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Shallow foundation
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Bearing Capacity
(195173.3 184 B. J. DAS third edition}
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B width of the foundation
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Shape and depth factors
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Eccentrically Loaded Foundation
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Foundation with two-way eccentric
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Factor of safety
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= +
9 FS P,




Table 8.6
Shape factors (From Vesic, 1973)

| Shape Qf " %4 | %
foundation _ i
strip 1.0 10 . 10
B1 IV B' B:
rectangle | 1 +E'—1_V_j 1+£—,tangb : 1.— 04—,
e or 1 +-1\-f-q- 1 +tan @ 06
square N, ‘

Table 8.7 Depth factors (From Vesic, 1975)

¢ value d. ' d,
DB <1 1+ 0.4@/3‘
=0 1 +0.4tan"' Dy 1.0
D/B' >1 B
Clay undrained D/B’ in radians
[?/B‘S] I +2tan ¢ (1 —sin¢) I%B'
$>0 4 I~
‘7N, tang _ | +2tan¢ (1 =sin¢) tan "'D
¢ (] ﬁ/ J
Clay drained Q’B >l . ) B
Sand [g/B in radians

Use these factors with caution — sce text
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Unit weight
Cohesion

Friction angle =

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

¥ TABLE 3.4 Bearing Capacity Factors®

=7
=p

®

S0 U614
1. 528
227~ 563
3 590
4 6.19
5 6.49
6 681 "
7 7.16
2 T i< B
<9 i 792
“10 ° -835
3% g 8.80
12 928
13 981
14 103
15 1098
16 1163
17 1234
18 1310
19 1393
.20 1483
21 1582
22 1688
23 1805
24 1932
25 2072

131
1.43
157
1.72
183
2.06
225
247
271
297
3.26
3.59
3.94
4.34
477
5.26
5.80
6.40
7.07
7.82
8.66
9.60

10.66

T

0.00
0.07
0.15
0.24
0.34
0.45
057
0.71
0.86
1.03
122
144
1.69
1.97
229
265
3.06
353
407
468
5.39
6.20
7.13
820
9.4
10.83

0.20
0.20
021
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.30
0.31
0.32
0.33
0.35
0.36
037
0.39
0.40
042
0.43
0.45
0.46
048
0.50
0.51

0.00
0.02
0.03
0.05
0.07
0.08
0.11
0.12
0.14
0.16
0.18
019
021
0.23
0.25
0.27
029
031
0.32
0.34
0.36
0.38
0.40
042
0.45
0.47

= ass

32
33
34
35
36

-

39
40
41
42
43
44

45

47
48
49
50

27.86
30.14
32.67
35.49
38.64
42.16
46,12
50.59
55.63
61.35
67.87
75.31
83.86
93.71
105.11
118.37
133.88
152.10
173.64
199.26
229.93
266.89

3775
4292
4893
55.96
64.20
7390
85.38
99.02
11631

13488 .

15851
187.21
22231
265.51
319.07

12.54
1447
16.72
19.34
22.40
25.99
30.22
3519
41.06
4803
56.31
66.19
78,03
92.25
109.41
130.22
155.55
186.54

22464

271.76
132035
. 403.67

456.01

613.16

762.89

NN,

0.53
0.55
0.57
0.59
0.61
0.63
0.65
0.68
0.70
0.72
0.75
077
0.80
0.82
0.35
0.88
0.91
094
097
101
-1.04
1.08
112
115
1.20

ta nd;

049
051
053
055
058
0.60
062
065
067
070
073
0.75
078
0.81
0.84
0.87
090
093
097

- 1.00

104
1.07
1
115
119

* After Vesic (1973)
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¥ FIGURE 3.8 Eccentrically loaded foundations

¥ FIGURE 3.10 Anaysis of foundation with two-way eccentricity
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FIGURE 3.12 Effective area for the case of ¢,/L < 05and 0 < e,/B < Y, (after Highter and
Anders, 1985)
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¥ FIGURE 3.13 Effective area for the case of e,/L < ¥ and 0 < e,/B < 05 (after Highter and
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FIGURE 3.14 Effective area for the case of ¢,/ < '/, and ¢,/B < Y, (after Highter and Anders,
1985)
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¥ FIGURE 12.7 Effect of the location of groundwater table on the bearing capacity of shallow
foundations: (a) case I; (b) case II; (¢} case III
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1.1 2uAAY ultimate bearing capacity 98431UsNWIUIA 1.51.5 m '1ug1.]11mﬁaﬁ'§u'uﬂqﬂmu§an
TR (D) UAT plot NeuamANNANRLSAINAT? Tudaaara@n 0 Ta 1.5 m duFuRusie
il

111 c=48kN/m’,p =0,y =15.7kN | m’

112 ¢ =0kN/m?,¢ =30",y =15.7kN /m®

1.2 ﬁﬁu%’uﬁuv’féﬂaa'nﬁﬂﬂ"mﬁumuﬂﬂqumm‘ummgﬂumngﬂﬁm?;ﬂmFﬁﬂﬂ"u ultimate bearing
capacity e B Tunndaus 0.5 m 4 3 m (s¥iu gmmnaqﬁﬁnﬁu)

13 ﬁw%’uﬁuvﬁ'mm-nﬁm'h’wﬁmﬂa B = 3 m AUAMNATBIANINETNIIFIUTINAL ultimate bearing

o 8 .. 5 |
capacity (8 @ Jrunsaud 2 m i 10 m (szAugiusnagifinfu)

2. FUIINIUNA 3°3 m AUMLIBds Q nesviddglasnuuatesunsaninssin ldraaun Q
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b J ’
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Shallow foundation-settlement

v sl y v, v e . voom . P v
sailsinamluudadnluniseanuuugiusinazaaaiuladn gusnasiiesiiatissnmsantsitRuassies
finengasnibivndull

atalafimugunnaiaianiaadeusioluuwaRadeaan mmaRresAu(shrinkage) Naavine
(erosion) MINgARITBLULUAL(subsidence) MsiananeadianaFuAu(collapse) Falanianisaidn

a 4 o R | o i -
’4:Lﬂﬂﬂ’1?Lﬂﬂﬂ1&ﬂ’3ﬂﬂ~l§’1uT’1ﬂ.lun?mﬂdﬂﬂﬁ’l‘ﬂul?’l’i:ﬂﬂﬂLﬂﬂéu'mﬂ’ﬂW‘?tﬂ?’]"}ﬂﬂuﬁu’imﬂqﬂﬂﬂﬂu

[
&l i

fin ﬁuﬁﬂmq:mmﬂaamﬁ‘mmmim'ﬂ‘aus‘t’a'[uuum’ﬁlwmg'\umnLﬁmmnm‘rﬁ‘umuﬂmn stress Mg
mejﬁmﬁ’n&u
Clay
pumm"ﬂ:é’muﬁumﬁm (clay) msfmsanludeulirenaiusnmsanaiildnantel luuniiud
atwlafimnamdanniuaziaaiinisAiuan setiement 18eg U NIHRRARLRH settlement 19
gunniudfsenliiel Faludounes settement saagmnAFeuAumsonmsaioazioty
LRl
1. immediate settlement, o,
2. consolidation settlement, o,
3. secondary settlement, O,
- Immediate settlement
Lﬂuﬂﬁﬁ‘ﬂi“ﬂﬁ’]‘llﬂx]j'm‘i"\D'?iﬁ:l"\!uuﬁumﬁﬁ’ﬁld’i:Lﬁﬂﬂ']?ﬂ'i.‘mﬁ’]’ﬂm g"lu?'mef_lu“jn’l’:‘tﬂgﬂullﬂm
1hunsresdumiie(Poisson's ratio: v = 0.5) MIngARILEIUTINAZAAIINNIN A8
wilen
General method
annfdgrumnildnwuzliag(flexiole) Sz Widnwoenimgasilane e duideinanagy

sndiagil {31 9.1 184 G. E. BRANES “Soil Mech.”} Azl

p; : immediate settlemant ‘Tﬁgu‘uﬂag’mﬂn

q mi’:mmm‘:@’mLu_luaﬂ'ﬁmuﬂ (uniform applied pressure)
B : anuniereagiunin

I :Influence factor {31 9.1 224 G. E. BRANES "Soil Mech."}

E, : Undrained modulus 1837y

]
-l

A1 p, Wustimmediate settlement wqu'nmgmﬂnLLuuiu'mgtJ(ﬂexible)gﬂhe%‘;m‘ﬂ"ﬂuﬁuﬁﬁqu
ﬂs‘juuﬁf;auﬁﬂﬁ’nwmnﬂu homogeneous WaX isotropic soil

Principle of superposition AuN13(2.1)1un13u" immediate settiement ﬁgummgmﬂnﬁwﬁmm?
w1 immediate settlement Viﬁm’a‘u'l.ﬁgmmnﬁmmsnmlﬂma'l.'ﬁ principle of superposition {31 9.2

294 G. E. BRANES "Soil Mech."}



Principle of layering ANn13(9. NTUNTIWN immediate settlement Tunsdifimudiu homogeneous
soil Wnsaifimuiufiudausiasduiiain modulus snafusanansaun settement Tunsaifauuiay
%’uﬂﬁfﬂﬂ'ﬁ principle of layering {3U 9.3 184 G. E. BRANES “Soil Mech."}

Rigidiity correction Tunsdin gsnidugrusinasg (rigid foundation) immediate settlement 161
Frinavitiunnaauarasiawiiy

pi(rigid) = Jurpi(max.ﬂexib!e)

MU, Fhé’uﬂs:ﬁw%‘rnﬂ?ws‘*@ﬁwmgmﬁﬂnﬂagﬂ(stiﬂness = o )AnsaR IFRINANTN(MITN 9.2
184 G. E. BRANES “Soil Mech.")

Depth correction A1 immediate setilement fiyn18egunNiasaIngusneieginnugn

peqanRaduatnsaun liainaunig

pf(atdepth) = JLtO pf(atsurface)

{7 9.4 189 G. E. BRANES "Soil Mech."} Uamasin 4, &WMFUAMNANTBIZILSIN
Average seltlement

Tuf) 1956 Janbu warAnlfiaueaumedmiumANaat1e immediate settlement 1833 msNTa

GRPORL gy
B
P = Mot ?E— (22)

i1

{31 9.4 183 G. E. BRANES “Soil Mech."} WARIAT 14, UAE 44 %aLﬂufactorﬂ’w%’ur-wmﬁnmmg']uﬂn
LAANMIN BT UAUANAN A

principle of layering mmmﬂmﬂ'ﬁmmlﬁmm immediate settlement 'liﬂqgﬁui"m'him@ﬂ'lu
nedifAuuRud susiazFuiian modulus safuly

Modulus increasing with depth ToeialuudaAuasiien modulus WxduaANALAN

ANNN92.1 ansAdnAuiiannizfiy homogeneous soil d9aziiAn modulus Wnfundana UL
10aRuTREn iR immediate settlement fiwaanasnng 2.1 fAnnnitfinasasiiiy

Wil 1974 Butler WéatiagNnsd MTLMAY immediate settlement i aagiusantunsdifiauinn
modulus RLAUNANL AN

_4B

" E,

u

Pi (2.3)

4 ) FY e
e | influence factor T9luy
1. qUieeeagusn(UB)

2. ATINWUNTBITUAU (H/B)

. - o o - ¥ P E _E B
3. AAuUs=Ans k TaRAWANL k = —"E—" =

0

-

) ia o, -
{51 9.5 784 G. E. BRANES "Soil Mech."} uaaan influence factor WnsiifiAuiial modulus WAnTu

ANANNAN



'
-

aun3(2.3)1u1 immediate settlement "r";:gu'um;j'mﬂn"tumn‘iﬁgmﬂmwﬁqﬂfﬁaoﬁu Tunsdin
puwnmmﬁm’mﬁnFiﬂqqmnaaﬁuhﬂ'i'ﬁ't 1y Beunadhu(zil 9.4 784 G. E. BRANES “Sol
Mech."}

principle of superposition @unsnvuN g iuaNN19(2.3) 19U immediate settlement v
%‘uq’nﬂqgmﬁn WAz principle of layering aunsnunun Mifuaunns(2.3)lun19w immediate

settlement lunsiindduAunataduls

Consolidation settlement

Compression index C_ method {31 9.9 184 G. E. BRANES “Soil Mech."}

Normally consolidated clay

AaduRihnintussszAniua (effective stress) AnavuluiaatiunnnimnausalszAning

(effective stress) Mnanaviuluaia

A

>

Bi=mS, \pj the

v

4 a8 o o a o qua = a A ' - M
LN’BNH’}HUHU?T!‘]ﬂﬂﬂ‘HULWN'ﬂu"I‘.:WT'EMHMNHu’JEJlLNlﬂN‘T.E‘LJ.L‘I]Hﬂuuﬂ:ﬁiﬂﬂ'.Li\ﬂ'l_h‘:a'flﬁuﬂmﬂau@ﬂ

o w tH e . 5 ' o
nasasAnein (consolidation) axfiAwvindu p, + Ao fug



Before loading

AV

i

0 w—hydrostati ¢

After loading (t=0)

g bl g

!
P ydrostatic A Do

After loading (t=cc)

AV

P #Fp +Ac

w—hydrostati ¢




uax void ratio nmeluAnaziAsumlasilwinfu
Ae = C,[log(p, + Ac)-log(p) )]

Ae = CC log M

’

p,
wazUFninmgasaviniy
Ae
l+e,

AH = H

desnmanszaisrsamhawalssdniua p' = pl+ Ao war p!, Sdnwnsilinedinaannty
#n saudansfian iy homogeneous soil A1 C, sasiufiazlinsiinaannrndnuashudonity
M ﬁqﬁutﬁﬂm'\m:mn'luma*ﬁwunmqu:ﬁﬁmﬁ‘uﬁq%uﬁuﬂﬂnLﬂu-ﬁ'mﬁnq‘immwiﬂ:%m:ﬁfh G
pefluasmistusalsydndua p’ = p! + Ao uaz pl fsnansfuiliiniudiadesammitous

v v
UreAnguaviadusgy

Layer Value at mid-point of each layer

o, Ao P Ae W, €,

i

p'=p,+Ac




Over consolidated soil

AaAUNHMINEUNUTEAVBHA (effective stress) InaviLlutlaqtiudaanimisausalsz@nsua

(effective stress) Maanmivulusie

A

>

’ 4

P, P. p, +Ac

o oay s B i e Y - N i P -~
dalvwinussynnaviuinauasi Wiauindosusainmuduituasmisusnlsz@ninafiedugn
NsAARIANEILN (consolidation) axlANTY p; + Ao

e
N 1
i p. + Ac > p.adld

! ] ! 4

Ae = C,[log(p.)—log(p, )]+ C.[log(p} +Ac)=log(p.)]

J T A
Ae =C,|log p—f) +C,| log g 2 \Vi

r
c _—

0

wazBRuNIIMIAR A
Ae
l+e,

A =

H
nsdine
th p. + Ao pl i
Ae = C,[log(p, + Aa)~log(p, )]
p,+Ac

P,
wazUTununmgARRwiNY

Ae
l+e,

Ae =C,| log

AH = H




m, method
m, = ﬁ’uﬂs:ﬁw‘émmmwuﬁwmﬁuﬁﬂumﬂuwnmﬁnﬁu%u (coefficient of volume
compressibility for each loading increment)
(Ae/l+e,)
Ao

Wi =

Skempton & Bjerrum method

nmmgamasRuiiasnnsdasmaiingdsinananiinugumainnmasaunisiafe

¥ . ) { A m — a o w ' a - X,
WY 1-Dimensional (1-D) FadaiumhaunAnavuuuALLE) iibousames luAussRNTuw

o

funnaamelufunazazyinfiumiausavinafiuuuiu HuAa excess pore water pressure TILiN

a

X v - . o g = Vo a v
ﬂuuﬂ@qqﬂﬂﬁ“u'lﬂLI.'Nﬂﬂﬂuqzuﬂ'}lnqnuy‘lﬂ']'ﬂﬂﬂ'iﬂluﬂulm:ﬁ'ﬂu’]ﬁL'l"l"ml.l?lu’]ﬂ‘ﬂﬂ\'l“u'JﬂLl?\lnm
Wy

Aty

AH = pne.d = jm\-Aa—le

-

LD

Doeg = MiNgARI185UIRE cedometer method
(AH/H,)

my = S—r—2

Ao,

. - - X - y - . -
Ao, =wmirsusalifinduluiu = whausainanuuuay
wilupamdlusseduiuiaminussnniununnssiannazini excess pore water pressure {
AmisandmdsausinanuwasdaAwiniu
Au = Ao, + (Ao, - Ad,y)
faiunsIaRatiaeInMaafiaalei (consolidation settlement) iy
p. = [mAudz
Pa= Im|- [Ao'3 +A(Ao, - AU3)}iZ

SMTdIuTEUIN consalidation settiement 1TU oedometer settlement (Settiement ratio) iy

2. J.ml,Audz
" Poea B J‘m‘,Acr,dz
JAdjdz
p=A+(1- A)W
u=A+a(l-A4)

u
JURBUNITATLITL consolidation seftlement

e 4 aX
1. W1 consolidation settlement TINWUFIUIINNTNARDY oedometer test : 0,4



2. W1 pore pressure parameter; A’

) mé’mﬁmmzwmFmunﬁﬁwﬂagqmﬁnﬁiamm?mﬂm%'uﬁumﬁm

4. €7uFA settlement ratio an3u (31/3.36 384 B.J. DAS “Prin. of Foundation Eng." Third Ed.}

5. Po= HPou

Tunsdifan pore pressure parameter: A §A1fasndn 1 (normally consolidated clay g@aulvn) uas
overconsolidated clay Lmuf‘l"wm) NFATUATU consalidation settlement ﬁﬁﬁuﬁmmnuﬂm?
nAREU oedometer test Az liAINMTMARY lWATY conservative FatiAazind i duazifes
WA AN consolidation settlement ARILINANNHANNINAREL cedometer test #IUNTTTAN pore
pressure parameter: A HAT8INNG1 1 (very sensitve soil) A1 consolidation settlement fifuan
PINUANIINAADL oedometer test Az A lus unconservative AadilugiaslFuus

Secondary compression

\iia excess pore water pressure ?:muaan‘luquuumuﬁaﬁ'}é‘fqﬂqﬁwnﬁnUTinnﬁnmﬁuﬁu'ﬁ’ﬁumq
sfinaiaaatinisan Bunasaellan Sansanatraaiuiniudanisdaianatn (consolidation) i
Funn secondary compression 132 drained creep

Secondary compression i a‘ﬁmmnm?f-'f@a."f'mimm"m'u'ae?m'lmiLﬁfamﬁ’mﬁnmmnﬁnmﬁuﬁu‘l’i
Tne/lu normally consolidated clay axfinsdndeatasiairsrad@ulimisnnninfiatuiy
overconsolidated clay FafhuualinisaaBumssasiuiiasain secondary compression finiy
normally consolidated clay aeilduanniniiifiafiu overconsolidated clay Aagl (31 9.16 189 G. E.
BRANES “Soil Mech."}

General method

INUANITNASARY oedometer AzwLdnduNIHANELTUTTEnINERTIduTeda (void ratio) U
log 28419@" (log time) Wta3 secondary compression aximTuAuiusITuE AT Tnafinnaiu
189N MAa coefficient of secondary compression: Ca

Tauii

Ae Ae

C, = 4
Alogt
logy,

b
1

mmmmmmqmﬁmﬁmmn secondary compression: 0,

Ae G
l4g,

I3
log,.| =
Zio 3

o 1

“mnanns Au = Ao, + A(Ac, — Aoy ) Azwudn shear stress dnasiaaudutinaiw Asuwladh

v
ar a0

5 o T - v e X o
FUAN pore pressure parameter: A uananaziunuasAlsznauwesiasaainvesdiuuddaauiy

AnnuzNs shear 18497 (stress path) e GafuN1sMNAN pore pressure parameter: A Fignaaddaii

1fun



1,1, = F9ATIREINMIIULFINNIINIAALITE4AIN secondary compression
e, = fnsdautasinning 4

a

H

ANUIN LB TUAWIINAT £,

Sand

vt i o -l . asl A -
15"4“']TLNU@QEIJ?‘JN'Tmﬂ"l?’ﬂ?ﬂFﬂ'Uﬂngu?ﬁﬂWQQQﬂﬂuuﬂuwﬁqﬂuﬂqﬂ'Jﬁ ‘ﬁxﬁquuwu‘g’lumnﬂl’mn’]?ﬁq

'
o md oo

L i o 3 ‘D as lﬂ‘ ' =3 V=l e lil
neANANWLETE U NNIMIARIIRATUAY parameter Anzan agalaimuliddglafianunso
Fmnanmgam iiadragnaaanin Aapssrssmindaadanismsas A nlmiuiuieainisdssann

ar

ﬂf_mﬂim']m'\ﬁ’u uﬂnmnﬁuﬁqwudﬁﬁﬁﬁunwm;mmﬁ'tﬁm%uﬁ’ugmﬂnLLW (raft foundation) AfiTun
annndilFnmsinun e tunssaiissnndufumiloofiedinasly uenanniinnsdu

iuARANAE0IENS N334 9(traffic load) mu‘ﬁﬂﬁmmﬁwﬁnmmnﬁﬁmﬂdﬁlaummmmnq
Wuwan silo wasnsTitasdsznauiitimsgus fidunandngBuvidingg Auwmilen saueglufunse
Ensinliamsmgasanniuld

Schmertman's method

Schmertman et al.(1978) #1aua strain influence factor diagram Lﬁﬂ'l'ﬂun’lm?:mmn’iﬁ‘w{ﬂGT'J‘imq
FurnuuAumTeaegy (5113.29 189 BJ. DAS “Prin. of Foundation Eng.” Third Ed }

o

. e A el al o « 1 ] -, -
Aausu j’%u?ﬁﬂQQﬁﬁNH?ﬂﬁLﬂﬂﬂNQE]Tﬁ(L/BZ']) AzHAN influence factor NATINANATITANY

=

z=0 L=04

=i

z=2,=058 I, =05

=1

z=z,=2B 1, =0

fuf unnAwdeniiudAfile=10 axlA influence factor fianuansnajat

2=0 1,=02
z=z,=B I, =05
?;2222:48 I.=0

wa B flupundevedgingn L iuaningnimedgiusn

%3 I’
p= C,CZApZE—Az
0 =y
e

(7
a < o o

AD: Effective stress MANTURTEAUIINTIN

a9

ES : Modulus of elasticity

r
G, : Affuuffifiasnaninanaasgiusn =1 —O,S% A G masiialiviesndn 0.5
P

- - ] &
C,: Anfuufifiesannnisiuresiu = 1+ O.Zlogm(a] \fia t Aavnan(l)

Az prunun It uAy



L,: Average influence factor 19aAuluusiadY

Allowable bearing capacity chart

msmgamrexlitesgusn dwfugusingasesmsinlUiraiunsei s 25 mm delils
Lﬁmn'w'm;mﬁqﬁumnviwﬁu(different settlement)mnLﬁum?{mmmi"u‘lﬁ ﬁqafu'l.unﬂ':ﬂﬂnuuug’lurmﬁq
faufuladinimeasizas gﬁm'zm:ﬁm‘lmﬁmmwqmﬁqtﬁundﬁmﬁaﬂu'lﬁ

T 1974 Peck, Hanson uax Thornburn 1sitaua chart dusu ﬁmﬁ'mﬁ’mﬁnu'ﬁnnﬁﬂuﬁquﬁqaﬁuﬁ'ﬁ
ﬂﬂu'iﬁﬁulﬁj'}umnmmms*uﬁu‘lﬁ (q,w,(a”)) Tmams‘m;ﬂﬁwmgwmnmnﬁqm‘lmﬁu 25 mm dwiu
gﬂuﬁn'nmmﬁnqqﬁﬁ’auu%uﬁuwswamwuﬁﬁ N suuudniag (7113.51 199 B.J. DAS “Prin. of
Foundation Eng.” Third Ed.} Tt N ﬁ'l‘ﬁtﬂwhmﬁammﬁulﬁjmsm'l.uﬁwﬂfnuﬁnm"ﬁu ATHNAN
UBIFIUIN

N orreas = NCyCyy

e

Cy HhAnliu uiiifaaann effective overburden pressure

C, = 0.77log,y 22
P

e p' il effective stress AiRMMNANTIian TnARBL SPT (ton/ft)

C,, DuAsulfifiasannszanility B
i v ¢ W
5 - N, AN SR,
C, =05+ D20y D, ,
D,+B l I
«— >
B

v
=

- : . b e
Tuil 1986 Skempton TauuztindndausuauaneuAtssA i Wi lifluadadin faiuasludndie

1 v 1 v 1]
siaalFuniAn N iflasanszautn limy aghelsinualfundidasainssaui liiduasinun 19 lunsdin

sy lWAuaIadinIsAauulaamaaainnisaisas
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For a flexible loaded area scttlements vary giving a dish-shaped :rofile ‘< g
il

1 i 2 <
AX | e Koo settlement at A = settlement at -«.-=r of area |
i + settlement at corner of area 2
4 3 ¢ settlement at corner of area 3
! ' + settlement at corner of area 4

“xamples
centre X b = 1
=4
+ i 2 =] 3
Figure 9.2 Principle of superposition
q

lL ] l JL modulus E

1 .
@ H, E, Settlement of foundation = p for layer A + p for layer B

l p for layer A = settlement with thickness A, and modulus E,
f3 E, p for layer B = settlement with thickness H, and modulus E,

- p for thickness H, and modulus £,

Figure 9.3 Principle of lavering
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A Be=C.P

Normally consolidated clnﬂ
Values = mid-point of each layer
Stress \:1:11[1;;1.11'5 ¥ P, | Ao P Ae Wy e A
@ | i e 2T i Lk ] ==
@ 2 s R P 2] i) e B >mm
@ 3 s N e ] f o o 2R 7_ bt
Depth @ 4 et etk wosesth e csriom wzsen o

consolidation settlement = 3w

Lightly overconsolidated clay

p,+A0> p;
Ae= Ae, + Ae,

P p, +Ac
Aii._f:.’.?:‘ifff.[?]fifff.‘.’.‘%’tfff.._"“...._ p’

p,+Ao<p!
Ae= Ae,
Ae=C, ]ng(&.‘_ﬁ_Ag]

0

AL

Figure 9.9 Compression index method




Stresses beneath {lexible rectangle

inlluence lactor /

Figure 5.7 Stresses beneath a flexible rectangle (From Giroud. 1971))

0 0.02 004 086 068 000 042 0L s 018 920 022 .23
0
L>B L
gl 3 o
| - 0.2
: | /
l !],(T. .= qd ] V/ 0.2
i i , : ’ 0.4
J : - ﬁ I /, 0.5
[ f : ! f_/;/ 0.6
G, = stress beneath corner I 1 t |
Infinie sonl thickness e /“/////vf’ s
: ‘ e (1.0
: L / | f 1
: ' l ~ | // i T i...
! 5 e BT ! 1
P e | AR T
l t e | | ! -
' [ uB=~ / . i ,l ’ 3
] P i : 3
/.l( e \J‘L/'/ I ! l \
[/ | A B Va %
/ 1 | 1 | 6
L A — 1,
WA 400 Y




overconsolidated —4— ncrmally consolidated

= 4
Excess N .m
pore waler N W-l.r
pressurc end of primary m m
consolidation e
0
— SE
Time e
Q)
w
‘ Consolidation stress
Void ratio consolidation
or settlement  goeondary Figure 9.16 Effect of preconsolidation pressure
scttlement ' compression
A
Time Ae
or
figure 9.15 Definition of secondary compression AH }
Ae or AH
Ae or AH
: \
-—1 log cvcle—
| | | .-
l 10 100

log time
Figure 9.17 Log time plot - secondary compression
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¥ TABLE 3%

dicdulus of
- élﬂSt‘lCitY,
E

£

&

@ (b)

Elastic settlert=~t caleulation by using strain influence factor

Elastic Parameters of Various Soils

Type of soil

Modulus of elasticity. F,

Poisson’s ratio, g,



&
o

Settlement ratio

04

.Ownoz_m_. |_
foundation

Continuous
——— foundation

‘s

<
s

0.2 Q.4 06

Pore water pressure parameter, A

0.8 1.0

¥V FIGURE 3.36 Settlement ratios for circular Qma.m and continuous (K,,,) foundations



Net allowable bearing capacily, ue iy (ton/ft?)

Net allowable bearing capacily, e (ton/ft?)
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FIGURE 3.51 Correlation of net allowable bearing capacity in sand with standard penetration
number for foundation settlements not exceeding 1 in. (254 mm) (after Peck et al,,

1974)
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{b) Settlement with tilt

¥ FIGURE 3.54 Parameters for definition of tolerable settlement {redrawn aft

¥ TABLE 3.13 Limiting Angular Distortion As
Recommended by Bjerrum®*

Category of potential damage

«n.&.ﬂqnuzﬂu Eat T ,\....I.. ..un_st e =
.Danger ta EunEuﬁ sensitive 8 wmﬁmnwbn
Uw_.ﬁﬂ..s frames with diagonals g2
Safe limit for no cracking of buildings®

“First H_&nam.cm panel walls . st
Difficulties with overhead cranes sy
q.;.n: .'& Ems rigid d:_._m__amm becomes visible’

: Considerable cracking of, panel and brick walls

Ve AT At AT -

, Danger of ; structural muam.mn to general buildings

~Safe limit for fexible. aunr walls, L{H > h.. o

»

o P

e b.nﬂ. ﬂm.__w Cwms &

er Wahls, 1981)

¥ TABLE 3.14 Allowable Settlemernt Criteria: 1955 U.S.

Code?

S.R. Building

“plastic’

hayd clay clay

nonuniform seftlement of fotndations

Tilt of maormﬂnrm. towers, m.?m. and so on
ﬁgmgw.m 1 n. I ; o

" Plain brick walls:
For multistory dwellings and civil buildings

atL/H <3 0.0003 0.0004
atLIH=% " D.0005 0.0007
For one-story mills N 0.0010 0.0010
~ 7
* After Wahls (1961) =
/././ |

¥ TABLE 3.15 Allowable Average Settlement for Different Building Types®

wEEEm with plain brick walls
LIH =25

LIH<15

Building with brick walls, reinforced with reinforced concrete or reinforced brick

Framed bulldimg

Solid :..E».onﬂa concrete Fcnamao:m om ﬂ:orﬂ_u&a. umop.wmnan.m.am:n soon

(100)
6
(150)
4
(100)
12
(300)
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For a flexible loaded area settlements vary giving a dish-shaped profile g
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Figure 9.2 Principle of superposition

q
_[l | l !1 modulus E
@ H, E Settlement of foundation = p for layer A + p for layer B
l p for layer A = settlement with thickness H, and modulus E,
Hy E, p for layer B = settlement with thickness A, and modulus E,
— p for thickness H, and modulus E,

Figure 9.3 Frinciple of lavering
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¥ TABLE 3.13 Limiting Angular Distortion As
Recommended by Bjerrum®

Catepory of potential damage

» Danger’to machinery. mawm.nﬁ to mm&mama.u : i ““_:qmo

.AUEEW.S w.m.hﬁm with diagonals TLE 1/600
Safe limit for no cracking of buildings® 17500
B mﬁm ﬁdnw_nm.o»ﬁga walls oo e 1 11/300
Diffi nc_:nm" .__..,__:9 oﬁm_._nmn_ ﬂﬂz&. 5 by 14300

1/250

.&ﬁwﬂ? TR

Z

¥ TABLE 3.14 Allowable Settlement Criteria: 1955 U.S.S.R. Building

Code*

Type of structure

e tﬁﬂ&ﬂmﬁ?

7 i G

For madng.nw Srﬁm mEnEq mqu does =oﬁ. arise m:u._w.m
:o:cb_honn.maﬁmama of mocbmmnosm :

For multistory aimzzﬁm and civil wEESw.m

2L 00008 < o 0,0004

Plastic

at LIH <'3 4 i Lrater A

at L/H>5 T S 00005 00007
For one-story mills hes, 0.0010 0.0010
* After Wahis (1981) =

Y TABLE 3.15 Allowable Average Settlement for Different Building Types®

Type of building

Allowable average
settlement,

in. (mm)
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T TABLE 3.14  Allowable Settlement Criteria: 1955 U.S.5. . Building

L L g Code®
>;T|.l‘..:._;i-. ?.ﬁ.ra B & e L
TR : Sidiid wnd
S L e el Hard elay”
» ~
ot ] ) Dol | _ A
z..,// . ko C, \\.ﬂh\mc:_ﬂ:qu_ Civil- and industrial-building column foundations: T e O
RN k \\\\\\ profile For steel and reinforced concrete structures 000z . . 0002
s e R e T ‘ For end rows of columns with brick cladding 0007 0.001
(a) Setthement without Ll . For struclures where auxiliary strain does not arise during |
nonuniform settlenient of foundations Y008 R ooos
I Tilt of smokestacks, towers, silos, and so on G 0.004
’ Craneways - N - A
bt ] i
A AR M.: Dﬁ. .J:
AL s
B e Plain brick walls:
Iﬂ! N \N:M}IEJ B e e s For multistory dwellings and civil buildings
5 /V// lflfllllflu\: at L =<3 0.0003 0.0004
? R . e aLL{I =5 0.0005 0.0007
. SO S M < Settlement For one story mills 00010 0.0010
N M profile ' Alftes Walils (1931) .

(h) Settlement with tilt

T FIGURE 354 Parameters for definition of tolerable seltiement (redrawn after Warlils, 1981)

T TABLE 315 Allowable Average Settlement for Different Building Types”

T TABLE 3.13 Limiting Angular Distortion As
Recommended by Bjerrum”

Building with plain brick walls

k . LIH>25 3
Danger to machinery sensitive to settlement 1/750 (30)
Danger (o frames with diagonals 1600 L <15 4
Safe limit for no eracking of buildings® 1/500 - (100)
First eracking of panel walls 1/300 Building with brick walls, reinforced with reinforced concrele or reinforced brick G
Difficulties with overhead cranes 1/3t0 (150)
Tilting of high rigid buildings becomes visible 17250 Framed building 4
Considerable eracking of panel and brick walls 1/150 ’ (100)
Danger of structwral dainage 1o general buildings 1/150 Solid reinforced conarete foundations of smokestacks, siles, towers, and so on 12
Safe limit for flexible brick walls, L/H = 4° 1/150 : 1R 2 (300)
* After Wahls (1981) ' * After Wahls (1981) : : :
® Safe limits include a factor of safety. ) W VRS
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Pile foundations

Introduction
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1=l e
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Fuduraslaseairedola nwnurentga lilunisdediauseainiassainasghunuaaiag

1. shear stress seuinETaNa N dINALANaLEY Gundd skin friction Tuns e uas
adhesion luAuimiien

2. bearing capacity 199Aufiduaeadndn (3anq1 end bearing

Type of pile
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Load capacity of single piles

=l o

v £
neUsmfiuidsiuiuinussneasandnainisousnasn sl 3 356l

1. static formula a1fadasyaarnnisdrmaduuarliudnnisqu]sesnamaniaulune
Uszifluirasiuunmingasandusstlianduniuminussnluuwafa(compressive

v
o ar O

load)azgniuing
o o d‘ =i Ac\ =3 5
nrdsiuaminillesannuaai@aaniunEa@ndu (shaft resistance)

- Ardsfurwinidanaiady (base resistance)

Qu = Qs * Qb
Qu(ne!) F Qs + Qb _W

Tne

0, Ultimate pile capacity
Qe Net ultimate pile capacity
0, Ultimate base resistance
0, Ultimate shaft resistance
W Weight of pile

2. dynamic formula Uszilluanwassuiiarestieneniddainuaniuasgiu

3. pile load testifiasanianduiivatoiia ‘f“:%ms‘ﬁmé’qLmﬁm:ﬁﬂﬁauqnmmu 1in
apamuduBniaseuiisiifuadednraznisrunausesdudaauiuiy dafiluntsinng
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static formula uazlunzaenaduasiinniufindayaainnisranandanitetirlu

dssfiufrdssuinninasaandu vde dusianisinuuanisugananiadinann dynamic
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fufunanisUsafiulananddausn aviusidumizasnimstssiiiulaeds static formula
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Load capacity by static formula

v 1
WIMNUITYNNAARLIB -
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o
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Donety = cN,
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Taeia lludqdduasiudufunatoduiiuAazduasiauauiRvafuuans1aiy

sfauanalugilil 5 shaft resistance AaaaAINEazlFAINNATINTIBIdI Ut AR ATy

Adhesion ¢, iQu
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Haaiuldlaald casing $9u1an1514 bentonite slurry Hlaaiunisananetadfusay)
pavguEnzEdIiINaEe dAwunisindnaulaauiunquianz enaldinatinnns
v v
ananAssiunguR zuazguin laauean(air lift) n1sguialaaueaninamse lunas
AAnAuTAAUALNGH $IUTINITAILANANININTEY bentonite slurry fiazidlunisdiuan
Punmulaaufunguiansle
Tuduraureinisganguiatzazin iusssus Ut (lateral earth pressure)luAuanas
2 e v a & . a o v o v 3 ' '
TaviliiAansuaNsa(swelling)rasAusauuguiane unalimn ldn ludesdn
srwdnuinauluAusauuauifuseutizemguIany
v = o P ol | o Se ww o w
dufFeuiisuandurenuasianduanzaianawiniy mdumizasdindaiuiami
ussnnAndy saiulunisdrsinuidsfuiimingeuanduaasesfuannsen shaft
v
resistance WAz base resistance a4 N1stsznanufidaiuiMinTesA TRz AL
L] o =
VRl R
- amiudunmalild @ Aldannnimaaaulunisyszunn shaft resistance WATAR

a9 3 89A7 LN sZNN0L base resistance
- AmiuRuwmiles

- base resistance: W IV, =9 wazl4A shear strength ffi'\qmmm?ﬂ?:mm
usadirunuiidaneand uazdnfinomudullifiaiinzneunneegiumqu
\w1g azdaaliuaniiddautialn

- shaft resistance: f,axilAMNUAY undrained shear strength AnuTuAY

adhesion factor: & 33 & azfipnfaanivavinfuviiaans T soft clay 14

& =1.0 uazlu stiff clay W4 & = 0.35-0.40 uax &C, dipalsitfiu 10
ton/m” wenanilinld bentonite siurry Tuszminanaianzugu Tomlinson(1987)

WutI1A1 adhesion AITAARIEN 20%LTasanliatunsaiiulaléqn bentonite

Ay & v
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U7 6 uansAINANTUSTENI9EMI9 undrained shear strength 11 adhesion factor

WasarnnisvnanduEng asiinan Waulateaduinidedutiwinanaiiias

AINNITRARIUVBINUILUTINAYIL (overburden pressure) HAraaaniluualiiia stress relief

suniFuutunguaizeiaiinznauanAney dawidingnaramnsoanadlsininmind

nsiIANATaIAfungNstAIdItn et lsinuwiasitnsRIzieAN

b7
slmerfanasduniisslainin WnsdfuRvuassbiamsoantiymasldianun

x =i i < vl ‘l: ) = 1 ° ot ar ’B’
wunreanuuuaduianzwuulan nlatmandundiasludunsawiuas AAINIANTUUN
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Allowable load capacity of pile
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v 1
vuinusimniaansanaenliianduiuls (allowable load capacity of pile): Q,
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j ot = al o 1 =2
Tnadruanfianinlaanse (factor of safety) UnmaziiAITENdNg 1.5 e 3.0

L7
ansunisld static formula Tun1rUs sl unAFUUINLNIBUAITN

ar 1 1 1 0 o o’ ot ‘; v - = a
Fanlanaralllumauduudasdiniasdutiminaaaandunaainassdiuaa

o o

N1agTu
’a’ o i =3 . @  ar as ’u’ as i = ﬂilﬁh
wmtinfidaeaea@iidu (base resistance) way Andasuriminiiesanusad@aaniungs

5 =1 ¥
gauadn (shaft resistance) wazdrRiarsannalnnsiusminusmnaeaaduazwud

L4 13 v i = ) : o
fdafuiminussyniagesdauilaziidngagaiissaznimmgasotesanduisiaiy

Working load
l Load on pile
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\
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Base Shaft  Total
Load Load Load

1 v
317 7 nalanisiutiudnas sy
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NALEITHARLZ

v § 1
Andayaniamaaeuianduwudinasiuiiviniiisminusidsaniui
Aﬁ. o =l o ' a <
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=

NANggn
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Load capacity by dynamic formula

1 dl aa| - o e ot ,DJ ot [=1 a; = dll = AE 1.
nauNagnILAsnIsUssluA AT MInIaua@ L INAT AL uDAT e N |1

Tunisman@duuazaareinisaandiduas i umudeaneu

n) Araaien Mlunisnanadn
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k9 =l

msmanainaslUwauingldgnsu(hammer) gniuuuLdrengasa drop

q
v v

] ] 3
hammer sauamalugi 8 Tagnsfutinwinasfivamingzndng 1 09 5 A gnaniu

TnanduudatdaslianuundassaunfessasanaAiniia

Hammer
cushion
Pile

cap

Pile
cushion

Pile

[ v
gﬂﬁ 38 LLNum‘wLLﬂmqnﬁl"umuummu drop hammer

o

ﬂ“nm’:u N UTAURN single-action air or steam hammer(gﬂ'ﬁ 9 a), double-action
and differential air or steam hammer(g'l_lﬁ 9 b), diesel hammer{gﬂﬁ 9c) uaz

vibratory hammer(31% 9 d) A&WFUMANN19984 single-action air or steam hammer

1

] v £
anfu(@aritimingzudng 2.5 §a 15 fuacgnunaulaganiuuresainimizela

U L]
b4 [

¥
wpugeiuazgniaes sk winaesgnenes 491 double-action and
v v v
differential air or steam hammer 2 N1AYTalBUIAIILALATNAGNNIMTINAY

&5 diesel hammer azUsenaumatianan(anvi block) TeUURMNTUTALNGY

o

55 2 o a v oy o o X a5
(fuel-injection system) fauanalugy 9 ¢ Fusuguimminazgnenauly sauzivingii
13 " i v v
damdsazgnasiiuazasslndiuiavan Weddeusnimings eaniauaziniu
Famdeazgnaminliiianisasadadu Tanaannnisanssdaasitbiiandugn

i T e o X o

suadlianeiisminminazgnaniy musfufuwmisaudviadunsawiudal
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ﬁnwm:nwm‘fﬁmﬁmﬁmv‘h'lﬁlﬁmmmnmﬂw’juﬁmﬁnLva::ﬂ?::LmnLmL'j'iummzﬁ’u
nmsmenaduludunmelaaduazanadlusaniicann faffeannisdu

- P v ys ey '
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Cylinder Crane
O
— Exhaust
Piston 4
s1 3 +—— Exhaust
+— Steam (or air) intake
Ram
Ram
Pile capblock =
Inlet = 23152
: g ;
M—pite cap And Capblock
. T Optional pile cushion [T 11 Pile cap
. Optional
it Pile 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 ram 1o fall.

(b) Double-acting hammer. Ram in down position tnps 52,
‘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 tnps S1,

which shuts inlet 8 and opens exhaust: valve A exhaust

1 closes; steam enters and accelerates

o ram downward,

8 =

=

2a [
B l
(=]
b

Crdne
Ram

Static wmghl and mmg
3 = Intake Spn

H
and exhaust Ecoenlnc
Fuel (—/.\wm ghts ¥
injection W Oscillator
Anwvil Capblock -

Cap
Pile

Optional pile cushion clamps

(d) Vibratory hammer. Exiemal power source (electric
motor or electne-dnven hydraulic pump) rotates
eccentric weights in refative directions shown.
Honzontal force components cancel—vertical force
components add.

(c) Diesel hammer, Crane initially lifts ram, Ramis
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.
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aanuasanatann Win1slsndiunnaeiuinuinasaandinlasld dynamic formula
1 U 14 E 4
azldArgendnfinasasiu adalsfinmnisiiniuessindsiuiminsesaninay

- - a 1 a u
leTULWUQ'ﬂQﬂTQ’JLﬂquulu’ﬂ\’qqﬂmuﬂ?qﬂuﬂqqu‘ﬂnu’]umﬂ@\l

AJ = :: o :‘l = =l
9-2) \WaRasa I lutuRwrtien
v y
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- X o « . v ¥
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- AwNEavguTaRadx

- AnuEavENIsIRusaLANTN

TunalfiRenfiasnmuduiaiaasandwuigaymely

4 4 sdeall
Toluanmauilafiasily

Wunsaniulaaia il lunistinl dssfiunidafutiminaesandn wazinmasldandnm

daurlaanfaga (F.S. = 3-6) wsRslidfislonilunisasaaaaunisaaniandngonluiy

nsArslaedian M9 3 Tasausanannistonldlunsaruiniasfuiaminges

@NINAINNITAANIATN

" v
AN91e 3 aunislunITAIIINNNA B UNIMINTa R dNaINNNsRANA TN

<
Togn3

auNIg NHEMB)
HILEY (1930) P, = e,E, T AT, | L e, lsrAnEnmuesgndiy
1 H:/r +W - !
F.S. =3 s+olk+k+ k) ’ 1iinA1a7 an11ed 4
- n:dusr@ngeeanisee
” So.F 2 . o
Modified ENR B, = 125y W N Fun1sman AR 5
s+e W, +W,
F.S.=6

GATES (1957)

P, =a(b - logs)ye,E,

-k : elastic compression

Pai@diNuae pile cap

F.S.=3 ARNTNT 6
Danish formula B, = &Ly
. s+
FS.=3M86
2 2 f, - o or  ar a’ - o
B, uswueastuau = nasduimingaaiandy
E, . swannilflunisaeniandu (§wiu drop hammer = W.H )
v
W,  umun1adgnnu
H :FeaTen
v v
w, :uwdnrauaduiui pile cap, driving shoe, capblock
v
5 TUZRNIRUANTINABNTIRANUAALATY
C  :ANATAIMIUBIRINATRUBRENAL = 0.1 T

¢, :+ e E,L/(24E)
S ANENTRAENTN

4‘“‘ n: 1 e =3
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k . 5 -3 PUL
2 . elastic compression 18UANWTN = IE—

k; . elastic compression 18471
o @ a (23 =i ' - = dl l
= 0.0 AmFuAundaiTauwiuniniduiiu nse wiensaauiueIN
v | '
= 0.1 1 0.2 W1 AwFuRutlszimaug ol
a,b : d&wu aunisras GATES HAwiniu 27 uaz 1 Wa Auady Tae

s dwhedu fia E, Swmdendh kips-it P, Svdaenilu kips

d' - ey 2 = '
A1319% 4 UstAnSnnaeagnsiuaingingg

R ATEVEREREY YseAnTnn (ep)
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

A1919% 5 dudssAndaeanissaaiunisaan

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 pil 0.50
Cast-iron hammer on concrete pile without cap 0.40




A131497 6 elastic compression T8I IANINUAZINNBUTBINUANTY

Driving stresses P/A on pile head or cap, MPa (ksi)

3.5(0.5) 7.0(1.0) 10.5(1.5) 14(2.0)

Pile material ky, mm (in)
Steel piling or pipe

Directly on head o 0 0 0 0

Directly on head of timber pile 1.0(0.05) 2.0(0.10) 3.0(0.15) 5.0(0.20)
Precast concrete pile with
75-100 mm 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).
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Load capacity by pile load test
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Any suitable anchorage system
f@@A_ ~fhdh

1
1
|
|
|
|
1

Two or more steel 1 or W shapes

Eo—————i ) i

R S e

Bearing pla[c—/ __—Hydraulic jack
' - Anchor plate
[ . Load plate | (D—Load dial : J/
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Compression of pile due to
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Settlement of pile groups
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Draw the active earth pressure using Rankine's theory for wall-soil system showing in the figure.

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

VYV Vyyyy UOEeeTE KN/m?

51.72 kN/m®

N\
¢'=0,¢'=30",y =18kN /m’ 3.0m
' 2 ] 3
c¢'=10kN/m*,¢' =25,y =21kN /m 5.0m
GWT
i 20m
Depth | Soil Ka Vertical eff. Stress ' | py
(m) (kN/m®) (kKN/m®)
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
. 822 KkN/m? : 17.98 kN/im’
LIS SoO=N'C
\ e 2
5m P =y
O =O=N
_Gwt
N .“\
2m = : \“
vl — , _
_/ : i asywim’ i 1952&».':.!.'
= 6% “
3207 kN/m® 12,74 kNim
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EARTH PRESSURE THEORY
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At-vest eante pressuve
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Rankine *s Eavtw Pressuve
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Dyaw active caxth pressore Q...nja,nav

CA.m.mog load §06 _nou\a.ﬂ.ﬂ

Soil 1
c'=0kN/m?,4' =38°,y =18kN / m®

‘B = 10kN /m? ' =28°,7 = 20kN / m’

6.0 m

Depth Soil Ka vertical eff. stress pa
(m) (kN/m2) (kN/m2)
0 1 0.238 50 : 0.238x50 = 11.90
6 1 0.238 50+(18x6) = 50+108: (50x0.238) + (108x0.238) = 11.90 + 25.70 = 37:60
6+ 2 0.361 50+108 (50%0.361) + (108%0.0.361) - 2x10%(0.361)"”
. =57.04 -12.02:
8 2 | 0.361 | 60¥108+](20-9:81)x2] =50 + 108+ 20.38 | {50%0.361) * (108x0.0.361)+ (20.38x0.361) -
2X10%(0.361)'% ='57.04 + 7.22' -12.02




Covlomb *s Eanth gressure
1 {riction wall
2  indination any e of back wall of ﬂ
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$ = ang\e of Lriction between soil omd wall

¢ = omgle of krictiow of soil
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V¥V TABLE 5.6

Backfill material

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

Range of o
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STRUT
s = n..w U 4 T = ncP. .nm - =
1. 32AUUB9 STRUT MuUgafIaadInauiiozyaauneszatiie19azina TENSION

CRACK
2. 1us91lgnse1ly CANTITIVER BEAM tag SIMPLE BEAM 1u33)

3. 1399U Tu STRUT Ay u331n3e10a59350 x 3202 luuu25 10521319 STRUT Ua

P,, Py, Pc, Py =loads to be taken by the individual struts a
levels A4, B, C, and D, respectively
A, By, B;, 0 1» C3, D = reactions calculated in Step 2 (note unit: force,

cmple unit length of the braced cut)
3 § = horizontal spacing of the struts (see plan in
mr.lpl,.. Figure a)
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SHEET PILE

1. ¥1 MAXIMUM BENDING MOMENT 1991 14 SHEET PILE

Maximum Bending Moment

) Required Section modulus =

Allowable Flexural Stress

3. 1@0NVYUIAVDI SHEET PILE 910611514



WALES

At level A,

At level B,

At level C,

At level D,
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Main and Secondary Members

Main Members

Secondary Members*

Kl/r not over 120 ki/r 121 to 200 1/r 121 to 200
Kl Fa Kl Fa Kl. Fa Kl Fa Kl Fa ! Fas L Fas
T kg/em? | 7 kg./cm? r kg./cm? r keg./cm? r  kg./cm? ¢ kg.cm? r keg./cm?
[ 1509.3 41 1338.2 8l 1068.6 24 7126 161 405.3 .| 121 7162 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 81 1052.8 123 692.4 |- 163 3954 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 13153 85 1036.9 [25 o 671.9 165 385.9 125  689.1 165  497.9
6 1494 .4 46  1309.4 386 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 4924
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 [29  661.0 169  487.2
10 1481.0 50 1285.3 90  996.1 130  621.6 170 363.5 130 634.3 170 484.0
11 1477.4 51 1279.1 91 987.8 Bl Bl2.] 171 359.2 131 647.8 170 482.2
12 1473.8 2 12729 92 979.4 [32. 602.9 i72 35544 132 641.4 172 479.8
13 1470.1 53 1266.6 93 971.0 133 5939 173 351.0 133 635.1 173 477.5
14 1466.3 54 1260.3 94 962.5 134 535.0 174  347.0 134 629.1 174 4753
15 1462.5 58 12539 95  954.0 138 576.4 175 343.0 135 623.1 175 473.1
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 6117 177 469.0
18  1450.5 58 1234.3 88  928.1 138 551.6 178  331.5 138 606.2 178  467.0
19 1446.4 59 1227.7 99 019.4 139 | 543.7 178y  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 1214.3 101 901.7 141 528.4 181 320.7 141 590.4 131 461.4
227 1433.5 62 1207.5 102 892.8 42 8210 132 qid i1 142 585.4 182 4596
23 1429.1 63 1200.7 « | 103 883.8 143 513.7 183 9,318.7 143 580.5 183 457.9
24 1424.6 64 1193.8 104  874.8 144 506.6 184  310.3 144 575.7 18¢  456.3
25  1420.1 65 1186.9 105  865.7 145  499.6 185  307.0 145 571.0 i85 4547
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 d451.7
28  1406.0 68 1165.7 108  B38.2 148  479.6 188 297.2 148  557.7 188  450.3
29  1401.2 69 1158.6 109  828.9 [49 473.2 | 189- 294.1 149 553.4 189  449.0
30 1396.3 70 1151.4 110 819.5 150 466.9 | 190 -29L.0 150 549.3 190 4477
31 1391.3 71 1144.1 L1 810.1 151. 460.7 191 288.0 151 545.2 151 446.4
32 1386.3 72 1136.8 112~ 800.6 152 454.7 192 .285.0 152 541.3 192 4453
33 1381.2 73 1129.4 113 791.1 153 448.7 193  282.0 153 537.4 193 4441
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 11145 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 17 7523 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 51%.5 198  439.3°
39 13493 79  1084.1 119 732.6 159 415.5 199 2653 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 taken as 1.0 for Secondary members.
Note : C, = 126.4.
LEE THAI MUI RO P 43



WIDE FLANGE SHAPES _

METRIC SERIES (CONTINUED)

. De;;th Flange Thickness Cormner - Moment of Radius of Modulus
Section Welght |g atlon Width | web | Flange | Radius Hectona Inettla Gyration Section
Index et Area -

1 (A) (3) (ty) {t5) (1 Jx Iy Iz iy Zx
mm kg/m mm mm mit i mm em? cm? cin? cth cm cm’ c
2000 | 406 | 403 16 24 22 | 25490 | 78000 | 26200 | tr50 | 1010 | 3.840 | 1.
1970 | 400 | 408 21 21 22 | 25070 | 70900 | 23.800 | 1680 | 975 | sS40 | i
kT 172.0 400 400 13 21 22 218.70 60.600 22.400 17.50 10.10 3.330 L
o 168.0 394 405 18 18 22 214.40 59.700 20,000 16.70 9.65 3.030 4
147.0 394 398 11 18 22 186.80 56,100 18,900 17.30 10.10 2,850 ¢
140.0 388 402 15 % 22 178.50 49.000 16,300 16.60 9.54 2.520 ¢
107.0 16 13600 8.700 210 § ¢
400%300 7 320 300 10 22 36 3 1.2} 16.90 7.28 1,980
04.3 386 299 9 14 22 120.10 33.700 6,240 16.70 7.21 1,740 ¢
A0 66.0 400 200 8 13 16 34,12 23.700 1.740 16.30 4.54 1.160 |
x .
56.6 396 . 199 7 11 146 72.16 20.000 [.450 16.70 4.43 1.010 |
1590 | 356 352 14 22 | 20 | 20200 | 47.600 | 16000 | 1530 | 390 | 2670 |
1560 | 350° | 357 19 19 20 | 19840 | 42.800 | 14400 | 1470 | 853 | 2450 | ¢
350350 137.0 350 350 12 19 2 173,20 40.300 13,600 15.20 8.84 2,300 7
x
131.0 344 354 16 16 20 186.60 35.300 11.8C0 14.60 2.4} 2,050 ¢
115.0 344 348 10 16 20 146.00 33.3G0 11.200 15.10 3.78 1.940 ¢
106.0 338 351 13 13 20 135.30 .28.200 9.380 -| 14.40 8.33 1.670 5
1505250 79.7 120 250 9 14 20 101.50 21.7C0 3.650 14.60 6.C0 1.280 2
x
69.2 336 249 8 12 20 38.15 18.500 3.000- | 14.50 5.92 1.100 2
350x175 49.6 350 175 7 11 14 63.14 13.600 034 14.70 3.95 775 1
* 41.4 346 174 6 9 14 §2.68 11,100 792 14.50 3.328 641
1060 | 304 | 301 1 17 18 | 13480 | 234007 730 | 1320 | 757 | 1540 | 5
106.0 300 305 15 15 13 134.80 21,500 7.100 12.60 7.26 1.440 4
300x300 94.0 300 300 10 15 13 119.80 20.400 6,750 13.10 751 1.360 4
87.0 298 299 9 14 13 110.80 18,800 6.240 13.00 5 1.270 4
4.5 294 302 12 12 18 107.70 16.900 5,520 12.5_0 7.16 1,150 &
65.4 298 2201 9 14 18 83.36 13,300 1,900 12.60 4.77 893
300200 $ s ?
56.8 294 200 8 12 18 72.38 11.300 1,600 12.50 4.71 771
300150 36.7 ’ 3C0 150 6.5 9 13 46.78 7.210 508 12.40 3.29 431
* 320 | 298 | 199 55 8 13 40.80 6320 442 | 1240 | 329 | 424
Con
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SHAPES

unit: mm

YSP U5 ESPIA

FSPIIA

- Kz 250 mm
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STEEL SHEET

Principal Uses:
Retaining of eart!, i underground burying work for water supply, sewerage, gas cupply, undergrour< passage,

(1)

(2)
(3)
(4)
(5)

utility tunnel, etc.

PiLE

Cofferdam for river embankment, bridge and dam.
Cofferdam for sea embankment, breakwater, lighthouse and ship mooring post.
Temporary cofferdam for agricultural waterway and industrial waterway.
Retaining of earth in earth excavation for general building construction.

FSP-SKSPU Type
Steel Sheet Pile

T

P S
YSP:U Type Steel
Steel Pile

YSP-Z Type Steel
Sheet Pile

FSP-Z Type Steel
Sheet Pile

YSP-874 Box

U Shaped Steel Sheet Pile:

Dimensions and Sectional Properties

z Dimansians Seciigiat Waight .'Tem::::mm Section Modulus
L e | R T b
{kg/m') lem*) (m*{m)
FSP.1A 400 850| 80 4521 355 es g 598 4,500 88.0 529
YSP- 400 750 | 80 45.46 365 912 429 3820 664 509
FSP.11 400 | 100.0 | 105 61.i8 48.0 1200 1240 8.740 1520 ars
FSP-{IA 400 | 1200 9.2 5501 432 108.0 1,460 | 10,600 160.0 Bag
EE YsPa 400 | 100.0 | 105 618 480 120.0 986 8.690 1210 BE
.‘g FSP-LI 400 | 1250 | 130 16.42 Q0 1500 2220 | 16800 [~2230 1,240
= é FSPLIIA 400 | 1500 | 130 7440 58.4 146.0 2,790 | 22800 2500 | 1520
g é Y8RP 400 | 1250 | 130 76.42 600 150.0 1920 } 16400 1960 1.310
g j FSPAV -(90 1700 | 155 i 96.99 761 1500 4570 | 23.600 B20| 2270
:E‘ FSPAOVA 400 | 1850 | 16,1 Qa1 740 185.0 5300 | 41.6C0 4000 2250 e
:g YSPAv 400 | 155.0 | 155 9699 76.1 190.0 J.650 | 31900 10| 2060 5:;3
FSV 500 | 2000 | 243 1338 1050 2100 7860 | 63000 5200 | 2150
¥YSP Za 400 | 2350 94 8.2 66.06 519 1200 6.480 | 16200 5520 1.380
n_; YSP Z2.25 400 | 3050 130| 96| 9432 740 1850 15300 | 38.300 | 10CC0 | 2510
g YSP Z2.32 400 [3440 (142|104 | 1077 84 5 2110 22.000 | Ss000 | 1 2800 3200
usr YSP Z-38 400 1 3640 | 12.2| 11 4| 1222 960 2400 27,700 | 63200 | 1.5200 1800
E‘ Y5P Z45 400 | 3600 | 215|125 1482 116 2900 32500 | 82200 | 18200 | 4550
FSP 245 400 | 3670 | 219|132 | 1482 116 290.0 | 33,400 | 83,500 | 18200 | 4550
EE i SKSP-2 400 | 1000 | 10S 61.18 480 1200 1240 8.740 1520 B74
gy 'gé skspa | 400 | 1250 130 7642 | €00 | 1500 | 2220 | 16800 | 2230 1320
Eé ;u!m SKSP4 400 | 1700 | 155 9699 76.1 1900 4,670 | 383.500 Jg20 | 2270
Box Type Steel Sheet Pile - YSPB-74 Manufactured by Nippon Steel Corparatian
Dimensions (ma) Sactional| Weight Dimensions (mn) | ssctionai} Weight
3 : By g = S
2 H B di hy L (8] cm kg/m -é d: | h; ty cm kg/m
486 | 420 | 400 | 410 10 | 13.5] 16.50 130 67 B4 14 | 22.99 18.0
Possible Driving Length of Steel Sheet Pile
o“ Value 10 20 30 10 50
Type D [ ' 2 | 2 1 2 | 2
. 12 10 7
Woze = | 16 | 23 | e | 2 | 2| s g | 14 o
z-25 22 25 20 25 i 22 15 20
. Z-38 5 i) 24 25 20 25 18 25 12 21
H. Z-45 * 25 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 m.
(2) Z type steel sheet piles are driven in two sheets as a rule,




STEEL SHEET PILING

ctional
Dimensions SEM:TI Weight Moment of Inertia Section Modulus
. . per wall per wall . per wall
Section w h t per pile per piie width per pile width per pile width
mm mm mm em? [ kgim kglm? em* emiim cm? cm’im
in in in in? Ibs/ft Ibsift2 Int infife in} inlIft
vse1 o ¢ 400 75 30 46.49 16.5 912 429 3.820 66.4 509
15.7 2.95 0.315 7.206 4.5 8.7 10,3 28.0 405 9.47
YSP U5 400 80 1.6 45.21 15.5 858 454 4.220 4.7 527
15.7 315 0.299 7.008 2)9 18.2 10.9 o9 395 9.50
FSP A 400 85 80 45.21 155 383 598 4,500 83.0 529
15.7 335 0.315 7.008 3.9 18.2 14.4 330 5.37 9.84
YSP I 400 100 10.5 6Lk 48.0 120 956 8.690 121 869
15.7 304 0,41} 9.433 323 24.6 2).7 63.6 138 16.2
* FSPII 400 100 10.5 61.18 43.0 120 1.240 8.740 152 874
i5.7 3.94 0413 2.43}) 323 246 29.8 64.0 2.28 16.3
. YSP U9 400 110 9.3 55.01 43.2 108 1.070 9.680 120 830
4 15.7 4.1] 0.366 8.527 29.0 22.1 25.7 70.9 7.32 16,4
FSP 1A 400 120 9.2 55.01 43.2 108 1.460 10.600 160 330
15.7 172 0.362 8.5271 29.0 22.1 35.1 771.6 9.76 16.4
YSP Ul 400 125 13.0 76.42 600 150 1.920 16.400 196 Lilo
15.7 4.92 0512 11.35 103 30.7 46.1 120 120 244
VESP LI - 400 125 15.0 76.42 60.0 150 2.220 16.800 2 1,340
15.7 4.92 0.512 11.85 40.) 30.7 53.3 12} 13.6 249
TSP U-15 400 150 12.2 74.40 584 146 2.760 22,300 233 1.520
15.7 591 0430 11.53 192 29.9 64.9 167 14.5 25.)
FSP LA 400 150 {1} B 74.49 55.4 146 2.750 12.300 250 1520
15.7 591 0518 1i.53 39.2 299 67.0 167 15.3 281
YSP IV 400 155 15.5 96,99 76.1 190 1.690 31.900 Il 2.060
_ 15.7 ,,. 6.10 0.610 15.0) oL 389 38.7 234 19.0 353
'/FSP w- 400 170 155 96,99 76.1 190 4.670 38.600 362 3,270
i 15.7 6.69 0.610 15.0} 511 389 112 28) 22.1 422
YSP U-23 400 175 14.7 94.21 74.0 185 4.80 39.400 30 2.250
15.7 6.39 0.579 14.60 49.7 37.9 10§ 239 20.1 1.9
FSPIV A 400 185 16.1 94.21 740 185 5.300 41.600 400 2.250
15.7 1.28 0.6)4 14.60 49.7 319 127 0§ 244 41.9
YSPV 420 175 220 134.0 105 250 5.950 55.200 433 3150
16.5 6.89 0.866 20.77 70.6 512 143 404 26.4 53.6
FSPVL 500 200 243 1338 105 210 7.960 63.000 520 y.150
19.7 1.87 0.957 20.74 70.6 43.0 191 461 iz 58.6
FSPVIL 500 225 7.6 1530 120 240 11,400 §6.000 630 3.820
19.2 8.86 1.09 2).12 80.6 49.2 274 630 41.5 711
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dislance hom axcavallon

- depths of maxImum depth of axcavallon
Solt lo ﬂﬂua_rﬂ_ ”u”mx axcavation i 0 0 20 3.0 40
@ Chlcago, lllinols 30--63 0 4o & .%Mo@ = _. o—wr—1—g !
0 Oslo, Marway {axchiding 20-3A8 n® ; al : e
Vatertand 1,2,3) 2 WA AO Q
¥ Oslo, Horway, 12-35 _,w \\\ v I

Vaterlard 1,2,3 0o O
A S clay and cobaslve sand  34-74

0 coheslordess sand ' aA9-47

(O]

sattemact
MREXNT2ITI CEQUl O axcavalon
@ 2

a-

Mza 8 Summary of settlements adjacent lo braced culs in various soils, as a function of
distance from the edge of the excavation (Peck, 1969). Zone I: Sand and soft to hard clay, average
workmanship. Zone I1; Very soft to soft clay, (i) limited depth of clay below boltom of excavatiop
(ii) significant depth of clay below bottom of excavation but Ny, <Ny
scltlements affected by construction difficultics. Zone [11: Very soft to soft clay lo a significant
depth below bottom of excavation and with N, > N,,. Note: All data shown are for excavations
using standard soldier piles or sheel piles braced with cross-bracing or tiebacks
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