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PREFACE

Nong Khai/fVientiane Bradge Yroject was tnken up as one of the
first priority projects in the Ten~Year Development Program for the
Lower Mckong Basin at the 29th Session of the Consmittee for Coordi-

nation of Investipgations of the lLower Mekong kiver Basin,

The feasibility investigavion on the Noug hbhay/Vientiane Bridge
Project was carried out 10 two phases, in accordance with the 1lan of
Uperation sipned in April 1967 between the Government of Japan and

the Mekonpg Committiee.

The first phase investigation was undertahen for about two menths
from Aupust to October 1967 and the second phase investigaotion for

about four monihs from February te June 1963.

The results of the field investigations and ihe subsequent studies
such as topographic survey, seil survey, naterial survey, amlysis of

metecor~ and hkydrological data, economic survey and so forth, nre com—

piled in Appendices.

The report therefore constitutes an integral part of the Second

Thase Heport of the hong hhai/Vientiane Bridge friject.
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1.1 Survey Operations



Survey Operatlions carried out

in the First and the Second Phase Iuvestigations

Items

Locations

1st phase ihvestigations
1. Spot leveling From Vientiane to each of the three bridge
. ites, Pa M Vientiane N i.
( Double—run leveling) 8 s a Mong, Vientiane and Nong Khai
2. Echo-sounding In the Mekong river channel based upon the
. bench-mark established at the three sites.
(Accuracy of the machine: :
1/100)
3. Simple triangulation to Three bridge sites: Pa Mong, Vientaiane
measure the width of the and Nong Kha
Mehong
2nd phase investigations
1. Spot leveling to unify the Bench-marks B.M,N-G to B., via the bench-

elevation of the topography
of the project area extend-

mark established by N.E.B in the site of
iydrographic COffice

ing over both countries

{Pouble~run leveling)

Whole project area of the Nong Khai
bridge site

2. Plane table survey including
echo-sounding

(scale: 1/2,000, 1m contour)

Routes for the access railway and the access

3. Route survey
' highway on both the countries

(Transverse survey: 50 m long
each on both sides of the route
at intervals of lU0 m along the
route )
4. Triangulation to measure the Nong Khal bridge site
exact width of the Mekong

emarks: -

1) The results of survey operations executed during the first phase investigation
regarding Pa Mong and Vientiane bridge sites are not compiled in Appendices,
As for Nong Khai bridge site, only the results of spot leveling are given in
Appendices.

2) The map on a scale aof 1/2,000 obtained from the plane table survey 1s not listed
in Appendices. Reference, however, is matte to PLATE 2 titled "GENERAL LAYQUT®
scaled down to 1/10,000 from the above map.

3) The results of transverse survey operations in the route survey are not compiled
in Appendices.
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1)

2)

3)

4)

1.2, Spot Leveling

The original bench-mark V636 is represented by a spike
into a wall of the building of the Ministry of Foreign
Affairs in Vientiane with the approval of the Mekong

Commattee.

leveling between the bench-marks Vo3t and B.M.N-O0 was
carried out in the first phase investigation, and that
between the bench-marks B.M.N-0 and B.M.N-7 was carried
out in the second phase investigation via the bench-
mark established by N.E.A. in the site of lydrographic
Office.

The bench-marks B.M.N-6 and B.M.N~-7 were set on the
bridge center line proposed in the First Phase Heport.
The mark B.M.N-7 is called the mark BT in the Second

Phase Report lor the sake of convenience.

The elevation of the bench-mark in the site of Hydro-
graphic Office is EL. 166.044 above the mean sea level
at Ko Lak datum. On the other hand, according to the
result of leveling made in the second phase 1nvestiga-
tion, the elevation of this bench-mark becomes BEl.
165.861. The difference of the elevation between the
two is 1B.3 centimeters. Concerning this matter,

pileast refer to the Second Phese Report, Chapter 11I.



RESULTS OF LEVELING

ROUTE: Vientisne to Nong Khai bridge site Unit: m
T. P, DIFFERENCE OF ELEVATION & | ADJUSTED
DISTANCE =} . |ELEVATION| REMARKS
No. I ] 9 ii MEAN €  [DIFFERENCE]
V.636 ; 170.105 [Authorizelt
7en-1| | +0.084 | +0.087) s0.085 [ 170,190
Ne2| | +07si | so7ssl ose.rsa| | |Tiro.0a3|
N-3 +0,558 | +0,5561 +0.557 171.500
| "7:6:§§§“"ﬁwgﬁ:ésif_:gﬁﬁégé-'"—_"t:‘gﬂkuugﬁﬁw4i1§5T641 et Sop |
n-s| | +0.230 | +0.240] +0.235 | 170.876 _
N6 | +0.088 | +0.105] +0.096 170,972 [0V <iq
N-7 +1.903 | +1.902] +1.903 172,875
N-8 +3.273 | +3.272| +3.272 176.3147 o
N9 1563 | -1.565| -1.564 174,583
=t —0.230 | -o0v235| -0.233| | 174.350|
N-11 ~1.546 |  -1.549] =1.547 172.803
N-12 —-3.465 |  ~3.464| -3,465 169.338 ﬁ:ﬁfia
N-13 -1.770 | -1.760] -1.765 167.573
N-14 +0.309 | +0,309| +0.309 167.882
N-15 ~0.446 | -0.450] -0.448 167.434
N-16 -0.088 | -0.097| -0.092 167.342
N-17 +0.080 | +0,081| +0.081 167.423
N-18 +0.235 | +0.229| +0.232 167.655
N-19 +0,402 | +0,409| +0.405 168,060 | W.b.A.
BMN-6 +0.164 | 140,164 ° +0.164 168,224 | Loghian
TPT-1 ~12.172 | -12.171i -12.171 156,053
T-2 =0.653 ! =0.645{ -0.649 155,404
-3 +0.277 1 +0.277|  +0.277 155.681
T4 +10.180 | +10.181] +10.180 165.861 | Mabt
BMN-T| | _40.713| 40,713} +0.713| 166,574 | Thai sidp
1
i
]




Elevation of the bench-marks set on the leveling

RESULTS OF LEVELING

route

DIFFERENCE OF ELEVATION

(m)

DISTANCE

1 : 2 MEAN

ADJUST

ADJUSTED
’ ELEVATION

(m)

DIFFERENCE

REMARKS

BMN--3

TPN-17
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1
i
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Location of Bench-Marks (1)

B. M. |
o DESCRIPTIONS SKETCH
f .
| ELEVATION {174,383
R L PHLIPINE
| | EMBASSY
: e (Shell
!: LOCATION f Ban Wat L0p ° \f\)—()i[ Sf \\li. COncre’fe
i' = -3 _"_‘I \\——"'-——I g)fance ®
S SURIE NS |- faa A :
ESTABLISHED ON | 26 Sep. 1967 < 0 ' =
_ e} — 5 ————— 1 - i ¥ E,
CARVED ELEVATION m High Way — >O
! e Ig ,,-U -
Concrete precasi post L pK 3km
ELEVATION . 170,972
R |
| .
i
LOCATION " Ban Chi Nmi Mo
N~=2 h ST T
ESTABLISHED ON 26 Sep. 1967
— - —---] Barbed ~-"}’
CARVED ELEVATION wire fe"CE//
Concrete precast post
ELEVATION 174,437
- T T T (Barbed wire
: o B ) fence
LOCATION Ban 10 Km 3 D [ o
2 !
. =
Ned fom oL ) 2 C- §
£ 8
ESTABLISHED ON 28 Sep. 1967 m - >o
i 2 =
CARVED ELEVATION |
! Concrete I'recast post
ELEVATION
__rerres 2 (PKI2km
-3 { 2
g - High wa L — =
LOCATION Ban Na Hai = 9 ! 5 &
=) ! =)
- 00 .
ESTABLISHED ON | 28 Sep. 1967 I ;
—— b |
CARVED ELEVATION ! 0 [ 1le |
— | — 'Agriculturbl
Concrete precast post L= e_xp_e_rlrﬂem] station




Location of Bench-Marks (2)

|
No. | DESCRIPTIONS SKETCH
t
| ELEVATION 167.465 (ESSO STANDARD
- N T ‘«u EASTERN INC.
| | LT T
;' LOCATION ; Ban Tha Naleng : JD r___l /f—ch"'bed wire .
!____.._*___ ~v—-~i: o ‘ ) D: N | ence _E
N-5 | . =
| ESTABLISHED ON : 28 Sep. 1967 gD R bowe - 7 |i E
——— ————— D
i g O High Way ,__‘\ o
! CARVED ELEVATION | o e _Jp &
i i . e ﬁ -7 r'—
Concrete precast post e PKISk"H ﬁj??
ELEVATION | 168.224
- i l/No.l PROPOSED SITE
|
! Ban The Na leng ‘\_1,;. o /
LOCATION (No.l proposed - < [ Mey\ong
i =1te) . S
N=6 — e e T e
ESTABLISHED ON 28 Sep. 1967 o @
_ ——— — | ® 8
. - i D -E
CARVED ELEVATION | o 2
* =
e i >
—— High Way —
Concrete precast post 2 D“'PK19kn1 =
ELEVATION | 166.574
—— I-—-g-—.— - — — - —
| yat Chommane ’,Hydrographlc Office
LOCATION (No.1 proposed /
site)
N7 e _ — o i
ESTABLISHED ON | § Mar. 1968 Mekord

CARVED ELEVATION

Concrete precast post

No.| PROPOSED SITE

b
ELEVATION |

LOCATION

ESTABLISHED ON

CARVED ELEVATION
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.ECHO -~ SOUNDING RECORDS AT THE BRIDGE SITE
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ECHO - SOUNDING RECORDS AT THE BRIDGE SITE - CONTINUED
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1.4 Triangulation
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Trianpulation Compuiation

General

Triangulation was carried out in ihe second phase investigation
as well as the first phase investigation te obtain the exnct widih of
the Mekong along the propoesed bridge center line thal had Leen deter-

mined in the First Phase Report,

The base line for triangulation is desirable to be provided on
cither Laotian or Thai bank, Uut, it takes much time Lo do so because
of jungle clearing. DBy this reason the base line was provided on the
sandber in the Mekonp, and then measured aml adjusted so that the er- .

rors resulting from high temperature aund others could be minimized.

The exact length between the two temporarvy bench-marks established
on both banks of the Mekonpg for trisngulation was computed by means
of the electronic computer on the basis of the results of the trian-

gulation, as mentioned below.

2. Computation

The base Line AR and the angles of the quodrilateral BLAT shown

in the following Illust. 1, were observed.

Bridge center line
praoposed in the lst
Phase Report -

L

Measured length of
A the base line:

Tilust. 1 AB = 200.000 m



Each angle was observed as follows,

a. 75%431)5.0" - E.  119141'47.5"
L. 54°19'10.0" h. 10%42'00,0"
e. 39°151'55.0" i. 130°02'00.0"
d. 37°15'05.0" i. T6Y31rio.ov
e. 49°10'00.0" k. 131930705.0"

f. 82°19 50.0" L. 21956732,.5"

2,1. Base [.ine Correction

The measured length of the base line was corrected in the three
items expressed in the following equaiion. The slope and sea-level

corrections were omitied becruse ihese are nepligibly small,

Yy - D "
I.HLN-i Ct -+ CS + C])

where, i\

.

mensured length of the base line = 200,000 m
N : corrected length

:  temperature correclion

say correction

:  tension correclion
]!

{1} Temperature correction

C = ]w- a tTm -~ TO)

t
vhere, T, ! standard temperature = 15°C
Tm : mean temperature = 29%
@ : coefficient of expansion of steel tape
= 0,0000117 m/oC
o Ct = 200 x O,0000127 x (29 - 15)

= 0.03276 m



(2) Sag correction
_ DN Wod 2
s 24 P
where, ¥ : weight of steel tape per meter = 0.02158 ka/m
d : supported length = 10 m

P : mean tension = 10 kg

_ 200 ( 0.02158 x 10_\°
s 24 10

= - (.003b8 m

(3) Tension correctiion

(P - ry)
p X L.5

vhere, P : mean tension = 10 kg
P : standard tension = 7 kg
B : modulus of elasticity for steel = 2.1 x~106 kg/cm2

~
S : cross seclionnl area of steel tape = 0.02749 cm”

(10 - 7)
el
p = 90X T T 05 % 005745

o]
i

0.01040 m

As a-result of the above calculatian, the correcied length of the

base line is obtained as Tollows,

D 200 + 0.03276 - 0.00388 + 0,01040

200,03928 m

Accordingly the base line is 200.0393 weters long.

2.2, Angle Adjustiment

2.2.1. Condition

The quadrilateral BIAT in Illust. 1. has to be adjusted so as to

sntisfy the following three candjtions.

||‘)



i. The sum of Angles 1 and 2 shzll be Angle 3.
{(see Tliust, 2)
ii. The sum of the interior angles of
a triangle shall be exactly 180°, 3
iii. The length of a side-line in & irien-
‘gulation scheme is the same regardless
of the conceivable courses of the com- 1llust. 2

putation.

The above three conditions are expressed by

equations.

Staltion equations Angle equations

the following eight

¢ creneerees. (0)

) cernsenanes (T

PP &

* r 9P EY SN (ii)

A +b =1 evrees (1) a +b +c 4
0 ) Q ) o 0
. . 0O
e, td, =3, caeeas (2) + g, + h =
e, + = Ko oo eeenns {3 B+ h0 = d0 ‘e
g, + ho = Qo I bo te =8+ T
Side equations
AB ™ ™ LT
Py Py 1 - = -
sin (co+d0) sin bo sin g sin {eo+f0)
- ] ¥ > - K]
sin (g0+h0) sin f sin ¢, sin (au+b0)
. sin (ag+ bg)-sin (cgtdg) sin fgesin g
- =1
sin {eg4 £ )esin (g +h,) sin b_-sin ¢
Likewise
AR AT AT T
. = v I Py >
sin (c0+d0) sin e sin h sin (nﬂ4bo)
AB BL DL - LT
sin (ho+go) sin a sin d sin (eo4fo)
L sin (ag+bg).sin {ggo+h,) ) sin dg.sin e, ]
sin (co+do).51n (eﬁ+f0) sin & _.sin I
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The following equation is derived from the above two equations
{i) and (ii).
+85in d .sin e

. 2 . .
sin (go+h0)-51n b,.sin ¢,

D (8)
sin2 (ey+dg)e sin ag.sin fg.sin go.sin hy

2.2.2., Computation of Adjustment Valuo

Observation equations

By = By F YV, ) By = By + *y,
b0 = bl 4 vy ho = h] + vy
€y = G + V. i0 = i)+ v,
do = dl + vy g =3y ¢ vj
e, = & + v, k = kl + vy
fﬂ = fl + v {U = il 4 vy
where L bo, careny QO = Moest probable values of angles

a b ceeesy }. = Observed anpgles
it 1 1

Probable errors { = adjustiment values®

IH)

va’ Vb, "”"v!

Condition equations

Equations (1) 1o (8) are rewritten from the nhove observation

equations as follows.

1) (alévn) + (b1+ve) = 1+ v,

Ve voav ~v.aw, = Oz (where w
a e i

]

n-rbl-i } A £° )

17 1 1 1 1
2) (cl‘vc) + (dl+vd) = ji+ Vj
. VetV = 0=, ‘(where v, = cle]—jll P B ()
3) (el+ve) + (f1+vr) = kl+ ic
. VoV, = OEE¢3 (where Wy = el+f1—kl) veenenennes (11)

4} (R1+Vg) + (h1+vh) = %.+ v

1l
o
m

.'. -3 4 v = "'" o4 b e et 2
vg+ ViV, Yy 94 (where Ya g1+h1 £1) (12)



5) (ul+va) 4 (b1+vb)'+ (cl+vc) 4 (d1+vd) + (QITVE)
[¢]
+ (f1+vr) + (g]+\g) + (hl+vh) - 36070 =0

e v AV 4V 4V

+V 4V
a b ¢ d e

v 4V
f+ e

h+'k'5 :()EV’S"°"""""""""' ,13)

wvhere w_ = a1+b]4c

5 +d +e +f 4. +h1 - 360"

17177171
6) (a1+vn) + (h1+vh) = (dl+vd) + (nl +ve)

. AV, =V Y

e VY 6:05976 {(where w —a1+hl—dl-—e]) ceraneas {14d)

(=

7) (Lytvy ) 4 (eg3v ) = (“1”,:_:) + (F4vy)

L. VotV S~V = 055¢7 {(vwhere Vo h1¢cl—gl—f1) veaesees (15)

2 . _ - s d . R

8) log sin (go+hn) 2 log sin (904 “) log sin b0
+ lopg sin c0 + log sin do + lopg =in eo ~ log sin a,
- log sin fo ~ log sin g - log sin h0 =0

The logarithmic sine can be expanded to the form of Taylor's

series,
v

log sin (M + v} = log sin M+ p cot M

4 treeeernes
z lop sin M 4 d-v
in wvhich v is o very small angle as compared with M and d is tabular

difference of 1" for log sin M.

(d = #/p cot M = 21,055 x 1077 cot M)

Thus, .
n 3 -2 r i
{4 log sin lg1+hl) + dgh(vg+vh)} { lop sin (c1+dl)+dcd(vc+vd)}

+ (log sin b +dhvb) + (log sin ¢

1

1 dcvc) + (log sin d1+ddv&)

+ {log sin el+deve) ~ (log sin a,+ dnva) - [{leg sin f14dfv€)

- (log sin gl+dgvg) ~ {log sin h1+ dhvh) =0

. dgh(vg+vh) - dcd(vc+vd} + dl

-dv =d v, ~-—dv ~dvwv
e a 1

ff g e I

,v + dcvc + ddvd + dev

1]

h‘f‘w&=02?’8..-.-»..;9.-00-l--.n (16)
_ . - 2 low si .

where wg = 2 log sin (g1+h1) log sin (cl+dl)+1og sin b]

+ log sin ¢, + log sin dl + log sin ey - log sin o

- log sin fl -~ log sin 2, = log sin h

1



Correlate‘equation

The most probable vqlﬁes of adjusiment anples will be delermined
so that the Tollewing value & becomes mininum according to the least

square method.
Q= [vv] - 2_21 P - 2 Ry §y=ersenaenis= 2 28 2N

sum of squares of probable errors

vhere (vvl

2 undetermined coefficient

*

The condition to satisfy the above equation is

an
a\'z

=0 (x"_" a, b, C -.--o--,!-) -..:-livl..lcti'- (17)

By differentiating’the above equation {17), the following equations

are given,

Vn—ll— 35— 26+28(1a=0 cemsverecesenseass (18)
vy - 21 - 15~ 4" ig db =0 criarressranesaas (19)
vc—22- 25— RT—}-)S(]cd—lSdc:O vervesreraasess (20)

Vg - 32 - 2 5 + g+ RBdcd - ggdd I 1 R -2

v, - ;3 - 5% g~ zsde = 0 tasrenesnsnnasess (22)
Ve mA3 7 x5t Ag* agdy =0 irrenaraeeranees (23)
Ve =4 - 15 + 27 = 2gdpy t A, =0 el (24)
v, T 24 - 25~ g~ RSdgh + ngh =0 ceiiiiienaeess (25)
Vit i F 0 e (26)
Vj +2, = 0 feeseeracarereanersectensasnrasnsessaannas (27)
Ve F A3 =0 e (28)

+‘?4:0 ...-.--..n-..o-.-np;----o----.----rrc-noq (29)

From the equations (9} to (16) and {18) to (29), the following

correlate equations are obiained,
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1)

2)

3)

4)

5)

6)

(21 + 2+ g —sta) + (21 +lg + 20+ 2g4,) + 2y + W

T

0 vereeraensenss (30)

1

T 3 +215+16+37+(db~—da)28+w1

1
(2 + 25 + 27 = 2gdy + d2g) + Ry + 35 - %
- decd 4 zsdd) 4+ 23 + v,

= 312+215 ,16-+37+(dc+dd —2dcd)}8+w2 =0 seev.. {21)

(23 # 25 = dg + 2g8,) + (23435 = 27 - 240p) + 254 3y

= 313 + 225 - 16 - 27 + (de - df) ;8 + w3 = 0 tiericnrnaann (32)

(24 + 25 - 24 - '28dg+ zsdgb)+ (2,+ 15+ i
* A T Rgh) H A vy
- 3_24 + 225 +2¢ —-27 + (2 dgh - dg - dh} '28 + vy = 0 oeve. (33

(1, + 25+ 25 -2gd ) = (2) + 2

b + Rod
a +“7 ~8 b)

+ (a4t dg hag - 2gd g HAgd ) 2 Ly g - kg

+ (13 + 25 - g 18&11.) + (24+ g = 1o - lsdg
+ Asdgh) + (i4 +dg o+ 2ot Jgdgh - )bdh) + W

+ W, = 0 sreaves (34)

It
2
Pt
i
s
b
I
~
(W]
-
.
-
4
.
LV
o
t
—
e
f=%
[
e
=3
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Ty vagtdg v 2y 8) + Qg% ag + 2y = 28y + 24d,)
+ (—}4—- Xt A+ zsdghlsdgh)'* (-_1\3

TAs At agdp) v Vg = dy tag -2y -2y 4y

+(db+dc+dr+dp "dcd -dyh)18+w7=o sevraseress (36)

+15 —;7 —zsdg +18dgh+),4+,25+;6

1, ) - d

g(h (2. + 2

2145 1 Aq

- }Sd d

+2d1-2 cd+18c

cd

mrgtagle) 4, By ag g - 2ed ) - dg (2

F A5 m g 20, - dg (24 * g =24 - 28dg

Agden) = 4,

s

+

d (2, + Xoo+ do+ JBdgh ~Adgdy) + Vg

(dh - du) ll + (dd + de - chd) 12 * (de - df) 13

+ d +d, + d
¢

d e

+ (Edgh --dg - q.) Ayt (- d, + 9,

-~ d —dg—d—2d +Qd)25—(da+d

f h cd gh + 4,

d

- d _dcd)16+ (d

- - d
oh +dc4 d!‘+dg d d )4

b cd zh

- 2 - 2
cd gh dg ugh dhdgh cdcd

+ w, =0 AR T T T e R (37)

)2 3

- 2d. d
c

ded™™8

The undetermined coefficients Jl, 22 38 are the solutions

which simultaneously satisfy the above correlate equations (30) teo (37).



Consequently, the most probable values of the angles can easily
be computed from both ihe equations (18) 1o {29) and the observation

equalions,

2.3. Compuintion of lenpgth ff

The side equations can be arranged as follows.

gin (no + bo)-51n r

IT = AR

sin (go + ho)-sin c

Therefore, from the above equation the length between the two
bench-marks set on both-banks is determined based on the length of
ihe base line AR and the most probable values of angles obtained in

the preceding paragraph,

These triangulation computations were made by & clectronic com-
puter requiring only a final result. As a result, the leungth 1T was

figured out at 641.722 meters.
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2.1

Test Drilling



LOCATION 'OF THE TEST DRILLING HOLES
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Summary of Test Drilling Holes

Inclination of hole:

Vertical

rone et [T | hete | poson] Prilbine | g
i surface{m) (mm) |tion test (year:1968)
E 1| 24,00 168.33 | 65 - 56 18 | T.0noue Feb.23-Mar. 1
'; 21 | 22,00| 166.59 | 65 - 56 13 |K.Shireyama | Apr.29-May 5
E 22 | 44,30 | Unobserved; 65 - 56 43 T,0noue Apr.27-May 28
& 23 | 23.40{ 163.81 | 65 ~ 56 14 |K,Shirayame | May 6-May 11
2 24 | 26.00| 165.80 | 65 - 56 13 " May 12-May 16
%5 25 | 25,00 | 164.71 | 85 - 65 11 o May 18-May 26
@] 26 35.00| 165.41 | 85 - 65 23 " Mey 27-Jun. 7
A 27 | 23,001 168.17 | 65 - 56 15 | T.Onoue Moy 30-Jun. 4
'g 28 | 21.30!| 167.90 | 65 - 56 14 " Jun. 5-Jun. 8
Total |244.00 164
2| 16.60 | 155.73 | 65 - 56 11  |K.Shirayams | Feb.28-Mar, 2
3] 17.15{ 155.73 | 65 - 56 7 " Mar. 5-Mar. 7
4 | 13,00 151.92 65 ~ 56 3 T.Onoue Mar. 2-Mar., 8
5| 13.00| 150.96 | 65 - 56 4 " Mar. 9-Mar,13
3 6 | 13.60] 153.58 | 65 - 56 6 |K.Shirayema | Mar.11-Mar,16
& 71 16.20 | 149.84 | 65 - 56 3 | 1.0noue Mar.1l4=Mar,18
2 8] 13.00 | 150.73 | 65 - 56 3 " Mar,19~Mar,25
& g3 12.80 151.581 65 ~ 56 4 K.Shireyama | Mar.21-Mar.23
= 10 { 17.10] 151.13 | 65 - 56 3 n Mar.26-Mar.30
: 11 | 12.50 152.16 65 - 56 1 T.Onoue Mar.26~Mar.29
o 12 | 12,00 | 150.95 | 65 - 56 1 " Mar.30-Apr. 1
3 13 T.20 149,82 65 ~ 56 1 K.Shirayams | Apr. 2-Apr. 3
Al 14| 1350 151,35 | 65 - 56 4 |T.Onoue Apr. 2-Apr.10
5 15 { 16.30 | 156.11 | 65 - 56 5 |KX.Shirayama | Apr. 5-Apr, 9
A1 16| 23.80| 155.28 | 65 - 56 3 n Apr.11-Apr.18
17| 15.00 | 152.36 ‘| 65 - 56 6 |T.0nove Apr.il-Apr.16
18 | 16.00 151.20 65 - 56 1 " Apr,L6-Apr.23
19| 28,00 | 155.57 | 65 - 56 5 |K.Shiraysma | Apr.19-Apr.26
20 | 13,00 150.93 65 - 56 4 T.0Onoue Apr.24-Apr.25
Total | 289.76 75
Drilling machine: UD ~ 5
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GEOLOGICAL RE EST D
RECORDS OF TEST DRILLING  HOLES
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GEOLOGICAL RECORDS OF TEST DRILLING HOLES
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GEOLOGICAL RECORDS

£y

T;EST DRILLING HOLES
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2.2 Soil Test



Summary of scil test
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Location: Nong Khai
%
Items Unit Cha{gcuriaticg
Sample No, 1 2 3 4 3 S A 8 9 10 1 12
ML
Bore Hole No. 21 21 21 22 22 A4 E u 2z 25 2% 26 ks
Snmpling Depth o 5,70-6,30 7.40-7.80 10.30-11,25 0,70-1,35 3.00-3.40 6.20~6,93 .9.60-10.35 6,50-7,25 7.30-8,20 8.00-3.75 9.00-7.75 1.00-1.70
Reddish Reddish Reddish Grey Reddish Reddizh  Reddish  Reddish Reddi
7. Observation 3 2 sh Reddish Reddish Yellow
——— browvn brown brovn brown brewvn brown - brown brown brown brown brown brown
I1. Properties
(1} Natural water content, w % 20,11 21,23 24,04 26,25 36,70 22,04 2B.42 25.41 25.75 25.72 25.40 16.45
(2) Specific gravaty of soil, G s 2,68 2,65 2,70 2,68 2.70 2,75 2.67 2.73 2,69 2.70 2,65 2.76
(3) ¥et denmaty, r, g/mn3 1.875 1,940 1.893 2.044 . L.789 2,009 1.792 1.899 1,891 1,948 1,992 2,067
(4) Dry density, Ty gfem 1.561 1.600 1.526 1.619 1,308 1.646 1.395 1,514 1.503 1,549 1,588 1,775
{S) Void ratio, e 0.717 0,656 0.769 0,655 1,064 0.671 0.914 0.802 0.790 0,742 0,669 0,555
{6) Degree of saturation, S % 75.17 85.76 B4.41 100 93,13 90.33 ' 83.02 86,39 87.68 91,46 100 B1.81
111, Grein Size
{1) Conatitution
i) Gravel part ] - - - 1.0 - - - - - - - -
ii) Sand part % 3.5 3.0 5.0 16.5 13.5 2.0 1.5 19.5 51,0 1.0 n,0 25.5
iii) Silt part % 75.0 T74.0 8.5 34.5 43,0 62.0 68,5 63.5 38.0 54,0 54,0 51,0
iv) Clay part % 21.5 23.0 16,5 45.0 41,5 36.0 30,0 17.0 11.0 13,0 15.0 23,5
{2) Max. diameter mn 0.105 0.105 0.105 4.8 2.0 0.105 ' 0,105 0.42 0.84 0.42 0.42 2.0
(3) 60 & dinmeter, D, mn 0.035 0.033 0,0403 0.016 0,013 0.017 0.018 0.06 0.13 0.07 0.063 0.06
(4) 10 £ c¢iameter, DlO ™ - - 0.0018 - 0,0017 - - 0,0018 0,004 0.0028 0.002 -
(5) Uniformity coefficient - - 22.4 - T.65 - - 33.3 32.5 25.0 31.5 -
Silty clay Silty clay Silty . Silty Silty Silty Silty Silty Silty S5ilty clay
(6) Grain size classification loam loan loam Clay Clay ‘clay clay loam loam loam Yoan loam
{7) Unified classification cL CL CL CL or CH CL or CH CL ; CL or CH ML or CL §C ML or OL CL CL
IV, Consistency
(1) Liquid limit, L.L. % 33.25 39.80 35.20 49.80 52,00 37.10 53.10 28,20 24,10 26.40 26,85 36,50
L) Plastie Limit, P.YL,, kA 20.45 21,70 22.05 17.3% 20.47 20,64 24.33 22.15 18.66 22.49 18.43 11.68
{3) Plasticity index, P.I. 12.80 13,10 13.15 32.43 31.53 16.46 28.77 6.05 5.46 3.51 8,42 24.82
{4} Plov index, P.I, 6.30 8.48 8,25 10.10 10.10 10.00 12,80 5.10 5.95 5.10 5.05 15.70
V. bShearing Strength !
(1) Unconfined compression -
i} Compression sirength kg/cmz 1.195 D.B883 1.051 0,505 0.471 0.861 3.920 0,426 0.290 0.498 0.556 0.664
ii) Sensitivity ratio 2.36. 1.56 4.08 1.18 1,64 1.38 5,16 N.G.Ll- 4.08 N.G.‘L:L N.G.A 1.06
(2} Direct compression
i) Cohesion, ¢ lq;/l:m2 - - - - - 0,60 - 0.30 - 0.70 0.28 0.60
i1) Internsl friction engle, g - - - - - 40°%02' - 37%8" - 15%39° 22%7’ 30%s8'
(3) Triaxisl compression
i) Cohesion, ¢ kg/enz 0.50 0,80 0.45 0,925 0,20 0.82 1.15 0.21 0,10 0,35 0.24 0.50
ii) Internal friction angle, ¢ 12%25' 19%18’ 10°%6" 5% 8%12' 11%2' 13%30' 15%39" 16°42° 6°17’ 82" 15%7’
Vi. Consolidation
(1) Initial void ratio, !; 0.610 0,672 0,670 0,642 1.380 0.689 0.876 0,769 0,657 0,616 0.680 0.682
(2} Preconsolidation loud, Py kg/cmz 3.50 4.50 3.20 1,22 1.17 3.00 4,90 3.00 2.63 3.90 2.48 0.56
(3) Compression index, C_ 0.198 0.186 0,147 0.161 0,361 0.235 0.308 0.251 0.201 , 0,137 ) 0.146 . °-155_2
{4) Coef, of comsolidation, C,  em*/aec  2.821070 1.66x10°  2.1x107  8.20070 8.1x10~0 12251072  2.0x1077 2.22x1077 3.1x107 1293107 115307 1.7x10
15) Coef, of volume cozpressi- - =5 5 =5 -5
Bility, M /g 13x1070 7.0x107°  2.0x10°  Losx10”® 47x107% 1.21x107°  B.ex10™® 1.38x107° 128610 633107 1.03410" 5.4x10 ;
16) Caef. of permeability, K co?/aec  3.6x1077 1.18x1077  1.74x10°%  1.6x1077  3.8x1077 1.5x1077  1.75x1G7 3.04x1077  4.0x1071 B8.1x107  1.2x10 $.2x10

Hemarks:

¥

PR .

The remoulding was impoasible for testing,

1a

*
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MECHANICAL ANALYSIS

Location Nong Khai

Soil clasgsification of grain size (Sample of
passed 2000 z sieve)

a CLAY
b SANDY CLAY

c SILTY CLAY
d  SANDY CLAY LOAM % %
o 2% >
e CLAYEY LoaAM f‘ 05 VA év.v#v.v‘v Y‘Y‘Y#VG"V‘.\
‘egv Av%'% ok v' ¢v¢ ». uv A;“v"
f  SILTY CLAY LOAM XA hﬁﬁﬂﬂ:& .:;‘ e w A :.m.vr\
XS im@xe
S m\ A5 g:::eg;‘::s:e:e',:a::#:::e:ggwﬂ X
g SAN D ‘é‘v‘uv‘ﬁﬂv‘vﬁ:nnQun A“'A#A'A‘A'A#A'A‘A"A ;nm.‘ Y. N
T e LV
h  SANDY LOAM S e B e A
. # t".'e “' “#Av%### ‘;@:ﬁ#€¢7¢¢g§¢$ o) é % %3"‘# ".¢ ﬁ'a#A'n#J
‘ (3 ¢*‘u¢},¢ A#A#g.l‘ ‘AeAAVA.VAA e’&': CXO0 GA"A"; AVL‘IV VA'AYA'F N
i LOAM .nnuunnu TODAO0LO0K nm.# #.3: s A\kvn-m ’a

n:nv rmmuuv VATV APV, AT AT TN
‘V '.u" "AVAYA AVA"AVA‘l VA"AVJA AYA"Q uv;v‘\uuuv v‘uv‘rﬁ .‘ e
AYA "A"A? TATATLY,) ‘3

'¢ KX ""v‘ ""% 000000 ﬂv‘.;
AT V T YAV FAVAYAYA) AV AYAYAVAT AVAVATA! ﬂ AVAVAVAVAVAVAYAV ALV
A#E;#A #A#A' V‘RA A".IVA‘%A' AVA‘;‘AYAV; YAV VAV VAV A Y AVAY A AT AVAYA VAL .‘h'.' 2

i SILTY LOAM

0 50 70 80 90

Silt %

Sample Gravel Sand Silt Clay | Max.size| Ds0 D19 |Unitorm: |2000u stei’el 420 sm‘:l Ty sieve 9’:““:"‘ — % §
No % % % % n nn R |ty Coett | Passed Percentage | roe psitiestion ) Remarks
1 B SILTY CLAY
No. [ -— 3.5 |75.0 | 21.5|C 105 |0035| — — 100 | 100 |896.0f f LOAM
No.2 | — |30 740 | 2300 10slo033] — { — lioo {100 lo7.0] ¢ [S&GSHAT
) SILTY
No. 3 — 50 [785 165 (0105 [00403[00018| 224 1100 | 100 |95 5 J LO%M
No. 4 10 |16.5 345 [ 480 |48 00ls] — — | 990 | B70O |82.0 | a CLAY
No. 5 — 135 145.0 141.5120 0013|0007 7.65 1 100 | 985 |86.5 | o CLAY
Nos | — | 20 {620 |36.0/0.105 0007 — | — [100 [100 [985]| ¢ [BLY
, . . (Na) Mo 200 No 40 No 10
Grain size accumulation curve Sjieve T T T T ] T T
) 74105 250 420 840 2000 4760
I. t T e F 1N |
i siniiissaiy f
g T 3 - IH
(g 1 I\\IOG--‘“- i " i 14((; H
w 8 : No | H i i No
%a kg
o W Py 1191
&g i
d - T [ i
'{é s lI l-4" {l Jili
03 1 Il ] ﬂ‘—: HH }1 _nhP
[T | L4 I T
&; 1 1 il st ‘}
B ot 3 ans!
o g - T Ng 2
I c x H aes
ord 113 7 Fl] rEng 1
+ L g - ! !
3 ] n - N 4l
g LHH N, 3
E RS T HHH
- 1 ’| L r H
0 - LN Nps t
N 1 E T e . - : - ) . g M L] .
" (mm) : C L (mw)
Sieve (mm) I 11
0.001 0005 0074 20 4.8 952 191 254 381508

Colloid I Clay Silt ' Sand Gravel
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MECHANICAL ANALYSIS

Location Nong

Khai

Soil classification of grain size (Sample of

passed 2000 # sieve)
a  CLAY
b SANDY CLAY
c SILTY CLAY

d  SANDY CLAY LOAM
e CLAYEY LOAM

f SILTY CLAY LOAM
s SAND

h SANDY LOAM

i LoAM

k| SILTY LOAM

&%V‘Vg"ﬂ'.ﬂl"&';ﬂ'&
T N ‘Y °YAY‘T;"‘Y‘VATAVAVA AV“
TAVAYAYLVAN ‘A‘V‘V
@ A d# AR YKL "A T

OO Ty TATAVAY . VAV ATATAY LV, J‘I nﬁ_
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Liquid Limit and Plastic Limit Tests — 1

Test

Result of

T 42

Plastic limit

Sﬁmple No. L%quid ?lasticity Flow
: limit (1)- (2) Mean index index
1 33.25 20.76  20.14 20.45 12,80 6.30
2 39.80 21,67 21.72 21.70 18.10 8.48
3 35.20 22.17 21.92 22.05 15.15 8.25
4 49,380 17.49 17.24 L7.37 32.43 10.1¢
5 52.00 20.62 20.32 20.47 31.53 10.10
6 37.10 20.66 20.62 20.64 16,46 10.00

60
~ e | JLigdid llimiit
T T d
k - T
\ "“‘-.\‘ T~ ~— ;
50 ‘M4 T~ T~ *
o I. ™ [~
& .""“-.1 — FNoi2 i T =
\\"'-../_: 0 t ™~ Sy
E — ™ ---"""--.; {
S ~ g T~ 5~
=l il hr T ™
& ‘"‘*‘-‘_.__\H-..gl\ -
5 o[l T .
= i I B S i W
30 i -
20 I
2 4 6 8 |10 I5 20 25 30 40 50 60 80
Number of blows
Rermorks ;. The soil passing 0.4 mm sieve was used for the test

to decide the liqud ond plastic limits.



Liquid Limii and Plaslic Limit Test - 2

Result of Test

S le No Liquid Plastic limit Plasticity  Flow
amp ° limit (1) (2) Mean index index
T 53.10 24.75 23.91 24.33 28.77 12.80
28,20 22.27 22.02 22.15 6.05 5.10
24.10 18.46 18.85 18.66 5.46 5.95
10 26,40 22.54 22.43 22.49 3.91 5.10
11 26.85 18.50 18.36 18.43 B.42 3.05
12 36.50 11.85 11,50 11.68 24,82 15.70
~d I
-\\\ }
60 }
“-.___‘\
= = X\.
50— ™.
= ] _ “"-.\\;
[s1] =
1 ™ __Nol2 |
3 e | _-rLiquid [limit
S 40 ~ |
S ~
= i
t 4
1 O |
T __‘:', I,NO 't | \\
s P N
> B S e e e N
1 —
‘g
20 { 1T
2 4 6 8 10 15 20 25 80

Number of blows

Remarks: The soil passing 0.4 mm sieve was used for the tesf
fo decide the liquid ond plastic limits.



-Direct Shear Test

Dry density Normal stress

Maximum shear Cohesion Internal friction

Sample No. 3 2 stress ¢ angle
{g/em”) {kg/en”) (kg/em™) {kg/fem™)
1.650 0.6 1.118
6 1.618 1.1 1.511 0.60 40%02"
1.649 ) 1.6 1.739
1.630 2.1 2.400
1.491 0.6 0.758
g 1.496 1.1 1.190 0.30 37936+
1.498 1.6 1.373
1.501 2.1 1.914
1.480 0.6 0.874
10 1,507 1.1 0.963 0.70 15%39
1.499 1.6 1.137
1.501 2.1 1.309
1.542 0.6 0.531
u 1.520 1.1 0.766 0.28 229471
1.536 1.6 Q.937
1.510 2.1 1,163
1.754 0.6 0.973
12 1.770 1.1 1.237 0.60 30581
1.781 1.6 1.560
1,733 2.1 1,654




Triaxial Compression Test

Dry Lateral Max. compression Cohesion Internal fric-~
Sample No. de_?glty preg;sur_e stress . . tion a:gle
(g/ om> ) {kg/ cmz) (kg/ en’ ) { kchmz )
1.600 ° 1 .1.803
1 1.561 2 2.431 0.50 12%25
1,562 3 2.776
1.600 1 3,238 o
2 1.615 2 "4.250 0.80 19718!
1.543 1 1.569
3 1.526 2 2.038 0.45 10°46!
1.509 3 2.74F
1.619 1 0.725 o
4 1.605 2 0.921 0.925 543
1.619 3 1.198
1.273 1 0.828 .
5 1.308 2 1.161 0.20 8%32°
1.329 3 1.804 '
1.622 1 2.547
6 1.619 2 3.100 0.82 11921
1.646 3 3.651
1.406 1 3,602
7 1.400 2 4,182 1.15 13%30°
1,395 3 4,691
1.461 1 1.160
8 1.514 2 1,955 0.21 15%3y¢
1.551 3 2,583
1.503 1 1,031 o
9 1,481 2 1.896 0.10 16742
) 1.611 1 1.046 .
10 1.549 2 1.358 0.35 8°%17!
1.549 3 2.100
1.595 1 0.961
11 1.588 2 1.231 0.24 8%32°
1.580 3 1.709
1,668 1 2.10 .
12 1,742 2 2,78 0.50 15°07!
1.775 3 3,31




Unconfined Compression Test

Unconfined compres—

Mean water Unit sion strength

Sample No. content weight (kg/cm? ) , iz:iitivity
) 3 undisturbed disturbed
e} {gfem” ) sample sample

1 19.06 1.878 1.195 0.308 2.36
2 27.41 1.878 0.883 0.564 1.96
3 22.89 1,858 1.051 0.258 . 4.08
4 26,77 2.030 0.505 0.427 1.18
5 38.27 1,803 0.471 0.287 1.64
6 24,86 1,965 0.861 0.626 1.38
7 23,70 1.797 3.920 0.760 5.16
8 27.18 1.848 0.426 - -
9 21,17 1,838 0.290 0.071 4.C8
10 25.76 1.934 0.493 - -
11 25.85 1.950 0.556 - -

12 16.51 1.992 0.664 0.627 1.06
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Compressive Sirength Test

of Core Samples (Siltstone)

Sample Bore hole Sampling Compressive 2
No. No. depth (m) strength (kg/em®)
1 3 7.5 = T.¢ 173
2 6 10.45 - 10.60 170
3 9 T.3 - 7.4 165
Mean 169
Remarks
(1) The test was made with the dry condition at the
laboratory of Chuo Univ.ain Tokyo on Aug. 17, 1968.
{2} Purthermore, two more samples were tested in the
laboratory ot N.E.A. in Bangkok on Apr. }, 1968,
The results were as follows:
Bore hole Sampling Compressive
No. depth {m) strength (lkg/cm™ )
1 20 115.3
3 12 126.9
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Concrete Aggregate
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RECOMMENDABLE SAND AND GRAVEL DEPOS|TS
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SAND TEST

57

1) SIEVE ANALYSIS
“SITE: A
¥: Cumulative weight retained (grm) F.M,: Fineness modulus
%: Cumulative percent retained
Sample No. 1 2
Weight of
sample 516 grms 5341.7 grms 516 grms 500 grms
Sieve No, W %% W ° W % ¥ %
4 0 0 o 0 0 0 0 0
3 T 13.4 63.2 ] 11.7 37 T.2 27 .4
12 84 15.9 76.4 | la.l 43 8.3 34 6.3
16 (19.,0) {18.0) {11.0) {10.0)
30 146 27.6 165,2 | 26.8 79 15.3 86 17.2
50 371 70.1 384,21 T71.0 360 69.8 a02 8u.4
100 499 94.4 513.2 1 94.9 487 94.5 490 98.0
Passing 529 100.0 541.7 | 100.0 516 160.0 500 100.0
- Max. size 2.7 mm 3.0 mm 1.3 rmm 1.3 mm !
F.M, 2.25 2.22 1.98 2.11
Sample No, 3 4
Veight of .
sample 504 gros 505 grms 503 grms 495 grms
Sieve No. W % 1§ g W yid W €
4 1 0.2 0 0o . 0 0 0 0
8 42 8.3 44 8.7 66 13,1 67 13.5
12 50 2.9 53 10.5 76 15.1 76 15.4
16 (13.0) {13.0) (18.5) |-, (18.5)
30 98 19.4 96 1%.0 110 21.9 113 22.8
50 355 70.5 355 70.4 302 60.0 300 60,6
100 487 96.6 489 96.8 450 89.3 447 90,4
Passing 504 100,0 505 100.0 503 100.,0 495 100.0
Max, size 1.8 mm 1.8 mm 2.9 mm 2.9 mm
F.M. 2,08 2.08 2,03 2.06
Opening {(mm)
015 03 06 12 25 50 [¢}s]
— = Q -
= == @
— ;___u-;‘l == .E
e = 20 ;:E
A7 = = = = Y E
/2 = E
A © 3
e s =
By o ) v v iy S
,/5-7_%.:,;?* =R & E
1.;___..__,_.( = : == S
e = = t 100
0o 50 £ t6 8 4



SITE: A

2) UNIT WEIGHT

SAND TEST

Sample No. 2
Weight of sample (grm) 3,212 | 3,226.5| 3,319 | 3,331
Volume of sample (cm3) 2,000 | 2,000 2,000 | 2,000
Unit veight (kg/m’) 1,610 | 1,610 | 1,660 | 1,670
3) SPECIFIC GRAVITY
Sample No. 2
Weight of sample {grm) = 500 500
Capacity of flask (cma) = 500 500
Water added to flask (cmj) = 313 309
Specific gravity A/(B ~ C) 2,64 | 2.62
4) ABSORPTION
Sample No. 2
Weight, surface dry condition (grm) A = 500.0 {500,0
Weight, oven dry condition (grm) B = 464,2 1493.8
Absorption (A ~ B}/B x 100 (%) 1.17 1.25
5) MATERIAL PASSING NO,200 SIEVE
Sample No. 1 4
Weight of sample before washing (grm) 500.0 |500.0 500.0 } 500.0
Weight of sample after washing {grm) 495.2 ]496.1 494.3 | 496.1
Decreased amount {grm) 4.8 3.8 5.7 3.9
Percentage ‘ 0.96 | 0.78 1.14 ] 0.78
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SAND TEST
1) SIEVE ANALYSIS
SITE: B
W: Cumulative weight retained (grm) F.M.: Fineness modulus
%: Cumulative percent retained
Sample No. 5 6
Weight of
sample 500 grms 500 grms 500 grms 500 grms
Sieve No. ¥ % W % W o, W %
4 3 | 0.6 4 0.8 4 0.8 ~0.5] 0.1
8 98 19,6 101 20,2 76 15.2 39,5 7.9
10 112 22.4 113 22.6 84 16.8 46,5 9.3
16 (32.5) (30.0) 123.0) (15.0)
30 226 45,2 203 40.6 152 30.4 117.5 23.5
40 n 74.2 375 75.0 307 61.5 293,5| 58,7
50 483 96,6 477 95.5 461 92.2 457.5| 91.5
100 499 99.8 495 99.0 491 98.2 487.5| 97.9
Passing 500 100.0 500 100.0 500 100.0 500.01 100.0
Max., size 3,5 mm 3.5 rm 1.9 mm 3.2 mm
F.M, 2,94 2.86 2,60 2.36 '
Sample No. T 8
Weight of
sam;g)le 500 grms 500 grms 500 grms 500 grms
Sieve No. W % W % W % W %
4 0 0 1 0.2 0.8 0.2 0 0
8 19 3.8 25 5.0 14.3 2.9 18 3.6
10 22 4.4 30 6.0 109.6 21.9 22 4.4
16 (11.0) (22.5) (23.5) (13.5)
30 91 18,2 105 21.0 127.8| 25.6 138 27.6
40 267 53.4 283 56.6 420,8| 84.2 437 87.5
50 441 88.2 455 91.0 484.81 97.0 491 98.2
100 479 95.8 | 49 98.4 488.8| 97.8 495 99.0Q
Passing 500 100.0 500 100.0 500.0] 100.0 500 100.0
Max. size 1.2 mm 1.5 mm 2,2 mm 1.5 mm
.M, 2,17 2.28 2.47 2.42
Opening {mm}
015 a3 0& 12 25 50 !000
e o
’Z?’.}':":_——:’,i-—* e i el .g
S e A e L 20 4‘:’_’
A= T — = 2
- :‘**/ﬁ/,/i?f_i_ }-{é( IS S +—
v Sl ey ey S A B ety Gl et g tiwe 20 S
: = = =
: e 5 = d&
= o : o
A= 0z
= 7 : 5
7/ —{— ; 5
= =
= .——ﬁf : o ——T : (&
4——“:‘"‘——| : : : = 1ls%}
o0 80 e 16 8 4

Sieve No,



SAND THST

60

Sample No. 5

RResult Trace

SITE: B
2) UNIT WEIGHT
Sample No. 6 7
Weight of sample (grm) 3,317.2 [3,322.2 | 3,327.2| 3,322.2
Volume of sample (cm3) 2,000 2,000 2,000 2,000
Unii weight (kg/m3) 1,560 1,560 1,660 1,660
3) SPECIFIC GRAVITY
Sample No, 6
Weight of sample (grm) A= 500 500
Capacity of flask (cm3) B = 500 500
Water added to flask (cm3) C = 306 307
Specific gravity A/(B - C) 2.58 2.59
4)  ARSORPTION
Sample No. 6
Weight, surface dry condition (grm) A = 500.0 500.0
Weight, oven dry condition {grm) B = 495,2 494.7
Absorption (A - B)/B x 100 () 0.97 1.07
5) MATERIAL PASSING NO.QQO S1EVE
Sample No. 5 8
Wweight of sample before washing (grm) 641.8 570.0 522.6 | 500.0
Weight of sample after washing  (grm) 634.9 563.0 517.2 | 497.7
Decreased amount {grm) 6.9 7.0 5.4 2.3
Percentage 1.1 1.2 1.0 0.5
6} ORGANIC IMPURITIES




SAND TEST
1) SIEVE ANALYSIS

SITE : C

W: Cumulative weight retained {grm) ,M.: Fineness modulus
%: Cumulative percent retained

Sample No. 9 10
Vol
s:;%?: of 500 grms 500 grms 500 grms 500 grms
Sieve No. W % WV % W A W %
4 4] o ] ) 0 4] 0 0
] 19 3.8 15 3.0 47 9.4 49 9.8
10 23 4,6 20 4.0 55 11,0 58 11.6
16 {9.0) (9.0) (20.0) (20.0)
30 79 15.8 79 15.8 165 33.0 163 32,6
40 164 32,8 200 40.0 272 54,4 263 52.5
50 418.9 | 83.8 434 86.4 380 76.0 371 T4.2
100 498,0 | 99.6 . 498 99.6 475 95.0 472 94.4
Yassing 500 160,0 500 100.0 500 100.0 500 100.0
Max. size 1.1 mm 1.1 mm 2.3 mm 2.3 mm
F.M. 2.12 : 2.14 2.33 2.31
Sample No. 11 -1 11 - 2
i
s:;igz of 500 grms 500 graos 500 grms 500 grms
Sieve No. 1 % v %o W % W %
4 0 0 0 0 0 0 0 0
8 43 8.6 42.4 8.5 43 3.6 47 9.4
10 51 10,2 50.0 | 10.0 50 10.0 53 10.6
16 (24.0) {24.0) (26.0) {27.0)
30 217 43.5 217.0 43.4 242 48.4 251 50.2
40 ja23 64.6 319.0 | 63.8 354 70.8 356 TL.2
50 43U 86,0 451.0 | 86.2 433 6.6 437 B7.4
100 490 98.0 489,01 vr.8 492 98.4 4032 98.4
Passing 500 100.0 500 100.0 500 100.0 500 100.0
Max. size 2.0 mm 2.0 mm 2.0 mm 2.2 mm
F.M, 2.60 2.60 2,68 2.72
Opentng  [mm])
018 03 06 12 25 50 lm%
)
= ey P T o @
—— — £
== 2
s 4{;.4:7’/ Ptos 20 i
T = s = 1 4
- A== = = =3
1"'——)9',:')/; - 40 §
S A : &
/i = 6 s
‘:—t i g
= I'If = 80 E
s e e — 3
e e e e o
100 S0 30 16 8 4

Sieve No,
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SAND TEST

SITE: C
2) UNIT WEIGHT

Sample No. 10 11-1 11-2
Weight of sample (grm) | 3,408.2| 3,427.3| 3,438.2 | 3,446.2 | 3,404.2| 3,410.2
Volume of sample (cm3) 2,000 2,000 2,000 2,000 2,000 2,000
Unit weight (kg/m°) (1,700 |1,710 |1,720 |1,720 {1,700 {1,710
3) SPECIFIC GRAVITY

Sample No, 11-1 11.-2
Weight of sample {grm) A= 500.0 500.0 500.0 500.0
Capacity of flask (em) B = 500.0 | 500.0| 500.0| 500.0
Water ndded to flask  (em ) c=| 307.5| 307.5{ 308.3| 308.3
Specific gravity A(B - C) 2,60 2.60 2.60 2.60
4} ABSORPTION

Sample No, 11-1 11-2
Weight, surface dry condition {grm} A = 500.0 500.0 500.0 500.0
Weight, oven dry condition {grm) B = 496.3 495.7 494.9 494.5
Absorption (A - B)/B x 100 (%) 0.75 0.87 1.03 1.11
5) MATERTAL PASSING NO.200 STEVE

Sample No. S and 10
Weight of sample before washing (grm) 502,0 500.7
Weight of sémple after washing (grm) 499,1 497.8
Decreased amount {grm) 2.9 2.9
Percentage 0.58 0.58

6) ORGANIC IMPURITIES
Sanmple No. 9

Result Trace



SAND TEST

1} SIEVE ANALYSIS

SITE: Bridge Site
W: Cumulative weight retained {grm) F.M.: Fineness modulus
%: Cumulative percent retained
Sample No. 12 13
Weight .
s:,;fﬂe of 494,2 grms 490,5 grms 500.4 grms 500.9 grms
Sieve No. W % W A W % W %
4
8
12
16 (0) (0) (0)
30 0 0 1.7 0.3 0.2 0 0 ¢]
50 2.0 0.4 5.2 1.1 5.7 1.1 3.7 1.1
100 444.4 | 88.9 439,2 | 89,6 447.7 | 89.5 453,71 90.6
' Passing 494.2 [100.0 . 490.5 1100.0 500.4 1100.0 500.9 100.0
Mox. size 0.3 mm 0.3 mm 0.3 mm 0.3 mm
P.M. 0.89 0.91 ¢.91 0,92
Opening (mm}
oI5 03 06 12 25 50 100
g — T T 1=t O
4/ e — ==es T
7 — : £
,'; — = w0 5
= S © g
7 — =
7L = —— A
———" ———» 2
—— i 8
— —r==—F+500
100 50 0 16 8 4

Sieve: No
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SAND TEST
SITE: Bridge site
2) UNIT WEIGHT
Sample No. 12 13
Weight of sample ‘ (grm) 2,903 2,903 2,925 | 2,927
Volume of sample (cm3) 2,000 2,000 2,000 | 2,000
Unit weight (kg/m°) 1,450 | 1,450 | 1,460 | 1,460
3) SPECIFIC GRAVITY
Sample No., 13
Weight of sample {grm) A =-| 500.0 500.0
Capacity of flask (cm3) B = 500.0 500.0
Water added to flask (em®) €= | 303.2 | 302.5
Specific gravitiy A(B - C) 2.54 2,53
4) ABSORPTION
Sample No, 13
Weight, surface dry condition (grm) A = 500.0 500,0
Weight, oven dry condition (grm) B = 491.9 492,1 -
Absorption {A - B)/B {s%) 1.65 1.61
5} MATERIAL PASSING NO,200 SIEVE
Sample No. 13
Weight:of sample before washing (grm) 500,0 500.0
Weight of sampleég?gggiggggiqg‘ (grm) 491.3 487.7
Decreased amount {grm) 8.7 12.3
Percentage 1,74 2.46
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GRAVE[, TEST
1} SIEVE ANALYSIS
SITE: A
W: Cumulative weight retained (grm) F.M.: Fineness modulus
%: Cumulative percent retained
Sample No. 2
Weight of | ) 515 grms 21,464 grms 4,855 grms 6,302 grms
sample r g ’ 44 ’ g ' g
S. i ¥ v -
?ggh“;”e W e W % v % W e
2 3,680 17.1 3,675 17.1
13 6,008 27.9 5,999 27.9 1,114 23.0 2,433 38.6
1 12,150 | 51.8 | 11,000 | s1.6 2,238 | 46.1 3,762 | 597
3/4 13,437 62.5 13,337 62.1 2,808 57.9 4,449 | 70.6
1/2 16,067 74.8 3,553 73.2 5,076 80.5
3/8 17,887 83.0 17,874 83.3 3,981 82.1 5,457 86.6
No.d 21,515 { 100.0 | 21,464 |100.0 4,855 | 100.0 6,302 |100.0
Max. size (60 mm) {60 mm) (55 rm) ., {70 mm)
F.M. 7.73 TaT3 7.63 7.96
Sample No. 3
Weight of |, 155 grms 5,131 grms 11,831 grms 13,884 grms
sample ! ' ! !
Sieve size of o o’ o
(inch) L' % v Ca W g W %
2 1,747 | 14.8 1,566 | 11.3
13 542 | 13.1 820 | 16,0 3,835 | 32.4 4,521 | 32.5
1 1,298 31.5 1,800 35.1 5,940 50.2 7,630 55.0
3/4 1,994 | 48.4 2,194 | 42.8 7,370 | 62.3 9,027 | 65.0
1/2 2,804 68,0 3,498 68.2 9,080 | 76.8 11,015 79.3
3/8 3,082 T4.8 4,088 79.7 10,052 85.0 12,053 86.7
No.4 4,125 | 100.,0 5,131 [100.0 11,831 }100.0 13,884 |100.0
Max. size (45 mm) (50 mm) {55 mm) (50 mm)
.M. 7.36 7.38 7,80 7.84
) Opentng (mm]}
5 10 15 20 25 30 40 50 ;60 70 BO |m0 E
= = o3
o
o +
s =4
40 3
S
o
— 60 o
T >
T +
T o
T m ;
E
pareval =
t T ¥ &
12 2 3 100

Sieve size

{inch)



SITE: A

2) UNIT WEIGHT

TEST

GRAVEL

Sample No. 2 3
Weight of sample {(grm) 18,596 | 18,585 19,944 | 19,856
Volume of semple (cm3) 10,776 | 10,776 |} 10,776 | 10,776
Unit weight (kg/m°) 1,730 | 1,720 | 1,850 | 1,850
3) SPECIFIC GRAVITY end - ABSORPTION

Sample No, 2 3
Surface dry] Weight in air (grm) A =| 2,000.0 2,000.0| 2,000.0| 2,000.0
condition Weight in water{grm} B =| 1,237.5]| 1,235,0| 1,233.0| 1,242,5
Weight, oven dry condition (grm) C =| 1,991.0| 1,990,0/.1,984,0 1,683.2
Specific gravity AJ(A - B) 2.62 2,61 2,61 2,64
Absorptiion (A = C)/C x 100 (5) 0.45 0.50 0.86 0.85
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1) SIEVE ANALYSIS

GRAVEL TEST

SITE: B
W: Cumulative weight retained (grm) F.M.: Fineness modulus
%: Cumulative percent retained
Sample No. 3
:§;§?§ of 5,000 grms 2,000 grms 5,000 grms 5,000 grms
Sieve size o . o o
(inch) %) % W % W % W %
2
1% o] o 0 0 0 C 0 0
1 43 0.9 107 2,1 90 1.8 55 1.1
3/4 372 7.4 676 | 13.5 439 5.8 567 1 11.4
1/2 2,043 40.8 1,989 | 39.8 2,239 | 45.2 2,222 1 44,5
3/8 3,145 62,9 3,151 | 63.0 3,152 { 63.0 3,343 ] 67.0
No.4 5,000 100.0 5,000 | 100.0 5,000 | 100.0 5,000 { 100,0
Max. size 20 mm 22 mm 20 mm 20 mm
F.M. 6.70 6.77 6.72 6.78
Sample No.
Weight of
sample 4,957 grms 4,912 grms 1,420 grms 1,370 grms
Sieve size oz ef o W o
{inch) W G W Yo Y ¥ %
2
13 0 0 0 0 0 0 0 0
1 222 4.5 180 3.7 13 0.9 12 0.9
3/4 472 9.5 459 | 9.3 20 1.4 20 1.5
1/2 1,732} 35.0 1,690 | 34.4 178 | 12.5 204§ 14.8
3/8 2,940 59.3 3,041 | 62.0 527 | 37.1 5591 40.6
No.4 4,957 { 100.0 4,912 | 100.0 1,420 | 100.0 1,370 { 100.,0
Max. size 20 mm 20 mm 13 mm 15 mm
F.M, 6.69 6.71 6.38 6.42
&0 8o 100
. o

Cumulative Percent Retained

b2 g |
size (inch}

Sieve




SITE: B

~2) TUNIT WEIGHT

GRAVEL _TEST

Sample No. 6 and 7
Weight of sample {grm) 18,726 | 18,626
Volume of sample (cm3) 10,776 | 10,776
Unit weight (kg/mj) 1,740 1,730

3) SPECIFIC GRAVITY and ABSORFPTION

Sample No, 6
Surface dr%] Weight in air (grm) A =| 2,106.3} 2,052.1
Londition Weight in water(grm) B =| 1,288.0] 1,256.9
Weight, oven dry condition {(grm) C =| 2,080.6| 2,025.9
Speeific gravity Af{A = B) 2.58 2.58
Absorption (A - C)/C x 100 (4) 1,23 1,28




1) SIEVE ANALYSIS

W

SITE: C

GRAVEL _TEST

Cumulative weight retained {grm)

P.M.:

Fineness modulus

%: Cumulative percent retained
Sample No. 9 10
Weight of 000 15.000
sample 2,120 grms 2,120 grnms 15, grms 5, grms
Siizzc;§z° W o W <l v % v of
2 (0) (0}
1% 0 0 0 0 1,645 | 11.0 1,645 | 11,0
1 32 1.5 18 0.8 4,570 | 30.4 4,652 | 31,0
3/4 166 7.8 173 8.2 7,275 | 48.5 7,278 | 48.5
1/2 601 | 28.3° 582 27.5 | 10,344 | 69.0 10,338 | 69.0
3/8 720 | 34.0 914 43.1 | 12,088 | 80.0 12,016 | 80.1
No.4 2,120 | 100.0 2,120 | 100.0 | 15,000 | 100.0 15,000 | 100.0
Msx., size 18 mm 18 wm 40 mm 40 mm
F.M. 6.42 6.51 7.39 7.40
Sample No, 11 -1 11 - 2
Weight of | 50 833 gras 20,544 18,841 18,728 gr
samnle ’ E r ETrms , g2Ims ' grms
Sieve size ]
{inch) v % v % W % W %o
2. 1.192 | 5.7 1,192 | 5.8 2,077 | 11.0 2,077 | 11.1
1 4,250 | 20.4 4,199 | 20.4 3,802 | 20.2 3,632 | 19.4
1 9,910 | 47.6 9,647 | 47.0 8,456 | 44.9 8,399 | 44.8
3/4 13,218 { 63.5 12,996 | 63.2 11,861 | 62.9 11,690 | 62.4
1/2 16,680 | 80.1 16,458 | 80.0 14,925 | 78.2 14,755 | 78.8
3/8 18,291 | 87.8 18,160 | 88.4 16,400 | 87.0 16,230 | 86.6
No.4 20,833 | 100.0 20,544 [100.0 18,841 | 100.0 18,728 |100.0
Max. size 45 mm 45 mm SO mm 50 mm
P.M. 7.72 7.72 7.70 7.68
Opening {(mm}
5 i5 _ 20' 25 30 40 5:)__ 60 70 80 100o -
> 3 S
5
HD @
o
E
- = - c
—1— 0 8
bl Eelie fam ;
= — o
— 680 4
=== £
—— o
— 80 S
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—— =
== {=F-I=1—] 100 (]

Sieve size {inchl




GRAVEL TEST

SITE: C

2) UNIT WEIGHT

Sample No. 10 11-1 and 11-2
Weight of sample (grm) 19,656 | 19,656 | 20,226 | 20,026
Volume of sample (grm) 10,776 | 10,776 | 10,776 | 10,776
Unit veight (kg/m°) 1,820 | 1,820 | 1,880 | 1,860

3) SPECIFIC GRAVITY AND ARSORPTION

Sample No. 11 -1 11 -~ 2
[Surface dry] Yeight in air (grm) A =!5,053.5|5,135.0| 5,023.3 5,083.9
condition ] Weight in water{grm) B =! 3,120.4| 3,192,5{ 3,099.1{ 3,134.,5
Weight, oven dry condition (grm) C =| 5,022.6| 5,102.7| 4,989.6| 5,050.6
Specific gravity Af{h - B) 2,62 2.64 2,61 2.61
Absorption (A - C)/C x 100 (%) 0.62 0.63 0.68 0.66
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COMPRESSIVE STHENGTH TEST OF CONCRETE

1) DESIGN MIX

Cement ; 250 kg/m3 Gravel: 1,380 ltg/rﬂ3
Water: 150 kg/m3 Sond : 640 k,g/m3
W/C : 60 ¢ '

2} RESULTS OF TESTS

Sampling site . Apparent Compressive
Weight density Slump strength
Sand Gravel (kg) {kg/m3) {cm) (kg/cu®)
13.48 2,550 109
A 13.43 2,540 6.9, 6.5 g 104
13,52 2,550 95
Mean 13.48 2,550 . 6.5 103
A 13.08 2,470 108
12.90 2,440 114
A,B,C 13.05 2,460 7-2' 7-7‘ Uga 133
12,61 2,440 107
12.95 2,440 113
Mean 12,98 2,450 7.5 113
13,10 2,470 172
13.14 2,480 169
B B,C 12,92 2,440 7.0, 7.5| a5 | 172
12,97 2,450 175
13.04 2,460 164
Mean 13.03 2,460 7.3 170
13.06 2,460 105
13,45 2,540 s, | 105
13.16 2,480 115
Mean 108
C c 13.37 2,530 10.1, 10.9 178
13.34 2,520 0, | 177
13.40 2,530 176
13,46 2,540 172
Mean 13.32 2,510 10.5 Mean | 176
Remarks: 3
1) Specimen size: 15 em die. x 30 cm high (V = 5,300 em”)
2) Cement used: Ordinary Portland cement made in Thailand (Tiger brand)

3) o0, : Compressive strength at 7-day age
4) g,,: Compressive sirength at 28-day age



3.2

Embankment Material
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GRAIN SIZE ANALYSIS

Loca.tion NOI‘Ig th"

So0il classification of grain size

a CLAY
b SANDY cLay
¢  SILTY CLAY

=

SANDY CLAY LOAM
CLAYEY LOAM

SILTY CLAY LOAM
SAND
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No. % % % % nn R B2 |ty Coelt | Passed Percentage | ‘oo e
| 0 Oi| 269 73 |O105j0.0032; .- —_ 100 | 100 1999 o] CLAY
2 0 [ 3B 61 |O105 |0.0049 — — 100 | 100 [98.9 | a CLAY
3 5] 24 38 32 (4.8 0.037 | _ — 94.1 | 900 {702 | a CLAY
4 o | 5 |68 | 27 a4z looar| — | _ [100| 100 |94 | t |THAmSY
5 8 12 4 i 39 (48 0.04 — — Q22 | 875 | 79.7 a CLAY
6 0 s | 58 | 34 (025 |0.04a | | _ [100]| 100 Jo2.1{ ¢ |&IAYY
. R (M) Mg 200 Na 40 Na 10
Grain size Sieve T 1 I I ] | |
accumulation curve i) 74105 250 420 840 2000 . 4760
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= - i O i {11t
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% == i Sampls No.4 ki ! H .
1 : i i '
ul E : ﬁ ! T
oL i NI 106141 1 ninj
TR ] 0. . T . . 1.7 . o
(ma) (xR)
Sieve (mR) l I O
0.001 0.005 0074 20 - 4.8 952 191 254 381508
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Liquid Limit and Plastic Limit Tests

Result of Test

Plastic limit

' Liquid Plasticity Flow
Sample No. Timit (1) (2) Mean index index
i 63.52 28.482 27.82 28.32 35.20 ©9.73 .
2 56.55 25.08 25.05 25,07 31.48 113.60
3 45,20 16.72 16,90 16.351 28.39 13.12
4 34.50 16.01 16.06 16.04 18.46 9.76
5 50.80 16.71 16.50 16,61 34,19 13.60
6 54.70 16.07 15,93 16.00 38.70 6.80
70 _ i T
‘\_\ - /fL.IQUiderIT
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" e 1 Mo T~
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4
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30 ! s
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‘ Number of blows
Remarks : The soil passing O4 mm sieve was used for the test

to decide the ligquid and plastic limits.
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Triaxial Compression Test

. . Dry - Lateral Max. compression Cohesion Internal fric-

' Sample Yo. ~der‘;‘gity prcg;ure streSS}’l . tion angle
(gfew’)  (xg/en) (se/en®) __ (kefen®)
1.720 0.5 10,48
1.720 1.0 12.72 o
1.725 1.5 10. 88 2.05 35700
1.715 2.0 14.92

1&2
1.402 1.0 3.961
1,398 2.0 6.490 0
1.396 3.0 7.502 1.75 16742
1.382 4.0 T.734
1.920 0.5 5.41
1,927 1.0 10.18 o
1.922 1.5 10.19 1.10 33701
1.926 2.0 9.17
3 &4
1.600 1.0 4.029 o
1.605 2.0 5.226 1.10 19718
1,603 3.0 6,153
1.903 0.5 9.90
10900 1.0 12-19 (o}
1.901 1.5 11.64 2.10 33701
1.504 2.0 12.37
5
1,618 1.0 4.703 .
1,615 2.0 7.118 1.55 21°48"
1.611 3.0 8.263
1.889 0.5 7.64
1.884 1.0 B.44 Q
1.889 1.5 9.83 1.75 30 58!
1.881 2.0 14.26
6

1,599 1.0 4.286
1.606 2.0 6.520 0
1.596 3,0 7.575 1.75 16 421
1.589 4.0 8.444
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WATER LEVEL AND DISCHARGE
STATION Hydrographic O ce.

River

system, Al el on 2 Srame of Er?;néﬁ?m) : Year_ /56
Jan Feb Mar Apr May June '
H Q H Q H Q H Q H Q H Q
1] ' .~ 1
2 - 2
3 - 3
41 - 4
5| - 5
6 - 6
7 — 7
8 - 8
9 —~ 9
10 — 10
11 B752 11
12 #5734 12
13 iy o4 13
14 #3764 14 -
15 L7178 15
16 15745 16
17 LASE 17
18 #8737 18
19 ' L5720 19
20 W2y i74 20
21 AT 21
22 £3733 22
23 Jeras] 23
24 Werdes 24
25 LST93 25
26 WarZil 26
27 £85861) 27
28 LSBT/ 28
29 B 29
30 Vertd 30
31 31
MAxl MAX
MIN MIN
: TOTAL ' : TOTAL
"[ pavs DAYS
MEAN MEAN
H: W.S.EL in m__, Q:Discharge in__""see, N.K.Form 61201

Zero point of water gauge:ElL_/5F.2/7 "
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WATER LEVEL AND DISCHARGE
STATION fvdroghaphic. Office .
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17 | 43.48) 272 VAR AR V.| R V-7 R I A
L7727 RO V%) I 7/ .. I V777 7 N V(WO W7 ] MO W |-
R V7 -/ R V., R 07 R N7/ I |8
20 | 2! 7633/ el AT ST, Yot 74 20
NV Y. R VAR R - 21
A W00 R 7 Y | N V. W 07 S 77 W V. 7/ 4 22
17 .Y /Y'Y _/JZZ£i_m__ ..y A _23
2R I 7 R V. A - | 24 V7 24 R -
25 | 4/57 /6478 JA128 448 i $745 G447 -25
26 | /187, {818 A 2| R .7/ N V7 ¥/ 4 N - 2
27 | JL45| p R V. R V7 R V- R V. 7/« S i |
28| plsl MR |\ | e | 48 LE7 28 -
R 077 R Vv R VL. R V< 7 SEM | hdS 29
7 L 2L R V2 R Wy v N V7. i 30
31 | 714 S48 941! 184680 31
MAX| eaf Adsell__ \wson e\l |wsa MAX
MIN | jg72 /57 4225 524/ 5749 440 MIN
TOTAU oS dad el st lowdb  |um ToTAL
DAYS | 3/ 3/ __"_.___j_j _____ o 30 3/ DAYS
MEAK| /> 7 4308 /A SIS 74 57/8 MEAN
H: W.S.EL in ____m _, Q:Discharge in__M_é‘_C_ N.K.Form 451202

Zero point of water gauge:EL_/8% 2// 7
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WATER LEVEL AND DISCHARGE
STATION_MQ%Q@C Ofrce
wwiem,__Aefong et e Bty Yer_ L TET
Jan Feb Mar Apr May June
HI Q |H}) @ H|] @ |/BE| @ [#| @ |H!| @
| 1|47 (526 Yo 2287 oA 410 1
2 | 445 Wor 2l 332 S48 (1490 (400 2
RV, Jar (350 /5, ol SA82 3
4 {1447 Wavy/ 4 /3530 s8] i) erd 14 4
5 | qtter 457 2820 S8 L15T 4448 5
6 | #hdb (5577 78527 (5457 et /5672 6
7 | st 457 24428 Worrz; 91 8402 7
8 | 1437 /558 522 LA s/t Vi 8
9 | 4% 587 L8500 S52HY) ot Vird/ 9
10 | /84 W20Y % ] LB /352 ¥4 10
1 | 1f83/ vyl eerd yrrZis 437 5898 11 [«
12 | 44427 st v/ 4 LS5 L8848 L7/ 12
13| 42 Wy 08 45450 /852 Yo 13
14 | (5420 57 /i g/ 534 LIB 14
15 | 454/7) Wery/ 5506 S9! 1544 Wer/) 15
16 | 8 /6 L8557 onvcd Wertsd 542 /3542 16
17 | sf SIS X34 45490 4539 L8833 17
18 | £/ Yesy/i Yeseld Recli s [E70 18
19 | uf /2 LI77 porez LS4 1332/ Ver/z: 19
20 | pf. 9 WiY/i Warzl 815/ 310 L22 20
o1 | 842 57 /80 Vi At P 21
22 | y54f L858 48502 L84 8375 L747 22’
23 | /410 557 /542 o orr /i Wy 24 23
24 | 4419 AL 480/ 15510 osns; (3740 24
25 | 44 /4 eenr 439/ 872 ST Word i 25
2 | g4 10 f4 4522 48572 1382 s02/ 26
21 | (h48 Yovr! 18500 4308 4551 4282 27
28 | 4477 L33] L4 504 2Ry, Lo s 28
29 | 48594 Yary 5o L8542 14084 29
30 | 409 W 5497 Weerd, ! 30
31 | LE54 Yot Povy 31 |-.
MAX | /437) Wesrizd sy A5 Porr] 2427/ MAX
MIN| w77 A3 L5157 LSABY, 184, L4/ MIN |
TOTAL, Jat> 4 454017 W L A475%, o252 Hfy____[TOTAL
DAYS | 3/ 28 4 30 3/ 7 DAYS
MEAN | /¢f 23 Joor/4 3540 [543 Parry, 790 MEAN
H:WS.EL.in __27_, Q:Discharge in_ 7/sec,

Zero point of water gauge:El_/8<%.2// 7

N.K.Form 441201
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WATER LEVEL AND DISCHARGE
STATION tographic Office. ‘

Sen._Meakong  Nemedt i vewe_ /2B _
T July Vb TAug Sept T QOct Nov De,p“

H|{ @ |H|Q |[H| @ |8| @ |H]| Q@ |H&H]| @
_Yides | e _zé?j_ﬂ‘h._ sty \dadd]_ | sndt 1
SR AV Y2 R V. -2 R 7. . NN Y% R V- </ A i
Y Y Y R Ry R N
RV 20 R 2 45_2:3‘{’* Y7 AN V-~ R V7. 4 4

5 (/054 /577, 14244 W4 ] 28248 per . 5 |
6 | oa] A245 S22 | 1425 W2l 6|
SR AV R v zé’-_?a S V77 N V| R V7 - R N A
8 | st A\l | o 4248 s8] 8
SR04 S V77 B V.2 A N W Vo1 SR |8 !
10 | Aoz L1 /4248 37 14288, $777] 10 §-
SRS 777 R VYR V. 77/ R V1| N .~ B V> 71 E I L S
R V7| R 2/ R V-4 R /2~ R V72 R V.7 | N R 2
_ 18| 197 W R > LR 7| R V17, R V.7 { /I 13
N7 R R Y- | N V2 N VR V. AN 14
15 | 4/ 42 225/ WIS AL £t 26038 S7I3 15
16 | 23 R Vs 7 R Y, - N V<4 16
V7 \ile2i 1288 @250 | Aff%_ﬁ-_, B/ V- | S R L
SRR R Y /i R V. /A N Vs < R V-7 i N V.Y (A I -
19 | osf BN A zo_‘fjjm I V777 s R V7> R I Y
20 | /72 Z5) 4247 245, /8552 Vorar) 20
2 | f8 |t 7 V2 S V7 4 BT 21
2R R V1. N Y N V. A V> 22| R V-7.»/4 W i > 2
NEC1 077 0 Y S V7, W V> 22 B4 | 23
IRV Yy Y- Y N 2 N Y 24
25 | 470 el HET V4 Wrdzi 1474/ 25
V7 R R A R R
R RY7: 7/ R 0/ N V. 5/ L8577 HEH, 27
AV Y Y Y. Ry . I V. 28
2| yrdf N7 R |58 |68 W2 29
_ 30\ rdd MRS AR {4283 s 5778 30
31 | 423 /Bad : prerss Words 3L |-
MAX| s2dq 8353 MG |\ BR A sed MAX]
MIN | 4049 07 b1 29/, Wi T2 MIN
TOTAUSyps gt oz -_HW/Z[Q._-..__ Wi,f_____hﬂ% TOTAL
DAYS | - 5/ /4 ) | 3 37 3/ DAYS
MEAN| //58 Azt A2 23 M5/ 5002 MEAN
. H:WSEL. in 7 . Q:Discharge in__™M/scc N.K.Form f51202

Z?ro point of water gauge : El. /542, 2_/’[_’”
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WATER LEVEL AND" DISCHARGE
STATION Hydro ?@Qégc Ofce
§;:::m _ﬂﬁpﬂg__gmfn?f Erfi??%;’). Year / ? éé
.Jan “Feb ‘*"Mar ‘Apr ‘May .June
W-AH‘ Q |Hj Q@ |[H{ Q' |H|] Q@ |'H|]@Q@ |[H]|] @ _
1\ 5748 ety g 2520 4393 | w4 77] .1
2 |78 | 43437 4847/ 32 ££30 £187) 2.
3\ w727 L8 L8447 | 88r9 £:8:37 | gt zest 3
4 | 472/ yer?/s 28147 AP 148:23 7/ 4.
5.1 15706 Peris 4. A315 320 48773 . 5 .
6 | ss7/4 L1438 4383 AR v P, 6
71870 | 45433 434/ L8341]. 5522 sz 7
- 8| 4702 o, £5358 3/ orsd s7f) LR
S | fS475 542 15554 51T Wenvsa 2 9 |¢
10| 84 . | 7 414 (4528 st 724 10 .} °
11 ) 54/ AL st (350 Jars) Vorcr n
12 | 45454 1500 | 45544 8533 528 LT 12_
13 | 484 e .45 &334 53, (761 13
14 | S472 | uthed 5347 £33 PAVEZ L7/ 14
- 15 | 477 pte/ 3544 Pese, 28438 Yot/ "15
16°| A8575] 8399 34 /562 yorryi Yo 16
17 | 442 4396 (8548 (8527 37 483/ 17
18 | ety lorzs 143 4527 i/, | et 18
19 | 4548 4389 1534 (5425 18371 /Y 19 ;
20 | ssf 4 4154 ncd £85:37 1858/ 74 20
21 | usflo Yorr L3 1541 /3386 £4253) 21
22 | (4442 oo P | stdl 22403 Porae 22
23 | phdd 555/ [L54/ PAsr) HEL7 bl J23°
24 | sSkdf /5377 4884 | 8332 23703 | 018 24
25 | uof 4577 A3 25530 L8770 1036 25
26 | A2 24574 8127 L5538 Wriz 077 26 -
21 | 4455 PIR9AN 45,20 Yirell 4700 1802 27 .
28 | (4] L8378 (4545 28337 | 7 A3/ 28 -
29 | 434 /8520 AVAzEr] N\ 4829 #IH 29
30 | 44| 419 24534 £708 |83 30
31 | ssfaf : 8377 . /3457 1 |
MAX| 478 2l 45573 | sttt AS7/3 H MAX
| MIN | g Prov £I547 4341 5578 - \ad77 MIN
TOTAL| /2472 L8] LG/ 4/.5%‘7 324 B2 ' {TOTAL
{oavs| 5/ 25 3/ 3/ 30 DAYS | *
MEAN| (877 - 808 Tl ffze? A385 - W2 _|MEaN
H: W:S.EL. in _ 7 _, Q:Discharge m_j_”i/gg N.K.Form #1201
. Zero point of water gau'ge:EI.
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WATER LEVEL AND DISCHARGE
STATION Mydrographic Ofice
AL ekong srame of e, - vear_ 25 454
July Aug ’ Sept Oct Nov Dec
H Q H Q H Q H Q H Q H Q
R V777 S V77«1 R V.72 - N V<4 R V22 W Vo7 < 1
CRV77 3% W V774 DR V7AW V-7 +4 M2\ 1577 2
CRWZ7Y 7 R V.2 A WV 7.5/ W V¢ A R V2 BT 3
4 k22 B 4787 1145 18149 457651 4
5|42 2 Al a2 R 7247, 18020 5740 5
6 | ypzé HE0 .\ 7 /4 | 2t00f 8754 6
7 uo’/é’ﬂ | 78530 LEET (16208 WeyA4 WAyZd 7
8 | 4232 asab_ 938 e 28 s 8
S\M260.  _ \df30 a8\ |2 18940 V72 /d B
10 | #255) 24N Y £#83, /8271 L7 L8742} 10
07727 4 N V7 x| IO 7 -2 N V-3 N .y /xR Vey 7 11
12\ r7 972 R Y/ ¥~ R V-~ | R V2 7 21 L8743 12
177 B V7 N V.7 R V77 N V.7 7 W V> 74 13
14 | 4/ a9) 2050 R . 7 AN V. 7 N V. /A R .y : 14
15 | /720 27, 737 4044 $E73 $722 15
16 | 24716 A P R VY Y. 1 N V.7 72 16
17 | 4437 A58 V73 SR VY7 N V27 7 W V7.2 17
18 | 14/66 A . 27 N V7 7| N v A R V-7 B I -
19 | /2 i 14424 WL R Y. 2 | R V-2 /4 19
20 | 43,07 #5534 552 122 1583 5473 20
21 | 143 19 152 xRN V72 4 KA shgE 21
R VAT N V. <A R V. s/ A N V1 4.2 R W2 - S VT 4 /4 22
_ B |4z W2 O V. 427/ R 7 77 /4 /MZ% 13422 23
ot (gpel| A | e7l Vg SR | st 24
25 | o 7f /pod 1439 /8127 3505, 77/4 25
2 | 4247 b BT \rbesd) .\ sshed____ \ss4B 26
27 | dfp3f Aht0 B3S0_ . {088\ |\ 77 sze) | 2T
28 | zefi (AL 323l hed] |7 8847 28
29'| 2. 7ed SUED_ A5 debn._ |\ 514 L5464 29
30 { /41451 w13 2\ SR 7 X R . 3 /4 N Vo ¥ 4 30
31 | A1FD £733 £80.83] ’ 284,53 31
MAX) /4 4733 4839 zéé-ﬁi Andd L2ES MAX
MIN{ /g0 #4273 782,53 s8047 2879/ Jo e MIN
TOTAL| 244 E{Zg”g{.{g'______ Y7y, ﬂ/’féf L é?é{Zﬁ J 4{’723& TOTAL
DAYS | 3/ 3/ 20 | b4 3/ DAYS
MEAN| 70/ AL Wb /4140 SThlA LI/A MEAN| -
H' : W S. EL. in 7, Q: Discharge‘ in___f{icgq_ N.K.Form Alz202

Zero point of water gauge:EL_ /& 2// m

[} ¢
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WATER LEVEL AND DISCHARGE

S STATION MQ?[QMC_‘_O&[CQ
3;1%:~E;ggln__ddcjspﬂ_9 g:::t?n?f E::;ngl%em’): Year / f 5 7
T Jan Feb Mar Apr May June
; H{ Q H Q | H Q H Q H| Q H Q
1 gdss L5571 #8837 510 4574 o/ 1
el _ 2 SI 8328 yes/4 45378 854 2
| 3| uh) L540 £55:23) s Perr/ 4140 3
S 3 Vis7 €/ WarN/ 25423 LS495 evr. s e 4
|8 L4598 VARN 15324 WA 2578 L5841 5
; 6 | 1427 8572 /5529 Word A 28557/ s 6
C 7 s a54f L8599 S48 A58/ 440 7
|8 |y 1544 /5552 o pronZil s40]] 8
o |9 | hef 15508 /5829 P 549 454,90 9
~ |10 | gh20 S548 23521 S5 1547 ert 10
o | 1| 44 (15431 /3320 LY 54/ 708 11
R AV YA 45347 L5378 LIS Py LIS 12
13 | 18448 s id L5147 L3P Yerv/d B8 13
14 | ;5420 L570 o34 orias 377 MBS 14
15 | 11429 L5548 (8570 ez VorZl eyl 15
16 | 1542/ 554 - £55:29] 4889/ asysl L7 16
17 | 14417 L8540 18530 4508 LT LI72 17
18 | 54/8 555 #8534 L5312 Yor N 732 18
19 | 4552/ 58 erra 2520 322 L72S 19
20 | 11427, L4340 L8390 A5 555 L7227 20
21 | /8428 Werrli Vestsd 4357 Por il 472 21
22 | do7 o2 4532 LS54 T 8726 22
23 | /3424 L5 (5528 555/ L3570 Wor 23
24 | 48229 2559 18847 /558 156 L7 24
25 | 4474 540, L5 - 73564 ooz L5728 25
26 | /340 Vol M50 (5547 A545] 18744 26
27 | ygéa]] yorl) 14508 (8570 S546 L8700 27
28 | sths0 /5594 /4508 LS5 U552 /3477 28
29 | s44-94 485271 L3771 Jorrs! 4859 29
30 | 4.2 185208 1579, ony ik 15704 30
31 [ £/ L3/ S35 31
MAX| ¢4/ L8587 L5540 8375 S5 £538, MAX
MIN | /41 2/ WIerY 3306 WA el 5 MIN
TOTAL 2ozl 235479 ek LB AS] BT L7047 TOTAL
DAYS | 3/ 28 3/ 0 3/ 70 DAYS
MEAN | 4o/ 22 LS H0 Por s /8527 3.7 L3494 MEAN
H: WS.EL.in  __m»m , Q:Discharge inm. N.K . Form 41201

Zero point of water gauge:El_ /8¢ 2//7
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’ -~ WATER LEVEL AND DISCHARGE
AN STATION Hydrographic_ Offrce. .
W __Mekong  NmeS ey v LB
July Aug Sept Oct Nov Dec
H Q H Q H Q H Q H Q | H Q
R o B V7. W V77 RO V- L R V7 7 A V- = 1
2l 288 sl A\l e 2
3 |72 225 LTI AR £3EES L7 8
4 | 8277 W L N V= 7/ s | 4
5 | g2 S % AL 37 743 5
6oz | rbad] y RV N =7 6
T\ 277 | #edd el 1829 V> L7 L5752 7
R V-7 %4 2 V. R V2 N V7 R V7 8
9 | 57485 Wosel4 ALY W2 R V- R V-7 9
0| 77 L3557/ 077 174 L3584 Poreii 10
1| 474 S || A137 zi&j _____ ezez_ | 1
R 77 A N V1) { W V. /4. B V2 DR V= R Ve /71 12
_ 13| 774 V22 N V4 R V) A R V-7 4. A R Vo 7( 13
W 74| |aesw 8. |\ ST /5700, 14
15 | 576 2200 LELIE oL L5778 LB 15
16 | 775 s #4273 sl 7w . \dz 16
17 | 17 AL A | 1579 BT . |\t _ | 17 |
18 | L3577 2% R /3 S Ve ¢/ R V=2 AEE | 18
19 | 57 AEL L5 Ve vk L7 =1 N i
20 | 7% 25235 reves 776 SE 3893 20
21 | L3 A28 Y N R e e Y 21
AV R V57 R V7 R V.. > R V= 2 A N Vov A 22
NV 7 R V22 R VY R R Y I v R
24 | 16040 A/ AR V2 o N V) ¢~ N V= 74 N =77 { 24
25 | a3/ T 28257 27/ |5877 (5477 25
V77 R V2% N R Y. . RV v 26
27 | J7H) A2LE _ 4!222 N V27 R V= +. W V2L ) 27.
O 2| DR V%5 IR V.~ 7. S V-~ 7 B V=" AL 28
29 | 414 szl Nt \owig | S457] 29
30 | 428 LT\ I ol _esmts A5 30
31 | 4255 P L4 r 31
MAX) /278 T R /B V. 7 N V. S MAX
MIN | /5723 W44 ALY LIFAZ, (57, A MIN
TOTAL| 2247 224 %y 7/ 7 Worys R TOTAL] ..
DAYS | 3/ PN 20 4 . 3/ DAYS
MEAN| /5797 26 V74N sba72 13538 L5743 MEAN|
H:W.S.EL.in- _-Jn_, Q:Discharge in__"%/sec_

~ Zero point of water gauge: El_ _/JJ)'_-?-,_,,Z_/(_M'

N.K.Form f51202
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WATER LEVEL AND DISCHARGE

STATION Hydrographic Office -

River

* system,__Mekong stremn aven ety : e S TAEE
Jan Fehb Mar Apr May June .
H|] Q@ [ H| q H|{ Q |5 | @Q H| Q H| Q

0 274 et 3547 S402 oy 1

2 |ptbtt| .| 597 £3589 4 v 2

3 | 41438, 35 258 55/ At 3

4 | 1543 £3555] 557 2550/ 4 4

5 | 545/ e Ve y) A0 (IR 5

6 | s L5572 L5570 25303 6

7 425 L3279 ey yerr/d 7

8 | 425 W rye /335 5300 8

9 | 2/ ry/4 L3552 yory/4 9

10 | 42 e N V2> /350 10

11 | 54,7 545 18537 Worr/d 11

12 | AN 42 Wry i ey 12

13 | 23473 23555 2257 5347 13

4 | 54/ 25555 Wy £330 14

15 | o34 45) 25555 22537 e rrd 15

16 | 477 3555 5328 32 16

17 | p5443 L3557 7 23322 17

18 | $der] L3557 WZyyi ey 18

19 | A Wery 24527 L5423 19

20 | sfpo LI54Y) L5320 2353 20

2L | 5402 LB 25577 ey 21

22 | 5424 <5347 Worrzd L3554 22

23 | .4505] 25577 v/ W 7’ 23

24 | 383/ oIy Worrs) 2335/ 24

25 | 43456 ot 45305 Werd 25

26 | 574 vy Yoy £33 26

27 | #74f L3545 vy W rtd 27

28 | 77 Jovrsy L35 yevyy) 28

29 | 2545/ oyl err/s L3550 29

30 | c42f avre] 23557 30

31 | A 25544 ' 31
MAX | 74 h2f £5575] 552 MAX
MIN | s/ Ee el L5547 5500 MIN
TOTAL| oz |57 ] | 2t3B 0t TOTAL
DAYS |  z/ 27 b 74 30 DAYS

MEAN | 5425 (2544 (573 L5527 MEAN|.
" H:W.SEL.in m ., Q:Discharge in " /sec , N.K.Form 451201

Zero point of water gauge:El_/§54.2//"



WATER-LEVEL OF THE MEKONG
AT HYDROGRAPHIC OFFICE G. S.

7o

168

166 ' El IGhA

164 \ Al\ ELL 1639

_...
. —A—Tm

163 |1 \/I.A '\M—\‘ *\

160 i ! \\

158

156 N

Water surface elevation (m)
Lo
sanggy
T
/
-

154]|—Z6ro point of goge E£1.154.21M (M S 1

152

150

170

168

166

ELL 650

164

f
T

156 ==
fnl/™ M
Zero point_of qooe - EL. 154,21M (M

CS

154

Water surface elevation (m)

152

150

1867 1968

Remarks :
|} Gage was installed on June 1{,°64 and dota were taken ever since.

21 Flgures given here show daily mean volue of three readings a day
taken ot 6:00 ,12:00 ond 18.00,



WATER LEVEL OF THE MEKONG AT R.I.D. (WAT HAl SOK) GAGING STATION
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Water surface elevation (m)

Water surface elevation (m)
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WATER-LEVEL OF THE MEKONG AT VIENTIANE (WAT SOP) GAGING STATION
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'WAT'ER SURFACE GR‘A‘DE.' R

[

S . "OBSERVATION OF

=

SCALE [

(Bridge site}

THAILAND 0 5 _ipkm|.",
¥l
|
W. Hai Sok---.
7or l . ~Wat Sop Hydrographic Office
~ r | | Tt .
:V EL.166.4/0 yLrograp

|
d—l
|
t
i
I
!

——t

E EL.163.228
: .
-9 -?q
F4 - o
& 180 \ ‘
] | o
o | - ; )
5 154,818
2. | I EL.153667
;g L 710,000 I'/ao '/3010 "
- \ l -
=- | . ' I : I
150 ] I} 1 1 1 ! ) I .
o 10 20 30 40
Distance (km)
Rernorks

‘In both the first and second phase |nveshgat|ons water stages were observed smultuneously
at different places up-~and ‘downstream from the bridge site. }
Based on the results of survey und the Munmngs formula, the roughness coefflcnents "n" of the
Makong at the |mmedmtaly up cmd downstream reuches of the bndge site were estimated at 0032 -
ond 0.046 in the dry seuson und 0025 and 0049 in the rulny season raspechveiy .

[ " '/,




4.2, Probability Calculation

This probability cnleculation is to estimate
probable high-water levels at the hridge site
of the Mekong, for the purpose of determining
he Design High-water Level for the bridge

rlanning.
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Probability Caleculation

1, General

Thé Plan of Operation provides that the Nong Khui/Vieﬁtiane ﬁridge
is required to have n vertical clearance of 10 meters above preponderunt
high-water level for the sake of navigation on the Mekong, It suggests
that the bottom surface of the bridge girder at its both ends, under
which 0 course for navigation would be provided, is 10 meters above
preponderant high-water level, This kind of preponderant high—watgrk
leveljis one of the planning eriteria for bridge. In this sense, the

preponderant high—watef level 1s called design high-water level hefein»

after,

The design high-water level is decided by mezns of the probability
calculation referring to the water-level records of the Melkong in the

past years,

2. Condition

There are iwo water-level gaging stations near the bridge site,one
belongs to the Hydrographic Office and is located 135 meters downstream
of the bridge site, and the other is R.I. D, 's gaging station at Wat Hai
Sok located 3,000 meters downstreum of the bridge site,

The gaging station of the Hydrographic Office was established in
June 1964 and R.I.D,'s gaging statioﬁ was estublished in 1937, R,1.D,'s
guging station has therefore been keeping the water-level records for
meny years, For this reason, the design higli~water level is estimated

according to the following procedure,

(1} To cnlculate probable high-water levels from the past water-level

records at R.1.D,'s gaging station,

(2) To estimnte the relationship Letween the water-levels of both the

gaging stetions,
[
(3) To assume from this relutionship the probable high-water levels at

the Hydrographic Office,
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{4) Pinally, to estimate the probeble high-wuter levels at the bridge
site from the probnblqjhigh—water levels at the Hydrographic Office,
based upon the faet that the water surfoce slope of the Mekong
ranges from 1/3,000 to 1/4,000 both in dry and rainy seasons.

The water-level records of R.I.D,'s gaging station are available
during the period from 1937 to 1967, excluding four years; 1943, 1950,

1953 and 1959, In these four years, the records are not avanilable,

The highest high-water level of each year is taken, end the calculu-
tion of the probable high-water levels is made in accordance with the
order-statistic method on the assumption that the samples would describe

the log-normal distribution,

The followings are cnleculating formulas:-—

¢ = a {log x ~- log X4}
1
or log x = ——a—-6+ log x,
where, x : Probueble high-water level

Xy : Geometric menn of the annual highest high-water
levels

& : Normal variable for an arbitrary yeuar

The normnl varinble is calculated from the following formula,

n

1 [T e L,
o ( 6 ) J_:r'_j.,,e dg =1 -w_ L€

where, #o : Non-exceeding probability (Gaussian distribution
function)
Wo : Lxceeding probability

The value a is a parameter which indicates the degree of dispersion

and is calculated from the following formula,

1 Glog X
a 5}
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.-.‘/-.-I]]—»Z(log xi)'2 = {log xo)?

log x
Where, X, @ Observation value
n : Number of observation
Gé : Product rate of probability of cbservation

values

3. Probability calculation

(1) Probable high-water levels at R.1.D.'s gaging station

The basic calculation given in Table A.4.2.2. is made from the
values of observation, the highest high-water levels of each year at

R.1.D.'s gaging station.

o 1 ¥
' Glog x = q/27 x 12.3261 - 0.66524° = 00,1182

6; =0.6908 in case of n = 27 according to

Hazen's method

1 0.1182 -
- ~0.6008 = 0.1711
Consequently,

log x = 0.1711 2 + 0.66524

From this equution, the prebable high-water levels in eight re-

currence years are given in the following table, and Fig.4.2.1.

Table A.4,2.1., Probable high-water levels
in R.I.D.'s gaging station

Recurrence

year & log x X w.L.
2 o 0.66524 4.63 164.63

5 0.5951 0.76707 53.85 165.85

10 0.9062 0.82030 6.01 166.61

20 1.1630 0.86426 T.32 167.32

40 1,3859 0.90237 7.99 167.99

50 1.4520 0.91372 8.20 168.20
100 1.6450 0.94670 8.85 168.85

200 1.8215 0.97690 9.48 169.48




Table A.4.2.2 Dasic calculation

i Year H ¥, L, X log X (1og xi}?
1 1966 167.58 7.58 0.87967  0,77382
2 1946 166, 40 6.40 0.80618  0.64993
3 1942 165,95 5.95 0.77452  0,59988
4 1945 165,95 5.95 0.77452  0.59988
5 1937 165.84 5.84 0.76641 058737
6 1960 165,72 5.72 0.75740  0.57365
7 1939 165.60 5,60 0,74819  0.55979
8 1948 165.55 5.55 0.74429  0,55397
9 1938 165,43 5.43 0,73480  0,53993
10 1952 165,30 5.30 0.72428  0.55128
11 1941 165,20 5.20 0.71600  0.51266
12 1949 165,08 5.08 0.70586  0.49823
13 1955 165,02 5.02 0.70070  0,49098
14 1940 164.95 4,95 0.69461  0,48248
15 1964 164.90 4,90 0.69020  0.47638
16 1954 164.80 4.80 0.68124  0,46409
17 1963 164,39 4.39 0.64246  0.41275
18 1947 164,30 4,30 0.63347  0.40128
19 1951 164,30 4.30 0.63347  0.40128
20 1962 164, 21 4.21 0,62428  0.38972
21 1949 163,80 3,80 0.57978  0.33614
22 1956 163.77 3.77 0.57634  0.33217
23 1944 163,55 3.55 0.55023  0.30275
24 1958 163.04 3.04 0.48283  0,23312
25 1965 162,98 2,98 0.47422  0,22488
26 1967 162,97 2.97 0.47276  0,22350
27 1957 162,47 2.47 0.39270  0.15421
Total 17.96141  12,32613
log o = = 3 log xj = 5 % 17.96141 = 0.66524
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(2) Probable high-water levels at the Hydrographic Office

The relationship between R.I.D,'s gaging station and the liydro-
graphic Office concerning the wnter-levels recorded on same days during

the period of June 1964 1o April 1968, is given in Pig, 4,2,2,

The distunce between these two gaging stations is only 2,865
meters, and there seems not to be the increase or decrease of discharge,
Based upon the nbove relationship, the probable high-water levels at
the Hydrographic Offire can be obtained from those of R.I.D. gaging sta-

tion in Table A,4,2,1, The figures obtained are shown in Table A4.2,3,

(3) Probable high-water levels at the bridge site

The bridge site @s located 135 meters upstream of the Hydrographic
Office, Assuming that the wnter surface slope of the Mekong is 1/3,000
to 1/4,000, the water level ati the bridge site will be 4 cm higher than
that at the Hydrographic Office,

The probable high-water levels at the bridge site are given in
Table A,4,2.3,

Table A,4.2,3 Yrobable high-water levels at the
Hydrographic Office and the bridge site

Recurrence Hydrographic . .
Years R.1.D, Offize Bridge site

2 lo4,63 165,49 165.53

5 165,85 166,68 166,72

10 166,61 167,41 167.45

20 167,32 168,10 168,14

40 167,99 168.74 ) 168,78

50 168,20 168,95 168,99

100 168,85 169,60 . 169,64

200 169, 48 170,20 170,24

Remarks: The figures are based on the elevations of zero point

of the staff guge given at each gaging station,
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(4) Conclusion

Based on the water-level records of R.I.D.'s gaging station, the
nuttber of deys per year and the maximum duration in days in which the
past water levels were above the probable high-water levels given in

Table A,4,2,3, are studied for the determination of the design high-
wvater level,

Table A, 4,2,4, “The number of deys per year and
the maximum duration in days

Recurrence
Year

s8]
wn

10 20 50 100 20

0

Probable
H.¥W.L.

Calen~
dar year

164,63 155,85 166,61 167,32 168.20 168,85 169.48

1937 25
1938 11
1939 14
1940 2
1541 12
1942 25
1943 -
1944 0
1945 21
1946
1947
. 1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1564
1965
1966
1967

-
o
cCcoCcoCc | coccocooc

loCcoWVAO ]l WO CCO

cCO1l oo OOl DCcocCocoC

—

(W)
CHOWOoOOoRO] COOGMN] O | COC

8
COoOQCODOCO0) TO0D0O OC

—
OHXMDOoCOODCIOoOQCQOQOO )l ST
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o= oOCcCOoOCOC OCOCTO

Total 194 32 14

Ratio 1/50 1/310 1/700 1/1400

o lojojlcocoocooc I ocoQCctCOl CECECOOoO I CO0OQCCQO0O
o lojiclococcoocoo I DCOOC |l OR ] DOCCOQO 1 CCOQOO

H?x. duration 29 20 14 7
in days

o loloclcocooccoo |l oo I CcOol1lCoCcCOoOC | ODOCQCOOC
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According to the results given in Table A.4,2,4,, the past water
levels remnined one dey in 50 days above the probuble high-water level
of the two-year recurrence, one day in 310 days in the case of a five—

yYear recurrence and one day in 700 days in the case of a ten-year recur—

rence,

The case of the two-year recurrence shows quite a high percentage

and the other two show very low percentage,

The maximum Quration in dnys occurred in 1966, in which the highest
water-level is equivalent to the probable high-water level of 25-year
recurrence, It was 29 days in the case of a probable high-water level
of the two-year recurrence, 20 days in the case of a five-year recur-

rence and 14 days in the case of a ten-year recurrence respectively,

In view of the above facts, it seems most appropriate to decide
the design high-water level on the basis of the probable high-water level

of 5-year recurrence, which is EL 166,72 at the bridge site,

Consequently, the design water-level for bridge planning is decided

as the elevation XL 167 taking the allowance of 28 centimeters,
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APPENDIX V

METEOROLOGY
Page

(L) Meteorological data collected in the first

and the second phase investigations..,.....veeeee... 123
(2) Rainfall record at R.I.D. Me teorological

T b L O ¢~
(3) Rainfall, air temperature and relative

humidity suvevneeernnvsnnncnoneessosessarecnnsnneaes 133
(4) Daily prevailing wind direction and mean

wind velocity at Nong Khai Meteorological Station .. 136
(5}  Wind di@Pram sieecvvececesssavannonesoasnnsasscssass 140
(6} Monthly max. wind velocity and its direction

at Vientiane Meteorological Station ...eevvvevesoe.. 141
Remerks:

Location of the meteorological stations are shown

in the figure at page 93,
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Meteorologienl Data Collected in the First

and Second Fhase Investigations - o

Available Peried

bata Vientiane Nong Khai i.1.D, ya!
Air temperature Jan.'58-Feb, 68 PMar.'64-Dec, 67 Jnn.'GS—Apr.'68i
Daily rainfall Jan.'SS—Mayu'GS* Jnn.'Gd-Dec.'éT* Apr,'55-Apr,'68
Xelative humidity Jan.'SB—Feb.'Ga* Har, t6d4-llec, 167 -
Fvaperation Jan. '58-Fel, 158" - -
frevailing wind
direction and wind Jan, *59-Apr.'6E |Fel.'66-Dec.'67 -
velocity

Remarks ‘

/Y ....00. RJILD. Meteorological station ai Nong Khai

* <iisees The dala asterisked were not compiled in the
Appendices because they were not avnilable for
the meteorological analysis en the Second lhase
Heport.



DAILY RAINFALL RECORD

STATION: /X IMDHOI/@ K&c/
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- EL__ _ . ... Annual total:__ £/ 57.6_____.__ Year [/ 75 5.
D\{I Jan | Feb | Mar : Apr | May E June | July Pfug Sept Oct" Nov ‘l')“éé"' % :
_;:_._k e e e | 274 _ 1
L 32087 I N 2
3 3
4 — 49 44 /70 4
o | 245 ‘ 5
6 _ |74 32 (42] 2.8 8
! 34 _qo _30.0 7
8 _ . e SB0 134 . 8
9 S . O AR S N7 X B R S
10 /0.3 , ZI|. 455 0 1
R T R D A 2 A - A A Y B _ 1
.2 I R B N V2 V7Y | DO | R A I 12
Bl V47 szl R R B ¥ I
1 R N ____5__7_7_:_“ _ |42 14
15 ! ‘ 04 LA 15
16 o B R N2« B A Y| I 16
Vb | &3 .528 ! 22 17
18 L sel | 44 52 _ 18
L I - 1S _ 7 19
20 /2] j 20
al L /06 20 7.0 21
2 R A R B VA N N/, 245 , 22
I I B SNSRI ISR SR A N IS S M 23
2% I O O B 7= 1072 < W% — 2
25 [ 201 55 25
26 o o i 40? - ’ 26
2 . 624 | 344|_ 27
28 I I IR I ____,__7*54 700|_ 28
21 4 L ssd | _ 29.
80 . L8 25 30
Bl E 71 3L
Mo ||| 08 &74 624 850 700| 455 42| | . |Mex)
Days | d_2| sl el 43y /8| f0] 3| | .. Dayg
Total ! | 1351 /31713354 2478 2469\ 137.0,.25.2 Total

N. K. Form No, 1101



125 =

DAILY RAINFALL RECORD:

staTioN: X T 72 (, A/yy M,{)

EL.___ .. . _ __ Amual total: /8072 Year_ _ /& .5—_2_ Co

M
Aug | Sept | Oct | Nov { Dec A

b e 7T -
e 23 73|/2/ 59 2

. RS IR S N 27 1 RO >

] S S S I 74 5”1/ N 4
i 20 24 231 >

6

7

8

9

t .
Jan Feb | Mar i Apr | May E June | July

. 1 e 1185
o . ' _[0.0
o SR U I WU s /A (222

I O T I O N Y2 7T .
a5 28 . sod |/3231 | 10
B I SR U773 YN RO U NN B I

! i
I U
R I R Y1 B x 203 _| 472 | _ I 12
13 N 1L | . | 248 . 13
A e e R Y e 4
| ]
I .

16 L 1263\ | 08 110, 400| _ - 16
M 48 8 /80
I R S TS R S N A7/ Y2 B4 2 A A 18
B o3 ) . z3 124, . 19
20 f 22 04 | 574 20

Y .Y 2L |
2 184\ 2784 435 7.8 39 N R

B\ L g2 0900 4 A5 23 §.

RN o L2n8 03] 139 254| 36 24
25 ol 78 52 25
26 B 28 | g2 ) 26

. N o 205"1 /Jé 345'1 Wis1 _ 27
| 28 237, 97! 445 28

s

| R 5?0_% . L 30
TR T T I 31

Sl | /54 |
| Max __Wl_-43_% 5.4_274_ 468 23T, 32«517 44:5) (323 _|Max
A e S A Y R 22 N7 207 4 3 N R .

(4]
o

tom| | epl g0l 431l 7ak 532 pvrroqen 7ordl 1 | [Tou
Unit : rnlm N. K. Form No. 1101




DAILY RAINFALL RECORD

STATION RIL M%m} '
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o EL . . . Annual total: . /8/4.5 ° __ Yer_ [/ 7z 0/____
D\\l\\d Jan | Feb | Mar _ Apr | May é June | July | Aug | Sept E Oct { Nov | Dec %
e = Y N e N B T  E
G R S I R A L 3.2 |18 2
b b Las 420 $30 421 02 | 3
e U N e 90| 101, g5, ¢
5 | | péb ! 42 5
6 SN Y 7Y 6
A S R T i 23.01_s40 7
Sl 49 o sg0|ss28 8
L N R N e Y WA ’
10 | i | i f 2.5 | 10
L D AV 20 84 20| 205 ] | _|n
Bl L4483 0 | 1 a0 35 || 1 |1
B S 4ozl /53 |1
L3 I R S N B M5 452 g5 14
15 I | 2./ /3! (52 15
L2 0T ;35 49 R 16
0 by 4_%___!_%_____5;!* ] 17
N S A Y R D R 18
19 R SR A . T o _é__éz /3/ 19
20 ] 394 /75 4l 230 20
LN N Y 21
22 L 7Zol o203l 260 444 45 | 2
% | L7330 1520 243 |2
) V1 4270l 58] 169 s52| 5% ) 24
25 30| 24 277 22| /8 | 25
2 I N N R E ._*_3_0_“5:.?_5 B 26
I I N ” &+ S I R R O 77 27
28 o sl sl a3 28
1 % R BT Y 2V I 29
X N X 71 30
31 L | 23/1 97 ! 31
Max| ; 44 L_347[__ /43| 3_?.41__52‘0.;’ 53.4_£47)/528)_230 [ Max
Days 1 51 4 202! /2l sl g 6 Days
Toul | 4 ioa zbl shlh 1729 250k 4370 430, 594 Total

Unit: MM _

N. K. Form No. 1101



DAILY RAINFALL RECORD
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o ElL._ _ . Annual total:__ _ _/686.5_ _ . Yea;rm__zgé_/ -
5 M Jan | Feb Mar i Apr | May é June i July | Aug | Sept i Oct Nov E Dec %
SET N N 773 L eel | a7 asdi ] HE
2 - SR U SR ““i‘“‘?J __19f. 4.4 |2
3 . ! ! 3
R R R N 246, e el SR |
- 77 W N N Y’ V2V 4
5 7.4 e 24 5
’ ez | 4497 6
4 R Y/7 S N N2 Y 23im_203’1 4
_._§.____ S ! SN IR I, .90 25|W_.,_, — ?4} | 8
209 ) ’/:__étﬁ_?é 05T T T4 _ 9
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DAILY RAINFALL RECORD
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sTATION K T D ( M%HM@)

Annual total:

/8585 5 Year
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RAINFALL

RAINFALL , AIR TEMF’{ERATURE 'AND RELATIVE HUMIDITY
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Inily Prevailing yind Direction end Mean wind

Velocity nt Non: hhai Metleorolonical Station

Your: 1966

Jan/1 Feb. Mar. Apr. May Jun,
Date  Dir. vel. Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel. Dir. Vel.
1 ¥ 0.6 NE 1.4 SE 1.9 SE 2.3 sW 1,2
W o 0.5 NE 2.1 SV 1.6 SE 1.4 sv 2.3
3 Vo 0.6 SE 0.6 SW o 1.2 B 3.3 SW 1.2
4 W 0.6 SW¥ 1.0 SE,SV 1.2 NE 1.2 s¥ 1.2
5 E 1.0 v 0.6 SW 1.4 S8 1.2 SW 1.2
6 1.9 ¥ 1.0 L 1.9 SW o 1.2 S¥ 0.6
7 E 1.0 SV 0.8 SW 1.4 NE 1.2 SV 1,2
8 E 0.8 N 2.3 NE 1.6 NE 1.2 SW 1.9
9 L 1.0 NE 0.4 sV 1.2 SW 1.6 SV 1.6
10 ¥ ooL.2 5 1.2 NE 1.9 SW 2.0 s¥ 1.9
11 NE 0.6 NE 0.8 N 1.0 W 1.2 sW 1.9
12 NE 2.3 NY1.0 NE 2.1 SW 1.6 59 2.5
13 SE 2.3 ¥ 1.0 SY 1.4 S¥ 1.0 SV 2.5
14 E 1.6 woo1.2 SV 1.4 SW 2.3 E 1.4
15 ¥ 1,0 ¥ 1.4 SY 1.4 E 1.2 SWo 1.2
16 ¥ 0.8 Wo1.0 S¥ 1.6 S¥ 1.2 SW 1.0
17 ¥ 0.8 £ 1.2 S,¥v 1,9 SV 2.7 S¥ 1.0
18 NE 1.0 SW 1,0 NE 3.9 S¥W 2.5 NE 2.9
19 Vo l.4 Sk 2.4 SW 1.2 SW 1.6 S¥ 1,6
20 ¥ 0.8 E 1.6 SW 2.7 NE 2.9 Sy 1,0
21 NE 0.8 S¥ 1.2 E 3.5 E 3.9 SW 1.9
22 SWo 1.4 SW 2.9 NE 0,8 E 1.0 SV 1,2
T23 E 3.7 SW, 1.0 ¥ 1.0 SW 0.8 5W 2.5
24 NE 2.1 sW 1.0 SW o 1.4 sWo 2.7 sv 1,0
25 W 0.8 S¥ 1.0 S¥ 1.0 E 1.2 SV 1.4
26 NE 1.2 E 2.3 SW 2,1 NE,SW 3.5 S¥ 1.0
27 NE 1.6 T 2.5 sYo 2,1 SW 1.4 sv 0.6
28 B 1.2 sE 1.0 SW 0.8 SW 1.6 NE,SW 1.2
29 SW 1.0 SW 1.2 SV 1.5 SV 1.2
30 E 2.0 NE 3.1 SW 1,8 sv 2.1
11 E 1.2 SWw 1.2
/1 + No available data in January Abbreviation:

Dir. -...... frevailing direction

Yel. ...... Mean wind velocity
in m/sec.



- continued

Year: 1960
Date Jul, Aug. Sep./i Oct. Nov. Pec.

Dir. Vel. Dir, Vel. Dir. Vel. Dir. V¥el. Dir. Vel., Dir, Vel.

1 5w 0.4 E 1.4 - - NE 1.3 WE 2.4 NE 3.6
2 SW 1.0 SW 2.1 - - NE 0.4 E 3.5 NE 5.6"
3 S¥ 1.6 NE 0.6 - - NE 0.6 NW 1.0 NE,S¥W 0.5
4 SW 1.2 SE 1.0 - - NE 1.6 NE 1.2 N 0.7
5 SW 1.4 Sw 0.6 - - NE 0.9 NE 2.1 NE 0.7
6 s¥ 1.2 ¥ 0.8 - - NE 1.8 sw 4.7 §E 0.8
K S 1.0 SW 0.8 - - NE 1.3 NE 0.6 N 0.5
8 S 1.6 SY 2.3 - - NE 0.9 NE 0.2 NE 0.2
9 Sw 1.6 SV 0.4 - - NE 0.8 NE 0.1 NE 0.2
10 SWool.2 sV 1.2 - - E 0.9 NE 0.4 NE 0.4
11 SW 1.0 SwW 0.8 - - W 2.1 NE 0.3 E 0.6
12 Sw 1.4 Sy 1.0 - - NE 0.7 E 0.4 NE 1,1
13 SW 1.6 Sv 1.0 - - SV .8 E 0.4 NE 0.7
14 SW 1.4 SW 1.2 - - 8W,NE 0.6 E 0.9 NE 0.4
15 N 1.2 5w 1.4 - - E,N 1.0 NE 1.1 B 0.5
i6 SW 0.8 SW 1.0 - - E 0.8 NE 0.3 E 0.5
17 NE,SW 1.4 NE 1.2 - - NE 1.5 NE 1.5 ESE 0.2
18 3 1.4 Sw 1.0 - - NE 1.8 NE 0.9 NW 0.4
19 E 1.4 W 2.5 - - NE 2.5 NE 0.4 W o 0.2
20 SW 2.1 S¥ 1.6 - - NE 1.9 NE 0.9 £ 0.4
21 SE,SW 1.4 5W 1.2 - - NE 2.4 NE 5.9 E,S 1.1
22 SYW 1.4 SV 2.9 - - NE 1.4 NE 1.8 W 0.8
23 ) 1.4 SW 1.0 - - SW 1.2 NE 0.4 N 0.2
24 SW 1.6 Cc 1.0 - - SV 0.8 NE 0.5 ENE 0.8
25 SW 2.9 SY 1.0 - - SE 0.6 NI 1.1 NE 0.7
26 NW,SW 3.3 S 2.3 - - E 1.8 NE 2.3 NE 0.7
27 v 2.8 SW 2.5 - - E 1.0 NE 0.2 NE 1.8
28 SY 1.0 SW 0.8 - - E 1.8 ENE 0.2 NE 1.1
29 SW 1.9 E 1,0 - - NE 1.4 NW 0.6 NE 0,2
30 SW 1.9 S¥ 2.1 - - NE 0.6 NE 2.6 NE 0.4
3l SY 1.9 SE 1.2 - - NE 1.1 NE 0.6

Ll : No observation due to flood in September. Abbreviation:

Dir. .e..e. Prevailing direction

Vel. .u.... Mean wind velocity
in m/sec.
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DNaily Prevailing ¥ind Direction and Mean Wind

Velocity ai Nong Khai Meteorological Siation

Year: 1967

Pate Jan. Feb, Mar, Apr, May Jun,
Dir, Vel. Dir. Vel. Dir. Vel, Dir. Vel. Dir. Vel., Dir. Vel.
1 NE 1,2 NW 2.1 NE 1.4 S 1.0 5 1.1 SE 1.4
2 NE 3.1 E 1.4 SE 1.4 SW 1.2 S 1.3 SE,8w 1.2
3 NE 6.4 E 4.0 W 1.0 SW 1.9 W 1.2 Sw 1.0
4 NE 3.0 NE 0.8 W 1.2 SW 1,0 N 1.4 Sw 1.0
5 NE 1.5 NE 2.7 SE 1.6 8B 2.9 SW 0.8 SE 1.4
6 C 0.4 NE 3.5 SE 4.5 SE 1.2 S 1.4 E 1.2
7 c 0.7 NE 1.6 SE 3.1 SW 1.4 Cc 1,3 SwW 1.2
8 NE 1.4 NE 1.0 SE 1.2 Sw 0.8 Sk 4.7 W 1.2
9 ¢C 05 E 1.2 E 1,9 s¥ 1.4 S 1,4 SE 3.5
10 NE 1.2 NE 1,0 B 2.7 8 1.2 sk 1.6 S 1.0
11 NE 3.7 SE 3.1 E 1,0 SW 1.2 SE 1.9 F 1.4
12 NE 1.2 NE 2.3 B 1.0 S 1.6 W 0.6 E 1.4
13 NE 2.5 SE 1.0 L 1.2 SW 1.2 SW 1.6 SE 0.8
14 KE 0.7 RE 3.7 E 1.2 SW 1.4 SE 2.5 Sw 0.8
15 NE 1.8 NE 1.9 E 2.1 E 2.1 SE 1.6 W 1.2
16 NE 2.8 NE 1.2 C 0.6 c 0.8 SE 4,1 SW 1.2
17 NE 2.2 NE 2.3 NE 1.2 SE 1.9 E 4.5 SW 2.1
18 NE 1.5 NE 3.1 c 0.6 SW 1.0 E 1.6 SW 2.1
19 SE 0.4 NE 1.2 SE 0.6 SW 1.9 W 2.5 SY 2.1
20 NE 0.8 N¥ 1.0 SW 0.8 SE,5W 1.6 SW 1.9 SW 1.9
21 E 1.0 c 0.6 S 0.8 SE 2.4 SE 0.8 SE,SW 1.0
22 E 0.8 NW 0.6 C 0.6 SW 1.8 Sy 4.4 SW 1,2
23 C 2.7 W 1.0 Cc 0.2 S 1.2 SwW 4,1 L 1.2
24 SE 0.6 SE 1.0 E 1.9 SE 1.0 SW 2.3 SW 1,4
25 SW 0.5 E 1.4 E 1.9 SE 1.6 S¥ 2.4 E 1.0
26 SW 2.1 B 5.2 NW 0.8 SE,SW 2.1 Sw 2.0 S 2.5
27 S 1.0 SE 4,7 W 0.8 SE 1.9 SW 0.8 SE 2.3
28 S 1.0 E 2.1 Sw 1.2 ] 1.3 SE 3.7 SE 1.9
29 S 1.0 s¢ 1.2 S 0.6 S 1.9 Sv 2.1
30 E 0.8 s¥ 0.8 SS 1.2 S¢¥ 1.2  SH 1.4
11 NE 5.2 SWw 1.2 sW 2,7
Abbreviation:

THr. ...... Prevailing direction

Vel. ...... Mean wind velocity in m/sec.
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~ continued , Year:' iﬁéz
Dote Jul, Aug. Sep. Oct, Nov. Dec,
Dir. Vel. Dir. Vel. Dir. Vel, Dir. Vel. Dir. Vel. Dir, Vel,
1 SW 1.4 SW 1,9 SW 2.5 NE l.4 E 2.9 NE 1.2
2 E 0.8 SW 3.3 SW 1,2 E 1.6 NE 4.3 NE 0.8
3 1.0 Sw 4.3 SW 2.7 E 2.0 NE 4,0 NE 0.6
4 C 1.2 SW 3.1 W 2.1 KE 2,0 NE 2.4 NE 0.5
5 SW 2.5 SW 2.5 NE 1.2 E 1.2 NE 4,2 NE 0.3
6 S 3.1 Sw 2.1 SW 1.0 E 1.2 NE 2.9 NE 0.7
T SW 1.2 Sw 2.3 E 0.6 NE 1.2 NE 3.2 NE 1.0
8 SW 1.2 SW 1.0 NE 1.6 NE 0.8 NE 3.3 NE 1.2
9 SE 1.0 ' E 1.2 NE,SW 1,6 W 1.2 NE 2.1 NE 0.6
10 S 1.2 E 1.2 NE 1.0 S 0.8 NE 2.9 E 1.4
11 E 1.0 E, 1.0 N 0.8 E 1.6 NE 5,2 E 0.6
12 SE,8W 1.6 SW 1.2 NE 0.6 S 1.0 E 9.5 NE 1.0
13 5W 1.6 W 1.6 W 0.6 E 0.8 E 4,6 E 1.6
14 SE,S¥W 1.4 SW 2.0 W 0.6 E 0.8 NE 4.9 NE 0.6
15 E 1.0 W 1.0 NE 1.2 E 1.9 NE 3.2 NE 0.4
16 E 0.4 SE 1.2 E 1,2 W 1.0 NE 2.8 NE 0.2
17 SW 1.0 SW 1.6 NE 1.2 W 1,2 NE 3.2 NE 0.8
18 SW 1.4 SW 1.4 NE 1.2 E, ¥ 0.8 NE 2.9 NE 0.6
19 S,¥ 1.4 SW 1.2 Sw 0.8 NE 1.0 NE 2.9 NE 0.4
20 W 1.0 E 0.8 Sw 2.1 E 1.0 NE 2.5 NE 0.3
21 NE 1.6 SW 1.4 S 1.0 KE 1.2 NE 2,8 NE 0.3
22 E 1.2 &Y 1.2 E 0.6 RE 1.6 NE 2.5 NE 0.3
23 W i.4 S 2.3 SE 1.4 NE 1.0 NE 2.5 NE 0.5
24 SW 1.4 Sw 1.4 E 9.6 NE 2.1 W 2.1 NE 0.3
25 SW 1.9 E 1.0 E 0.8 NE 0.8 NE 3.1 NE 0.3
26 SW 1.2 W 0.8 E 1,0 NE 1.2 NE 2.8 NE 0.3
27 Sw 1.4 E 2.3 E 1.4 NE 1.2 NE 0.8 NE 0.3
28 SW 3.1 S 1.2 E 0.8 NE 1.2 NE 1.2 NE 0.3
29 S¥ 1.4 S 3,1 ¢ 0.2 NE 0.8 E 3.1 E 0.5
30 NE l.2 W 1.9 W 1.0 W 1.2 E 3.1 NE 0.4
1 S 1.2 S 1.6 NE 0.8 NE 0.4

Abbreviation:
Dir. ... vea Prevai ling direction

Yel, ...... Mean wind velocity in m/sec,
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Monthiy Max. Wind Velocity nnd Its Direction

at Vientiane Meteorological Station

Period : 1959 to 1968
1959 1960 1961 1962 1963

Dir. Vel. Mir, Vel. Dir. Vel. Dir. Vel. Dir. Vel.
Jan, ENE ENE 389 B55E 3 5w
Feb. NNW 4 E E ENE 3 E
Mar. Var. - NW 4 LSE 4 i 3 Var. -
Apr. Yar. - S 10 5 10 S8sW 8 Var, -
May Var. —  ENI 3 NNE 8 NW 3 S3E 3
Jun. Var. - E 4 SW 4 by 3 N 3
Jul, WNW 13 NE 3 ENE () W 8 SW 3
Ang. WNW 5 LSE 4 S5V 3 ENE 3 N 3
Sep. WS 6 NE 4 WNW 3 W 4 WSW 4
Oct. NE 5 Sk 5 WNW 5 HE 1 SE 2
Nov. £ 5 ESE 3 NNW 4 N 6 N 2
Dec., 138 8 ENE 3 N 2 NNE 5 N 2

1964 1965 1966 1967 1968

Dir, Vel Dir. Vel. Dir, Vel. Dir, Vel, Dir. Vel.
Jan, KSE 3 B NNW E 8 8B
Feb,  WSW 6 5 NE I 4 E 8
Mar. ESE 3 E W 4 S 9 ESE 27
Aypr. NNW 4 W N 10 SSE 8 S5E 8
May S 4 W 10 NE 4 N 9
Jun. NNW 4 NNW 4 NNW i
Jul. 53k 3 W SE 5 W 8
Aug. S 3 NV N 3 S¥ 6
Sep. 5 3 W 8 4  8Y 7
Oct. SW 2 N ESE 4 ESE 6
Nov. W 3 I N S E 6
Dee. SE 3 - - - L 3

Remarks : Jlir. = Wind direction

Vel. = Monthly max. wind velocity in m/sec
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APPENDIX VI

ECONOMIC SURVEY

The data gaven here are concerned with the general
economy, from which the future traffic and the benefits

are estimated,

CONTENT S

Page
{1) Population of Vientiane City in 1966 .esvevueenneves 143
(2) Population of Nong Khal Prefecture in 1966 ......... 143
(3) Gross national product of LAOS wuceeneveseversncesss 144
(4)  Major industries 1n LaoS ..eeveeeveessveacennessnnse 145
(5) Export of Laos in 1966 .ueevreiecurecrscnnnonnansseans 146
(6) Import of Laos inm 1966 sivuiiiancieceannesacncaneonnes 14T

(7) Level of monthly consumption in Nong Khal
and Vientiane ..eiseiiereieseretcsntannanratannannes 148

(8) Prices in Nong Khai end Vientiane ,....eeeeevasaness 149
(9) Terry freight at Nong Khai .ieeeenserosvoncncrsnesss 151

(10) Ferry freight at Sri Chieng Mai in 1967 ..veesesvaes 151
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!

Population of Vientiane City in 1966
(by Census in 1966)

Male Female Total
Laotian 50,348 45,768 96,116
Foreigner 18,518 17,619 36,137
Total 08,866 63,387 132,253

Population of Nong hai Prefecture in 1966

(by Bureau of Statistics of Nong Khai Prefecture)

Country Population
Nong Khai 69,390
Phong Visay 69,789
Muang Kan 55,0697
Saika 29,140
Sri Chieng Mai 28,967
Tha Bo 44,850

Total 297,833
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Import of Laus in 1966

. Weight Amount
Articles .
{ke) (Kips)
Rice and other cereals 42,150,225 2,492,026,152
Foodstuff, sugar amnd other
food preparations 2,077,02% 266,133,592

All 0il productls {(aircrafi
and molor-car gasolines,
vils, pgreases)

Structural metals, cemeni
asheslos cement boll and
nut works, spanners, line

Cther eleetric machinery
and apparatus

Molor cars, tracturs and
eycles

Total

81,131,828

19,744,472

2,039,014

2,465,060

170,089, 248

1,381,481,563

587,266,751

833,092,444

1,271,250,396

10,017,158,506
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Perry Freight at Nong Khai

(Unit: tonsh

Year Freight from Laos Treight to Laos
1962 2,511 ® 30,045
1963 5,328 30,822
1964 32,524 30,766
1965 2,328 38,540
19066 10,463 42,459
1967 34,858 83,095

Ferry Freight at Sri Chieng Mai in 1967

{Unit: +tons)

Month Freight from Laos Freight to Laos
Jan, 6.7 6.7
Feb. B.7 21.7
Mar. 3.1 177.9
Apr. 9.7 T.6
May 0,1 90.0
June 1.8 , 212.0
July 0,2 34.4
Aug. 11.0 89.4
Sep. 1.0 48.4
Uet. 7.3 185.7
Nov, 3.0 82.2
Dec. 4.4 18.5

Total 58.8 985.2
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APPENDIX VII

OTHER PLANNING DATA
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Other Planning Data

Many kinds of planning datn listed below were collected during
the Pirst and the Second Phase Investigations., These dein are useful
for the feasibility study on Nong Khai/Vientiane Bridge Project, but
are voluminous. Therefore, the data compiled in Appendices are

limited to only the important ones four use as reference.

Collected data

=

Design standards of highway and railway in Thailand.

[

]
} Uver-all road network plans in Laos and Thailand.

3} Hap of city plan of Vientiane,
4} llegulations for aviation in Thailand.
5) Data relative to the expenses of compensation for various kinds

of land, houses and valunble trees, current prices of local
materials and daily or monthly salaries of technicians and
taborers in and around Vientiane and Nong Khai.

6) Data concerning the present car ferry services crossing the
Mekong belween Tha Naleng and Nony Khai.

7} Sources of electricity available for construction work near the
bridge site.

8) Data in regard to the river-bed crosion due to the structure
built in the river.

9, Seismic data

10) Maps covering a parl of the project area or the whole

emnrks

* These data were used for the estimation of the construction
cost and for the study of the additional ferry construction
as the alternative plan of the bridge, but were not compiled
in this "Appendices"™ as well as in the Second Phase lieport.
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