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® Coarse-grained
® Fine-grained

® Organic soils
® Peat

Boulders  Cobbles

Gravel

Four major divisions

Sand

Silt and Ciay

| | Coarse: Fine | Coarse : Medium : Fine I |
! ! ! I
H A
300mm 75 mm No.4 N0.200 el
4.75 mm 0.075mm /
g ’/
19 mm No.10 No.40 /
. 20mm  0.425 mm .
B o 9
\
Table 5.2 Unified Soil Classification System (Based on Material Passing 76.2-mm Sieve)
Group
Criteria for igning group symbol symbol
("‘“_"“'-"'_ . Clean Gravels C,z4and | =C =3 GW
More than 50% Less than 5% fines” C,<4andlor1>C, > 3 GP
of coarse fraction ) o . . ) ] - . 53
Coreraned s gy No SRV P plolon e fawe ) o
More than 50% of sieve NO4 i} C o e e ] e oo i e "~
retaine No. 200 5 : p
’\';l‘:l'!]“d on o :a{!ds_ ) Clean Sands C,=z6and1=C =3 SW
SRR 30% or more of Less than 5% fines” C,<6andlor 1 > C. > 3° SP
coarse fraction Sand ith Fi Pl <4 I bel “A i Fi 573 SM
sasses No. 4 Sands with Fines ) < 4 or plots below A~ line (Figure 5.3) :
Nozoog’ﬂﬁr Licvc More than 12% fines™ PI = 7 and plots on or above “A” line (Figure 5.3) sC
Inoreanic PI =7 and plots on or above “A” line (Figure 5.3)° CL
Silts and clays PI < 4 or plots below “A” line (Figure 5.3)° ML
I}‘“"“;jnl'm” less Oreaui Liquid limit — oven dried 075 - _— oL
iooorat than rganic —— —— < ().75; see Figure 5.3; one
: {me-;_mmed soils = ¢ Liquid limit — not dried RO AL e
50% or more passes - - -
No If‘).[m \-ic\‘-’cl ’ - Inoreanic Pl pr plots on or above “A” line (Figure 5.3) CH
T Silts and clays = PI plots below “A™ line (Figure 5.3) MH
Liquid limit 50 , Liquid limit — oven dried o
or more Organic —_— —— < (.75 see Figure 5.3; OH zone OH
Liquid limit — not dried -
Highly Organic Soils Primarily organic matter, dark in color, and organic odor Pt

”ml
f)llln

~(Dw)

‘C = -
" D¢y X Dy

‘If4 =

PI = 7 and plots in the hatched area in Figure 5.3, use

“Gravels with 5 to 12% fine require dual symbols: GW-GM, GW-GC, GP-GM, GP-GC.
"Sands with 5 to 12% fines require dual symbols: SW-SM, SW-SC, SP-SM, SP-SC.

If 4 = PI = 7 and plots in the hatched area in Figure 5.3, use dual symbol GC-GM or SC-SM.
ual symbol CL-ML.
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Grain Size in Milimeter
HOLE NO. SAMPLE NO. SYM. DEPTH(m) D10(mm) D60(mm) Cu LL(%) PI(%) CLASSIFICATION
Bl-1 S-1 1.55-2. 00 - - - 33 14 CL
S-2 3.55-4. 00 - - - - N.P. SH
S-3 5.55-6. 00 - - - - N.P. : ML
1-1 6.50-7. 30 = . = 23 5 |- oo
o %
//// //
Dgg? el /
Cﬂ_ = DSQ/D#Q > 4(G7'avel) Cd = i — =1~3 /
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® Plasticity chart
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P
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uscs L
Major divisions Subdivisions symbol Typical names Laboratory classification criteria
{1 2 G) () (5)
Gw | Well-graded gravels or gravelsand |\ 0 5o finess |G, z4and15C 53
Gravels mixtures, little or no fines
More tha 50% GP Poorly graded gravels or gravelly | o iy 506 fines® | C, <dandior 1>C, >3
of coarse fraction sands, little or no fines
Coarsegrained | 1neuee & GM | Silty gravels, gravelsand-sit mixtures | More than 12% fines* | thws B 20501 o
soils Clayey gravels, gravel-sand .. | Minus No. 40 soll plots on
{More than 50% okl P | More than 12% fines* | 570 e Aime
retained on Well-graded sands or gravelly sands,
No. 200 sieve) W ot o lome ol Less than 5% fines* | C,26and15C, 53
Sands Poorly graded sands or gravelly sa~ds] .
0% o rore of p e Less than 5% fines | C, <6 andior 1>C. >3
ot .
ety 1 SM Silty sands, sand-silt mixtures More than 12% fines* | Minus no. 40 s plots
fieve)
C Clayey sands, sand-clay mixtures More than 12% fines* :MI Not::;o;:.:‘m’ ol
ML Inorganic silts, reck flour, silts of lew Inorganic soil P1 < 4 or plots below
Sitsand cays | plasticity ) Adine**
oy Inorganic clays of low plasticity, Pi > 7 and plots on or
Fiquid limit less Inorganic soll
Fine-grained m':: 50) a gravelly clays, sandy clays, etc. 98 above A-lne**
soils oL Organic silts and organic clays of Organic soil LL (oven driedLL (not
(50% or more low plasticity = dried) < 0.75
passes the MH Inorganic silts, micaceous silts, silts Inoraanic soll Plots Adine
No. 200 sieve) Silts and ¢ ays of high plasticity __ 03 below
fiquid limit 50 CH Inorganic highly plastic days, fat | 4 0anic soil Plots on or above A-line
¢ maore} days, silty clays, etc .
OH Organic silts and highly plastic Organic soil LL (oven driediLL (not
organic clays 9 dried) < 0.75
) n Primarily organic matter, dark in colour, and
Peat Highly organic PT Peat and other highly organic solls organic odor

C, (coefficent of unformity) = De/Dra: €, (coefficient of curvature) = (Dye)ADyg x Dyy).

* *Fines” are those s0il partizles that pass the No. 200 sieve. For gravels and sands with between § and 12% fines, use of dual symbols is
required (i.e, GW-GM, GW-GC, GP-GM, or GP-GC).

** if 4 <Pl < 7 and P plots above A-line, then dual symbols (Le., CL-ML) are required.

Fiqure 2.7 Unified Soil Classification System (USCS)
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® time factor
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Table 11.5 Empirical Equations Related to ¢, and o,

Reference Relationship Remarks
Cu(vsT) 3
Skempton (1957) —— = 0.11 + 0.0037(PI) For normally consolidated
Tp
PI = plasticity index (%) clay
Cyvsty = undrained shear
strength from vane shear test
Cu(vsT) x :
Chandler (1988) —— = 0.11 + 0.0037(PI) Can be used in overconsoli-
o,

Jamiolkowski, et al. (1985)

Mesri (1989)

Bjerrum and Simons (1960)

Ladd, er al. (1977)

o = preconsolidation pressure

S o023 004

(}".

A YY)

To

[ PI%\"
= 0.4

oy 5( 100 )

for PI = 0.5

c

—= = 0.18(LI)""*

To

for LI = liquidity index > 0.5

( - )
'
T 0 / overconsolidated = (()CR)H_H

( C" )
;
T/ normally consolidated

OCR = overconsolidation ratio

dated soil; accuracy +25%;
not valid for sensitive and
fissured clays

For lightly overconsolidated
clays

Normally consolidated clay

Normally consolidated clay

(d}]
©

20 25 30 35 40 45 50
Normal Stress, (kgflem’)

#H R W e
MATERTAL TESTING DEPARTMENT 50 i
SRR LTI & & W B E !
1 (02)2222A801 48 K :(02)22256842 TAIPED LABORATORY 0330 .5
EX S £ 3 p/ kot s a0 R
A ®:BH-1 A 95417-P060001Y : ;
® T2 Kk B2K 55 e &
R H:12.50-13. 30m AR B X 95.10.21-10. 22 E a0 f
fEaM: FIER 'g T
WA ik CNS 117T8(1986) E 25
=ik n—athREH _§ 20 B
Soil Spacific Gravity Liquid Limit Plastic Index c [} - I
Classification Gs Wi(%) Iy (%) (&MZJ (degree) s T
SP-SM 2674 . NP 0.00 38.1
10 e =nnms
Sample No. 1 2 3 g os 1 T
Initial Water Content,(%) 231 232 238 234 TR
‘nitial Dry Density,(t/m®) 1.57] 162 159 1.59 00 =
Initial Thickness,{cm) 1.999) 1991 2.003| 2.00 oL b
initial Diameter,{cm) 5.952| 5963 5944 5953
initial Void Ratio 070 065| 0.69| 0.68
initial Degree of Saturation(%)|  88.5 94.7 926 | 920
Final Water Content,(%) 24.5 221 22.1)
Final Dry Density,{tim”) 161 168 1.68
Final Void Ratio 0.66 0.59 0.59
Final Degree of Saturalion,(3%) 99.3 99.7| 99.7
Normal Stress,(kgficm?) 0.54) 107|216 E
Rate of Deformation (mm/min} ~ 0.49 | 049 | 049 =
2
: 0 0 100 150 200

50 300 350
Laseral Displacement,(0.01 mm)
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Hole No.: BH-4

Triaxial Compressive Test Report (CIU)
Test Number: 95417.2.060003X

Triaxial Compressive Test Report (CIU)

Sample No: T2

Page: 20

Depthc 12.50~13.30m

Date Tested: #5.18.11-10.17
Sail Types__CL
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Triaxial Compressive Test Report (CIU)

Hale No.: BH-4 Teat Number: $5417-P-060001X Hole No.: BH-4 ‘Teest Number: 954179600013
Sample No: T-2 Page: 22 Sample No.: T2 Page: 21
Depth: 12.50-13.30m Dute Tested: #5.10.11-10.17 Depth: 12.50~13.30m Diate Tested: 95.10.11-10.17
Soll Type:  CL
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® Rankine’s T2 18w - 5K :
e The soil is homogeneous and isotropic

e The critical shear surface and ground surface are
planes |

e The wall is infinitely long so that it can be
analyzed in 2D

» The wall moves sufficiently to develop the actlve
or passive condition |

e The resultant of the normal and shear forces that
act on the back of the wall is inclined at an angle
parallel to the ground surface il

/ /
. . y

{Rl1a) = [B2 73 1

® Rankine’s &) -] B B

. a#=yztan3(45—§)—ZCtan(45—§) A
" N g Pl g
~3)
r\h ‘%r é - L 1
| oM | K\ o, | Normal st
V I}; A .
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® Rankine’s # &) 1 B2 7] |
* 0, = yztan® (45 + %) + 2c tan (45 + %) i
« Ky=" = tan® (145 + %) .
o -
— - - // 47

h ~ fo =B 7] 1 \

® Coulomb’s X&) +EJ] * ERESERN
cos®*(¢p — 0) \
Ko = n(6 + ¢) sin(¢p — a) :
sin —
cos*6 cos(8 +0) [1 + \/005(6 + 0) cos(6 — a) \
|
90 -6 8
///
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y =P = ik (5 ®E 133 \
® Coulomb’s #XEI T B2 ] * EEREERN
K cos®*(¢ + 0) \
B = ; - 2 \‘\\
2 _ _[sin(¢ — 6) sin(¢ + a)
cos®0 cos(6 — 6) [1 \/005(6 — ) cos(a —6) \\
C *(r ‘
e |
A |
‘ J
[180 — (90 — 8 + &) — (B + &")] ,
> < l P ﬁf‘
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\

MR ARZZ T NG Py R (7.3-13) G- \
A
P..u. = % ¥ Hz '(I _kr)' K_.u;' J{a \\\
(7.3-13) ‘\\
Hef o K, BHEERE 2 Xk S R Tk TR R \
Ky = cos’(p=0-p) :
cos ¢ cos” @ cos(F + ¢ +9{| " ‘j sin(g + &)sin(¢ — @ — @)
cos(d + @ +O0)cos(0 —a) |
#(7.3-14)
=N ;‘,“‘
P,=HIERK ¥ THLEEHEND (ti/m)
H = i |-t =0 gF ( ) /
/ ﬁ__l.—i?lﬁ].& \m //// ,//
7 go:tan“[ i ) N g
1-k \ o /,/
( k, = 3 1) 1 5E R B / g //
Nk =KEMMBERE_r /
) T . 7200 2 B R I - /
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B > R Z RO S Py > TR (T.3-15) 58 -
A

1 2
Por =5‘7'H‘ '(I _k\-)‘Km

(7.3-15)
Hep» K, SR IHI L EDRY > TERTHAAHAE :

cos’ (¢ + 6 -p)

Sin(g+3)sin@—g+a) |

cos(o =6 + @)cos(a —6)
H(7.3-16)

KP}.' =

cos@cos’ @cos(d — 0 + qn{l - J

AR
P = WEEHF > B ZHB NS (ti/m)

H = Sl ()
/ Q= tan™' [—1 khk ] \

\
k, = 1 T 4 0 B 1 B
N\ by =KFrRMERY
Py e T I T Ul LR
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e Peck’s pressure diagrams
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