X, y and 2 direction
cj No translation in X and y direction
£ i  No translation in X and 2 direction
Ç' No translation in y and 2 direction

F ig u re  4 .7  F i n i t e  elem ent model f o r  s in g le  p i l e
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F ig u re  4.8 R e la tio n  between se ttle m e n t r a t io  Rs and p i le  spacing  s /d .
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A  O b s e rv e d  p o in t

F ig u r e  4 . 9  T he  f l o o r  p la n  o f  T ow e r c B u i ld in g  w i t h  o b s e rv e d  p o in t s .
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Figure 4.10 The plan o f p i le  arrangement
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(T) 5x6 p i le  group

( 2) 6x8 p i le  group

(3) 7x8 p i le  group

Figure 4.11 The plan o f the smaller p i le  groups
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-  -  -  -  O rig in a l p i le  group

Equivalent p i le  group

+ Center o f p i le  group

(T) Equivalent s ing le  p ie r  fo r  5x6 p i le  group

(2) Equivalent s ing le  p ie r  fo r  6x8 p i le  group

( 3) Equivalent s ing le  p ie r  fo r  7x8 p i le  group

Figure 4.12 The plan of the equivalent p i le  groups.
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E qu iva len t vàdth  (ra)

อ 5x6 p i le  group

4 6x8 p i le  group

o  7x8 p i le  group

Figure 4.13 The re la tio n  between the settlem ent and the equivalent

w idth Be o f p i le  groups.
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Immediate settlement (mm) 

( ) F ina l settlement (mm)

Figure 4.14 The settlement values predicted by the proposed method.
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