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Shallow foundation 

1.uni&an j'-unn 	u'kni 

1 	 (stability) 

2 lb.JLflifl 	-flflLflUttli (settlement) 

Code 	 flU 25 mm MIDI differential 

settlement 	rn L 

Stability 

Ultimate Bearing Capacity 

Mode of failure 

Failure fl IAULU shear stress ULU 	C11J1ö1(LVhflU shear strength nu) 

shallow foundation Buffij ,6CMTalh 	1i8-13UN G.E. BARNES) 

- 	 L.flflfU 	U1'J1flVU very dense sand, saturate clay in undrained 

condition(fast loading)u.n,  stiff clay 

nnn 	wi' load wI settlement 

LUu1't4L(sudden failure) 

- 	 medium dense sand fl1 '1flLTn1 

Lfl 	icve 	
dJ 

nnw 	load u,a settlement 

1Un UflnL14 loose sand, partially saturate clay, NC clay in drained 

condition LL 	peat 

Liuun ii(punching shear) 	fl1rucLn 	 heave wn tilting LULLk 

1L51flLfl 	 ULl'-flfl 	nnniwi'i load 0 settlement  

Bearing Caacitv 

(Ii lJ3.3 val B. J. DAS third edition) 

= cN + p0  Nq  + iBj  

7 = bulk unit weight I&Ih 

P. overburden pressure 	1UUi fl 

B width of the foundation 

N , NqandN1, bearing capacity factor 	 L1UWN€!J'N LJ') 



uw N, Nq Ny u 	cm 	LLlu{nrN 3.4iii' I B. J. DAS third 

edition} 

cN 4T1fl cohesion LL friction 

P0 Nq 4,awin surcharge :r1flLLa friction IJu 
as 

1 
- 1BN7 Lu)n 1inl In4rin 	it (1B )LL  friction 

= cN + p. - i)+ 1 yBN1 + P. 

unwui' Bearing Capacity vaihtNm derive 	nn 	flLLU1J general shear 

failure J4'flu1n U.1JU strip footing 

local shear failure 	-''1 

C = —C 
3 

— 
tanØ = 2 —tanØ 

'W1 ultimate bearing capacity nTc~u strip footing 

q,, cN +p(,N 

Shaoe and depth factors 

-Shape factor 

.1 )Lu JnW1JW]h bearing capacity vO4UDi !JUfl7(Ya.3 strip footing 	iLiXifløn' 

bearing capacity 

1nLtJu11nn'LuLuu3-J1 

iu nnNl* bearing capacity 	bearing capacity 	Uflrfl.fln 

factor Lfl 	 rn41fl(shape 

-jnii(i .i)uli 

quit = scN + SqP0Nq + syBiV7 

h shape factor I 	nni 	Lh,l(jnrN 8.6 Iraq G. E. BRAN ES} tuu 2n1 

LUn 1Afl shape factor 	J14 effective dimension jj 

unrmnn 	 effective dimension 	uwni 

dimension TIN111WIn 

- Depth factor 



Thrn1%(i .1 ) 	 bearing capacity 	LLIULU' 	LL) 

uinn 	Lunii bearing capacity Xoulomn'i 	in nnnn bearing 
. 	V. 

capacity 	Un 	lfllJUVJ 

bearing capacity 	U ULu 	iin 3I' 	atiFru factor LfltY)1u 

fl1J1Ufln(depth factor)L 	 .1 

q,, = dcN + dqPNq  + d7 yBN7  

h depth factor 	fl114LLU{PflT1 8.7 1rE.1 G. E. BRANES} 

1 

2 fl 	 1flL Lfl1fl1LLU1J general shear L*)1XU 

LlU incompressible soil 

Overturning 

1.UflflLLUti'lUrlfl 

ln-j tu'ru 	UJnJ 

LLV1UUU LL 	 L4LU''I 	LLLU'1Un1 1J 



V 	 4 	 4 

loading) IL 	 loading) 

Inclined loading 

Il flnLnnlu1l(faIlure zone)J 

8.17 121 G. E. BRANES} 

Eccentrically Loaded Foundation 

LI 	 3.8a InI B. J. 

DAS third edition} 	ninrii pressure 	U1lnJ'A ' 	pressure 	ntJ 

Uln LL8 pressure 	flUflnIlYThflU 

Q 6M 
q =—+ max 

BL B2 L 
LLOZ  

0 6M 
mLn = BL B 2L 

M 	M 	 V 
JP1UJ e = - LL11Mfl e =- 

Q 	Q 
0 ( 	6e 

max BL  

 min - --('-  -6e) 
q 	

BL 	B 

LAunJnlI 	e > - 	11 	 pressure 	UlflL1JU tension 

mai,vinhUMUu tension 

1J 	pressure 	lflhL 	1uiJ{th 3.8a 111 B. J. DAS third edition) 

1U 1953 Meyerhof IL 	nlW1 ultimate load 1flh1fl1JLL6c 

M - 	iln.in e = 
Q 

- 	'Al Effective area; A' (A' = B' x L') 

L' = L 
Wi ultimate bearing capacity 'rin-Jnl 

q1, = iscN + ZqSqPjNq  + 
1

z7s7 yB N7  

Jch shape factor 	luflfl71il 1LI 	L1lfl'l 8.6 irN G. E. BRANES} Ul11JEl4 

	

Ulfl1fll1'Al shape factor 	i1IU effective dimension (B' x L' 

- 	ultimate load IJINIVIUTln 

QIIII = q,,, x A' 



Foundation with two-way eccentric 

(Q) LI tui.ai(M) 'i1J{VJ 3.10a u. 3.10b IN B. J. 

DAS third edition) lun 	tLflt.JL 	fl-flL11t11 component 'Lt4LlWUflU x LILLflU y At A4 

M 

LUiflULLlflLLflU x tLLLflU y IW1flU 

M 
e. = 

Q 
M 

= 

Q 

ultimate load Btmizin 41 

= 	x A' 

ultimate bearing capacity 

- 	 . 	 . 
= lSCi'V,. + lqSqPoNq 

1 
+ --z7s7 yB

, 
N7 

'ii shape factor 	in 	LLU{frflr 8.6 ljal G. E. BRANES} tn4r)n 

fli1WI shape factor 	effective dimension (B' x L') 

1 e 	 1 e 
u. _~L < O.5 	—~--<O.5 

6 L 	6 B 
Effective area 	niii (iJ 3.11 iifi. B. J. DAS third edition) ttti'iñu 

A'=B1 L1 

ti 

B1 =B1.5.tLJ 

=

( 
1 5— 3eL 

effective length (L') Aakmiliwiondl ('vLth B1 i8t L1 'tt) 

MU effective width (B') L1)ru B' = 

- fltW12 

1 e 	 e3 I 
— < --- <O.5a O< 	<- 
6 L 	 B 6 
Effective area 	 3.12 val B. J. DAS third edition) 

tcih L at L2 t 	iu*-inii (ti 3.12 v54 B. J. DAS third edition) 

un effective area 411LW1fl1J 



A'=+L2 )B 

effective length L' = L1 ina L, (in'i) 

Mu effective width (B') 	B' = 

Le 

eL 1 1 e 
O< —<—LLa —~---<O.5 

L 6 6 B 
Effective area 	n,±ru'ij (7tiVl 3.13 lJtN B. J. DAS third edition) 

tih B1 LL B2 	niuUnn5ii (iJ 3.13 7jEi B. J. DAS third edition) 

Luc effective area 	1LYHU 

At = 1(B1 +B2 )L 

effective length L' = L 

A' 
MU effective width (B') whru B' = - 

n1 4 

L 1 e8 1 
- <— LL — 
L 6 B 6 

Effective area 	fl'l1i (2flii 3.14 iii B. J DAS third edition} 

tcitjh B2 LLL2 	 ut1wnnt1 (TO'A 3.14 ii B. J. DAS third edition) 

u.n effective area 	rnM'u'u 

A' = L2 B+1(B+B2 XL—L2) 

effective length L' = L 

A' 
*rn effective width (B') ivhrTh B' = — 

LI 



Factor of safety 
.- 

fl FS. 	flfltflL1li.J9)TU4 

L1 t LL 1Y1J1 (n1 8.9 	G. E. BRANES l.un191arl 

Lfl factor of safety) 

(net allowable bearing 

capacity:  

net(u/i) 

= FS 
IMO LLel(ldl) = net ultimate bearing capacity 

61 Lfl1fl)lJ1 

(gross allowable bearing capacity: q011 ) 

q nei(uJ 
q011 = 
	+ 

FS. 



Shape factors (From Vesic. 1975) 

[Shape of 
Sc S q 	iS 

foundation 

strip 1.0 1.0 	1.0 

rectangle 
B'iVq  

1 ± - I 	B' 	 B'  
I 	tan (b 	1 —0.4— 

L'Nc U1 U  

circle or N  
l+tan 	0.6 

square 

Table 8.7 Depth factors (From Vesic, /975) 

Øvalue dc dq  (L;  

1 1±0.4q/B' 

0=0 
1.0 1.0 1 + 0.4 tanL, 

B' I/Br>1 

Clay undrained  2IB in radians 

1+2tanO(1 —sin  O)2DB, 

0>0 ldq 
dq - 1.0 

drained 
N tan O 

qis' >1 
2  I + 2 ran 0(1 - sin 0) tan 	'D , 

Clay 
Sand  1IB' in radians 

Use these factors with caution - see text 







J 	 r 

1 	1 	q 	q = -yD1  

• +••• 

HN)-1/z A a a 	 çzc 
45  

45-q/2 	 "N 	45-/2 

Soil 
Unit weight = 

Cohesion = c 

Friction angle = c 

V FIGURE 3.3 Bearing capacity failure in soil under a rough rigid continuous foundation 

'V TABLE 3.4 Bearing Capacity Factors'  

5.14 1.00 0.00 0.20 0.00 26 22.25 11.85 12.54 0.53 0.49 
1 5.38 1.09 0.07 0.20 0.02 27 23.94 12.20 14.47 0.55 0.51 

- .2: 5.63 1.20 0.15 0.21 0.03 28 25.80 14.72 16.72 0.57 0.53 
3 5.90 1.31 0.24 0.22 0.05 29 27.86 16.44 19.34 0.59 0.55 
4 6.19 1.43 0.34 023 0.07 30 30.14 18.40 22.40 0.61 0.58 
5 6.49 1.57 0.45 0.24 0.09 31 32.67 20.63 25.99 0.63 0.60 
6 6.81 1.72 0.57 0.25 0.11 32 35.49 23.18. 30.22 0.65 0.62 
7 7.16 1.88 0.71 0.26 0.12 33 38.64 26.09 35.19 0.68 0.65 
8 7.53 2.06 0.86 0.27 0.14 34 42.16 29.44 41.06 0.70 0.67 
9 	•' 7.92 2.25 1.03 0.28 0.16 35 46.12 33.30 48.03 0.72 0.70 

10 8.35 2.47 122 0.30 0.18 36 50.59 37.75 56.31 0.75 0.73 
11. 8.80 2.71 1.44 0.31 0.19 37 55.63 42,92 66.19 0.77 0.75 

,12 9.28 2.97 1.69 0.32 0.21 38 61.35 48.93 78.03 0.80 0.78 
13 9.81 3.26 1.97 0.33 0.23 39 67.87 55.96 92.25 0.82 0.81 
14 10.37 3.59 2.29 0.35 0.25 40 75.31 64.20 109.41 0.85 0.84 
15 10.98 3.94 2.65 0.36 0,27 41 83.86 73.90 130.22 0.88 0.87 
16 11.63 4.34 3.06 0.37 0.29 42 93.71 85.38 155.55 0.91 0.90 
17 12.34 4.77 3.53 0.39 ' 	0.31 43 105.11 99.02 186.54 0.94 0.93 
18 13.10 5.26 4.07 0.40 0.32 44 118.37 115.31 224.64 0.97 0.97 
19 13.93 5.80 4.68 0.42 0.34 . 45 133.88 134.88 	. 271.76 1.01 1.00 

- 20 14.83 640 5.39 0.43 0.36 46 152.10 158.51 330.35 . 1.04 1.04 
21 15.82 7.07 6.20 0.45 0.38 47 173.64 187.21 . 403.67 1.08 1.07 
22 16.88 7.82 7.13 0.46 0.40 48 199.26 222.31 496.01 1.12 1.11 
23 18.05 8.66 8.20 0.48 0.42 49 229.93 265.51 613.16 1.15 1.15 
24 19.32 9.60 9.44 0.50 0.45 50 266.89 319.07 762.89 1.20 119 
25 20.72 10.66 10.88 0.51 0.47 

After Vcsc (1973) 



Effective 
area 

B 

V FIGURE 3.11 Effective area for the case ofeJL;?~ '/ande2/B;-> 'I 



B X L 
I 

I_ 
For e<B/6 

min 	 L 

............. 
For e> B/6 	 i 

q. 

(a) 	 (b) 

Y FIGURE 3.3 Eccentrically loaded foundations 

'Jy 

4_ B 

(b) 	 (c) 	 (d) 

V FIGURE 3.10 Anaysis of foundaon with two-way eccentricity 



(a) 

Effective 
area 

B 
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For 
obtaining 

0 	0.2 	0.4 	0.6 	0.8 	1.0 LLIL 

L 1/L, L2/L 

(b) 

V FIGURE 3.12 Effective area for the mse of eJL <0.5 and 0< e 5/B < 1/6  (after Highter and 
Anders, 1985) 



Effective 
area 

B, 
B 
(a) 

0.5 

0.3 

V 

0.2 

For 
obtaining 1 	For - __ - 

0_

I 	

B2IB 	 obtaining 
B1IB 

0 	0.2 	0.4 	0.6 	0.8 	1.0 

B1 IB, B2 /B 
(b) 

FIGURE 3.13 Effective area for the case of e1]L < and 0 <eR/B <0.5 (after Righter and 

Anders, 1985) 



H 	B 

L 

Effective 
area 

B 
(a) - 

For obtaining B2IB 

-,. 

0.10—.--- 
0.08 

0 	) \ 0.06 

004 

0.0 = eLIL 

	

eLIL 	02 

For obtaining L2/L 

U 	0.2 	04 	0.6 	0.8 	1.0 

B2IB, L2IL 

(b)  

Y FIG U RE 3.14 Effective area for the case of eLi < '4 and eB/B < 14 (after Highter and Anders, 
1985) 
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Groundwater 
table 

(a) 

 

•1 

Groundwater 
table 

(b) 

'/ 

- B - 
D Groundwater 

table 

(Sat 

(c) 

V FIGURE 12.7 Effect of the location of groundwater table on the bearing capacity of shallow 
foundations: (a) case I; (b) case II; (c) case III 
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1.1 N400,3 ultimate bearing capacity 	u14r1nhJwlc1 1 .51 .5 m 

'uyltLrrn (D) LI. 	plot n 	 1U 'NftY1Ufl 0 .3 1.5 m 

L1JU 

1.1.1 	c = 48kN/m2  ,çb = O,y = 15.7 kNIm3  

1.1.2 	c'= OkN/m2,q5 = 	= 15.7 kN/m3  

1.2 	 9,uql uq oil WAvalwi mpuvin 	 I1J ultimate bearing 

capacity l B 	 0.5 m 14 3 m 	uuiniu) 

1.3 	 B = 3 m 	L 	iJii1J.iWiflñ'1J ultimate bearing 

capacity L ft.i 	LLI 2 m 1N 10 m (i'unniu) 

2. vm4nnijuio 33 m flu 	JILL Q fl 	flI'11J'fli 	1LUUflhi'Wi'lJLLN Q 

(ES. = 3) 

V 



Shallow foundation-settlement 

du 

n.r1flLflUbi 

fl1r 	.3u(shrinkage) nIwr 

(erosion) fl 	4LLC4U(subsidence) n-m4IAAiuijbitPl 	1-U(collapse) 4bi wt mi m n') 

ULUflLUULt 	 fltU'Y'1flflflJflfl stress VIMU 
is 

Clay 

- 	 - 	 .- 	 • 	 ..; L• 

'unrm wuwrnwuu (clay) n 	 nm 
C 	 *.• 	:. 	 . 	. 	 . 

settlement 	UflflL 	1JT1 settlement 11,81  

urin i-&l.J 	1UF$ settlement  
43 

,gin 

1. immediate settlement, p, 

2. consolidation settlement. p. 

3. secondary settlement, p 

- 	Immediate settlement 

Oj 
flfl1UUY'Lfl fl Uflfltflhifl4LL1Jl4 

iiUWtY(Poissons ratio: v = 0.5) fl 1UflflLflfl1L1J'3U 

4fl 

General method 

u1n.Jrn±cLLhJ qiJ(fIexi ble) 	n1n1 	ncu LULL'fl1fl.l 

inTt] {t] 9.1 v84 G. E. BRANES Soil Mech.'} 'Li 

(2.1) 
E. 

uJ 

Pi : immediate settlement viwuziviurn 

q 	Lfl1 	LU1JLrn4E (uniform applied pressure) 

B : 

I : Influence factor (iii 9.1 ll'1 G. E. BRANES Soil Mech.') 

E : Undrained modulus 11'lU 

A -1 p, iiwhimmediate settlement 

homogeneous Ll isotropic soil 

Principle of superposition mjniT(2.1)LNniTm immediate settlement 	 fl1fl'l 

W1 immediate settlement 	uLcjrnrin 	niciiil'E principle of superposition (1J 9.2 

vaI G. E. BRANES Soil Mech.) 



Principle of layering .in'i1(9. 1) LthLfl'mfl immediate settlement 'lun 	homogeneous 

soil Un Ut LiU1 modulus *N ULrI iJimfl settlement '1tfl4LLtht1U 

u1ttu
V'l principle of layering {J 93 ID&I G. E. BRANES 'Soil Mech."} 

Rigidity correction nt 	niu'winii (rigid foundation) immediate settlement 104 

yi,wrn,;;it: 	LL.JihLWmflU 

Pi(rigid) = ItrPi(max flexible) 

ii /l 	 fl 421UflflFi(stiffness = a) 	ncj'lnLnn{n1"N 9.2 

IJV4 G. E. BRANES "Soil Mech.') 

Depth correction h immediate settlement 	iurin 	inuuin'iii 	vr 

7 i(at depth) = ?'o fj(asurtace) 

(,J 9.4 	G. E. BRANES "Soil Mech.'} L1 	rnAiu nnriAs  

Average settlement 

IUI 1956 Janbu IL 	 iui.nh LJJ immediate settlement fitiviurnt2.i 

,01 = 1.1oai 
qB 	

(2.2) 

{iiJ 9.4 Intl G. E. BRANES "Soil Mech."} Lt)Wh 1.10  LL 	L11  LUfactorU1fl1VtN'Thflfl 

LL 1fl34W1 Ti 

principle of layering 	ii'ln h LWll immediate settlement 	fl4P0flU 

flflULULLU.JW1 modulus 	iuici 

Modulus increasing with depth tL -mug h modulus wun'n.in 

	

Wfl112.1 	U'fl1fl.LLOU homogeneous soil 	iih modulus 	u'i1.iw.n 

lih immediate settlement inwigi mu nIT 2.1 

'1u 1974 Butler LfluWh immediate settlement 	 n'1uniuh 

modulus 

	

qB 	
(2.3) 

I Lilu influence factor riiunu 

1. 2'1U1tn(L/B) 

2. (H/B) 

3. L%11f U k = 	- 	- 
E, )H 

(ni 9.5 -Utl G. E. BRANES Soil Mech.') tLth influence factor 4flt.Uh modulus LJU 



in(2.3)'Wi immediate settlement 	ufl1.fl 

JJ 	LtLU{1i 9.4 ,1,Dl G. E. BRANES Soil 

Mech.") 

principle of superposition 	 U1fl(2.3)b4fl' 1A1 immediate settlement 	1LLW. 

u1rN1unn tLt principle of layering 	 uni(2.3)hfl'Wi immediate 

settlement 

- 	Consolidation settlement 

Compression index C  method {tJ 9.9 liti G. E. BR.ANES "Soil Mech.'} 

Normally consolidated clay 

(effective stress) n 	 1nn'irn,n,MJ nJ 

(effective stress) 	J n 

pp p,+Ac7 

ni"nuin (consolidation) ' 	LYht'U p, + ACT cI.lV1 



Before loading 

After loading (t=O) 

After loading (t= cc) 



LI1 void ratio nU1ULJULUJI1J 

Ae = c[iog(p, + A o)— log(p,)] 

Ae = cc[ log  
[P +rJ] 

LLTh.J1 	 L!J 

AH Ae H 
1 + e0 

flnh1fl flL1C4 p' = p', + LcT LL 	p 	fl 4 i13 

fl 	thJuu homogeneous soil h C 

nu 	UL 	ILY) flUfl 	 Y1fl11LLU1- 	flLU 	Lfl]tJ LL1 	JFY1 

LLL 1C p' = 	+ AC U 	p 	fl LflUL UitL1' 

Layer Value at mid-point of each layer 

e0 

AH 

P0 AC p Ae 14' 

2 

3 

4 



Over consolidated soli 

11U' U 	 (effective stress) n 	J1i411 	UUfl'flW.)U LL Jt 

(effective stress) 

P0 PC p+Aa 

LL fiL 

flcfluifl (consolidation) 	'hrij p+ Ao 

ncu1 1 

t!h p +A7>p 

Ae = C[1og(p)-1og(p)]+ C[iog(p + Aa)—Iog(p)] 
r 	 / 

AeCj logI4ii+CI log1 
L Po)J L Pc

f 	 17 

Ae 
H_____  

1 + e 
PC I 

n2 	 I  ,--- 
\ 	11 

___ p. + z- <p 	 ' , 
Ae = C[1og(p +A(7)--1og(p)J 

p,', 

 
Ae = cr[  log  

[ Pu 

H  
1 + 



M, method 

m1 , = 	1J1 n1flU 	IrnUIU tL3flc LAu (coefficient of volume 

compressibility for each loading increment) 

Ms.  = (
te/i+e(,) 

AU 

Ae H=m4crH 
1+e, 

Skempton & Bjerrum method 

flfl1lV) vtn 	 nc.i 

UILLUU 1 -Dimensional (1 -D) 4 UZD Lhvvi tj L Yin th 	fl 	
-

JU1Lt 	Wit LMAULY1 11 

UUMV excess pore water pressure 

a, 	... 	aiaa  
flWi 

V 

All = Pd = Jm.Aa'i dz 

P0d = ni 	'utw oedometer method 

(u/ H,) 

Ao1  
-, 

AO1  = 11U'J 	 = 

• a.., 	 a, 	a a - 	a I, 

LVYl.J Lth1Ut1 fllflflfl41 nw-vn flv Ii1iI excess pore water pressure Ij 

'V 
flT]'Al4i tt'1 fluLJPflLYflflU 

Au =Ao 3 +A(Ac-1  —Ac-3 ) 

flll1') 	fl fl']fli11 (consolidation settlement) L*111'U 

= jmAudz 

= 	+ A(Ac - Ao 3 )}fr 

consolidation settlement l'U oedometer settlement (settlement ratio) LU 

1Lt=.&= 
JmAudz 

And 

f
Acr3dz 

A + (1— A) =  

J
Acr1 dz 

/2 = A+a(1—A) 

'uuniucu consolidation settlement 

1. WI consolidation settlement 	U U'1flflThIU oedometer test: P'd 



2. Wi pore pressure parameter: A 

V 	 4 	4 
3.  

4. iwh settlement ratio ''inVJ (t]3.36 val B.J. DAS "Prin. of Foundation Eng." Third Ed.) 

Pc = / Poeo' 

lunrh pore pressure parameter: A 	tJn'l 1 (normally consolidated clay MUIVCJ L 

overconsolidated clay L11Jrn.J) fl'i'U'lW consolidation settlement Akiuo mg-in rinl' 

iitij oedometer test 	ni'Whu conservative 

LWULL1 consolidation settlement 	u 	nnieaU oedometer test 	unrh pore 

pressure parameter: A 	rn.nnni 1 (very sensitve soil) h consolidation settlement W1,1149M 

nantii oedometer test 	IUAIU unconservative 	Lth1JLL?1 

Secondary compression 

ojib excess pore water pressure 

	

n ialiJn in 	 nnrn,'i (consolidation) 1.1 

JflT) secondary compression IATD drained creep 

Secondary compression fl 

'fLu normally consolidated clay 

overconsolidated clay ILI INr4o%14'nm t 	UJYlfl secondary compression r1LlU 

normally consolidated clay 	nnt'u overconsolidated clay tuiii {i 9.16 ii'i G. E. 

BRAN ES 'Soil Mech."} 

General method 

nnt.itnirn oedometer 	 (void ratio) ñ'u 

log 	ivin (log time) 101 secondary compression 	 rn4 

va,3nr*A'A,a coefficient of secondary compression: CII  

Le -  
a - 1ogt - 	( t2 

log 10 

tI  

secondary compression: p 

p 
Ae 	C (t2  

= 	H=H a  1og10— 
1+e0 	1+e, 	ti  

fl3-itYl' iU = L\U 3  + A(a1 - 	vflJ shear stress 	 UiLLL1ihi 

pore pressure parameter: A 

ki:ttun-iT shear 'i]'u (stress path) 	uniwih pore pressure parameter: A Qflfl'fl 
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t II 
t2  = 	ThIfl 	rnJt 	 L1fl secondary compression 

e0  = 	 t1  

H = tI  

Sand 

4UUflflfl'1 

tn n1)rnfl1Junu parameter 	4').J 

fl Ufl fl1W.NY4U 	in 	LU1Uflfll1 (raft foundation) 

ui nnun''u 

LU L 	flL''fl n1rv(traffic load) 

Uwfl silo LLafl1 	 lUL4J' 

Schmertman's method 

Schmertman et aL(1 978) IXLIAuD strain influence factor diagram 
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For a flexible loaded area :;,--ttlements vary giving a dish-shaped :rofile 

AX 	 k-.2 	settlement at A - settlement at 	r of area I 

settlement at c rr of area 2 

	

4 	3 	
settlement at corner of area 3 

+ settlement at corner of area 4 

centre X 

Figure 9.2 Principle of sLIJn!rposition 

q 

ii I I I 	modulusE 

- 	 Settlement of foundation = p for layer A ± pfor layer B 

	

I 	p for layer A = settlement with thickness H 1  and modulus E1  

OH2 	 p for layer B = settlement with thickness H, and modulus & 

	

I 	 - p for thickness H1  and modulus 

Figure 9.3 Principle of layering 
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V TABLE 3.9 Elastic Parameters of Various Soils 
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For a flexible loaded area settlements vary giving a dish-shaped profile 

AX settlement at A = settlement at corner of area I 

+ settlement at corner of area 2 

+ settlement at corner of area 3 

+ settlement at corner of area 4 

Examples 

Centre 	

4x I 
Figure 9.2 Principle of superposition 

q 

1 I 	 modulus E 

® 

2 	 3 

Settlement of foundation = p for layer A + p for layer B 

p for layer A = settlement with thickness H  and modulus E 

2 	 E2 	 p for layer B = settlement with thickness H, and modulus E 

- p for thickness H and modulus E, 

Figure 9.3 Principle of layering 
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Ee = Ac, + Ae, 

Ae = C, log 10 	+C1100 11  

p+Lia<p' 
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V FIGURE 3.29 Elastic settlement calculation by using strain influence factor 

V TABLE 3.9 Elastic Parameters of Various Soils 
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Fr a kihic 1ad 	arc:' settlements vary giving a dish-shaped proi Ii 
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~ settlement at corner of 

E.vmies 

Fizure 9.2 ?.:,i'ic orsztperposirion 

• II 	 modulusE 

4: 
	I_Er  

U 	P1 	
p   

	 c. fureternatcounauon = p oraye 

:cr 	stlmen -with 

	: B 

an,— 	c 

p for layer B = settlement with thiencss H, and -,nods 
3. 	 . 

- 
p b

.
r thtc

.
ness 	and rnocuiu!: 

Figure 93 Princip!c oiacint' 



I— 
-1 

L,3 	co I 
/ 	L/310 

quare 	-1 

IIlt II11I1IlIIiIIIl,IT 

1 	10 	1(j0 	1COO 

H11 3 

2.0 

1.3 

- 	1.0 

0.5 

0 
0.1 

- 	0.9 

7 	U 	3.23 Values oiA. aiid A, for irr,mediate ett1ement caIcuIadcn—Ec. 2.0) afr Car. 
tian and Carrier, 1978) 



E 1c 

C', - - -, -' 

J7• 

	

1 I 	/ 	 - 	 I 	- 

	

1J 	 I 	 I 

	

I -• 	r' 	- - 	- ------- 

	

I'! 	' 

	

- ,, 	- 	 -.. 	-.-.....---- - 



;.'---_ 	- 

--, 

,=C.1oc 1 	 c=C 

= t) 	
= 1 

Normally consolidated clay 

Moisture 
contni t 

iT 
H 

\•\ : 

-Y 

1/aiues at mid-point o each a':1. 

- 	 .a 	P 	Ae  

3 HH 

consolidation settlement = : 

[Lightly overconsolidated clay 

Srss 

-® \i 

p 	,> 	 \ 

Depih  

P, —cy> p' 

e, ± e 

P I - 
e= C logic,(j+C.oi 	

- 

P' —LlO-< : 

= 
e;= 	 ±&L7 

Figure 9.9 Compression in.dexinethod 



Settkment ratio 

c- \ 	\\ 

o. \ '\ 
ct 

\ \ \ I 
\ 

______ ______ \ \ •' \ 	\\ \ 

\ 	\ 
\\\\\\ \ 

\\ 

\ 
\ \ 



ol 
scidar cojrcs:;;oi) 

C) 



(uc tkcic :11 )t .C(H1darV .Oi1i)iesdLlfl 



Mcdius 
!asccizy, 

- 
7 

(a: 	 (b) 

7 	C-Ui 	3.19 E'astic settient aic1aon by using siri lue!x acor 

Y TABLE 3.9 Elastic Parameters of Various Soils 
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Pile foundations 

Introduction 

1 
4 

n1U'nnii(shallow foundation) a, 
I,  

U41il swelling sail m1lv shrinking soil nI 

foundation) 	U110J (single pile) 	 3'1 

shear stress 	 Cnn'i skin friction luviri wat 

adhesion 	LW.J') 

2. bearing capacity 	 1LY1L.J 'tJfl' end bearing 

Type of pile 

1pile LuflUiwuJ 	flU)c LA driven pile, bored pile IAOMI 

TAM  tliu timber, steel, concrete 	uu'i (pre-cast) 	u'L 	(cast 

in-situ) -TwIMIAal pile 	small diameter bored, large diameter bored, under-reamed, 

mini-piling 	n 	 u displacement , replacement 	'nnthi 

L 	end bearing, friction pile, uplift pile, raking pile TiJIVI 1 	 LLL' 

__ 	 II

water 

river 
tied 

r,k 	fOCI, 

	

End 	Floating 	Under. 	
Uplift 	Free-standing Swelling

beariii 	or friction 	retmed 	
pile 	pile 	soil 

	

pile 	p1k 	 pile 

T f 
Nenative skin 	Lateral 	Raking 

friction 	load 	pile 

TIN 1 LLfl1±cl4i  -ii ] 



Load capacity of single piles 

3 

static formula 

LI'1 LUflUflLU'(compressive 

oad)cinijtn 
V 

- 	fl 	flL1,LflLL1LflL.J (shaft resistance) 
1 

- 	fl 	th4lfl 	Lt41L'34 (base resistance) 

Q. = Q. + Qb 

Qu(nct) = Q +Q .-W 

tOlrjm  
14  

Q Ultimate pile capacity 

Qu(net) Net ultimate pile capacity 

Ultimate base resistance 

Ultimate shaft resistance 

W Weight of pile 

2. dynamic formula lu 

V 

3. pile load test 	 'n 	 niJn' 

- 2, . 	. 	 0 

n'nuiJ 
I, 

UlThTN LL tn1 u 

n'L3.i n'i vu 	nnii vri 	u'i (pile load test) 
0' 

vLu 

(driven pile) 	fl 1LL J'lfl 

static formula 

nnn' 	nLL1'n dynamic 

a 	21 

formula 	LLLL 	rn 	lJfll 	flflL4 (pile load test) L 



flflLt Lfl ThrJLL 	nJ 	static formula 

	

V 	 V 
V 4 0 	 0 4, 4, 0 	S.,  

'1 fl Ufl1 fl't1 LVAqlmm nqTm MI LLIM  

Load capacity by static formula 

wivun ii 
q 	q 

iic 

QU(flz) QS +QbW 

= Q, + ( - w) 

= Q + Qb(net) 

Net ultimate pile capacity 

°b Ultimate base resistance 

Qb(nei) Net ultimate base resistance 

Qç Ultimate shaft resistance 

W Weight of pile 

nqUVI1 LL01i4ftIfl 

- 	Net ultimate base resistance 

I, 

unnuri'ij net ultimate bearing capacity 

qb(fl0 ) 

Qb(ner) = q (j)A 

Ab 	: Base cross-sectional area 
a 	a 

Net ultimate bearing capacity 	 flflfln 

I A119 _l fl J fl 1 



ciV +p(Nq  —1)+yBiV7  

LflJ ---yBN 

qb(l) =cN +p(Nq  —i) 

n) nu urm 

qb(net) =p(Nq 	1100 	
2 

LI'I Nq 	,atin Berezantsev 	 2 

Ul) 	
1 
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bC 
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25 	 30 	 35 	40 	45 

Angle of sheorng resistonce' (degrees) 

2 Berezantsevs bearing capacity factor 

'1 

(bearing stratum) ii 0/B 1uiJ 2 	 bearing 
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M bearing capacity factor 	Skempton L1' N =9 

- 	Q: Ultimate shaft resistance 

cr 
V11 flu 	1JLfl L111 cLri1J shear strength 	 ri L1 

= Ca  +a. t5flö 

horizontal stress 	fl LLJ 

C, 	: soil adhesion = ac 

ô 	: angle of friction 	 UuUi 	angle 

of wall friction 

LM n 	 L1 L 'A J' 1t 	flCU'WJ-1 LIAfl L%1lti 

n) LL '1i 

f =otanö 

= K 5  tan c5 

K 5 	coefficient of lateral earth pressure 	 1 

average effective vertical stress 



winivi 1 lateral earth pressure coefficient (K 5 ) 

TAVENAS (1971) 	0.5 
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1.25 

0.6 

IRELAND (1957) 	1.75-3.0 
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flL UYY1fl 	 Jfl1I1JW11AUfl 

nfl' 	U1alfl 	 shaft 

resistance wn base resistance im 
1' 

'L1 9 	nnnun'c shaft resistance LLfr1 

,al 3 	nnru base resistance 

base resistance: L' N 	9 	'l'iIch shear strength 	nicu 
a 	v 	a 

LflLli4 LL 	4YThLiL4 1J 	flUflfll41J 

LS1 	 niin 

- 	shaft resistance: 	i'lLr1'1Jh undrained shear strength wu 

adhesion factor: a 	a 	1I4 soft clay 'L' 

a= 1.0 	stiff clay imuh a = 0.35-0.40 it 	1thThL 10 

ton /rn2  unin i'i1. bentonite slurry 	 Tomlinson(1987) 

adhesion 	 2O% 	fl1?n' 	bentonite 
A 21 on 	unw 
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0 JUPPA 
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0 	BAN0<A 
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0 

ORH  
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I 86 
A  

Ncb 
1 

3P11 [ 

SPIO 

F -- - 

	

AVERAGE 

Rt.C-CURV9 

1LtVES 

OFILtNS

OF--HcUER 

(1,957

—(-two 
Hi06 A8e 

w)ç.ct:A------•------------A-ee)0------------- - 
BPA 	B 

°i' IN 
BiCLAY I _________• 	

PROPdS0 

0 	 i 	(0 	 6 
'JNOEINE0 SHEAR STRE(GTH,IT/m 

iJ 6 	 wi undrained shear strength rJ adhesion factor 

CS 

LRfl11LVT 	 U1 flU1flL4 

'nn n n'u (overburden pressure) 	 stress relief 

Oil 
to 

4flfl 	 1fl'flfl4 

LY 

trnfl1fltLUULL1J3.iLLJ1JLt1Jfl 	1 fl L Y!fl1Jifl 

n1L-JL 300-500 	 (cu\w 	1997) 

Allowable load capacity of pile 

(allowable load capacity of pile): Qa 

Qcz= Qb(net) + 

(FS.)1  (ES-)2 



UUJ (factor of safety) Jn w 	1.5 	3.0 

Jfl16 static formula 
1 

fl mg 2fl flT'iJ 

	

, 	... 
(base resistance) LI 

L6 1 (shaft resistance) 	IY) U1 n' 1bn n nwn n'L L4S 

nunwi 	 jni 	 LIfl.JTh7YN fl 

Working load 

	

Base 	 Shaft Total 

	

Load 	 Load Load 

iJ 7 

V 	 U  

	

Lfl1 41U 1%-2% 	u1un 
0 Ce 	C Ce 	 U 	 C 	 Ce 

10%- 

20% 	L Ufl 1MKIU149-1 	U J'Jr1J 

Qa
Qb(nei) 

= 
3.0 	1. 



Load capacity by dynamic formula 

V 

U 	fl1J 	L1 L'b flh L fl 	 1ft 	fl1JN 

d 

n) 

fl 'El drop lu 
21 

4 t, 	 _ 	 4 
hammer 	Li'LUii 8 	fl 	fl 	Un 1TN 1 N 5 .. 1U flflJfl'i1U 

l)fl fl1 	 flLLU J1 	fllYflU1 

Ram 

Hammer 
cushion  

Pile  
cap  

Pile 
cushion 

Pile 

iJ 8 L 	Lfl11flLtJ1J drop hammer 

nnu 	single-action air or steam hammerQtJ 9 a), double-action 

and differential air or steam hammer(tffi 9 b), diesel hammer(iJ 9 c) wat  lu 

vibratory hamrner(ii 9 d) 	Ufln'1l single-action air or steam hammer 

n4( n 	2.5 1 1 5 	nnnti n 

U double-action and 

differential air or steam hammer 

'I1U diesel hammer 	nii motiymma n(anvil block) 	UU i 
V 

(fuel-injection system) PLLIAMIIUTJ9 c 	 ncjntJniult] 'u 

flLUl3.iU 

U1i'fl flUUfl' 	flclUh1JU 



a 'Ifl1l34M'1 VYl 	 L UJ1 fl4fl1fl 

L'®1J LflJJ nMnl 	 ii1 Lfl 
21 

LYi1fti 	111J vibratory hammer 	flflUUal'1flfl1' 

.- 	
9 d 

fli1 fl VtY1 

fl'1 TXu 
5,  

	

V 	 V 

' Crane Cylinder 

Exhaust 	 __________ A 

Steam (or air) intake 	

s1 	
rxaust 

Rain 

Pile capblock 	 -: 

hl€t 

Pile cap 	
Anvil 	Capblock 

Optional pile cushion 

Pu 	

Pile cap 

Optional 

	

C 	 cushion 

(a) Single-acting hammer. At bottom of stroke, 
intake opens with steam pressure raising 
ram. At top of lift steam is shut off and intake 
becomes exhaust. allowing ramo (all. 

Intake 
and exhaust 

Capblock 

Cap 

Optional pile cushion 

(b) Double-acting hammer. Ram in down position trips S2, 
which opens inlet and closes exhaust valves at B and 
shuts inlet and opens exhaust at A; hammer then nses 
from steam pressure at B. Ram in up position trips Si. 
which shuts inlet B and opens exhaust: valve it exhaust 

closes; steam enters and accelerates 
;Ifl\ram downward. 

	£ 

Crane 

11 	Oscillator- 

Pile I clamps 

Fuel 
inject 

Am 

(c) Diesel hammer. Crane initially lifts ram. Rant is 
released and falls; at select point fuel is injected. Ram 
collides with anvil, igniting fuel. Resulting explosion 
drives pile and lifts ram for next cycle. 

(d) Vibratory hammer External power source (electric 
motor or electric-driven hydraulic pump) rotates 
eccentric weights in relative directions Shown. 
Horizontal force components cancel—vertical force 
components add. 



If  MIT'llyl2 	L Ufl)YN1 

Id 	lLOI 1ttUU1111J 	((Vibro) 

• lLflO41JO1O I • 1141) • • Ofli41Lt 

tim 

• T1 	 Jrn 
- a 	OU fl)OflOtJ4 

y 
 4146i 

. 
a 	lo4itin1rnn S 

9 
Ij 

4 	 4 	qV 

14 

• 1f11'jiimfl 	LL?J • 1f 'Lfl-11lJ • niflcVc • LAM IFJ 

• 014 	UULti1 • a 

'oii • itiiimu • ol',ioth 	(Ino ' flflmfl) • a 
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'JLmJLtII 
- 

a unLn1n1uo•:fruu • 1n 
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• UePmflL1'41JU 

,llUtJ L) nifltii 

• • L71t?1Ot4'i1- 	JLJ 

Lt t1OOlfflff 

• 

immnirn1lmmY1 
S 

• 1imnucrnmnjui S • 1b)nUn41 1•1. 
• jJ11fl1J • 

.4U'UO 

• L 	41i1JiJJiL) • 11flflLOl).i • • 'flh11lt11fl1OtL,jj 

fl 

a 	1JmJmn1v1n1)ornJ1J a AOMOUI 

I V 
91 

a 	 a 	 a o 	 a 

	

flI5IflI.'1 	'JU 

V 	 V 

'n-i) LLLu'ulrJ 

1nIufl€ifl L 	 ni'an 
a 	 V 	 a 	a 	a 

LL'lliLU'U l L'n 1lnILrnJ'nu 

(dilation) L 	 1wu (negative pore 
V 

water pressure) 
a 	 a 	V 0 	 a a 	V 

	

'A IT 	 mnA-imiln NMINMUT'al-1113 IL :J 	 V8 I Lfl'nUj 



9,1 n wa Ali 	 i Ltnl' dynamic formula 

fl'L1iU in 
4 	 4 	 4 4 

LU1!J)A L'uLunn irnW1 

a 	 4 

irni niin 	 (soft clay) 'i ui4 

Lr4(excess pore water pressure)VU  

21 

lu 

cc 

I,  

L.Jifl 
V 	 V 

J%'1ifl1JUtJ 	 fl1Jfl 	UflU 

inJni5' L 	 hiru 	nLni 
V 

1'I 	Ii L1'1 L-J 	1.Lfl LJ 	 Wi' .i 
V 

	

dynamic formula i tjnii pile load test 	 ew'bh 

Xi-ilulun-iTii pile load test 

	

(30 101,3 50 	, Tang, 1962) 

ni' 	fl Li 	 LL 	(stiff clay) 	111JL rUIJi 

n,-lJin 
V 	 V 

Imu 	 fli'U 
V 	 V 	 V 	 V 

Uiflhi Li 	fl WJ 	 LL1 UJThh 

MO nJ 
V 

u 	 LiL 	iiJifl i' 

1' 

21 

nuinnuuL1]34 

(dynamic) Ji 

10 
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/ 

 

1- H 
SErr/E/r 

10 	n'flWiJ 

= 	 x 

+ 	unJw1u 

WH =1.s+L 

nnc4 

H : iin 

PU fl'1UUUflflL 

S 	: 

L 

VI 

	

0 	 a 
Lu1' mLflfl 	UflAfl 	fl1VJ YUCJWJ't1J 

flflfl!iY)L 	,.6n 

- nqH  
a 

- 	 1w11,J 



- 

- 	 ULY)L4 

u,ninvirnJ 

U24fl 	1EJ11 

ii'i 	(F.S. = 3-6) 

fllt4 MIT'IIVI 3 

V 

Lflfl' 3 

qJ 
iM 

HI LEY (1930) ___________ ______ - 	eh:a n4 
1 	

11 

s+_(k1  +k2  +k) F.S. —3 

- 	n: 	 fl'1 

1Jn'1Jn 	5 Modified ENR ,, 	
I.25e,,E, x W. +nW 

U 

F.S. 	6 
s±c 

- 	/c: elastic compression 

pile cap GATES (1957) P = a(b - iogs)j 

F.S. = 3 '1'N 	6 ii 

Danish formula p0 = 

F.S. = 3 1 	6 
S + C1  

LL1UU 	= flU 	flLLJ 

Eh 	: 	 un 	nil.j (iu drop hammer = WrH) 

W,. 

H : JtJfl 

Uflh1L' pile cap, driving shoe, capblock 

S 
V 

C 	: 	LflflL13'lU = 0.1 14' 

C 1 	: -.jeh E h L/(2AE) 

L 	: 
V 

A 	 a 



P.L 
elastic compression 	W1J-J = ----- 

AE 

k 3 	elastic compression 

= 0.0 	U 	 U1flL.iW 

= 0.1 '01 0.2 	 ii 

a, b 	flm GATES 	vvi'i!u1J 27 LMt 1 Vlffl 1fl JY1'U tJ 

S 	 Eh 	iiu kips-ft P 	j1u kips 

V 

4 
0 

V 

	

I 	

YnTh (eh) 

Drop hammer 

- trigger 	 1.00 

- rope & friction winch 	 0.75 

Single-acting steam hammer 	 0.75-0.85 

Double-acting steam hammer 	 0.85 

Diesel hammer 	 0.85-1.00 

5 	 nun'n 

Material 
	

n 

Broomed wood 	 0 

Wood pile (nondeteriorated end) 	 0.25 

Compact Wood cushion on steel pile 	 0.32 

Compact Wood cushion over steel pile 	 0.40 

Steel-on-steel anvil on either steel or concrete pill 	 0.50 

Cast-iron hammer on concrete pile without cap 	 0.40 



4 	 5$ 	 4 	 Si 

i'ifli 6 elastic compression 	
Si 	 5$ 

Driving stresses PIA on pile head or cap, MPa (ksi) 

3.5(03) 	7.01.0) 	10.5(1.5) 	142.0) 

Pile material k 1 , mm (in) 

Steel piling or pipe 
Directly on head 0 0 0 0 
Directly on head of timer pile 1.0(0.05) 2.0(0.10) 3.0(0.15) 5.0(0.20) 

Precast concrete pile with 
75-100 rim packing inside cap 3.0(0.12) 6.0(0.25) 9.0(0.37) 12.5(0.50) 

Steel-covered cap containing wood 
packing for steel H or pipe piling 1.0(0.04) 2.0(0.05) 3.0(0.12) 4.0 (0.16) 

5-mm fiber disk between two 
10-mm steel plates 0.5(0.02) 1.0(0.04) 1.5(0.06) 2.0(0.08) 

t After Chellis (1961). 

V 	t,  
Si 	 4 	 5 	 4 IlVa 	4 

1) dynamic formula 	flU 	LJLrin1U L1. 	flfl 	flllUWl 	'1fl 
I, 	 I, 

2) nninLL 	

fl: 4I' 	 5, 

3) Lflfl1U1flLflLflflUfl Lfl'1 
5i 

UUUflL'iflt 	L JL'1 L'1J4 Wi 

Load capacity by pile load test 

fl'11W] pile load test 
V 

- _ufll_1vfl.J 
V 

- 	1W1 	 flUflUfl L 

- 

U 

ULL41.1 



ny suitable anchorage 5ystem 

Two or more steel I or W shapes 	 I 	I I 	 ii 	it 	I I 	Ii 	 - 	 ii 	II 
Ii 

Bearing plate—" 	I I Hydraulic jack 
Anchor plate 

Load plate _____\rT Disp,j.acement 

—Load dial 

 dials 

anchorage 
Disturbance-free

for dial 
gauges 	 Test 	Reference ledges 

\vY//yJfç\ 	pile 

	Reaction pile 

V 

TiJm,  ii n 	 ULL1!iL anchor pile 

UL 1tJ 

maintained loading test 

iin1'v 

.-. 
r% i}'VI 11 	n 	 irirnntiwi pile load test UnurntJ titic 

- 	w 	anchor pile u test pile 	in1 1.5 t'012.0 a4mla 3 	5 

	

IiN 	 Lfl L111 

- 	 nriu 
V 

vh 	Lfl LL2J 

- 	LYn 	 25 % 1 	flu in 	JunLLW1 L 

u numnnLwu (design load) n nuni' 

(25 50, 75 LOZ 100% 
V 

ntint ijUI) 

Weld 



- 	 flLLLfl !JflY 0.25 mm 	it3J 

1 	LL 	'tthflUnfl 2 

ii (thn cii 2 tLn1L 

- 	ULL 	11fl1fr1J 

wij 1, 2, 4, 8, 15, 30, 60 uinj 2 

V 

	

u1Ji) 	241tJ t 	 2 iQlljI 

- 	mi 	XnuTh, 50, 25 	0  

iJl 	 nfliu'n 1, 2, 4, 8, 15, 30, 45 WaZ 60 UAA '111J 

- 	Lfl 	 25 % 

50, 75, 100, 125, 150, 175, 

	

200% 	
a - V 

 

- 	 0.25 mm 	i,Li 
I' 	V 

1 	t4' Lth,rn4nTm 2 

(t.ncuTm 2 

- 	"L'.tL 	in 	UUflt 	flfl fl 	flL 	flJ1i'fl 1, 

2, 4, 8, 15, 30, 60 VIVILUltml 2 

V a 
nwl 

	

iJl.c) 	i."L' 24 	fii 	n 	 2 't -i 

0a 
 ti I 

21 

nuiJu 150, 100, 50 L 	0% 	flU 	JL1flfl1 

LJW1 	unniin1 1, 2, 4, 8, 15, 30, 45 wi 60 ii 

un nwfl.njuvin 

ci 

sinr-Jniinj 

12 

	

LiUflU1fliLfLcI Tt1v,i 13 	n1Lt 	Chin tu 
21 

Chin 



L''U hyperbolic LL 	fl 	 IU1UfliJ Ii'IJ lu 

u 	-i'u (slope) 	 nih 

L1t '1J (1/unnLJ) 

0 
0 
-j 

101 

-J 

C 

E 

-J 

U, 

1J 12 	 pile load lest 

Settlement/load (VP x 1.03 
	

Settlement/Load /P x 103 
0 4 8 12 16 20 

	
1 2 3 4 5 6 

4 
E 
E 

C 

12 

2.5' 	 - 

Ultimate base 	 - 
resistance = 14.3 	'.. 

0.0175,,/ N - 
=820kN  

14.3/ - 

C 

E 
4-
4-d 

C', 

1.31 € 	—2.2 In  

\ Ultimate 
friction 
— 5 
- 0.0029 
= 1720 k 

	

Total pile resistance 	
5.6 

- 10 
=2940kN 

- 0.0034 

20 

  

"Lh1 13 flI 	 V]J Lfl L t°II 	Chin 



Negative skin friction 

Lilt vv 

L L3.fi 	 'i 	nh 	i..i 	ij3.jifl n 	nunvini 	fl 

negative skin friction TV10111IN negative skin friction 	nnrii 
4 
.lJunU 

- 

- 

- d1U 	 (relative movement) ii numunii 

negative skin friction Lfl lflL 	flifl'15 L4 niTcajh flU1flT1 

•lLl4L1 	 a 	 1flL1IU 

t1 

1) L LL11 
• V 

Lfl1 LL ULThL1Wi 

uwi 	iuci 	 v 
V 

LflflflW5i'l flLflL 	11J 	niL 	 LLEN LiJJ 

14 

I,;, + Aci 
	 6 

VP 	
6 - 	frictionVP 

force 

14 ni 	wii negative skin friction 	1LJ 



V 

14 VwITOWUn'mn negative skin friction M fl 

V 	 I, 

- 	Lu14'rnJ'wu 	ivhi 	 'Fi.ilh1J consolidation 

settlement wn elastic settlement 

- 	 n1'L L1LLIa1n 
V 

- A'VBU1 

- 	r) fl 	 1 	UflUU1 Lcuw 

A'fl-J 
- 	 V 

2) L 14V1 4fl L14Jflfl 
V 

i 	 WflflWV 

YmflU U1iltJ 
V 

91 	%nM negative skin friction '1rL41J1 

n'jtg 	i 15 IJUIMIDN negative skin friction S 

=JP.K.tano.dh 

P 	LU L1-J 

K 	: coefficient of lateral earth pressure 	K0  =1 —sin çb' 

vertical effective stress vimimnn 

S 	friction angle 	 0.50/ 'CIA 0.70' 



Movement between 	I I I friction / 
	--J-  I 

pile and soil '\ Residual 
insufficient to 	 value 
mobilize peak value 	

Peak - 
value 	- 

No movement of soil. 	o 	: 

which acts in support 	'. 
of pile  

• • .0' 
•1 ,,• 	 0. 

(a) 	 (b) 

Compression of pile due to 
load W causes pile to move 
downwards relative to soil 
thus reducing negative skin 

	

I 	/ 

No load on pile 	 friction 

Residual  
value 	

7negative
t 

	

_4. Peak value —t 	.  

 acts in support
of pile 

al
W  

origin 

,Soil 

 Residual 

FilIor\ 	' II I 
compressible 	H O.8H 

soil settling I 
under its Peak 

own weight 

.----' 	i 0tH 
\oO.6. 	O. 1 bI O: 	,- 0• 

•Relalivety 0.d. 
incompressible 	• ..':' 
stroIurn 0 

(C) 

V 	 I 

ihi 15 fl'IL 	negative skin friction lun 	fl UU1U4fl1' 

']1J negative skin friction 

n 	nu 	JJ'cun negative skin friction Lwaiqqn 

rigid layer LL JLfl 

negative skin friction 	L''1.'Y base resistance Ltl41J LL Lfl' 

uu nL negative skin friction 

JUJU positive skin friction 

Pile groups 

1' 

nw i 	niJn 	nu,=mjTTyi nivid'tuinMI 

pile cap 

'tL1 LJ1LI.1 	11.4t Y J  

htM 

LJ 1 	tJL - LLtJ1J friction pile LW'l 

1L1J.J 1LL1JJ1J1J end bearing pile 01) 



(ground heave) .flfl L flUfl'1UflUfl'1JflJ 

L-Jt1 	 bending stress 

ei pile cap 	 pile cap 	 tflJ'hA 	7 LNh 

V 
0 	 C 	 C 

MqTq ni 7 

IflL1L'1JJ 	 BOCA (19984), NBC (1976 

CHICAGO (1987) 

Point-bearing piles in hard stratu 2 - 2.5D v 	2.5 'v 	 2D 

oint-bearing piles on hard bedro 2D 111@ 2.0 

Friction pHes 	 3 - 5D 	a 3.5 Aq 	 1D 

D = butt diameter 	 nnLirn) 

Malvin 
V 	 I,  

n(1J 	Jl4 
V 

un u nijLmfjo  
V 

nu 
lu 

flh1Jflflfl'fl1V3.J 
V 	 V 

AOnmluluniTi-i pile 

load test nUuij 

(a) 

T01 16 lu V 	 0 



nn-i1LJ (efficiency of pile group) Am a 
V 

LL1IU 

1? — 
- Qu(group) 

QM(g,oup): 
,QU : 

V 	 V 

	

a 	 a 
LL1I-flVE1fl I 	Th1W1flU LU1flfl'flJ4 	U 1MVJ 

11 

(loose sand) 	i'Liui 	 i.fl 	 'nuIL1u (dense 

sand) 	 UU flL c 

a 
L1U 

3 L W11U 

V 

ii > 1 	 1' JIILi 

tjn( ,1 3 	41 flLL-J 

a 	 4 	 a 
17 < 1 

3 LUUUU$n LJ 
o 	 a 	 4 	 a 	 V 

3 t.ri 

wii. 2/3 	3/4 
I, 	 V 

V 

- 	 fl 	fl1flVöifl IJ LL1L1U 

- nniTimimunTIN block vwBunomij Bg  x Lg  x L '4 14J1 

fl4flfl1 

L 

Qu (block) = CuNc Lg Bg  + 
	

2c,, (B,+ L, )AL 
0 



L 

N 	bearing capacity factor 1 ' 	 17 

9 

8 

7 

NC  
6 

5 

4 
0 I 
	

2 
	

3 
	

r. 

11 / 13 

17 bearing capacity factor, N 

Settlement of pile groups 

iJn 

18 tlw'n 

Unn1nn' 	(uniform load) 	uuii 18 lu 
ijw 	fl 	L1Th'I1 (immediate settlement) 

tunnviw 

on (depth correction factor) 	nt1 19 

5 



I 

Dr I 

stiff or dense 

Friction piles  

stiff or dense 

Friction/end bearing-piles 

Equivalent raft  

roc k:-  

End bearing piles 

V 	 V 

18 

- 	 Depth factor p 

C 

C) 

a 
• liiPJIir4 

UU"AS 
i iii 14 

••..',,' 

• IUU1URU 
No 

• • u#wiu •• 

Ell 

0 

 

iJ 19 



< 	> 	
4263kNIm 

> 

3207kN/m 	 12 74 kNFm 
51 72 kN/m 

Draw the active earth pressure using Rankines theory for wall-soil system showing in the figure. 

Assume that unit weight of soil below and above ground water level is the same. 

+ + + + + + 	
Surcharge =25 kN/m2  

GW 

)m 

D  

Depth 

(m) 

Soil Ka Vertical elf. Stress 

(kN/m2) 

Pa 

(kN/m2) 

0 1 0.333 25 8.32 

3- 1 0.333 25+54 8.32+17.98 

3+ 2 0.406 79 32.07 - 12.74 

8 2 0.406 79+105 32.07+42.63-12.74 

10 2 0.406 79-127.38 32.07+51.72-12.74 

kN/m 	 17.8 kNicn' 



m 

tfl'Y short term condition 4W1 

sheet pile (embedment depth), Factor of safety 	Maximum bending 

moment 'Lu sheet pile 	 Tie rod 	Continuous deadmari 
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EAt&Th TRESSURE 1HEOy 

Lcvo oykc, icçuvc 	 g 

Iry 

a 	i 

lb 

: coCc.Gffl)t . 	rc5surc 

AA.Tcsv icik%r,, Iressuvc 

Ac4wC conku, pYCS'YC 

Tossivc - CORK rccsQrc 

t•) M-c 	c.'kL vc5UvC 

AØ 4.ov;%Q4 'MOVeMD11# 

'a) Ave. 	 UçSUvC 

, 
lZy 

Thc: 	

g 

06t 	 Ac Uvc c an ttu pvec Suv , 

Lot 



- - - 
i' 

ryrSSUrL  

/ cc 

C 

V *dSc'ivt can*,, wc ssure 

-.1: 0*  i&ilwt d> ?os,jvc COi 4, 	cct#vt I,; 
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faikoyc Plane 

pl1 

lankI'vte Is ECLVA%k. 'Pycsuvc 	 -- 

i) 4 w*- a o Aw NOAU 

2) vc'4 c j bocc w&U 

1) Of;%Q,tO.1 	ck Eitl 

Achvc c.ti., pIrcssuyt : 

pci
rWA10  

 C Ka 

14 snt4 



eaMti.  

p 6p4zC4 

NOUCYC 
a 

V-P 4tfl 	•tM, 
L 

c.1AU1C 

1p 

001  
AS 

r '- 



-I 



Fln 

III 

0. 

4 
I 

f 
'-p 

t.  
SO 



4 	 —a 4---- ----.. 
r 

UBhI 
4. 

LHh1 

c4 
I 

06 

Ill 

14- 



I 

F 0 0 0 

- o. o - OD co 

-th 

9 
cD 

0 
+ CD 

a, - - - 	- Co. 
X '-I!  0 a, 7 .  - 
F) + 
•II 0 

a,  
" 
(ft 

-I  

th 
0 — 

0 Cl) 
a, 

00 
+ 
0 

- ca) 
0, 

(yt 
0 

(Tt 
P 0 

x • - C •C4 .__;_ - ;• ow 

+ + - 
OD 0 

:Q U 
ci 

 
OR 

X 
P 

-4 )( r.) 0) •- P 
thP2 

(D .Ci3 )< PIZ,  

-C3 , co 3 0) 

- - - !' .. .-. -• M ..- 
+ + '-• - 

c0 
+ 

I')  0 co: CA  

co 
r•%) a, It 



snki,i. 	rcsrurc 

1 YCkiOfl waLt. 

t lflC)P.A(iOfl. oyete at back V49 of 

tiuhn4ioi auIe of 4pstcV. cit 

c x o3 

Acvvc  e'ML  premum. 

os'4w.p( ,ovc*%cv4 

i' 

,'- ,. 

-- "e---- 

/ 
0 

A sste 

aYiic of viCOVL bGWCV $O4 G44 

$ 	OMt. of 	 04 veil 



sw (44ct) 

cfl(44)c%n (uL) 

No 9 

I. 
I .12 

C.)'4. 1CVyC 

,4* 

.1 
swi(4+) 

si4 

'i1L$$'IVC esS%. levessuyc 



V TABLE 5.6 General Range of 
Wall Friction Angles 
for Masonry or Mass 
Concrete Walls 



1) tou SliCWv'4W%. 

R 

2) Cyey4uyy 

2oOnoA joV 

3) 1,eo,ü'rtc oA)rc 



k) Ovc,r&U. Slidiykl& 0 

3) 9tTvc.-vvT&L Fa*oit 



14 -. 
J

Apo 

 

Apo 0 

I 

—4 

p 
2 
x 



r4 

- I 

17 

17 

I Qz'Z 

/ 
/c E t  E 

,= o 



hcc pi 'c VA. 	: cOnhftuouS watt 

wkaivt %IVrOSC * 5UPO'4  tmcvL caMh prcssuve 

of 4C 	'%e 

- 
- vcco4 coicicc çCLk it 

1i\c 

- 
5'TUCUYC 

c*ik Vv skttk  

- 



- 	- • ircz. Or TL --RcO 	%' 	.--'-'S••'•. 

S'L(O-Ff FAIçjg 

j 

ft,c p. p(e : Akoôe A fAiivrfo 

STR UCT'.ThE FA' 

\. 

FAJU?E'GF A4ORtGE 

NStFF ICI E NT, LENGTH 
\\ 



SlAtti '%tI 

ihtt1 pitc tcvcy. 

Vc.pik at 	divc 	:t' $ol e?jiv%*cv?vt3 
. 

4PsaIst 

'pl ct ec S CG1tOV 	 "irm cr~yj 

SIFS & trt 

-?vccos* CneYCC *bcck ile, 

434ce-I Dccij'i.. 

Iwibtv 



Canti cvcr Sbu. pile 	10 VxtI cuji sur*1* 

- 

wicb.oó 

assuv 	1* j.assive pvcssure 	a 
40,rm  &c.k9 a' A%.. toot It 5%v&t flc 

A 

f.4 Weis 
SA 

C 



t 

a I 

PAZ 

' 	
Ct) 

a 

2MO 

?p .lf la! — :0 

• . 	 4 
w%•-% 0 dfl1G 1thiYu4" ti) t4Ct) 

0 

Id 	pvc5SuVC doqcii 

vt woo Srck 	 iotU SQ t.3CY'Q 



4nchorcd shect Vike 

futt ewtWi, 

Free  

4r. 

rAm 	 locive"d zuxz~)Witm 

givKtMita Mt.!d 

0 Fycc cOk4. surert 

A 

I a 

# 

 

N prD. 
Kr(sj tOb) 

1141, 2 0 0. 	• 00 
we we. 

0 S 

. 

1 

I diaayam ft spa 



Oj 
Ii 

r 

7 



T.O '0% sbcck 9C 

Y' shcck ,ac 	bi1 

?f 0.4) #(PQ2)(kQ2') hh (192)('Ia) O 

0 3L 1.2.0. 

• S 	 •1 d 
'31 	0 1i'S*)U pv(surc dMcb 

"fat lbtAID 



/ 

7- 

1 - 

2.4 	 1.4 

Lai 

0 

oc- 	act gV C CJ 

€& 5tppeYt. 

. _I_-. th 

1-I' 

I'pL 

Ewtf(v prt::ot. dsa;ran'. 

A ,c4_ ItT(HL) 



 

[L? (5+V)1[c !P 
12 

2 
[o.2  
1- 	 3 

 LL 

	

O+ 
1 	vJf - O *'I 	1 

L 3  

I 2.45C5p) -L4c+P7  
2 

L2 -to rz.s./, 



-p 

4- 

c5 J  
"I 
vo 

th 



Li 

- • 4- 

to ;• ? 
4' 

p. 



- I 
I 

UQ 

1 
CD 

H 

C) 
PO 

CD 
CD 

-o 
CD 

C-
-t 

C) 

(TQ 

U, 

CD : 



SVOLC4 $ IN 	k ,44occ 4 f,.iIw' 

i") 4ac,ro.t co.vrc 

buckled 34rvt. 

	

) 	lip SrvI 	 fl;,fl4YrIu4I)w3i 

sin itnii.t 

	

2)tcarin C4  C 	cikt c..iluic 

v$, Iuas. 

54) ExbtsWc C'rounc( A.ewt 

LAkcv,sL YO1C.flCAit' 



4) ba sIwt ØLTLd 'tp%v 

---1-- - I 	- 	-1--'- 



pd Q.J1 QJ Q.4 

L) 
Q_) Q_) Q_) 

z (M) (2) 

C) C) C) 
T1 

1 
\—, 

C2 

dj 

cm 
- 

(z) C) 

CD 

Q_) _ 

C) C) 
—Q 
cL. 

Q-) 

C) 

C) 

0 - 

ED 0 

r1 

L1J 

T1 



soy 

0 
c 	4 

:YHit 	
Cu 

 
L 

0.25H 

1 
0.75H 

L 

Cuts in Sand 

pa  = O5T#4  ko.  

Pa: 

I I 	Pa 

Cuts in Soft and Medium Clay 



Cuts in Stiff Clay 

Ct) 

F 
O.25H 

o 5H 

O.25H 

L 

ç6 t0.2 1H t, 



et pB43 	,.mt p463 

(0) 
Is,  

thi 2 91'1ni Sheet Pile iiyu Once Cirt. 

iil :3 JYNfl11 	Efli4 Sheet File UMMIPIr Uot Miami Au 'a 

jw iuz (b) 	j'u 

lot  4 'Au1 	rj 	 uniLc 	'! I 



0.4ff 

I 

IH t 

0.7H 

0.2H 

L 

(a) Sand 
	

(b) Temporary support in stiff clay 

0.75H 

0.25H 

L 
1-4 	0.375yH  

0. 125yH 

(c) Permanent support in medium clay 

V FIGURE 7.8 Tschebotarioff's pressure envelopes 



rt 

(0 

o. 

0 

OIQ 

(0 
Cnrt 
rr 
(D(D 

CD 

-1- 

CD 
CD- 

Cm co 

rt 

D 

0 

co 1) 

rt 

CD 

N 



a 
caJ 

Ea e 

I 

cL1h _) 

— - 1 

z 
r1 

ee 

C 
H 
I; 

C z 

.94  



FAI 



MW 

EV 

iI 



1 - 
CD 

- 
CD 

- 
CD CD 

CD CD CD CD 



	

50 
.cl 	w 
1tJ U 1411'1 

	

nuo.mitn 2520 nil. cocn3N qni. 1u 	oil rJu 2.04x 1O iift conm. 

Main and Secondary Members - 
KI/r not over 120 

Main Members 
kl/r 121 to 200 

Secondary 
hr 	121 

vIcmbers* 
to 200 

KI Fa Ki Fa 1(1 - Fa K! Fa K! Fa 1  Fas 1 Fas 
r kg./cm? r kg./cm? r kg./cm r kg./cm? r kg/cm? kg.cm? -_ r kg./cm'  

1 1509.3 41 1338.2 81 1068.6 121 712.6 161 405.3. 121 716.2 161 509.8 
2 1506.5 42 1332.6 82 1060.7 122 702.5 162 400.3 122 709.6 162 506,7 
3 1503.6 43 1326.9 83 1052.8 123 692.4 163 395.4 123 703.0 163 503.7 
4 1500.6 44 1321.1 84 1044.9 124 682.2 164 390.6 124 696.1 164 500.7 
5 1497.5 45 1315.3 85 1036.9 125 671.9 165 385.9 125 689.1 165 497.9 

6 14944 46 1309.4 86 1028.8 126 661.6 166 381.2 126 682.0 166 495.1 
7 1491.1 47 1303.5 87 1020.7 127 651.3 167 376.7 127 675.0 167 492.4 
8 1487.8 48 1297.5 88 1012.6 128 641.2 168 372.2 128 667.9 168 489.7 
9 1484.4 49 1291.4 89 1004.4 129 631.3 169 367.8 129 661.0 169 487,2 

10 1481.0 50 1285.3 90 996.1 130 621.6 170 363.5 130 654.3 170 484.6 

11 1477.4 51 1279.1 91 987.8 131 612.1 171 359.2 131 647.8 171 482.2 
12 1473.8 52 1272.9 92 979.4 132 602.9 i72 355.1 132 641.4 172 479.8 
13 .1470.1 53 1266.6 93 971.0 133 593.9 173 351,0 133 635.1 173 477.5 
14 1466.3 54 1260.3 94 962.5 134 585.0 174 347.0 134 629.1 174 475.3 
15 1462.5 55 1253.9 95 954.0 135 576.4 175 343.0 135 623.1 175 473.1 

16 1458.6 56 1247.4 96 945.4 136 568.0 176 339.1 136 617.3 176 471,0 
17 1454.6 57 1240.9 97 936.8 137 559.7 177 3353 137 611.7 177 469.0 
18 145 0. 5 58 1234.3 98 928.1 138 551.6 178 331.5 138 606.2 178 467.0 
19 1446.4 59 1227.7 99 919.4 139 543.7 179 327.9 139 600.8 179 465.0 
20 1442.2 60 1221.0 100 910.6 140 536.0 180 32.2 140 595.5 180 463.2 

21 1437.9 61 1214.3 101 901.7 141 528.4 181 320.7 141 590.4 181 461.4 
22 1433.5 62 1207.5 102 892.8 142 521.0 182 317.1 142 585.4 182 459.6 
23 1429.1 63 1200.7 . 103 883.8 143 513.7 183 313.7 143 580.5 183 457.9 
24 1424.6 64 1193.8 104 874.8 144 506.6 184 310.3 144 575.7 184 456.3 
25 1420.1 65 1186.9 105 865.7 145 499.6 185 307.0 145 .  571.0 185 454.7 

26 1415.4 66 1179.9 106 856.6 146 492.8 186 303.6 146 566.4 186 453.2 
27 1410.7 67 1172.8 107 847.4 147 486.1 187 300.4 147 562.0 187 451.7 
28 1406.0 68 1165.7 108 838.2 148 479.6 188 297.2 148 557.7 188 450.3 
29 1401.2 69 1158.6 109 828.9 149 473.2 , 	189 294.1 149 553.4 189 449.0 
30 1396.3 70 1151.4 110 819.5 150 466.9 190 291.0 150 549.3 190 447.7 

31 1391.3 71 1144.1 III 810.1 151. 460.7 191 288.0 151 545.2 191 446.4 
32 1386.3 72 1136.8 112 800.6 152 454.7 192 285.0 152 541.3 192 445.3 
33 1381.2 73 1129.4 113 791.1 153 448.7 193 282.0 153 537.4 193 444.1 
34 1376.0 74 1122.0 114 781.5 154 442.9 194 279.1 154 533.7 194 443.0 
35 1370.3 75 1114.5 115 771.8 155 437.2 195 276.3 155 530.0 195 442.0 

36 1365.5 76 1107.0 116 762.1 156 - 	431.7 196 273.5 156 526.4 196 441.0 
37 1360.2 77 1099.4 117 752.3 157 426.2 197 270.7 157 522.9 197 440.1 
38 1354.8 78 1091.8 118 742.5 158 420.8 198 268.0 158 519.5 198 439.3 
39 1349.3 79 1084.1 119 732.6 159 415.5 199 265.3 159 516.2 199 438.5 
40 1343.8 80 1076.4 120 772.6 160 410.3 200 262.6 160 512.9 200 437.7 

K taker ig 1.0 for Secondary members. 
Note : C = 126.4. 
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WIDE FLANGE SHAPES  

METRIC SERIES (CONTINUED) 
Depth Flange Thicknesa I Comer Moment cif Radius of Modulus 

Section Weight 
of 

Width Radlu; Sectional Inertia ________ Gyration _______  Section Web Flange 
Index Section 

(A) (8) (t 1) (r) 
Area 

Ix JY ix i7 Zx 
- 

mm ig!m mm ram mm dita SUnS cm  cm  cib4  ctis cSn cm' 

200.0 406 403 16 24 22 254.90 78.000 26.200 17.50 10.10 3.310 

197.0 400 408 21 21 22 250.70 70.900 23.800 16.80 9.75 3,540 

172.0 400 400 13 21 22 218.70 66,600 22.400 17.50 10.10 3.330 1.: 
400 x 400 

168.0 394 405 18 18 22 214.40 59.700 20.000 16.70 9.65 3,030 

147.0 394 398 11 18 22 186.80 56.100 18.900 17.30 10.10 2.850 

140.0 388 402 15 15 22 178.50 49.000 16.3C0 16.60 9.54 2.520 

107.0 390 300 10 16 22 13600 38.700 7.210 1690 7.28 1.980 
400x300 

94.3 386 299 9 14 22 120.10 33.700 6.240 16.70 721 1.740 

66.0 400 200 8 13 16 84.12 23.700 1.740 16.30 4.54 1.190 
400x 200 

56.6 396 199 7 11 16 72.16 20.000 1.450 16.70 4.43 1.010 1 

159.0 356 352 14 22 20 202.00 47.600 16.000 15.30 8.90 2.670 

156.0 350 	, 357 19 19 20 198.40 42.800 14.400 14.70 8.53 2.450 

137.0 350 350 12 19 20 173.90 40.300 13.600 15.20 8.34 2.300 
350x)S0 

131.0 344 354 16 16 20 166.60 35.300 11.800 14.60 3.13 2,050 

115.0 344 348 10 16 20 146.00 33.300 11.200 15.10 6.78 1.940 

106.0 338 351 13 13 20 135.30 .28.200 9.380 14.40 8.33 1.670 5 

79.7 340 250 9 14 20 101.50 21.700 3.650 14.60 6.00 1.250 2 
350x250 

69.2 336 249 8 12 20 38.15 18.500 3.090,  14.50 5.92 1.100 2 

49.6 350 175 7 11 14 63.14 13.600 984 14.70 3.95 775 I 
350x175 

41.4 346 174 6 9 14 52.68 11.100 792 14.50 3.83 641 

106.0 304 301 11 17 18 134.80 23.400 7.730 13.20 7.57 1.540 5 

106.0 300 305 15 15 18 134.80 21.500 7.100 12.60 7.26 1.440 4 

300x300 94.0 300 300 10 15 18 119.80 20.400 6.750 1310 751 1.360 11 

87.0 298 299 9 14 18 110.80 18.800 6.240 13.00 7.51 1,270 

84.5 294 302 12 12 18 107.70 16.900 5,520 IZ.50 7.16 1.150 3 

65.4 298 .ci1 9 14 18 83.36 13.300 1.900 12,60 4.77 893 
300 x 200 

56.8 294 200 8 12 18 72.33 11.300 1.600 12.50 4.71 7;1 

36.7 300 150 6.5 9 13 46.78 7,210 508 12.40 3.29 481 
300x150 

32.0 293 149 5.5 8 13 40.80 6.320 442 1.2.1.0. - 329 424 

Lan 
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SHAPES 

unit: nm 
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FSP-SKSPU Type 
Steel Sheet Pile 

-i- n__~n 
YSPU Type Steel 
Steel Pile 

sPz Type Steel 
Sheet Pile 

FSP•Z Type Steel 
Sheet Pile 

YSP-874 Box 

STEEL SHEET PILE 

Principal Uses: 

(1) 

 

Retaining of eart. 	underground burying work for water supply, sewerage, gas szpply, undergrour'.' passage, 

utility tunnel, etc. 

(2) Cofferdam for river embankment, bridge and dam. 

(3) Cofferdam for sea embankment, breakwater, lighthouse and ship mooring post. 

(4) Temporary cofferdam for agricultural waterway and industrial waterway. 

(5) Retaining of earth in earth excavation for general building construction. 

U Shaped Steel Sheet Pile: Dimensions and Sectional Properties 

- Dn,iori; Wi4?i) °' "'' Secti onM06u19, 
I of Area 

AM O steel P4 PeMte, ' Per Meter 
0aIoQ0 W S I SSceI Per Sheet Po Par $hael of Will Wall 

 
Per Sheei of Will Cuali,y 0. 

UZ .) rerril loirnl 'roof cm I licg/mJ Wdll' 1cml Width lc'n'J Width 
lcml lre'/n,l 

FSP IA 400 850 80 452' 35.5 08 8 598 4.500 88.0 529 

'fSP.1 400 750 8.0 4545 365 91 2 429 3.820 564 500 

FSP It 490 1000 105 61.18 46.0 1200 1240 8,740 1520 574 

PSP.IIA 403 1200 9.2 55,01 43,2 1080 1.460 10.600 1000 880 

YSP II 400 1000 10.5 61.18 480 120.0 966 0.690 1210 060 

V - 
FSP.Ill 400 

- 

1250 
- 

33.0 
- -.- 

7642 
- 

600 1500 2.220 15.800 
- 
p13339 .340 12 

P61' 	hA 400 350.0 131 7440 $84 146.0 2.790 22.600 250.0 1.520 
C ____________ 
0 - - - - - 

2 YSFIII 400 3250 130 7642 600 1500 1920 16400 1960 1,310 

a SP IV 400 3700 155 .' 96.99 76.1 1900 4.670 38.600 362.0 2.270 

FSP IVA 400 1850 16.1 94.31 740 1850 5.300 41603 400.0 2.250 

'2 
YSF'IV 400 155.0 15.5 9609 761 

______---- -.-- 

1900 3550 31,990 311,0 2060 or  
SY40 

P59-v. 503 2000. 24.3 133.8 1050 210.0 7.060 63000 5200 3.150 

YSP 3.74 400 235.0 94 87 69.06 6)9 130.0 6.400 16.201) 552.0 1.380 

. YSP 3.25 400 305.0 130 96 9132 740 1850 15.301) 38.300 I 0030 2,510 

YSP Z32 490 3440 142 104 '07 7 049 7170 22,000 55,000 1.280,0 3200 

, YSP Z38 400 3640 17.2 II 4 132.2 960 3400 27.700 69200 1.5200 3.800 

, YSP 3-45 40(3 360.0 21.5 125 1432 116 290.0 32.500 62.200 18200 4,550 

1; SP Z45 490 367D 21.9 132 1482 116 290.0 33,490 83.500 1,8200 4,550 

v ' SKSP•2 490 100.0 105 61.18 480 1200 1240 8.740 7520 874 

I SKSP.3 403 1250 130 7642 600 150.0 2.220 161300 223.0 1.340 

SKSP 0 170.0 5 - 9699 76.1 1900 4,670 3860(3 260 2.270 - 

Box Type Steel Sheet PileS YSPB-74 Manufactured by Nippon Steel Corporation 

Dimensions 	(mm) sactiom i, Weight I D imensions (mm) Weight' 
13 lAOol 

Ikg/ml' 
S 

dl 	hz 	tj 

-IAIM 
cm 

I 	I 
Lko/mI B dl Ihi 

I 	
tilt1 

1486 1 420 400 1410 10 13.51 6.50 130 67t 64 1 	14 22.99 
[_18.0 

Possible Driving Length of Steel Sheet Pile 

10 20 30 40 50 

Type I 2 2 1 2 1 2 2 

11. 12 10 7 

Ill. 	Z•14 	' 	' 16 	. 23 14 20 12 16 9 14 

Pt. 	Z-25 22 25 20 25 1 7 	22 15 20 

vl.Z-38 25J25 24 25 20 25 18 25 12 21 

H,Z'45 	. 
- 

25 25 25 23 

Notes: (1) The underlined portions will become more than 25 m from the calcu-
lation. However, because of difficulties in transportation and handl-
ing, the length was limited to 25 rn. 

(2) Z type steel sheet piles are driven in two sheets as a rule. 



STEEL SHEET PILING  

sectional 
Dimensions Area Weight Moment of Inertia Section Modulus 

Section w h C per I' [) 
I 	per wall 

p 
per wall 

per pile 
per will 

j 	width width width 

mm mm mm cm 2  itgtm kglm2  cm4  crn 41m cm 3  cm 3 Iu 
in in in In 2  lbIft lbs1ft 2  In 4  ir 4Ift 1n 101ft 

ISP I 	1 400 75 8.0 46.49 36.5 91.2 429 3.820 664 509 
15.7 2.95 0.315 7106 24.5 13.7 10.3 23.0 4.05 . 	9.47 

ISP U.S 400 80 1.6 4521 35.5 53.3 454 4.220 64.7 527 
15.) 3.15 0.299 7.008 23.9 18.2 10.9 30.9 3.95 9.80 

FSP IA 400 35 80 45.21 355. 33-3 598 4.500 	- 83.0 529 
5.1 335 0.315 7.003 23.9 38.2 34.4 33.0 5.37 9.84 

ISP II 400 100 10.5 63.13 48.0 120 986 8.690 121 869 
35.1 3.94 0.413 9-481 32.3 24.6 23.1 63.6 738 162 

FSP II 400 100 10.5 63.18 43.0 120 1.240 8.710 152 374 
15.1 3.94 0.413 9.483 323 24.6 29.8 64.0 Ms 16.3 

YS? IJ-9 400 ItO 9,3 55.01 43.2 108 1.070 9.680 120 830 
- 15.7 4.33 0366 3.527 29.0 22.1 25.7 10.9 7.32 16.4 

FSP hA 400 	, 120 9.2 55.01 '13.2 108 1.460 0.600 160 380 
15.7 4.72 0.362 3.527 29.0 22.1 35.1 77.6 9.26 16.4 

ISP III 400 125 11.0 76.42 600 150 1.920 36.400 196 1,310 
15.7 4.92 0512 11.85 40.3 30.1 46.1 320 120 244 

Ill 	. 400 325 0.0 76.12 60.0 150 2.220 16.800 223 1j40 

15.7 4.92 0.512 11.35 40.3 30.7 53.3 323 13.6 249 

YSP UlS 400 350 12.2 74,40 58.4 146 2.700 22.300 233 1.520 
35.1 591 0430 33.53 392 29.9 64.9 167 14.5 28.) 

FSP lIlA 400 350 331 71.40 58.4 316 2.790 22.300 250 3.520 
35.7 5.91 0.516 11.53 192 299 670 167 5.3 133 

ISP IV 400 355 15.5 96.99 761 190 3.690 31.900 III 2.060 
35.7 6.30 0.610 15.03 53.1 38.9 38.7 231 190 333 

'FSP IV ' 400 310 355 96.99 76.3 190 4.410 38.600 362 2,210 
15.1 6.69 0.610 35.03 51.1 38.9 132 233 22.1 42.2 

ISP U23 400 315 34.1 91.21 74.0 185 4.380 39.400 330 . 	2.250 
35.7 6.39 0.579 34.60 49.7 37.9 lOS 289 20.3 43.9 

FSP IV A 400 385 16.1 9421 74.0 185 5.300 41.600 400 2.250 
15.7 7.28 0.634 14.60 49.7 37.9 327 305 24.4 43.9 

ISP V 420 375 220 334.0 105 250 5.950 55.200 433 	- 3.350 
16.5 6.89 0.866 20.17 70.6 51.2 343 404 26.4 53.6 

FSP V L 500 200 24.3 333.8 105 210 7.960 63.000 520 3.150 
9.1 1.87 0.957 20.14 70.6 43.0 191 463 31.7 58.6 

FSP VI L 500 225 27.6 353 0 120 240 13.100 86.000 680 1.820 
9.7 8.86 109 23.72 306 49.2 274 

1 

630 41.5 11.1 

72 	 L89 TKAL 4UI LOP. 
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