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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




Chapter 1 Nhirng nguyén tac co’
ban tinh téan va thiét ké nén
mong

1 Khai niém nén mong

2 Bién dang cua nén dat

3 Strc chiu ta1 cua nén dat

4 Thong ké s liéu dia chat

5 Tinh t6an nén theo cac trang thai gidi han
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1.2 Bién dang ctia nén

1.2.1 Cac nguyén nhan gay ra lun

DPat nén dwéi méng chiu tai trong tinh

DPat sét do ha mwe nwéc ngam

Dat hat nwéc

Dat r&i chiu tai trong rung déng

Pat co lai do kho di

Nén dat bj x6i mon

Do hd dao va sw dich chuyén cta twéng chan céng trinh 1an can
Do tir bién

Do tan bang

Héa Iéng do dong dat

YV V.V V VYV ¥V V V VY VY V

Do ma sat am
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1.2.2 Thi nghiém xac dinh dé lin

» Ban nén hién treong

> Thi nghién nén c6 két mét chiéu
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@ Thi nghiém ban nén hién trvong
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g1 I £ I _&}

’J ~|» Terzaghi va Peck(1967)

THEEE 2B
- EEmssEEsasig S=5 | ———
- URE o " B+B,

ik )
= B e e S S P N |
-,
=1

e o T ERP ST S
= mar

| o2 g, i m) “"‘-“'

|
EEEEH SEElo 10 20 30 40 S0 60 T g%
b0 1 2a0- - Fikoe Lipel- | ept T H _:‘_'_T-I--_'__._.:F_I: SARAREENNRRNE, SNINEN, By
Bt Mrketrmiae T U] g = 121 [EEER R L L T
EEEEE T T e a2

il \!qﬁ'-:l |

Ly T1TIT1 IEREERIRRRRRNRRREREHE

TS Nguyén Minh Tam BM Dja Co Nén Méng 6



4 Nguyén tic co ban

/

-

i r
= 4 = v
Sl :l:‘- 1 Sad y L] |_ \] Spd Yo = D] o I:lb:} .'I [
- i — Lk —ks P i Lot — = r

Jrd
Total seitlement(s = Zsp + Zsp)

2t

® Terzaghi{ 1933)

TS Nguyén Minh Tam

dth Cycle—=

[
a gl
.-".-l }
)
o
1 &,
P
i
) ;
x - .-';l i
I
JI‘
@
h;l.
—_—

g4 2l 3k ekis,, wem)

i

AHE ; ﬁ-m( ﬂfj )

AEE k?..rl( Hrﬂh-"'
2 [ &JH-I':-b-I f

1 ]

K

BM Dja Co’ Nén Méng 7



4 Nguyén tic co ban

» 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 90110 14-17 150-300 (25-50) = 10°
Dense 65-85 110-130 17-20 350-550 (55-85) % 10°
Very dense =85 =130 =20 =600-700 (95-110) % 107

Pay méng dat dwdi mwe nwdc ngam : 0.5 C,
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1.2.3 Cac loai do lun

o t

. S —— — ——— — — —

S'lr' — Sc. + -5"_.; -+ .S,_.

S, = total settlement

S, = primary consolidation settlement

, = secondary consolidation settlement
immediate settlement

Stage 11: Primary
consolidation

L ta L
|

-
=

+—— Deformation

Stage [[1: Secondary consolidation

Time (log scale)
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1.2.4 P6 lun tire thoi

v' Mong chi¥ nhat cé ddng cirng hiru han

- 211111,

I,

S,=AoxB

N

v SezAO'xBl_V”

I,

u

]P(goc):llLln(1+V(L/B)2+1]+ln(g+ (L/B)2+1j]

7| B (L/B)

Ip(tam) =21 ,(go c)

[, (Trung bi"nh) =0.8481 ,(tam)

Lieviator stress

v' Mdng ctrng chir nhat

IP (cung) =1.57 11 Axial strain, £,
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s
Flexible
Shape m, Center Corner Rigid
Circle — 1.0 .64 (.79
Rectangle I 1.12 .56 (.88
1.5 1.36 (.68 1.07
2 .53 0.77 1.21
3 1.78 (h8Y 1.42
5 2.0 1.05 1.70
|} 2.54 1.27 2.10
20) 2.99 1.49 2.46
50 3.57 I8 3.0
1N) 4.01 2.0 3.43
. E
Soil type kN/m*
Soft clay 1,800 3,500
Hard clay (3,000 — 14,0000
Loose sand 100028000
Dense sand 35,000 =70,000)

TS Nguyén Minh Tam BM Dja Co Nén Méng 11
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E = BS,

Values of B from various case studies of immediate settlement

Clay properties

Over-
Plas- consoli-
Case til."llt}' Sensi-  dation Enas
stiudy  Location of structure index tivity  ralio tondfm® B Source of 5*
! Oslo: Nine-story building 15 2 35 7600 1200 CluU
2 Asrum [ Circular load 16 100 2.5 ) 1O Field vane
1200 Clu
3 Asrum U; Circular load 14 100 1.7 B0 1,000  Field vane
test 1,100 CIU
4 Mastemyr: Circular load 14 - 1.5 1,300 1,200  Field vane
test 1,700 Bearing capacity
3 Portsmouth: Highway |5 10 1.3 3,000 2000  Field vane
embankment 1,700 Bearing capacity
f Boston: Highway 24 5 1.5 10,000 1,600  Field vane
embankment 1,200 CKU
1.0 13,000 2500  Field vane
1.500 CKUu
7 Drammen: Circular load 28 10 1.4 3,200 1400 Field vane
fest 1.1 CKE U
8 Kawasaki: Circular load i 63 1.0 2200 4} Field vane
Lest Ciu
9 Venezoela: Ohl tanks 7 82 1.0 SO0 8O0 CIU
10 Maine: Rectangular load 1Ix2 4 1.5-4.5  100-200 BO-160 UU and
testy Bearing capacity

Adier [ 1, 1Y Appatana et wl (19713

TS Nguyén Minh Tam BM Dja Co Nén Méng

12



4 Nguyén tic co ban

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 (L2-0.4

Soft clay 0.15-0.25
Medium clay (0.2-0.5

v' Worth, lightly overconsolidated clays.

p = 0.25 + 0.00225(PI)

v For granular soils, Trautmann and Kulhawy (1987)

drained Poisson’'s ratio.

—o1 403 &%
P “135° — 25°

TS Nguyén Minh Tam BM Dja Co Nén Méng
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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 g, = 0.25. Assume the footing

to be rigid.
Solution
1 — 2
5= AcB—21,
150
Ao = (150) _ 84.9 kN/m’
= (1.5)
5 (L
for a circular rigid foundation, I, = (.79,
1 - 025
S, = (84'91(1‘5)l_%ﬁhﬂ__}({]'?9) = (L0135 m = 13.5 mm

TS Nguyén Minh Tam BM Dia Co Nén Méng 14
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@ Cong thire stra dbi (Mayne and Poulos, 1999)

Puwa vao tinh toan ST B, - T e
a o Ao L

A ., . B2 # Y l’ l By
> DO cirng ciia mong 1 Ly L
> Ting module dan héi véi chicu siu } oo
> D@ sau chon m(')ng Compressible soil layer E.'ﬁ:—- Eo+ k2
> Cac l6p dat citng ¢ df siu E, i -. /

My
: ..f Y
i iﬂﬁn.f[;!f _{{1 - :] _ ‘ S U
- K, F Rigid laver
Y

Depih, 2
[; = mfluence factor for the vanation of E, with depth = f(E,, k. B, and h)
[ = foundation rigidity correction factor
foundation embedment correction factor (4B

—
m
i

TS Nguyén Minh Tam BM Dja Co' Nén Méng 15



4 Nguyén tic co ban

L0 1 I ] I | T | r
=3
1007
5.0
20
0.8 =
[0
0.6 -
~
(1.5
4+ -
hB,=0.2
0.2k -
0 o [ - | L1 1 | [ | L1
RN 2 4 6 s ] 1} 190
E,
3 =
f kB
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/- T, I
FT oy
4 f 2t '\’
4.6 + 10 = | =
£y By |NE
"2
R p— -
095 -
4
e LKA -
= ‘
R+ -
Kf.' - B T
e —k B,
2
.75 = Flexibility factor -
0.7 ! [ A T Y R N A I | [ Lol L
ol 2 4 680,010 0.1 1.0} 10.0 1000
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B,
3.5exp(1.22u, U.4](—V + I.ﬁ)

[.0)

(1LY5 -
0y -
=03
CHEY Us -
(1.3
(.2
{h.
i1
0,75 0 i
.7 L | | |
i) 5 L] 15 M)
13,
B
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@ Phuwong phap Schmertmann

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

'l..||||

- CICE E{ifi']{‘r-.--x-&'_u}{a:u}

L
al ™. Calculate |, use
7 1,=05+01/59
B |- < 7 T
g i-i-—E-—h-—.
: . | | Ag=q-4'y
EE . |
2 Square h:ru_nﬂatlans g q .
2 (LB=1) g R / il
£ 3 e / Qv
E Rt =11
g o L g
= . B2 (square) H(
g ag - . Bilon
4 o \ Y (long) Y
o Long foundations
o (LB=>10) Depth to /,,,
4B 1= g = foundation bearing pressure
g . = Soil overburden pressure at foundation level
B = least width of foundation Oyp= soil overburden pressure
L = length of foundation at depth for |, (B or B/2).

TS Nguyén Minh Tam BM Dja Co' Nén Méng 19
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> Hé s anh huwdng do sé chon méng
C=1-05(o,/A - :
| { Kl ff} '5'1.' = {-1|(-': l-('f':r.;]{ﬁ:frj
> Hé sb anh hudng tr bién va nén 1au dai = C,C, (Aq)(1./E)(Az,)

G =14 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 vV In terms of g,
Sand-silt mixture an 1.5¢,
TN-10N 2q.-3q,

(relating to density and
compactness)
44,

Fine-to-medium sands,

fine—medium—coarse sands (relating to density and

compactness)

Sand—gravel mixtures 12N

TS Nguyén Minh Tam BM Dja Co Nén Méng
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@ Thidu

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 = 17.5 kN/m’

TS Nguyén Minh Tam BM Dia Co Nén Méng 21
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Solution

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

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

l"l

B 1
o, = (17.5kN/m’ X 1.5m) + (1?,5 kN/m® % ;) = 525kN/m- = 52kPa

=

Maximum strain influence factor [,

P — ——— = ——

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

Ty 17.5 X 1.5
C,factor =1 — 0.5 (I ) = | — ﬂ,ﬁ(—— — —) = (.905
i q .

- factor = 1.0

TS Nguyén Minh Tam BM Dja Co Nén Méng 22
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Hgid footing varthical stran influence factor [

Solution D 01020304050607
TSl [T 1
g | -
g
=L =05+01 /= : ().66
=] a2 L Oy
£
; °
.
2B
Layer Layer Distance to
Identification Thickness Center of
and Soil Type Az (m) Laver (m) q. (or N)* E, (I, /E Az
(below fdtn level) (below fdtn level) {below fdin level) (kgf/em®) LY (MPa) {m/MPa)
(1) f-c sand 1.0 0.5 (or 01787 30 = 3 MPa (.25 35-1?:— 1.5 0.033
(2) f-m sand 1.5 L.75 {or (L.588) 25 =25 MPa ().66 25q, = 0.25 {.15%
(3) f~-m sand 1.0 30 (or 18 27.5 =275 MPa .45 2.5g, = 6,88 (1.065
(4) f-c sand 1.5 4.25 (or 1.42B) 35 = 3.5 MPa 024 254 = 875 0,041
(5) f-c sand 1.0 5.5 (or 1 .838) 30 = 3.0 MPa 008  25g =175 0.011
2=031

TS Nguyén Minh Tam

Settlement, S, = (C,C,)Aq 2(1,/E,)Az
(0.905 % 1)(138.75 kPa)(0.31 m/MPa)
= 0.039m = 39 mm

BM Dja Co’ Nén Méng
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Pore water Eltective
Tostanl stress imerease [riEssure InCTense slress Crensse
ey ———— - -

1.2.5 D6 lun co két

ft——— T ——+

P y— — A =1
¥ + A = Ao ¥
Depth Depth [epth
AG (i Artime =1
l l s l - l l Pore wuter Effective
; i Toal stress anereise NICSSUTE INCTeHse SIECss INCTreise
. . Sule ) - - e
Sand Ground water table v “V |
s Sy O i SR RSP Dt LT I — SR, Y, S
o S LA T v Y
_:h_‘.' R RN SR et --'_'CJ:_L:J- w2 Depth Depth Depth
P DRI fCrAttime < 7 < o=
r S_— .
. Powe walter Etfective
: Total stress increase pressure increase sUress increase
Sand T > - -
F
Depth
. rl;
- TR — A =13 ; |
Y ¥ V.‘m = A0
Depth Depth [epth

(o At time f = e
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Thi nghiém nén co két

Stage I Initial compression

Stage 11 Primary
consolidation

+—— Deformation

Y
Stage 11: Secondary consolidation

Time (log scale)
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Xac dinh dd lan sau khi c6 két héan toan

Cross-sectional area = A ¢ Volume Cross-sectional area = A i Volume
LT LIIEliA AV R Y B _AV R
Height /5 77 ; Height /,
- L

1ﬂ

N ARy & s
ARR BRI A L L F
L I.-_ . \._I.." .. L | !r I

_ Vi,

v,

— |
1]
q
R e 1—74-.--1-—-—-
L]
a
L
[l
1
—
il
]
A
—= |
=
=
=

| = f——

H {
ARTSRACYR o Y R
l'r -
F
v Lo a
AV =V, —~V,= HA—(H — S.)A = S.A AH
o AV = S.A = AeV, = Ae
I+ ¢q
AV =S A=V,—V, =AY,
AV, = AeV, | Ae

Vi AH

1 + Eer | + €0

h
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A
fu ————————————
L ) S
i
i
Eal — e —— = = = ———
! |
f i
| |
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Effective pressure, &' (log scale)

TS Nguyén Minh Tam

WVoid ratio, ¢

Effective pressure, &' (log scale)
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@ Hé sb cb két: OCR

!

7
OCR = —

a

@ Sét cd két thuong

OCR =1

@ Sétqua cb két

OCR =1

TS Nguyén Minh Tam

Void ratio, ¢

o =) |
.-"'T"q?|
f
’\7,:*1'
=
fﬁl
/ |
/ |
= =

h

o mie - o e

T
h_
Fressure, o (log scale)
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<» Nguyén nhan gay ra hién twong c6 két trwée

v' Ap luc di't bén trén bi ddi di do bao mon hay do cong trinh ci
v' Ap luc bing ha di mat di

v' Do ap luc thuy dong

v Do lyc ki€n tao dia chat thi du mang dia chat troi giat

v Do dao dong mu'c nuéc ngam

v Do dat tram tich theo thoi gian

v Do nudc trong dat bi boc hoi hay bi hat bai ré cay

TS Nguyén Minh Tam BM Dja Co' Nén Méng 29
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Zo
{ v+ W.L.after deposition

I TTL Present W.L.
Zm

z

J: —J—'-Deepest past WL. I

.lp ¢ #
K
T \\_ .
;3 [
1 :
U'I'I'D U\r‘m
(a) (b) le

Overconsolidation caused by ground water movements (Parry, 1970).
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Apparent overconsolidation caused
by delayed consolidation (Bjerrum, 1967).

TS Nguyén Minh Tam BM Dja Co' Nén Méng 31
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- =
/ ’
{ I’ Desiccation
|
U\rm
f | Constant
S Oyo with depth
(@)
1
"_|"‘ =const.
vo
(a) (b)
Delayed Consolidation
Stress OCR
| 2 3
- PresentX- - ="
! -
{ Past X
lowest
I
- Ovm
(=%
[ 1 Decreases
o O with depth
1 1
Om— Ovo= const.
(c) (d)

Changes in G.W. L.

Vanations of ¢'ym and OCR with depth from delayed
consolidation and ground water movements.

TS Nguyén Minh Tam
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% Hé sb nén: a, N

de Ae
a=a=———=———
do' Ao’
Ae=—a Ac' i
, , ng :
** Hé s6 nén twong doi: m, | ; P R
Pr P>
a, —Ae
mv = ao = =
l+e, Ac'(l+e)
< Do lun
e —e —Ae Ao’
S, =—"—2H-= H=mAc'H
1+e Ac' 1+e¢
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* Trong thi nghiém nén ¢ két 1 chiéu

&=¢&,=0;0,=0,

D s gxzé(a —V(Gy-I-G ))zO
D> GX—K —L
o. " 1-v
1 c. . 2V’
52=E(O'Z—V(O'y+0'x)): E(l_l—v)
S, Ac'(, 2V B,
< 8Z=H— 7 (1—1_‘/) —> SC—EAGH
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» Buong cong e-log(p)

log(p, t/m*)

Pi{log(m), e}
P:llog(ps), el

|

[ﬂ} &

(e) - log(p)

Ce = G (1 +e)

TS Nguyén Minh Tam

log(p, t/m*)
>

Pi\log(p1), &l
Pillog(p), &)

log (4]

| &

(€) - log(p)

C:,- == C_.,’ [:l =+ Eu]'

= e
S e e
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< D6 lun cho dat sét cd két thuong

Ae = C/[log(oy + Aa') — log ey)]
C.H (UE;, + :icr')
log

5, =
' 1+ €0

L)

To

P06 lun cho dat sét qua cb két

forop, + Aa' = o

Ae = Cllog{oy + Ac') — loge,)]

S{, _ CtH Iﬂg(ﬂ';} + ﬁ{T*)

r
1 +eg To

ey + Ao’ = o),

S, = lo i
1+ e gt:r.f} 1+ e

C.H al C.H | (a‘b-i- ﬂﬂ")
G — e
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% Hé sb C, va C,

‘ Nagaraj and Murty (1985)
Skempton (1944)  for undisturbed clays:

LL(%)| .
Cc = {]FUUQ(LL — 1[}} C{. = 02343{—][}[] (.1'_1,.
Rendon-Herrero (1983} natural clays, {LL (%) ]
C, = 00463 ———— |G,
1+ e, 238 100
C. =0 141(:;_1-2( ----------- —)
G, o
C,=slo;C,
Equation Reference Region of applicability
C, = 0.007(LL —7) Skempton (1944)  Remolded clays
C, = 00wy 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, organie silt, and clay
C, = 0.00d6(LEL —9) Brazihan clays
C. = 0.75(e, — 1.5) Soils with low plasticity
C. = 0.208¢,, + 0.0083 Chicago clays
C = 0.156¢, + 0.0107 All clays

After Rendon-Herrero ( 198())
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s Thidu A soil profile is shown in Figure 10.19. If a uniformly distributed load, A, is ap-
plied at the ground surface, what is the settlement of the clay layer caused by pri-

mary consolidation if
a. The clay is normally consolidated
b. The preconsolidation pressure (o) = 190 kN/m?
¢. o’ =170 kN/m’

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

l-«w'f-’"**flf”l?rf} WO l S “-:-J'"Vt::f s l

2m Sand Yary = 14 kamJ
v Gmund watcr mhlc .
:_:ﬁrl;'l"n'ﬁﬁ.i?'- /T"f‘?"f‘mw iR T e in Bl : B P p e
4 Sand
l’" Your = 18 kKN/m3
R s e L T T L Sy e R
| R A S ; ':r'“t..l'-lkN.l"m" B
--4m ) T bk _"'__‘u'mdmhue—ﬂﬂ
' ' : L= 40 -
A TR *' '.:*;.'-:. ROl byt TR
Frguru 10.19 sand
BM Dja Co Nén Méng 38
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Solution a. The average effective stress at the middle of the clay layer is
U:L' = ETdr].r T 4[?&31[“[“11] - THI] T %[Tﬁﬂ[ﬂclﬂ}'} - '}'r”_:]
on = (2)(14) + 4(18 — 9.81) + 2(19 — 9.81) = 79.14 kN/m?

) C.H oo + Ag’
S = log| —= :

L + ¢, f";:l

C. = 0.009(LL — 10) = 0.009(40 — 10) = 0,27

_(027)(4) 79.14 + 100 _
c = TT08 0g ——“H) =0.213m = 213 mm

b. oy + Ao’ = 79.14 + 100 = 179.14 kN/m?
ol = 190 kN/m*

Because oy + Ac’ = o,

5 - C,H lug(gﬂ +'i'm' )

1_ + EQ T
G027
C, = i~ 6 = (0.045
~ (0.045)(4) (79_14 + 100
‘T 108 79.14 )_G'ﬂ?’ﬁm_m"““
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c o = 79.14 kKN/m*
o + Ad' = 179.14 kN/m?
ol = 170 kN/m’

[

Because o < ol < oy + Ao, use Eq. (10.27),
CH o, C.H (::r}_; + ;‘..ﬂr'_)

= 1 L _|_ R — l

1+ e v co 1 +e oe o,

(0.045){4) 170 (0.27)(4) 179.14
logl -——— | + ———log -

22 00468
1.8 &\ 79.14 1.8 170 ) 00368 m

S,

= ==

= 46.8 mm
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Xac dinh dd lan c6 két ctia nén nhieu I&p

o)
1
Q
€
=~
%!
1
s>
€
>~

TS Nguyén Minh Tam BM Dja Co Nén Méng 41



4 Nguyén tic co ban

+¢ Thi du:

1,6m

TS Nguyén Minh Tam

14,93N/cm?

WA

Lép dat so'1
Dung trong 4m y, 4 17.4
Titrong G, = 2.65
do Aam w% = 20
Hé s rdng ban dau e, = 0.828

Chiéu cao miu ban dau hy= 20

Lép dat s6°2
Dung trong 4m y, 4 19.2
Ti trong G, = 2.72
do &m w% = 40
Hé s6 réng ban dau e, = 0.983

Chiéu cao m4u ban dau hy= 20

Luc nén Sé doc Hé s6 réng
P (Kg/cm® | Ah (mm) e
0.000 0.000 0.828
1.00 0.740 0.760
2.00 1.287 0.710
3.00 1.506 0.690
4.00 1.615 0.680

BM Dja Co’ Nén Méng

Luc nén S8 doc Hé s6 réng
P (Kg/cm®) |  Ah (mm) e
0.000 0.000 0.983
1.00 0.739 0.910
2.00 1.345 0.850
3.00 1.546 0.830
4.00 1.647 0.820




Nguyén tac co’ ban

Solution \‘l’“

Ap luc gay lin:
Pg= Po-7v.-Dy=149,3-17,4.1,6
= 121,46 KN/m?

14,93N/cm?

R

121.46

100.07
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& sd' rong e

v (.850
&

> 0.825 K
‘3-1

2 0.800

1.00 l\
0.97 \
= 0.775 \\ 0.94
0.750

091
0.725 \\\ -
0700

0.675 — 0.85

0.650 0.82 .

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

(g
/
He
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aplucddy mongp= 1493 (KN/m%)
apluc gy linp = 12146  (KN/m?)
Chiéu siu chon méng D= 1.6 (m) DOPLUNS = 6.10972 (cm)
chiéurong méngb = 1.6 (m)
chiéudaiméngl= 1.6 (m)
L pe h- A N i |
Lop Adp | zm) Y . chi€u day Obt , K, kg Oz , Oztb , P1i , P2i , e e S, (cm)
phan (KN/m?)| h(m) || (KN/m?) (KN/m?) | (KN/m?) | (KN/m?) | (KN/m?)
0 17.4 27.84 1 0.25 121.46
1 1 0.6 110.7665| 33.06 143.826 |1 0.805 | 0.738 2.232
0.6 17.4 38.28 | 0.824 | 0.206 | 100.07
0.6 17.4 38.28 | 0.824 | 0.206 | 100.07
1 2 0.6 79.43982 43.5 12294 | 0.798 | 0.749 1.657
1.2 17.4 4872 10.484 | 0.121 | 58.81
1.2 17.4 4872 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 |0.283| 0.071| 34.41
1.8 17.4 59.16 |0.283| 0.071| 34.41
1 4 0.6 28.07191 64.38 [ 92.4519 | 0.784 | 0.765 0.638
24 17.4 69.6 0.179 1 0.045| 21.73
24 19.2 69.6 0.179 1 0.045| 21.73
2 5 0.8 17.43074 77.28 | 94.7107 | 0.927 | 0914 0.531
32 19.2 8496 |[0.108 | 0.027| 13.13

TS Nguyén Minh Tam
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1.2.6 D6 lun tir bién

4+—— Deformation

Stage 1I: Primury
consolidation

Y
Stage I[1: Secondary consolidation

F

Woid ratio, e

R IN—
o .

—
!
[ 8]

Time, r (log scale)

_ Ae _Ae
logr, — logt  log(t/ty)

[

I
Time (log scale) 5"‘ - CQH ]Dg(;)
* Overconsolidated clays C;, = (0.001 or less C
*  Normally consolidated clays  Co = 0005 00.03  Ch= "=~
p
* QOrganicsoil C, = 0.04 or more
TS Nguyén Minh Tam BM Dja Co Nén Méng 46
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100 T T T TTT T T T TTTTT T
- A
&
o
Secondary _ 7
C, compressibility 10 6 s
- - _
: P 4 — — e
[ . & T LEGENTD
<0.002 very low a? = ey 2 ] __,.-'f : | —Whangamaring clay
0.002-0.004 low =t WA . 2~ Mmoo City cy
i o L ~ alcareous organic silt
00.004-0.008 medium e /i ;-—-hnda clay
. Fa —Morweglan plasiic clay
0.008-0.016 h]gh B 5 - y — fi— Amorphous and fibrous peat
. - T—Canadian muskeg
0.016-0.032 VEry hlgh U r..-‘f I_ R —Organic marine deposils
11— T — . Y- Boston blue clay
= . L] s - 13—Chicago hlue clay
- - Ul —Ohrganic silty elay
B - _,.-'. - - # — Ubrganic sili, ele.
A 1L _
9
L S
f_/
[ [ — l_I._l._I_LLl_l_._l_ L1 1 lL]!I 1
10 100 1000 3000

Matural water content (%)

Coefficient of secondary consolidation for natural scil deposits (after Mesri, 19731
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¢ Thidu

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

thickness of clay layer = 8.5 ft

Void ratio (ep) = 0.8

Compression index (C,) = 0.28

Average effective pressure on the clay layer (o) = 2650 Ib/ft?
Ac’ = 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? (Note: Time for completion of
primary settlement = 1.5 years.)
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Solution
C

O (5]
“ 1+e,

€p = Ep T ﬁeprhnar}'

i ) + ﬂ £ 5
Ae = C. mg(‘”’—,—i) = 0.28 i[}g(26 g 6;09?”)

T

= 0.038

AeH  (0.038)(8.5 X 12)
1 + €0 B ] - Uig

Enq = 0»,8.,
—» ¢, = 08— 0038 = 0.762

Primary consolidation, §, = = 2.15in,

S 002
Co =T 07e ~ 001

I 5
S, =C'H mg( f) = (0.011)(8.5 x 12) mg( 1‘—%) ~ .59 in.

total consolidation settlement = 2.15 + 0.59 = 2,74 in.
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1.2.7 Toc d6 lun cua dat theo th&i gian

Pore water Eftective
Tostarl sEress IMerease [INESSUTE ICTese SLress INCrease
.[, RN . » —
H
_ [l |

Ao = Ao’ + Au |

. AT ] ——————| Aa' =1
1 + Air = AO Y

Ar Depth Depth Drepth
l l l l l (b At f =1
VRS I e e R i Paore water Elfective
' AL . Tirtal stress inereise Dressure i""'r"""'ﬁ'“;.. slrgss il'll..‘l"t.'!ii:‘\-l-." .
Sand Ground water table T :
— |
. e F H Au<hd)
e T Y IR .
RN e IR - PP AT AT
' : ' ST Y Y
. A S Depth Depth Depth
}f T .' 'I. .'_ . :: -C]ﬂ:lr . I_. v {i) At time tl < 7 < =
RO Ry P Pore walter Effective
4 y v Total stress imerease [ressure increase siress INCrease
Sand H
I |
Depth |
.'"—.'."Lﬂ—"l -'J'I.H = [:' "Tﬂ
Y v 1||,.‘mi = A0
Diepth Depth Depth

{dy At time | = oo
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> Phwong trinh c6 két mot chiéu > Dieu kién bién
7=, wu=1
| ﬂ-_.“ :=2H,, uw=1
_rE - G ;'J;:. (=0, 1= U,
> Ap luc nuoc 16 réng
(i Jl:f'l .. =00 .
Ky =S 20 o) |
I _|'I1l,, mr={ M ‘tfdr
C, = - = ———
Yo a.
Yu | + e, M = (m/2)(2m + 1)
T, = --i-:”f-- = time factor
HG,
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i
Top of stratum™ ‘
o - : -

"=« Excess pore pressure
dissipated at time 1

.‘1“ tD

- .

rainage direction

Excess pore pressure u,
remaining at time t

*
*
L]

Excess pressure

L

Stratum thickness, H

mee="

]
L]
' Excess pressure
L]
F

k consolidation

1
]
v

¥
&

-
#
L

variation for
high percent

- Y

L
[

LT pressure, u,
Bottom of straturm .

u=190
(this condition
represents
100% consolidation)

TS Nguyén Minh Tam

Excess pore water pressure, U

-7 Initial excess pore

-

L N—
|

variation for
low percent
consolidation

,+"  jDrainage direction

U, = A, stress increase

due to construchon
loading (this
condition represents
0% consolidation)

BM Dja Co’ Nén Méng
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> Po co két . Mgy — U, i
Uo="0 a2
- Hypa ﬂ“
2.0
T =10
1.5 L
;I:lrll
L5
[j - = - S
{ i1 (2 i3 (1.4 (0.5 LG .7 0.4 (39 [.0)

DL‘,:.{J’L‘E of consclidation, | f s

TS Nguyén Minh Tam BM Dja Co' Nén Méng 53



4 Nguyén tic co ban

> D6 cd két trung binh cho tdan bo 1&p dat

U=-
S

o Two-way
. drainage

One-way -~
+ drammage

TS Nguyén Minh Tam

Ohne-way <

S _

© drainage

{

40

il

=

Average degree of consohidation, L%

;Wi
10H) - - :
() 0.2 4 (.6 08 0.4
Time factor, T,
i U%\"
. V]
For U = (1 to 60%, T.ﬁ—(_ )
Y4\ 100

ForlU = 60%, T,= 1781 — 0.933 log(100 — L/% )
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Variation of T, with [V

U %) T, LF (%} T, U %) T.
0 1) 34 (IXHENE L] 0.377
I LY 15 (.0962 [ 11,3540
2 (LN b 102 T n4n3
3 LT k1) (LT0F 71 0417
E] LN 2 3 0113 72 0431
5 (LN 9 39 INRL 73 U446
6 XL IRER 40 126 74 14l
T (L HI3RS 41 132 ) (1477
b L ANIS02 42 (135 T {14493
g (LMW 3H 43 (L145 Fi 51t
10 (LIKITRS 44 152 TH (529
11 R 45 139 i (h547
12 s 46 10, 16363 Ml (567
12 (0133 7 73 51 (1588
14 (L0154 4% (L1%1 "2 Lialn
15 A7 At (L IH8 B3 (1633
I6 QU201 St (h 197 s [1H58

7 (227 Al 0,20k HS e
1% 0254 52 0212 bl 712
19 (283 53 021 K7 {742
Ml {.004014 54 (23 Bi (L7774
21 (it 33 1230 L) i
22 (LRI i) 11245 i Eq8
23 ikl 5 57 (1257 i T
2d (Lik52 AR (L2607 w2 LERYRE:)
5 91 sy 10,27 0wl (43
6 L5310 il (1280 4 1055
27 00572 fil 0h.297 45 1129
28 04ni s 2 03407 Uiy 1.219
29 LS i3 (38 o7 1.336
30 (LT ] (1329 b | Sidi
31 (L7754 5] (1304 (HH] |.781
32 [ELIE=E)A fify (1352 1N o0
13

nimss (i1 11304

TS Nguyén Minh Tam BM Dja Co' Nén Méng 55



4 Nguyén tic co ban

Time factor
100 0.2 0.4 0.6 0.8 1.0
f;“ﬁﬁ
80 P,/-—;‘f ??/
m;5 \V///A
N
&/

) “( //Ié/\( ::3.5
7 |
[/ "

/ Permeable
ED U'I B e A A e Ty W L I LY et AT ZPL TELAFY LR

Degree of consolidation (%)

0 ) Impermeable
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¢ Thidu

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 layer of the same clay in the field under the same pres-

sure increment to reach 50% consolidation? In the field, there is a rock layer 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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9, : € ifiahs o lhi
** Solution Ty = —ab _ _efield

=

H dr(liah] H izl

flan  _ Ihew
3 “a
h‘;u.],..n-;. 'Ifr'i'r:ll-.-l-.l’!

[d0sec  fren
(“-_‘.335__'?1. )E (3m)*
2

freg = 3,004,000 sec = 93,33 days

I:Lr.-rl:iu.ld = T L”
H dr(lah) h
2 f L
oo L — ; = Ef‘t

9333 days S0P

e e — ]

L 3[.]:

t; = 33.60 days
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¢ Thidu

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.

+* Solution

Cyl
Tﬁﬂ N

HE,
Because the clay layer has two-way drainage,

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

c,(75 X 24 X 60 X 60)
(1.5 x 100)°

_ 0.848 x 2.25 x 10°
75 x 24 % 60 X 60

0.848 =

€,y = (L00294 cm?*/sec
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% Thidu

Gia tri hé s6 co két dwoc xac dinh tir thi nghiém trong phéng Ia
C, = 0.016m?/thang. P6 1Un ctia mau dat 1a 25 mm.

a) Theoi gian dé dé lun dat dworc 50% c6 két 1a bao nhiéu?

b) Gia tri d6 lun sau 1 nam la bao nhiéu?
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+» Solution

(a)  U=50% — T.=020

244 m
TlHJ’J-I [ulz}( 2 )
= = ————————— = | &.6 months
e, (0.016 m~/month)

H , 1s one-half the total thickness of the clay layer

(b) t = 1yr = 12 months
; 12 months ){0.016 m*/month
T = I{_,1 { . mon HH in_';nrl] =013
H,- (1.22 m})

T.=013 —» [/ =421%

Spe = 042 X 25 mm = 11 mm

TS Nguyén Minh Tam BM Dja Co' Nén Méng 61
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¢ Thi du

For a normally consolidated laboratory clay specimen drained on both sides, the
following are given:
b = 3000 Ib/ft?
o + Ao’ = 6000 Ib/ft’ = (.9
Thickness of clay specimen = [ in.
Time for 50% consolidation = 2 min

= e, = 1.1

i ™ m

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?
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%+ Solution i
Part A d., .e_*l

m,=-——=
r 1 + l.l"l'll 1

Ae=11-09=02
Ao’ = 6000 — 3000 = 3000 b/ ft°

, 11409
firQ 2 -
0.2

—_— o, = 13.0{]:[:& =333 x 1077 ftY/Ib

+ U=50%, T, = 0.197
ooy —L— Y
0197 5% 12

5 = 1.71 = 10" ft*/min

-*-r |:'_'I_ =

—> k= cpmyy, = (171 % 1074 f2min}(3.33 % 107 ft%/1b)(62.4 Ib/ft)
= 3,55 % 10" 7 ft/min
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ol
Part B T = —2

Col

ifr

Tl

!
! c,

+ U = 60% and Ty, = 0,286,

~(0.286)(6)°
17 % 1070

— = 60,211 min = 418 days
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1.2.8 Gia tang dd co két v&i théat nwére hai chiéu

Polypropylene
Possible overload

-z Impermeable

s layer
/ Permanent fill éB'a"kEt / Fill 7\
P T AR PN T BTSRRI ST APRTTR

Cieotexnle
. e T e

i o fabric_ 7
- - 1 L -. J . . i " r . ) . - —
" Permeable
I a
=
& G—
EI
ol Fant
AT =
(a) Square

(b) Triangular
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<+ Ban kinh tham ngang twong dwong

» Tam giac
Area of triangle ABC = l a oot a _ a’
£ 2727237 843
2
Total area of the h =12 X — = 0.865a>
0 € nNéxagon 4 81“.-"3 a
r, =0.525a
» Hinh vudng
2 _ 2
w, =a
r, =0.564a
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< Phwong trinh co két thim ngang
Barron (1948)

u_ [ 1o
o Mo T o
_ kh
C, =
mVyW
4E|'m. 4 r r':" — r“i
== i = ZFn) [r; In (F“-) 3 :|
where Fin) = ﬁﬂh In (ny — 3n _1 !
| dn*
n=_le
rW

TS Nguyén Minh Tam

> D6 cbd két trung binh

—8T,
U,=1—-exp [F{u}]

.Gyt
r d2
e
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< Phwong trinh co6 két tham ngang 2 chiéu

o [E ) &
o Mo & oz

> D6 cd két trung binh (Carrilo, 1942)

U=1-(1-U)1-U,)
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1.3 Strc chiu tai gi®i han caa nén dat

1.3.1 Dwa trén mirc d6 phat trién cta dung bién dang déo

—vD b
o, =L g tsin2p)+y(D, +2) . R
YDy
p
p—yD .
o, = f(2ﬂ_51n2ﬂ)+}/(Df+Z) ‘l‘ ixii l‘ l‘ Y VYV VVVYY >
VA 2B
singp=———1L_ 3 y
o, +0,+2c.cotgg ’ N
01/ X vZ

G3

=) - yf(szﬂ—25)—Df—§cotg¢=f(ﬂ)

sin ¢

dz n p-rD,; T c
-0 m 28="=0 1 zZ = cot g¢p+¢p——)—D,——cot g¢
a6 ) 23 L9 —> p (cot gp+¢—~")-D, »

BEE) |p.,. = (2 + D, +c0tgh) +1D,
cotg¢+¢—5 4
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Strc chiju tai tiéu chuan theo qui pham XD 45-70 cla Viét Nam

b
Zmax:_
4
m/(—+D 4+
— 4 1 yigs
thzpz =é= T +}/Df
4 cotgd+¢——
2
R =m(Aby,+ BD,y, + Dc)
4 0,257 . B=1+ T . D= reotgo
T T T
cotgqp+qp—5 cotgqp+qp—5 cotgqp+qp—5

m = 0.6 khi nén 1a cac bot dudi muc nudc ngam
m = 0.8 khi nén 1a cac min du61 myc nudc ngam

m = 1 cho cac truong hop khac
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) 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
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Strc chiu tai tinh téan theo trang thai gi&i han 2 theo qui pham XD 45-78
cua Viét Nam

Xét thém diéu kién lam viéc dong thdi gitra nén va céng trinh

mm
R 1772
/g

(Ab711 + BDﬂ/H + DC[I)

tc

k.= 1 khi cac dic trung tinh tdan 14y truc tiép tir cac thi nghiém
k. = 1.1 khi cac dic trung tinh téan 14y truc tiép tir bang thong ké

m;; m, lan luot 1a h¢ s6 di€u kién lam viéc cua nén dat va ctiia cong trinh tac
dong qua lai vo1 nén dat
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LOAI DAT m, m,
L/H=>4 1,5 >L/H
Pat hon 16n 1an cat va dat cat 1,4 1,2 1,4
Cdt min— it Am va 4m 1,3 1,1 1,3
- bao hoa nudc 1,2 1,1 1,3
Cdtbui— it im va 4m 1,2 1,0 1,2
- bao hoa nu6c 1,1 1,0 1,2
PAt hon 16n 13n sét va sét cé do sét 0,5 > 1, 1,2 1,0 1,1
PAat hon 16n 14n sét va sét cé dd sét I > 0,5 1,1 1,0 1,0

L 1a chiéu dai cong trinh
H 14 chiu cao cong trinh
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4 Nguyén tic co ban

1.3.2 Dwa trén tinh téan can bang gi®i han diém

2 2

: - +4
sin’ ¢ = (o,—0,) +41_. :
(o,+0, +2c.cotgp) 7

L&i giai cua Prandtl

1 + Sin ¢' g’

G = (ny +c'.cot ggb)—.e —c.cotgg'
1—sin ¢'

N, = tg{%+%) exp( xtg@")

N,=(N,—T)cot g¢'

G = nyNq +c'N,
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4 Nguyén tic co ban

»Trong trwong hop ¢, =0, c,

Nq:l NC=7T+2=5.14

4. =¥D,+5.14dxc,

m q
2
qo=YDs \
VVVVVVVVVVYVV\i\ Y Y
T ¢ 1 | T_¢
4= 4 2
4 2
Il
r=r,.e e
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4 Nguyén tic co ban

- Cong thire cla Terzaghi

> (@)(2b)(1) = =W + 2Csin ¢’ + 2P,

2bq, = 2P, + 2bc' tan ¢' — yb* tan ¢’

"pj” y r Tb r
> qu=?;+ ¢' tan & —Tlanqb
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4 Nguyén tic co ban

H=h

Mote: H = b lan ¢
_o | Pe=LyK 4 oHE - gHE,

el

o b 3T =

P,=iy(btan ¢’ )’K, + ¢'(btan ¢")K, + g{btan ¢")K
N =tanad' (K _+ 1)
iq, = ¢'N. + gN, + %'}'HN}- N, = K, tan ¢’

N, = L tan (K, tanp" ~ 1)
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4 Nguyén tic co ban

Nq - En lﬂrl |.l' tan? {45 ¥ thllz} ¢' {IU 5” 1{]“ 15"" 2(]'3‘ 25!:- 30-:’ 354‘ 40I> 45¢
N 57 7.3 96 128 177 251 372 K78 7
Nc.-:{hlq— 1)coté c 95 172

N 1.0 16 27 4.4 74 127 225 414 813 173
N, =2(N,+1)tan ¢ 1
13 N, | 0.0 05 1.2 25 50 97 197 424 100 298

40
— . il
_-'\ \ il
\ Nq I'\Lr
- \\\\\
N

N \C \

N\ /

2 20 AN

z \\/

U \
70 60 50 40 30 20 10 0 20 40 60 80 100
Values of NC & Nn Values of N?
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4 Nguyén tic co ban

» Mong vudng
q, = 1,3cN. + qN, + 0,4yBN,

» Mong tron
q, = 1,3cN. + qN, + 0,3yBN,

» Trong truong hop ¢, =0, ¢,
N,=N,=0and N, =1. N = 3.7.

q, = 37c, + g (strip footing )

g, = (13)5.7), + g =T4lec, + g (square and circular footing |
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4 Nguyén tic co ban

'r!r-.l LT ]_.l:'lill;j "IL"I!'
Vertical Load, Q ¥ ¢ unit arca
load, Q 1 >
I |
Level ground
surface = ,‘ :
! E g I I
k5 £ Y
X o
Horizontal
bearing Soft and Firm and ]‘m':! g;r:;rul
surface Y loose soils  compact soils fuilure fuilure
Y
> Doi voi dat it chat va déo mém (local shear failure)
4 4 =y ¥ 1
A Mong bang g, =c'N.+ gN, +3vyBN,
= 2.
= __ 2 : . a =
tan ¢ = 5 tan Mong vudng q, = 13¢'N. + gN), + 04yBN’,
Modng tron gu = 1.3¢'N. + gN| + 0.3yBN,

TS Nguyén Minh Tam BM Dja Co Nén Méng
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4 Nguyén tic co ban

- Céng thirc stre chiu tai tdng quat

Meyerhof (1963)

Qu = ENScID, + 42Ny SqlgD, + 0.5vBN,S. 1. D,

where

Sc, Sy and S, are shape factors
I, I 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 — I)tan 1.4¢ Meyerhof (1963)
N, = LL5(Ng — I)tan ¢ Hansen (1970)
N, =2(Ng + I)tan ¢ Vesic (1973)
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4 Nguyén tic co ban

Cac hé so stre chiu tai Ng, Ng, N, (Vesic)

0 N, N, N, 0 N, N, N,

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 11531 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 Nguyén tic co ban

> Hé sb anh hwéng cda hinh dang > Heé sb anh hudng ctia dd nghiéng
¢
Py : ot
De Beer (1970) l =3
B N,
Se=1+{ "\ c=lg=(—apoy
L, =(1—-a/¢
Sq=1+ B tan ¢ \
L E Py
S _1H04E P TR T E-ﬁﬁﬁ—‘ 7 v EE T
T L
~ 4 > > ~ N ~ , B
» Hé sb anh hudng ctia dé sau chén moéng .
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 0)*(z/B) | + 2tan ¢(1 — sin ¢)* arctan(z/B)

D, 1.0 1.0

The arctan values must be expressed in radians.

BM Dja Co Nén Méng 34
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4 Nguyén tic co ban

1.3.3 Dwa trén thi nghiém ban nén hién trwong
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4 Nguyén tic co ban

s o 2 ::":'_—_'S':‘

'J s
EEEEES T
- ==gEs |

{50

q

4=t
TR NN SN
R B I e

Exa | 7 Hig, mty (B STT]
B . 0 o 0 o4 %M @ T
e g T T

.jm...::'-_qn E IH?.:-HJ*: SR BT T Rt DR &
Bluperd Ot | e 21

L L1100 IERRERINGRRANEE RS EHE
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4 Nguyén tic co ban

1.3.4 Strc chiu tai cho phép cua nén dat

+ Qall = iﬁlg

+ qnet — qult - ny

Qult _ ny
+ qati(nery = S
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4 Nguyén tic co ban

1.4 THONG KE SO LIEU PIA CHAT
1.4.1.X4c dinh don nguyén dia chit cong trinh

Dua vao hé s6 bién dong v @i nhd:

o
v==100%
A
< Y A, n : sO lan thi nghiém
n A. : ddc trung ri€ng cua 1 thi nghiém.

- G : dO l€ch toan phudng trung binh.
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4 Nguyén tic co ban

DPic trung cua dat
Ti trong hat

Trong lugng riéng
P§ Am ty nhién
Gidihan Atterberg
Module bi€n dang

Chi tiéu siic chong cat

TS Nguyén Minh Tam

Hé s6 bién dong v cho phép
0.01
0.05
0.15
0.15
0.30

0.30
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4 Nguyén tic co ban

Soil Variability 1n Index Tests (Phoon et al., 1995)

Property Soil Type Inherent Soil Variability
(COV)
Natural water content Fine grained 0.18
Liquid limuit Fine grained 0.18
Plastic limit Fine grained 0.16
Plasticity index Fine grained 0.29
Bulk density Fine grained 0.09
Dry density Fine grained 0.07
Relative density— Sand 0.19
direct
Relative density— Sand 0.61
indirect
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4 Nguyén tic co ban

Bias Factors and Coetficients of Variation for Soil Strength Measurements

Test COV,

SPT 0.6—0.8
CPT 0.4
Angle of friction (N) 0.1
Cohesion 0.4
Wall friction (—) 0.2
Earth pressure coefficient (K) 0.15

Source: From Federal Highway Administration, 1998, Load and Resistance Factor Design (LRFD) for
Highhway Bridge Superstructures, Washington, DC. With permission.
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4 Nguyén tic co ban

1.4.2. Quy tic loai trir cac sai sé (sai s6 thd, sai s6 ngiu
nhién) ra khoi tap hgp thong ké:

o A2 . ~
Ki€m tra lai A, n€u:

‘K —Ai‘ > VO M

G oM =\/%(K—Ai)l

Khin > 2518y o, =0

v : 1ay theo mau thi nghiém n.
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4 Nguyén tic co ban

1.4.3. Chi tiéu tiéu chuin va chi tiéu tinh todn:

* A * A /()
a.Chi tiéu tiéu chuan:

n

Ai
A=A =—i§
n

b.Chi tiéu tinh todn qua nhi€u 1an bi&€n doi tir hé s§ an toan clia dAt K :

AtC

Att _ >
Kd

= A=Attt o

Chon d4u (+) hay (-) 12 chon chi tiéu dat nén thién vé an toan.
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4 Nguyén tic co ban ,

Sé bac tu do Hé s6 t, ing v§i xdc suit tin cdy a.bing

(n-1) v61 R,y 0,85 0,90 0,95 0,98 0,99
(n-2) v6icva @

2 1.34 1.89 2.92 4.87 6.96
3 1.25 1.64 2.35 345 4.54
4 1.19 1.53 2.13 3.02 3.75
5 1.16 1.48 2.01 2.74 3.36
6 1.13 1.44 1.94 2.63 3.14
7 1.12 141 1.90 2.54 3.00
8 1.11 1.40 1.86 2.49 2.90
9 1.10 1.38 1.83 2.44 2.82
10 1.10 1.37 1.81 2.40 2.76
11 1.09 1.36 1.80 2.36 2.72
12 1.08 1.36 1.78 2.33 2.68
13 1.08 1.35 1.77 2.30 2.65
14 1.08 1.34 1.76 2.28 2.62
15 1.07 1.34 1.75 2.27 2.60
16 1.07 1.34 1.75 2.26 2.58
17 1.07 1.33 1.74 2.25 2.57
18 1.07 1.33 1.73 2.24 2.55
19 1.07 1.33 1.73 2.23 2.54
20 1.06 1.32 1.72 2.22 2.53
25 1.06 1.32 1.71 2.19 2.49
30 1.05 1.31 1.70 2.17 2.46
40 1.05 1.30 1.68 2.14 242
60 1.05 1.30 1.67 2.12 2.39
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4 Nguyén tic co ban

. e A A y N , /
c. Tri ti€u chuan cua lyc dinh ¢ va géc ma sat ¢':

1 n n n n
c* =A(ZTin? —ZPiZTiPij 5
= = N no n
véi  A=n) p; _szij
| =il

o 1 n n n
tge' =X(n2npi —ZTini]
=1 i=1 i=1

d. Tri tinh todn cua lyc dinh c® va géc ma sat @t

/1 5
V61 6. =6, Aépl

. ftc
c =Cc —(,0, -
Cth(p =0, X

tt t
tgp" =12P" — 1,04,

G, = \/nizZn:(pitgcpt“ +c' - Ti)z

=1

TS Nguyén Minh Tam BM Dja Co Nén Méng



4 Nguyén tic co ban

e 1 / 7 7
Thét di ~ 2/? 17, 24_
dong VYA 7
. / / P N
) Lot eo
Pl A dinh
T (KG/cm?) |

S =ptgep +c¢

éI : | |
O P B P p=o (KG/cm?)
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4 Nguyén tic co ban

e. Dung trong cta dat:

-Dung trong tiéu chuin:

¢, L 11
,Ytt =Yt + j; :\/%Z(y—yi)l

n 1=1
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4 Nguyén tic co ban

1.5 Tinh téan nén theo cac trang thai gi¢i han

1.5.1 Theo trang thai (rng suat cho phép

2<FS <3

S>> qSth

= (=R

TS Nguyén Minh Tam BM Dja Co' Nén Méng 08



1 Nguyén tac co’ ban

1.5.2 Theo trang thai bién dang cho phép

S <SS, AS<AS,,. i<iy,

Bién dang gioi han cua nen ( theo SniP2,02.01.83)

Cong trinh

Po 1an léch
tuwong doi
AT

[ ey

P{ nghiéng
Iy

Pé lan trung binh
S, hoac lom nhit

Spax (Irong
ngosc), em

l. Nhi sin xudt mot ting vi nha din
dung nhicu ting c¢0 khung hoin

‘“;l“ oo ot the 0,002 . (8)
- xng ’l{mg cOl thep 0.004 _ (12)
- Bang thép

2. Nhi vi cong trinh mi trong két ciu
khong xuflt hién n6i lue do dé lin 0.006 _ (15)
khong déu.

3. Nhia nhiéu ting khong khung vai
tudmg chiu lue:

TS Nguyén Minh Tam
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1 Nguyén tac co ban

- Bdng thm lop L0006 0,005 10
- Bing khii l6n hoac of thé =iy (L0020 (1, 000hS 10
gach khing oo thép
- ]"».'h'_r_ trén phama o8 thin trona 44 G WS i
cib piflng b wing odt thép
4. Cong irinh thép chiia van thang b&ng
Tt clin e o cot thépg
M mfine e s s LA L& A AUl " .
pat g LTI Y SE G0 AT arune 1 - [HRT N EY i
chd lien kKhéi men ciing mot ndng
hix
- Mhr rén nhimg k& edu lip ghép B 0,003 30
- Xi 16 doc lap ket cin toin khai d6 - 0,004 40
i chd
- Nhir rén nhumg k&t edu ldp ghép - (LM 30
- Mhi cong Gie ding doc Hp - {1, 25
5. Ong khéi o6 chibu cao H, m :
-H <100 m - (L0015 i
100 H = 200 - Ifi2H] 3
L L - L2y 20h
-H =300 - 1A2H) 10
G Chng triinh cimg cas d&n 100m, - (L0 200
ngodi nhing didu d3 ool & didm 4 viy
]
T Cone oinh lign lac, ang ten
- Than thép tiép di - 0,002 20
- Théan thap phit thanh cich di¢n wai - RLA 10
i
- Thiip pheit thanh sdng ngdn (L0125
- Thidp  block rieng ré ) (LNl
#. Tru dheimng oy i didn tren khong
- Tro rong gian (.03 (L0135
- Tra meo, neo gie, mu goc ung U, O, ES
gian, ty o vidng cong, cua chinh
cia thidt bi phan phai Kidu b,
- Tro trong chuoyén dac higt
W TR clpen €26 bie 0002 0,002

TS Nguyén Minh Tam
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1 Nguyén tac co ban

(idi han bién dang goc (Theo Skempton va McDonald, 1956;
Bjerrum, 1963 va Wroth, 1975)

I'L Trang thii cong trinh gidi han
1/50000 | VE ran It quan sit thily trong cong trinh gach kKhéng cot thép; cae neimg chiu lue bi
cong.

13000 | Che vet nit nhin thiy & cde wimg chiu lyc.

1/ 1000) Cic vEél nit nhin thiy & cic womg cach chén Khung.,

1750 | Gidi han thue & dé ngan chan sy mit can bang cioa mdymdc ¢6 do chinh xic cao

Ve | Mite qué ing sudl cho phép trong cic ciu kién nghiéng trd 1én ding ké.

1/500) Gidi han thue & dé ngan chan cde v nint trim trong trong nhi khung vi cong trinh hién

da.
14300 Hur hai khung cong trinh vi tuimg tim 1dn, gay tro ngai cho di chuyén cia cic cén tryc
3 O Cao.
1250 MNehéng diang chi ¥ trong cic nha nhiéu Ltang.,
1/151)

Hur hai dén k&t cilu ddi v hiln hél cong trinh,

Byt v cong trinh bink thienig, bién dang goc sioi han ldy nho hon 1500
Cetn erdinfy e hai ki cde kbhe i nhin thdy dwge nén bién dang goc nho fom 11000,

Fai I'I'rll:1 A ST 1'|;'II rill.-.i I'I'II 1"-II; " .r.'i";ﬂ
A B EPRE BF N R VLR FLTE OSPAE BN R JTAES Th A8 AR
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Chapter 2 Mong Noéng

1 Khai niém

2 Phan loai

3 Tinh téan mong don chiu nén ding tam

4 Tinh téan mong don chiu nén léch tam

5 Tinh téan mong bang

6. Tinh toan mong be



N Phan ddy cong N
Hj‘Mx tﬁnh Hj‘MX
y #.-.-#_v,,.v y
e > i
>y

D
<9
B

TS Nguyén Minh Tam BM Dja Co Nén Méng 9



R : N
2.2 Phan loai H, ‘ M,

Moéng don nén dung tam D; I
y
/_ﬁ“\ —E !
M 2
v
AX
7 11 &
L H | |
g Want
1D >
—x >
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Moéng d N M N
ong don j < M
nén léch tam & H, *

e,
1= y B y
V4 Z
\4 \4
AX A X
i, ) )
ey ey
gl T —t
i i
b} > B p— >
L N L N
. -
< B > '4 B >
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2 Méng Nong

Méng phoi hop

-
Ed
-~

/‘ fff:ffﬁ’g:
4 P ™ \\

Abutment Fill

Toe of End Slope

A==
M=

Original Ground

 Toe of Side Slope
_—'—__'_'_'_'_
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Méng be (bén) i |
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’-q_-!'

\; /
REINFORCED CONCRETE MAT
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2.3 Tinh téan mong don chiu nén dung tam

Cac bwéc tinh toan

*  Xac dinh chiéu sau dat mong va kich thudc mong (chon)
 Kiém tra strc chiu ta1 cua nén dat
« Kiém tra do Iin cua nén dat

«  Xac dinh bé day cia méngXac dinh luong cot thép trong mong

TS Nguyén Minh Tam BM Dja Co Nén Méng g



2.3.1 Kiém tra strc chiu tai cia nén

Ic
e N

® 9 —7+7thf

q“ <R“=m(Aby +BD,y" +Dc")

$ { ‘e m1m2 *
q <R, = I (Ab7/11+BDf7/11+DCU)

fc

& gl 2 < FS <3

2.3.2 Kiém tra do lin cta nén

@ 5§, =8cm

TS Nguyén Minh Tam BM Dja Co Nén Méng 9



2.3.3 Xac dinh bé day cia méng Tt T\iu

é’ th = ch o Do [T

|

Q’ th = Pu 'Sngo&‘li thap xuyén

--------- L 3 th
SN0
2 2 it I M T .
- {b - (bc T 2h) }p : L I 1% b
1,7 S h
[y I . A
--------- Y.

$ P_=3/4R,.S

xung quanh cua thap xuyén )

P_=0.75R [4(b +h ) |
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litt

2.3.4 Xac dinh lwong cot thép trong méng

$ M,=05 b—bcbo's(b_bC) I I
n=050b-b === o 1T
L _(b=b ) T
/o 8
1 0,5(b-b)
11 o
MII MII % -------- i
P T T0oR A .
b
7
Ll :
11
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T 1 cOT 200X200
o o £0.00
% COT MAT BANG NHA -0.05
% U £
< >
4014 @ 300
@ 4012
#6a150
[p] n — S o
CcOT 300X300 @ 2
) 912a120 /
2
®| 5 _3.950 @ 012a120 el
8 I| 1 1 1 1
a1y = v
3 < ‘ ’
S ? e 4 i_ - BT LOT MONG DAY 100
1200

100

100

MC 1-1 TL:1/20
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- CATLOT DAY 100 - 200
1200
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MONG M3 (1200X1200)
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2.4 Tinh téan mong don chiu nén léch tam

Br L EEB I
>
€y p P

Il
-~ ~ -~
I-'I_I'|l|:I1

qn'.u.r.

{eq

) = -

B, B,

TS Nguyén Minh Tam BM Dja Co Nén Méng
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- i __$__ e By
Q-R

1
!_ Lf .
jiN1g
: e
q"un:[ :
q max
e\ memucann
Souracy pmessuer
P Pe Pe
Qmax = y + —+ . +7/th]‘
W, W,

TS Nguyén Minh Tam

q): B

CCMTAET PRESSURE

_ P Pe Pe, y D
A W W ytb f
y X
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2.4.1 Kiém tra strc chiu tai cia nén

Ntc

P q“ —7+7/th

q“ <R“=m(Aby + BD 7/*+Dc”)

( ) m,m
{qt <R, = 1 Z(AB7/H+BDf7/H+DCH)

$ < ktc
g. <12R" g.. <12R,

I pin 20

& q"’g% 2 < FS <3
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2.4.2 Kiém tra bién dang ctia nén

AS AS
‘ l — Y ] = X
" b, b,
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2.4.3 Xac dinh bé day cia méng

$ PXt = ch L
/, 1:">‘1 O | _il_o Ih
Q"] HHHHH Lo
$ P ptt ngoai 1 thap xuyén HHHH q“max
nguy hiém nhéat
——————— a-
ST
& P.=3/4 (R,. qung quanh : NN )
ciia 1 thap xuyén nguy hiém nhat ) : _____:____“ _bc b
1 7 « 1 hO
I N
P =0.75R[(b,+h 0] | F====-- eefestens
cmmamaa ) AN
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2.4.4 Kiém tra kha nang chong cat cua Bé Tong

&> Xac dinh Q

|

& Kha niing chong cat ctia bétong: O, =¢..(1+0 )R, bh
b = Pp3 ) 1%, 01

0 <0, P =0

¢, =0

TS Nguyén Minh Tam BM Dja Co' Nén Méng 18



2.4.5 Xac dinh lwong cot thép trong méng

& Xac dinh M,

tt
J min

MII ~ MII
R yvh O09R h

TS Nguyén Minh Tam BM Dja Co' Nén Méng 19



Cau tao méng don nén léch tam

" _cQT200X200 s
o
§ —0.55 SOVOI COT SAN LAP -
? @ 4012
. Z 4012
o
® 2 X ¢ =
L
200
#6a150
15 B $10a150
] ©® (7 o ®
o) 4
[\ /I | | +
& - o
o
J 800 J
[
—_ 100 100
sl 4— MONG M6 (800X 1000)
-
[aV]
8 . o X
- | - BT LOT MONG DAY 100
| - CATLOT DAY 100

800

MC 2-2 TL:1/20

100
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2.5 Tinh téan mong bang

600kN

0,25m
1200kN

3,75m
1200kN

4m
600kN

75m

0,25m

TS Nguyén Minh Tam BM Dja Co' Nén Méng 21



2.5.1 Kiém tra strc chiu tai cia nén

Ic
e N

® g —?+7/th

q“ <R =m(ABy +BD,y "+ Dc")

$ { ‘e m1m2 *
q <R, = I (ABVU"'BDﬂ/U‘I'DCU)

tc

& gl 2 < FS <3

2.5.2 Kiém tra do lin cta nén

@ 5§, =8cm
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2.5.3 Xac dinh bé day cia méng

‘9 th = ch

Q, P, = lwc 16n nhat tic dung lén cot

‘*’ ch =3/4 (Rk ° qung quanh cua thip xuyén )

})cx = O75Rk [4(bc + ho )ho]

& Kha niing chong cat ctia bétong: O, =¢,.(1+¢ )R bh
b = D3 n %0

®,; =0.6

0<0, "
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2.5.4 Xac dinh lwong cot thép trong méng

(A)690kN (B)1380kN (C)1380kN (D) 690kN
0,25m 3,75m 4m 3,75m 0,25m X

> > >
O >
Ppet =345kN/m

>

/ / Loic caét
9 / / ; V(KN)

1,83m
541,65 569,25 541,65

/—\ /\ /\ Moment M (kN-m)

Y
/ 10,78

120,75 120,75
TS Nguyén Minh Tam BM Dja Co' Nén Méng 24



d*M d'y / i

dx’ = Eelr dx* -4
. n Winkler
q=kxy

d4
=) £, dxf—kxyzo
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COT 200X200
+0.00

COTMAT BANG NHA
A -0.05
r

I 17

—| '—
4014 @ @ 4014

B I

3200

| 062150 ‘

COT 300X300 51 “ 2018 + 3018 ol 062200

500

‘ | ‘
-3.250
I QT’. 1 = ol o alallela ala r=— re== = v
T a o R B ° av ‘ . . N e
- - a ° LR . . a M 29 . es a M f e .

)| -BTLOT MONG DAY 100
- CAT LOT DAY 100

5] 4]
. 2018 + :ma@@

4700

CAT DOC (M1)
8 ©10a130
5 ® |

100

1100

100

MC 5-5

MONG M1 (1100x4700)

122130 @

4
5 1
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2 Méng Nong
2.6 Tinh téan moéng beé

A G B I C  025m
ool 7 B o ™ 4
|500kN ! 1S00kN §  1200kN  |7m
K m ! n ! Y
: i%%m i
L=21,5m S R 7/ SR R E— >
B : X
L1500kN i 1500kN i 1200kN 7
- : = i —
400kN ! 500kN B50KN 71
v || : [ ] :
F S S i D 025m
0,25m Sm > 38m >110,25m
) 16,5m >
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Mong Coc

1 Khai niém
2 Phan loai
3 Anh hudng cta thi cong coc

4 Strc chiu ta1 doc truc cua coc

5. Cac budc thiét ké méng coc



3 Méng Coc

3.1 Khai niém

WF[ PN\

Poor soil stratum '

Soil subjected f
to scour

l

ZI777777, /r'//////////z
Rock

(a) (®)

Fendo Comp:lession
pile e
% 7 (c)
Retaining wall
Sheet pile
P N\ ST O R
N ; \SSSE
g - Vertical pite Vertical pile
\ ' Batter pile
Batter p;le

(e}
(d)

TS Nguyén Minh Tam BM Dja Co Nén Méng



3.2 Phan loai

3.2.1 Vat liéu

Mong coc

Bé tong cot thép Thep Gd Composite
| ﬂ ﬁ_
Tiet dienH  Hop Ong
,. | o e
Puic san K hoan nhoi Bit dan IKhong bit dau

Ung suat trede Bé tong cot thép

TS Nguyén Minh Tam BM Dja Co Nén Méng 3



Chiéu dai 5-70m
Coc be tong cot thep Téi trong thiét k§ | 400 KN — 20,000 kN
350
. 8000 p i 1,5x54=2701,’
», 300 , 300 , 1500 N 4100 N 1500 , 300
1 (381@50’I g8 @100 AM 1 8 @200 1 AMQB @100 QQ@SO’I ,C\,
] , ﬁ 33
|, 600 38 @50 8 @50 350 Q
’ ’ POANCOCATL1/20 ~* 180 g
) 8000 .
1300 1500 ) 4100 ) 1500 300 |
’LZB @130 28 @100 M/\ 1 8 @200 ] /\M 28 @100 QQ@SOI|
®‘8 @50 Qé @50
| 1600 b DOAN COCBTL1/20 e
300
— , 350 ,
70 230 ,[ '[
T | ii '
4916 8

75
|
350
350

xxxxxxxxxxxxxxxxxxxx
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3 Méng Coc

= -»—.—r
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Hole for lockang

]| 2 i)

TS Nguyén Minh Tam BM Dja Co Nén Méng g



; 255 - 810 915 - 1675
Iﬁﬁimfm I mm. | (Sold) mm.
Core mm. | (Hollow)

Wire Spiral =35
#3 o #4 Bars - _;I

Prastrassing E_,

Swand ——

Square
Solid Solid or Hollow
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Méng Coc

1700

150

~1.200
g 300 L
©| 7 Dam san tdng ham
j N 300 x 600
@8 @200 ©
8
S1
-2.800
6700 100
\ o\i4 @200 -, \ @ 14 @200 00 - 650 . 1800 1800 1800 650 /_T
>0 14 @200@ — T
@ 36 @80 @ 36 @180, | | | | |
o
o e I\ e I\ | e I\ e I\
: O e S G
g AN - Ay Ty s
o i H S AN S | AN S AN 2
L —— L ™1 L = | | | | |
7 L] I L I L 8 I
= 8 a |
L L L - |
I I I 1 I 1 | | ’r_7?0_1‘ | |
I L I | I | 160 25 kéo Ny X N N
= = = dai tr déu ° - j - ¥ f -
o 1 o i o i coc dén 2/3 o L |l _(_ o _(_ _\__ ] __(_0 _\_ o _(_ _\_ ||
L L) L coc, sau doé 2 ‘_ + / + / I s / —+ /
I L I | I | catthép chua +
u u u lai 4 @ 25 di \J/ \J/ L \J/
L = L 1 L = tiép dén cudi | | | | |
1 | I | I L coc o | 62 @ 36 @80
L L L S —@/,__
I 1 I 5 I = 2 I 38 @ 36 @180
= = L @@=
L L L |
L L L | | |
A 1 L 1 L s I\\ 1 \ | /I\\
- . T Il -(=+ =\ o -+
. o E R o |/ L/ | 4
" - a0 , ,' 8 ~ — | \\ 7 i
. ‘., NNt N 402554 I :
. N B A goc kéo dai T
P , FXIES ] o ..', R suét coc 8
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Coc Thep r Chidu dai 5-40m

Tai trong thiét ké | 400 kN — 2500 kN
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TS Nguyén Minh Tam

Chiéu dai 4-20m

Tai trong thiét ké | 100 kN — 500 kN

BM Dja Co Nén Méng
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Coc Composite

TS Nguyén Minh Tam

Chiéu dai 4-20m

Tai trong thiét ké | 100 kN — 1800 kN

Coterete pile

File cap

Wood pile

Lowest ground i
water level

BM Dja Co Nén Méng 13



3.2.2 Sure chiu tai

- Coc chong

- Coc ma sat
Q
\

N N
] 7k Sofi compressh ke
File. — /_ soil
| i
1a

¥ E_ Firm soil
2.2.3 Theo vi tri dai coc

- Coc dai thap

- Coc dai cao

TS Nguyén Minh Tam

Pile

;Q

A A e
| A =T
i 8 [ Soft soil hecoming
increasingly stiff
with depih
W .
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3 Méng Coc
3.3 ANH HWONG CUA THI CONG CcOC

3.3.1 Pat dinh

- P4t xung quanh coc bi pha huay cau trac

- Mat dat co6 thé bi troi Ién

- Thay ddéi trang thai (rng suat & dat xung quanh coc

- Tang va qua trinh théat nwéc caa ap Iwc nwéc 16 rong

- Tag cwong do6 thoat nwéc

TS Nguyén Minh Tam BM Dja Co' Nén Méng 15



Shearing
strength

5
\
N
N\
N
N
\
\
X
\
N\
N
N
@ Q§
2! BN
5| BN
ol 8\
BN
N
\
N
NN

f #m b

s

Shearing strengths in saturated clay before and after pile-driving operations.
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2
| | I |
)
Av |
|
|
1.5 \ e
= *
o \© Average curve for sensitive
Au o0 \— marine clay
> 1= | \ =
Cro | \
\ \
\ » Average curve for clays of
Lo % low-medium sensitivity
s 2 \ 0% \ |
- R X
o N S
O ~&a 2 Ko Ne) X
el 5 Sy
= ————A
0 | 2 Y = 53‘ “+ ] + 1+ 0
0 10 20 30 40 50 60

Summary of measured pore pressures (after Poulos and Davis 1979).
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Time (days)

01 1 10 b
0 T ' '
\“\\ Empirical curve
( Radugin, 1969)

0-2 |- />\ 7
@
e Theoretical curve \
c g (cy= O-04 lne/mm
% S 04l a=gin.) .
-g i
2 5
-
oLy
o2 .

§ 06 |- ¥

E bt
o o}
£ o
S T o8l il
o o

1-0 :

Comparison between empirical and theoretical solutions for rate of adhesion increase.
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Seed and Reese

o
o O

20
30
40—
20—

60—
70 Yang 220'

Housel

/

Yang 190° —= Burton Quay

Maximum load percent

105—1 = ‘
5 1 10 100 1000

Time, hours

Increase of load capacity with time (after Soderberg 1962).
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1 l; ! {
| I
Hﬁg}‘]‘”g / : I': " C=const d, = 0.5L
| B N L | C tang tuyén tinh | d, = 0.67L
NN 1 S
1| |
Stg‘gﬁﬂury | I
i | !

Balance of forces along driven pile (Hagerty and Pecl 1971).
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3 Méng Coc
3.3.2 bat cat - Tang d6 chat

s Cat roi ’
“‘T‘F:::Tr o B ___!I_._ d
S 11 | | " _ ¢, +40°
I I .]. 4 2
| | |
:. I b = pile diameter A
I I s = settlement b
| - =—h I * [E1
| 1 2
| 3-5.5b 3-55b | '
:"'_"' - : Effect of driving on ¢ (Kishida, 1967).
e RO
| : |
| . . |
I ) om
| | @', =~20N +15°
\ / 3-5b
A s
H‘q‘_ -'_h-:!,#'

Compaction of Cohesionless Soils During Driving of Piles (Broms, 1966)

TS Nguyén Minh Tam BM Dja Co' Nén Méng 21



- Tang rng suat ngang tac dung lén coc

Horizontal Stress on Pile Driven in Sand*

Reference Relationship Basis of Relationship

Brinch, Hansen, and  (a) o}, =cos’¢ o, =043a, if ' =30° (a) Theory
Lundgren (1960) (b) o, =0.80, (b) Pile test

Henry (1956) o,= K, 0, =30, Theory

Ireland (1957) g =Ka. ={1.73 10.3] o, Pulling tests

Meyerhof (1951) o, = 0.50,; loose sand Analysis of field data

g, = 1.00.: dense sand

Mansur and g, = Ko,: K =0.3 (compression) Analysis of field data

Kaufman (1958) K = 0.6 (tension)

*After Horn (1966).
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3 Méng Coc

3.3.3 Chuyén vi cua dat va cong trinh lan can do déng

Distance from nearest pile cap (ft.)

0
0.05 50 100 150 200
[«4]
=
2 x -
L
s « © x® x X0 o x
= 0 O‘: .. g .. - ox x® " k "
® |x
g x / x x
'"%D / / x
= .
g ° * /" X Note:
= _ ey e  Settlement is measured from
2 005 o AT x the original preconstruction
— X .
S elevation, not from the top
S of the heave.
E x ']
[}
g . x I
= = - No. Piles
Symbol Fdn. Area Building
g 010 = (Piles/ft?)
%EJ T ° 0.0085 Refrigeration
o ~ x 0.0150 Materials
£ '.. ® 0.0155 Space center
E
3 I
= 0.15

Movements of nearby buildings caused by pile-driving operations
(after D’Appolonia and Lambe 1971).
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3.3.4 Anh hwéng ctia nhém coc

-—0

AN ES\\\4

e

(a)

Stress condition below tips of piles: (a) Single pile, (b) group of piles.

TS Nguyén Minh Tam

-—
-—

-—_0

AN 2NN

— < o

(b)
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3 Méng Coc

.
i
Bl T
e )

\q \.




3.3.5 Anh hwéng thi cong coc khoan nhoi

- Anh hwéng cua sw thay déi dé am trén luc dinh gitra dat va coc

> DAt hat nwédce tir coc khoan nhoéi wot

> Nudc tlr dat chay vao 16 khoan
- P4t xung quanh coc va miii coc bi pha hay két cau do viéc khoan

- Dung dich bentonite tao ra I&p ao phui trén bé mat tiép xuc giira
coc va dat

‘ Giam ma sat giira dat va coc

TS Nguyén Minh Tam BM Dja Co' Nén Méng 26



3.4 SUC CHIU TAI DOC TRUC CUA CcOC

3.4.1 Strc chiu tai theo vat liéu

Coc dong, ép
0, =¢(R,4,+R,A4,)

@: hé s6 anh huéng béi @ manh cia coc
Coc tron ¢ = 1,028-0,00002882A2-0,0016A
Coc vubng @ = 1,028-0,0003456),2-0,00554
A=ljr  Ag=lyd
Chiéu dai tinh todn cia cocl,

l,=vl

TS Nguyén Minh Tam BM Dja Co' Nén Méng 27



7% I
y = v=20.5
C6 thé tham kh3o hé s6 ¢ theo Jacobson
A=ly/r 50 70 85 105 120 140
0] 1 0,8 0,588 0,41 0,31 0,23

TS Nguyén Minh Tam

BM Dja Co’ Nén Méng
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- Theo Qui Pham TCXD 21-86

Q,=km(R, A, +R,A,)

k = 0,7 1a hé s6 dong nha't,

m=1 13 hé sé diéu kién lam viéc,

> Cwdng do6 chiu kéo nhé

th,vl — kMRa Aa

TS Nguyén Minh Tam BM Dja Co' Nén Méng 29



- Theo Qui Pham TCXD 195:1997

Coc khoan nhoi
Qvl = Ru Ap + Ran Aa
v Coc bé tong d6 dwéi nwéc

R
R, =4—,5 R, <60 kg/cm’

v’ Coc bé téng trong 16 khoan khé

R :g R <70 kg/cm’

u

v <¢28mm R, = fs R <2200 kg/cm’
R 2
>@28mm R, = 1 ;_ R, <2000 kg /cm

TS Nguyén Minh Tam BM Dja Co' Nén Méng 30



3

Méng Coc

- Kiém tra coc khi van chuyén va cau lap

2 méc cau A
So do dung coc

M

= 0,043qL?

max

M, =0,0214qL?

max

TS Nguyén Minh Tam BM Dja Co' Nén Méng 31



3 Méng Coc

3.4.2 Sirc chiju tai cua coc theo nén dat

Methods of Evaluating
Axnal Load Capacity of Piles

- I T

Full-Scale Load Tests Analyses Based on Soil Tests

/\ (Static Methods)
Controlled  Controlled /\
Siress Stramn
Tests Tests ﬁﬁal::.-m H-u:.d Anal ¥5Es Based
on Soil Properties on In-Situ Tests
Cohesionless Sodls Cohesive Soils Rock
Standard
/ \ Penetration
Test
End Bearing Skin Friction
= Vestic/Kulhawy * Ceneral
* Coyle and Castello * 3 Method
= Coyle and Castello End Bearing
* Meyedhol
* Briaud
End Beanng Skin Frniction
Y5y * § Method
* i Method
# 3. Method

TS Nguyén Minh Tam

Analyses Based on
Pile-Dving Dynamics
(Dynamic Methods)

VAN

Pile Wave APW AP
Driving Equation M:I:hud
Formulas

Cone
Penetration
Test

T

Skin Friction
* Meyerhof
= Briaud
End Beanng Skin Fraction
* [utch * Nottingham and
« LCPC Schmenmann
=LCPC
BM Dja Co Nén Méng 32



Vo

- Strc chiu tai giéi han

+ Qu - Qs + Qp Layer 1 ‘
_ SAND R
Qp — qup; Qs — Z‘ Asifsi (subject to scour) s1
Layer 2 Embedded
— f 4 SOFT CLAY Pile
IEE) Q, = SA,i f,; + A, g oo R | e
Layer 3
i . . i SUITABLE HSB
- Stre chiu tai cho phép SUPPORT Y
MATERIALS +
QS QP Ht
= s " Fs
S p
0 - O, FS,FS,,FS~2-3
a
FS
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- Coéng thirc tdong quat

+ g,=cN +ac', N _+yBN,

f,=c,+K o' tang

Vit liéu coc 0,

0,67 -0.83 ¢
0,90 ¢ - 1.00 ¢
Go 0,80 ¢ - 1.00 ¢

Ratio of ¢/6 (After Allen, Duncan, and Snacio 1988)

Soill Type Steel Wood Concrete
Sand d/p = 0.54 ol =076 olg = 0.76
Silt & Clay d/p = 0.54 o/ = 0.55 ol = 0.50

TS Nguyén Minh Tam

Values of & for Various Interfaces
(after U.S. Department of the Navy 1982)

Ssoll Type o (deqg)
(a) Steel sheet piles

Clean gravel, gravel sand mixtures,

well-graded rockfill with spalls 22
Clean sand, silty sand-gravel mixture,

single-size hard rockfill 17
Silty sand, gravel or sand mixed with silt or clay 14
Fine sandy silt, nonplastic silt 11

(b) Concrete sheet piles

Clean gravel, gravel sand mixtures, well-graded

rockfill with spalls 22-26
Clean sand, silty sand-gravel mixture,

single-size hard rockfill 17-22
Silty sand, gravel or sand mixed with silt or clay 17
Fine sandy silt, nonplastic silt 14

BM Dja Co’ Nén Méng
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3.4.2.1 Strc chiu tai coc & miii coc

(a) (b) (c) (d)

Assumed failure patterns under deep foundations (Vesic 1967): (a) After
Prandtl, Reissner, Caquot, Buisman, Terzaghi (b) After DeBeer, Jaky, Meyerhof (c) After
Berezantsev and Yaroshenko, Vesic (d) After Bishop, Hill and Mott, Skemption, Yassin,
and Gibson.
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A. Khéng thoat nwéc — Tong tpng suat

Sét —short term

=0 N, =1 N, =0

q /4

— !
q,=N.xc,+0',

Skempton (1959)

N, =9

TS Nguyén Minh Tam BM Dja Co' Nén Méng 36



Loai dat N, Reference
London clay | N=9 Skempton (1959)
Model test |S<N.<8 Sowers (1961)
,S,‘;t trwong | 57 <N, <8.2 Skempton (1959)
L P
N =6[1+02| — Reese va O’Neil (1988))
C Db
Sét? do nhay | 7.4<N_.<9.3 Ladanyi (1963))
nho
4 .
N =ZIn(l, +1)+Z+1 Vesic (1975)
3 2
4 E .
N,=1+—|1+In| —* Bishop (1945))
3 3c,

TS Nguyén Minh Tam

BM Dja Co’ Nén Méng
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B. Théat nwéc — tring suat c6 hiéu

Cat hay Sét — long term
C:O Qp:NqX(G'z)b

Loai dat Ny Reference
Sét B ( , 2 )Z , Janbu (1976)
N, =\tan¢ +\/l+tan ¢') exp(2y ,tang')
w,=n/3-0.58n

Lay gia tri y nhécho sét mém, co ké thuong

Gia tri 16n cho cat chiit, sét qua cd két

Ng= () Berezantzevet al (1961)
Cat N,=40 API (1984)

N,= f(¢’) (irng dung cho cat chat) Berezantzevet al (1961)

Cong thue (%) Vesic (1975)

N,s=8-20 Poulos (1988)

Ns=20 Datta et al. (1980)
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Dy +40
2
For bored piles, @ = G'i’1 -3

For driven piles, @ =

where @ =angle of internal friction
prior to installation of pile

1000 p—r—r—r—TT—T—"—T

7
Pl

A @', =~20N +15°

Nq
r.f
e
i
/J/
/
10 L T ! 1 T i I 1 I T —

25 30 35 40 45

gﬂ

Relationship between Nq and ¢ (after Berezantzev et al., 1961j.
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- Vesic (1972, 1975) (*)

-

N

4 ing'
3 3
N, =————1exp ——¢ tan¢' [tan” ¢ ,}:Sm -
3—sin¢' 2 4
& J
Chi s6 d9 cimg I,
— ]—r €p bién dang thé tich
rr 1+ gp]r , Soil I,
G’ modulus cat
Sand (D, = 0.5-0.8) 75-150
G' G’ Ung suat do trong lugng Silt 50-75
1, = ' ban than tai miii coc Clay Pk-eal
o' tang ; ;
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Bearing-capacity factors N, and N, by Janbu’s and Vesi¢’s equations

Janbu Vesié

b o =75 90 105 I, =10 50 100 200 500
0 N =100 1.00 100 N, = 100 1.00 1.00 1.00 1.00
N = 574 5.74 574 N =697 9.12 10.04 10.97 12.19

5 1.50 1.57 .64 1.79 212 2.28 2.46 2.71
5.69 6.49 7.33 8.99 12.82 14.69 16.69 19.59
10 225 247 2.71 3.04 4.17 4.78 5.48 6.57
7.11 834 9 70 11.55 17.99 21.46 25.43 31.59
20 5.29 6.40 7.74 7.85 §3.57 17.17 2143 29.67
11.78 14.83 18.53 18.83 34.53 44.44 56.97 78.78
30 13.60 18.40) 24.90 18.34 37.50 51.02 69.43 104.33
2182 30.14 4139 30.03 63.21 86.64 118.53 178.98
35 23.08 3330 48.04 27.36 59.82 83.78 117.34  183.16
3 S3 4612 67 18 37.65 84.00 118.22 166.15  260.15
40 11.37 64 20 99 61 40.47 93.70 134.53 193.13  311.50
4811 75.31 117.52 47.04 110.48 159.13 22897  370.04
45 79.90 134.87  227.68 549.60 145.11 21279 31204 517.60
78.90 133.87 22668 53.66 144,11 211.79 31104  516.60
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Bearing Capacity Factors for Piles in Cohesionless Soils (Coyle and Castello, 1981)

Approximate N, Values for
Various Friction Angles, ¢', in Degrees

Theories* 23 30 35 40 45
De Beer (1945) 59 155 380 1150 4000
Meyerhof (1953)

Driven piles 38 89 255 880 4000
Caquot-Kerisel (1956) 26 55 140 350 1050
Brinch Hansen (1961) 23 46 115 350 1650
Skempton, Yassin, and Gibson

(1953) 46 66 110 220 570
Brinch Hansen (1951) 32 54 97 190 400
Berezantsev (1961) 16 33 5 186 —
Vesic (1963) 15 28 58 130 315
Vesic (1972): I, = 60° 20 27 40 59 85

I, =200° 29 46 72 110 165
Terzaghi (1943)

General shear 12.7 22.5 414 81.3 173.3

Localized shear 5.6 83 12.6 20.5 35.1

*Various references are cited by Vesic (1972, 1977).
®Rigidity factor.
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Values for N, and ¢*

¢° 20 25 28 30 32 34 36 38 40 42 45

N, § 12 20 25 35 45 60 80 120 160 230
(driven)

N, 4 5 8 12 17 22 30 40 60 80 115
(drilled)

*These values have been obtained from the curves provided by Meyerhof (1976).
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3.4.2.2 Strc chiu tai coc do ma sat xung quanh coc

A. Khéng thoat nwéc — Tong tpng suat

Sét —short term

- oo method (Tomlinson)

¢, =0
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V%// ,

> Tomlinson

3 Méng Coc

Undrained Shear Strength, ¢, (kPa)
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Skin Friction Factors «, for Driven Piles from Laboratory Tests

Soil type Equation Skin friction factors Reference
Clay f = oy, = 1.0 (s, = 25 kPa) API (1984)
AuSy a, =05 (s,= 70 kPa)
8, — 25
a;=1-— 0 for 25 kPa < s, < 70 kPa
a, = 1.0 (s, = 35 kPa) Semple and

a, = 0.5 (s, = 80 kPa)

— 3
= T (5”90 5) for 35 kPa < s, < 80 kPa

s 0.5 s —-0.5
a, = (—t’) (—‘,") for (s fol,) = 1
G-I nc UZ

s 0.5 s —0.25
Biy= (—“) (—ﬂ“) for (s, /o%,) = 1
Oz/ne \JTz

Rigden (1984)

Fleming et al.
(1985)
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3 Méng Coc

¢, kN/m?
1.0 25 50 75 100 . 125 150 175
' ‘\\ | | R I | 1
\
0.8 |- _
0.6 —
Ca
T
0.4 |— =5
0.2 - ]
0 | | | | | |
0 0.5 10 1.5 2.0 25 3.0 3.5 4.0

Undrained Cohesion ¢, kips/sq ft
Adhesion factors for driven piles in clay (after McClelland, 1974).
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> Coc khoan nhoi

Loai dat o Gia tri Reference
c,/c, 0.25-0.7 Golder and Leonard (1954)
0.45 Skempton (1959)
Sét london 0.7 coc dong Fleming et al. (1985)
O khiz<1.5m
vaz>L-D Reese va O’Neill (1988)
0.55 con lai
Sét nhay cao | ¢,/c, 1 Golder (1975)
Sét truwong no | ¢,/c, 0.5 Mohanand Chandra (1961)
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Méng Coc

- A method (Vijayvergiya va Focht, 1972)

A
0 0.1 0.2 03 0.4 0.5
0 T T T T
*
*0
' * 0 a
=o' +2c¢ : -
S m u a
a
°
50— afa =
D) r A b\ h 9 o~ 4 A= LT
‘-
o ', ung suat trung binh o giura o o (o = Zem A,
.
A N %5+ X x® -
chiéu dai coc .
.
Z 100~ v a m
e
T:T od o Location Symbol  Source
s
< Detroit ©  Housel
= - Morganza ®  Mansur
a 1251 Cleveland © Peck =1
Drayton X Peck
North Sea 4  Fox
: Lemoore o Woodward
Stanmore & Tomlinson
160 | G New Orleans A Blessey -
Venice s McClelland
o o Alliance v  McClelland
Denaldsonwille ¥  Darragh
MSC Houston O  McClelland
. ] San Francisco ®  Seed —
51— British Columbia o McCammon
Burnside ® Peck
200 t— N
x
225

Frictional capacity coefficient A vs. pile penetration (Vijayvergiya and Focht, 1972).
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B. Théat nwéc — Png suat co hiéu

Cat hay Sét — long term
- B method
c'=0

f, =Koo' tang' =[xco'

Values for K, for Various Pile Types in Sands*

ﬂ — KS tan ¢'a Pile Type K,
Bored pile 0.5
re AKX LA 5 fe Driven H pile 0.5-1.0
> két thwong, cat rov . : :
Set co ket thuong, Driven displacement pile 1.0-2.0
K =1-s1n ¢' “These values are based on the data presented by Meyerhof (1976).
§ Similar values have been recommended in Foundations and Earth
> Sét qué Cé két, cat chat Structures Design Mannual 7.2 (1982).

K, =(1—sin¢'WOCR
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Skin Friction Factors P for Driven Piles from Laboratory Tests

Soil type Equation Skin friction factors Reference
Clay fe=Bo} B = (1 — sin ¢')(tan ¢')(OCR)®*® Burland (1973)
Sand F..= Bol B = 0.15-0.35 (compression) McClelland (1974)
0.10-0.24 (tension)
B =0.44 ford' = 28° Meyerhof (1976)

0.75 for¢' = 35°
1.2 for¢' =37°

B = (K/Ko) K, tan(d’di/d’)

d%/d’ depends on installation method (range Stas and Kulhawy
0.5-1.0) (1984)

K/K, depends on installation method (range 0.5-

2.0)

K, = coefficient of earth pressure at rest and is a
function of OCR

Uncemented fs = Bo B = 0.05-0.1 Poulos (1988)
calcareous sand

Source: On behalf of the Institution of Civil Engineers.
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1.0~

0.5 4+

B oall

Coefficient
0.3

0.2

20

¢’ (degrees)

Chart for Estimating 8 Coefficient versus Soil Type ¢' Angle (after Fellenius, 1991)
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» Coc khoan nhoi

Skin Friction Factors B for Bored Piles or Drilled Shafts

Soil type Equation Skin friction factors Reference

Clay f, = (Ktan ¢/)o, K is lesser of K, or 0.5(1 + K,) Fleming et al. (1985
K/K, = %3to 1; K, is a function of Stas and Kulhawy
OCR; ¢, depends on interface (1984)
materials

Sand fs = Bo: B=01 ford' =33 Meyerhof (1976)

0.2 for¢' = 35°
0.35 for¢' = 37°
B = Ftan(d' — 5° Kraft and Lyons
where F = 0.7 (compression) {1974)
= 0.5 (tension)

Uncemented fs = Bo. B = 0.5-0.8 Poulos (1988)
calcareous sand 60 kPa = f, = 100 kPa

Source: On behalf of the Institution of Civil Engineers.
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3 Méng Coc

> Doi véi dat cat (Vesic) - -
Average skin resistance (lb/in.”)
0 1 2 3 4 5 6

20 \
N

. AN

i S N

e

Pile length (in.)

Dense sand (G-3)
Field tests (loose,

100 moist, sand ) —(G-4)

b, | o
| ~ Medium dense sand (G-2)

| |
| o L
Loose sand (G-1)

140 ] | | | |
0.1 0.2 0.3 0.4

Average skin resistance (tons/ft?)
Variation of skin resistance with pile length (Vesic, 1967).

3
—k

120
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3 Méng Coc

|
—>=| fe—d

Simplified distribution of vertical stress adjacent to pile in sand.
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3
For driven piles @ = 74 @,+10 (Fig a,Fig.b)
For bored piles, @ =@, -3 (Fig.a), ©®=0; (Figc)

where @, = angle of internal friction prior to
installation of pile

(a)z./dvs & (b) Kgtan @, vs @ (c) Values of Kgtan @, Based
(Driven Piles) on Meyerhof (1976 )
20 rrrrrrrT T T J T T T T T T T T T 0 o o B e o s 5 B N e o
- / — — i B
15 |- 1 2.5f el 1.2 /
x ] & - . Driven 3
- o - 5 — ESID piles ,"‘
- 2:0r ?:l o085 f—
o : : B / : + /Jacked
5 = . L = s /A“-DI!QS &
%] = 1 i N / 2] /
N . ; A i
°F i Ve B < L "/’ Bored
= - - - a . // piles
b 1 oLt : -
mlaaa el g i L LEGT | 1 SEEEEEERNE N obode e bl
28 a3 38 43 28 33 38 43 30 35 40
2° 2° )

Values of z,./d and K tan ¢, for piles in sand.
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3.4.2.3 Dwa theo két qua thi nghiém ngoai hién trwéng

A. Dwa theo két qua SPT

- Meyerhof (1956)

q,(kPa)=400N
f.(kPa)=2N,

» Coc dong

N - chi s6 SPT trung binh cua di't trong khoang 1D dudi miii coc va 4D trén
milicoc

N;, — gia tri trung binh N doc theo than coc

q,(kPa)=120N
fi(kPa)=N,

» Coc nhoi
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Méng Coc

Correlations” Between End Bearing Resistance, f,, and SPT Values

Pile type Soil type c Remarks Reference
Driven Sand 0.45 N = average SPT value Martin et al.
displacement in local failure zone (1987)
Sand 0.40 Decourt (1982)
Sand L L, = length of pile in Meyerhof
0.04 D sand, D = diameter or (1976)
width. Nis in vicinity
of base. C= 0.4
Silt, sandy silts 0.35 Martin et al.
(1987)
Glacial coarse to fine 0.25 Thorburn and
silt deposits MacVicar
(1971)
Residual sandy silts 0.25 Decourt (1982)
Residual clayey silts 0.20 Decourt (1982)
Clay 0.20 Martin et al.
(1987)
Clay 0.12 Decourt (1982}
All soils 0.30 For L/D=5 Shioi and Fukui
If L/D < 5, (1982)
C=01+10.04L/D
(closed-end piles) or C
= 0.06 L/D (open-end
piles)
Cast in place Coarse-grained soils fo = 3.0 MPa Shioi and Fukui
(1982)
0.15 fo=75MPa Yamashita et
al. (1987)
Fine-grained soils fo=0.09 (1 + 0.16L,) Yamashita et
where L, = tip depth al. (1987)
(m})
Bored Sand 0.1 Shioi and Fukui
(1982)
Clay 0.1 Shioi and Fukui
(1982)
Chalk 0.25 N < 30 Hobbs (1977)
0.20 N> 40

aCarrelation equation is f, = CN (MPa. Source: On behalf of the Institution of Civil Engineers.

TS Nguyén Minh Tam
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3 Méng Coc

Correlations” Between Skin Frictional Stress, f,, and SPT Values

Pile type Soil type A B Remarks Reference
Driven Coarse-grained 0 2.0 fs = average value Meyerhof (1956)
displacement over shaft
N = average SPT Shioi and Fukui
along shaft (1982)
Halve f, for small
displacement pile
Coarse-grained 10 3.3 Pile type not specified Decourt (1982)
and fine-grained 50=N=3
fs=170kPa
Fine-grained 0 10 Shioi and Fukui
(1982)
Cast in place Coarse-grained 30 2.0 fs= 200 kPa Yamashita et al.
(1987)
0 5.0 Shioi and Fukui
(1982)
Fine-grained 0 5.0 fs = 150 kPa Yamashita et al.
(1982)
0 10.0 Shioi and Fukui
(1982)
Bored Coarse-grained 0 1.0 Findlay (1984)
Shioi and Fukui
(1982)
0 3.3 Wright and Reese
(1979)
Fine-grained 0 5.0 Shioi and Fukui
{1982)
Fine-grained 10 3.3 Piles cast under Decourt (1982)
pentonite
B0=N=3
+= 170 kPa
Chalk -125 12.5 30>N>15 Fletcher and
s = 250 kPa Mizon (1984)

“Correlation equation is f, = A + BN {kPa); N values in blows/ft or blows/0.31 m. Source: On behalf of the Institution

of Civil Engineers.
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3 Méng Coc
A. Dwa theo két qua CPT

- Nottingham va Schmertman (1975)
> Dt roi 0, =K (f Aj +(fs Asj
0-8d 8d—-L

K for Steel Pipe Piles K for Square Concrete Piles
0.0 1.0 2.0 3.0 0.0 1.0 2.0
U’ | [ | ﬂ | [ ]
EEEEREEE
| ‘ | T
e F. . : / { ! .:__ .
10— I,‘-'- A R 10 4 l‘g/_-
¥ 1 ' 4 | 1 — r. | - . —
val| SRS [RYL SR/ISYANERS
_;(. 1 _ d | - : -
7 | Electrical I BN
| F-angnq iter [ HEd Elﬂﬂ-‘l"ttal
2 L 20 _ ; | Funetrurhe]e
[ ‘ ] EE S RERE
-l"“"':"MFﬁariﬁl TTTT1 e EEE
N Penelrometer 30 :—_F]: \NEEN
o EEEEEER [ || echan
__:_ _ 4 | %natmma rl
EERLENE S NN NN

Fenetrometer Design Curves for Pile Side Friction in Sand (after FHWA
Implementation Package, FHWA-TS-78-209)
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Trwong hop khong cé gia tri cua f khi xuyén

Qs = CqucAs

CPT C, VALUES
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> DPét dinh Q. =a'f A

1.4 — i .
N
1.0 ._‘\\\r_._f_ ...... _'_'_'J____:__'.'.ﬁ.-_!__- -
Penetrometer g g _ 5\ .oncrete __Iﬁ'IHEFF'IEF_

to Pile 06 L] \}}Q‘ I 7
Friction Ratio, | S 1:"*-=‘.‘./-... “L-1_L
o 04 SteellPiles | T——ll | [T
0.2 b
0.0 '
0 50 100 150 200

Penetrometer Sleeve Friction, fs (kPa)

Design Curve for Pile|Side Friction in Clay (after Schmenmann, 1978)
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Qe

-— Pile

g QP — qPAP

B

Depth
, g = qcl_l_ch
3 N\ o
L _I P 2
0.7d—3.5di
2V

llustration of Nottingham and Schmertman Procedure for Estimating Pile
Toe Capacity (FHWA-TS-78-209).
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3.4.2.3 Theo tiéu chuan Viét Nam

A. Dwa theo chi tiéu co’ ly cua dat nén

> COC CHONG  (khinén dit c6 Eg > 50 MPa = 500 kg/cm?)

th= qup
» DAt nén coc tya 13 d4, dat hat 16n va sét cing

q, = 20Mpa = 2000 Tf/m?
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* Coc nhoi,coc ong c6 nhoi bé tong ngam vao da khong bi phong héa khong

nho hon 0.5m

Ic
g, =" " 1S
g kd d3

q ;cn cuong do chiu nén trung binh cua da ¢ trang thai no nudc;
k, = 1,4 hé so an téan theo dat

h; (m): do sdu choén coc trong da ;

d; (m): duong kinh ngam trong da

* Coc Ong chong 1én bé mit da

tc
_ 4

kq

9
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> COC MA SAT )
O = qupAp + ”mefsili
i=1

Phuong phap ha coc Heé s6 diéu kién lam viéc cta coc
Du6i miii coc mi | O mat bén coc ny

1/ Ha coc dic va coc rong co bit 1 1

diu, bing bta hoi bia diesel

2/ Rung va ép coc vao :

a/ Pat cat chit vira

e hat tho vi hat vira 1,2 1

e hat min 1,1 1

e hat bui 1 1

b/ Dat sét c6 do sét I, =0,5

o Acit 0,9 0,9

. Asét 0,8 0,9

. Sét 0,7 0,9

¢/ Pat sét co do seétI;, <0 1 1

C4c hé so my va m; cia da't c6 do sét trong khodng tir [0 +5] ¢6 dugc
bing phép ndi suy

TS Nguyén Minh Tam BM Dja Co' Nén Méng 68



3 Méng Coc

Stic chiu tai cia dat ¢ miii coc q,,

D) sau cia Siic chdng cat cia dit & miii coc, g T/m’
miui coc, m Ctia dat cat chiit vira c6 hat 1a
Soi Tho Tho vira Min Bui
Cuia dat sét v6i chi s0 do set I,
0 0,1 0,2 0,3 0,4 0,5 0,6
3 750 660 (400) 300 | 310 (200) 200 (120) 110 60
4 830 680 (510) 380 | 320 (250) 210 (160) 125 70
5 880 700 (620) 400 | 340 (280) 220 (200) 130 80
7 970 730 (690) 430 | 370 (330) 240 (220) 140 85
10 1050 | 770 (730) 500 | 400 (350) 260 (240) 150 90
15 1170 | 820 (750) 560 | 440 (400) 290 165 100
20 1260 | 850 620 | 480 (450) 320 180 110
25 1340 | 900 680 | 520 350 195 120
30 1420 | 950 740 | 550 380 210 130
35 1500 | 1000 800 | 600 410 225 140

TS Nguyén Minh Tam

C4c gid tri trong ngoic cho dat sét

BM Dja Co’ Nén Méng
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3 Méng Coc

D0 sau trung Ma sat bén cua coc, f, , T/m’
binh ctia 16p Cua cat chit vira
dat, m Tho | Min | Bui
va
vira
Clia dat sét c6 do set I la

0,2 0,3 0.4 0,5 0,6 0,7 0,8 0,9 1
1 35 2,3 15 1,2 0,5 04 04 0,3 0,2
2 4,2 3 2,1 1,7 1,2 0,7 0,5 0,4 04
3 4,8 35 2,5 2 14 0,8 0,7 0,6 0,5
4 53 3.8 2,7 2,2 1,6 09 0,8 0,7 0,5
5 5,6 4 29 2.4 1,7 1 0,8 0,7 0,6
6 58 4,2 31 2,5 18 1 0,8 0,7 0,6
8 6,2 4.4 33 2,6 19 1 0,8 0,7 0,6
10 6,5 4,6 34 2,7 19 1 0,8 0,7 0,6
15 7,2 5,1 38 28 2 1,1 0,8 0,7 0,6
20 7,9 5,6 4,1 3 2 1,2 0,8 0,7 0,6
25 8,6 6,1 4.4 32 2 1,2 0,8 0,7 0,6
30 9,3 6,6 4,7 34 2.1 1,2 0,9 0,8 0,7
35 10 7 5 3,6 2,2 1,3 09 0,8 0,7

- Cdc gia tri cua f, cia cat chit ting thém 30%

-khi x4c dinh f, nén chia cac 16p dat méng hon 2m.

TS Nguyén Minh Tam
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» COC CHIU NHO

n
0. = mumefsili
=1

N A A N ° A N * A . A
m la hé s6 diéu kién lam viéc chiu nho,
* v6i coc ha vao diat < 4m 1ay hé s6 m= 0,6
* v@i coc ha vao diat > 4m hé s6 m=0,8
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B. Dwa theo chi tiéu cwong dd caa dat nén

Q,=Q:;+Q,
Qu =Z"‘\si fsi +Ap qp' w

0. 0,

C s T Fs,

FS =1.5-2.0
FS,=2.0-3.0
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- Pat sét

Str dung a method (Tomlinson)
0, =4axc,+A4 N c,
» Coc dong

1.00

o8 P

Adhasion

0.50 -t
Faclor, o -

0.28 FH—

0.00

Undrained Shear Strength, ¢, (kPa)
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> Coc nhoi

Loai dat o
Sét déo cung | 0.3-0.45
Sét déo mém | 0.6— 0.8

> N, =9 cho coc dong trong dat sét cb két thwong

N, = 6 cho coc khoan nhoi
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- Dat rovi
St dung  method
Q,=4AK.o' tang, + 4,0’ N,

S& dung phwong phap Vesic

—
ijrl
I
=
_|
|

> f<—d
Simplified distribution of vertical stress adjacent to pile in sand.
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3
For driven piles @ = 74 @,+10 (Fig a,Fig.b)
For bored piles, @ =@, -3 (Fig.a), ©®=0; (Figc)

where @, = angle of internal friction prior to
installation of pile

(a)z./dvs & (b) Kgtan @, vs @ (c) Values of Kgtan @, Based
(Driven Piles) on Meyerhof (1976 )
20 rrrrrrrT T T J T T T T T T T T T 0 o o B e o s 5 B N e o
- / — — i B
15 |- 1 2.5f el 1.2 /
x ] & - . Driven 3
- o - 5 — ESID piles ,"‘
- 2:0r ?:l o085 f—
o : : B / : + /Jacked
5 = . L = s /A“-DI!QS &
%] = 1 i N / 2] /
N . ; A i
°F i Ve B < L "/’ Bored
= - - - a . // piles
b 1 oLt : -
mlaaa el g i L LEGT | 1 SEEEEEERNE N obode e bl
28 a3 38 43 28 33 38 43 30 35 40
2° 2° )

Values of z,./d and K tan ¢, for piles in sand.
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C. Dwa theo két qua CPT

q. stc chong xuyén trung binh, 14y trong khoing 3d phia trén va 3d bén
du6i miii coc

» ¢, xac dinh tir CPT

c =479 o, (Png suat do trong lwong ban than
! 15
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3 Méng Coc

Loai dat q.(MPa) | K. o qq
Coc nhoi Coc dong Coc nhdi Coc dong
Coc | Coc Bé Thép Bé Thé | Bé Thép Bé tong | Thép
nhdi | dong tong tong | p tong
Sét mém va | <2 0,4 0,5 30 30 30 30 15 15 15 15
bun
Sét cifng vira 2-5 035 | 045 40 80 40 80 (80) (80) (80) 35
35 35 35
Sét cing, rat | >5 045 | 0,55 60 120 60 120 (80) (80) (80) 35
cing 35 35 35
Cat chay 0-25 0,4 0,5 (60) | 150 (60) | (120) | 35 35 35 35
120 80 80
Cat chat vira 2,5-10 0,4 0,5 (100) | (200) 1000 | (200) | (120) (120) (120) 80
180 250 250 80 35 80
Cat chat > 10 0,3 0,4 150 300 150 300 (150) (150) (150) 120
(200) (200) | 120 80 120
ba phan | >5 0,2 0,3 100 120 100 120 35 35 35 35
(mém)
ba phan | >5 0,2 0,4 60 80 60 80 (150) (120) (150) 120
phong hoa 120 80 120

q. sttc chdng xuyén cta miii xuyén don gidan
Céc gia tri trong ngodc dung cho : coc nhoi thi cong tot va coc dong c6 ép dat

TS Nguyén Minh Tam
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3 Méng Coc
D. Dwa theo két qua SPT

> Dwa theo két qua ctia Meyerhof (1956) (KN)
Qu = KINAp T K2ASNtb

N - chi s6 SPT trung binh cua di't trong khoang 1d dudi miii coc va 4d trén
milicoc

N,, — gia tri trung binh N doc theo than coc trong pham vi I&p dat roi

Coc déng K, =400
K, =2
K, =120
Coc nhoi
K, =
TS Nguyén Minh Tam BM Dja Co' Nén Méng 80



» Dwa theo cong thirc ctia Nhat (coc dong)
0, = {aN, 4, +(02N.L, +CL Yud)
3

N, - chi s&' SPT cua dat du6i miii coc va 4d trén miii coc
N, — SPT doc theo than coc trong pham vi I&p dat roi
L. (m) — chiéu dai doan coc nam trong dat cat
L. (m) - chiéu dai doan coc nam trong dat sét
a - hé s6 phu thudc pp thi cong

o =30 : coc dong

a =15 : coc khoan nhoi
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> Strc chiu tai cia coc nhoi trong dat roi
Qu=Af +Aq,
Trong dé :q, = K{N (0.1MPa)
N 1a chi s6 trung binh ctia dat xdc dinh nhu trén.

Hé s6 K tra bang.

e . Tri s6 cyc han cia g,
Loaidat Heso Ky | ) 1MPa = 1KGlem?
Cat soi 1.4
Cat tho, trung 1.1 55
Cat min 0.8 40

f.=0.018N (0.1MPa) : cat khong c6 bentonite.
f.=0.03N +0.1 (0.IMPa) : cdt c6 bentonite,
N : chi s6 SPT trung binh.

A.. A, dinh nghia nhu phan trén.

:Asf: _I_ﬁPqP
* FS, FS,
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> Strc chiu tai cho phép cla coc nhdi trong nén gém céac I&p dat
dinh va dat roi

0, =1,5NA, +(0,15N,L, +0,43N,L)Q-W, (If)

N chi s& xuyén dong tiéu chuin trung binh ciia dit trong khodng 1d dudi
miii coc va 4d trén miii coc. Néu N > 60, khi tinh toan N 14y N =60 ;
néu p > 50 thitrong cong thitc1dy y =50;

N, gi4 tri trung binh ctia chi s6 xuyén dong tiéu chuin trong 16p dat roi;

N, gid tri trung binh ctda chi s6 xuyén dong tiéu chuin trong 16p dat dinh;
A, dién tich ti€t dién mii coc; ;

L, (m) chiéu dai phan thin coc ndm trong 16p dat dinh;

L, (m) chiéu dai phan thian coc nim trong I6p dat roi;

Q chu vi tié't dién coc m;

W, hiéu s6 giira trong lwong coc va dat nén do coc thay thé
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5.4.3 Dwa theo Cong thirc dong lwc hoc

Viéc ddng coc & giai doan thif coc, ddu coc phdicd dém bang g0 vi ¢d 19t
thé p gia cudng de dau coc khong bi va.

Hi

dém gf
cdt thép gia cubng

{f 6a1s0
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Néu dii coc ddt sdu (cdng winh c¢d tang

BTCT vi coc din nhu hinh vé :

ham) thi phai cd hop ndi gitta coc

B Zﬂ_::-c din
. Mdy do - it dé dong
M~ ~h fi '
ACRAL., TASZASAN AN AN
g g
1 1
9 1
/ :
/ :\MC Ja f’ﬂ%ﬂ’ s thit
g / fi’@ﬁg ----- z%: eHE.BTCT mr
1 |
v ! g h i€n truong
]
’ ]
hép néi " ¥ S
: Coc
Lal Lal Lad
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Wellington 0, = Wi = kE
e, +c e ,+c

W trong lugng phan roi cia bia
H chiéu cao rdi cia bia
e; do chdicuabia
¢ hiing s6 xét d&n niing lugng tha't thoat
¢ =2,54 cm véi baaroi
¢ = 2,54 mm v@éi buia hoi va bua diesel.
E nang lugng bua
k hé so niang lugng bua.
Cong thitc trén dugc tinh véi hé s an toan FS = 6.
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3 Méng Coc

Hi¢u bua Loai Nang lugng, S0 nhat trong Trong lugng phan va
E mot phut dap, W, (kN)
KN-m

K K150 379,7 45-60 147,2

M MB70 191,2 - 86 38-60 70,5

K K-60 143,3 42-60 58,7

K K-45 123,5 39-60 44

M M-43 113,9-51,3 40-60 42,1

K K-35 96 39-60 34,3
MKT DE70B 85,4-57 40-50 31,1

K K-25 68,8 39-60 24,5

\4 N-46 44,1 50-60 17,6

L 520 35,7 80-84 22,6

M M-14S 35,3-16,1 42-60 13,2

\ N-33 33,4 50-60 13,3

L 440 24,7 86-90 17,8
MKT DE20 24,4-16,3 40-50 8,9
MKT DE-10 11,9 40-50 4,9

L 180 11 80-95 7,7

TS Nguyén Minh Tam

K- Kobe Diesel;

L-Link, Belt, Cedar
Rapids,lowa;

M-Mitsubishi Int.
Corporation;
MKT-McKienan-
Terry,New Jersey

V-Vulcan Iron
Works, Florida
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kE W+eW.
Ww+Ww,

_Hilley O, =
e, +§(c1 +c,+¢,)

e hé s6 hoi phuc cé gid tri nhu'sau :

e coc co ddu bit thép, e =055

e coc thép c6 dém dau coc bing g6 mém, e = 0,4

e coc bé tong cot thép c6 dém dau coc biing g6, e=0,25
¢, (m) bi€n dang dan hoi ctia dau coc, dém dau coc va coc din,

¢, (m)bién dang dan hoi cua coc

_ 9L
AP EP

G,

c; bi€n dang dan hoi ctia dia't nén cia coc, thudng dugce 14y bing 0,005m
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- Théi gian nghi dé xac dinh doé chdi

+ 3ngdvdém doi véicdr ( i cdtnho va cdt bui bio hod nudc).
+ 6 ngdy dém doi vdiséthodc dat khong dong nhit.
Con cdc orudng hop sau divy thdi gian nghicua coc ldu hon:
+~ 10 ngdv dém khi coc xuvén qua catnho va cdt bui bdo hod nudc.

+ 20 ngdv dém khi coc xuvén qua dat s€t. 4 s€étdéo mém. déo chayv.
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5.4.4 Dwa theo thu tai tai hién trwwong

L FS>?2
FS
CL AL
:
20
PN L B 1= 1| P AN AN
) I Coe thi
2 Coe neo
3 Kich
O—/ A 4. Chuvénvike
} - A A .
2 5. BDong ho do lye
5. Tam |
) i )
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c. T4i trong truyén 1én coc phdi ding tim, dong truc. Khi diing thi€t bi kich thuy
luc, k&t cAu chd twa cla kich 1én coc phdi bdo ddm that chinh xdc sy dong truc

gilra tai trong va coc thu.

d. Khi thtr nghiém coc c¢6 st dung s6 dd coc neo thi phii cin ct vao tdi trong 16n
nhat (stic chiu tdi clia coc tinh theo 1y thuyét va tinh ra sic stic chiu nhd téi han

cua coc

c. Chi€u siu clia cac miii coc neo khdong dugc vugt qua chi€u sdu coc thit nghiém.

d. Khodng céch tinh tir dudng truc cla coc thit nghiém dé&n coc neo hoic dén diém
g0i gan nhat trong sd do chit phu tdi (ddi trong) hoic d&n cdc di€ém mdc cd dinh
khong dudc nhd hon 5 1an canh coc thit (n€u coc tron thi 16n hon 5 1an dudng kinh

cocC)

S > 5d (hodc 5¢), thudng chon S =8d hoic 8¢
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f. PG véng 16n nhit clia k&t cdu chiu phan lue cla kich khéng dude 16n hon 1 khiv
A6 tinh todn cua két cdu do.
g. P& do chuyén vi cua coc ngudi ta ding chuvén vi k€ (indicatorico dl:r chinh xdc

;D.Dlmm vi c6 khi ning do dude dén 30mm. S& ludng cic thi€t bi do dudc dat hai bér

P S

é:::,rc vdi khoang cdch dén coc thi bing nhau (khoang 2m), khéng it hon hai cdi, gid tr
.“hmen vi cua coc dude xdc dinh bing tri trung binh céng cua cde 56 do trén cdc thiét bi. |
| h. Khi 517 dung thiét bi do d6 véng phai ding div thép dudng kinh 0.3mm phai du‘cic
ékéﬂ cing trudc khi thi nghiém 2 ngdv véi tai trong 1KG.

Hé théng mdc chuin cla cdc thidt bi do cin phdi bao vé trinh cdc va cham ngfiL
?ﬂhién trong qud trinh lam viéc, cdn két cdu cua nd phai loai trir dude kha ning bién dancﬁ

ﬂ]:llE‘[ anh hudng bign dang cua dat,
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3 Méng Coc

Con cdc thiét bi do cdn bao vé tdt, chéng tdc ddng true tiép cua tia ning mit [rﬁié
égi:j manh, bui cdt vd nudc mua.

j. Cdc thi€t bi diing dé do chuyén vi cua coc cling nhu cdc ddng hd do dp luc i}{]'.h
édfmg kich thuy lue) cin dude hiéu chinh chinh xde, cdn co cd quan kiém dinh kiém tra,

k. Chon kich thuy Iuc:

- Kich thuy luc bom tay (ding cho coc ¢6 kich thuhc nho’.

.'I

- Kich thuy luc bom dién (ding cho ¢o kich thudc 1én),

Viéc chon loai kich thuy luc phai can cf vio Q, (P;) 13 sifc chiu tai cu'e han cua CG-:
%i kich ¢d luc ning, lyc ép phai nho hon sic chiu tdi cua coc theo vitlidu: Q' (PYh) .:jé
i:::;rc khéng bi phd hoai trong qud trinh thu coc. Vi sifc chiu tai cua coc theo vit liéu 1::'r'r
ih‘jﬂ ddt nén khoang 2 1dn (Q'Y) vi khi thift k€ néu dé s dung triét dé su lam viée cu‘l

i;:qc Q% = Q'L thi khi th\ tai coc dd s& bi phd hoai theo vit lifu. Do dd, khéng ding u:n:

th? d6 dé tin dung dugc.
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3 Méng Coc
- Trinh tw thir nghiém nén tinh coc
a. Viéc tht nghiém nén tinh d6i véi coc ddng cin ti€n hinh sau théi gian nghi ﬂ}.lLé'

trinh biv ¢ phian trudc.

b. Viéc gia tai (tdc dung luc) phai tién hinh d6ng déu, trinh xung luc, chon s6 cho

gia tai trong Ap khéng 1dn hon %D tai trong 2ici han cua coc (Ap = %D Q. tinh todn);

Néu mii coc chdng vio @it hén 16n, cdt 6 1dn cudi =0i trang [hl:ii chit, hofc ddt sét

trang thdi cifng thi 3 cip tai diu liv bang 15 tai trong gidi han. Khi gia tai chia 1am 2

giai doan, giai doan 114y gia t2i 16n hon giai doan sau.

Cdc gia t2i cdn tdic dung vio coc c6 thé tham khdo thém
. 1 .
+ Phip s Ap = gQu (Poy)
+ My, Nga: Ap= L Q. (P.y)
TTET 10 20)

TS Nguyén Minh Tam BM Dja Co Nén Méng
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3 Méng Coc

1
+ Anh s Ap = EQH (Pop)

¢. VOi méi cdp tai trong (56 gia tai) cin ghi lai cde 56 doc & cdce thidt bi do: ghi 5G
Eii:‘iu tién ngav sau khi dzt tai, 2 58 tiép theo cf 15 phit 1 13n, 1 56 ti€p theo o 30 phit 1E
ldn vi 1 gi& 114n (nfc ghi cdc 56 do bién dang wng voi: 07, 15'.| 30°, 1 gi8, 2 gi6, ..) che
1&'n khi chuyén vi (a6 lin) d3 tit (46 lin 6n dinh gquy ude).
| d. Téc d6 lin (chuvén vi) cua coc trong dit dude goili @6 lin 6n dinh quv wdce khi:
¢ D3divdicdng trinh din dung cdng nghiép:

- Khéng qud 0.1mm sau 1 gid quan sdt cudi ciing néu mii coc tua 1én di
rdt trang thdi chit hofc dit s€t trang thdi cifng dén gin deo,

- Khéng qud 0.1mm sau 2 gid quan sdt cudi cing néu mii coc tua 1én di
sét deo mém dén deo chav,

e D§ivdiedng trinh cdu, cang:

- Khéng qud 0.1mm sau 20 phiit guan sdt cudi cling,

TS Nguyén Minh Tam BM Dja Co Nén Méng
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3 Méng Coc
- Khéng qud 0.1mm sau 30 plnit quan sdt cudi cling.
- Khéng qud 0.1mm sau 1 gid quan sdt cudi cling khi mii coc tya 1én .:jj_g
Ei[ trang thdi chat vira hozec dit sét trang thdi na cing dén deo, .
| e, Cin phai ting tai trong thi nghiém t6i 46 lin khéng nho hon 40mm, it miﬁngé
ihqip mii coc twa 1€n ddt hén I6n, cdt chat, cling nhu s€t trang thdi ciing, cdc (rudng hﬁl-é
ﬂiw tai trong phai dudc ting khéng nho hon 1.5 gid tri sie chiu tai cua cl,:rc xdc dinh LhEi;‘é-
%phmjng phdp xuvén tinh. :
: f. Taitrong gidi han cua coc Q, (Py):
St dung mét trong cdc guy dinh sau:
- Tong a6 Iin As > 40mm,

- D6 lin cua coc do cdp tai trong sau As; 16n gdp 5 14n cdp tai trong trudc

- Dudimdiciptaisau 1 ngiv dém ma d6 Iin vin cdn 16n hon 0. 1mm,
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Mong coc thiét dién nho TCXD 190 : 1996

Stic chiu tai cho phép ctia coc ¢6 thé duge xdc dinh tir két qua thir tinh bing mot trong cic
phuong phap sau:

Tai trong twong (ng véi chuyén vi ddu coc 1a 8mm, chia cho hé s6 1.25.
Tai trong twong tng véi chuiyén vi ddu coc bing 10% chiéu rong coc hoic tai trong 16n nhat
dat dwoc trong qua trinh thi nghiém, chia cho hé s6 an toan bang 2.

Nha cao Tang - Cong tac thir tinh va kiém tra

» “ TCXD 196 : 1997
chat lwong coc khoan nhoi

Tai trong cho phép diroc lua chon véi tri nho nhat theo cic diéu kién sau :

a) Bang 40% cap tai trong ma & d6 do lun tang lién tuc ;

b) Bing 40% tai trong gay ra do lin bang 2% duong kinh coc ;

¢) Bing 40% tai trong gidi han xdc dinh theo phwong phdp tiép tuyén trén biéu dé quan hé tai
trong - do lan.



Coc - Phuong phap thi nghiém béang tai trong tinh ép doc truc
TCXDVN 269 : 2002

Xic dinh sirc chiu tai gioi han theo chuyén vi gigi han quy uéc
Gia tri siic chiu 1ii gi6i han iing vdi chuyén vi gigi han theo cac dé nghi khac nhau

Chuyén vi gidi han Diéu kién dp dung Tac gia dé nghi
Tiéu chuéin Phap DTU 13-2
10% D Cic loai coc Tiéu chuin Anh BS 8004 : 1986
| Tiéu chuin Nhat JSF 1811 — 1993
5 Smax P, tng v6i _1:’2 St ' Brinch Hz’fnsen
Smax tNg V61 0,9P Thuy Dién
2,5%D Coc khoan nhéi De Beer
(3% - 6%) D Coc khoan nhéi chdng
| w-eomm | N
60 - 80mm Coc ¢6 L/D > 80 ~ 100 REMHE NeuTE
hoac (ZPL/3EA) + 20mm




Xac dinh sifc chiu tai giéi han theo phurong phap do thi
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3.5 Cac bwérc thiet ké mong coc

3.5.1 Di¥ liéu tinh téan

- Dix liéu bai toan va cac dac tinh cua mong coc

- S6 liéu tai trong (tinh toan)

- Chon vit liéu 1am moéng: mac BT, cwong do thép, tiét dién
va chiéu dai coc (cam vao dat tot > 1,5 m), doan neo ngam

trong dai coc (doan ngam + dap dau coc = 0,5 — 0,6m); chon
cot thép doc trong coc: DvaR, .
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3.5.2 Kiém tra méng coc lam viéc dai thap

1
HSEKOybd Dy

D> |2
Koybh
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3.5.3 Xac dinh strc chiju tai cua coc

Theo vat liéu lam coc

Theo dieu kién dat nén

v Theo chi tiéu cwong do

Q:QS _I_QP:ASfS_I_qup
“ FS. FS FS FS

S P S P
v Theo chi tiéu vat ly

Q,=km (R, A,+uSf,;1) (21-86)

Q.=mpq,A,tulmf,;l; O, —Q‘C (205-1998)
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v Theo thi nghiém SPT

v Theo thi nghiém CPT
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3.5.4 Xac dinh so lwong coc va bo tri
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GG R ER 1K= 8 Converse-Labarre

. :1_9{(711 —1)n, + (n, —l)nl}

90 n, n,
0 =tan (%) [deg]

n, : sO hang coc

n, : sO coc trong 1 hang

d : duong kinh hoac canh coc
s : khoang cach gitra cac coc

QG=nnc Qa 2Ntt<QG
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i) e - i
Equamilart Footing &2 Deplh O Epdvidlent Foallag al Depth 230
Santlamare 2i Fie Geoup = Compreasien of Qaitleman of Pl Goup « Compresskon of
Ldperd My B 3 Under Pradiune Davrbuior S Lapsd H Lincies Progawre Db toe Snows
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Equivslent Fooing at Degh 8D

Sutiemant of Pl Group = Compranson of
Lirpers Hy g and My Undee Pressors Digiriborion Shewmn.

1y m Lentad by Bearing Capaoty of Cay Layes
e} Ples Supponied by Shaft Resistance In Sand Undariein by Clay

Equivetent Foalisg gl Depth 2730
Setimmart of Pie Group = Compresion of
Lirpe=s Hy, Hp. and by Under Pressare Deerbution Shows

) Plos Supporind by Shah and Too Reslsiance in Layeod
8 Prote

-
1] Plan ames of pesmete of pls group = B
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qu X
cTm:cudmin — T T
Fqu W, Wy
{c
2 Ng,
Ow = =
qu
m,m
o, <R, = llc 2 (4b,y + Bo',+Dc )
tc
Gmax < 132 1QII Gmin 2 0
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3.5.7 Kiém tra chuyén vi ngang cta coc

H<P,, (P, : strc chiu tai ngang cua coc)

b _BALE
%1000 /2

Ay =1cm: chuyén vi ngang tai dau cho phép
EJ : do cirng cua coc

B = 0,65 : khi coc dong trong dat sét

B = 1,2 : khi coc dong trong dat cat

1,0,7d ; d [cm]: canh hay dwong kinh cgc.
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3.5.8 Kiém tra xuyén thang va chiu cat cta dai coc

‘*’ th S ch

P, = T phan luc ciia nhitng coc nim ngoai thap xuyén &

X

phia nguy hiém nhat

P =0,75R, S

thap xuyén

&> Kha niing chong cit clia bétong:
O, =@, (1+@,)R,,Dh

Q < Qb ¢ =0.6
¢, =0
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3.5.9 Xac dinh cot thép cho dai coc

Tinh moment: dam conxon, ngam

tai mép cot, lwe tic dung 1én dam

N

l1a phan luc dau coc. . P nax
. X
/
M M ool
|
F — & £ |'j : Pmax

TR

T

“"Ryh O09RHI,
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3.5.10 Tinh téan coc chiu tai trong ngang

(Theo TCXDVN 205-1998)

Hy Mo
d4y .
E, I L +o,=0
L
G;=Cyz><y
C:=Kxz
\E/z vZ
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Loai dit quanh coc Hé s6 K (Tf/m*)
Coc déng Coc nhoi
Sét, 4 sétdeo chay, I =[0,75 - 1] 65 - 250 50 - 200
Sét, 4 sét déo mém, I =]0,5 — 0,75] 200 - 500 200 - 400

A sétdéo, I.=[0— 1]
Cat bui, e = 0,6 — 0,8]
Sét, 4 sét déo va ntra cing, Ip = [0 - 0,5] 500 - 800 400 - 600
A sét cung, I.<0
Cat nho, e =[0,6 — 0,75]
Cat hat trung, e = [0,55 — 0,7]
Sét, 4 sét cing, I <0 800 - 1300 600 - 1000
Cathat tho, e =10,55 - 0,7]
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- Ap lyec tinh toan o, [Tf/m?):

K M H
o :—ze(yOAl—ﬂBpL ——C +—— Dlj
Ay o7y a,, k1 a,, k1
- Moment udn M, [Tf.m]:
H
2 0
M, =o0,ElyA,—a,,E 1y B, +M,C; + . D,
bd

- Luc cat Q, [TH]

Q. = al:jdEb]yOA4 - aldeb]l//OB4 +a,,M,C,+HD,
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3 Méng Coc

7 TR
AL E, C, D, Al E, C, D, A, E, C, D,
o |Looo |[o 0 0 0 0 Looo |0 0 0 0 1,000
ol |Looo ol 0005 |0 0 0 Looo | ol 0,005 |0 0 1,000
02 | Looo |02 oow [oool [-0o000 [o Looo |02 007 | -0003 |0 1,000
03 |Looo |03 o045 |ooos |-ooos |-pool | Looo [oa 0,045 | -0,009 | -0001 | Looo
04 |Looo |04 oozo |ooll [-ooll |oooz |Looo |o4 0,020 |-0021 |-0003 | LooO
05 |Looo |05 o125 |00zl |-0021 |-0005 [0999 |05 0,125 | -0,042 | -0,008 | 0,999
o6 |09 |06 pols |ooie |00 |-ooll [o99s |oe 0120 | -0072 | -00l6 | 0997
07 |09 |07 0245 |o0057 |-0057 |00 |o099e [oe9s [ -07245 [ -0ll4 | 0030 | 0,994

02 [0997 [0799 [o03mw [ooes |-0085 [-0034 (0992 |o799 |-0320 |-0171 |-0050 | 0929
05 [0995 [o0299 [o405 [ol20 |[-0120 [-0055 [o0925 |o297 |-0404 |-0243 |-0022 | 0920
Lo (o992 [o0997 [o0499 |01e7 |-0167 |-0083 [0975 |o0994 | 0499 | 0333 | 0125 | 0967
Ll [o9a7 [L095 [oe04 [o0222 |-0222 (01022 (0960 | lovo |-oe0d |-0443 | -0133 | 09ds
L2 [osme |19z o712 [o2ee |-0287 (0073 {093 | 1133 |-0714 | -0575 |-0259 | 0917
1,3 [owes | L2e7 [o#d4l 0365 |-0365 |03 (o507 | L2 | ose | 070 | -03se | 0avs
L4 (0955 [ 1,379 (0974 |0456 |-0455 |-0319 |o2es | 1352 |-0967 |-0910 | -0479 | 082l
1,5 |o937 [L4e2 [ 1,115 |[03e0 |-0559 |-0420 (o023l | 1437 |-1.105 |-1.116 | -0830 | 0.747
Le (o913 [ 1,553 [ L7264 (0672 |-0676 |-03543 |07y | 1507 | -lode | o1350 | -0sls | 0esz
1,7 |oeaz [1e3n 1421 |oslz |-0202 |-069l |o06ds | 1366 | -1396 | -1e43 | -1o3s | 0se
L2 [onde [ 1706 [ 1534 (096l |-0956 |-0267 |0530 | L1elz |-1547 |-1908 [ -1299 | 0374
L9 [o79s [L770 [ 1,752 [ L2 |-1012 [-1074 [0335 | Ledo |-1e99 [-2277 |-leoe |01zl
2 |o73s [Leza 1924 [1308 [-17295 [-1314 (0207 | L1eds | -lads | -2572 | -1966 | -0.057
22 (0575 |Lee7 [2272 (1720 [-1e93 |-1906 [-0271 | 1575 | -2.125 | 3360 | 2249 | 06972
24 (0347 | L274 [2609 [2105 [-2141 |-2863 |-0941 | 1352 | -2339 | 4222 | 3973 | 1592
26 |0033 [ 1,755 [2907 [2724 [ 2621 | 3600 [-1277 o917 | 2437 | 5040 | -5355 | 281
28 | 0325 [ L490 [3172 [3288 [ 3103 | 4712 [ 3408 | 0197 | 2346 | 6023 | 6990 | -4.445
1 |9 | Lo3? [3225 [32ss [ 3540 | eo00 [ -d462n | 029l |-19ee | 8765 | -aad0 | 6520
3,5 [-2928 [-1,272 [ 2463 [4920 [-3919 | 9544 [-1034 | -5254 | 1074 | -e729 | -13e9 | -1323
4 | -5853% |59l [-0927 [4548 [-1e1d4 [ 1073 [ -1791 | 1507 | 9244 | 0ase | 1561 | c7ald
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Z, : chiéu sau tinh doi, z, = o, 42
I, : chieu dai coc trong dat tinh doi, 1, = o, 41
Q4 ¢ h€ so bién dang (1/m)

b, : chiéu réng qui wéc cia coc:
d>08m=>bc=d+1m;
d<0,8 m=>bc=1,5d+ 0,5 m (TCXD 205-1998)
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- Chuyén vi ngang Y, Va goc xoay y, tai z = 0 (mat dat)
Vo =HOpy + M0,
Wo=Hy0,y + M0,

- Chuyén vi ngang 8y » Siap » Omipr » Ovy 0 cdc g lwe don vi

1 1
5, = 4, 5, = C,
" 2dEb] bd Eb]
5. =5, —— B
MH HM abszb] 0

M,, H, : Moment uon va lre cit ciia coc tai z = 0 (mit dat)

TS Nguyén Minh Tam BM Dja Co Nén Méng 123



Khi coc tua lén dit Khi coe tua lén da Khi cpe ngam trong dd
- Ay Bo Co A Bo Co Aq Bo Co

05| 72,004 | 192,026 | 576,243 | 48,006 | 96,037 | 192,291 0,042 0,125 0,500
0.6 50,007 | 111,149 ) 278,069 33,344 55,609 02,942 0,072 0,180 0,600
0,7 36,745 70,023 | 150,278 24,507 | 35,059 20,387 0,114 0,244 0,699
0.8 28,140 46,943 B8,279 18,775 23,533 29,763 0,170 0,319 0,798
0.9 22,244 33,008 | 55,307 14,851 16,582 18,814 0,241 0,402 0,896

1 1803 24,106 36486 | 12049 12,149 | 12,582 0,329 0,494 0,992
1,1 14.916 18.160 26,123 5,983 9,196 8,836 0,434 0,593 1,086
1,2 12.662 14.041 17,944 8418 7,159 6,485 0,556 0,698 1,176
1,8| 10717 11.103| 13235 7208| 5,713 4,957 0,695 0,807 1,262
1,4 0.266 8.964 10,050 6,257 4 664 3,987 0,849 0,918 1,342
1,5 d3.101 7.349 7,838 0,498 3,889 3,240 1,014 1,020 1,415
1,6 7.161 6.129 6,268 4,887 3,308 2,758 1,186 1,434 1,480
1,7] 6375| 5189 5133| 4391| 2868| 2419] 1,361 1,232 | 1,535
1,8 5,730 4,456 4,299 3,985 2,533 2,181 1,632 1,321 1,581
1,9 5,150 3,878 3,679 3,653 2,277 2,012 1,693 | - 1,397 1,617
2 4,737 3,418 3,213 3,381 2,081 1,891 1,841 1,460 1,644
2,2 4,032 2,756 2,591 2,877 1,819 1,758 2,08 1,545 1,675
24 3,626 2,327 2,227 2,743 1,673 1,701 2,21 1,686 1,685
2,6 3,163 2,048 2,013 2548 1,600 1,687 2,330 1,596 1,687
2.8 2,905 1,669 1,889 2,453 1,672 1,693 23871 1,593 1,687
3 2,727 1,758 1,818 2,406 1,568 1,707 2,385 1,586 1,691
3,5 2,502 1,641 1,767 2,094 1,697 1,739 2,389 1,584 1,711

=4 2,441 1,621 1,761 2419 1,618 1,750 2,401 1,600 1,732

TS Nguyén Minh Tam
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> Chuyén vi ngang ciia coc ¢ cao trinh d:it lwc hay day dai

HI; N MI;
3E, 1 2E,I

An :yO +WOZO +

» Goc xoay cua coc ¢ cao trinh dat luc hay day dai

HI? Ml

=y, + -+
v Vo 2E, 1 E,I
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> On dinh nén xung quanh coc

. 4
o, snn, (G;tgqol + ¢ )
Cos @,

o’, : irng suat hiru hiéu theo phwong dirng tai do sau z

¢y, @; : lwe dinh va goc ma sat trong tinh toan ciia dat

£ : hé s6 = 0,6 cho coc nhoi va coc dng, = 0,3 cho cac coc con lai

n, : hé s6 = 1 cho moi trwong hop; trir ct chiin dat, chin nuéc = 0,7

M, : hs xét dén ti 1é anh hwéng ciia phan tii trong thwong xuyén trong tong tai

M +M,
m, = .
nM, +M,

TS Nguyén Minh Tam BM Dja Co Nén Méng 126



M, : moment do tai thwong xuyén
M, : moment do tai tam thoi
n =25, tru:
n = 4 cho méng 1 hang coc chiu tai trong léch tim thiang ding
Poi véi cong trinh quan trong:
1,<2,51ayn =4;
1,>2,51ayn =2,5

1, : chiéu dai coc trong dat tinh déi, 1. = o, 41
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> Khi I, <2,5: coc ngin hay coc citng, on dinh nén theo phuong ngang d

voc ki€ém tra tai hai dd siuz=Lva z=L/3

»>Khi 1, > 2.5 Coc dai hay coc chiu udn, dn dinh nén theo phucng ngang

dugc ki€m tra tai do siu

0,85
Ay

z
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CAC GIAI PHAP XU’ LI VA
GIA CO NEN PAT YEU

I DPém cat

2 Coc vat liéu ro1

3 Coc dat tron voi/cement

4 (Gia tai trudce

5 Giéng cat, bac tham + gia tai trudc

6 Bom hut chan khong




4 xiviva gia co nén

4.1 bDém cat

Y /l YN
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4 xiviva gia co nén
> Phwong phap gan dung xac dinh trng suat thang dirng
Q
]

|

I l ST ,%—‘“’-";LW
.IJ.I |'1_-E'—'—,'P1 T ;_,.-' -I,-J E L1

2|/ | Depth. 2 |\,

' .'i'l.ﬂ.., "'-.I l &:uh r .

AAAT A N ~.

|-I——E.+E—)-| \‘E-—EI+24)-{
Q

3= Br w2

NSy S/ S/ S

Exact distribution

1 / 1
4-”/-_[\ _ Approximate
M l Wﬂibuﬁ on, 0,
Y
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4 xiviva gia co nén
Xac dinh hg

> DK 1:

o+ 6% SR(D;+ hy) = Ry (Dg + hy)
o’y =7 D¢+ yqhy
0%, : U/s do tai trong ngoai tai day 16p dém
0% =ky Py =Ky (p-vDy
k, = f (b, z/b)

m,n,

k

R, = [Ab,y +B(D, +h,)y +Dc]

ic

b, : bé rong méng tinh doi

TS Nguyén Minh Tam BM Dja Co Nén Méng 4



4 xiviva gia co nén

- Mong bang b = ZN

o;l

2
- Méng chitnhat b = \/FZ +a’ —a

z a=—"
o, 2

FZ:ZNC [—b

> DK 2:

TS Nguyén Minh Tam BM Dja Co Nén Méng 5



4 Xir li va gia c6 nén

Mot so van dé thi cong 16p dém cat
- Pao bé hét 16p dat yéu
- Dung loai cat hat to, trung, ham lwong chit ban < 3%

- Rai tirng 16p day 20 — 30cm, tuéi nude vira di am (Wopd)
va dam.

- C6 thé thay cat bing cac loai dat tot khac: cat pha sét 1an
soi, soi do.

TS Nguyén Minh Tam BM Dja Co Nén Méng 6



4 xiviva gia co nén
4.2 Coc vat liéu rei

a) b) c)

EXTENSION
TUBES CRANE

SUPPLY OF
GRANULAR

WATER SUPPLY

COHESIONLESS SOIL

The Vibro-Compaction Process (Baumann and Bauer, 1974)
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4 xiviva gia co nén

-
pi
=
o
m
o
L
<
T
i
I
o
=
18]
©
o
w
a

Gravel coarse] medium Fine Silt Clay
b S P L R EEAW, ,*’\ P
&6 ///////f///, o T
oL L AVIBRO- ¥ A7 K LN\ NVIBRO=\ \ N\
coN L kCOMPACTIO VN \| REPLACEMENT\[ \
ol I METHOD |/ /,V \[METHOD, \ \ N \
o L XAV TV LS &\\\\\\ Yen
- Y A A7 A AN I N N N KR NN NN
. A7 A AN T R RS T
” /////// \\\,\\\\T\\\“
& L R AR S % NN N X NN

Range of Soils Suitable for Vibro-Compaction Methods

U.S. STANDARD SIEVE SIZE
GRAIN SIZE

(Baumann and Bauer, 1974)

TS Nguyén Minh Tam
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4 xiviva gia co nén

Vibro

Casing Pipe

b d

Penetration

Forming the Pile and Compaction \

lSming

The Vibro-Composer Method (Aboshi and Suematsu, 1985)

TS Nguyén Minh Tam BM Dja Co' Nén Méng 12



4 xiviva gia co nén

e— 400 mm
Diameter
Q-—— Bailor

l=— Casing

aay (]
O]

Boring by boilor

3.5m

L

‘Filling gravel-
sond

Romming
matericl with
sufficient
overlap of

Filling Casing
gravel- withdrowal

-
L]
.2
-
="
=
e

it

(O]

Filling Casing Romming
grovei- withdrawa! with free fall
sand and ramming

Ready column

and ramming

The Cased-Borehole Method (Datye and Nagaraju, 1975)

TS Nguyén Minh Tam
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4 Xir li va gia c6 nén

a) Square patterns b) Triangular patterns
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4 Xir li va gia c6 nén

4.2.1 Pham vi sur dung:

- Cac cong trinh chiu tai trong khong lén trén nén dat yeéu
nhu: gia ¢0 nén nha kho, gia ¢0 nén dwong, gia co doan
duwong vao cau, gia co nén cac bén, bai, ... thwong sir dung

coc vat lieu roi dé gia co nén.

- Piéu kién 1a coc vat liéu roi phai chiu dwoec tai trong dimg

va chat lwgng 1am coc phai on dinh, dong nhat.

TS Nguyén Minh Tam BM Dja Co Nén Méng
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4 Xir li va gia c6 nén

4.2.2 Cdc co ché phd hogi ciia coc vit liéu roi

a. Pha hoai phinh ra hai bén b. Ph4 hoai cit c. Pha hoai trugt
L] L L] |
X X AL A LA AX
Ma sit T T
23 D mitbénl| |
: LT
Sttc khang mii coc
Khi coc rdt dai chéng Khi coc ngidn chdng Khi coc ngdn chong
1én nén dat citng 1én nén dat tot 1én nén da't yéu

TS Nguyén Minh Tam BM Dja Co' Nén Méng 16



Circular

{a) Lateral Spreading - (b) General Circular Failure
Wide Embankment Load

(d) Punch Failure of Short Colusns - Homogeneous

Eaft Soila

TS Nguyén Minh Tam

BM Dja Co’ Nén Méng

(c) Bulging Failure - Small Group

17



or Silc

Fimm

(a) Soft Laysr at Surface - Bulging
or Shaar Failure

TS Nguyén Minh Tam

F/ 77 T e T
0] sefe
H —— .i' : :Ln
* - Very soft clay
L 5 soft cl 1 and/or organics
- : and/or organics
" . Limited
aow Localized
* h .,
~<TeTvTL:
Firm Firm
(b} Thin Very Soft Layer - {c) Thick Very Soft Layer - Local
Contained Local Bulge Bulging Failure
BM Dja Co’ Nén Méng 18



D\
N

4 Xiv li va gia c6 nén

4.2.3 Vung anh hwong

| S

| S

oy

| ; \
AT B
N X

N N
| e
I

Coc bo tri vuéng : D, =1,13 S

| \
-
-

\\l_//
1

GP_
|

De

around soi

Coc bo tri tam giac: D, = 1,05 S

TS Nguyén Minh Tam

BM Dja Co’ Nén Méng
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4 Xiv li va gia c6 nén

4.2.4 Tdp trung irng sudt
Ung suat tac dung lén dat:

O
O, =
[+ (n-1)a,

= 1,0
]

Ung suat tac dung 1én coc:

no
o, =
[1 +(n—-1a,

= U,0
]

Hé so tip trung vng suat

O
: SRR = 2=
o o

n =

TS Nguyén Minh Tam BM Dja Co' Nén Méng 20



4 Xir li va gia cé nén \

Method Stress reduction ratio (SRE) Reference
szz-sg(ﬂ{jgﬁ@-a}_ 2 g2 P || for H< L4(s-a)
(5" -a”)" H | vH
2.8-3 2 z(Pc' forH=14(s-a)
BSB006 Method wER = ———— 5" —a"| — ' BSB006 (19953
(s+a)” H L vH
pe _(CoaY
wH H
2 2 |:—4-H-a-K-tar;ﬁ:|
Adapicd Terzaghi's SRR = (s*—a%) A1— exp (s*-a") Russell and
Method 4-H-a-K-tang Picrpoint {1997)
1
SRR =
Hewlett and Randolph’s I o YD 3 3 ¥ Hewdett and
Method F [1——] —[1——}[1+—-KPJ +H1-— Randolph (1988)
K, +1 5 5 5 5
(K —1}1-0)s - g 8
Low’s Method SRR = —2 +(1-0)B - Low et al. (1994)
ZH -(KP —2) 2H IH(K . 2)
Adapted Guido’s Spp =~ _® .
Method S-Q-H Guido ct al. (1987
Carlsson’s Method SRR = — " Rogheck ct al.
4-H-tanl5° (1998)
F fo
. . COR = ey ' ORR = Sl
Isséf}?;zh practice [Em;-fl.s + B a\1-a, ﬂ [Em;aj +E ;1-a, I] Kivelo (1998)

TS Nguyén Minh Tam

BM Dja Co’ Nén Méng
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4 Xir li va gia c6 nén

4.2.5 Swc chiu tai gioi han
4.2.5.1 Coc don
Dua theo co ché pha hoai phinh troi

> Vesic o, =cl, +qF,

o, l+sing

o, l-smg

, A\ 1+ sin
‘ qult:(CF;+qu)1_81nz
+0 + : : .
q= i 632 95 Ung suat trung binh trong vung pha hoai

TS Nguyén Minh Tam BM Dja Co' Nén Méng 27



4 xiviva gia co nén

Note: F“: = B Ir+1 for case of in-l]

TS Nguyén Minh Tam

40
Lo, - E — [ 2
1{1}1vlli:-irqrupl " ,"P .
W ,&.
,Lﬁﬁ ' o
| A7 77 FZbl,
7
7
W :

|

0 E 0 30
» - DEGREES

E

r z[1+u}{c+qtaﬁ$;:i

BM Dja Co’ Nén Méng
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4 xiviva gia co nén

> Gibson va Anderson

E
o,=0,,+c,|1+In :
{ 2c(1+v)}

o, l+sing

o, - l—sing

E 1+sing
=<0, +c |1+In <
‘ Qult { ro u|: 2C(1+V):|}1—Sin¢

0,, Tong ung suat theo phuwong ngang

TS Nguyén Minh Tam BM Dja Co' Nén Méng 24



4 xiviva gia co nén

e B ——m
Dua theo co ché pha hoai cat TII=177 AT ]
Surcharge °
N
PR - ]' I..r" "rr;,';l-;"l-Lr
i, = ' N, + gN, + —yBN, ST
2 Stone Columnm il e el )
:III:'II-TS T eI o
46 ”
r___..--"" 10 J'E
25 cyfe = 1.0
45° 3 1 1 =
0 0 28 ﬁ T
_v 15 &0 o 22 1 _
35° s | e
10 16 ?—
4 10
5
0 —30 fe 0.4 0.8 1.z Ls 20

D/B

TS Nguyén Minh Tam BM Dja Co' Nén Méng 25



4 xiviva gia co nén

40 g /]
4
k¥ //
;'.I
24 “'J/ A
.-*/ 3
- 7 7
16 )‘ﬁf
.8var>=
8 7 »"" -"‘T/
// 1 al
A 25°| ]
—— —
° 0.4 0.8 1.2 1.6 2.0
D/B

TS Nguyén Minh Tam

D/B

BM Dja Co Nén Méng
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4 Xiv li va gia c6 nén

4.2.5.2 Svrc chiu tdi cua nhom coc

» Terzaghi va Sowers

B tanB

o " = Failure

s L Surface L . .
VAV S AR S S A v v A o 7777 777777
(a) Square Group (b) Infinitely Long Group

TS Nguyén Minh Tam BM Dja Co' Nén Méng 27



4 Xir li va gia c6 nén

quir =03 tgzﬁ +2¢,tgp

y. Btgh
o,=y.D,+~ +2c
3 7/0 f 2 u
,8:450+@
2

Goéc ma sat tb ciia hdn hop dat-coc
¢tb — tan_l (ll’tsastgqas)
Luec dinh tb ciia hdn hop dat-coc

c,=(—-a,)c,

TS Nguyén Minh Tam BM Dja Co' Nén Méng 28



4 Xir li va gia c6 nén

4.2.6 Do lun
+ Sstone — CC log(w)}[
l+e o,
o.=U0
o,+0o,
log
+ Sstone — 0
S o,+0
log
)

TS Nguyén Minh Tam BM Dja Co' Nén Méng 29



4 Xir li va gia c0 nén

P6 1Gn caa nén dat theo thoi gian

+ Sstone (t) — U X Sstone

> D6 cd két trung binh (Carrilo, 1942)

U=1-(1-U,)1-U,)

TS Nguyén Minh Tam BM Dja Co' Nén Méng 30



4 xiviva gia co nén

4.3 Coc dat tron voi/cement
Nagaraj, 2002

Ul |U

—_

(b) Wall type (d) Block type

TS Nguyén Minh Tam BM Dja Co' Nén Méng 31



4 xiviva gia co nén

Long wall

Short wall

Long wall

Block type Wall type

Group column type Celumns-in-contact type

TS Nguyén Minh Tam BM Dja Co' Nén Méng 32



4 xiviva gia co nén

Al
=
=
A

Rl

~A_aisson

Gravel mound

J —
S0 [ EE R CEE N B B —
o & P B IS i b e :
— e
. . w
- L]

TS Nguyén Minh Tam

Sheet piles

i

L3

- - - - -] L * g - - - &

- . o - - = A3 -

- u'. N D Beanngsu:amm S

[ ] - » Y L
!| Tank ” |

LS Y 71 T
— — i} A flnal — —
— - FAiE i 1B -4y I
N Improved ground {4 | Soft ground
'-l-. ‘,u_ " L e _' ' ﬂ"‘p-' "'.D-I-
L. . =, - DBearing stratum “g- « - *° .

.- L] -t

BM Dja Co’ Nén Méng
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{Water}
v — —
e -

- HL,,_; {Mixing machine)

o

i {Penctration injection)

{lmmwedm.;ﬂ]

TS Nguyén Minh Tam

{Improved piles)

Operation
room

{Water)

_— (Muxing machine)

T | (withdrawal injection)

[Improwdpilcs]- -

_—

.* L f

Stabilizing agent plant

-III.
¥

Grout pump ‘Power plant

[oo] i
— : "'lrﬁ

g Q

§

1

(I I I ITITIT LT ===2

L = =

]

L— Mixing shafis

:g': Mixing blades

e

BM Dja Co’ Nén Méng
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4 xiviva gia co nén

s . i&
Bmcing - - s _._.. I L - Mii —— W ———
plae* L ~—2—* Mixing shaft  ~== 3 —.—I_:- o Mixing shat ;
[ J '
_____ _l_—,}_—
Mixing blad / ‘2 :
ixing blade . /
Outlet for cement slurry Mixing blade E|
Stabihzing agent silo
i

Watertank —{*—7) _[EIES] lf*'ﬂ'fl -_

*Power plant

TS Nguyén Minh Tam BM Dja Co' Nén Méng 35



36

BM Dja Co’ Nén Méng

TS Nguyén Minh Tam



Xir li va gia co nén

Bruce and Bruce (2003) (_psse v wemnons )

SLURRY DRY
W) (D)
I
I I
ROTARY ROTARY +JET ROTARY
(R) (@) ®)
I ]
SHAFT END END END
()] (E) (E) ®
DSM \ 4 CDM and FGC-CDM h . . h 4 DIM \
(Geocon) ——1 (Japanesse Trade Association) SWING (Spread Wing Raito) — (Raito)
) \ (offered in U.S. by Raito) ) ) _ )
N I
SMW SSM GEOJET Lime-Cement Columns
(SMV Seiko, Raito and others) (Geocon) (Condon Johnson) (Underpinning)
J - ) J o
N N
Multimix SSC/Geocolumns HYDRAMECH Trevimix
(Trevisani) (SSC Technology) (Geocon) (Trevi ICOS)
J A J J - J
N 4 N I 4 N
Mixed Wall MECTOOL TurboMix LiMix
(Schnabel Foundation) (Millgard) (Trevi ICOS) (Trevi ICOS and Hercules)
% AN J/ J AN %
4 N
Hayward Baker Method
(Hayward Baker)
- J
4 N
Rotomix
(Inquip)
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4 Xir li va gia ¢o0 nén

DEFINITIONS AND RELATIONSHIPS

Weights
Volumes Phase Diagrams or Masses
Va Air
Existing Soil: Vol Vwsoil Water W soil T
) ) Wmil
l Vs Soil Solids W #
Slurry: V ety Vwshory Water W stury Wetuery
4 ’ . Cement We ‘L '
N e Water Wi mix T
Mixture: Vix Ve Cement W, Wanix
| v, Soil Solids | W, l

TS Nguyén Minh Tam

BM Dja Co Nén Méng 38



4 Xir li va gia c0 nén

/4
» Water-to-cement ratio of slurry W = sty
WC
. /4
»Cement content on the dry-weight a, =—-
W,
. Vslurr
» Volume ratio VR = Y
Vsoil
»Cement dosage o = .
VSOil
. /4
»Cement dosage in-place o =
g Vmix
. Ww mix
» Total water-to-cement ratio W, iC= i
WC
Ww,mix - Ww,slurry + Ww,soil

BM Dja Co Nén Méng 39



4 Xir li va gia c0 nén

Ro_ O
yd.slurry
VR — (1 + WGS) ain—place
S + WGS yd.sluwy o ain—place
VR _ }/d.soil aw
}/d.slurry
VR _ w yd.soil

(WT LC— W C) yd.slurry

_ G,
yd.slurry 1 4 (W : C)GC
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4 Xiv li va gia cb nén \

Cuwong do nén mot truc, q,

Bruce and Bruce, 2003; Bruce et al., 1998

Tinh chat Gia tri

Unconfined compressive strength, q, | 0.2 -5 Mpa (0.5 -5 Mpa tron voi dat cat)
(0.2 — 2 Mpa tron véi dat dinh)

Coefficient of permeability, k 10— 101 m/s

Modulus of elasticity, E, 350 to 1000 q,, : trong phong
150 to 500 q,, : hién truong

direct shear 40 -50% q, at q, <1 Mpa

Tensile strength 8-14% q,

28-day q, (1.4 - 1.5) q,(7-day) for silts and clay
2 q,(7-day) for sands

60-day q, 1.5 q,(28-day),
(0.33 -1) q,(15 years)
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4 Xir li va gia c0 nén

Ol Daikoku-che clay
_ A Magaura chxy
= — “:H'l'l
E =—== g'=
-'?— =1 Ve
= 410 Lo = Tday:
5
=
= o,
£ 34
£
i
iy
E
E
-

5 20 |
=]
o
=
=
=
= 1.0
O
=
]

0

] 20 Al il flh 1k

samnd Fraction (%)

Influence of grain size distribution on strength
(Terashietal., 1977).
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4 Xir li va gia c0 nén

Anh hwéng ctia d6 &m

2.0 I T ]
1.6 Cement Content, ¢ (%)
8 X c=30% o
ﬂg‘: 1.9 A c=20%
—
8
=
o
=~ .5
o0
™l
=
&
0.4
0.0 1

60 90 120 150 180
water content, w (%)

Effect of water on normalized strength of
Singapore improved clays (After Tan, T.S et al. 2002)
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4 Xir li va gia c0 nén

Anh huwéng ctia ham lwong cement

1500
A B C t=24 Weeks
£
v o
1200 { & 10%
o
&~
= 900 &
o, 3
4 Q
i E
-]
o 600 -| = t=1 Week
300 —
0= | I T 1 T I T
0 5 10 15 20 29 30 35 40 45
Cement Content, A, (%)
After Bergado et al. (1996)
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4 Xir li va gia c0 nén

Anh huéng cua thdi gian

3000F Yy (kPa)

(lw=l 2%
2:00

a,=10%
2000
1560 F o, =7%
1000

(IWZS{VO

500

l ! ) 1 ]

Curing time (month)

(After Zeng et al., 1998)
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4 Xir li va gia c0 nén

Anh huwéng cla thdi gian trén mau

= 1.4 _
h Kawasaki clay
TR . a
W
.=i-
=
w10
2
g E 0.8 o—0 wi= 1208, 0w = 3%, To =21 davs
o= L —
s 5_' a8 w, = D308, o = 1554, T, = 2 dave
- - :
E £ 06 O—0 W= 9%, aw = 108, T-= 21 days
=
5
E .4
k-]
& 7 |-
—=l L
[ 4

g LU |

123 7 10 IS 20 an

Mixing time (min. )

Influence of mixing tume on strength
(Terashi etal . 1977)

TS Nguyén Minh Tam BM Dja Co' Nén Méng 46



4 Xir li va gia ¢o0 nén

Anh huéng ctia ham lvong hiru co

» Masaaki, 1996; Gotoh, 1996

- Cwong d0 giim <==> ting ham lwong hiru co ciia dat tw nhién

» Kawasaki et al. (1984)

DCM Kkhong thich hgp khi ham lwgng hiru co > 2
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4 Xir li va gia c0 nén

Anh hwéng cta pH

T 325F - 1625
)
s
=,
— W
- F= w:l-pll‘l ........ F“ = K
= FeW. o pH > 8
£
Eli
=
L
=
=
w
=3
@
7]
i
i
E— [ TS
3 g type B
kS e typeC
U= % type D
= Ype
E o I:_ rH| F:
=
]
l
0.3

F{t'/m3)
Effects of pH in cement treated soil
(WNakamura et al.. 1980).
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4 Xir li va gia c0 nén

Anh huéng dwdng kinh mau

H/D = const b
| gﬁ\* A
£ ;
7 o
2 L -}
u | | |
0 10 20 30 40

Diameter, ¢ (em)

Eelationship between diameter of sampler and

unconfined compressive strength. ¢, (Saitoh et al.. 1982).
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4 Xir li va gia c0 nén

Anh hwéng cda nhiét do

0 e,
i

5.0 1_'*»':;,,“

ey
-"I.|__
24 et

o g | 10T g (20T )
o o (300 g (200
> qu (40T fgu (BOT)
o e (30 g (20T

aad (10, 30, 40, S0T) ) an (207C)

(a) Yokohama clay

o g (10 lgu (2070

N @ (PO w200
i o oy g (40T fqu (20°C)
L osofF ", @ g (T iqu (20°T)
N 3 -Nau
F ao|lw™ % -
e --_—l—‘ - ey
= e
= | | b
i 10 ¥ 7
g T davh )
= 03 F " e
L | L '—\_1‘ ___,.-‘rn
= i i - 8
3 0l
- e = 2R
1

ol L e

(b) Osaka clay

Effects of curing temperature (Saitoh et al.. 1980).
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(Consoli et al., 2000)

65

60

55

50

45

40

35

30

25

20

Uncofined compressive strength : qu(kgf/Br

(a) Sandy soils

Average line for the curing
condition with Zkgf/cmz

confining pressure 1 /_' Average line for the curin

condition with Tkgf/cm’
confining pressure

4

Average line for conventional
" llcuring without confining e
pressure

50

100 150

Cement content (kg/m”)

250

Uncofined compressive strength : qu(kgf/cth

65

60

55

50

45

40

35

30

25

20

15

10

ng

| A
|
(b) Clayey sails A
o | A I -
| e
h
| - |
1 - — « /& @
1]
Average line for the curing _J T
condition with lkgf/cmz e 7-
confining pressure
Average line for the curing
condition with Zkgf/‘t:i'wz
confining pressure
i
1
i
i
|
Average line for conventional
__|curing without confining
pressure
A G | T
|
|
|
|
|
i
i
|
|
50 100 150 200 250

Cement content (kg/m®)

Effect of confining pressure during curing on the development of unconfined

compressive strength of treated soils, for a curing period of 28 days

((a) sandy soils, (b) clayey soils)
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4 Xir li va gia c0 nén

SPT
Nishibayashi et al., (1985); Porbaha and Puppala (2003)

qy (kgf/em?)

¥ ¥
20 )2 4 6 8 1012 1416 18 20
Pl o, o .-q.__ I:;:II
o e ]| N-value | |m |‘fu |
Iy = =
iz [\
qg, =axN aiig] | L] ol
u -4 [ 5.— -,
5 A B
."'.-".-E R u u
= 6115 -
- s ] =
a=1/3-1/4 s || T
- == 8F- "9 L
--J&8F = | 1
-104--318E 73 |
S18EE] |/ | ® .
12f=Y E21 1 [
2231 FI:Z3 5 [ ]
4k Ezz1 oA
221 Ei39 |
d6t=—1 -1 b
0 10 20 30 40 50
N-value

Relationship between g, and N-value of deep
mixing so1l (Nishibavashi et al | 1985)
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4 Xir li va gia ¢o0 nén

Twong quan gitra phong thi nghién va hién truong

8

-
n
L]

que (kPa) x10°
3

0
T

O =—%—<6 % 20 25 30 35
Gu (kPa) x10?
(after Kamon, 1996)

> Matsuo (1999) q.r =0.5q,,

» EuroSoilStab (2002) ¢, . =(0.2-0.5)q,,

TS Nguyén Minh Tam BM Dja Co' Nén Méng 53



b

=
>
=
=
>
o
p—
=1}
S
>
—

li

ir

4 x

n trrong

e

hi

thu thap ngoa

iéu

Unconfined compressive strength

1 4

1 4

do thiét ké dwa trén div

Cuwong

%)

i kgficm

}

Admizture

Sotl

(Matsuo 1999)

5 Olegff em?

qud=

o4

6ng

”
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4 Xir li va gia ¢o0 nén

Ty 1é trOn gilra cement va voi
Jacobson et al., 2005

EDDEﬂ ! ! . !

140% \ i
o ] 5 Lime Beneficial
e % \ 3367
ﬁ mnzwﬁx\ma ] \ -
E 8'3'5 57 Lime Detrimental
E eo] I >
.- B i \1

40 < / i

§/8 é‘é‘ @*’;f _

e B— / // Q/K/ 0/100

Cement Dose Rate {kgfm |

Contour Plot of 28-day Unconfined Compressive Strength (kPa) for 1-95/Route 1
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4 Xir li va gia ¢o0 nén

Cuwong Do Chiu Kéo

g Quick Limae Cement
AW;=120% ® Wi=I100%
iy o 140
E o 200
L 4+ ﬂ:'=0.15q“,w
o ,
- Fl
— ’qj .
5
2 r Q,p- *0 & o =
0 L" ] [ 1 1 |
o] 10 20 30 40 S0

Qu.col (kg/cm?)

(After Terashi et al. 1980 )

» Takenaka and Takenaka (1995) : 10-20%

» Brandl (1981): 10 — 15%

» Kawasaki et al. (1981) : 15 -20%

» CDIT (Japan) : 15%

TS Nguyén Minh Tam
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4 Xir li va gia ¢o0 nén

Cuwong P9 Chiu Uon

08

f’g 4w =120% ® w= 100%

— £ ® 140

% &/ o 200
06 x 4

h; ;: L

D .‘J

. 2 0 L ]

T 04 ‘5}' .

E AR s

v 'qa o 7 Wt

50 e 4--70)

E 0.2 J" ° P d"#

T /oo

fos] ﬁ_,.-“ i L J l .

0 1.0 20 3.0 40 5.0

Unconfined compressive strength, gu (MN/m2)
(After Terashi et al. 1980 )

» Kitazume et al. (2000)

Gb.col ~ O4qu

TS Nguyén Minh Tam BM Dja Co Nén Méng
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4 Xir li va gia c0 nén
Ap luc tién co ket

=13 xqu

Furnhama clay Kawasaki clay

A & ¥\ e ] Cuick hme
| A o Slaked lime
. A L ] Portland cement
0 1 2 3 4 5

Unconfined compressive strength, gu (MN/m2)
|

Consolidation yield pressure, p, (MN/m2)

(After Terashi et al. 1980 )
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4 Xir li va gia ¢o0 nén

Module Dan Hoi

Binder type E, Reference

Dry lime/cement 50-180-q, (Ekstrom 1994)
50 - 180-q, Baker (2000); Broms (2003)
75-q, Jacobson et al. (2003)

Dry cement 65 —-250q, Baker (2000); Broms (2003)
50 -200-q, Yang et al. (1998)
50 -200-q, Ahnberg et al. (1995)

Wet cement 350-1,000-q, Kawasaki et al. (1981)
100-250 q, Futaki et al. (1996)
140-500 q, Asano et al. (1996)
30-300-q, Fang et al. (2001)
150-q, McGinn and O'Rourke (2003)
350-800-q, Tan et al. (2003)

TS Nguyén Minh Tam
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4

Axial failure strain (r (%)

Xir li va gia c0 nén

Bién dang phd hogi

4.0

Tokyo Por clay

== Treated soil (@ = 112 kg/m?)
gu = 3.56 MN/m?, & = 0.60%

-& Clay

qu = 0.06 MN/m?, £, = 3.60%

Compressive stress, o (MN/m?)

5
Clay 1
A = Wet mixing method
A Dry mixing method
4 A Clay 2
& Different dry weight ratio of cement to clay
& Different ratio of additional water to cement
3 4
2
1 4
& (%) = 21.223xq,(0-3624)
R? = 0.7212
O T T T
0 500 1000 1500

Unconfined compressive strength q, (kPa)

TS Nguyén Minh Tam

2000

Q | 2 3 4 5
Axial strain, & (%)
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4 Xir li va gia c0 nén
H¢ so poisson

> Michell (1981)

- v= 0.1t00.2 cho dat cat trén cement

- v=10.15 to 0.35 cho dat sét trén cement
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4 Xir li va gia ¢o0 nén

Phuong phap danh gia d§ on dinh (CDIT 2002)

Determination of dimensions
for superstructure

» Assumptions of dimensions Examination of stabiity ]

for improved ground

Strength, improvement range
and depth
Improvement area ratio

— —

)0/ Examination of sliding stability Study of lateral displacement

Y

FEM analysis

Examination of sliding stability
|

Slip circle analysis

| P
No Y
« Examination of bearing capacity
\ 4
No
< Examination of settlement

v
Determination of strength and
Dimensions for improved ground

Y

Design detail
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4 Xir li va gia co nén
On dinh truot

Stabilized block

We Pag

Pps Pag

_ Ppg+F,  Ppg+(W, +W,)Btang'
Pa, + Pag Pa,_ +Pag

FS,

TS Nguyén Minh Tam BM Dja Co' Nén Méng 63



4 Xir li va gia c0 nén

Discrete element

centre of rotation

Composite soil

centre of rotation

: /

R o
oW
il
RSTRS ™ = o /0 O . R
4/@ S .
B A 1T
—Tol ;

MR _ RZ(AleTe + Alcochol + AZSTS)
M, 2 Wix,

FS <

TS Nguyén Minh Tam

composite soil
}/ = ycolas + ysoil (1 o as)
Cc= Ccolas + Csoil(l o as)
tan¢ = tan¢colas + tan¢soil (1 o aS)
Acol
as =
A
BM Dja Co Nén Méng 64



4 Xir li va gia ¢o0 nén

Stre chiu tai

Broms (1994), Bergado et al. (1996), Kasali and Taki (2003)

Single column . Group of column :
Block failure Local failure
Ou =41, +4,4,
g =%, Oty = 26, H(B+ L)+ (6 t0 9)c, HBL G =55, (1402 é)
{ﬂ=q l

1

Rupture surface

7

Rupture surface
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4 Xir li va gia co nén
Ung suat dirng giéi han

> Tiéu chuin ciia Phan Lan
Gu.col
v.col —
FS

FS =2

O

» Tatsuoka (2004)

< 4
(5-6)

9a
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Xac dinh do lan

> Nhat
S stab — ﬁ X S unstab
ﬂ — Gsoil
@)
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4 xiviva gia co nén

4.4 Gia tai truéc

4.4.1 Tinh toan tai trong gia tai cho phéep

. _ 1
q, = ¢'N, + gN, + ETHN}.

4 ¢<gq,

4 g<R, R“=m (Aby+BD,y*+Dc)

<% Pat sét : dwa vio c,, ¢, =0
Terzaghi: ¢, =0

N,=N,=0andN,=1. N, =57

g, = 37c, + g (strip footing )

q, = (1.3)5.7), + g = 74lc, + ¢q (square and circular footing |
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4 xiviva gia co nén

$,=0 —> A=0,B=1,D=3,14=nx
R“=m (D,y*+nc,)

Gia tai ngay trén bé mit dat: D,=0

q, = S.7c,

R = rc

u
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4 xiviva gia co nén

4.4.2 Tinh todn cé két nén dit
|y

Bién thoat nudc

dz

A A A A A - .
Neén dat khong tham

> D6 cd két trung binh cho tdan bo 1&p dat

FIT =i

2 .
[l =1 — E ﬁf—.kr-r_

i =1l

TS Nguyén Minh Tam

Cat thoat nudc

M = (m/2)(2m + 1)
Col :

T, = —5 = time factor
Hs,

.= k(v m,)

k k
o }r,,..h‘rr;. [ ”r_'_)
T"'( I + ¢
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Ca gl
58
LB {} :
£ 'F .
e O — {
== & _
- 1 i
= M) 1
3 I
2y z 0 |
= = 2 |
= & !
£ B B |
o= o Al |
' &
':I.-|lI -
= i
- - By WO
it ST e . E
sul | b2 . |
] R P Y 11 | S— 1
=&l 4 : 0 0.2 0.4 (.6 08 09
© =y | ¢ l Time fzctor, T,

. T U%)E
- n{h T, =—
For U = O to 60% . 4(1{}{]

ForlUU = 60%, T,= 1781 — 0.933 log(100 — U %)
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Variation of T, with [V

U %) T, LF (%} T, U %) T.
0 1) 34 (IXHENE L] 0.377
I LY 15 (.0962 [ 11,3540
2 (LN b 102 T n4n3
3 LT k1) (LT0F 71 0417
E] LN 2 3 0113 72 0431
5 (LN 9 39 INRL 73 U446
6 XL IRER 40 126 74 14l
T (L HI3RS 41 132 ) (1477
b L ANIS02 42 (135 T {14493
g (LMW 3H 43 (L145 Fi 51t
10 (LIKITRS 44 152 TH (529
11 R 45 139 i (h547
12 s 46 10, 16363 Ml (567
12 (0133 7 73 51 (1588
14 (L0154 4% (L1%1 "2 Lialn
15 A7 At (L IH8 B3 (1633
I6 QU201 St (h 197 s [1H58

7 (227 Al 0,20k HS e
1% 0254 52 0212 bl 712
19 (283 53 021 K7 {742
Ml {.004014 54 (23 Bi (L7774
21 (it 33 1230 L) i
22 (LRI i) 11245 i Eq8
23 ikl 5 57 (1257 i T
2d (Lik52 AR (L2607 w2 LERYRE:)
5 91 sy 10,27 0wl (43
6 L5310 il (1280 4 1055
27 00572 fil 0h.297 45 1129
28 04ni s 2 03407 Uiy 1.219
29 LS i3 (38 o7 1.336
30 (LT ] (1329 b | Sidi
31 (L7754 5] (1304 (HH] |.781
32 [ELIE=E)A fify (1352 1N o0
13

nimss (i1 11304
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Time factor
100 0.2 0.4 0.6 0.8 1.0
f;“ﬁﬁ
80 P,/-—;‘f ??/
m;5 \V///A
N
&/

) “/ //Ié/\( ::3.5
1/

20

Degree of consolidation (%)
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4 Xir li va gia c0 nén

Thi du

The time required for 50% consohidation 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 layer 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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Solution T5|-,=—r',f'"1' _ Culiield

=

H dr(liah] H izl

flan  _ Ihew
3 “a
h‘;u.],..n-;. 'Ifr'i'r:ll-.-l-.l’!

140 sec Iricd

(“-_‘.335__'?1. T (3m)*
2

freg = 3,004,000 sec = 93,33 days

Colficid

=T, x U*
H dr(lah)
. i L
o Y T
- i E.-'T'E

9333 days S0P

e e — ]

L 3[.]:

t; = 33.60 days
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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.

Solution

Cyl
Tﬁﬂ N

HE,
Because the clay layer has two-way drainage,

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

c,(75 X 24 X 60 X 60)
(1.5 x 100)°

0848 x 2.25 x 10°
“ 7 95 % 24 X 60 X 60

0.848 =

= L.00294 cm?/sec
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Thi du
Gia tri hé so6 co ké dwoc xac dinh ttr thi nghiém trong phong Ia

C, = 0.016m?/thang. Chiéu day cua I&p dat sét thyc te la 2.44m. Cho biét
bén trén va bén dwéi |&p dat sét la 1&p dat cat

a) Theoi gian dé dé lun dat dworc 50% c6 két 1a bao nhiéu?

b) Gia tri do lun sau 1 nam la bao nhiéu?
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4 Xir li va gia c0 nén

Solution

(a)  U=50% — T.=020

244 m
TlHJ’J-I [ulz}( 2 )
= = ————————— = | &.6 months
e, (0.016 m~/month)

H , 1s one-half the total thickness of the clay layer

(b) t = 1yr = 12 months
; 12 months ){0.016 m*/month
T = I{_,1 { . mon HH in_';nrl] =013
H,- (1.22 m})

T.=013 —» [/ =421%

Spe = 042 X 25 mm = 11 mm
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4 Xir li va gia c0 nén

Thi du

For a normally consolidated laboratory clay specimen drained on both sides, the
following are given:

b = 3000 1b/ft? e =éen= 1.1

op+ Ao’ = 60001b/f0 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?
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4 Xir li va gia c0 nén

Solution i
Part A d., .e_*l

m, =-——=
I' -I_ l:!ll'H 1

Ae=11-09=02
Ao’ = 6000 — 3000 = 3000 b/ ft°

, 11409
firQ 2 -
0.2

—_— o, = 13.0{]:[:& =333 x 1077 ftY/Ib

+ U=50%, T, = 0.197
ooy —L— Y
0197 5% 12

5 = 1.71 = 10" ft*/min

-*-r |:'_'I_ =

—> k= cpmyy, = (171 % 1074 f2min}(3.33 % 107 ft%/1b)(62.4 Ib/ft)
= 3,55 % 10" 7 ft/min
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4 Xir li va gia c0 nén

ol
Part B T = —2

Col

ifr

Tl

!
! c,

+ U = 60% and Ty, = 0,286,

~(0.286)(6)°
17 % 1070

— = 60,211 min = 418 days
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4 Xir li va gia c6 nén
4.4.3 Sw thay doi sirc chong cit ciia dit sau khi gia cé

P
Ao = Ao} = Aoy = Aoy 4o, = Aoy + jf

DK khong thoadt nwoc

Ao} = Ac} - Au

Au=z0

» Thi nghiém CU

.ﬂﬂ'a = .:ﬂﬂ'i
Aoz = A0y -Au =~Au
Au=0
(a) Stage 1: Consolidation phase (b) Stage 2: Shearing phase
91 Stage 1 | Stage 2 |
- | !
s
&
2 TSP
Fd
&
&
s
N Au " ’
ESP 4 3
.
Stage 2 - g
J‘f 1
Stage 1 \\n R

p'p
(c) Stress paths

Stresses and stress paths for triaxial CU test.

TS Nguyén Minh Tam BM Dja Co' Nén Méng 83



Xir li va gia ¢o nén

036"_ ‘ '
[ " I | O 30 m S&int
A 45m  Alban
g ®57m
05— ol /oh 20,35 |-
~a :I ! o,-03 !
E S U r
a3 0,4} ____I;___ = H
2 | | | [
% ' ! , : i
5 : 5 3 "2 i
b 0,3 ——F? it - Te
6 49 u_ | ' i
s ozlf-A L °p | | |
= 1k | | | | !
| i { | ]
| [ !
0,1 " i | |
, T : { ]
0 ‘ i | |
0 2 4 6 8 10 P

Undrained triaxial compression tests on isotropically consolidated samples:
normalized stress—strain and pore pressure—strain curves.
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4 Xir li va gia co nén

Empirical Equations Related to ¢, and o

Reference Relationship

Remarks

CoivsT

Skempton (1957) " 001+ 0.0037(PT)
T
Pl = plasticity index (%)
Covsry — undrained shear

strength from vane shear fest

Cirvs1

Chandler (1988) = (.11 + O0OU3T(PL

r

ir

i

o, = preconsolidation pressure

C

Jamiolkowski et al. (1985) S =023 = 04
ir,

Mesri (1984) L= .22
AL

( Cy )
eyl o e s mnsolickited

Ladd ctal. (1Y77) Ml LLAL L

L
r
Fer ' pormally consolidated

(IR = overconsohidation ratio

= (OCR)"™

For normally consolidated
clay

Can be used in overconsoli-
dated soil; accuracy = 25%:
not vahid for sensitive and
lissured clays

For lightly overconsolidated
clays
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4 xiviva gia co nén

4.5 Giéng cat, bac tham — tang nhanh co két

Possible overoad

g Impermeable
LY

layer
/ Permanent il i Blanket / Fill ?\
F IR r T e AT AN WL R ET T IR TR Y

F_—-—
Il

. Cieotexnle
T AT ile e e e

Fabric_

L

]
k=
Fon .Y
==

(a} Square

(b) Triangular
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4 Xir li va gia c0 nén

4.5.1 Gieng cat A
o i /’*’;{“\ 2
Ban kinh tham ngang twong dwong e || A d =2l b)ia
A
> Tam giac Lol o)
- I d d -El."‘:'| d,, ﬂm__r i) (Ela)
Area of tnangle ABC = - x - S [ 1) 4
HEneE 272723 83 <1 -075
a’ 5] g g
Total area of the hexagon = 12 x 873~ 0.865a* S| 2/ 5= 5
r, =0.525a s 3
» Hinh vubng
2 2
T, =a
S~

=(.564a
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4 Xir li va gia c0 nén

Phwong trinh c6 két tham hai chiéu

ou_ (O 1ou]l &
a Mo 1o TS oz

> D6 cd két trung binh (Carrilo, 1942)
U=1-(1-U,)1-U,)

Co két tham ngang Barron (1948)

U,=1—exp [_ET’]

Fin)
: Int — | d
Fln) = rﬁ‘ﬂ l In (n) = "4”3 ) "= de L :C_hzt Cp = a
— y r de m 7/

TS Nguyén Minh Tam BM Dja Co' Nén Méng 88



r<

=
)
=
=
o
<
©
=1 )]
<
N
py

b

li

ir

4 x

1.0

0.01

40

CAN?!

60

80

100

39

BM Dja Co’ Nén Méng

TS Nguyén Minh Tam



4 Xir li va gia c0 nén

TS Nguyén Minh Tam BM Dja Co' Nén Méng 90



4 Xir li va gia ¢o nén

Chiéu day I&p dém cat
hgem=S + (30 + 50) cm, chgn hdém > 0,5 m

S: @6 Iin on dinh ciia nén dat yéu
Pwong kinh va khoang cach cua cac giéng cat

- Thwong chon dwong kinh giéng cat d = 40 cm

- Khoang cach cac giéng catL=2 +5m, chon L=2m
Chiéu sau cua giéng cat
- Chiéu siu giéng cat lg > Hnén (pham vi chiu nén)

-1,>2/3 Hy,

- Thwong chon 1, = chiéu siu ving dat yéu
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4 Xir li va gia c0 nén

4§ ¢S két theo thdl glan cho cac trudng hgp. Thalgian (Iking)
0 1 2 3 y 5 B 7 8 10 1 12 13 14 15 18

9

- !

LR | S O SRR s

THE L i S SR

2 AN T o R oo g 000 0 0 G O O

ﬁﬁ..ﬁii_"'L"j'i"Z"iiiZEjifi]ﬂifjiii_'jif?fjii‘ﬁ‘fﬁﬂﬁ’mmﬂﬂ-hhm"ﬂ“* 0 O 0 0 0 N O O

3 i . Y, I S foil. | ¥ Cogi€ngodtoylylsm kibayadity G i G G 4 4P PP

Sy tist docdocdond é____—G-Cdgm'ugcﬁlcﬂljl&ﬂ,kllmyﬂgifz] N I TR L B - O

5 dnemcbonn b XL : .| =8 C6 gi€ug cit oy ly LSm, kthay ddi (31} T I N

Y . W 6 O A O S

I G- Lo Ty TTRE EUEN SRS B SR T A - T e B T

3 O SR SO S, ¥ SN O R O SO s o0 S O TR T

R e
e e o e S
" 01 RO (R L SR S O IO O , B R PO I A SO £ OO O O O J O
LU R e Sl B R B s BRI S e v i e e e

105 ——————— : — ——

P co két ciia nén dat dwdi nén dwong theo thoi gian
Cong trinh duwong QL1, doan Trung Lwong-My Thuin
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4 xiviva gia co nén

4.5.2 Bic tham

Polypropylene
core

Water from Soil

(Muwdre tir dat)

Geotexile
fabric -

iLarp wd loc)

Filter
Jacket

CROSS-SECTION
OF MANDREL

Core wsi

Channel
{Ranh thoat)

Cm%}%) b
" '..' ~ L Polythene core tP“" = T i

Filter

Cross-section of plastic Geodrain and insertion mandrel,
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4 xiviva gia co nén *

Surcharge Load
(Preloading Embankment)

SB Drain

«+— Vertical
Dirain

Soft Clay
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4 xiviva gia co nén

L&i giai Hansbo (1979) cho bac tham

8T
Urzl—exp(— F”j T _ Gt ¢, = K,

F=F(n) + Fs + Fr

Hiéu qua do khoang cach cac bac tham

F(n)= Ln(?ej —%

w

(a+Db) 2(a+Db)
2 T

a: bé rong, b: bé day ciia bic thim

d
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4 Xir li va gia c6 nén

Anh hwéng xao tron cua dat xung quanh bac tham

k, d

F=||—|-1| L :
v "\a -
S w
d, : duong kinh ving bi x40 tron ket cau dat ] NY [ L
Z Z RADIAL d —= N N
xung quanh bac tham Oiise — NN
N N ¢
: ~ N N £
~ A A 2 A N\ . I ~ . § § S
k, : HE s06 tham cua dat trong vung b1 x4o tron ) o NN b
N N
N R :
N A R
3 3 § \ %z
“* Jamiolkowski et al. (1981) qt -verTicaL
K § N < CAPACITY
(5-6)d RN |
d _ m ‘_‘ -E.\"-\ 7 i\‘-'-‘\,--v‘.:g',r'“ ~"§‘I’.ﬂ'\\"l v \\‘.-"f’\\";
s UNDISTURBED SOIL
2 ZONE OF SOIL IMPERVIOQUS
DISTURBANCE BOUNDARY
PV DRAIN

J “
** HanSbO (1987) va BergadO et al' (1991) Schematic of PVD with Drain Resistance and Soil Disturbance
(Rixner et al. 1986)

d =2d
d_ : duong kinh twong duong voi dién tich cua 16i bao vé bac tham
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4 xiviva gia co nén

2 LABORATORY TEST RESULTS

0 T R | T T ] T ]
- S 100

EFFECTIVE VERTICAL PRESSURE (kN/m°)
K, /k, Values with Effective Pressure (Bergado et al. 1991)
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4 Xir li va gia c6 nén

Anh hwéng cua sw gi®i han thoat nwéc cua bac tham

k
F=rZ(L-2Z)~L
qw
L : chiéu day 1op dat yéu
Z : khoang cach tir mat dat dén cho két thuc thoat nudce

q,, : kha ning thoat nudc khi gradient thity lyc bang 1

< Gia tri tiéu biéu cia q,/k, = 400 — 500 m?

ki/k,
*» Bergado et al. (1992)
ki/k,=4-10
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4 xiviiva gia co nén
4.6 Bom hut chan khong

Yacuum Pump

VLFPLHE-liner

N

Vartical

drains
&

Sard Layer
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4 xiviva gia co nén

-‘-'+!.l";- W

pargiraeal craming layes  hangontal driute 1 WA YIRS wALCum

uenenes | ; mambrane Meiulg

died wiin | |I f/ '.II

Benlgmig ang | IIII

polyacrylain 1 II".
; | Almasphenc JII

A B
S R
._....,......F..-.-... -: -

werial draing panpharal cian wal
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