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F.1.1.2 Boring No.3 by S.P.T.
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PROJECT

CONSOLIDATION TEST

: SUB SOIL INVESTIGATION FOR VIENTLIANE SYSTEM PHASE 1t

BORING o : 1 DEPTH : 1.40m - 2, 10n
TYPE OF MATERIAL : CLAY TESTING DATE : SEPTEMBER, 23. 89
CONSOLIDATION TEST Cv
DESCRIPTION {p e mv | Cec
BEFORE TEST | AFTER TEST X 10
HELGHT OF SAMPLE  ma 25 2. 93 0.5| 0.678| - - -
DIAMETER OF SAMPLE mm 87. 40 87. 40 1.0} 0.668) 4.0 | 0.011] 0, 0344
¥ATER CONTENT % | . 24.93 93,907 2.0| 0.660| 8.8 | 0.005]0.0275
WET UNIT ¥EIGHT g/cn® 2. 00 2. 03 3.0 L 0.646| 5.5 | 0.008|0.0804
DRY UNIT WEIGHT g/cn® 1,60 1.65 - - —~ - -
POROSITY % 4. 14 39. 34 - - - - -
VoID RATIO 9% 69. 90 64. 85 —~ —~ - - -
DEGREE OF SATURATION% 97 97 - — - —~ —~
e96}
0.6

=2

=

(2=

£

5

_‘p
1.0 9.0 3.0 Kg/cn?
PRESSURE
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PROJECT

Soil sample :

Location

Boring No : |

Sample No : 2

Sanple Depth : 1.40-2. 10
Specific gravity: as: 2.72
2.00 g/en®
Volume of Solids Vs: 50,11 cn®

Degree of Saturation S: §7%

¥et Density :

CONSOLIDATION TEST

: SUB SOIL INVESTIGATION FOR VIENTIANE SYSTEM PHASE N

Soil specimen Measurements :

Diameter : 4, Ocu

initial area : 12,568 cn®
Initijal length : § em
Date : 23. 9.89

Proving Ring Nd: S 8511

¥ater Content ¥: 24.93 %
Dry Density a@e: 1.6 g/cn’
Volume of Voids Vv: 41.4] cn®
Void Ration e: 0.699

Cohesion € : 0,47 kg/ca? Angle of Intermal Friction p: 24°
Vertical Strain Area | Corrected | Load Dial Axial Siress
Dial Agl ¢ AN Area Ao in Load .

0. 00t Hi 1-¢ A=750 0.0001" | Pkg | Kg/em?
| 0,020 | 0.0063 | 0.9937 | 12,6456 3| 439 0.35
000 | 00w | 0987 | iz 60 8. 48 0. 67
0.060 | 0.0190 | 0.9809 | 12.8106 84 11,97 0. 93
0.080 | 0.0253 | 0.9746 | 12.893¢ 98 13.94 .08
0.100 | 0.03t7 | 0.9682 | 129787 167 15. 15 1.17
0.120 | 0.0380 | 0.9619 | 13.0637 113 16, 06 1.23
0.140 | 0.0444 | 0.9555 | 131519 | 134 18. 94 .44
0.160 | 0.0507 | 0.9492 | 13.2385 134 18. 94 1.43
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CONSOLIDATION TEST

PROJECT : SUB SOIL INVESTIGATION FOR VIENTIANE DRAIVAGE SYSTEM PHASE II,

BORING No @ 1

TESTING DATE : SEPTEMBER. 23. 89

DEPTH : 1.40n - 2. 10n

E
a E
T ¢t kgi:mg. oo ﬁoh cn?/kg | ke/cn?
T - 0.00 | 0.699
: 0.50 | 0.6780.0118
1] L0o | o.663]0.0m82| |
0.6 1 2.00 | 0.660|0.02260.0128 | 75.6
051 1T 3.00 | 0.646 ] 0.0308
- -
0 1.0 2.03.0 4050 P k/a?
Type of material : CLAY
_iiquid Limit ; LL : 39.03 Sample Sige
Plastic Limit; PL : 24.50
Plastic Index; PI : 14.53 - Height : 95.(0on
Yater Content: ¥ : 24.93 - Diameter : 87.40mn
Consistency ; B : (.02 - P : Applied Pressure
Prit Weight ; ay : 2,00 'g/cm3 5331 : Axial strain
Specific gravity; a. : 2.72 -a : Coefficient of Compresibility
Porosity ;oo 41,14 % - E : Hodule of Deformation
Coefficient of Porosity ; 0.699
Saturation ; § : .97
Permeability ; K : 3.81+107° n/Day

VIENTIANE, OCTOBER, 9. 89
D, MATERIAL LABORATORY CilIEF,
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AXIAL STRESS kgf/cm?

UNCONFINED CONPRESSION TEST
PROJECT : SUB SOIL INVETIGATION POR VIENTIANE DRAIVAGE SYSTEM PHASE Wi
BORING No: 1 DEPTH ¢ 1.40-2. 10m

TESTING DATE : SEPTEMBER 23. 39
TYPE OF MATERIAL: CLAY

1.0

0.5

Lo 20 30 40 590
AXIAL STRAIN IN 9%

VIENTIANE, OCTOBER 9. 89
D. MATERIAL LABORATORY CHIEF,

NGEUN
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F.1.2.3 Boring No.2 by S.P.T.

4.3 Soil Constants of Samples from G.L.0Q to G.L.-17.04

F- 16

Depth Thick- Sim; Nagel{l)‘f Co‘l;m"]of N-Value Laboratory tests
B ness  bo o »o! 0 10 20 30 40 50
v GRAYISH $6=2.173
b oAy WC=24, 2%
I 1. 59 // BRO¥N 11=39.0
- s STRONG PL=24.1
A CLaY BROWN SG=2. 139
g L83 [k , §C= 30. 6%
& /| ALTTLE LL=238. 1
- /o/ LATERITE REDDISH PL="-22 6
L.52 [ YELLO¥ PI=15.5
5 iy S6=12. 69
- REDDISH ¥C=22. 1%
°" YELLOW LL=27.0
. PL=18.2
“osos [ N PI=8.38
8— °J
g | GRAVEL $6=2.69 g/cn®
7.4 SANDY ¥C=122. g%
LL =23
10 “o] o PL=16. 4
e o] oM BROWNISH PI=17.5
YELLOW
12 L
N
; IR ™
13— Tt
14— R
15— 53
16— 7 1
g
17— 9.42 |- -
13- éo SANDY CRAY
o ©| GRAVEL
Remark : S$.G. : Specific Gravity
W.C._: Water Content
L.L.
pP.L. Atterberglimit
P.1.
Fig.2.
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F.2 STUDY OF PLAN AND DESIGHN

F.2.1 PERCOLATION VOLUME AND PERMEABILITY
A permeability volume test was conducted and the following results have

been obtained,

(1) Date October/4/1989%
{2) Time AM. 10,15
{3) Place Well of temple in Ban Dong (Refer to Fig. 2.9.1.)

(4) Form and result of test

form 135[[I
[eme)
@
[ EL=169. 600
DA77 S = ZAZEZS
(o)
3
o =100 inder d
First water level 7 gilree undergroun
= = waler
= o
F (water-bearing
] stratum
= i v )
RS
Result
No. Time Depth
1 10.15 3.480m
2 10.35 2.800
3 10,45 2.640
4 11.00 2.520
5 11,15 2.460
6 11.30 2.430
7 11.45 2.425
8 12.00 2.420
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{5) Coefficient of permeability

When the coefficient of permeability is roughly calculated from

permeation volume and time.

Q=R'Xr2:n-x(1.35/2)2x(3.480—2.400)=1.546m3
M=Q/A=1.546/2x 7 x1.35x1/2=0.365m
H=M/hour=0.365/1.75=0.20%m/hour

k=0.209/ (60x60/100)=0,0058=5.8x 10" 3cm/s

(6} A standard for permeability

Coefficient of permeability (k cm/s)

107 10 10 107 100 1 1970 100 1077 1P 1pS
Permeability large middié small very non—permeable
| : small_
5.8x10°%)

Test result

the



F.2.2 SETTLEMENT DUE 70 CONSOLIDATION
Filling work is planned at Nong chanh marsh, so the settlement volume due
to consolidation 1is examined since a settlement due to consolidation is
feared there according to the previous boring results (No.3) which indicate

that the séndy clay loam layer at GL-4.5 - GL-7.31 showed an N value of less
than 10.

{1) Calculation form

2=13.5000 10,000 | 13.500

5. 000; ]

$=30°
1:3 ri=|. 8t/m* \ .3
= c=2t/n?
bopth | Thick= |Sym- Name of N - Value = ‘
P*" lness  |bol |Soil 0 1020 30 40 50 ¥ater level

<

{ o | Clay v
{ — 1.22 2216 Laterite g : 165.57  ground level

7 TR
g i o
2 Clay e 6=0
d ] e=5t/m?
118 e =} =2 re=1.8t/n®
3 , e Sk
/4 Clay =| & o5t /u? Settieme?tddue
- c N - » .
i — o5 Loam & ra=1. Tt/m® to C?“SO 1dation
1.50 / < = -Nir, . layer
5 -- o)
// Sandy
6 - /. Clay

S
/ Loam
2.81 g )

- 4 Sandy
Loam
10 - g
/
11 - //
’/
12 - %
13 /

6. 70 / ™

14 - SSETT N
0. 61 . 0° Gravel




(2) Stress Increase A ¢ z due to Load
MNoz maxzﬁ.héx(3.5xl.8+1.0XO,B)X2:6.532 t/m?
a 13.5 b

a=13.5m b=5.0m ———————= 2 S

z 6.31 z

I(Refer to Osterberg diagram)}=0.46
(3) Effective pressure p
Py=Hye(ry-1}+Hy 5 (rz-1)

=3. 5K0.8+2.81/2X0.7=3. 784t

{(#) Settlement volume

P|H2 Pl"'AO'Z
d =0.4 log
N P,
3.784x2.81 3.785416.532
=0.4 log
3 3.784

=0.851 log 2.726
=0.851%0.436
=0.37 Im



F.2.3 FOUNDATION
F.2.3.1 UNDERSTRUCTURE OF MAIN STRUCTURES

The requirements for the bearing foundation vary according to the size
of the load applied to it, but the standard requirements are that the
ground with an N value of above 50 is distributed in a continuous 3m or
abave thickness or that with an N value of above 30 in a continuous 5m or
more thickness, and that there is, under this ground, no stratum which may
be subject to shearing fracture or settlement due to consolidation.

If no natural settlement is taken into account, a pile foundation may be
planned, but if natural settlement can be taken into account, a spread
foundation is considered useful judging from the uncenfined compression
stress and N value of the structure foundation surface.

The construction of embankments and buildings is planned at the ambient
areas of Nong chanh Marsh, but when the importance of the structure at
issue is.considered, a pile foundation is jﬁdged ﬁetter.

The ﬁresent foundations of the box_ culvert and Sridge are a spread

foundation, which can also be judged good when applied under this plan.

F.2.3.2 FOUNDATION OF SHORE PROTECTICN
Judging from the previous penetration test results, a spread foundation
15 considered sufficient as the foundation of the revetments, since the
minimum value_in.the test results is as large as g u=4.04kgf/cm?.
However.since sludge lias been accumulated on the riverbed surface, it
will be enough to remove.the s;udge and then embed the piles at a depth of
50cm (for loam is characterized by that it becomes soft layer when mixed
Wwith water, so piles must be embedded into the ground part not affected by

water).



F.2.4 STABILITY OF SLOPE
From the cone penetrometer and aungerboring test results in Phase {, the
measured vaiues of the minimum C (conhesion). stratum and present slope

surface were as follows.

Measured Value

H: n=
(Slope surface & gradient)
C t/m? Layer minimun maximum
) H=1 H=3
HONG THONG 4 Clay Loam n=1:1 n=1:1.5
H=1 H=2
HONG KE 6.7 Clay Loam n=116 n=t:l
NAM PASAK 14.8 Silt =2 H=3
n=1:3 n=1:1
. H=2 H=6
HONG XENG 6.06 Silty Clay n=1:3 n=l:l

Since the test data are insufficient, the design values for each river are
determined based on the measured values. In the plan, calculatiens are made
by substituting the C and r {(unit weight}) of the test results for the items
in the Téyler's equation.

The slope gradient is mostly 1:1 from the measured values. The design

values were calculated as follows on the assumption of the slope gradient

being 1:1.
The coefficient of stabilization N rHe
s=

Ns«C

He= -
r

5.9%4

1.8

12.22m- (Limit height)

il

C=4t/m? (Minimum value in the
soil.data)
r=1.8t/m? (Design value in

the soil data)
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Diagram of Tayler

. But the following design value shall be used wilh the safety coefficient

assumed to be 2.
He=12.22/2=6.11mz6.0m

In the assumptfon that the slope is loaded with motor vehicles, the load

was converted into a slope height as follows.
H=1/1.8=0.56z1.0m

Based on the above ~calculations, the planned wmax, allowable height

according to the soil data should be:

H=6.00-1,00=5.00n(slope gradient=1 :.})



However when the river bank slope is excavated without timbering, the
maximum slope gradient of 1:2 should be adopted for stable operation,
considering the erosion by water, tropical squalls, the piping and boiling
phenomena in the stratum at Lao containing mixed sands and gravels, etc.

By the way, 1f a large quantity of sands and gravels are found to be mixed
in fhe ground on the spot, the maximum slope gradient should be 1:3 for the
sake of safety.

With regard to the . bank slope, the present channel banks are mostly
constructed using laterite at the slope gradient of 1:§. But the slope
surface fracture has occurred at many places due to the phéndmena peculiar to
Lao, Though no stable slope of filled banks can exactly be determined hecause
no test fillihg has béen done, when the present data availablerand the actual
filling conditions are considered, the slope gradient should be 1:2 when
laterite'i§ used, and 1:2 when sand, gravel and c¢lay are used (the design
value ¢ =30°) for stable operatibn. Further the filling height should be 5m
(the design limit value] as in the case of cutting when the material, of
which the so0il compaction test results are C=4 t/m?® or 2 t/m? (¢ =30}, is

used.
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Photographs of Sampling for Phase U

Date:

Loocation; The Hong Ke river at That Luang

20 Seplember, (989

Plate F.1  Soil Survey
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