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APPENDIX-TTI
Minutes of Discussicns
7 on
Rural Broadcasting Facilities Project
in’

" the Democratic Republic‘éf'sudan

'In.reépcnse tc the request by the Government cf the Démcéfatic
Republic 6E'Sﬁdéﬂ; the'60vérnﬁéht‘6ffJapan has sent, through the Japan
International 006peration Agénéf;'a team headed by Mr. Hototsugu KANO
{Deputy Director, Rédid"ﬁoﬁitdriﬁg Division, Miﬁiétrytbf-Posts:ahd Te-
leccmmunicéﬁiOns) 4o éonduct-a'ﬁasic Design Study on the Rural Bréad-
casting Facilities Prﬁject (hereinafter referred to as "the Projeéﬁ"),

from Febiruay 3 tc March 3, 1984.

The Team has conducted the field survey, held a series of dis-
cussicens. and e%changed views with the ccntral and regicnal gévernmental

authcerities ¢oncerned of the Democratic Republic of Sudan,
‘As a vesult ¢f the survey and discussicns, both sides have
agreed to¢ reécoumend t¢ their respective Government to éxanminé the result

of the study attached herewith towards the realization ¢f the Project,

Khartoum, February 23, 1934
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voth sides Ccnxlrhc d that the Japancse Study Team explained the

Hinutes

The objeo"v of Lhe Prcgecb is to prcv1de facilities and equ10~
rent for the mediwn wave radic brcadcasting transmitting staticas
in erder to improve the radic broadcasting service with,a view to

proving living standards in

promobing education activities and inmg
rural areas.
Sudan Mat ional Brc accaatlng Ccrpcra ion is res ponsible fcr the

inplementation of the Project on Sudanese side.,

'According to priority, the propﬁsed sites and the cutput power for

the tfansmittihg_Staticns are as follows;
1)} El Obeid, Skw
2} - Wad edani, Skw cr 10kw ()
3) Atbava; Sk er 10kw (%)
4) Kassala, Skw
5} Dongola, Skw
{%) euogect t¢ the further stu;y in Ja paﬁ
The Japanese Study Team will ccenvey to the Government of Japan the
inténtiqn cf the Goverament of the Démccratic'Republié of Sudan

that the frrmer takes the necessary neasures (o cooperate in imple-

~menting the Prcject and Pr 7;&3 the facilities cn8=equ‘p.eﬂb listed

+

in Amnex I for the five radic brcadcasting transmitting staticns &

%]

stated in the paragraph within the scope ¢f Japanesc cconcriic

Cod

cocperatiqn in‘gb&nﬁ fernm,

The Covernment of Ghe ﬁeﬁocratic Republic of Sudan will take the

necessary measures listed in Annex I1 6n contltlon that tne grany
assistance by the Gcicrﬁmcnt i Jépan is e\Le;uea‘thtge PPCjégt.

4

Japancsc-Grant A Programe and Sudanese side waderstood it.
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AUNEX X

Medium Wave Radic Dreadcasting Transmitter

Transaitting Antenna

Puruny Load

Input.EquiQmént
Traﬂémiééicn_COntfcl-EqUipﬁeﬁt
Remote Céntfol/éupérviéory Systei
Studio—tc—Tranémiﬁtev Link
Méasuring-ﬁquipmght

Engine Generator

Sheiters

1 each for transmitter and engine generator

Honitoring Receiver

Other related equipment, spare parts and tools
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34

CANHEX IX

To provide data and informations necessary for basic design.

To secure the lands neCeSSary fOr.the radio broadcasting trans-
mittiﬂg staticns, -

To take necessary steps ¢ eansure the reliable prOgré@me trans-
mission to the studics of the proposed transmitter siteé.

To qarry oun éite preparétion such as cleafing, ievaling and access
road before commencement of constructicn ﬁorké.

To provide fdcilities for distribution of elecﬁricity, drainage,
communications and security,

To ensure prompt unlcading, tax exenption, customs clearance at the
vorts of disembarkation in Sudan and prompi internal transportatiocn
¢f the products purchased under the grahﬁ.

To exempt the Japanese nationals concerned f£rem custom duties, in-
ternal taxes and other fiscal levies impcsed in.Sudan with respect
to the supply of the prcducts and services fer the Projecs.,

To prcvide necessary pernissicns, licences and other authorizations
for carrying cut the Preject,

To establish necessary cperabicn and maintenance_crgaﬁizaticns in
time Tor the ccmpletion of the radio brcadcasting transmittiﬁg sta-

tiéns.,
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APPENDIX-IV

LIST OF QONCERNED PERSONS MET BY THE SURVEY TEAM

1. Mihistfy of InformatiOn and Culture
the Hon. Mr. Ismail Al-Haj Musa _ Minister

Mr. Mohamed Kgogali Sallehin

z. Sudan National Broadeasting Corporations (SNBC)

Mr. Moauya Hassan Fudlalbha Director General

Mr. Hassan A. A. Rahman Director General of
Engineering

Mr. Mahmoud Said Badri Director of Planning

and Projects

3. Mr. Abdelrhman Elsated Badri

University of Khartoum

Dr. Elfaflh Mohamed Ali Professor, Building and
Read Institute

n, KORDOFAN
the Hon. Mr, Alabtih Bushare Governor
The Hon., Mr, Dalom Aikhtim Minister of Regional
and Adninistrative
Affairs
Mr. Salah Deputy Director of
Information & Culture
Mr. Awad Director of
Broadceasting
Me, Tbrahim Mekkl Dool Director of
Telecommunication
5. ATBARA

the Hon. Professor Abdella Ahmed Abdella  Governor

Mr. Wahbdbi Director General of TV
Station
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Mir, Kamal Osman

Mr. Mohamed Elhassan

KASSALA
the Hon. Mr. Abdulah Ahmed El Bardula

DONGOLA
Mr. Osman Barri Algamas

Mr. Mahgob Elsidig

Mr. Alkawad El Khalifa

SENNAR
Mp. Salih El Hag E1 Bashier

- 99

District Manager of
Telecomnunlcation

Microwave Englneer of
Telecoamunication

Minister of Reglonal
and Administrative
Affairs, East Region

Commissioner

Pirector of the

Province

Assistant Commissioner

Chief Engineer, SENNAR
Transmitting Station
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ORGANIZATION OF SNBC



T T Ol emv I s T T TT

- RAL

Py

_DIRECIOR

| GEN

CHAIRMAN BOARD
OF DIREGTOR

.

N

Qrtﬁw W\ﬁw wﬂﬂw%\@\ VI TIa JINED SRINNYTE STimvs iRy
e TTTSIIT
: [ v vomst et
SINNYTDOX e (I T BTy L m..ﬁw.mﬁﬁﬁlw TR ! Y eyl T
L PV Tmrn 1u Yox FeLOIHRTIY _v{ VIR0 YwTe Yo SS9y
_ il qﬂkhﬁm Y w.bmv.mu w_?.a.. y ;
& - B y
BT TR . NYRRIPFDOTY IV 7 I TAT Y
oo s NoiITRIOPY o Al Ut cla AR Tt X252R)
SIORRTTT M Tses [TFRT A ST SAOTITITY 7T FTT7oV IR
Yo YOLoFViTA ST T AT T TR
w VT P; { XTI AT
[ _ YoL)W, ¥1AG007 L3im2 \ AT %u.._{un
m = “Ipard 2w or e ¥od eTeT .
E N tL Ul ATV T aNIvs o2
m O YoL)LrH] i d SO v Igry #3045 A YT ST T T WA oy
= WYY
JTFIT £ \
qaihoriree YRR IRIN i CoF7 IV YT ATRIRTY
.wwﬁm. u..._, .H..ewoww .ww....n Oavd IINOIYTY SO Y TTRYIIGT
_ e panS b L s
SOyl oy 4 7 ) e S
Q27w Ty WO FoL J4ILHENY HOR T ¥PeOR v .
MOl LS Ny PNHOA OILWY 913 [ o4
76 yio7nd] R e e gﬂﬂg ST T RIS
C SINN EW@Q&A&Q = HITIAT FoT FIa0dd SHIN yoiis
Tl ST TNV AV ~ @ YTV ;
Yox voLIP T vy " GadLEd uwn.m
SO 0 FITRIYIITP
7 o 7 ¥ Pl
0t T TS TAUNLINNITT
3 LYY T XlIRF yal 1 TETR Y AL TR
WRITIIS YALVIL Sutribe T . . JOIRF AL TR
TreYovkr AL : :
- QIIVY
Lare yaryre
. fver gxog g - - AN
LITHIE ALY LI AATS ) immlw.www
PuIvALY u...\ok (2] qﬁsﬁm T L (]
VNN, AT SR { x
O WO YY ¥ YOI IT ! TRIT T
¥O w: S ¥ yyvwly
¢ SIS T C ﬁéﬂ
AT AR STIAvEL OUY, g
AL AYID I ITL VD, _ JHMQ Y
MNP ISTE o
BT Yo , ! SHIFAYIT -
Yol ey
: _ WITYISIE
7
&> YL HIT
_ uﬂw.\d,\ 7Yor?
d Yoy
(-M&wﬂ?ﬂhm TRV STnY
WaLITY H
Lzass s minaty] B S/ 2T
H SECISSY
q..b.itﬁ
TP AU YELSY

T onT0g7 AN
W 2 30O e T

A O Y T T TR I T e T

o I, : " L)

YOI YOLITUIT 14 IS0 PP T QAL PPN Ao WITHALID I
VTP EY TIRIVIEIT LIRS  S—— ”

JALODTHT goﬂmvmw\w i - u&ﬁwm i %ﬁﬁuﬂﬁ

ToIVITII Y ITRY T - b

rﬁﬁd_a i YR O TR T T TTRTT

ACUWORIT XD TYIN

VoL wWIET
¥
ol 0L

Yor ¥l VW\Q

LA
Yo ,.n..nw_“u.\k\q

VoLOX X! _ YOYLY TO I
YT DOA
“reynd| *

ORGANIZATION OF SHBG -

_KHARTQUM _SUPAN,

VSt

MECTUR

LE

THE
3

£

APPENDIX-V

yor YoLoi¥iq
(at?aallad

LI NW
VoL YL 79N
HULYYLSININTY

T TCTT
yor yelarie OUINTONS le‘.ulm.

B K TTEF AT e a2 " AL 2L
AU ST Y : HYIT 10 4y, NI G YISO T

’

- 100 -






APPENDIX VI

LIST OF FREQUENCY ASSIGNMENT (WARC)
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1: Assignad &equency (kHz}'.( CHANNEL, NUMBER )

: Name Of Transmitting Station -

Geograghlcal coordirates of the transmitting stations

_ o ditto
t Neoessary Bendwidth (kHz)
‘Carrier Power (idv)

Maxdmm radiation (3Bl

: Type :of Antenna
- Helght of Anteana _
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. APPENDIX VI

CALCULATED BROADCASTING SERVICE AREA
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FIELD STRENGTH DATA






Survey of Field Strength (EL OBEID 639 kRz)

8th Feb. 1984

PLACE & TIME FREQUERCY FLELD STRENGTH _
R . 2kﬁz) dB/pv REMARKS
Site "'*560 ' . ADF 2nd Harmonics
16:10 594 .20 Music
650 23 _ Arabic
P 890 :
I 9613 30 Musgic
1,520 : 23
610 g Noise Level
1,000 9 Noise Level
1,600 '_9 noise Level
Centre of ' 612 ' 40 (-27kRz) - beat
City ( No.1) 621 45 (-18kiiz) Arabic
18:00 ~ 639 48 Agsigned Frequency, BBC
‘ 648 53 {+9kHz) Arabic
657 40 (+18kHz) Music
666 23 “(+27kHz) Music
570 25 Noise Level
995 25 | Noise Level
1,580 20 Noise Level
Céntre'of 6%2 ‘ . 46 (-271Hz2) beat
City (No.2) ’ 621 51 {-18kHz) Arabic
18:30 ~ 639 56 Agsigned Frequency, BBC
648 56 {+9klz)} Arabic
657 40 | (+18KkH2) music
666 35 - {+27k8z) music’
575 17 Noise Level
990 ' 20 Noise Level
1,590 _ ' 10 Noise Level

- 107 -




Survey of Field Strength (WAD MEDANI 873 kHZ)

24th Feb. 1984

FIELD STRENGTH

PLACE & TIME ST a8 oy REMARKS
Hotel 846 39-49 (-27kHz) Fadiog
19:00 864 50 (fgkﬂz}. Arabic
873 4151 Assigned Frequency,Fading
382 35 (+9KkHz)
891 39 (+18kHz)
990 34-44 (+27kHz)
600 20 Noise Level
875 22 "
1,000 23 "
1,500 <20 o
"~ 846 34-44 (-27kHz) Fading
Suburb '
19:45 ~ 855 39 (-18kHz)
864 53 (-9kHz) .. Arabic
873 45-49 Assigned-Frequency,Faﬁing
882 37 (+9kHz)
891 36 (+18kHz)
900 45-55 (+27KHz) Fading
500 20 Noise Level
875 <20 "
. 1,000 <20 "
1,500 <20 "
Site 855 25 (-18kHz)
17:00 ~ 864 32 (-9kHz) Arabic
200 20-30 (+27kHz) Fading
600 <20 ‘Noige Level
880 <20 H
1,000 <20 "
1,500 <20 "
H°t§f3o N 1,296 80 Sennar Statfon
Hotel 364 34 _ Arabic
7:00 ™ 600 23 Nodse Level
900 22 "
1,000 <20 "
1,000 20 "
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Sutvey of Field Strength (ATBARA 783 kHz) 16th-17th FEb. 1984

PLACE & TIME ' FREQUENCY FIELD STRENGTH . REMARKS
- (kHZ) . dB /v :
Site 648 Arabic
10:44 v 683 25
765 39 (~18kHz) music
Railway Sta-
tion 174 46 { -9kH2) ~ Avrabic
19:00 ~ 783 51 4331gngd Frequency, heat
792 45 (+9kHz) Talk
801 46 (+18kHz) music
520 15 Noise Level
1,000 24 Noise Level
1,610 15 Noise Level
Guest house 765 46 (-18Kiiz)
20:00 774 47 (-9kHz)
783 52 Assigned Freguency
792 56 (+9kHz)
801 57 (+18KlHz)
519 20 Noise Level
1,044 22 Noise Level
1,611 1% Noise Level
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Survey of Field Strength (KASSALA 666kHz).

16th-17th Feb. 1984

PLACE & TIME FRE%EEQ?* F’EL°3§$§E“GT“ REMARKS
dorar 639 58 (~27kRz) | BRC
19:00 & 648 61 (-18kHz2) Rabic
657 54 (-9kHz)
666 55 Assigned Frequency
675 53 (+9kRz} .
684 45-47 (+18kHz2) Fading
693 45 {+27kHz)
Suburb 639 62 (-27kHz) BBC
20:00 A 648 76 (-18kiz) Arabic
657 50 (-SkHz)
666 57 Assigned Frequency
. 675 48 {(+9kHz)
684 55 ~ 57 (+18kHz) Fading
693 58 ($27kHz)
520 20 Noise Level
660 22 .
980 22 "
1,450 20 "
1,540 21 "
Centre of City 520 20 Noise Level
20:30 ~ 660 24 "
980 25 AR
1,540 22 "
Site 648 19 (~18KkHz) Arabie
12:30 684 21 (+18kH2)
520 20 Noise Level
660 20 "
980 20 "
1,540 20 "
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Survey of Field_Strength'(BONGOLA 819kHz)

23rd-26th Feb. 1984

© PLACE & TIME REQI;&:S FIELDdgﬁE“GT“ REMARKS
Guest House 819 30 Assigned Frequency, Arabic
7120 ~ .
Site 819 30 Assigned Frequency, Avabic
17:00 ~ 505 13 Noise level
1,000 i0 Noise Level
1,550 .15 Noise Level
Guest House 801 52 (-18kHz) Arabic
20:00 o 810 34 (-9kHz)
819 53 Assigned Frequency, Arabic
828 44 (+9kli2) Beat
837 42 (+18kHz) Beat
500 23 Noise Level
975 28 Noise Level
1,650 15 Noise Level
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- APPENDIX K

- GROUND CONDUCTIVITY DATA






Reilative Reafatance

EL-QBELD

{(lem)

500 2
{50
-3
30Q'
2oo>5-*‘\ 3 5
A S \\\\ —~
AN )| £
“~
N — —— kB-w N\
4(\ i' 1\ /“’--". "><‘ N S_ @
. L ) . }5_" })“_ p - 10 £
IOO‘ ‘:cjaf"‘*, ‘4("“;';""(\") AY w
P -
Yl
j iy
50 20 -;'
40 4
430 =2
- -3
30 i S
20 —} 50
16 N . . RENUSURE DS N
I 2 3 { 5 6 8 1o 20 ki)
Efectrode Distance 1{m})
Nate

Measurement Instrument : Type L-10 (Yokogawa Eieciric Co.,)

Result of Ground Conductivity Measurezent
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WAD - MEDANT

(&-m)

Resiatance

Relative

560 L 2
{00 ' ' :
300 { :
s SN
;;/ ‘)l: . v 3
. Tl i1 £
200 : P—\. i e &‘\) st I ‘g
. -
. r\u-J/ T~ — \""'"3'L E-W ~
S — 1 :
1oo}? fn-5 1o E
: 3
o
3
¢ 2
_ o
(8
59 20
49 : ‘
130
30
1 2 3 { 5 & 8 19 2 3 3]
Electrode Distance a(in)
Note:

Measurement Instrument : Type 3264 (Yokogawa Elactric Co.,)

Result of Ground Conductivity'MeaSurement

113 -



ATBARA

50 _ : 2
400— : E—w-
300¢ I e 43
‘\\ ,f“ .
-~ —— N -

(\200I\S\\\,\‘( ' ,J*"f””o ° 4
£ \b‘\ -', E:.a "'/ —~
('_-: ) . \\".___‘“_ bd”‘/ »

. Y-.-.(-«K‘
< 1 | ! -
. : ) £
100 H— 2 o o
e
p P
-l - ¥
° : : "
e 50 : - . 20
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RESULT OF SURFACE EXPLORATION
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1. Preface

This réport handles the reconnaissance ubr_k in Sudan from Fébruary
5 to March 1, 1984, and examination result done after arriving in Japan,
as well as the lnvestigations on soil yield strength of eaoh spot, based

upon the above result,
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2. Outline of the Topographic Features and Geology in Sudan

Outline | I L

F‘irs't..]f.y, the topégvaphic f‘eatures as well as geology of Af‘rican
continent is véry monotonous, Except the Atlas Mountain. Range, which is
a young fold mountains of the northern tertiary era layer, most of. the
land 13 the plateau area, Ewhich has not gob the fold sineer 01d
geographical age. It 13 based on the old orystal réok gneiSs, granite,
etc.), and , bhe rocks of each geographical era, whieh cover it, are mostly
terrigenous layer, except the sea ooast area. (Fig. 1) The feature or
the’ Oontinenb is that bhe séa’ cosh plane is narréw, the 1nner area is a
huge basin, ‘as Hell as high swells, whioh surround 1b (Fig. 2)

: Secondary, the topographlc fEatures and ggolqu of Sudan ‘will be
mentioned. Sudan is: situated Oﬁ from nearly HON and its main part is in
the Sudan Basin, whiéh ooeupies the basins of the Hhite and Blue Nile
(F:g. 2). It 00nsists of bhe plateau, which is divided into vaerus
natural seenic views, suah as the tropical rain fbrests, marshes, the
subtropical savannas and deserts, ‘eto. N In the south, fainfalls aﬁe
abundant, and the charaoteristic swampland called Sad, whioh is the area
of - high temperatures and’ high humldities, mosbly oceupied by swamps and

_ foreats.
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Reference 2

Fig.2 Basin and Swell Structures of African Continent
Sugvey Spot

The survey spot are geographically classifled in Table i.

Table 1. Geoqraphy of the Survey: Spots

Above Sea
Sexvey Spot Level (m)* Remarks
KASSARA 495 EAst end of SUDAN
. Along the Ethioplan border
East of ATBARA River, a tributary of Nile..
Fastward from here, it reaches to the plateau.
Just east of KHARTOUM,
ATBARA 350 North of KHARTOUM
Diverging point of Nile and ATBARA Eributary,
DONGOLA 227 " | North of SUDAN and riverside of Nile.
. ] nubla Desert‘is near its north.
EL CBEID 570 West of White Nlle.
: B Small plateau.
WAD MEDANI 405 Just north of KHARTOUM.
S Central Clty|3fGEZird area,:a cotton piaﬁtatioql
Along Blue Nile. '

* Average altitude of African Continent is about 670m.
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Climate

The olimate in the dry land has great influenee upOn the solls,
Among them, the rainrall is most imporbant. Acoording to Reference 3,
the rainfall in SUDAN is as follows. '

“Under the' bropieal climate, the intense heat covers ‘the whole year
espeobialy in centre part.- The yearly preoipitation _wi@e}y ehanges,
under 100mm in north Egypbian boarder,'and above 1,200mm In the south
end, COnsequently, the diy season lasbs forr as long as ten months _in
ATBARA, northeasterh parb,‘ while only one month in MONGOLLA southern

part. In the central part, ‘the yearly precipitation changes widely from
100mm to 500mm, and the rainy season is short®,

Temperature of Gezird area, inoiuding KHARTOUM, WAD MEDANI, eto.,
of which éotton plantations are the ‘treasures of SUDAN, is not below 3o°c
through‘the year. The rainfall becomes smaller from south to north. That
of WAD MEDANI, THE CENTRAL PRTS, IS ABOUT 380ma per year, AND IN
KHARTOUM, only about 180zm. ' N

In additlon, the raln concentrates mostly in two months, July and
August, and scarcely from November to Aprii. The rainfalls in EL OBRID
and DONGOLA, which are not indicated, can be anticipated.

SOIL

In the land, the coheslve soils are widely distributed. The -
pénetration of water into the soil in the irrigation area i$ small, ang
almost all rainfall stay on the surface and evaporate, '

Black Cotton Soils

This is a Special soil,._hOteworthy in SUDAN, It 1s black elay

soil, and called Badole.q) It's distribution in Africa is shown in Fig.

3%,

It is clearly observed that the soil is distributed from centre to
south- east, as well as south in Sudan.

This soil velongs to the Special soil and shows remarkable suelling
according to the change of the water content percentage.
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-Aéeording to Referencé 6, 'this black-gray so0il becomes clay-like by
rain, and is very trouble _something, ﬁhich obstructs the automobile
traffic. Accordingly, the season of field survey in YNGESANA HILLS area,
cast-southeast of EL OBEID, is limited from around October to March'.
This soil is_depbsited on the surface course in the énea. By another
Reference M,.thé layer thickness of the soil is about 1 M in average,
when the basic layer is shallow. Consequently, the depth of embedment
base should be desided éioiding this sqil. | '

The reason of éwéliing'is Monmolinite, the main co@ponent of the
eclay minaerals in the 3011.  | |

Fig. 4%) shows the cbméériSon on the plastieity c¢hart between the
black cotton soils and the samples colleoted in each survey spots,

mentioned later.

All references are shown in Annex-2.
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Fig 3 DISTRIBUTION OF BLACK CLAY $OILS

IN AFRICA
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3.

iteas

i)

ii)

iii)

Outline of Exploration

Explorations were conducted at five spots shown in Fig. 5. The

are as follous:

Investigation of the outerop on the spot, and the saumple

ecollecting.
At each spot, the 'OUtefOp is ObserVeﬂ, and the samples are
collected at G.L, -1.0m and -2.0m by digging the test pits.

Static Cone Penetration Test at in-site
Only in KASSARA

Observation of Samples and Physical Test

After arriving in Japan, the collected 'samples vwere carefully
observed, and physieai test was conducted. The items of the test

: and the standards7) in conformity are as follows:

&  Special Graﬁity Test of Soil Particles JIs & 1202
* Water Content Test JIS A 1203
%  Grading Test JIS A 1204
% Liquid Limit Test JIS A 1205

% plastic Limit Test JIS A 1206

Solid yield strength at each spots were examined based on i) to
iii) and materials from KHARTOUM University, Annex 1.

- 125 -



., Exploration Result in KASSARA
4,9 Observatlon of Outerop

Situation of Site

it is situated on the eutskirts of farm land, spreading westward of
the c¢ity and along the river of GASH. Contemporary, a vacant ground.
Flat and no vegetation. A well, of which water depth is G.L.-%2m, is one

km far eastern of the site.

Situation 6f Surfacée Soil

Blackish clay soil. Hard, under 2 to 3 c¢m. Water penetration is
good. Wien water is spilt, the surface comes down and a hole is made.

Observation of Execavation Pit Wall

Considerably havd. A mark of excavation by the pick i3 engraved on
the pit wall. The harder, the lower. The scoil is same down Lo 200 ¢m.

4,2 OQbservation of Collected Samples

Samples were collected at G.L. about -1.0m and 02,0m. -

Samples from G.L. -1.0m

They uwere collected as hard cores, Apparehtly, voleanic rock, but
so strong as expected by the appearance, Some parts c¢ollapse
easily by the fingers. Dark brown. So0il lump, in the water,

collapses and becomes fine grained soils,

Samples frow G.L, -2.0m

Apparently, the solid silt or sand stone, When orashed the
fingers, mostly becomes fine grained (remains as grains, but diameter is
very small, like silt), Some parts remalns as small lump. They has
light occher colour.
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4.3 Ppysical

Test

The list of test is shown in Tabie2, as follows:

Table 2.

List of Physical Test (KASSARA)

Table~ £ List of Physical Test

Name of Sample
Soil Texture K-1(G.L.~1.0™) [ K-2(6.L.-2.0™)
Gravity G 2.745 2,765
Water Content Wo (%) 11.0 5.4
Liquid Limit - Wl (%) 43.4 27.5
Consistency Plastic Limit Wp (%) 17.9 6.8
Plasticity Index Ip 25.5 20.7
Gravel (%) 0.7 2.2
Coarse Sand 1.6 4.2
Sand (2 )
Grading * ¥ ) Irine sand 14.4 40.5
Characteristic "
§ilt (%) 47.7 30.8
Cley (%) 25.6 22.3
Japanese -Standard oL oL
soil Classification
Classification — -
_ Triangle Axis F F
Preséntation

¥ Dye to the aridity during the transportation, these water
content percentage will be smaller than that of the original
condition. '
Gravel 2,0004 < ; Sand 74 - 2,000 {Coarse Sand 420 - 2,000,
Fine Sand 74 ~ 420.), Sitt (5 - Tiu}, Clay 5u>>x
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4.y Duteh Cone Penetration Test

Dutch Cone Penebration Test was conducted at the Bullding and Road
Research Institute of KHARTOUM University. The test equipment used i3 a
mechanical friction cone penetrator (Begemann Cone) for 10 tona, The
cone resistance (qc) and the friction on the Jacket (fg) were measured abt
15 em deap at intervals of 20 cao. Fig. 6 shows the process of

measuremnent,

Fig. 7 shows the result of test. The unit, MN/mz, in the figure, has the
following relations to kgf/cm2:
MN/e® = 1,000 KR/n® = 10 kgf/cm®

Fig. 6 Measuring Process of the Mechanical Friction Cone Penectrometer
(Begemann Cone)
Fig. 7 Reault of Dutch Cone Penetration Teat {XASSARA)
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Fig. 6 Measurement Process of Mechanieal Friction Cone Penetration

Test (KASSARA)
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4.5 Investigation on Soil Yield Strength

In the soil analysis, this soil is regarded as cohesive soil,
beeause iv is CL (sandy elay or silty olay).

_ According %o the result of Dutch cone penetration teSt, mentioned-
in Secblon u ﬂ ' '

R - o - o
‘Fy.f' ch 200. q, (qc) | £, (f )
L GL. - -108 By 13- 20017) . 0.5 - 1.0{0.7)
G.L. - -15m 3.2 8 -13(11) . 0.2 - 0.5(0.35)

(Unit: MN/m2)

4 '1s7iargeh'iﬁ'thé upper layer than in the loWer layer. Judging
from thess 10“ FH values, the sand is inereased in the lower dayer.

_ If the surface is supposed to be cohesive 3011, the ‘relations
between the nonudrainage shearing strength (0 ) and @, is as follows:

Cu =

=8

here, Nt cone eoeffioienb

1 upper vidden stress (negligible, because it is too
3ma11er than q ¢}

Concerning N, the following proposals aré Submitted:

(1) Sanglerat10) R _ . o |
4 < 20kgf/en’ 15 <M'<18 =~ (Normally Consolidated Clay)
e, 25kgf‘/ezﬁ2 C2<N "_{éﬁ (Over Consolidated ,C1ay)

(11) By Soil Explératlon Methods of Soil Engineering SOOietyi)
1u<u<17 | |

(111) By Standard of Basic Architectuval Construetion Design and Comment
of Architectural Engineering societym} ’

10 <N <20
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When q, = 17 MN/m2 and N=30 for the safty's sake, '
C, = 5.7 kgf/em (1)

If the strength of basic bottom becomes low by inundation Cu-value
becomes one half:

¢, = 2.8 kgt/e 2 . (2)

The alilowable bearing power will be, using above Cy? as ‘follows:

- qa='% ( CHO + iBNP ¥ PanNq). (Long term) (3)
here, = 1.3 N_=6.3(6=0°, N =0
, 1 '
= 1469, , = 0.69, N =3

The allowable bearing wer {q.) without the influence of water is
po q,

as folloust
q =3 (1.3 x57 x5.3 +1.69 x 3.xDp)

If the influence of"Df is negligible for its small value,

x 392 = 131 t/m® | )

(1.3-x 28 x 5.3)'5 54t/ {5)

In conclusion, the allowable bearing power in KASSALA will be

determined for the safty's sake, as follows:

50 t/ma_ B (Long'ﬁerm) (6)
100 t/a° (Short term) )

n

Q,
q

n

a

In the above investigation, the allowable bearing power is regarded
to be cqual to the permissible soil pressure.
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5. Exploration Result in ATBARA
5.1 Observation of Outerop

Situation of Site

Desert area, about 5 km south from the ¢ity. The site is dotted
with sandy hills with about 2m high. To ATBARA River, 1 kam north and 5m

Eo the water level.

Situabion of Surface Soil

Sand, mixed by small gravels., Poured water is absorbed quickly.

Observation of Excavation Pit Wall

Black soil down to G.L. -70cm, and white soil undern¢ath. Very
hard. It can not beé excavated without a pick.

5.2 Observation of Collected Samples

Samples were ¢6llected at G,L. about -1.0m and -2.0m,

Samples from G.L, -1.0m

Samples were colléoted as cores. Light brown, a little blackish
comparing with that of from G.L. -2.0m, Clods ¢an bde casily collépsed by
hands, Partly white small partieiés. All samples can be grained finely
by hands,

Samples from G.L, -2.0m

Nearly the same as above. A little white.
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5.3 Physical Test

The 1ist of physieal'test_ié shown in Table 3.

‘Table 3 List of Physical Tést (ATBARA)

) Table- 3 List of Physical Test

Soil Texture

Name of Sample

A-1(G.L.~1.0™)

A-2(G.L.2,0")

2.735

Gravity G 2.724
Water Content ¥ wn {%) 4.9 _ 4.8
Liquid Limit Wl {%) . 28.7 24.8
Consistency Plastic Linmit Wp (%) 12.0 13.9
p1a§ticity Index Ip 16.7 10.9
Gravel (%) $13.7 29.4
: Coarse Sand 18.0 17.0
Grading % % Sand (%) Fine sand - 38.6 33.7
Characteristic silt (%) 291 14.2
Cley (%) 7.6 5.7
Japanese Stanéard‘ sC sC
Claésification Soil Classification )
Triangle Axis Sr s

Presentation

¥ Dye to the aridity during the transportation,

content percentage will be smaller than that of the original

. condition,

% Gravel 2,000 <« Sand 74 - 2,000« (Coarse Sand 420 - 2,000;5

Sand 7Y - 2,0004 (Coarse Sand 420 - 2,000x , Fine Sand 74 -
b20u.), Sttt {5 - Ti4x), Clay 5u >

- 133 -
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5.4 Investigation on $0il Yield Strength

The soil of this area, north of KHARTOUM, contains much sand.. In
soil analysis, it is olassified as silty sand or hefty sand. It does not
¢onsiderably contain black cotton soils,

If the 3611 is c¢onsidered as sand, the conversion equation between a, and
N is, by Reference 4, ' '
H=q /= 1704 = 42 | | o (1)
If 6/208 + 15 =,/20 x 42 + 15 = 43°-—> 10° -
d= 1.3, C=0, B=00, ¥ = 1.69 (% = 0.69)
Moo 1 B) = 1,69 (K= 0.69), Ny =3

" If the above values are put into equation {3) in Seotion 4.5,

a, = 3 (0.4 x 1.69 x 114 x B + 1.69 x 3 x D)
= % (77B + 5.0 Be) .o .Without influence of water (2)
i .
9, =3 (0.4 x 0.69 x 114 x B + 0.69 x.3 x Dg)

(31.58B + 2.0 Df) ceessWith Influence of water (3)

Wi

Consequently, if Dr'=_05 for the safty's sake,
f, = q, = 10,58 (Long term)

e .
fe q, = 21.08 (short tera)

1"

With influence of watenr
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6. Exploration Result in DONGOLA

6.1 Observation of Quterop

Situation of Site

besert area, along Nile'RiveP, about 7 km south of the ecity. In
the east of the site, nills of Um high extend to the city.

Situation of Surface Soil

Fine grained white sand

Qbservation of Eieavatién Pit Wall

Blackish soil down to G.L. -160cm, underneath white soil mixed with
‘small gravels.

6.2 Observation of Collected Samples

Samples were collected from G.L. about -1.0m and -2.0m,

Samples from G.L, -1.0m

Hard soiligrains, not collapsed easily by hands. It resembles the
‘samples in WAD MEDANI in coloué and shapé., 1In the water, it collapses

foto fine grains, Gray colour.

‘Samples from G.L, -2.9m

Roundish gravels with the diameter of under 3¢m and fined
silt of light brown (white) colour. Silt is not hard solid as in
the uppér layer, '
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6.3 Physleal Test

The 1ist of physical test is shown in Table 4.

Tabke 4 List of Physical Test (DONGOLA)

Table- 4 List of Physical Tést

Name of Sample

S0il Texture W-I(G.L.Fl.omj 'W-Z(G;L.—2;0m)
Gravity ' s 2. 701 2.734
Water Content ¥ W (%) i 9.6 10.5
Liquid Limit WL (%) 55.4° C e1d
Consistency Plastic Limit Wp (%) 24.1 23.0
Plasticity Iﬁdex Ip 31.3 ) 38.6
Gravel (%) _ ._'2.2 ' 3.1
. Coarse Sand 3.3 2.5
Grading x % ° Sand () Fine Sand 17.3 w :?9.2
Characteristic silt (%) 57.4 ;5?6
Cley (%) | : _ 19,8 13.7
Japanese Standard CH ' " CH
Classification So0il Classification e
Triangle Axis F P

Presentation

* Due to the aridity during the transportation, these water
content percentage will be smaliev than that of the original

condition.
#% Gpravel 2,000« <, Sand T - 2,000u (Coarse Sand 420 - 2,000,

Fine Sand 74 - 420u), Silt (5 - Tiu), Clay Su >,
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6.1 Investigation on Soil Yield Strength
Because this site is located in. the northern SHDAN, and near the

desert, the soil c¢ontains much sadgravels, Preoipitation is considerably
little.

The bearing power is found by Equation (2). Section 5.&; as
follows: ' '

a, = % {71B + 5.0Df) Without influence of Water . (1)

For the safty's sake, if D = 0,

fo = a, = 25.6B {Long tera)

a, = 51.38 (Short term) Without influence of Water (2)

|
"
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7 Exploration Result in EL OBEIDO

7.1  Observation of Outorop

Situation of Site

Desert area, about 10km east of the c¢ity. The whole site inolines
slightly to the south. It is dotted with thorns, around where the
surface sand soil 13 heaped up.

Situation of Surface S6il

Fine grained red sand, mixed by white ones. Poured water 1s
absorbed quickly.

Obseryation of Exc¢avation Pit Wall

Solidified red sand, seen on the surface, makes the layer down to
. 30 - 50em, and underneath a sandstone layer, slightly softer than bricks,
with little moisture. '

7.2 Observation of Collected Samples

Samples wers collected from G.L. about -1.0m and -2.0a,

Samples from G,L, -1.0ﬁ _

Small clods in brick colour. Clods ¢an be easily collapsed by
hands into fine grain (like silt),

samples frow G.L, -2.0m

Water content is probably higher than other samples. However, the
feellng by fingers is same as clay. Ocher colour,
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7.3 Physical Test
The 1ist of physical test is shown in Table 5.

Table 5 List of Physical Test (EL OBEID)

Table- 4 List of Physical Test

Name of Sabple

: T
Soil Texture E-1 (6.L.-1.0: Hp 2 (G.L.-2.0™)

Gravity G 2.637 2.665
Water Content ¥ : tn (%) 1.8 _ 11.8
| Ligquid Limit Wl (%) N.P. 27.2
Consistency Plastic Limit Wp (%) N.P. 11.5
Plasticity Index Ip N.P. 15.8
Gravel {%) 0o 0.6
Ccarse Sand 3.5 2.2
Grading # ¥ Sand (%) Feine sand 76.5 - 73.2
Characteristic Silt (t) 11.2 12.1
Cley (%) 8.8 11.3
R e
Triangle Axis sP gp

Presentation

% Due to the aridity during the transportation, these water
content percentage will be smaller than that of the original

condition.
%% Gravel 2,000k <7, Sand 74 - 2,000m (Coarsé Sand 420 - 2,000k,
Fine Sand 78 - H20uw), Siit (5 - Tlw), Clay 5, >
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7.4 Investigation of Soil Yield Strength

Down to G.L. -1.0m, it is c¢onsidered as laterite layer. - Underneath
olayed soil or silt sand grain. Therefore, the strength can be found as
in ATBARA, Section 5.4,

10.5B {Long term)
21.08 (Short term

n

2a

) With the influence of water (1)
a

1}
H

- 140 -



8. Exploration Result in WAD MEDANIL

8.1 Observation Outorop

Situation of Site

The site is located about 13 km north of the city, on the left bank
of Nile Biver, and about 800m from the bank. - Undulations probably due to
the rain. Whole site inclines into¢ the river. 7m high from the water

. level.

‘ Situation of Surface Soil

Clayey soil mixgd by small gravels. Hard in 1 -2em deep. With
water it becomes clay-like. ' ' '

Observation df'Exca?atibn Pitt Wall

Vgry hard. VOnly by a pick, excavation is possible. Hardeéer in the
lower layer. An iron bar is stuck barely with a_hammer. However, it is

unexpectedly fragile, when a forée is applied,

. 8.2 Observation of Samples Collected

Samples were collected from G.L. about —-1.0m and -2.0m.

Samples from G.L. ~1,0m

Small olods 1ip dark brown or grey ecolour.  They can not be
collapsed into grains by fingers. In the water, they turn to fine

grains,

Samples from G,L. -2.0m

Nearly same as the above. The part of clods is more.
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8.3 Physical Test
List of Physical Test is shown in Table 6.

Table 6 List of Physical Test (WAD MEDANI)

Table- 6 List 6f Physical Test

_ - Name of Sample
Soil Texture D-1{G.L.~1.0™){ D-2{G.1L.-2.00})
Gravity G 2.1 2.658
Water Content % Wn (%) . 7.6 S 1.4
Liquid Limit Wl (%) 48.0 N.P.
Consistency Plastic Limit wWp (%) 24,0 T H.P.
Plasticity Index Ip 5.4 -J ——
Gravel (%) .2.4 . 44,2
Coarse Sand 18.7 16.9
: Sand {%) .
Grading %% Fine Sand 57.6 24.9
Characteristic Silt (%) 15.9 10.5
Cley (%) CL 3.5
Japanese Standard P G-C
1 "™ 3 So0il Classification
? ass cation Triangle Axis : o-F
Presentation

¥ Due to the aridity during the transpobta‘t:ibh, 'thesé water
content perdentage #ill be smaller than that of the original
condition. ' _ |

¥ Gravel 2,000n <, Sand 7 - 2,000 (Coarse Sand 420 - 2,000u,
Fine Sand 74 - 4204), Silt (5 - Thy), Clay 5y >.
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8."'

Investigation of Soil Yield Strength

According to thé'plasiioity chart "(Fig. 1) and the value of W,

this is considerably the black cotton soils, Thérefofe, the foundation
should be placed where the biack cottOn ‘soil does. not exist, If the
situation is not allowed, the following idea is found:

I€ the sensitivity ratio of this cohesive soil is 1/10, q, in KASSALA

if Cu

- g 2 - Mo _ 2
Q = 170 kg/en wil} be Q=5 " 17 kg/cm
='qé/i5_ié adopted,
= 1.1 keg/om , | (2)

Just as eguations (3) and (4) in Section 4.5,

9.
(1

£, = q = %.(1.3 x 17 X 5.3) = 25 t/m®  (long term) - with influence
fe = q, = 50 t/m° {short term) water (3)
Sunmary

Considering the inundation at each site, the long-term soil yield
strength is proposed as follows: (in case of a direct foundation)

KASSALA 50 t/m?
ATBARA 10.58  t/m°
DONGOL A 25.68 t/m’
EL, OBEID 10.5B  t/m°
WAD MEDANI 25 t/me

The above figures were obtained on the analogy of only Dutch c¢one
penetration test in KASSALA, bherefore, overestimation should be
avoided.

The depth of embedment should be more than 2m at 'each' site, and
specifically in WAD MEDANI, the foundation in the black cotton soil.
G.L. -2.0m, should be avoided as possible,
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(2)

(3)

L)

Though the amount of settlement was not mentioned in this 'report\,

for sand soll, ¥ = 2q, and for olay soil, E = U80 C, will be
proposed. -

The black cotton soil in SUDAN is a spécial expanded oclay. The
possibility of 1low bearing power, as well as high settlement can
be cOnside_r_ed at inundati'oh of different types in each site., It is
neéessaﬁy to obtain useful information at KHARTOUM University and

S0 Oil.

Surface soils of all sites are considered as good, adeord_ing to the
satples ctollected and the result of test pit (note that the test
was done in the dry season). However, the fall of atr-ength' 'ﬂuriﬁg
Water-containing or inundation is won;-rying. ‘Samples c¢ollected at
the site without disturbing the situation, as well as the
inun_dation loading test at fhe original site are recommended,
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SOlL, TESTING RESULTS
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CLASSIFICATION OF SOIL.
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' CRAIN SIZE ANALYSIS
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GRAIN SIZE ANALYSIS

TRE OF JOB oo

m..mﬁmlgpm.:_l.

¥ WADME DANT_B

Sampleliat Deplh

Yo WAPNEDRNET

wTADHEDIE

GﬂhSiR“

'emug-eu

1L

233109

..............................................

.........................................

T T

....................

[ PRI TR P

.....

Sieve Analysis

tine
Grave

' Iﬁﬂpn

Hydrometer

L ;
R
N

W NI W
Ntepe24 .

N Lueedo,

1z
.....‘.?{Z\ﬁ-‘....
A
ded...
il B
AT
N
£4

2.eont

%

sit
¢y (0. 0058 > 135

..............................................

n>)%

iCalold 1ht1me>
'm. P«cenﬁaﬁt b

. Passl ni .................
erc :
as:?n ‘9'

ercenlags

.?.""' Paulng

1 (t 16 2-)%
.‘sam....f,.z...f.'..‘.’..‘..‘.-.ﬁf..’.?.".’ st
- fine .
rand }
{o 0740 ws-)%

.y

it

..................................

A Y D PP, TY TR SN S

ch, Guiu Slre

. 60 9’c-uhsue“:...__i.._.....-i...
- 30 B Gransize®® | 4
0% 6GralaSleg ™ | 4

1T TEY P T

Eoelt’c.wm!..\......- ........

oetficlen] 73]

..... of Corvature... Y| .4
T Spedific Gtavity -

-
A PR AN

o BRI e

™ Gf;dd mCurv»'

5
1
1.

12 -q

!‘J_Sgo

(%)

Ii !Pl
q m I

Percentage Fassing

Olametes i}

s

mu smd ] ,,“f

FreSand
%

- Coarge Grivel ‘

- 152 -



1205

ns A 1208

LIQUID LIMIT AND PLASTIC LIMIT

Title ot Job

Efﬁﬁb&ﬁﬂﬂslﬁTBARﬂ“l«

{

m -~ mn)

R Uq.ild l.lmll Test

Plastie Limit Test

}imbuo!

L

1 wn«amuan

Na

42

: 7
3

CENE T A
o-éw%*éf»i»i—a
A

3.
8

sy
1agl
308

Water Content /‘

1
. 2 B
3

23' 0..
28.8
;_28 ’]

343

2.1

12-3

T

tmdbm"l. %
287

Mhlkmm.% 3
12.0 16.77

Pjhslid_!yMu ip]

. f

51

Hies

SarpleHad Ompth

m~0.00 ™)

o ATPARA-b 6.00

" Llqud Limit Test

Plasi

tc Limit Test

Humber ol Bivesl Water Oonlent 56

Ko

............................

40 b
244

P

B 7 I
250

26:3

| Watee Corteat %

N7

Fastic Limit e %

Aasticity Index 1p ]

13-

g 100

Sample B Depth

% DONGORA-1 1000

m~0 pom)

Liquid Limit Test

Pt

i¢ Limil Test

Humber of Bows

¥a

Wale tomnt %

1
2
3

PR PRI AT

VI

-.237

240

Flasticity Index Ip

| 1f
3.4

Sanpie o 8.Oepth

Ligl.nd Limit Yesl =

MD 2(0.00

m-..g_‘o() o)

Plas

ic Limit Fest -

Water Content 76

.

129-8

.25.8
26:2
A TS B

285 f' o

LAY

% {eutic Uit % lﬂmmyxmp

_MakeCont tﬂf"

B AT

Ll

158

B ..

amfaapabesindim b
‘
remd o

4!.

o
<o

' Wo.Té?'ConTenT w

Gr
=5

Pl e
N

=L

-l
' S R :
; . B . .;I
oo 0
: l. ¥



JIS A }23 LIQUID LIMIT AND PLASTIC LIMIT

Tileotdob Date. . o

Sample Not Depth] o WEDMEDAN| - }
Llgd Limit Test ]
Ko | NumbercdBlows WaterContent % | B | water Content %
....... 1A ke ) 242

{ it n} ‘Number of Blow Counts

Plastke Limit Yest s_'_c_;é__nl'_s_lo_ 5. % I TR

e e e LR :—--.

801 -4

| B (20 70 e
LigidLionte, 95 | FasticUmit sy % | Plasticity Index fp 1{ :
5.4 241 3.3 14:8
Savpletos Dwth | % WEDME DAN|-2 (  om~ @)

- Llqdd Limi Test Plastic Limit Test
Na - | Humber ofBiws) Waler Quntent %5 [ Na mjmm?/
........ LS L - ng 1233
361 605 f 2 | 230

2
N - O 9 O T TN
R A Y
5
é

PRV
w e h )
e b s — - iy
Wmgiing Sefey ey ety

ok e e o e
+

30 §

r—

PR

o g pobbddit o4
oo

™o}

4

1T n 6j-- AY 23.0
Ugidlint v % | pustictmiter % | pusteiytngentp] 11

616 23.0 38.6 | g5 &
SampleNodDepth [Yo KASSARA-] (  m~ )
‘ i-h_'-ﬁd Umit Test  Plastic Limit Test
¥a ] Number of Blows] Water Content %6 B | WalerContent %
3 Joai2 1 v ] 180
b ._...42 0 .z ) §18:2.
3

i Mot
- e

A -G

T
=
PRI T

PR SRR I
g i
bapglppdgine ot
R —
i

3 E—o
wﬂz'an. Canfcnt |

EENAA
or
L=2
i
5

L - 48-2 | AV 13- 9 o i
Ugsdimave % | pustcUmit % | Pastitybodex tp| 1L~ | R
43.4 | 1719 22.5 95 s
Sampke Mo 8 Depth| ¥ KASSARA -2 ( m ~ m) 1
Liquid Limit Test * - PLas mj.jmll__'{uj__
Nurnber of Biowsl WaterContent % | ¥ | wakerContent?

Ry
[ R )

Uavigbima e % lrustictimit % | pasticiytosen tp| . 16 |
27.5 B 6-8 20‘7___ 6 I . __I': -




' Bunmm AND ROAD nrsmnou mswmurr
umvmsmr oF KHARTOUH '

The Natxonal Borad Castlng 00rporat10n
Khartoum.

The Bllldlng and Road Rescaroh Inst1tute of the
UhlVQrsLty of Kﬂartcum was 1nvited by the Mational Broad—
Casbing Oorporatlon to CAYYY out Ssoil 1nwestxgatxon at
[{H.ssa.la. '

A 10 ton capacity Dutch static ocone.penctrehibber hondled
with an adhesion jacket cone type was used in this
1uvesﬁ1gation,

A single ocone penetration test sounding (C.P.T.) was
conduoted &t the 1ooatlon allocated by the client's
repreaantatlve.

The cone resistance and the fiiction on the jacket were
recoxded at O,Qm'intef#al,.and the total depth penetrated
was 15m, '

The aiven gfaph shows the cone resistance q (Hﬁ/ﬁ?) as
well as the fxiction on the J&Gk&t fo (MH/mg), plotted
agalnst the depth penetrated in (m).
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