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3.1 Khai niém

3.1.1 Cac nguyén nhan gay ra lun

DPat nén dwéi mong chiu tai trong tinh

Pat sét do ha mwc nwéc ngam

Pat hut nwéc

Pat rvi chiju tai trong rung déng

Pat co lai do kho di

Nén dat bi x6i mon

Do hé dao va sw dich chuyén cua twéng chan céng trinh 1an can
Do ttr bién

Do tan bang

Hoa léng do ddng dat
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Do ma sat am
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3.1.2 Thi nghiém xac dinh dé Iun

@ Ban nén hién trwéng

@ Thinghién nén co két mét chiéu
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@ McCarthy(2002)

Representative
Values of Dry Unit

Weight Values of C,
Relative
Condition Density, % pef kN/m* kips/ft® kN/m®
Loose <35 <90 <14 100 15 % 10°
Medium dense 35-65 90-110 14-17 150-300 (25-50) % 10°
Dense 6385 110-130 17-20) 350-550 (55-85) % 10°
Very dense =85 =130 =20 =600-700 (95-110) % 10

Day mong dat dwsi mue nwde ngam : 0.5 C,
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3.2 Cac loai doé lun

A
2 D6 lun clha dat
B Initial compression
Sll' — lql:- + -\.51_.; -r_ L?\,_.
S, = total settlement g
§. = primary consolidation settlement 2| Swge II: Primary
8, = secondary consolidation settlement 2 consolidation
S, = immediate settlement l
A
Y
Stage [11: Secondary consolidation
Time (log scale)
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3.3P6 IGn tlre thoi

U Moéng chir nhat cé déng cirng hiru han

1- v,

S =Ds’ B

I P | 1

S

1-v,

1 S=Ds’ B—Uj,

2410
A+ (L/B) +12 ol

“+Inc—
peB g (L/B) : B

|, (tam) = 21 /(goc)

|, (Trung bi*nh) = 0.848lI (tam)

¥y

U Moéng cirng chir nhat

| P (Cung) o 157 |1 Axial slrain, £,
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I
Flexible
Shape m, Center Corner Rigid
Circle — 1.00} (.64 (.79
Rectangle I 1.12 0.56 0,88
I.5 1.36 {1.68 1.07
2 .53 0.77 1.21
3 1.78 (89 1.42
3 2.10 1.05 1.7}
10 2.54 1.27 2.10
20 2.99 1.49 2.46
50 3.57 1.8 3.0
1) 4.01 2.0 3.43
_ E
Soil type kN /m*
Soft clay 1,806 - 3.500
Hard clay 6,000 —T4,0000
Loose sand 10000 =28 0000
Dense sand 35,000 -70,000
TS Nguyén Minh Tam ottt BM Pia Co’ Nén Mdng 10
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E = RS,
Values of B from various case studies of immediate settlement
Clay properties
Owver-
Flas- consoli-
Case ticity Sensi-  dation Enaa
study  Location of structure index tiviy  ratio ton/m* B Source of §F
! Oslo: Nine-story building 15 2 35 7.600 L2000 Clu
2 Asrum [: Circular load 16 100 2.5 990 100G Field vane
1.200 CIU
3 Asrum 1I; Circular load 14 100 1.7 R&0 1,000 Field vane
test LI Clu
4 Mastemyr: Circular load 14 - 1.5 I,.300 1200 Field vane
test 1,700 Bearing capacily
h Portsmouth: Highway 15 10 1.3 3000 2000  Field vane
embankment 1,700 Bearing capacily
[ Boston: Highway 24 5 1.5 10,000 1,600 Field vane
embankment 1,200 CKU
1.0 13,000 2500  Field vane
.50 CKU
7 Drammen: Circular load 28 10 1.4 3.200 1400 Field vane
lest 10  CKU
3 Kawasaki: Circular Joad I8 6r3 1.0 2,200 400 Field vane
test Ciu
9 Venezuela: Oil tanks k¥ g x2 1.0 500 a00 C1u
10 Maine: Rectangular load 32 4 1.5-45 100200 80-160 UU and
testy Bearing capacity
Afier [0, 1. I3 Appolonia et sl (19713,
TS Nguyen Minh Tam BM Dia Co Néen Mdong 11

\ /i ad 2 Anon
Vle'tﬁ'a ImMrari.OUIlTmI




Céng Ty Thiét Ké Xay Dwng Phuvong Nam

3 Néncwaekt 7

Type of soil Poisson'’s ratio, p,
Loose sand (1.2-0.4
Medium sand (.25-0.4
Dense sand 0.3-0.45
Silty sand (1L2-0.4

Soft clay 0.15-0.25
Medium clay 0.2-0.5

U Worth, lightly overconsolidated clays.

v = (.25 + 0.00225(PI)

U For granular soils, Trautmann and Kulhawy (1987)
drained Poisson’s ratio.

v =01 +n,3( —
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Thidu
Estimate the immediate settlement of a column footing 1.5 m in diameter that is

constructed on an unsaturated clay layer, given that the total load carried by the
column footing = 150 kN, E, = 7000 kN/m’, and p, = 0.25. Assume the footing

to be rigid.
Solution
5, = AoB’ ;’“ : I,
Ao = fm) = 84.9 kN/m?’
1—(1.5}3

for a circular rigid foundation, I, = (.79,

1 - 025 |
Se = (84.9)(15)| =525 [(0.79) = 0.0135 m = 13.5 mm

TS Nguyén Minh Tam BM Dia Cor Nén Méng
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Céng thirc stra déi (Mayne and Poulos, 1999)

DPuwa vao tinh tdéan

A

s
Ty
—

|.(_
-
e
—-—
=

@ Do clkng ciia mong

I

@ Tang module dan héi véi chiéu sau +

@ Do sau chdbn mong Cﬂmprﬂwhh soil layer Ei=Ey+ ke

@ Caclép dat cieng ¢ d su ‘x’f

#] ]
. iUB‘J{;!;'.rE 1 2] ) B
*Si- - E,; { Fes Rl""l’[l Lm.r
Y
Depih, -

I; = nfluence factor for the variation of E, with depth = f(E,, k. B,,and h)
Ir = foundation rigidity correction factor
I = foundation embedment correction factor 4RI

B. = \/ .
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. y

0.8 - ( i )( )

B 2 B,
Ey+ '2—-‘;
.75 = Flexibility fuctor i
0.7 ! [ A A B N B I | [ [N L
001 2 4 6 840.01 0.1 1.0 1.0 1000
K

TS Nguyén Minh Tam BM Dia Cor Nén Méng 16

\ /i ad 2 Anon
Vle'tﬁ'a ImMrari.OUIlTmI



Céng Ty Thiét Ké Xay Dwng Phuvong Nam

.I’j'_'zl" I_._____

B,
ISexp(1.22u, - {1.4](? + I.ﬁ)
f

[0}

.95 -
0.9 §
1=0.5
2 (LHS 1.4 -
0.3
0.2
0.8
0.1
075 F 0 i
0.7 L R ! |
0 5 10 5 20
0,
B
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Phuwong phap Schmertmann

Rigid footing vertical strain influence factor, |,
0o 01 02 03 04 05 06 S, =CC X(e, )Az,)

. \..||||
I -

- CI":E E{ﬁff'){‘r-.j&'_u}{ﬁ:u}

-
Bi2 ™. Calculate |, use
2 ,=05+01 /58
sl g AR
m
&
- I aAg=q- qlw
E 2B Square foundations o ' a |
2 LB=1 P 3
% { ! ~ - _f{______: e
2 LR SR LYY
S bl o
g R B/2 (square) i
< 3B . B (long)
g KN Y '
o Long foundations
," (LB>10) Depth to /,,,
48 ¥- g = foundation bearing pressure
9 o = Soil overburden pressure at foundation level
B = least width of foundation o'yp = S0Il overburden pressure
L = langth of foundation at depth for |, (B or B/2).
TS Nguyén Minh Tam . BM DPja Co Nén Méng 18
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@ Hé s6 anh hwédng dd sé chén mong

a
( =1- 0'5 {Umfl‘fl‘f} S = C,.C T[F‘ ]{:‘l'_ J
w2y ol Bt T U

'a..nl

~

@ Hé sb anh hwéng tir bién va nén 1au dai

-

= CICE E{EQJ{!KEJ{&;J}

G, =1+ 0.2 (log 10¢)
@ Modulus dan hoi E

Values of E, Related to Soil Type

Approximate Value for E, (kgffcm®, 0.1 MPa, ton/ft’)

Soil Type In terms of N In terms of g,
Sand-silt mixture 4N 1.5¢,
Fine-to-medium sands, TN-10N 2q.-3q,
fine-medium—coarse sands (relating to density and (relating to density and
compactness) compaciness)
Sand-gravel mixtures 12N 44,
TS Nguyén Minh Tam v o e BM Dia Co Nén Mdng 19
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Thi du
Using the Schmertmann method. calculate the settlement for a foundation being supported on a sand
stratum, given the following conditions:

Square foundation, 3 m by 3 m; foundation bearing pressure ¢ = 165 kPa; foundation
installation depth D, = 1.5 m; soil unit weight y = [7.5 kN/m*
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Solution

Net foundation pressure Ag:
Ag = 165kPa — (17.5kN/m" X 1.5m) = 13875 kPa

Vertical pressure at depth B/2 below foundation o, (prior to foundation construction)

=t

B 1
a, = (17.5 KN/m* % 1.5m) + (17,5 kN/m® x ?) = 525kN/m" = 52 kPa

Maximum strain influence factor 7,

I, =05+ 01V Aqg/o, =05+ 0.1\ 138.75/52.5 = 0.66

vy

I;}.L'-.l |?.-5 :': 1.-5
C,factor=1—-05| — =l—ﬂ,5(——'-'—)=ﬂ.9ﬂ5
y R (.&.q) 138.75
(5 factor = 1.0
TS Nguyén Minh Tam BM Dia Cor Nén Méng 21
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Higid footing vertical strain influence factor [
Solution L0 01020304050607
| f |
; -t ! - -
l ,=05+01 /=% 066
o B2 - v d Ell-';l:'
£
.4
§
Layer Layer Distance to
Identification Thickness Center of
and Soil Type Az (m) Laver (m) g, (or N)* E, (I, /E Az
ibelow fdtn level) {below fdtn level) {below fdin level) {kgﬁ’cmz} I,"’ (MPa) {m/MPa)
i1 f-c sand 1.0 0.5 (or 0178 30 = 3 MPa (125 Ef;q:— 1.5 0.033
(21 f-m sand 1.5 175 {or (.588) 25 =2.5MPa (.66 25¢q, = 6.25 {).158
{3) f-m sand 1.0 30(or 1B) 275 =275 MPa .45 2.5q, = 688 0.065
(4) t-c sand 1.5 425 (or 1.428) 35 = 3.5 MPa (.24 2.5g,. = B.75 0.041
{5) f-¢ sand 1.0 S50or 1830 A0 = 3.0 MPa (LOA 25g. =175 0.011
Y=031
Settlement, S, = (C,C,)Aq 2(1,/E,)Az
(0.905 X 1)(138.75 kPa)(0.31 m/MPa)
= 0.039m = 39 mm
TS Nguyén Minh Tam . BM Dia Cor Nén Méng 22
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3.4 P06 1Un co két
Valve

g closed
m%ﬁﬁmm?w f*—m

3.4.1 Nguyén Ly

‘,‘

mi@: Valve

¢y closed
‘ﬁc““ﬁ%n i Z“%?«a» J}ﬁﬁ

ﬂv
T,

A =10 P \
[in) A= A (b
Walve
—§ open
N, : Valve
oI _.._I (}I]UI]
Aui— = ) e
P N
A < - . Ap =10}
£ i) id)
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Pore water Eftective
Tostanl sbress percase eSS 1CTense SIrgss INCTense

e ————— - -

Lo
=
[
L=
q-\_
_|_
L
p———+

- A | Ag =10
At = My
AG ¥ y M= Ao \

l l l l l Depth Depth [epth
N, A e e e e 3 A e (kAT ime 1 =1

Sand Ground water table o Pore water Eifective
— Toval stress inerease eSS T iI'ILTL‘-:'IHL"' slress increase

- s
o

e T e e e e A A [

: LT S S H
SH S ey — ol
o R s ) '

Depth Crepth Depth
{CrALtime (b < 1<

Sand I
! Pore waler Etfective
Depth Ttal stress increase pressure increase slress Increase

-

| : - ,
L

A —] A =1
Y Y
Depth Depih Depth

{dy At time ==

—-———a|
¥ AT = AT
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3.4.2 Thi nghiém nén co két

Stage 11: Primary
consohidation

4—— Deformation

Stage 11 Secondary consolidation

Time (log scale)

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 25
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€ DPbudng cong e-s (p) A
T OEETEITULEEICI CNCCITIIIICICTICT ¥
Cesns e m e b o= H—
Initial e : Void - H
height of | 7" . Specimen- . :
specimen L 200 - area=AC o —
o S bl
1. Calculate the height of solids, H, 4, For the first incremental loading, o
. AH
ho W _om sy =
. "4 GRT e AGH‘:‘. i ¥
2. Calculate the initial height of voids as 5. Calculate the new void ratio after consolidation
¢ = ¢, — Ae
H,= H — H, ! () |
. o 1 ) For the next loading. e,
3. Calculate the initial void ratio, e, Al
v, H, A H, I
E’(} = - — —_ = - IL
V, H, A H,
TS Nguyén Minh Tam v o e BM Dia Co Nén Mdng 26
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A A
Op————— e
4]
€ e ] e ey b
5 J) N
i |
I 1
| |
I i
u | i R
= | I =1 -Ef
E ] 1 =
= | i i
E : : = e
- | | 5
1 | > .
| |
i |
. 4 f
i |
| I
[ I
| f
¥
T
| I
| i
1 I
7 T > : . "
o - Effective pressure, ¢' (log scale)
Effective pressure, o (log scale)
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Thi du

Following are the results of a laboratory consolidation test on a soil specimen
obtained from the field: Dry mass of specimen = 128 g, height of specimen at
the beginning of the test = 2.54 cm, G, = 2.75, and area of the specimen =

30.68 cm®.
Final height of
Effective specimen at the
pressure, o' end of consolidation
(ton /ft?) {em)
0 2.540
0.5 2488
| 2.465
2 2431
4 2.389
bt 2,324
16 2.225
32 2.115

Make necessary calculations and draw an e vs. log o curve.

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 28

\ /i ad 2 Anon
Vle'tﬁa ImMrari.OUIlTmI




Céng Ty Thiét Ké Xay Dwng Phuvong Nam

\ /i ad 2 Anon
Vle'tﬁ'a ImMrari.OUIlTmI

Solution
(0.4
. W, M, 128 ¢g L5 0.7
¢ n = ; = 5 - = 1.a4 CIn
" AGy.  AGy, (3068 cm?)(2.75)(1 glem’) "
0.6
Effective Height at the end -
pressure, o'  of consolidation, H H,=H-H, =
{ton fH?) {em) tem) e=H,/H, R
0 2.540 1.02 0.671 =
0.5 2.488 0.968 0.637 =
1 2.465 0.945 0.622 0.4
2 2431 0.911 0.599
4 2.389 0.869 0.572
8 2.324 0.804 0.529 (.3
16 2225 0.705 0.464
32 2.115 0.595 0.390
. :
(.| (.3 | 3 [0 30 100
Effective pressure, ' (ton/ft?}—log scale
TS Nguyén Minh Tam BM Pia Co’ Nén Mong 29
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Hé s qua cb két: OCR

a.
OCR = —

a

Sét co két thwong

OCR=1

Yoid ratio, ¢

Sét qua cd két

OCR>1

T

Pressure, o (log scale)
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Nguyén nhan gay ra hién twong co két trwéc

U Ap luc dat bén trén bi dvi di do bao mon hay do céng trinh ct
U Ap luc bing ha di mat di

U Do ap luc thuy dong

U Do lyc kién tao dia chat thi du mang dia chat troi giat

U Do dao dong muc nuéc ngam

01 Do dat tram tich theo thoi gian

U Do nudc trong dat bi boc hoi hay bi hit boi ré cay

TS Nguyén Minh Tam BM Dia Cor Nén Méng 31
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Zo
{ + WL.after deposition

lm‘f‘L Present W.L.

Pl

J: -j—'- Deepest past W.L. !
n p ¢ .
{
L]
| \'\ .
|3 i
| :
U‘l'lﬁ U\"m
(a) (b) g,

Overconsolidation caused by ground water movements (Parry, 1970).
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Apparent overconsolidation caused
by delayed consolidation (Bjerrum, 1967).
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Siress o C R
i 2 3
-~ —1’?— -
i{ -f’ “";-,._ Desiccotion
)
UVI'FN
5 Constant 1
= Tl with depth |
o
I
“'I"‘ = const.
vo
la) (b)
Delayed Consolidation
Stress OCR
2N 2 3
-~ Present-X- ’F_.-"'
{ Post X i
lowest
Decreases
T with depth
{c) (dl

Changes in G.W. L.

Vanations of ¢'ym and OCR with depth from delayed
consolidation and ground water movements.
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3.4.3 X4ac dinh d6 lun sau khi cé két hoan tdan

Cross-sectional area = A ¢ Volume Cross-sectional area = A i Volume
: coroilzlily] cav g N I _AV QL
Height A5 777777 ."_'- Ak Height /; T
_-‘ﬂ-*l\.‘ . m -'J L _u‘v -II * e lIIl r
P RN L /7 T
s e pst o Vo
S ERE e fo IV i
} R AR Cad I b veid i l
'_;'_. t -Soil - T ey X
A e
HH > . ,I H 'V.*.
L e AR Y ¥ Y
":, -'_l"- .= —"'—"—- =z ™, _ - —_—
St
S
o
LA A
AV =V, -V, =HA-(H - S)A=S.A AH
AV = S.A = AeV, = Ae
1+ [
AV =S A=V,—V, =AV,
AV, = AeV, | Ae
r S. = Hl—l——
(o
V-c = 1(;” e AH t’}
ol ten T Hey
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[
T
D>
()]
O ™
>
)]
oD
Q

a =a=- de _ De
ds' Ds'
De=- aDs’
e nd p
€ Hé so nén twong doi: m, : ,
P P
— — av — _De
=% 1+e Ds'(l+e)
€ Do lun

5=2"%y="°5 _mpsH
1+¢ Ds'1+eg
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Trong thi nghi@m nén ¢ két 1 chiéu

ex:ey:O;Sx:Sy
— exzé(sx-n(syhc,z)):o
—> X =K. = n

1 S n*?
e.=—(s -nls +s )]=22(-
VA E(Z (y X)) E( 1_n)
S Ds' 20 b
L—> e, =—=L= - + —>| S, ==Ds'H
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2
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3 Nemcoagk 7

Puwong cong e-log(p)

log(p, t/m*)

log(p, t/m*)
o b
Pitlog(p), e}
Pllog(p), e:}

Piilog(p), &)
Pi|log(pa), &}

de
b
Jﬂg( 2 ] _
¢ £

P,

. f s

!/ A Eagll J-'l’J ] B
v A J
(e) - log(p) (&) - log(p)
e = Lol 4 2)
C-:' T C:'! {1 =1 E”}
L il S
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5 [Gn cho dat sét cb két thuwong

i)
W,
@}

Ae = C [log(oy + Ao') — log oy,
C.H (.:r{;. + ﬁa")
S, = log

1+ eg T

Do lun cho dat sét qua cd két

forop, + A’ = o,

Ae = Cllog{o + Ac') — loge,)]

@ I@\* =
C. H-log (% :| ——I--lt-ll—{','(.' H-log (’ﬁ"Tdﬂ)

’ ' [ E : |
g — C,l.'H Iﬂg {If} + &g ‘ Po o —'lP' = Pe s Sr e C_q" H- Iﬂg (%) B Cp, H- [iﬂg ( j:l':l] ﬂﬂ ) |
T 1+e oh '

ey + Ac' = o,

C.H " CH '+ Ag”
S, = —" jog ZC 4 1 lﬂg(u-)
(&)
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Hé s6 C_ va C,

Skempton (1944)  for undisturbed clays:

C. = 0009(LL - 10)

Rendon-Herrero (1983)  natural clays,

1 +e

_ 1.2 "0
C. 0.141G_f( G

2.38
E})

3 Nemcoagk 7

Nagaraj and Murty { 1985)

C —02343[LL(%) G
o 00 |
C, = [}{M("[LL(%}-(‘
SRR BETI T

C,=!to,C,

Equation Reference Region of applicability

C.=0007(LL —T) Skempton (1944)  Remolded clays

C, = 0.0Hwy Chicago clays

C.= 1.15(e,, — 0.27) Nishida (1956) All clays

C. = 030{e,, — 0.27) Hough (1957) [norganic cohesive soil: silt, silty clay, clay
C, = 0.01 15w, Organic soils, peats, organic silt, and clay
C, = 0.00d6(LL —9) Brazihan clays

C. = 0.75(¢;, — .5) Soils with low plasticity

C. = 0.208¢, + 0.0083
C = 0.156¢,, + 0.0107

Chicago clays
All clays

Alter Rendon-Herrero (1980}
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Céng Ty Thiét Ké Xay Dwng Phuvong Nam
A soil profile is shown in Figure 10.19. If a uniformly distributed load, Aa, is ap-

Thidu

plied at the ground surface, what is the settlement of the clay layer caused by pn-

mary consolidation if
a. The clay is normally consolidated
b. The preconsolidation pressure (/) = 190 kN/m

¢. o, =170 kN/m’

Use C, =1 C..
Ao = 100 kKN/m?

GIE L ﬁ',-'“_:'-_:"-.'-s-a-:w.;

t@*f"‘*{ﬂ g l FHEERTRETS * TS l g
Zm Sand Yary = 14 kN!m-‘J
o M Gfﬂ““ﬂ Wﬂtﬂ,f._.!ﬂmﬂ e
R I R RPN
T Sand
4lm Veur = 18 kN/m3
R e AP C]uv LA eIl
'T ‘ | Tﬂtn 19 kN.I"I’[l"' f U
- 4"' "u’mdrallu 1-{13
i '- CLL=40. ol
" [_,,.,L. el N2 - x - Ll ‘-"5.'-:: e , b . ',-,',,-I.,_
Sand

Figure 10.19
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Céng Ty Thiét Ké Xay Dwng Phuvong Nam

Solution a. The average effective stress at the middle of the clay layer is
E’r::.' = szr}r T 4[Thal[w:md] - T-a-.:l] T %[Tﬂ[[ﬂla}-} - '}""_::I
oo = (2)(14) + 4(18 — 9.81} + 2(19 — 9.81) = 79.14 kN/m?
. C.H oo+ Ac’
S = log| ———
I+ ey To
Ce = 0.009(LL — 10} = 0.009(40 — 10) = 0.27
~(0.27)(4) (?9,14 + H}D) |
c T Txog o8 2914 = 0213 m = 213 mm
b. of + Ag’ = 79.14 + 100 = 179.14 kN/m?
ol = 190 kN/m®
Because oy + Ao’ = al,
C.H oy + Ac’
5. = lﬂg( 2 : i )
1+ ey o
C. 027
C = o IS ee—— = .
s =g 6 0.045
_ (0.045)(4) (?9 14 + 100
‘"1 o08 B\ 7914 ) U036 o = 36 mim
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3 Néncwaekt 7

C. oo = 19.14 kN/m?
oh + Aa' = 179.14 kN/m?
ol = 170 kN/m’
Because o < ol < gy + Ag’, use Eq. (10.27),
g C.H | o, N C.H l (::r}_; + .-'_‘..fr')
, = - — og| ——
T 1t e, P, 1te, B\ o
(0.045)(4) ( 170 ) (0.27)(4) (1?9.14) .
= — —— )+ logl T ) = 0.0468
18 o8\ 7914 18 OB 170 .
= 46.8 mm
TS Nguyén Minh Tam BM Dia Cor Nén Méng 43

\ /i ad 2 Anon
Vle'tﬁ'a ImMrari.OUIlTmI




Céng Ty Thiét Ké Xay Dwng Phuvong Nam

3 Nencpagk 7

Thi du

The laboratory consolidation data for an undisturbed clay specimen are as follows:
ey = 1.1 o’ = 95 kN/m’

e, =09 b =475 kN/m?
What will be the void ratio for a pressure of 600 kN/m*? (Note: o] < 95 kN/m*.)
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Solution

I | S ——
'

Yoid ratio, ¢

(117 R S

1"_1_ _____________

Céng Ty Thiét Ké Xay Dwng Phuvong Nam

== =

——

L |

475 6N

Pressure, o (log scale) (kKN/m?)

C — EI — EE s QP
“ logoy —logo  logd75 — log 95
e; — e; = C(log 600 — log 95)
600
e; = e — (. log o5

3 nencwaak

— 0.5
1.1 — 0.9 = 0.286

600

= 1.1~ 0.286 log - = 0.87

TS Nguyén Minh Tam
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3 Nencwagkt 7

3.4.4 X4ac dinh d6 lun co6 két cha nen nhiéu l1é&p
S = 5 H;
1+g,
n n _
S :észéeﬂ eZi H.
’ 1=1 1=1 1+ eli |
H. =0.4b- 0.6b
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3 Néncwaekt 7

@ Thidy
Lép dat s6'1 Lép dat s6°2
! Dung trong 4m g,j 17.4 Dung trong 4m g,j 19.2
7 ) l\‘:ﬁ] Ti trong G, = 2.65 Ti trong G, = 2.72
T : do Am w% = 20 do Am w% = 40
1.6m i 14,93N/cm? o . o .
’ i Hé s6 rong ban dau e, = 0.828 Heé s6 rong ban dau e,= 0.983
{171 Jr: 1711 Chiéu cao m4u ban diu hy= 20 Chiéu cao m4u ban diu hy= 20
4,0m :
: Luc nén Sé doc Hé s6 réng Luc nén Sé doc Hé s6 réng
: 1,6m
Lép 1 : P (Kg/cm?® | Dh (mm) e P (Kg/cm?®) | Dh (mm) e
M : 16m 0.000 0.000 0.828 0.000 0.000 0.983
[ 1.00 0.740 0.760 1.00 0.739 0.910
[
Lép 2 2.00 1.287 0.710 2.00 1.345 0.850
3.00 1.506 0.690 3.00 1.546 0.830
4.00 1.615 0.680 4.00 1.647 0.820
TS Nguyén Minh Tam o BM Dia Cor Nén Méng 47
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Solution T
aep luc gay lom: :
= -oD., = 149,3_1714116 .
Py = Po-9D; ' | 14,93N/cm?
= 121,46 KN/m? :
|
¥l T21.46
100.07

48
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3 Néncwaekt 7

[<P]
© 0850 2 100
= ©
5 0.825 A L\
= © 097
§ 0.800 \ o \
= 0.775 =094

0.750 \\ 091
0.725 \\ 0.88
0.700

0.675 \ 0.85

0.650 0.82

0 1 2 3 4 0 1 2 3 4
ap Iuc nén P kg/em’ ap lvc nén P kg/cm2
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3

ip lyc ddy méngp= 1493 (KN/m)
dpluc gay linp = 12146  (KN/m?)
Chiéu sau chon méng Dy= 1.6 (m) DOLUNS= 6.10972 (cm)
chiéurong méngb= 1.6 (m)
chiéu daiméngl= 1.6 (m)
L& hiéu da S S S i i
Lép ! p |z g , chiéu day bt |k K, z , ztb2 P1i , P2i , e e S; (cm)
phan t& (KN/m”) | h (m) (KN/m®) (KN/m?) | (KN/m®) | (KN/m?) | (KN/m?)
0 174 27.84 1 0.25 | 121.46
1 1 0.6 110.7665| 33.06 143.826 | 0.805 | 0.738 2.232
0.6 174 38.28 10.82410.206 | 100.07
0.6 174 38.28 10.82410.206 | 100.07
1 2 0.6 79.43982 43.5 12294 | 0.798 | 0.749 1.657
1.2 174 4872 10.484 | 0.121 | 58.81
1.2 17.4 48.72 10.484]0.121 | 58.81
1 3 0.6 46.60839( 53.94 | 100.548 | 0.791 | 0.760 1.052
1.8 17.4 59.16 10.283(0.071| 34.41
1.8 17.4 59.16 10.283(0.071| 34.41
1 4 0.6 28.07191| 64.38 | 92.4519| 0.784 | 0.765 0.638
2.4 17.4 69.6 0.179] 0.045 | 21.73
2.4 19.2 69.6 0.179] 0.045 | 21.73
2 5 0.8 17.43074 | 77.28 | 94.7107 | 0.927 | 0914 0.531
3.2 19.2 8496 |[0.108]0.027( 13.13
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+—— Deformation

Céng Ty Thiét Ké Xay Dwng Phuvong Nam

3.5 P06 lUn tir bién

kT
Initial compression I=1
L TTE L NS T E
=
S
Stage 1I: Primary I i
consolidation : :
Y .
! 2
Time, r (log scale)
Y
_ Ae Ae
¥ o logn —logt  log(t/t)
Stage 11 Secondary consolidation
S, = C'H log( =
Time (log scale) § 7 e OE t
*  Overconsolidated clays C,, = 0.001 or less C
' r oo fi
e Normally consolidated clays  Ci = 0.005 to (.03 Co= 1+e
Iy

* Organic soil C, = 0.04 or more

TS Nguyén Minh Tam
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Céng Ty Thiét Ké Xay Dwng Phuvong Nam

Secondary
C, compressibility
<0.002 very low
0.002-0.004 low
00.004-0.008 medium
0.008-0.016 high
0.016-0.032 very high

100 T T =TT TTT I

TTTTTnmd

I I

T

I
.

[~ ra -1 LECGEND

- - |2 ._,-' | —Whangamarino clay

2o Mexico City clay

3 Calcareous nrganic silt

o 4—Leda clay
S—Morweglan plastic clay
fi— Amorphous and fibrous peat
T —Canadian maskeg
R —Organic marine deposils
4 Boston blue clay

10— Chicago biue clay

- Ul —Drganic silty elay

# = Ubrganic sili, el

C, (%)

’

i}_]c"j_ L l_I._l._I_LLlJ SR I N lLJII |
10 100 1000 3000
Matural water content (%)

Coefficient of secondary consolidation for namiral soil deposits (after Mesri, 19731
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3 Néncwaekt 7

Thi du

For a normally consolidated clay layer in the field, the following values are given:

thickness of clay layer = 8.5 ft

Void ratio (ey) = 0.8

Compression index (C,) = 0.28

Average effective pressure on the clay layer (op,) = 2650 Ib/ft
A’ = 970 Ib/ft*

Secondary compression index (C,) = 0.02

What is the total consolidation settlement of the clay layer five years after the
completion of primary consolidation settlement? (Nofe: Time for completion of

primary settlement = 1.5 years.)

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 53
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3 Néncwaekt 7

Solution

C

X

C =
“ 1+e,

g

&, 3 gy A iy

. o+ Adg’ 5
Ae = C. mg(”"—,-i) = 0.8 ing(ZG g 6;09?”)

o

= (.038

: 0.038)(8.5 X 12
Primary consolidation, S, = laj}j = ( l)i 03 ) =
0 :

€n = 0.8,
—» ¢, =08 — 0038 = 0.762

2.15 in,

, 002
Co =55 = 0011

t 5
S, = C.H log( f) = (0.011)(8.5 % 12) log( 1‘—5) = (.59 in.

total consolidation settlement = 2.15 + (.59 = 2,74 in.
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3.6 Toéc do lin cha dat theo th&i gian

Ao

Sand

- ..'.- 5 o
- H
k|
r
Depth

= Ao’ + Au

Tortanl stress moerease

Pore water
[J‘I'l.:h?il.lfﬂ NCTease

f—— T —+f

A— AT =]
'1!
Depth

Lo

| S—
An = A
Depth

(b AT e 5 =1()

Pore wiiler

A ] : Toal stress inereuse NrCsSsTe i”'-'r'*""“'f'“;,.
Ground water table o '[ T
: . . |
—_ |
. H Auha)
- L [
S i s b |
3 ," .' __' «.-_ . l - I
. : . . . ] e AT |

. : .- Y ¥
Depth Depth

AR Tustal stress inerease

Sand H

— AT ——]
Y
Depth

{ey AL time < < ==

Powe waler
pressure increase

A= 1)
¥
Depth

(dy At time | = ==

Effective
SI0SRA TNCTEasE

.-'\.G' =1l

Effective
SIFESS INCTEHsE

—-—
¥ AT = Ao
Depth
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3

3.6.1 Tham cua dat

(
'

Water infiltration
or parcalation
(becomes part
of subsurface

groundwater supply)

}
T

Céng Ty Thiét Ké Xay Dwng Phuvong Nam

B Pracipitation (rain, snow)
' |

Transpiration (water
convarted or evaporated
i by plant life)
I+'E'.ra|:n::|r.=1!i|:|n
1

!I f Evaporation
.! Craek, surface waler
[

i lant roof
. by p 5 / \ | of water)
I Waste waler / \ i
returnecd Infiliration LV
Subsurface 4 ground LS ER e i
flow : ) Well water

supply
. . Infiltration

Evaporation

taken for low volume  Rivers, streams (natural
supply collectors of water and
subsequent routes Reservoirs,
Groundwater i T of flow) -~ oceans, lakes
oundwal Well | (large, collectors

and holders

TS Nguyén Minh Tam
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Céng Ty Thiét Ké Xay Dwng Phuvong Nam

@ Cong thwc Bernoulli Ground
— T, surface
™
e — e e —
Direction e T
"1-“_\_
o flow TV Matgy T hehy
— TTeel _'I? _.F'hma;,-c Surfg
- el Ca
S Bea HZO particle, —==3 --']‘x amem e N
@ Subject to o
E lotal energy __Flow I
g head, h, R 9 é“w- H;0 particle,
; Energy head .L_E t{:si:?fr?;:;}r
o due to z o
E 1 E haad, h2
£ | Energy head
= due to z,
T
T T i 7 i
i “|l Flow : ! = ‘ T Yie E'H
. 4 ; i . .
! A ; f_: Pressure  Velocity  Elevation
| head head head
5 P - l |
ftq SR R
. : _,rj _._f'g-"————“i—f'— hy
~ { - | "
2 Lh“’“"-x-‘lﬂ h=— -+ z
: B T“ Y
|
l ¥ Datum + T
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Dinh Luat Darcy

Ch _
0 k__{jﬁhj{ﬂj IZT Hydraulic gradient

t I
k: hé sé tham

)
%:c;.r:km

Typical Ranges of Permeability (Hydraulic Conductivity): Water and Different Soil Types

k, CoefTicient of

> A Relative Degree Permeability or Drainage
@ Ch 0 ‘BK C h ay tan g Soil Type of Permeability Hydraulic Conductivity (mm/sec) Properties
Clean gravel High 10 1o 100 Good
— Clean sand, sand Medium 0w 10 7 Good
q —_— AV and gravel mixtures
Fine sands, silts Low 10 w10 ? Fair-poor
Sand-silt—clay mixtures, Very low 10 ol " Poor-practically
glacial tills impervious
Homogeneous clays Very low— <10°" Practically
practically impervious

impermeable
":> v = ki
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3 Néncwaekt 7

Thi nghiém xéac dinh hé so tham, k

@ constant head

v

Porous stone §

Soil specimen £ : ’% F.a Q A k—
: 7 |
T 3 1

Powrodis shome —_ 3%

s — _oL
o  Aht

I]|q

s

P

g i -
A R S AT
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3 Néncwaekt 7

@ Falling head

s — — — — —

Stad pape ——

Porous &
e g s e s
stone ~_ S aeiiine g
e

Suil _ o g '
specimen §. - R, l

{ al. |
— — } s
Ak OB

P4

i1

- ] ——

il

al. ( rﬂl)
df = | —
h Ak h

h

I
h’-'r

Fs

oy T o T P R T D
A - e s : .

&

e -

el - -
'1:"\. .

Porous i ’
. e ".-.'.':'-’:.:'\1:\-"'? h l\_-j::_!:-:.'
stone g T af. h

k = 2303 — log,, —
Ar CBW hy

A e MR R e T T e e

AR SR

S
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T
Kype = (‘ """ '“')r‘»rr
. LEIR
Variation of 5 /1y
Temperature, T Temperature, T
(*C) el Mzoec [°C) Nred Maoc
15 1135 23 0.931
16 1. 106 24 0.910
i7 1077 25 ().8ED
I 14051 26 (1.56Y9
149 1025 27 (.850
20) 100K 28 (1.832
21 0.976 29 0.514
22 0953 kil 0.797
TS Nguyén Minh Tam BM Dia Cor Nén Méng 61
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i
—
=X

du

Find the flow rate in m*/sec/m length (at right angles to the cross section shown)
through the permeable soil layer shown in Figure 6.7 given H = 8m, H, = 3m, h =
4m, L = 50m, o = 8, and k& = ).08 cm/sec.

.
Y i
- _
— e
1
I
o X :—+—
R T —
Rl A T =
U R e PANLA e,
o e e T Sl R 2 1
..":.'i '_-'.-..‘:""-:1 :':" b :‘;1 f:.- 1-1:' e |
i Iy e RS B S T S A T O
A | RO .y 5 F L, L .-3.- 1 -
& N, I | < ] ! % [ - " -
:::-FI .-.*..'.;"::..-i :.. At .-lr T ...' LL-I":.:T' B _".i':'__"
e o R L i - F'- e b e |
R bty =..1Implmfmus ]nyﬂr: AR e
Tl g .i;_:l-.‘,_,i L: __.r'.-. ‘,,.i.i e ""'-..-"'! :""'_'_.I-_,n._l:r':.:..r
) L i - LN Pt L PR
: i B ".""ir'-‘.- g PR Lyt T
L bl B, o A e R e A
I P o o R T e
Directi il P IR -t T A
irection e py e eR g Tieb o o 0 TR R e
N - - S - B e o Ll
r L - . . '} . - .
of flow i es i .. : : AR gl ]
om e 5 s o - - . - . _t
o A Ed et R e, B -
A R S s SRR = TR :
F ':1‘:, ""'r-__i'-l BN Y A e T e "__‘ Yk "
E r - B Syl 5 -
vy =Y Impervious layer ‘)r ERitin . o
rr s g - F H % g1k r
bl SR gl s iR i
[y e B L R
| e ey T ‘-':_F'-. L4 . 1Al
SEEF --.';; t_":,“\.‘-.-ll"'!'i l."ﬂ:-"-_._'
| Rl el L e
i L Ty ]
| .

Figure 6.7 Flow-through permeable layer
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Solution

- .
= 'y - , oW h
! Hydraulic gradient (i) = I
M1 "
L T v ;_+_ COS
e S =
il-l_,l" _'\'.'1:"'-'.-‘\..;"_.: ?‘i ljr|: T T .
LA et et e T T T T
i 7 2 8 TR B b i T R bt T S T .
'-'.'.i,; e I;—:.._.i g oy \.'.:."":_'~ -.,_..';,'_-?_’. ." L.!'.'*..J..' S . H cos o o
it eeioid Bl Impervious layerss Lol qg=kiA =kl —— |(Hcosa X 1)
s oo ek I e B A el L.
N R oy e D B A
R [ ORISR ol R e ; 4 cos 8°
Direction ¥ : = (0,08 x 107 *m/sec) | ——— ](3cos 8° x 1)
of flow ; S0

= 0.19 x 107" m'/sec/m
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3 Néncwaekt 7

For a variable-head permeability test, the following are given: length of speci-

men = 15 in., area of specimen = 3 in.%, and k = 0.0688 in./min. What should be
the area of the standpipe for the head m drop from 25 to 12 in. in 8 min.?

i
—
=,
o
c

Solution —ﬁ—.— ________ - |
al. h - R = it '
k = 2.3{]3‘ — 1{}g|“ -_.I_ Stand pipe —— ]
Al’ f 7 >_,' | % | hy
i ] o
Porous i_ o 3
i }{ 15 25 SIUTTE e Ze ‘th‘-" * i "1,: h:
0.0688 = 2.303 (——) mbm( DR osiniasn.
~.|n:+_||nu:|ﬂ B i ¥ ¥
= in.? S =
il {LIS n. E - \\\:
Porous ,r
stone ‘“-ﬁ:;.m
| >
B
TS Nguyén Minh Tam y o BM Dia Cor Nén Méng 64



Céng Ty Thiét Ké Xay Dwng Phuvong Nam

Gia tri kinh nghiém cda hé sé6 tham, k

Hazen (1930)
c= 10t 1.5
k (cm/sec) = ¢D¥,

0.8 -
0.6
0.4

0.2

0.1
oos o
RN

004 |

Hydraulic conductivity, kift/fmin)

0.2 -

0.01 e !
i1 0.2 04 0608 | 2 4 6 %10

Iy immy
Permeability of granular soils (after US. Department of Navy, 1971)
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2.8

2.0

Void ratio, e

1.2

0.4
1 =

Céng Ty Thiét Ké Xay Dwng Phuvong Nam

k. (mm/sec)
Vertical coefficient of parmeability for clay

1 1 I III T 1 1 I LI I
1.25
Curve values = Pl + CF
both imal
(both decimal) Pl = plasticity index,
[ (LL = PL)
— CF = clay fraction
(particles < 0.002mm)
= e e b i J e - i - I ade Ao D —— ————
1078 11077 1% 107" 5 x 1077

TS Nguyén Minh Tam

na.
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3 Néncwaekt 7

Hé s6 tham twong dwong cho nén nhiéu |&p

@ Tham ngang

&> H 'h"l| _'f.:|"']'H| ; f1_1‘|".lr.lrl_'- - 'i'.-'_z']'.n’!_:;"'"' t Frr'l‘f!“
* :
2 H, -l‘v;.! U= Kpegfegs U1 T Kt B2 = Kyl U5 S Kpisi - Un = Kyl
k

Drection ¢ - L o
i X . = =Sh=hL="""=1
of flow “q ! - : "

»

1
Keq) = E{kal + kyHy + ky Hy + -+ ky Hy)
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3 Néncwaekt 7

@ Tham dng

= ?]l = fll_ — H_'-I — R .“.-,-

T. : : * i_‘: h' — J{I] + )‘f_'l t .Ih_l + -+ h”
1. T :

Pkt N N
‘ ;—i ; * i kt*iuﬁ(ﬁj = Iﬁ'.r'l.-:“ = kL"-t_" = "E‘.'I."..E_"- _ s = 'I‘"u"_..F.rl

H.“i' kva_""‘H: - | | h = I'fljl + H}flj + H_-,..f-; + e 4 ””f,,.

=
-
e |
": ]
= i
: i
o
= |
.a !
b L

|
L

Ky = i
Vieq) (i) + (&) + (H*) +
ki’ k'[.-"_, k._.-'_l

Darecuon of flow
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Thi du

A layered soil is shown in Figure 6.13. Given that

e H=1m  k, = 10* cm/fsec
e H,=15m k,=3.2x10"*cm/sec 2 *Vz! .
e H,=2m ki = 4.1 X 107" cm/sec Direction __4 _________________________ "
of flow &
estimate the ratio of equivalent permeability, > .Ir ‘
. : '-‘T
'lH-
kH{eq] . i_ I _ _!'
k'l"[t:q] .
L]
* Hu It"".u]
L . K,
Figure 6.13
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3 Néncwaekt 7

Solution

]
Keq) = E(kH,Hl + ky Hy + ky Ha)

1
(1 +1.5+2)

= 107.07 % 107* cm/sec

[(L074)(1) + (3.2 X 1072)(1.5) + (4.1 X 107°)(2)]

H

kyieq) = (H]) . (ﬁ) . (i)
ky ky, ky.

Il + 1.5+ 2

(...,.!T ..... ) -+ (_1'_53_) -+ ( 2 )
104 32 % 1072 4.1 % 1077

= ().765 % 107%cm/sec

Kieq  107.07 x 10°°
kyeg 0765 % 107

> = 140

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 70

\ /i ad 2 Anon
Vle'tﬁ'a ImMrari.OUIlTmI




Céng Ty Thiét Ké Xay Dwng Phuvong Nam

3 Néncwaekt 7

Xac dinh hé sé tham ngoai hién trwéng

]

q = Ic( g%)znm

Water tuble

before pumping \‘ i
|
-

i . -,
_ '- ["n’r (Zmﬁ:) J ' b dh
| — = ¢
i F £
Draw-down curve /d"'-l"i . - / h,
during pumping l
|
! T t Observation
| | ! wiells
ol ~
] X Fy
e O B N LA 2 2.303q logo |
SRR R T T pementte | g = MR S
'j'.rla'_l"_,'_'l..:_'i_'-;_ -t_t__;:"r_ﬁ |:,‘“': _f.':.'_:_‘:::',.': i,.. layer ﬂ'{h| o h?]
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= & i . - - Tk 7 L ] E’f _. k .
Piezomelric level Caa Ll aTTa | DRI 4 I S “Ir
before pumping S '

Piezometric level
during pumping

F o

F -

=+ Olbservation
wells

-

ol "omk H

[« — ¢ — ——=|= " >
| AP

dh

Impermeable -« o~ -
layer "~ =%

q log

i

iy Impermeable

& -~ 272TH(h, — hy)

ey e S L gt e S e ayer

BM Dia Cor Nén Méng
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3 Néncwaekt 7

Thi du Consider the case of pumping from a well in an unconfined permeable layer un-
] derlain by an impermeable stratum (see Figure 6.20 ). Given that

e g =0.74m"min
e« hy=6matr, =60m
* h,=52matr,=30m

calculate the hydraulic conductivity (in m/min) of the permeable layer.

|y ]

e—— - —|—— ——|

T
2+3{]3if lﬂg 14} (E)

?. k=
| w(h} — h)
| 60
T 1 Observation (23[’3}{(]?4) Iﬂgm E
| A | wells = = 5 = 0.018 ft/min
[ 4 |
i o ll s .J-_._..‘..-!.‘ '-'!;1 i Ly
: nﬂ‘_:f. B ~.# oE -,“ o a u!"-._ odet S Impermeable
iR e e layer
Figure 6.20
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W

i
X
QDn
(@]

Dy unit weight

Hydraulic conductivity

Diry unit weight
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dinh mdi quan hé gitra d6 am va dung trong cho I&p chdng tham

& Muodified Proctor

4 o~ O Standard Procior
ﬁ_’,_.- A O Reduced Proctor
. .#“f}"-" :.;__:_I_ — Fero-air-void
;..U‘ H‘:’j-:D plo
TR
- Dr "D""w_,
J-J:r‘ .\L"'\:..I
Molding moisture content
b
A Modified Proctor
n < Standard Proctor
\ o - =N O Reduced Procior
ﬁ_ I:l 0 Maximum allowed & (k)
i " \ / .
S } & Ty - ] .
G« S = '_'_'."1;54.]
e

Mulding moisture content
th)

Acceptable wone
(&= .ﬂ_-|1|:| B ) )
A Zero-air-void
p|lul

Maolding moisture content
(]
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3 Néncwaekt 7

3.6.2 Toc dd lun cha nén dat theo th&i gian

el
4 = = lzh el v

e e = e = e s G T SAT T N i

Groundwater table : I oz
Sand

i " {h)
. @ N&n dat 3 déng nhét
@ DAt bao hoa hoan tdan
@ CAc gia thuyet @ Hat Bat va Nuwéc xem nhuw khdng nén
@ Tham cla nuwdc theo mét chiéu thang ding
@ Tham cla dat tuan theo dinh luat Darcy
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Rate of outflow  Rate of inflow

) dydy = v drdy = —

ydz = —

Céng Ty Thiét Ké Xay Dwng Phuvong Nam

[N
— alzhelr iy

I (v + = Using Darcy’s law
‘[ ‘[ T T ith ki

el Vo 07

- I Lk i'n - ]

T e WAk, AV eV av,
i i it T
av
I
it
y V dxdyez
Rate of . = — =

= I + ¢ | + ¢
volume change o &

al i | + ¢,

il

—y ki

b, =ki= —fk— = —— =

. M1 dx dyvdz e

il

Yo r'J;-' dx vz or

i i
A4 'l_.-.\I :
i

e

Yy A" | + &, ot

Al

i
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3 Néncwaekt 7

de = a,d(Ac’) = —a,du @ Diéu kién bién
- 7 1, g

— Kk a ‘: - % ”_[ - __,,L,ii =1, u =1
Yo 0077 1 Ty i i

i = Ef:‘l“lj-.. TR

m, = a, /{1l + eq) |

0, = u,

@ Phwong trinh co két mét chiéu . -
@ Ap lwc nwédce 16 rong

- 71
(1 i

— = (., . =00 .
il Car =3 [mﬁﬁin(ﬁ)]ﬁ-ﬂ-u
nr=i M "lfn'r

M= {m/2){2m + 1)

k K |
Cp= = ed _ .
oy, a, T, = —5 = time factor
Vo "Ifr]'."'
I + e
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x

-

- Excess pore pressure
dissipated at time |

100% consolidation)

T T t .
I - s “«. Drainage direction
E Excess pore pressure u, ‘~i
= ramaining at time t N Excess pressure
= : ‘. i varation for
. ' loww percent
g ; Excess pressure ’ [}ﬂﬂﬁ-glida’liﬂﬂ
™ ' wvariation for .E
el i H J‘r
v 1~ high percent . )Drainage direction
I consolidation ol ¥
[ L
. _.-="" Initial excess pore
- Pressure, U,
Bottom of stratum .
N i
: I |
! _lﬂ Excess pore waler pressure, u u, = A, stress increase
(this condition due to c_nnstrulc:tlc}n
represents loading (this

condition represents
0% consolidation)
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3

@ D6 cb két o — U U

'“.l':.:l ﬂ”

rd

1.5

— |0
"r"‘:urn'

.5

0 0l 02 03 04 05 06 07 0% 09 10
I'J'-:gruu o conschidation, | s
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3 Néncwaekt 7

@ Do cb két trung binh cho tdan bd 1&p dat
( 1 ) JEH"‘ d meon o) .
S 1—--' M, az [J] =1 — Lf—.'ri'".r_
U=-0 - A2Has é. M?
SJ: tp
s £ 2y 0
E S &
R 220
;-; LT '“_; 40
5% S
: § {;......“.ﬂ._,j T Elm - '
23] | g 0 02 0.4 0.6 08 09
o= i ; l Time factor, T,
| m{U% \*
ForU = 0to60%, T, = —( ; )
4\ 100
ForU > 60%, T, = 1.781 — 0.933 log(100 — U %))
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Variation of T, with [V

%) T, U (%) T, U %) T.
0 ] 34 IXEEA [ 0,277
l IR LY 35 0.2 (3] (). 3940
2 0L0NG 3 a.102 Tl 0,403
k) (LINKITL w 0.107 71 U417
4 (LI 2 i 113 72 0431
5 CL001] Mi 34 0119 73 U446
f 00253 40 .12 74 (461
7 LMK 41 {132 75 (1L.477
8 0.K502 42 0135 Ta (1493
] .06 36 43 145 77 1511

1 (LINITHS L] 0.152 ™ i(L529
11 1,005 45 0159 L (k547
12 0013 dir (0. 166 ] ih5hT
13 33 7 {173 %1 (588
i4 Lv54 4% 15l ¥2 (il
15 AN 7T 44 (1454 83 (1633
I oLz Al (L 1u7 Rl (.63
i7 (L2 27 51 020k H3 11654
4 00254 52 0212 H L.712
14 (0283 53 0.2 L 0,742
M {10314 54 0,230 M {774
21 {1346 33 .21y Y T
22 WETE ] Sy 0. 24% ) (LHds
23 (kb5 57 1.257 ] 114U
24 (LikIS2 AR 1267 02 1,934
5 Lk sy 0.270 0y (14943
il 101531 il 1. 7280 i 1155
27 04572 il .27 U 1129
] Uikl 5 (2 (TR i 1219
29 L h3 (305 U7 1.3360
a0 (707 e (329 K 1.5}
3 (L0754 015 (L2304 iy 1,741
32 [hiksi13 h 1352 1 B

i3 Mnisss 07 11304
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3 Néncwaekt 7

Time factor
100 0.2 0.4 0.6 0.8 1.0
%;hﬂf;ﬁ
50 yf‘?;f?/’
m;5 \V/A
"V
60 & A

11/

20

Degree of consolidation (%)
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3 nencwaak |

Xac dinh hé so6 co két c,

@ PP Logarithm

A

- C ol s
; E Tey = — = 0147

ey |~ - — g— —_—_; ______ }‘ - T 'f‘, -!.I'n'

B (L19TH S,

Ispy

-

fl

I'-ll-Fl“ i — — —l—_—_—— -

H,: Chiéu cao thoat nwéc trung binh

Deformation (mmoreasing

¥ . . . 2
. cua mau trong sudt qua trinh c6 két
el iy | = = =
| ! ' 4
| | ' '
[ | '
| A SN -
|r| |'_" Ir-c“'r
T oy seale)
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3 Néncwaekt 7

@ PP Can ban hai

—_—
~ Time tactor

A Time 0.2 04 06 08 1.0
. | | [ [ |
E 5
ﬁ D2
0 =)
@ =
o 2 04
5 =
¢ 8
£ C = 0.6
[ D 5
o -
£ & 0.8
(% (] [ o—
1.0 - 0.798 |
>
1.15 = 0.798
Time

Theoretical curve

i
o i
5] | —r Y {-r.rl_“'
5 | H -
_9 | -\!-III"
b |
z
o - |
S | Testcurve ' 0.848FH 2,
rl_l-[]
Establisnment of tg,
TS Nguyén Minh Tam y o BM Dia Cor Nén Méng 84



Céng Ty Thiét Ké Xay Dwng Phuvong Nam

3 Néncwaekt 7

Thi du

The time required for 50% consolidation of a 25-mm-thick clay layer (drained at

both top and bottom) in the laboratory is 2 min. 20 sec. How long (in days) will it
take for a 3-m-thick clay laver of the same clay in the field under the same pres-
sure increment to reach 50% consolidation? In the field, there is a rock laver at

the bottom of the clay.

How long (in days) will it take in the field for 30% primaryconsolidation to occur’
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3 Néncwaekt 7

SOIU“O” T-Sl',: 4-'fn-l'!l:l.'l" _ f'ln'::rtl.l\'.'IIJ

H drilat) H

b fuzldl)

flah  _ Ihewd
. 3
ff.;.u.]ﬂr:-;. IIIrrl'r:llf.-h.l'!

140 sec Iric1d

(“-_‘.335__'?? )E (3m}*
2

fieg = 8,004,000 sec = 93,33 days

”isrrl;.h] )
. f 5

9333 days S0

[ S S ——m

£y 30

f; = 33,6 days
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3 Néncwaekt 7

Thi du

A 3-in.-thick layer (double drainage) of saturated clay under a surcharge loading
underwent 90% primary consolidation in 75 days. Find the coefficient of consoli-
dation of clay for the pressure range.

L]

Solution
Cylog

T
Hn’r

Iy

Because the clay layer has two-way drainage,

H,;, =3m/2 = 1.5 m. Also, Ty, = 0.848

¢,(75 X 24 X 60 % 60)

0.848 = S
(1.5 X 100)’
0.848 » 2.25 x 10¢ 5
o 55 94 % 60 X 60 00294 cm“/sec
TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 87
Vietram+2h-com




Céng Ty Thiét Ké Xay Dwng Phuvong Nam

3 Néncwaekt 7

Thi du

Giatri hé sé c6 ké dwoc xac dinh ttr thi nghiém trong phong la
C, = 0.016m2/thang. Do IGin cta mau dat 1a 25 mm.
a) Thei gian dé do lun dat dworc 50% cd két 1a bao nhiéu?

b) Giatridd lin sau 1 nam la bao nhiéu?
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Solution
@  U=50% — T.=020
244 m’
, 0.2

?"IH”- Ii }( 2 )

= = ———————— = |8.6 months
c, (0.016 m~/month
H ; 1s one-half the total thickness of the clay layer
(b) t = 1 yr = 12 months

(12 months){0.016 m*/month) 013
(1.22 m)° -

e,
"..'!‘:.l'l:_.I

T =013 —» U=42%

T =

Spe = 042 X 25 mm = 11 mm
BM Dia Cor Nén Méng
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3 Néncwaekt 7

Thi du

For a normally consolidated laboratory clay specimen drained on both sides, the
following are given:
ol = 3000 1b/ft? e=e,= 1.1
oy + Ao’ = 6000 Ib/ft* e =09
Thickness of clay specimen = [ in.
Time for 50% consolidation = 2 min

a. Determine the hydraulic conductivity (ft/min) of the clay for the loading
range.

b. How long (in days) will it take for a 6-ft clay laver in the field (drained on
one side) to reach 60% consolidation?

TS Nguyén Minh Tam

BM Dia Cor Nén Méng
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3 Néncwaekt 7

e
Part A i, A’
m, =

l + l?I'll' -J' + ":IITI.:
Ae=11-08=102

Solution

Ao’ = G000 — 3000 = 3000 b/ ft°
_L1+09
=

EJ !

—_— m, = 13{:'“?& =333 % 1077 ftY/Ib

+ U=50%, T, = 0.197

I 2
I[IJ.IEF?](-E };:-12) L
—_— 0, = 3 = L.71 > 10 " ftY/min

—> k= ey, = (171 % 107 fmin)(3.33 X 107° ft¥/1b)(62.4 Ib/ft")
= 3,55 % 10 7 ft/min
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Cols
Part B Ton = e

Col

il

_ Tt}

{
! c,

+ U = 60% and T, = 0.286,

~(0.286)(6)°
17 % 1070

— 60,211 min = 418 days
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3.6.3 Gia tang do c6 két v&i théat nwéc hai chiéu

Possible overoad
j— ;,,{ Impermeable
/ N layer
/ Permanent fill i Blanket / Fill 7\

Gieotextile
o S | R fabric_~
L) = '. - " L ’ . ' - . = ;
"+ Permeable
i
i a
-——p
G
a
o e
L T

(a) Square (b) Triangular
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Ban kinh tham ngang twong dwong

@ Tam giac
Area of triangle ABC — L x &y & _ &
& "2 %2733 83
al
Total area of the h — < 2
of the hexagon = 12 x g~ = 0.865a
r, =0.525a
@ Hinh vudng
prez — 52
r, =0.564a

94
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@ Phwong trinh co két tham ngang o
@ Do cbd két trung binh
Barron (1948)
~8T.
U.=1—exp [F{ }]
n
du o 16u
ot ot 1 & + -G
K - de
c,=—"
—> MYy
e [ (r)_ PR
“TFEm | 2
where Fin) = ﬁﬂh In (n) — 3n° _1 !
n- =1 4n-
re
n=-¢
rW

BM Dia Cor Nén Méng
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1.0

0.01

20

40

(%) N

60

80

100
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Phwong trinh c6 két tham hai chiéu

8 18u %
+¢1.r(,—}z*—2

ou_ |9  10u
o Mo Tt o;

@ Do cbd két trung binh (Carrilo, 1942)

U=1- (1- Uv)(l- Ur)
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Chapter 4 Stec chong cat
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4 Strc chiju tai cua nén dat

4.1 Khai niém

Duncan
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4 Strc chiju tai cua nén dat

qult

S S8 S S AR S S SR S SR S A S S S R S S SRR e USELLCLCL
R R | L v v A R L R B B R B B

R S S S S S AR S S AR S S AR S S S S SR y L R R R R R
B LGS UCEELEERCEERY L T

S

Mit trudgt duGi mong nong
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Zl Stec chiu tai cta nen dat

SAS5NANNANNANNGNAY,
SA555ANNANN4NY

. A

Mit trugt duGi nén dudng
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Zl Strc chiu tai cia nen dat

t sic chOng cit
cia dat

aaaaaa

R T e
0 3 s
0 3 s
0 3 s
0 3 s
0 3 s
0 3 s
0 3 s
0 3 s

R S s s

M3t trudt talus ha luu ctia dap dat
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4.2 ng xtr cta dat khi chju cat

Z Z
A o, A Elz
Ax l Ax
. — - T ;
o ~— T , Expansion
' Compression y
Ix
i :
[ T "_ Ux TT Ux
= - X - X
=4z, , _ A oL o AR
'E: - Hn ' :"‘zx_ Hﬂ 'E: - Hﬂ ' }‘:1 Hﬂ
(a) Original soil sample (b) Simple shear deformation of (c) Simple shear deformation of
Type | sails Type |l soils
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 8
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Type II

ol .
Type I soil

Shear stress
~hear stress

g

\ Effective normal stress

¢I Cs
E=rY

- .
Type II Type I soil
=0 _ Type II

Aull

shear strain
Type I soil

UoIsUed®a |compression

shear strain
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Type Il soils 4 Type Il soils

Increasing normal
effective stress

h

Yoz
(a) {c)

e
>

Compression .™

Type | soils Type | soils

1 Increasing normal

Tz ¥ T .. effective stress
cc:r €es/2
@ Type Il soils Increasing normal :
: .
5 effective stress Typg Il soils
>
L

i
Il

Yer
(b) (d)
Effects of increasing normal effective stresses on the response of soils.
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(OCR), > (OCR);

L 4

E. A Vex

¥ (OCR),
Expansion

Effects of OCR on peak strength and volume expansion.
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—
Y

m o=

Peak shear stress envelope for cemented soils.
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4.3 Strc chong cat cua dat

w (0,)f
Slip plane

H—-——r— Slip plane

@ O trang théi cin bang giéi han

H :Tf =W~ tan(f ') Hay I lf — (S ln)f ’ tan(f l)

@ Pat dinh

t '=(s' ), ~tan(f')+c

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 13
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Strc chiju tai cha nen dat

Shear stress. T

Aw

______ - Mohr-Coulomb
failure
criteria

Fy
- T
I |

¥

Effective normal stress, o

(a) (b

TS Nguyén Minh Tam BM Dia Co’ Nén Méng 14
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@ Gobc léch

Slip plane

o =
(@) Stresses on failure plane (b) Simulated shearing of a dense array of particles
Simulation of failure in dense sand.
2F, =0: H— Nsina — pNcosa =0
SF,=0: Ncosa — pNsina — W=20
(b) Dense H = N(sin a + p. cos a)
W = N(cos a — p sin «)
H pttana  tand’ +tana
W 1-—ptana 1 — tan ¢’ tan @
tan ¢’ + tan «
= (o}, = (0,)s tan(¢' + «
i anll )fl—tand)’ n (02)f tan(d )
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 15
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@ Pat dinh
t'. =(s" ), tanf +a)+c
1820
a =tan C—
&Dx g
F
T
Dilatant soil critical state

cemented soils

o
(T n:'?-
TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 16
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4.4 Piéu kién can bang gi®i han Mohr-Columb

. A failure line
(o 1:'1= .
Tos il Trnax
- (O 5)s 5 N
¥
A failure line
t Trs A Trnax
£
IES . . e
¥
TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 17
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Strc chiju tai cha nen dat

ﬁa] 1
" f
=
- o
= Tr=c '+ tan
ot i
[ 20
. I
b o | ' e b
(3 ' d T -
Eftective normal stress
Maohr’s circle and failure envelope
acl &'
— = 51N
fa T (r;
a L ata in g = —— 2
fa=f0O+0a=c¢cotp' + ———— oy + ooy
1 =
2 c' coteh” + 5
T — 0y
ad = ——
2
TS Nguyén Minh Tam BM Dia Co Nén Méng 18
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4. Stec chju tai cua nén dat
o g L2 sing _cose
o, = U'_;( | B 5”'! (.lh.") + Ef‘( | Hill I;l&'r)

1 + sin ¢’ g
rsme lﬂnz(:ln + - )

| — sin ¢’

_"_}I F (bﬂ
cos ¢ - = l.':lr'l(45 + 5 )

1 — sin b

@ Ung suat co6 hiéu

oy = 03 tanz(:ﬁ + %—) + 2¢’ Ian(45 + %)

, .. ] iy i
@ Ung suat tong (F, = 0y mn”(ﬁ + 5 + 2¢ tan| 45 + 5
TS Nguyén Minh Tam BM Bja Co’ Nén Mdng 19
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@ Quan héf’ vas’,s’,, t’

Z ZX
' 1 \2 12
- 2 1 (S Z- S X ) + 4t 7X
sn f - I 1 I 1 2
(s',+s' +2c'.cotgf ')
TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 20
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@ Mat phang trwot

ﬁf] A
s h
g
5
= Tr=c' + 0 tan ¢’
v i
£ .
, A
) o'l ¥° e f
i 7y a Ty g
Effective normal stress
Maohr’s circle and failure envelope
. D
268 =90 + & t
. 20
) o o
=45 + —
2 0 A C B
Ul‘l
TS Nguyén Minh Tam BM Dja Co’ Nén Mong 21
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@ Thi du: danh gia do bén cla diém A

13,5m 13,5m
< >l 5
4,5m 14,5m
>e—>
~ . ,«ri‘\ | 7}
Nén duong SELAN BRI
! 9m
g, = 19,4 KN/m3 6m
! ...h;,
|

g, = 18,96 KN/m

C=8KN/m3;j =510
¢ = 15 KN/m3

TS Nguyén Minh Tam BM Pia Co Nén Méng 22
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@ Solution
@ Ung suat do tai trong nén dwong

S, = 112,79 KN/m?
S,a = 62,5 KN/m?
t, =0

@ Ung suat do trong lweng ban than

S, = 18,96 x4 = 75,84 KN/m?
S, = 18,96 x4 = 75,84 KN/m?
t,a=0

@ Ung suat tai A
S, =S, = 112,79 + 75,84 = 188,63 KN/m?

S, a = Sax = 62,5+ 75,84 = 138,34 KN/m?
1:zxA =0

TS Nguyén Minh Tam

S1™S3
S, +S,+2c.cotg

sing,., =

_ 188,63- 138,34
188,63 +138,34 + 2.8.cot g5°10'

Oy = 5,740 = 5044’ > f = 5010’

EmE) A mét 6n dinh

BM Dia Co’ Nén Méng 23
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4 Strc chiju tai cua nén dat

4.5 Thi nghiém xac dinh strc chong cat caa dat trong phong

4.5.1 Trong phong

I'{:'/’jx]‘_ - Dial gauge to measure

k( sample compression of

M, Mormal xpansion
{compressive)
loading {constant] -nl Loading plate

-

-k -
Forous stone

- Bhearing plane

: +- Soil sarﬁpba it ‘/ . (variable)

Porous stone

Dial gauge
to measure
shearing
displacement, &

Normal force

Loading
plate

N ~ Porous stone

I |

| I
s I » Shear
ST force

[ 3 E | Shear box

Porous stone
I
L

TS Nguyén Minh Tam

Shearing force,

@ Thi nghiém cat tryc tiép

| f Proving ring for

Dial guage for measuring 1
{ | measuring shearing force

change in sample thickness

Soil sample
In shear box Gearbox and crank for
applying shearing force
Weights for

imposing normal force

BM Dia Co’ Nén Méng
Vietham12h.com
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@ Dit r o

A
Peak shear
strength o i(lb/ind)
b e . 0 10 20 30 40
Derge. " »* A ‘H.\ Utimate 200 ! I T T a0
sand ,* '\\ shear
i ¢ .. strength
§ ’vf ‘\\I )
7 ’ b3S ~ 150
[ I'.'..---l-'-"_"'_ i
g 4 8 — 20
= Z
= ] —
[ &
w100 - S
¢ =
Tf 5 -
3 10
sl
] ¥ ¥ = constan th
Shear displacement h'=42°
A | 1 | | 1 ()
= o e o e - {l S0 (JEN 154) 200) 250 300
E ’,-" Dense sand Effective normal stress, o' (kKN/m2)
ﬁ-‘ = § ,"’
ZE s
B o ra — ' "
"-:;J}E' g Shear displacement T ; = 47 lan .{;b
= a e J
=} %]
o B
jh]
=
=]
oy Loose sand
TS Nguyen Minh Tam BM Pia Co Nén Mong 26
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- Xac dinh gia tric vaj bang phwong phép binh phwong cwec tiéu

n n n

né.(tisi)- étiési
tanj —_ =l i=1 i=12
3 2 o 5o} §
nas, -¢aAs~
i=1 ei=1 1]
3 d o & 3
at,as’-as;af;s)
— =1 i=1 =1 =1
C= 2
d >, B 0
i=1 ei=1 1]

- Xac dinh gia tric vaj bang ham LINEST trong Excel

TS Nguyén Minh Tam BM Dia Co Nén Mong 27
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Shear stress, &

Shear grress

E I3 d;. 1-||'|
? i - tﬂl':]]h Toaz)
i Medium
o - - b P,
E E Honzontal shear displacement
> £ —
E' L
SR DZ
a =—— o —f
Dx f P f oV
TS Nguyén Minh Tam BM Pia Co’ Nén Mdng
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Typical values of ¢ and ., for

granular soils

Type of soil &, deg b, deg
Sand: round grains
Loose 28-30
Medium 30-35 26-30)
Dense 35-34
Sand: angular grains
Loose 30-35
Medium 35-40 30-35
Dense 445
Sandy gravel 34-48 33-36

TS Nguyén Minh Tam

BM Dia Co’ Nén Méng
Vietham12h.com
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@ Pt dinh

A

o T &

% Creerconsolidated clay

o T=¢'+ o tun g’

] PR V)]

5 o
Ny Normally consolidated clay

T = o' tan ¢ (¢'=0)

ll cu

Effective normal stress, a
Failure envelope for clay obtained from drained direct shear tests
7
t'=s' “tan(f')+c t=s, tan{f)+c,
=s ' tan(f )
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 30
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@ Thi nghiém nén (cat) 3 truc —

— Soil

__._:_ sample:lj};
Axial load —

' T

Ty

Pressure pauge Air release—» - Loading ram
valve
Top cap
Rubber
ring Porous disc @ CD
+ Flexible tube @CU
Water
4 Sample enclosed @UU
in a rubber
membrane
f:.‘::hher : -Porous disc
& !_?F - f_ Sealing ring
- S — ; : e F L
To cell pressure control
Connections for drainage or
pore pressure measurement
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 31
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Initial
consolidation?

Cell Isotropic
pressure? consolidation?
I Unconfined uu Drained Drained
compression shearing? shearing?
U
No Yes
AU » CID
] Shearing in ‘Shearing in Shearing in Shearing in
Extension Comlpresskon. Extension Compressio'n FEXTEHSIOH Cgmprpssmn Extension Compressmn

[ CADE II Il CADC “
BM Dia Co’ Nén Méng

Vietham12h.com
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@ CD
Ao, = Ao} = A0 = A0y
dﬂa = dO’i a] = gé-
Au=0 Aaa =0
Au=0
(a) Stage 1: Consolidation phase (b) Stage 2: Shearing phase
q A
Stage 1 , Stage 2 N
I 3 i |
ESP =TSP
3
1
p.p
(c) Stress path
Stresses and stress paths during a CD test.
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 34
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Strc chiju tai cha nen dat

lﬂ] Luj + Aa = o,
=i b 0 r‘. _—
o
_— 1!._ I::' . i, r'r_|
0y T
=3 1 Tﬂn. + A - @, .
) Tu 2 Overconsolidated
=N Y 8 .ﬂ‘ul:r_lr - ——=clay
S | & )
d - ]
5 TN Mormally
k- Time R v consalidated
- » Ao clay
' e -
_ L A Ad,
k5 ;
—
E_ F
E
L) ¥ [
. _F’
(a) Axial strain
5]
-4
s
g
g
2
i
=
=
)
(1
e
aq U
2= »
4w .
prigl Acaal stran
E =2
22 g
25 =
-
e
=
E .
Se ih)

TS Nguyén Minh Tam

Shear stress

=

'-(—-'z

Shear stress

Effective
stress failure
envelope
T = tan ¢’

o =0
Mormal stress
(AT )y —————]

Oy = o’y

[-—

t-ﬁ—- = [AG,) ——-—b-|

Effective stress failure envelope from dramed tesis on sand and normally
consolidated clay

Normally

Overconsalidated | consoliduted

1
|
I
|
I
1
I
|
a

o) =0 .
Normal stress

g’y = O3

Effective stress failure envelope for overconsolidated clay

BM Dia Co’ Nén Méng 35
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Phwong phap binh phwong cuc tiéu dé xac dinh ¢, j trong thi
nghiém 3 truc

S, =5 ,1g’ca5° +L9y 2Ctgeds’ +1 9
e

29 e 20
S,=s,a+b
a:t92§l5°+1—9 bz20tg8%5°+1—9
e 29 e 29
b
| =2artgva- 90° C="7
J 9\/7 2/a
i g4 g .d g g
NASS;-AsSidS; AS;AS;:-AS;ASSs
q=_1 1 1 h=_1 1 1 1
p B 6 g @ o
néS§-9a83+ NAasSs;-¢aSs™
1 e1 % 1 e1 a
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 36
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g CuU

Aoy = Ao = Aoy = Aoy

.ﬂfra = dﬂ'i

Au=0

(a) Stage 1: Consolidation phase

(b) Stage 2: Shearing phase

7} 8

Stage 1 | Stage 2 ,
=+ | ,-:F
s
f,
+ TSP
'
&
¢
&
N Au o d
ESP \ e
i 3
Stage 2 i L
.rf 1
Stage 1 ¢
"\-.,\n ; & .
p.p

(c) Stress paths
Stresses and stress paths for triaxial CU test.

TS Nguyén Minh Tam BM Dia Co’ Nén Méng
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Change of volume of

Jy ay
T, _
Time
b‘!
a
£
b=
g
E
ﬁ!r
(a)

lﬂ, =g,+ Ao

P A e

Shear stress

ok Tﬂ-. =0, + Ao
- ‘_&ur === Dwercomsolidate
clay
Mormally
consolidated
clay
—
Axal strann
_-!u.ﬂ.
P
::l':
g o
!rr 1-\‘ ™
—_
i 11 3
N . .I ==
. Axial stramn 0
¥ a "
+
-
L
A L "I. I T
N L . . -
S Axial strain !
Ee (b)
]

TS Nguyén Minh Tam

Effective stress -
failure envelope ——
=0 tan ¢’

M Total stress
T o]

- fallure envelope
Ty=F tan @

B
o'y Oy o) G
|
CAM AN

Mormul stress

T_,=r+ﬁlun¢|||\
",

T =0 tan

L

o)
Muormal siress
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B T ©O3.0m  saint [
A 45m Alban
®57m
0,5+ — ' oc /op =0,35 —
i | | o, -0 !
E J X Op ’
3 04} f e - :
L RN o
E | | RO |
- a } "\ - : i b e
5 0,3 ——{ " 8- :
2 b | | '
& ° ?u:_ : | !
b ' P .-
5 O2|f- i i | 1 !
| . j
| | | | |
O:I 1 IF I T i
| | ‘ |
. o
0 2 4 6 8 10 12
€,%

Undrained triaxial compression tests on isotropically consolidated samples:
normalized stress—strain and pore pressure—strain curves.

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 39
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Empirical Equations Related to e, and o

e

Reference Relationship Remarks
Cif VST ]
Skempton (1957) — = (L11 + 0.0037(P1) For normally consolidated
) .
clay

Pl = plasticity index (%)
Covsry = undrained shear
strength from vane shear test

Civs) _ . ,
Chandler (1988) — = (L11 + 0.OU3T(FPI) Can be used in overconsoli-
,"’_ olidati 3 dated soil; accuracy £25%:
o = preconsohdation pressure not valid for sensitive and
lissured clays
I:Irl - [l '
Jamiolkowski ¢t al. (1985) - = 0.23 = (L4 For lightly overconsolidated
T clays
{.Ir
Mesri ( 198Y) — =122
Ty
( II'.-n'l' )
”-I g T sl ¥ AN .Y
Ladd ct al. (1977) ;— il = (OCR)
( '”-l!r'-' )nm szl conscslidaned
(HCR = overconsolidation ratio
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 40
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@ UU
G 4 P
P 5P
rd
”
rd
’I
- 2
L4
/, l
”,
rF
,
P
(a) Shearing stresses (b) Stress path
T A&
S:I ;S Test1 s ; Test2
] Y ] A
crsl‘ 10, 0'3“ 1o, ©
\ ) \ F
“"-—""” \""‘l——l‘”,
(¢) Mohr's circles
Stresses, stress path, and Mohr’s circles for UU tests.
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 41
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@ Thi nghiém nén 1 truc

Data logger
and Lap top

i | Shear stress

-~
13
=

b=0
Total stress Mohr's
T, 4
circle at failure Tp=o= - Cy
2 2

&y =4,
Mormal siress

ob—

i
=

TS Nguyén Minh Tam BM Dia Co’ Nén Méng 42
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ql .
L TSP
’
’
”
f/
03 = D
7 |3 A
P | _4o0, 4q _
/7 aR= 3 'Ap 3
"
P
(g) Applied stresses (b) Total stress path

T A

Total stress circle

T PN
’

Effective stress circle
not determined in UC

% test
41 .
e— — Au —| 0y o, o'
(c} Mohr's circles
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General Relationship of Consistency and
Unconfined Compression Strength of Clays

9y
Consistency kN/m? ton /it
Very soft 0-25 0-0.25
Soft 25--50 0.25-0.5
Medium 50-100 0.5-1
Stff 100 -200 1-2
Very stiff 200 —40) 2-4
Hard gty 4
- 4
~ , l:i"u[l:mr.ﬁ:«rtu1'|'ru::|J]
@DPénhay 8 =
Huiremolded) A
Undisturbed
Classifications of sensitvity, S
Shempton & Northey (1952) | Rasenqgvist (1953) | Saderblom (1969)* ©
-;-_J_;_,ru _ E;Et_nsitii‘ﬂ clays 2 1.0 : Insensitive clavs << 20: Normal clays g,
{-2 : Claysof low sensitivity | 1-2 : Slightly sensitiveclays | 20-30: Semi-quick clays N Remolded
14 ; Clays of medium 2—4 : Medium sensitive clays' = 30: Quick clays t
sensitivity | 48 : Very sensitive clavs g
+-8 : Sensitive clays | 8-16: Slightly quick clays | i
8-16: Extra-sensitive clays | 1§-32: Medium quick clays | l
=16; Quick-clays | 12-64: Very quick clavs : ¥ .
| = &4: Extra quick clays ' T
» S, defined as H,/H, (see text)
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4.5.2 Ngoai hién trwéng

-
| (=
N

25

iy

Flat Plats Prabansd
D | atemeter Argssuramatar Shimr
Tast Tast Tast

Fanatration
Tast

CPT ) DMT PMT Ej'la"'ST
@ -
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@ Thi nghiém cat canh

Torgquemeter
Vanz Push In Vana @
Roo= > ¢ nt Hottom of

Horshole 'l > .

g2,
Lowsr Vana
to Bottom of
Prebored Hole
Favuir-Bimched
Vene Shear
Dsylcm:
D=#25mm
H=130 mm H= falada
=2 mm halght
T H WU g
-
-
<

=l T s
B =é:|nmhnln - 4, =48 2y
[ gl o g H
il | <> : <>
bieda width =D
plado thickness = &
1. Insartlon of Vane 2, Within 1 minuts, rotate 3. Parforman 4, Mpasurs residual
vang at 8 deg./minute; aclditlonal 8 ta torque T for
Measure peak torgue, T, ., 10 revolutlons remolded case
M 73:
Undrained Shear Strength: S, =8T/(TnD*) ForHD=2
In-Situ Sensitivity: S, =S, (powk)/S,, (remolded)

General Test Procedures for the Field Vane in Fine-Grained Soils.
Interpretation of undrained strength shown 1s specifically for standard rectangular vane with HD =2
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Triangular mobilization
of shear HTI'J.‘.nglh

-
—

Parabolic form of
maobilization of
shear strength
|

113
T |
| i ik Tty gl En it
' Rl e - d i
[ - TR ot B .— | — Y e
I|!r i e e i 7 L
i RS, o B DN - -
b S ok g O L
: '.'_'.n. .;_"r',\_‘..l..\l '."‘_ e T
] P E AERTE. f ' Uniform mobilization
T i I = A, e ate el | : of shear strength
o :ir:i Lo l !
HATRE S P bl |
LY -'F'\.- "'1-_'. -'1|. i 1
. I.L l.-.- '1-.“-. Ii - ~
Sl — 4 oy i
I P 3 2
i 0 b e _
—_ I..-'I-u-:"'$|'-l'fl;1..
Mrk—r—-’) T

}_
1
+
|
PR,

- d =
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T=M +M + M,

w

Two ends

M, = (wdh)c, (dI2)

n'n ! o

Surlace Moment

s A m
T [d}h N Eﬂrﬂ]
—_ 1‘- L — -
“ul T 4

T B = ! for trangular mobihzation
Cu = T30 E B = 5 for uniform mobilization
T Ty + .BT 8 = % for parabolic mobilization

Cadlfd |
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Recommended Dimensions of Field Vanes®*

Thickness Diameter
Diameter, Height, of blade, of rod
Casing size mm (in.) mm lin.) mm [in.} mm (in.} | |i'—f
AX 38.1(14) 762 (3) 16 (14) 127 (4) L3
BX 50.8(2) 101.6 (4) 1.6 (%) 127 (3) I ) .
NX 63.5(2%) 127.0 (5) 32(1) 12.7 (1) - : — d
101.6 mm (4 in.)" 92.1 (3%) 184.1 (74) 3.2(%) 12.7 (1) B o it
{ - ‘ 1
wfter ASTM, 1994 ' 1?' -
(kN/m?) T (N-m) o il
¢, (kN/m~)} = TN P e
' T (366 % 10N DR RS ) /
T I
[cm )
Rectangular vane Tapered vane
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@ C, thiét ké

+ Bjerrum (1974)
Eufdcﬁign] = ;"fﬂu[uane shear)
A = correction factor = 1.7 — 0.54 log(P[l)

Pl = plasticity index

+ Morris and Williams (1994
A= 118 "™ + 057  (for PI = 5)

A = ?[HF (LT + l’}i? |:fu]' f_,f, - 2“)

.1 = liquid limit (%).
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@ Xuyén tiéu chuan SPT

Rod(7] 4 <12)

37 A A )

Hammer(63.5 kg)

Hammer 54 Rope
\ Hammer 4 =] o
e — ol 2o =3

T

—Rod(zlo] AlE < 4)

TS Nguyén Minh Tam

ld= B
FFEUT
Ball-valve
A
457 .2
B S | 1
|
76.2 shoe
1. 348 | '
l '1 |
PR -1 : SR

BM Pia Co’ Nén Mdng

Vietham12h.com
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Standard Penetration Test (SPT)
Per ASTM D 1586

£3, 5+ Droa

Hammar
Rapeatsdly
Falling 0.78 m

Need ta Carmect to & Reference

Anvil Enargy Efflclency of 8P
(ASTM D 4833)
Horahoia
Orlil Rod
L;"‘:'.,'T'.’r Nete: Dccesfonal
ype) Fourth Incramant Used
i ﬂfmﬂﬂc edeitfonal
Spiit-Barrel soll materisi
(Drive) Sampler
[Thick Hallaw
Tubma]:
20, =50 mm
LO. =35 mm
L= 780 mm
- TR S T
i1 2§
‘I ‘oL -. g E
T i g
E E".l E % SPT Rasistance (N=valus)
= g - '!:g Flrst Incramant ar "Blow Counts” |s tatal
TE LomTTRee number af blews ta drive
E : E ﬁ E Sacond Incremant sampler Imst 300 mm (ar
H !_ m = a blows per foot).
rad " s ] i o
Third Increment
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(a) (b) (c)
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N
C,=—
8
¢=a N 1 T hi and Peck
N<5@ a=_--031 € zaght and Fec
Set N >15@ a:0.063~%
C, = (0.4~0.73)N Stround (1974)
C,=3.26 NO.72 Haraet al. (1971)
f =0.3N + 27 Peck (1953)
. ION+267 © 4ENE10
Cat - I g o Dunham (1954)
= |
I%N +325 ; 10£N£50
I

TS Nguyén Minh Tam

BM Dia Co’ Nén Méng
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PAT DINH PAT HAT ROT
TRI SO CHUY | SUC CHONG | o\ . |TRISO CHUY
TIEU CHUAN | NEN PON thir | TIEU CHUAN | PO CHAT
N (KG/cm?) N
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@ Xuyén non CPT
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Strc chiju tai cha nen dat

f, = slesve
frictian
u, = u, = shgulchr
pormwaber -
gressury
(irwh|nzt tha tig),
B. = mElsurad B, = carraciag
tip strgss tip strass
10-cm’ Friction-Type 10-em’ Standard 10-cm” Typs 1 15-cm” Type 2
Cond Panatromitir PMazecons Plaroona Pezocong Pegnetrometer
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Caiip tn Compurigr
Elactrlc Cons
Fenetra meder 1. Saturation of Core Tg Cavitles
with B0* Ape: ang Placament of Pra-Saturated

o= 38 mm {10 cm?) Porous Fllter Element.
2. Qbinln Basel|na Readings far
Tlg, Slpave, Porewater Transgucer,

& Inc|Ingmeater Chennals

ar
t =44 mm (15 cm®)

Cone Penetration Test (CPT)
par ASTM D 5778 procaduras

inclinometer

t

1‘ f, = slamva frictlon

1

T Randings takan
U, = parswWREtEr gressung avary 10 to 50 mm:
| 'g &, = net arex mtla (fram trlexinl callEreton) f;
Uy,
g. = mafsurgd tip stréss ar cong resistance g

AAA

g. = corrected tip stress =g + (1=, )u,

Procedures and Components of the Cone Penetration Test.
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Local slda friction, Cona resstancs, Friction ratio,
LMK [ g By = o 100(%)
0.06 &
04 03 0.2 01 246 810 20 poavEsI;I0
1 1 | I 1 L 1 1 | 1 AN EY

| i Geznrd Mvel 14m | |

BRES

10— ' i
=15 -
£ 4
§ ; |
-20 =
-_.-_‘-_“:_-_ 1.1 ‘J [

25 = m"‘
20|

g8
RTT L,

‘.1'5 — 1

Cone type:
cylindrical plactric {F)
| Lecanon Pooinci Mo, | Date:

| .
Tvpical record of a friction cone penetration test (te Kamyp. 1977, from Meigh, 1987).
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C, = .- S,
Set Nk
N, =15~ 20
5
cét f :tan'lg%.1+0.38log % 2
SV
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Loai cat q. (10° Pa) b0 chat
Cat hat thoé va trung q. > 150 Chit
50<q, <150 Chat vua
q. <50 Roi
Cat hat min q. > 120 Chat
40 < q, <120 Chat vua
q.<40 Roi
C4t 1an bui q, > 100 Chit
30 <q, <100 Chat vura
q.<30 Roi
Cat bui bao hoa q.>70 Chit
20<q. <70 Chat vua
q. <20 Roi
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E0=a0(lC
q, (10° Pa) Giatria,
q.<15 S<a <8
q.>15 J<a <6
q.>7 45<a, <73
q.<7 J<a <6
W% <70% J<a <6
q.<6 W% >70% 2<a <4
10<q,. <35 J<a, <5
q. > 20 1.5<a <3
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4.6 Strc chiu tai giéi han cta nén dat

4.6.1 Dwa trén murc dd phéat trién cta dung bién dang déo

s, =" el (2b +sin2b)+g(D, +2) .
P s D2 0
S3:p_g:)f (2b_s-n2b)+g(Df+Z) ‘L ‘L}[i‘ ‘L ‘L ‘L YYV VY VY VY >
P
Z
. _ S-S5, 2
sinf = M
S, +s,+2c.cot df p/ R
51/ X vZ

p- d; sin2b c
z= -2b)- D, - —cotgf =f(b
> - ot ) g9 (b)

dz p _P- 9, p c
“< =0 ~2b:_-f |~ = (cotgf +f - =)- D, - —cot of
db 2 " pg 2" ' g

=) (p,=— p(zmax+Df+Ecotgf)+ng
cot gf +f - P 9

TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 66
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@ Cong thire Frohlich

— P- g:)f
P9

z =0

max

(cotgf +f - B)— D, - Ecot of
2 g

= |p,=D, )+ ootgftJa- 1)

a= P +1
cot gf +f - P
2
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@ Swc chiu tai tieu chuan theo qui pham XD 45-70 cua Viét Nam

_b
Zax 4
c O
pg§4+D +gtgf =
‘ th:pz :9 p g:)f
4 cot gf +f-2

“ =m(Abg, + BD.g, + Dc)

A___ 025 S B=1s p - p cot g :
cotg +j - — cotg +j - — cotg +j - —
g +J 5 g +]J 5 g +J 5
m = 0.6 khi nén 1a cac bot dudi muc nudc ngam
m = 0.8 khi nén 1 c&c min dudi myc nudc ngam
m = 1 cho céac truong hop khéc
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f A B D

0 0 1 3.1416

2 0.0290 1.1159 3.3196

4 0.0614 1.2454 3.5100

6 0.0976 1.3903 3.7139

8 0.1382 1.5527 3.9326

10 0.1837 1.7349 4.1677

12 0.2349 1.9397 4.4208

14 0.2926 2.1703 4.6940

16 0.3577 2.4307 4.9894

18 0.4313 2.7252 5.3095

20 0.5148 3.0591 5.6572

22 0.6097 3.4386 6.0358

24 0.7178 3.8713 6.4491

26 0.8415 4.3661 6.9016

28 0.9834 4.9338 7.3983

30 1.1468 5.5872 7.9453

32 1.3356 6.3424 8.5497

34 1.5547 7.2188 9.2198

36 1.8101 8.2403 9.9654

38 2.1092 9.4367 10.7985
40 24614 | 10.8455 | 11.7334
42 2.8785 | 12.5138 | 12.7874

TS Nguyén Minh Tam
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@ Surc chiu tai tinh téan theo trang thai gi¢i han 2 theo qui pham XD 45-78
cua Viét Nam

X ét thém diéu kién Iam viéc ddng thi gitra nén va céng trinh

R, = ”&tmz (Abg, +BD,g, +Dc,)

C

k.= 1 khi cé&c dic trung tinh téan |y truc tiép tir c&c thi nghiém
k.. = 1.1 khi cac dic trung tinh téan |4y truc tiép tir bang thong ké

my; m, 1an luot 1ahé sb diéu kign lam viéc caanén dat va ciia cong trinh tac
dong qualai véi nen dat
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LOAI PAT m, m»
L/H3 4 1,5 3 L/H
PAat hon 16n 1an cat va dat cat 1,4 1,2 1,4
C4t min — it Am va 4m 1,3 1,1 1,3
- bao hoa nuéc 1,2 1,1 1,3
C4tbui— it Am va &m 1,2 1,0 1,2
- bao hoa nuéc 1,1 1,0 1,2
PAat hon 16n 1an sét va sétcd do sét 0,5 3 I 1,2 1,0 1,1
Pat hon 16n 1an sét va sét c6 do sét I > 0,5 1,1 1,0 1,0

L 1a chiéu dai cong trinh
H 12 chiéu cao cong trinh
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4.6.2 Dwa trén tinh téan can bang gi&i han diém

) 2 2 tXZ+dtzx |
(S,-s,) +4. d ds

sn’f =

(s,+s, +2ccotg )’ 2 dz
@ L&i giai cua Prandtl

Tsfn:'e"'tgf'- c.cotgf '
- sin

0y, = (6D, +c.cotgf

f'o .
—t928$—’+5—exp(p tgf ")

Que =90 Ny +C' N,

N, =(N, - Dcotgf’
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@Trong truong hop f , =0, ¢,

N,=1 N,=p+2=514

0y =0P; +5.14° ¢

p q
2
0o=¢Dr \
N
Y \ Y Y
o f i | p_f
P 4 2
4 2
Il
=y, M
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@ Coéng thire cua Terzaghi

> (@.)(2b)(1) = =W + 2Csin ¢’ + 2P,

2bg, = 2P, + 2bc' tan ¢' — yb* tan ¢’

-F:u . , ’}’b .
) o, = T; + ¢ ' tand’ — ?lanqﬁ
TS Nguyén Minh Tam BM Dia Co’ Nén Méng 74
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MNote: H = b tan ¢

H="

-7 I vvee  reee .
G=t | Pp= 5 VHK +CHE, + gHE,

qHE,

()

= yy(btan ¢')’K,, + c'(btan ¢")K, + g(btan ¢")K,

N =tan ' (K, + 1)

, _ l
q, = ¢'N. + gN, + ETHN}. Ny = K, tan ¢’
N, = 3tan ¢'(K, tan ' ~ 1)
BM Dia Co’ Nén Méng 75
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N = EI‘[ tan b tan.? {45 " ¢.'II2} ¢ Q- 5 10" 15" 20 o5° 30° 35° 40" 45°
H':I — {” — 1) cot o N. 57 7.3 9.6 129 177 251 372 K78 957 172
c va
1.0 16 2.7 4.4 74 127 225 414 813 173
- q
N, = 2(N, + 1) tan ¢

y 0.0 05 1.2 i 50 97 197 424 100 298

i $'—--_ /“"’.‘#

30

20 N\
. A\
u \

70 60 50 40 30 20 10 0 20 40 60 B0 100

Values of NC & I“Iu Values of N?

¢ (in degrees)

TS Nguyén Minh Tam BM Dia Co’ Nén Méng
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@ Mbng vudng
dy = L,3cN; + gN, + 0,49BN,

@ Mong tron
dy = 1,3cN, + gN, + 0,30BN,

@Trong truong hop f , =0, c,
N,=N,=0and N,=1. N, = 5.7.

g, = 3Tc, + g (strip footing )

q, = (1.3Y5.7), + g = T4lc, + g (square and circular footing |
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. "'f-.q v Load per
Vertical Y ¥ umit area
load, Q ) g

I |
Level ground N
surface ‘S ,‘ 1.
{ - I [
§ )
@ E [
\ ] W
Horizontal _ - General
beating | sotans  Fimana Locst | | Geners
surface loose soils  compact soils fuilure failure
Y
@ Dbi véi dat it chat va déo mém (local shear failure)
rd ~ = i ].
3, Mong bang g = C N+ gNy +3¥BN, ‘
' =5cC
e 2 ¢ , n -
tan ¢¢" = 5 tan ¢ Mong vudng g, = 1.3¢'N. + gN + 0.4yBN/,
Modng tron qu = 1.3¢'N. + gN; + 0.3yBN;,
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@ Cobng thire stre chiu tai tbng quat
Meyerhof (1963)
Qu = CNeScleDe + vZNgSqIg Dy + 0.5vBN, S, 1,D.,

where

Sc, Sq and S, are shape factors
I, I3 and I, are inclination factors
D, Dq and D, are depth factors.

N = (Ng — 1)cot ¢,
Ny = tan’(45° + ¢/2) exp(r tan ¢)

N, =(Ng — 1)tan 1.4¢ Meyerhof (1963)
N, = L5(Ng — I)tan ¢ Hansen (1970)
N, =2(Ng + I)tan¢ Vesic (1973)
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Céc hé so strc chiu tai N, N, N, (Vesic)

f N, N, Nq f N, N, Nqg

0 1 5.14 0.00 24 9.60 19.32 9.44

1 1.09 5.38 0.07 25 10.66 20.72 10.88
2 1.20 5.63 0.15 26 11.85 22.25 12.54
3 1.31 5.90 0.24 27 13.20 23.94 14.47
4 1.43 6.19 0.34 28 14.72 25.80 16.72
5 1.57 6.49 0.45 29 16.44 27.86 19.34
6 1.72 6.81 0.57 30 18.40 30.14 22.40
7 1.88 7.16 0.71 31 20.63 32.67 25.99
8 2.06 7.53 0.86 32 23.18 35.49 30.21
9 2.25 7.92 1.03 33 26.09 38.64 35.19
10 2.47 8.34 1.22 34 29.44 42.16 41.06
11 2.71 8.80 1.44 35 33.30 46.12 48.03
12 2.97 9.28 1.69 36 37.75 50.59 56.31
13 3.26 9.81 1.97 37 42.92 55.63 66.19
14 3.59 10.37 2.29 38 48.93 61.35 78.02
15 3.94 10.98 2.65 39 55.96 67.87 92.25
16 4.34 11.63 3.06 40 64.20 75.31 109.41
17 4.77 12.34 3.53 41 73.90 83.86 130.21
18 5.26 13.10 4.07 42 85.37 93.71 155.54
19 5.80 13.93 4.68 43 99.01 105.11 186.53
20 6.40 14.83 5.39 44 115.31 118.37 224.63
21 7.07 15.81 6.20 45 134.87 133.87 271.75
22 7.82 16.88 7.13 46 158.50 152.10 330.34
23 8.66 18.05 8.20 47 187.21 173.64 403.65
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4 Strc chiju tai cua nén dat

@ Hé sb anh hwéng cla hinh dang @ Hé sb anh hudng ciia do nghiéng
¢
De Beer (1970) Pvl ' up
B N |
TN L=I=(1-ap0y
I, =(1—-af¢)
Sq=1 +E tan ¢ ! v .
H
S _1““04E L "f:ff-‘é-ﬂ:#: -'-:-_‘L'E7E_"'
v = 4T I._.

. B
@ Hé sb6 anh hwédng cltia dd sadu chdn mong a J
Hansen (1970)
Z/B< 1.0 z/B> 1.0
D. 1 +0.4(z/B) 1 + 0.4 arctan(z/B)
Dy 1 + 2tan (1 — sin ¢)*(z/B) | + 2tan ¢(1 — sin #)* arctan(z/B)
D, 1.0 1.0
The arctan values must be expressed in radians
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4 Strc chiju tai cua nén dat

4.6.3 Dwa trén thi nghiém ban nén hién trwong
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4 Strc chiju tai cua nén dat

RLE oo Em i
S

I 1

i

£

i

T

i-'

- HEEEEEe
R | - :

10 - f |
= 3| = B, hmy RS

A R e R 18 20 30 40 50 #0 W ;;:,
TR VAN TRENTEES s o AT IR ARRNERNNRNNE, SUTNRE. 0§
Bt simelryminy T T ] guae= 12 [FRTE RS s
e T e e e T i R
WEEEEA ] LA ARERR R ANNIRN T 4\\|\qﬁm ]
S | | | | 1 | 14 311 i

e b e L N I
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4 Strc chiju tai cua nén dat

4.7 Stec chiu tai cho phép caa nen dat

+ U :(;—U"é

+ Onet = Quit - g:)f

_ Qe - 9D
+ qall(net) - FS
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Chapter 5 Ap lyc dat |én
twong chan
5.3 Cac dang ap lwc dat 1én tworng chan

5.4 Xac dinh ap lwc chu ddéng va bi déng theo

thuyét Rankine

5.5 Xac dinh ap lwc chu dong va bi déng theo
thuyét Coulomb

5.6 Kiém tra 6n dinh trwot phang va lat
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5 Ap lyc dét 1én tweng chén

5.1 Khai niém

(b} Building basament walls

{c) Bridga abutmants () Earth dam (&) Watartrnt bulkhead

TS Nguyén Minh Tam BM Dija Cor Nén Méng 2
Vietham12h.com



Céng Ty Thiét Ké Xay Dwng Phuvong Nam

5 Ap lyc dét 1én tweng chén

5.2 Phan loai
e 7 ﬁ/gg

N

Tang ham —

IR

Tudng chan

EC
—>

q q
L2222
Ee e .
/ Gia cudng
KL KK
Tudng chan
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5 Ap lyc dét 1én tweng chén

Anchor rod

WT |

Footing

(d)

TS Nguyén Minh Tam

=

Anchor

(e)

Facing 1
panels

Strips or grids
A&ﬁg?kwa

BM Pia Co’ Nén Mdng
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Céng Ty Thiét Ké Xay Dwng Phuvong Nam

5 Ap lyc dét 1én tweng chén

5.3 Cac loai ap lwc

Al-rest pressure ) Active pressure

o
T ! |
', = ! A
' ©
. l g
— — £, =
Kot =0’ K., =0 b3
L=, %
] o £
= + 0 lan ¢ -
Tr=o'+ & Lan & E
Passive pressurc, O [ ———————-———— 3
|
I
|
(] ik i
|
|
AL | Pitssive pressumne _ |
A 4 ) Ad-resl pressire, @' :
i :
g ! |
gy
z ;:1 s - Active pressire, 67, :
g ¥ \
i al afy | walldil
Weall tilt - | all tilt
£ it e ‘£
g
-1
- H
E;:
i
A
il
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5 Ap lyc dét 1én tweng chén

5.3.1 Ap lwc ngang tinh

I [ ! L]
— + - 1 Tp=c +0 lan ]
S h S h u S h KOS % LInit weight
Soil Type Ky -
Granular, loose (1.5-0.6 i
Granular, dense (1.3-0.5 i N N
Clay, sofi (0.9-1.1 {undrained) \ A
Clay. hard (1.8-0.9 {undrained) %f
X X

@ Jaky (1944)

Ko(overconsolidatcd) = Ku(nnrmally consolidated) Vv OCR

1
@ Mayne & Kulhawy (1982) =) P, = > KogH
Kooe) = (L- sinf 'JOCR™"
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5 Ap lyc dét 1én tweng chén

@ Muc nwdc ngam

A

Ground- Uit weght of soil =y H,
water .
table
= = MKyt =
o+
Saturated unit weight \\
N of soil = H; |+
' T\.l[ ﬁ,l ‘\l
\ l ) | N
I:""' J- ﬁ: I "‘
| =Ky + 7 Ha - |-_':|r,".H:_..| |+' — K00l + v H2 Wy H -—h-l

[-
() (h} ¥

Po - %K()’}/H% + K()’YHIHZ + %(K()Fy’ + y?{))H%

W\

Area Area Areas
ACE CEFB EFG and IJK
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5 Ap lyc dét 1én tweng chén

@ Thidu
A
Sand
¢'=0
q)! — 300
! v =100 Iv/ft?
B v Ground water table
= Sand
¢' =10
b’ = 30°
C Yo = 122.4 1b/ft3
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5 Ap lyc dét 1én tweng chén

@ Solution

K,=1-sind"=1-sin30=05
Atz=0 o,=0; op,=0 u=10
Atz = 10ft: o, = (10)(100) = 1000 Ib/ft?
o, = Ko = (0.5)(1000) = 500 Ib/ft’
u=10
Atz =15t o, = (10)(100) + (5)(122.4 — 62.4) = 1300 Ib/ft*
ay, = Ko, = (0.5)(1300) = 650 Ib/ft*
u = (5)(y,) = (5){62.4) = 312 Ib/ft*
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5 Ap lyc dét 1én tweng chén

A o'y (Ibifi2) u (Ib/ft2)
_ - | -
Sand
c'=0
o' =M
= 10t ¥ =100 Ib/ft3

Ciround water table 10

Sand |
=1 " |I
b = 30° = .
T = 122 4 Ibl'lﬁ-ll [
) f 15 f===—= 1Y 650 312
' .
2(f1) =(ft)
Lateral force P, = Areal + Area2 + AreaB + Area 4
1 1
P, = (%){lﬂjfﬁﬂ{l] + (5)(500) + (*2—){5}(15(]] =+ (E){ﬁj{ﬂz}
= 2500 + 2500 + 375 + 780 = 6155 Ib/it
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5 Ap lyc dét 1én tweng chén

The location of the resultant, measured from the bottom of the wall, is

2 moment of pressure diagram about C

= Pﬂ
or
10 5
(2500)(5 + *"*3—) (25{]0)("2-) + (375}(%) + (780](%)
z = 6155 = 4,71 ft
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Céng Ty Thiét Ké Xay Dwng Phuvong Nam

5 Ap lyc dét 1én tweng chén

5.4 Xac dinh ap lwc cha déng va bi déng theo thuyét Rankine

5.4.1 Ap lwc cha déng

—| AL | J
"1 ! -'q - . ——— ——— - —— - —— T ——— — - — -8 W mw =% m
U E g . A £
1 Unit weight of soil =y =]
I 1 Tp=c¢' + T tan ¢’ =
| | ¥
[ - = =
i | L1 38 i ol
i |
| |
[ -
B N R (I :
: : @ Normal stress
(I
I |
(I
[
I I
[ f
| |
i I
i i
B K {a) |
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5 Ap lyc dét 1én tweng chén

P ) CnD
sin g’ = = :
AC AOQ + OO
i i o, — o
CD = radius of the failure circle = —= > -
AO = ¢’ col o' oc = Tr T %
.
T, — &,
. 2
SN g’ = - -
, . e, tar,
¢ col @' + u_
2
o), + ', — o
ceosd’ " sing’ = ————"
2 2
, 1 = sing’ cos b’
= o - - — gt —
[ + sin b I + sin ¢’
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5 Ap lyc dét 1én tweng chén

| — sin ¢’ t 1(4;‘ &' cos ¢’ ol 4s ch’
— = tan” 5 — - — - =t 45 -
| + sin ¢b’ 2 | + sin ¢’ "1 2
" qﬁ') ( ¢’
o, =vyztan| 45 — — | — 2¢' tan| 45 — —
i ( 2 T
a’, tﬂn:< 45 — il
2
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5 Ap lyc dét 1én tweng chén

@ D4t dinh — (rng suat co hiéu

~2¢'VK,
DI
S =gk, - 26K, i

@ Dat dinh — (rng suét tdng

s, =@K, - 2¢/K,

K, = tan2§15- f—9 M | T

€ 2@ VoK, —2¢VK,,

@ Chieu day Iop dat bi kéo

2C
=gV
TS Nguyén Minh Tam BM Pia Co’ Nén Mdng 15
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5 Ap lyc dét 1én tweng chén

| 1] e

2,

_'nl_

=

——

I—

I

@ Trong DK khong théat nwéc @ Néu chieu day bi nit chira day

nuwocC

f =0, K,=1 c=c,

— u
—_ 2CU ZO — 1
% g
g
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5 Ap lyc dét 1én tweng chén

P, =Kyl - 2VEK ¢

2

¥
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5 Ap lyc dét 1én tweng chén

@ Khi co ap luc dat, g, tac dung trén bé mat

Surcharae = g

bAss L b

Failune
wedpe

T|
¢

Groundwater table

-.,
R

—\
N\

—| | | ——— ———|

Kodg +H, 4 7 Hz) fullz

ikl el

TS Nguyén Minh Tam

R’I._.I:J' + ""H-'l K{ﬂ"lrh + 'r',.-j-r_'\;
idy

BM Pia Co’ Nén Mdng
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5 Ap lyc dét 1én tweng chén

5.4.2 Ap lwc bi déng

Unit weight of soil =
Tr=c'+a lan

] IJ';I

Mormal siress

L
==
Shear stress _

: () L {h_]- \
i

T, =, tanz(ﬂlﬁ + %) + 2¢’ tan(45 +%)

TS Nguyén Minh Tam BM Dija Cor Nén Méng
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5 Ap lyc dét 1én tweng chén

@ D4t dinh K3 o
|
s' =gK, +2¢ /K, « !

K, :tan2§15+f—9 *' I \
e 29 i }

@ Déatcat: ¢’ =0 *
- —-"_ | T:E_I" _—-'—.'-l
2K
T i
S pT K p
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5 Ap lyc dét 1én tweng chén

@ Khi co ap lwc dat, q, tac dung trén bé mat

Surcharge = g

LT

Failure wedge

i

¥ =

Groundwater table

—x

_,..l

]
-

Kyt +¢)

I-l-ﬂ—

|-1—-|-|-r ——————
iy Kyl + i)

Kol + M) Koy H: + gt
{h ic) i)
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5 Ap lyc dét 1én tweng chén
@ Thi du

TS Nguyén Minh Tam BM Pia Co’ Nén Méng 22
Vietnam12h.com



Céng Ty Thiét Ké Xay Dwng Phuvong Nam

5 Ap lyc dét 1én tweng chén

5.5 Xac dinh ap lwc cha déng va bi déng theo thuyét Coulomb

5.5.1 Ap lwc cha déng

-
@c=0;f ____F_-_';;_%__
A F:q
90+ 8+8- B+ o 0-0-0
T, L Al
f—o
» ﬁ v B _ "DH'
+ __lﬁ__ ) sin(V0 + 60 + 88— B+ ¢')  sin(B — b')
B {i1) (h)
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5 Ap lyc dét 1én tweng chén

Jsinf 'cosd
cosf '\/sin(f '+d)

tanb, = + tanf

“ P" = %KﬂTHE
K = cos’ (¢’ — 6)
. sin(é + &' )sin(d' — a) |
cus*ﬁcﬂ5(3+ﬂ)[1 +\f__( ¢')sin(d’ — a)
cos(8 + B)cos(f — a)
TS Nguyén Minh Tam BM Dja Co’ Nén Mong 4
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5 Ap lyc dét 1én tweng chén

Values of K, for# =(F, a =

Céng Ty Thiét Ké Xay Dwng Phuvong Nam

i (deg/ —

+ v’ (deg) 0 5 10 15 20 25
28 (13610 (). 3445 0.3330 (0.3251 (.3203 0.3156
30 .3333 (0.3189 (1.3()85 0.3014 0.2973 {(.2956
32 0.3073 (0.2945 (L2833 0.2791 0.2755 0.2745
34 0.2827 0.2714 ().2633 (),2579 (.2549 (1.2542
36 (0. 2596 (0.2497 (.2426 0.2379 (0.2354 (1.2350)
Rls (0L,2379 ().2202 00,2230 (0.2190) (12169 0.2167
) (.2174 (). 208Y (0. 20435 0.2011 (11994 (0.1995
42 (.1982 (L1916 (). 1870 (. 184] (J.1828 (0. 1831
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5 Ap lyc dét 1én tweng chén

@ c =c,; f,=0: dat v&i tweng khong co lwe dinh

! 1
- — H_ col -

, T———— ———

Slip plane

P,cosq+T-Wsng =0

H
P" P :lg_l 2 SJHO
H, ° 27 ° singcosq
3
«r:* ﬂPa:O —)qa:450
)[[¢
1.2
Pa :_g_|o - Z%Ho
2
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5 Ap lyc dét 1én tweng chén

2 2 (b)
Pa—g(H ZO)- 2CU(H- zo) 1+z—W g=0
2 2
I:)a:g(HZ ZO)_ +CI(H' Zo)+2Cu(H_ Zo) 1+2_W q>0
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5 Ap lyc dét 1én tweng chén

5.5.1 Ap Iwc bi déng

ﬁ..
_—
t:
! [180 (90~ 8 +8) ~ (B +0")]
b P
'IE- < = lF:I.I
H i
iE-J:?mmﬁ- ’%\ |
f - g F
:
. _
R
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5 Ap lyc dét 1én tweng chén

b = \Jsinf 'cosd

- tanf'
" cosf '\/sin(f '+d)

cos’(d' + 0
Kp | — {';?___n'.“..} —+

cos” 8 cos(8 — ﬂj[] _ [sin(¢’ — 8)sinle" + a) |
E-DS(S o E:}':Uﬁl:ﬁ - ﬂ:l
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5 Ap lyc dét 1én tweng chén

‘alues of K, ford = 0%, a = (¥

L b (deg) s
L ¢ Ideg) 0 5 10 15 20
15 1,698 1900 2130 2.405 2.735
20 20040 2.313 2.636 3.030 3,525
25 2.464 2.BAl 3.286 3,855 4.597
Al KK 3.5006 4.143 4.977 6. 105
35 3.65() 4. 3] 5.31H) f.554 8.324
4) 4601 5,540 f.946 X570 11.772
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5 Ap lyc dét 1én tweng chén

2
p =9 i gH+20H [1+ 5
2
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5 Ap lyc dét 1én tweng chén

5.6 Kiém tra 6n dinh trwot phang va lat

5.6.1 On dinh trwot phang

(a) Gravity (b) Cantilever
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5 Ap lyc dét 1én tweng chén

@ Tinh theo (ng suat co6 hiéu

(W, + W, + P,,) cos B, — P, sin 0,) tan &, 3
(ol P, cos 8, + (W, + W, + P,,) sin 6, FS3 1.5
Khig,=0
W, + W, + P,,) tan &;
@ Tinh theo ng suét téng
£ s,,Blcos 6,
( )T _ P.-:lx cos 8, + (Ww -+ Wj + Paz) sin Bb
Khig, =0
s, B
FS)y = —
(FS)r = 5
TS Nguyén Minh Tam BM Dija Cor Nén Méng 33

Vietham12h.com
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5 Ap lyc dét 1én tweng chén

5.6.1 On dinh 14t

.
s
&
H, ¢
X
Toe |
|
(a) Gravity (b) Cantilever
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5 Ap lyc dét 1én tweng chén

Xo

waw o ijj i Pa;:xa - ﬂxzﬂ
(Ww -+ Ws + Pﬁ;‘:) CcOS Bb = Pa.r Sin Bb

Khig,=0

x

L Wk + Mok, & Pk~ B 2
w, + W, + P,,

TS Nguyén Minh Tam
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