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Abstract

This project aims to develop an integrated engineering strategy for the
rehabilitation and maintenance of the railway line in the (Atbara —
Barbar) sector in the Republic of Sudan, with the purpose of enhancing
its operational efficiency and ensuring the highest standards of railway
transport safety. The research adopted an approach based on the
integration of four fundamental methods; it began with the desk method
to review theoretical studies and the construction history of the facility.
Descriptive data about the sector and its components were obtained
from the Sudan Railways Corporation in Atbara, along with a
comprehensive understanding of the mechanisms and manufacturing
processes from the tile factory, all under the supervision of managers and
supervisors. Then, the field method was used to diagnose current
challenges represented by the deterioration of rails and old fishplates,
and the reduction of the design speed to 60 km/h, as observed by station
inspectors and workers.Starting with the analytical approach based on
the results of laboratory tests on the track soil (such as California Bearing
Ratio CBR and dry density) to ensure the stability of the embankments
and resistance to environmental effects like sand encroachment and
floods, leading to the applied solutions approach that provided the
necessary engineering treatments. The project concluded with a set of
essential recommendations, most notably the need for the full
replacement of light rails (50 and 75 pounds) with heavier ones of the
(UIC 60) type, adopting the continuous welding (CWR) technology to
reduce vibrations, replacing wooden sleepers with prestressed concrete
ones, while emphasizing the updating of turnouts with flexible systems
and physically marking the railway corridor to deter encroachments and
secure the track in the future.
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Sudan Railways Corporation
Track & Construction Directorate
Statlens Coordinates; ATBARA — BERBER

ﬂf““;:f Decimal Degrees OTM
e Saiton Kito Pl fome K
gy
| Atbara al3 Liar 17 GG R] 31 AT7ET4006 G037 1957159 a6 @]
2 Drarmaki X246 1129 17 815967300 JraoE[] 193 603774 1970517 6113 i}

3 Berber Mg 1129 15.02405226 @ 33.9992571%9 GO5774 1993131 6 ]
L@_\ymjﬂw\cﬁ\ﬁ(l-z )eﬁjdj.:_;
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SUDAN RAILWAYS CORPORATION

TRACK & CONSTRUCTION DIRECTORATE
BUILDINGS & BRIDGES DEPARTMENT
BRIDGES AND PIPES CULVERTS FROM ATERAR IO BERBER

Ser. | SrHSeIr | gy | Eusting | Norching Tfﬂ .'E;:-n:ir I’};‘;:f Head | Date | e or Abummens
Pgpe Prpes

1 g | 313927 Pipe 2 |z 1936 Rubble Stone
3 9 | 315074 15f 3 44 Masonry
3 50 | 315.9% 15fe 2 L T
¢ | 1 | s161m I5fe 3 29" Masonry
s | @2 | s1636 Pipe 2 [z Ty
6 | 733 | 316580 15fe 1 4n Masonry

T e | s 15fe 1 40" L
s | 5 | s1nast 15f 1 44 Masonry
o | 736 | 317407 15fe 1 414 T
18 737 317 442 Pipe 1 2-an Masonry
| s | 317899 15f 3 473" Ty
| @ | s 15fe 2 210" Masonry
B M | 3882 15k 3 412" e
1| M1 | 319206 15 3 43" Masomry
;5| M2 | s194% Pipe 1 |2 e
16| 3 | 319901 Pipe B EEE Masonry
17| e | 320093 Pipe 1 |z Ty
18| 745 | 321969 Pipe B ERE Masonry

Gl ) g o) gall 281 g0 (12-2 ) A8 J 2
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(4-2) &) Jdsa

28

. Tipe No. of .
Ser. | ordseor | Kilo || Easting | Norhing & Spans or DP‘;:I gead | Date | piers or Abuoment | Remarks
Pipe Pipes
19 748 332275 15 4 44" Mesonry
20 747 323990 15fe 2 4r-3" Masonry
21 748 324 363 15 2 43" Masonry
22 749 325780 157 3 4r-2am Mesonry
23 750 327905 15fe & 10fe 44&2 310" Masonry
24 751 325488 15fe i 4r-3" Masonry
25 752 330144 15 & 43" Masonry
26 753 330.514 Pipe 2 ar-gn Masonry
27 T4 330.834 15 2 412
28 755 331.233 15fe 2 4 Masonry
29 738 332277 15 1 49" Masonry
30 7364 332202 Pipe 2 2ngr Musenry Cement B.
31 757 332912 15 6 - Masonry
32 758 333142 15fe 3 an Masonry
33 759 333755 153 3 g'-1" Masonry
34 760 331778 10ft i 7rg" Masonry
35 761 334177 Pipe 2 2ran Masonry
36 762 334540 15fe 2 42" Masonry
37 763 334 813 15 1 412 Masonry
38 764 335432 15fe ] 4r-3" Masonry
39 765 335713 15 4 gr.an Mesonry
(3-2) & ds
) Tipe No. of .
Bridge or S|P Dig of | Head Date c
Ser. Culsert No. Kilo. || Easting || Northing & S_';:m or Pipe | Room Const Piays or Aburment || Remarks
Prpe Pipes
1
e 766 338.697 15k 3 44" Masonry
i 67 340.291 Idfe 1 "j1-13 Masonry
42 68 340.799 Pipe 1 2" Masonry
43 769 341.576 Pipe 1 ir-g" Masonry
44 78 765 341 Pipe 1 1" Masonry
43 (i | 341.804 Pipe 1 ir-g" Masonry
46 772 342108 Pipe 1 1" Masonry
47 77 342378 10 1 "g- 13 Masonry
48 T4 342880 1iop 1 "g- 13 Masonry
49 775 343.028 Pipe 1 g Masonry
b 776 Ma.617 30 1 "8 Masonry




p glably ciliaial) 3-2-2

THE CURVES BETWEEN Atbara — Berber

NO | KILO D B.C E.C R(ft) I° L.C(ft) Direction
(degree) = (beginning (end of Radius Angle length
of curve) curve)
1 315 1 315.616 315.860 5730 8.006 800.592 L
2 319 1 319.838 320.195 5730 11.720 1171.956 L
3 322 1 322.723 322.796 5730 2.400 240.000 R
4 329 1 329.104 329.204 5730 3.300 330.021 L
5 336 1 336.159 336.375 5730 7.104 710.403 R
6 339 | 339.034 339.256 5730 7.304 730.441 L
7 | 340 1 340.540 340.662 5730 4.001 400.052 L
8 341 1 341.811 342.174 5730 11.921 1192.061 R
9 343 0.5 343.976 344.052 11460 1.250 249.987 L
10 344 1 344.494 344.668 5730 5.702 570.193 L
11 | 347 2 347.524 348.082 2865 37.250 1862.493 L
12 | 348 2 348.887 349.692 2865 54.869 2743.442 R
(5-2) &8 Jdsa
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Anididl aldlaill JSA-line
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tel:2-4
tel:200
tel:200
tel:20.3
tel:4.7

(Silty) 1 e daels il 5 dsa s ) e 4.7 sty sall) 3505 Ulle
GW-GM. sl (2% =3): GM 2 sl aaadl ol
: oaibadll g daaal) dSud) cilian ) dadlall -
¢ (Embankmen)isli) il 5l (Sub-ballast) sl can 48,daS 5 jlias 4y jill s -1
s S L i (S0
D Lae ¢ (72,18 %)adlall (cmnll o G Lille TS il 44 31 1 AlLisY) <l -2
Adle Jaadis i G Ulals SIial
sale 8 5 clgdla g saldl DS e J (0.295%) Tas (midiall o gda )l (5 siaall ray0la) -3
Aash )l e il e gl S MFEEYI" i e (I Lee elally Jadiag Y
LY duaall G il ) Taa ) Sdise 138 5 das Laddia Pl = 4.7 dad 145 50lll -4
BomS Apana O 5 CBY 35 s Vs Ak e Led dac Ll ol gl o s
: Ay olgd dalall Lailuadl
)l Sls JAIN iy 1l Alle 4 glia
2 e A8l aa cang Lae Ay puand) Lgiands Juady telall da oy s
Jynadll i vie Ll 3 s LilaasS 5 e Ledaad diadiiall & galll 14y ok L il il
: € Adal) GG
: C._\l_”ul\
. (Moisture Content) skl s sinall Cln -
% 0.46 : G 4=l
% 0.48 : H 4=l
% 0.53 : | 4l
(T Bla 4 55) 0.49 = (sh ) 5 sinall alall Jaus idl
. (Sieve Analysis) A3l Jalasll -

. eloa 1100 4l SN 5

Ak ) e Jaie S g pana = ST pandl -
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tel:4.7
tel:4.7
tel:4.7

100%( AU 00 / (oS jsmadll ) = (aSI 5 ) gaall dus -

S saaall 2011100 = el A -

UGl Gl | Ssaaad e | pa a8 01 59l sadl | ple Rk
% Yo (aS) A
70.64 29.36 323 323 4.75
62.64 37.36 411 88 2.36
53.09 46.91 516 105 1.18
43.64 56.36 620 104 0.600
35.64 64.36 708 88 0.425
18.18 81.82 900 192 0.300
12.27 87.73 965 65 0.150
4.91 95.09 1046 81 0.075
0 100 1100 54 PAN
(7-4) e s>

. (Atterberg Limits)z sl 2 gas Clidass -

% 15.5 = (LL) 4 saud) 2a
. ( Non-Plastic— NP ) 4l e 4 3l o Aay 13¢8 0 = (PL) 4l aa

(USCS)selladl 44 1l Caviiat

LB A5 o 0 (%50 e ST) Al (6% 95.09 JS AEAl) 3 salle
(Sand).de & L) 03 (29.4%). sl dani e ST (64.36%) Sa ) A uilull ¢ sille
ZoM) e a8 adiad Aadai Ay 53 il iy 138 (%5 e J81): 4.91 % el i) daie

. SW_raiddll 3l (Well-Graded Sand with Gravel). .=~
s uailadl) g duaaal) Al cilas I daadlal) -

Allas ¢ (Sub-ballast) sl (Subgrade) 3auaS sl SISl iluad y) Tas s 2 il il

A Gl

el Clanas 3o slas 35Sl lusall e A O iy SW Ciiaal 1 SalSaal) i EiuYle
el xie lle dila A6 Tany Las

Los ogediil gl (ali V5 colally AU Y g8 ¢4l Lelany (432 2 ) NP LeisS sl asn 5 pace
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tel:29.4
tel:4.8

apa) A4Sl o) gind e Jaila,
Juaa¥l it abse el Jaia &g aiay Laa clg aiind ¥ 5 olaall )5 pan eans Ay Maille
il jUaill A alipal)
. yailadll -
Ao ) Alad el jliee JS5E Cuatiud sélaall Al ge e
sl Lelaliia) asal 5,0 LU 3 JSUe (Y il e liee
ol Sl A je ST (55 (adall) Ayl 1 o) gall i A Ay el g dda Sl A cple IS
B_nile 5 4 8 dile il L) Caaa o 1) adand)
Gl Al JIA (e elall ey o] gaw Sigas die 3 e 43305 5l 4 ) oda 1 Al iy il
Dby Bale (a5 A " ebusall elad) Jaria" & pan wiay Las ¢(Ga syl aua JA2 o) 55 Y g de
Aghall 4 5l
(NP). A5 e LedY Leall elall Jsams 2 yma leii o) 4ol it 1 anall il
Dot s et "ol 2" 1 ASulata yut s "ARa® A i) Aal) o3 3 omally Ja )l Gl -
Azana OS5 Al 13) g8 ad g Lgnd clall Gy 3 e
cdall -
¢« (Embankment slopes)<l sall dles &llia S5 a1 g Juw Saa 1Y) Apnaal) SUll e
busall a5 A5 IS Cun Lea laall) st (e 40 fill (ot 288
3 (Rip-rap) saall (e dduday 4l (il s dax (Slope Protection): Jswll cagzie
Ada )l il G gl "Gl ol aladiud ol elae YU e )

4 5l (Culverts) < ke 5 (Side Ditches) duila iy yai il 58 L) 1ty paill dalaile
Aad ) anea g Ty Jsand) ol
sie sl @ jad A sen e I (MDD) (5 g Adla AU ) J g sll 1 al) claalle
elad) Dl

: (CBR - California Bearing Ratio)ks_ s&llS Jaad dpud JLad) -

coseal) 5 oI L HAS 5 jide BB 5 A il e JLEAY) 6l ja) o

1A Adall
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COMPACTION DATA:(BEFORE SOAKING) TEST (1) TEST(2) TEST (3)
Compaction Type (Modified or Standard) M M M
Diameter of Mold D cm 15.30 15.30 15.30
Height of Sample H cm 11.70 11.80 11.30
Wt.of Mold + Wet Sail (W21 gm 12812.0 | 12080.0 @ 10556.0
Wt.of Mold gm 8156.0 7464.0 5612.0
Wt.of Wet Sail (W) gm 4656.00 4616.00  4944.00
Volume of Sample V) cm3 2049.00 2049.00  2049.00
Wet Density (ywet) (W/V) gm/cm3 2.272 2.253 2.413
Optimum water content (W.C) (from compaction test) % 7.71 7.71 6.27
Dry Density ydry = (ywet/1+W.C/100) gm/cm® 2110 2.092 2271
WATER
CONTENT
Container no. C3 C1 14
Wt. of Container + Wet Soil gm 254.20 297.40 160.20
Wt. of Container + Dry Sail gm 244.20 284.20 153.30
Wt. of Container gm 47.80 48.60 19.40
Wt. of Water WW gm 10.00 13.20 6.90
Wt. of Solid WS gm 196.40 235.60 133.90
Water Content w.C % 5.09 5.60 5.15
SWELLING MEASUREMENT
(8-4) &) Jsa
PENETRATION TEST
Proving Ring Reading Forces
Penetration (div) (Kn)
10
(mm) blows | 30 blows | 65 blows F10 F30 F65
0.000 0.0 0 0.0 0.00 0.00 0.00
0.635 4.0 8 220 0.16 0.33 0.90
1.270 7.0 26 72.0 0.29 1.07 2.95
1.905 16.0 41 115.0 0.66 1.68 4.72
2.540 22.0 61 137.0 0.90 2.50 5.62
3.175 28.0 81 150.0 1.15 3.32 6.15
3.810 37.0 101 150.0 1.52 4.14 6.15
4.445 51.0 111 175.0 2.09 4.55 7.18
5.080 61.0 123 196.0 2.50 5.04 8.04
5.715 70.0 135 216.0 2.87 5.54 8.86
6.350 85.0 142 247.0 3.49 5.82 10.13

(9-4) &) Js
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PENETRATION (mm)
A 4l B AV 38 Lhia (1-4) o) Lbias
%
CBR
TEST
NO. 1 2 3
TEST CONDITION SOAKED SOAKED SOAKED
PENETRATION(mm) 25 5.0 25 5.0 25 5.0
LOAD (KN)
A 0.90 2.50 2.50 5.04 5.62 8.04
STANDARD LOAD (KN) B 13.34 19.96 13.34 19.96 13.44 19.96
% CBR = (A/B)*100 6.76 12.53 18.75 25.27 41.79 40.26
RESULT
TEST
NO. 1 2 3
DRY DENSITY
(gm/cm?3) 1.880 2.070 2.010
% CBR (SOAKED) 12.53 25.3 40.3
MAX. DRY DENCITY (MDD) (from compaction test) 2.070
AT 98% MDD,DRY DENCITY 1.88
CBR % = 20.2

(10-4) a8, Jds>
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DRY DENCITY (g/cm3)

2.300

2.200

2.100

2.000

1.900

1.800

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

\

y

CBR (%)

CBR s 4dlal) 446<l) (2-4) a8 ) kalads
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g/cms 2210 = (M DD) il dils &S el of aa

Al L) Jaal ) Sy Ala A85S JB) a5 gfemis 2.07 = %98 e ddlal) A8l

LR o3 ) Jeami i e dea 5558 G dabia) Ll Jle 1

%20.2 = (CBR %) Li,sidS Juaildad el
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B Al

COMPACTION DATA:(BEFORE

SOAKING) TEST (1) | TEST (2) | TEST (3)
Compaction Type (Modified or Standard) M M M
Diameter of Mold D cm 15.30 15.30 15.30
Height of Sample H cm 11.70 11.80 11.30
Wt.of Mold + Wet Sail (W1) gm 9596.0 10410.0 11930.0
Wt.of Mold gm 5428.0 5890.0 7146.0
Wt.of Wet Soil (W) gm 4168.00 4520.00 4784.00
Volume of Sample
V) cm? 2049.00 2049.00 2049.00
Wet Density (ywet)
(W/V) gm/cm3 2.034 2.206 2.335
Optimum water content (W.C) (from compaction test) % 7.71 7.71 6.27
Dry Density ydry = (ywet/1+W.C/100) gm/cm? 1.889 2.048 2.197
(11-4 ) 2, Jss
WATER
CONTENT
Container no. C3 C1l 14
Wt. of Container + Wet Soil gm 273.80 258.80 336.60
Wt. of Container + Dry Sail gm 255.40 240.80 312.20
Wi. of Container gm 48.90 42.00 43.50
Wt. of Water WW gm 18.40 18.00 24.40
Wit. of Solid WS gm 206.50 198.80 268.70
Water Content W.C % 8.91 9.05 9.08
SWELLING MEASUREMENT
(12-4) s>
PENETRATION TEST | |
Proving Ring Reading (div) Forces
Penetration (Kn)
(mm) 10 blows 30 blows | 65 blows F10 F30 F65
0.000 0.0 0 0.0 0.00 0.00 0.00
0.635 3.0 20 25.0 0.12 0.82 1.03
1.270 3.0 44 46.0 0.12 1.80 1.89
1.905 23.0 50 56.0 0.94 2.05 2.30
2.540 45.0 55 63.0 1.85 2.26 2.58
3.175 50.0 59 69.0 2.05 242 2.83
3.810 57.0 59 78.0 2.34 242 3.20
4.445 57.0 59 85.0 2.34 2.42 3.49
5.080 57.0 59 95.0 2.34 242 3.90
5.715 57.0 59 106.0 2.34 242 4.35
6.350 57.0 59 122.0 2.34 2.42 5.00

(13-4) a8 s
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FORCES (KN)
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%
CBR

TEST
NO.

1

2

3

TEST CONDITION

SOAKED

SOAKED

SOAKED

PENETRATION(mm)

2.5

5.0

2.5

5.0

2.5

5.0

LOAD (KN)
A

1.85

2.34

2.26

2.42

2.58

3.90

STANDARD LOAD (KN)

B

13.34

19.96

13.34

19.96

13.44

19.96

% CBR = (A/B)*100

13.83

11.71

16.90

12.12

19.22 42.20

RESULT

TEST
NO.

1

DRY DENSITY
(gm/cn)

1.970

2.050

2.210

% CBR (SOAKED)

13.83

16.9

42.2

MAX. DRY DENCITY (MDD) (from compaction test)

2.210

AT 98% MDD,DRY DENCITY

2.21

CBR % =

42
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% 42 = (CBR % ) L) sllS Jaen 5 58 Gad

Dbl G Al da g gy Jgi> -
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slaall Arulial) 200
.L}.\.@J‘ kz'_lj..\; c.'m}

A 4iad) A8l da g

(Non-» | (NP)O %15.6 %10.54 4 palll Jalaa
4 5 JumiYIPlastic) (P1)
LS 859 Lae e
SlslaSU ) lae
(dat¥l eV - 2.07 2.210 ALS bl
i Allall ALY dala
L g5 JBl e ) '
(Shear (M ob )
= Strength)
Jaa¥) Jaail
iyl s J8Y) - %9.0 %5.1 il 43 g )l
il Jblee oMC
Uaddiall) @}L)ﬂ ( )
&bl Llee Jguny
O Jlay g a8 5l
L sllaall slaall cilpeS
(Jmdy) s e - %41.97 %?20.97 ) Jesill 3 8
558l puilaall Galiall 58 (CBR
A3 LK il A8
Gladal) ela J8
48 5b 4 sllaall
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J—wa a3 Apaal) ( AASHTO)
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S 5 5 yhall
s AY Cle saaally
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