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LI INTRODUCTION 

1. 	 This development study has the purpose of establishing schedules 
of facilities with budget projections and to identify criteria influenc­
inf, the design and construction implementation for the Western 
Sudan Agricultural Research Stations in El Obeid, El Fasher, Ghazala 
Gawazet and for the ARC Headquarters in Khartoum. 

The schedule of facilities is based on programming information devel­
oped in cooperation with the Agricultural Research Corporation, the 
project support unit .D.A. and U.S.A.I.D., and reflects essential 
requirements for a successful operation of the stations. 

2. 	 Various limitations affecting building construction in the Western 
Sudan have been analyzed and considered in the budget projections. 
Cost information was obtained during interviews with representatives 
of government agencies, private contractors, and by review of the 
Kadugli construction tender result. 

3. 	 Local conditions, climate, transportation difficulties, material and 
skilled labor restrictions have also influenced building systems 
recommendations and proposed time schedules. Emphasis was given 
to the study of potential logistical problems and their effect on con­
struction methods and cost. The investigation into conventional 
construction systems versus prefabricated syctem,', as outlined in 
this report, will have to be continued during th design phase. 

4. 	 During visits to the project locations, meetings were held with 
representatives of the Ministry of Construction & Public Works, the 
Water and Electricity Corporations, Survey and Planning Departments. 
The proposed sites were investigated and preliminary soils evaluations 
conducted. Site boundary and contour surveys were initiated and 
the availability of water and power in required quantities verified. 
Site organization diagrams of facilities and utilities were prepared to 
assure workable site conditions. 

5. 	 The project team made a careful evaluation of the existing buildings 
in Ghazala Gawazet. Each structure was analyzed as to the condition 
of its building components; floor plans were drawn and photographic 
surveys established. 

6. 	 The project team would like to express its appreciation for the close 
cooperation and valuable assistance received from the Agricultural 
Research Corporation, the Western Sudan Agricultural Research 
Project and other Sudan Government Agencies, especially the 
Ministry of Construction & Public Works in Khartoum and its regional 
representatives, The District Commissioners and their staff and from 
P.S.U., U.S.A.I.D. and I.D.A. 
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I. SCHEDULE OF FACILITIES &CONSTRUCTION BUDGET 

The schedule of facilities is based on numbers of expatriate Sudanese 
staff members for the individual stations and on the resulting area require­
ments of different building types. The program was developed as a result 
of a screening process to arrive at the essential facilities needed to operate 
the stations. 

1. CONSTRUCTION COST INDEXES 

As a method of arriving at a realistic construction cost, the Kadugli tender 
results of January, 1980, have been adjusted by one additional year's 
inflation index and by a transportation and general difficulties index. 
Corresponding construction cost have also been developed for enclosed, 
wall and circulation areas. 

2. LOCAL & FOREIGN CURRENCY REQUIREMENTS 

The distribution of LS construction cost into foreign and local currency 
components is approximately 60% for foreign and 40% for local funds 
required. At the time of completion of this study, contractors are request­
ing in their tenders an exchange rate of U.S. $2.00 for LS 1.000 as 
compared with the official "parallel" rate of U.S. $1.25 for LS 1.000. In 
budgeting for currency requirements, this possibly changing situation 
should be taken into account. 

3. SUMMARY OF CONSTRUCTION BUDGET 

The summary presents building types of different stations by total areas, 
unit construction cost and total construction cost indexed for a construct­
ion contract in March 1981 and a construction period of 18 months. Detailed 
information on building types related to enclosed, wall and circulation 
areas and corresponding unit costs, as well as site work items are included 
in the schedule of facilities and construction budget following the summary 
and construction cost analysis. 

1. Summary Area M2 Unit Cost Total 

a. EL OBEID LS/M 2 LS 

Offices, labs 2,563 437 1,119,610
 
Farm Buildings 833 218 181,890 
Senior houses (21) ( 224 ea.) ( 103,534 ea.) 

4,704 462 2,174,230
 
Middle houses (22) ( 187 ea.) ( 83,245 ea.) 

4,112 445 1,831,380 
Junior houses (12) ( 105 ea.) ( 34,895 ea.) 

1,263 332 418,740 
Guest Houses (2) 490 404 197,970 
Other buildings 261 448 116,960 
Site work 1,149,900 

LS 7,190,680
 

b. EL FASHER
 

Offices, labs 869 489 425,430 
Farm buildings 518 235 121,660 
Senior houses (5) ( 224 ea.) ( 112,364 ea.) 

1,122 501 561,820
 
Middle houses (8) ( 187 ea.) ( 90,275 ea.) 

1,495 483 722,200 
Junior houses (4) ( 105 ea.) ( 37,432 ea.) 

421 356 149,730 
Guest houses (2) 490 436 213,870 
Other buildings 217 490 106,300 
Site work 537,300 

LS 2,838,310
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Area M2 Unit Cost Total 

LS/M6 LS 
c. GHAZALA GAWAZET 

Offices, labs 
Farm buildings 
Senior houses (8) 

Middle houses (6) 

Junior houses (6) 

Guest house 
Other buildings 
Site work 

1, 062 
173 

( 224 ea.) 
1,794 

( 187 ea.) 
1,122 
( 105 ea.) 

632 
272 
193 

487 
232 

495 

477 

348 
497 
482 

517,590 
40,050 

(110,918 ea.) 
887,340 

( 89,177 ea.) 
535,060 
( 36,708 ea.) 
220,250 
135,130 
93,050 

410,450 
LS 2 

d. ARC HEADQUARTERS 

Offices 
Warehouse 
Site work 

812 
270 

445 
197 

361,500 
53,400 
80,340 

LS 495,240 

Sub-Total 
LS 13,363,150 

Contingencies @15% 
2,004,480
 

TOTAL 
LS 	15,367,630
 

4. 	 CONSTRUCTION COST ANALYSIS 

As indicated in the following tables, construction unit costs per m2/areaof different building types do reflect the latest information of theJanuary, 1980 Kadugli tender results. 

The Kadugli unit construction costs have been selectedthe construction 	 as a basis forcost analysis of the Western Sudan Agricultural ResearchStations project because of the following: 

Six of the contractors1. 	 interested in this project participated inthe Kadugli tender. 

The tender amounts2. 	 did not differ substantially. 
3. The square metc " unit cost for different building types ,orrespondwith information received from other contractor sources. 
4. Transportation difficulties, although over a shorter distance, areindicative of the El Fasher and Ghazala Gawazet projects. 
5. By timing and project type, this tender provides the most relevantavailable example for comparison. 

Figures have been adjusted for the construction inflation index increasebetween January , 1980 and March, 1981 and for a transportationlogistics difficulty index increase relative 	
and 

to 	the Kadugli project. 
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& TRANSPORTATION/LOGISTICSINFLATION5. 	 CONSTRUCTION 

INDEX INCREASE RELATGLI 

El FasherEl Obeid 

- -	 42it%80/81Construcion Inflation, 
-2% 11% 

Logistics IndexTransportation 
53% 

Total Index Increase Over 40% 

Kadugli Prices 

TO 	KADUGLI TENDER 
6. 	 ANALYSIS OF UNIT PRICES RELATED 

El Obeid El Fasher
Kadugli 

TenderTenderTender 
Mar. 81Mar. 81Jan. 80 
+ 53%+ 40% 
Ls/m2Ls/m2Ls /m2 

617
564
403 (enclosed)Senior House 	 180
180
134 (circul.) + 
overhangs 

574
525
403
Middle House 	 180
180
134 


435
400
315
Junior House 	 180
180
104 


802
734
524
Laboratories 	 180
180
173 

601 


Offices 180 

550 

180 


249
228
163
Warehouse 	 180
180
54
Maintenance 

448 


Average Cost Ls/m2 
424 


IFFICLLTY 

Ghazala G. 
- 42% 

9% 

51% 

Ghazala G.
 
Tender
 

Mar. 81
 
+ 51% 
Ls/m2 

609
 
180
 

566
 
180
 

425
 
180
 

791
 
180
 

594
 
180
 

246
 
180
 

436
 

6
 



III. SCHEDULE OF FACILITIES AND CONSTRUCTION BUDGET: EL OBEID 
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00 

Exterior Circulation/ Total Cost
El Obeid Enclosed Space Overhang/Apron Ls 

Schedule of Facilities 

1. 	 Administration 

Reception 

Secretarial 

Proj. Director Office 

Dep. Proj. Dir. Off. 

Meeting/Seminar 

Work!Storage/File 

Accountant 

Communications 
Enecutive Officer 

Tea Kitchen 

Stores 


Cashier 

Driver's Waiting Room 

Tollets 

Janitor 

Mechanical Room 

Sub-Total 

Internal Circulation @ 15% 

Total 

Net 
Unit 
Area 

M 2# 

21 


1 21 


1 25 


1 16 


1 25 


1 14 


1 14 


1 10 

1 14 


1 10 


1 21 


1 14 


1 6 


1 16 


1 4 


1 4 


Net 

Total 
Area 

M2 

21
 

21
 

25
 

16
 

25
 

14
 

14
 

10
 
14
 

10
 

21
 

14
 

6
 

16
 

4
 

4
 

235
 

35
 

270 


Wall Gross I Total 
Area Total Unit Total Area Unit Total 
(25%) Area Cost Cast (55%) Cost Cost 
M2 M2 	 M2Ls/M 2 Ls 	 Ls/M 2 Ls 

68 338 550 185,800 186 130 33,450 219,250
 



El Obeld Enclosed 
Net 
Unit 
Area 

Schedule of Facilities U M2 

2. Training Unit 

Office 1 12 

Work Space 1 16 

Lecture/Conf. /Training 1 132 

Furniture Storage 1 10 

Equip. Storage 1 10 

Sub-Total 

Internal Circulation 15% 

Total 

Research Support SerVices 

Team Leader Office 1 16 

Senior Scientist Office 2 14 

Work Room 1 21 

Storage 1 12 

Sub-Total 

Internal Circulation 15% 

Total 

Sace--
Net 
Total 
Area 
M2 

Wail 
Area 
(250) 
\12 

Gross 
Total 
Area 
M2 

Unit 
Cost 
Ls/M 2 

fotal 
Cost 
Ls 

EExterior Circulation 
Overhan /Apron 

Total 
Area Unit Total 
(55%) Cost Cost 
M 2 Ls/M 2 Ls 

Total 
I's 

Cost 

12 

16 

132 

10 

10 

180 

27 

207 

16 

28 

21 

12 

77 

12 

89 

52 

22 

259 

111 

550 

550 

142,310 

60,880 

142 

61 

180 

180 

25,650 

10,990 

167,950 

71,870 



El Obeid 

Schedule of Facilities 

Enclosed 
Net 
Unit 
Area 

# M2 

4. Integrated Crop/Livestock 

on non-cracking clays 

Scientist Office 4 14 

Asst. Scientist Office 

Technicians' Space 

Tea Kitchen 

4 

2 

1 

14 

21 

10 

Sub-Total 

Internal 

Total 

Circulation 15% 

Laboratory 

Equipment 

Sub-Total 

2 
1 

41 
21 

Internal 

Total 

Circulation 15% 

Total 

Space 
Net 
Total 
Area 
M2 

Wall 
Area 
(25%) 
M2 

Gross 
Total 
Area 
M2 

Unit 
Cost 
Ls/Al2 

Total 
Cost 
Ls 

Exterior Circulation/ 
Overhang/Apron 
Total 
Area Unit total 
(55%) Cost Cost 
M2 Ls/M 2 Cs 

Total Cost 
Ls 

56 

56 

42 

10 

164 

25 

189 47 236 550 129,670 130 1F0 23,360 

82 
21 

103 

15 

118 30 148 734 108,680 81 180 14,650 

276,360 



El Obeid 

Schedule of Facilities 

5. Library 

Reading Room/Periodicals 

Check-out Area 

Office 

Woz-k Room 

Storage 


Map /Illustrations 

Str-cks 

Darkroom 

Sub-Total a-_. 
Internal Circulation 15% 

Total 

Enclosed Space 

Net 
Unit 
Area 

Net 
Total 
Area 

Wall 
Area 
(25%) 

Gross 
Total 
Area 

Unit
Cost 

Total 
Cost 

# M2 M2 M2 M 2 Ls/M2 Ls 

1 21 21 

1 10 10 

1 10 10 

1 25 25 

1 10 10 

1 10 10 

1 60 60 

1 10 10 

156 

23 

179 45 224 590 132,310 123 180 22,200 154,510
 

Exterior Circulation/ 
Overhang/Apron 

Total 
Area Unit Total
(5 %) ost Cost 

M2 s/M 2 Ls 

Total Cost 
Ls 



El Obeid Enclosed Soace 
Exterior Circulation/ 
Overhang/Apron 

Total Cost 
Ls 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 
Area Area (25%) Area Cost Cost (55%) Cost Cost 

Schedule of Facilities # M2 M2 M2 M2 LsIM 2 Ls M2 LsIM 2 Ls 

6. Water/Land Use Management 

Program Leader Offices 1 16 16 

Sr. Scientist Office 1 14 14 

Jr. Scientist Office 1 14 14 

Technical Space 1 21 21 

Stores 1 10 10 
Toilets 1 16 16 

Janitor 1 4 4 

Mechanical Room 1 4 4 

Sub-Total 99 
Internal Circulation 15% 15 
Total 114 29 143 550 78,650 79 180 14,160 

Laboratories (2) & 

Equipment Room 1 100 100 

internal Circulation 15% 15 

Total 115 29 144 734 105,510 79 180 14,250 
Total 212,580 

7. General Office/Lab Stores 1 50 50 13 63 228 14,250 
(25%) 
16 180 2,840 17,090 



El1Obeid 


Schedule of Facilities 

8. 	 Maintenance/Operations 

Vehicle Shop/Stores/Tools 

Carpentry/Plumbing Shop 

Generator House/Tools 

Water Pump House 
1_otal 

9. 	 Farm Buildings 

Tool Shed/Storage 

Fertilizer/Insecticide Storage 

Warehouse 


U3 
 Seed 	House 


Threshing Floor 

Implement Shed 

Farm Shop 


Toilets & Showers 

Farm Manager Office 

Assist. Technician 
Total 

10. Gate House 

EObdE od acExterior 
Enclosed Space 


Net * Net Wall 
Unit Total Area 
Area Area (25%) 

# M2 M2 M2 

1 60 60 

1 20 20 

1 75 75
 

3 10 30 
185 46 

2 10 20 

1 20 20 

1 140 140 

1 20 20 

1 20 20 

1 60 60 

1 20 20 

1 20 20 

1 14 14 

14 14
 

348 87 


1 ,10 10 3 

Gross 
Total Unit Total 
Area Cost Cost 
M 2 Ls/M 2 Ls 

Circulation/ - Cot 
OverhanIAn-ron 
Total 
Area Unit otal 
(25%) Cost Cost 
M2 Ls/M 2 s 

231 228 52,730 58 180 10,400 63,130 

435- 228 99,180 109 180 19,580 118,760 

13 228 2,964 4 180 720 3,680 



El Obqjd 

Schedule of Facilities 

EnclosedN t 

Unit 
U t 

Area 
# M 2 

SpaceNet 

Total 
N eIros 
Area 
NI2 

W~all 
Area 

(25tl 
(2 5) 
Mi2 

Gross 
Total 

Area 
M 2 

Unit 

Cost 
Ls/M 2 

Total 

Cost 
Ls 

Exterior Circulation/ 
Overhg/Apron
Total L 
Area, Unit Total 
T otal t 
(30 f) ICost Cost 
M2 JLs/M2 Ls 

otal 
L_ 

Cc.-t 

11. Housing 

,6enorHouses 21 

Living Room (8.0 x 4.0) 

Bedroom 1 (4.5 x 4.0) 

Bedroom 2 (4.9 x 4.0) 

Veranda (3. G x 10.0) 

Kitchen/Storage (4.5 x -t.0) 

32 

18 

18 

30 

18 

Bathroom (3.5 

Total 

Servant Quarters 

x 2.0) 

21 

7 

123 

15 

2,583 

315 

646 

79 

3,229 

394 

564 

400 

1,821,020 

157,600 

969 

118 

180 

180 

174,370 

21,240 

1,995,390 

118,840 

Total Encl. + Circ. Each (224m 2 @462 LS/m 2 = 103,488 LS each) 

Middle Houses 22 

Living Room (7.0 x 4.0) 

Bedroom 1 (4.5 x 4.0) 

Bedroom 2 (4.5 x 4.0) 

Veranda (10.0 x 3.0) 

Kitchen/Storage (3.5 x 4.0) 

Bathroom (3.5 x 2.0) 

Total 

28 

18 

18 

30 

14 

7 

115 2,530 633 3,163 525 1,660,580 949 180 170,800 1,831,380 

Total Encl. + Circl. Each (187m 2 @ 445 LS/m2 = 83,245 LS each) 



El beid Enclosed Space ExteriorOverhan Circulation//Apron 
rotal
Ls 

Cost 

Net Net Wall Gross Total 
Unit Total Area -otal Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M 2 

Area 
N12 

(25%) 
M2 

rea 
. 2 

Cost 
Ls/M 2 

Cost 
Ls 

(30 %) 
M 2 

Cost 
Ls/M 2 

Cost 
Ls 

Junior Houses 12 

Hall (4.0 x 4.0) 16 

Bedroom 1 (4.0 x 4.0) 16 

Bedroom 2 (4.0 x 4.0) 16 

Kitchen (3.0 x 2.5) 7.5 

Toilet (2.5 x 1.0) 2.5 

Total 58 696 174 870 400 348,000 261 180 46,980 

Covered Veranda 132 180 23,760 

Total 418,740 

Total Encl. + Circ. Each (105m 2 @332 LS/m 2 = 34,895 LS each) 

Junior Guest House (Bachelors) 

Hall (4.0 x 4.0) 16 

Bedroom 1 (4.0 x 4.0) 16 

Bedroom 2 (4.0 x 4.0) 16 

Bedroom 3 (4.0 x 4.0) 16 

Bedroom 4 (4.0 x 4.0) 16 

Bedroom 5 (4.0 x 4.0) 16 

Kitchen (3.0 x 2.5) 8 

Bath (3.0 x 2.0) 6 

Servants Quarters (3.0 x 3.0) 9 

119 119 30 149 400 59,500 45 180 8,050 

Covered Veranda 24 180 4,320 

Total 71,870 



El Obeid 
Enclosed 

N~t 
Space

Net Wall Gross 

Exterior Circulation/ 
Overhang/Apron
Total 

Total 
Ls 

Cost 

Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M2 

Area 
M 2 

(25%) 
M2 

Area 
M 2 

Cost 
Ls/M 2 

Cost 
Ls 

(30%) 
M2 

Cost 
Lsp12 

Cost 
Ls 

Senior Guest House 

Saloon (5.0 x 4.0) 20 

Bedroom 1 (4.0 x 4.0) 16 

Bedroom 2 (4.0 x 4.0) 16 

Bathroom 1 (3.0 x 2.0) 6 

Veranda 1 (10.0 x 3.0) 30 

Bedroom 3 (4.0 x 4.0) 16 

Bathroom 2 (3.0 x 2.0) 6 
Veranda 2 (8.0 x 3.0) 24 
Kitchen/Store (4.5 x 4.0) 18 

Total 152 152 38 190 564 107,19 57 180 10,260 117,420 

Servant's Quarters 15 15 4 19 400 7,600 6 180 1,080 8,680 

12, Conference/Meeting Hall 1j 150 150 38 188 550 103,130 56 180 10,150 113,280 



El Obeid Site Work 

ITEM 

Petrol Station 

Power System 
Gene-ators 
Service Lines 

Utility Poles 

Fuel Storage 

Street Lights 


Water System 
Reservoir/Booster Pump 
Tank/Tower 

Domestic Piping 
Borehole + Pump 

Irrigation Piping 

Sewer System
 
Maturation Ponds 
Clay Surfacing 
Irrigation Chamber 
Irrigation Pump 
Main 6" 0 Lines 
Other Works 


Outdoor Works
 
Brick Compound Walls 
Perimeter Fencing 
Main Gate 
Internal Roads 
Tennis Courts 
Grading /Landsc-,ping 

Total Site Work 

QUANTITY/UNIT COST TOTAL COSTS 

35,000 Ls 

3 @ 60,000 = 
1,460 ML 3-phase @ 21.3 )43,600 

800 ML sgl. phase @ 15.6) = 

45 @ 210 
5 tanks, piping, venting, pumps, 
25 fixtures @ 100 

controls 

180,000 

10,000 
50,000 
2,500 

40,000 
50,000 
71,500 
30,000 
60,000 

2,000 ML @ 28 

3,500 
3,400 
2,800 
5,600 

56,000 
120,000 

2,550 ML @ 75 
2,300 ML @ 10 
Allowance 
4,620 M2 @ 15 
4 @ 7,350 
Allowance 

192,000 
23,000 
2,300 

69,300 
29.400 
70.000 

1,149,900 Ls 



EL OBEID, COST SUMMARY Enclosed S ace 
Exterior Circulation/ 
Overhang/Apron 

Total 
Ls 

Cost 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M2 

Area 
M 2 

(25%) 
M2 

Area 
N12 

Cost 
Ls/M 2 

Cost 
Ls M2 

Cost 
Ls/M 2 

Cost 
Ls 

1. Administration 270 68 338 550 185,800 186 18) 33,450 219,250 

2. Training Unit 207 52 259 550 142,310 142 180 25,653 167,950 

3. Research Support Services 89 22 111 550 60,880 61 180 10,990 71,870 

4. Integrated Crop/Livestock 307 77 384 Var. 238,350 211 180 38,010 276,360 

5. Library 179 45 224 590 132,310 123 180 22,200 154,510 

6. Water/Land Use Management 229 58 287 Var. 184,160 158 180 28,410 212,580 

7. General Office/Lab Stores 50 13 63 228 14,250 16 180 2,840 17,090 

8. Maintenance, Operations 185 46 231 228 52,730 58 180 10,400 63,130 

9. Farm Buildings 348 87 435 228 99,180 109 180 19,580 118,760 

10. Gate House 10 3 13 228 2,964 4 180 720 3,680 

11. Housing 

Senior Houses 21 138 2,898 725 3,623 Var. 1,978,620 1,087 180 195,610 2,174,230 

Middle Houses 22 115 2,530 633 3,163 525 1,660,580 949 180 170,800 1,831,380 

Junior Houses 12 58 696 174 870 400 348,000 393 180 70,740 418,740 

Junior Guest House 1 119 119 30 149 400 59,500 69 180 12,370 71,870 

Senior Guest House 1 167 167 42 209 Var. 114,760 63 180 11,340 126,100 

12. Conferr..ce/Meeting Hall 1 150 150 38 188 550 103,130 56 180 10,150 113,280 

Total Buildings: 

Enclosed & Circulation 

Site Work: 

Space: 

8,434 2,113 10,547 510 

424 

5,377,524 3,685 180 663,260 6,040,780 

1,149,900 

Total Buildings & Site Work 7,190,680 



8. SCHEDULE OF FACILITIES AND CONSTRUCTION BUDGET: EL FASHER 
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El Fasher Exterior Circulation/ fotal Cost 
Enclosed Space Overhang/Apron I's 

Schedule of Facilities 

1. Administration 

R eception IS ecretarial 

Director's Office 

Library/Seminar 

Work Room 

Accountant 


Cashier 

Administrative Officer 

Tea Kitchen 

Stores 

Communications 

Driver's Waiting Room 

Toilets 

Janitor 

Mechanical Room 

Sub-Total 

Internal Circulation 15% 

Total 


Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

# 
Area 
M2 

Area. 
M2 

(25%) 
N 2 

Area 
%12 

Cost 
Ls/M 2 

Cost 
Ls 

(55 %) 
M 2 

Cost 
Ls/M 2 

Cost 
Ls 

1 16 16 

1 16 16 

1 25 25 

1 14 14 

1 14 14 

1 14 14 

1 14 14 

1 10 10 

1 10 10 

1 10 10 

1 6 6 

1 16 16 

1 4 4 

1 4 4 

173 

26 

199 50 249 601 149,460 137 180 24,650 174,110 



El Fasher Enclosed Space 
E: 'erior Circulation/ 
Overhang/Apron 

Total 
Ls 

Cost 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit otal 

Schedule of Facilities # 
Area 
M 2 

Area 
N12 

(25%) 
12 

Area 
2 

Cost 
Ls/M2 

Cost 
Ls 

(55 %) 
M 2 

Cost 
Ls/M2 

Cost 
Ls 

2. Research Spaces 

Laboratories 2 40 80 

Equipment Room 1 21 21 

Scientific Stores 1 16 16 

Sub-Total (labs only) 117 

Internal Circulation 15% 18 

Sub-Total 135 34 169 802 134,890 92 180 16,630 

Scientific Offices 5 14 70 

Technician's Space 1 21 21 

Janitor 1 4 4 

Mechanical Room 1 4 4 

Sub-Total 99 

Internal Circulation 15% 15 

Sub-Total 114 29 143 601 85,640 79 180 14,160 

Total 251,320 



Exterior Circulation/ Total Cost 

El Fasher Enclosed S1 ace Overhan g/Apron Ls 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M 2 

Area 
Ni2 

(25%) 
NI2 

Area 
Ni2 

Cost 
Ls/NJ 2 

Cost 
Ls 

(25%) 
NI2 

Cost 
Ls/M 2 

Cost 
Ls 

3. Livestock Facilities 

Shed 1 40 40 10 50 249 12,450 13 180 2,250 14,700 

4. Maintenance/Offices 

Vehicle Maintenance 1 25 25 

Tocl Room 1 10 10 

Spares Store 1 10 10 

Shop 1 20 20 

Office/Records 1 10 10 

Generator House 1 50 50 

Toilets 1 16 16 

Total 141 35 176 249 43,890 44 180 7,920 51,810 

5. Farm Buildings 

Warehouse 1 136 136 

Office (space) for Mgr. 1 14 14 

Total 150 38 188 249 46,690 47 180 8,460 55,150 

6. Gate House 1 10 10 3 13 249 3,240 4 180 720 3,960 



El EasherE llclosed Space 
Exterior Circulation/ 
Overhang/Apr(n 

rotl 
I's 

cost 

Net Net Wall Gros;s Total 
Unit Total Area Total Unit Total Arua Unit Total 

Schedule of Facilities # 
Area 
M 2 

Area 
12 

(25")
2 

Area 
N12 

Cost 
ls/M2 

Cost 
ls 

00) 
im2 

Cost 
LsM2 

Cost 
Ls 

Housing 

Senior Houses 5 

Living Room (8.0 x 4.0) 32 

Bedroom 1 (4.5 x 4.0) 18 

Bedroom 2 (4.5 x 4.0) 18 

Veranda (3.0 x 10.0) 30 

Kitchen/Storage (4.5 x 4.0) .18 

Bathroom (3.5 x 2.0) 7 

Total 123 615 154 769 6i7 474,320 231 180 41,580 515,850 
Servants Quarters 5 15 75 19 94 435 40,890 28 180 5,080 45,970 

Total Encl. + Circ. Each (224m2 @ 502 LS/m 2 = 112,364 LS each) 

Middle Houses 8 

Living Room (7.0 x 4.0) 28 

Bedroom 1 (4.5 x 4.0) 18 

Bedroom 2 (4.5 x 4.0) 18 

Veranda (10.0 x 3.0) 30 

Kitchen/Storage (3.5 x 4.0) 14 

Bathroom (3.5 x 2.0) 7 
Total 115 920 230 1,150 574 660,100 345 180 62,100 722,200 

Total Encl. + Circ. Each (187m 2 @ 483 LS/m 2 = 90,275 LS each) 



El Fasher 

Schedule of Facilities 

Enclosed Space 

Net Net 
Unit Total 
Area Area 

# M 2 M2 

Wall 
Area 
(25%) 
M 2 

Gross 
Total 
Area 
M 2 

Unit 
Cost 
Ls/M 2 

Total 
Cost 
Ls 

Exterior Circulation/ 

Overhang/Apron 

Total 
Area Unit Total 
(30 %) Cost Cost 
M 2 Ls/M 2 Ls 

Total 

Ls 

Cost 

Junior Houses 4 

Hall 

Bedroom 1 

Bedroom 2 

Kitchen 

Toilet 

Total 

(4.0 x 4.0) 

(4.0 x 4.0) 

(4.0 x 4.0) 

(3.0 x 2.5) 

(2.5 x 1.0) 

16 

16 

16 

7.5 

2.5 

58 232 58 290 435 126,150 87 180 15,660 

Covered Veranda 44 180 7,920 

Total 149,730 

Total Encl. + Circ. Each (105m2 @ 357 LS/m2 = 37,432 IS each) 

Junior Guest House (Bachelors) 

Hall (4.0 x 4.0) 

Bedroom 1 (4.0 x 4.0) 

Bedroom 2 (4.0 x 4.0) 

Bedroom 3 (4.0 x 4.0) 

Bedroom 4 (4.0 x 4.0) 

Bedroom 5 (4.0 x 4.0) 

Kitchen (3.0 x 2.5) 

Bath (3.0 x 2.0) 

Servants Quarters (3.0 x 3.0) 

1 

16 

16 

16 

16 

16 

16 

8 

6 

9 

119 119 30 149 435 64,710 45 180 8,050 

Covered Veranda 24 180 4,320 

Total 77,080 



El Fasher Enclosed S pace 
Exterior Circulation/ 
Overhang/Apron 

Total 
Ls 

Cost 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities f 
Area 
M2 

Area 
NJ 2 

(25%) 
M 2 

Arra 
Ni2 

Cost 
Ls/M2 

Cost 
Ls 

(30 %) 
M 2 

Cost 
Ls/M 2 

Cost 
Ls 

Senior Guest House 

Saloon (5.0 x 4.0) 20 

Bedroom 1 (4.0 x 4.0) 16 

Bedroom 2 (4.0 x 4.0) 16 

Bathroom 1 (3.0 x 2.0) 6 

Veranda 1 (10.0 x 3.0) 30 

Bedroom 3 (4.0 x 4.0) 16 

Bathroom 2 (3.0 x 2.0 6 

Veranda 2 (8.0 x 3.0) 24 
Kitchen/Store (4.5 x 4.0) 18 

Total 152 152 38 190 617 117,230 57 180 10,260 127,490 

Servant's Quarters 15 15 4 19 435 8,270 6 180 1,030 9,300 

8. Conference Hall 1 125 125 31 156 601 93,910 47 180 8,430 102,340 



El Fasher Site Work 

ITEM 

Petrol Station 

Power System 
Generators 
Service Lines 
Service Lines 
Utility Poles 
Fuel Storage 
Street Lighting 

Water System 
Tank/Tower 

Domestic Piping 
Bore Hole/Pump 

El Irrigation Piping 
a,
 

Sewer System 
Septic Tanks 
Seepage Pits 
4" Pipelines 

Outdoor Works 
Br. Compound Walls 
Perimeter Fencing 
Main Gate 
Internal Roads 
Tennis Courts 
Grading/Landscaping 

Total Site Work 

QUANTITY/UNIT COST 

2 @ 50,000 
800 ML - 3 phase @ 23 )
300 ML - 1 phase @ 17 ) 
20 @ 230 
2 tanks, pumping, piping, venting, controls 
12 fixtures @ 115 

11 @ 1,680 

22 @ 2,300 

660 ML @ 30 

530 ML @ 82 
2,000 ML @ 11 
Allowance 

2,310 M 2 @ 15 
2 @ 8,000 
Allowance 

TOTAL COSTS 

27,000 Ls 

100,000 
2 
23,500
 

4,600 
25,000 
1,400 

35,000
 
32,500
 
30,900
 
25,000 

18,500
 
50,600
 
19,800 

43,300 
22,000
 
2,500
 

34,700 
16,000
 
25,000
 

537,300 Ls
 



Exterior Circulation/ Total Cost 
EL FASHER, COST SUMMARY Enclosed S ace Overhang/Apron Ls 

Schedule of Facilities i 

Net 
Unit 
Area 
M 2 

Net 
Total 
Area 
hi, 

Wall 
Area 
(25%) 
.2 

Gross 
Total 
Area 
N 2 

Unit 
Cost 
LsIM2 

Total 
Cost 
Ls 

Total 
Area 

h 2 

Unit 
Cost 
Ls/M 2 

Total 
Cost 
Ls 

1. 

2. 

3. 

4. 

5. 

6. 

Administration 

Research Spaces 

Livestock Facilities 

Maintenance/Offices 

Farm Buildings 

Gate House 1 1J 

199 

249 

40 

141 

150 

10 

50 

63 

10 

35 

38 

3 

249 

312 

50 

176 

188 

13 

601 

Var. 

249 

249 

249 

249 

149,460 

220,530 

12,450 

43,890 

46,690 

3,240 

137 

171 

13 

44 

47 

4 

180 

180 

180 

180 

180 

180 

24,650 

30,790 

2,250 

7,920 

8,460 

720 

174,110 

251,320 

14,700 

51,810 

55,150 

3,960 

7. Housing 

Senior Houses 

Middle Houses 

Junior Houses 

Junior Guest House 

Guest House 

8. Conference Hall 

5 

8 

4 

1 

1 

1 

138 

115 

58 

119 

167 

125 

690 

920 

232 

119 

167 

125 

173 

230 

58 

30 

42 

31 

863 

i,IO 

290 

149 

209 

156 

Var. 

574 

435 

435 

Var. 

601 

515,210 

660,100 

126,150 

64,710 

125,500 

93,910 

259 

345 

131 

69 

63 

47 

180 

180 

180 

180 

180 

180 

46,610 

62,100 

23,580 

12,370 

11,290 

8,430 

561,820 

722,200 

149,730 

77,080 

136,790 

102,340 

Total Buildings 3,042 763 3,805 542 2,061,840 1,330 180 239,170 2,301,010 

Total Enclosed Space & Circulation [-8 

Site Work 537,300 

Total Buildings & Site Work 2,838,310 



9. SCHEDULE OF FACILITIES AND CONSTRUCTION BUDGET: GHAZALA GAWAZET
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Exterior Circulation/ rotal Cost 
Ghazala Gawazet Enclosed Space Overhang/Apron Ls 

Net Net Wall Gross Total 
Unit Total Area To al Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
NM2 

Area 
Ni2 

(25%) 
N 2 

Area 
M 2 

Cost 
l.s/M 2 

Cost 
Ls 

(55%) 
M2 

Cost 
Ls/M 2 

Cost 
Ls 

1. Administrative 

Station Superintendent 1 16 16 

Executive Officer 1 14 14 

Accountant 1 14 14 

Cashier 1 14 14 

Reception/Secretarial 1 20 20 

Work/Storage /Files 1 10 10 

Stores 1 10 10 

Tea Kitchen 1 10 10 
Seminar & Reading Room i 25 25 

Communications 1 10 10 

Driver's Waiting Room 1 6 6 

Toilets 1 16 16 

Janitor 1 4 4 

Mechanical Room 1 4 4 

Sub-Total 17? 

Internal Circulation 15% 26 

Total 199 50 249 594 147,720 137 180 24,650 172,370 



Exterior Circulation/ otal Cost 
Ghazala Gawazet Enclosed S ace ]Overhan g/Atron Ls 

Schedule of Facilities # 

Net 
Unit 
Area 

2 

Net 
Total 
Area 

M2 

Wall 
Area 
(25%) 

NM2 

Gross 
Total 
Area 

&12 

Unit 
Cost 

Ls/.2 

Total 
Cost 

Ls 

Total 
Area 
(55%) 

NM2 

Unit 
Cost 

Ls/M 2 

Total 
Cost 

Ls 

2. Research Facilities 

Laboratories 2 40 80 

Equipment Room 

Technician's Space 

Scientific Stores 

1 

2 

1 

21 

21 

10 

21 

42 

10 

Sub-Total (Labs) 

Internal Circulation 15% 

151 

23 

Sub-Total 176 44 220 791 173,970 121 180 21,780 

Sr. Scientist Offices 9 14 126 

Toilets 1 16 16 

Janitor 1 4 4 

Mechanical Room 1 4 4 

Sub-Total 

Internal Circulation 

Sub-Total (Other) 

15% 

150 

23 

173 43 216 594 128,080 119 180 21,390 

Total Research Fac. 345,220 

3. Gate House 1 10 10 3 13 246 3,200 4 180 720 3,920 



Exterior Circulation/ 'total Cost 
Ghazala Gawazet Enclosedl Space ___ _______________Overhang/Apron Ls 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M2 

Area 
2N 

(25%) 
M2 

Area 
M 2 

Cost 
Ls/M 2 

Cost 
Ls 

(25 %) 
M2 

Cost 
Ls/M 2 

Cost 
Ls 

4. Operations & Farm Building 

Warehouse w/1 office 1 100 100 

Farm/Livestcz.k-Tool Shed 1 10 10 

Sub-Total 110 28 138 246 33,840 35 180 6,210 40,050 

5. Housing 

Senior Houses 8 

Living Room (8.0 x 4.0) 32 

Bedroom 1 (4M x 4.0) 18 

Bedroom 2 (4.5 x 4.0) 18 

Veranda (3.0 x 10.0) 30 

Kitchen/Storage (4.5 x 4.0) 18 

Bathroom (3.5 x 2.0) 7 (30%) 

Total 123 984 246 1,230 609 749,080 369 180 66,420 815,490 

Servant's Quarters 8 15 120 30 150 425 63,750 45 180 8,100 71,850 

Total Encl. & Circ. each (224 M 2 @495 LS/M 2 110,918 LS each) 



Exterior Circulation/ rotal Cost 
Ghazala Gawazet Enclosed Space Overhan /Apron Ls 

Schedule of Facilities # 

Nut 
Unit 
Area 
M 2 

Net 
Total 
Area 
M2 

Wall 
Area 
(25%) 
M 2 

Gross 
Total 
Area 
NI 2 

Unit 
Cost 
Ls/M 2 

Total 
Cost 
Ls 

Total 
Area 
(30%) 
M 2 

Unit 
Cost 
Ls/M 2 

Total 
Cost 
Ls 

Middle Houses 6 

Living Room (7.0 x 4.0) 28 

Bedroom 

Bedroom 

1 

2 

(4.5 

(4.5 

x 

x 

4.0) 

4.0) 

18 

18 

Veranda (10.0 x 3.0) 30 

Kitchen/Storage (4.0 x 3.5) 14 

Bathroom 

Total 

(3.5 x 2.0) 7 

115 690 173 863 566 488,460 259 180 46,602 535,060 

Total Encl. -- Circ. Each (187m 2 @ 477 LS/m 2 = 89,1"76 LS each) 

Junior Houses 6 

Hall 

Bedroom 1 

(4.0 x 4.0) 

(4.0 x 4.0) 

16 

16 

Bedroom 2 

Kitchen 

Toilet 

Total 

Covered Veranda 

Total 

(4.0 x 4.0) 

(3.0 x 2.5) 

(2.5 X 1.0) 

16 

7.5 

2.5 

58 348 87 435 425 184,880 131 

66 

180 

180 

23,490 

11,880 

220,250 

Total Encl. + Circ. Each (105m 2 @ 350 LS/m2 = 36,708 LS each) 



Ghazala Gawazet 

Schedule of Facilities 

Enclosed Space 
Net Net 
Unit Total 
Area Area 

# M 2 NM2 

Wall 
Area 
(25%) 
MI2 

3ross 
Total 
Area 
N, 2 

Unit 
Cost 
Ls/M2 

Total 
Cost 
Ls 

Exterior Circulation/ 
Overhang/Apron 
Total 
Area Unit Total 
(30%) Cost Cost 
M2 Ls/M 2 Ls 

Fotal 
Ls 

Cost 

Senior Guest House 1 

Saloon 

Bedroom 1 

Bedroom 2 

Bathroom 1 

Veranda 1 

Bedroom 3 

Bathroom 2 

Veranda 2 

Kitchen/Store 

(5.0 x 4.0) 

(4.0 x 4.0) 

(4.0 x 4.0) 

(3.0 x 2.0) 

(10.0 x 3.0) 

(4.0 x 4.0) 

(3.0 x 2.0) 

(8.0 x 3.0) 

(4.5 x 4.0) 

-16 

20 

16 

6 

30 

16 

6 

24 

18 

Total 152 152 38 190 609 115,710 57 180 10,260 125,970 

Servant's Quarters 1 15 15 4 19 425 8,080 6 130 1,080 9,160 

6. Conference/Meeting Hall 1 110 110 28 138 594 81,680 41 180 7,450 89,130 



Ghazala Gawazet Site Work 

ITEM QUANTITY!UNIT COST TOTAL COSTS 

Petrol Station 27,000 Ls 

Power System 
Service Lines 
Services Lines 
Utility Poles 
Fuel Storage 

1,000 3-phase lines @ 23 ) 
400 single phase lines @ 17 ) 

30 @ 230 
3 tanks, pumping, piping, venting, controls 

29,800 

6,900 
35,000 

Street Lighting 15 fixtures @ 114 1,700 

Water System 
Piping (domestic & irrigation) 37,750 

Sewer System 
Septic Tanks 10 @ 1,650 16,500 
Seepage Pits 20 @ 2,250 45,000 
4" Pipelines 600 ML @ 30 18,000 

Outdoor Works 
Brick Compound Walls 800 ML @ 81 65,000 
Perimeter Fencing 2,400 ML @ 11 26,400 
Main Gate 
Inte-nal Roads 4,200 @ M2 @ 15 

2,500 
63,000 

Tennis Courts 2 @ 7,930 15,900 
Grading/Landscaping Allowance 20,000 

Total Site Work 410,450 Ls 

_.-~ 



Exterior Circulation/ Total CostGHAZALA GAWAZET COST SUMMARX Enclosed Space Overhan g/Apron Ls 
Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M2 

Area 
12 

(25%) 
12 

Area 
m 2 

Cost 
Ls/M 2 

Cost 
Ls NM2 

Cost 
Ls/M 2 

Cost 
[Ls 

1. Administrative 199 50 249 594 147,720 137 180 24,650 172,370 
2. Research Facilities 349 87 436 Var. 302,050 240 180 43,170 345,220 
3. Gate House 1 10 10 3 13 246 3,200 4 180 720 3,920 
4. Operations & Farm Buildings 110 28 138 246 33,840 35 180 6,210 40,050 

5. Housing 

Senior Houses 8 137 1,104 276 1,380 Var. 812,820 414 180 74,520 887,340 
Middle Houses 6 115 690 173 863 566 488,460 259 180 46,600 535,060 
Junior Houses 6 58 348 87 435 425 184,880 197 180 35,370 220,250 

6. 
Senior Guest House 
Conference/Meeting Hall 

1 

1 
167 

110 
167 

110 

42 

28 

209 

138 

Var. 

594 

123,790 

81,680 

63 

41 

180 

180 

11,340 

7,450 

135,130 

89,130 

Total 

Total 

Buildings 

Enclosed & Circulation Area 

3,087 774 3,861 564 

P 
2,178,440 1,390 180 250,030 2,428,470 

Site Work 
410,450 

Total Buildings & Site Work 2,838,920 



10. SCHEDULE OF FACILITIES AND CONSTRUCTION BUDGET: 

A.R.C. HEADQUARTERS, KHARTOUM 
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Exterior Circulation/ Irotal Cost 

A.R.C. Headquarters, Khartoum Enclosed Space Overhang/ApronI~s 

Net Net Wall Gross Total 
Unit Total Area Total Unit Total Area Unit Total 

Schedule of Facilities # 
Area 
M 2 

Area 
M12 

(25%) Area 
M2 

Cost 
Ls/M 2 

Cost 
ls 

(20%) 
M2 

Cost 
Ls,'M2 

Cost 
Ls 

ARC OFFICES 

Director 1 25 25 

Associate Director Office 2 21 42 

Advisor Office 1 21 21 

Accountant 1 14 14 

Secretaries /Reception 1 21 21 

Offices 14 28 

Seminar/Library 1 21 21 

Tea Kitchen 1 10 10 

Stores 1 14 14 

File/Work Room 1 21 21 

Toilets 1 16 16 

Janitor 1 4 

Mechanical Room 1 4 4 

Sub Total 241 

Internal Circulation 25% 60 

Total 301 75 376 500 188,000 75 170 12,800 200,800 



Exterior Circulation/ Total CostA.R.C. Headquarters, Khartoum Enclosed Space Overhang/Apron Ls 

Schedule of Facilities # 

Net 
Unit 
Area 
M 2 

Net 
Total 
Area 
M2 

Wall 
Area 
(25%) 
M 2 

Gross 
Total 
Area 
NI2 

Unit 
Cost 
Ls/M 2 

Total 
Cost 
Ls 

Total 
Area 
(?,0) 
M 

Unit 
Cost 
Ls/M2 

Total 
Cost 
Ls 

PROJECT FACILITIES 

Director Office 

Offices 

1 

4 

21 

14 

21 

56 

Support Staff 

Communication Offices 

2 

1 

10 

14 

20 

14 

Stores 

Secretary/Work/Files 

Secretary/Reception 

Toilet 

1 

1 

1 

1 

16 

21 

21 

16 

16 

21 

21 

16 

Janitor 

Mechanical 

Sub Total 

Space 

1 

1 

4 

4 

4 

4 

193 

Internal Circulation 25% 48 

Sub Total 241 60 301 500 150,500 60 170 10,200 160,700 

Total Building 

Cost Per m 2 

Warehouse/Storage 1 200 

541 

200 

135 

50 

677 

250 

500 

445 

200 

338,500 

50,000 

135 

20 

170 

170 

23,000 

3,400 

361,500 

53,400 

Total Buildings 

Site Work 

414,900 

80,340 

Total Building & Site Work 495,240 



Exterior Circulation/ Total Cost 
COST SUMMARY Enclosed S ace Overhang/Apron Ls 

Schedule of Facilities 

El Obeid 

# 

Net 
Unit 
Area 
M 2 

Net 
Total 
Area 
M2 

Wall 
Area 
(25%) 
M2 

Gross 
Total 
Area 
M 2 

Unit 
Cost 
LsIM2 

Total 
Cost 
Ls 

Total 

Area 

M2 

Unit 
Cost 
Ls/M 2 

Total 
Cost 
Ls 

7,190,680 

El Fasher 2,838,310 

Ghazala Gawazet 2838.920 

ARC Headquarters, Khartoum 495,240 

Sub Total 13,363,150 

5% Estimating Contingency 668,160 

10% Construction Contingency 1,336,320 

Total 15,367,630 



SCHEDULE OF FACILITIES PROGRAMMING INFORMATION 

105 

PLANNING MODULE 

The Schedule of Facilities is based on a planning module of 4.80m 
building depth which subdivides into 1.20m segments and could 
accommodate offices, laboratories, secretarial and meeting rooms. 
A 4.20m module running the length of the building subdivides into 
1.05m segments for window, ceiling, and partition systems. 

14 14 M2 21 
NE T NE 

-

WALL AREAS 125M 2 WALLS -;-49M2NET ENCLOSED 25% 

Gross square meter areas include a wall area of 25% of the net areas. 
This percentage relates to 0. 35m exterior walls and 0. 23m interior 
partitions. 

ITERNAL
 
CIHCULATION 

EXTERNAL CfCULATIN 

CIRCULATION SPACES 

The Schedule of Facilities lists varying perceiitages of exterior 
circulation in combination with overhangs. Interior circulation 
is shown as an average percentage of 15%. 
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SCHEDULE OF FACILITIES PROGRAMMING INFORMATION
 

NORTH SUN ANGLE" 

LOW, JUNE 22 SOUTH SUN ANGLES 

HGH: JUNI' 22 tMAR 22 SEP 22 

HIGH: DEC 22 

LOW: DEC 22 

_______ STRATA____________BEARINJG 

t 4.80 2.40 

VERHA G ENCLOSED SPACE EXTERIOR CRCU ATION 

EXTERIOR CIRCULATION / OVERHANG / APRON 
Overhangs have the function of shading south and north walls from 
sun radiation, providing cover for exterior circulation and in con­
junction with aprons, protecting foundations from rain water reach­
ing bearing soil. 
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IV. FACTORS INFLUENCING CONSTRUCTION COST & SCHEDULE 

1. SUMMARY AND CONCLUSIONS: 

Imported building materials which includes virtually all manufactured 
building products are not readily available from local suppliers. It 
must be assumed that these materials and products will be imported 
directly for this project. 

Prefabricated building systems offer promise of lower cost, quicker 
erection, and bt~er quality. However, the limited experience thus 
far in the Sudan indicated potential problems with transport, erection, 
available skilled labor and resulting high costs. Additional research 
is required. 

Local materials, primarily cement and brick also present supply 
problems. The government cement is attractively priced but difficult 
to get. Free market cement is generally available, but at twice the 
cost. Every effort should be made to secure as much government 
cement as possible. Bricks are generally available with sufficient 
advance notice. 

A separate material supply tender has been investigated. It offers 
potentially lower cost through reduced uncertainties for construction 
contractors and an improved schedule. Potential problems include 
over supply, management of divided contract responsibilities, and 
considerable resistance rom construction contractors. It is rot 
recommended. However, a limited prepurchase of cement and rein­
forcing steel would allow an early start on foundations saving several 
months and considerable cost at minimum risk. 

Transportation is a continuous problem due to an overloaded rail 
system, high cost, albeit more reliable truck transport, poor 
roads (unuseable during rainy season), and potentially high 
freight damage. The higher cost truck transport is most likely 
requiring, however, careful scheduling around the rainy season. 

Inflation is a major contribution to the rapid increase in construction 
costs. Research indicates that an index of 34% annually should be 
used rather than the more commonly assumed index of 25%, particular­
ly for construction in the Western Sudan. 

Contractor capacity should pose no particular problems. There are 
several qualified major Sudanese contractors as well as international 
contractors with experience in the Sudan. Considerable interest 
has been expressed.
 

Several contracting alternatives have been investigated offering various 
advantages. Due to sponsor regulations, ARC preferences, and local 
experience, a conventional open tender is recommended. A single 
contract for all sites is recommended. 

2. AVAILABILITY OF MATERIALS: 

a. Imported Materials: 

Materials such as construction steel, reinforcement steel, any 
steel and aluminum products such as windows, doors and franres, 
hardware and roofing material, all electrical installation compon­
ents, plumbing fixtures, piping and mechanical equipment, are 
imported from abroad. Some of these materials are available in 
Khartoum at limited quantities on an irregular supply basis. 
Construction steel is theoretically obtainable at a government­
cc~trolled price of LS 600/ton, but most of the time not available 
unless purchased in the free market at LS 1,000/ton. 
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The local supply situation for imported materials is so restricted 
that it must be assumed that any of the materials described will 
have to be imported directly for the project. 

b. Prefab Building Systems: 

The use of prefabricated building systems offers potentially: 

- lower costs 
- quicker erection
 
- better quality control
 
- lower maintenance
 

However, there are also potential problems with such systems 
in the Sudan. Experience thus far, which is limited, has indicated 
problems with: 

- transportation delays, high cost and damage 
- repair and/or replacement of damaged components 
- higher percentage of imported materials and therefore, 

foreign currency requrements 
- shortage of local skilled labor and therefore, higher 

costs for expatriate crews 
- coordination and tolerances of locally built pads, 

utilities, and connection points 
- adaptability to local climate, customs, and life styles 

Preliminary research (see page ) indicates that there may be 
several suitable systems, particularly the flexible panel or com­
ponent systems which can be adapted to a variety of uses, site 
or climate conditions. 

Transport problems could be solved by using air freight from 
Port Sudan albeit at higher costs. 

Cost data from manufacturers are factory or Port Sudan prices. 
Experience in the Sudan is limited, tiherefore, cost data on trans­
portation and erection is limited. However, they have been 
known to double preliminary quotations for a prefab house. A 
fully developed tender is the only reliable method to arrive at 
true costs. 

Research and investigation into such systems should continue 
through the design phase. A parallel tender inviting proposals 
from system manufacturers based upon well-developed design and 
performance criteria suggests itself as the only way to arrive at 
truly comparative costs. 

c. Local Materials: 

The demand for cement is considerably !arger than the current 
rate of production in the government-adminstered Atbara and 
Kosti plants. The cement allocation is organized by means of 
a quota system for government districts, high priority central 
government projects, and for the private sector at a bse price 
of approximately LS 65/ton. Because of insufficient supply, pro­
jects have to be delayed, waiting lists get longer, and no depend­
able time schedules for current and future allocation can be 
established. The resulting free market is flourishing and 
can supply any quantities ranging from LS 160/ton in Khartoum 
to LS 2401ton in Nyala. 
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Cement Cost Index 

El Obeid El Fasher Ghazala G. 

Official LS 80-110 LS 95-140 LS 100-140 

Free Market LS 160-180 LS 200-240 LS 220-240 

The most critical materials involve cement and bricks. The 
difference in cost between local manufactured cement at offical 
rates and local free market or imported cement is substantial 
enough to explore any means of obtaining government allocated 
supplies to be purchased prior and during the construction 
tender. Negotiations, as to the quantities obtainable at offical 
prices, should start during the design phase as soon as approp­
riate quantities can be established. 

Bricks of reasonable quality and quantity are available near all 
three locations. While all brick works have a waiting list of projects 
to b,! supplied, assurances were given that material can be obtained 
in sufficient quantities if ordered ahead of the construction schedule. 

3. MATERIAL SUPPLY TENDER: 

A separate tender has been studied for the supply of all critical and 
imported materials delivered to each site prior to the construction 
tender. This concept has been used in the Sudan and elsewhere. 

a. Advantages: 

Assures adequate supply of all essential construction materials on 
site at the start of construction. 

It thereby allows a shorter overall project schedule. 

It reduces uncertainties and transport problems for the general 
contractor.
 

Assured material supply, shorter schedule and reduced uncer­
tainties and problems should yield lower construction costs. 

Prepurchase limited to sufficient cement and reinforcing steel 
to allow an early start on construction of foundations during the 
rainy season could save several months (and resulting costs) on 
the project construction schedule. 

b. Disadvantages: 

Prior experience by the Ministry of Construction and Public 
Works with this or similar concepts indicates that the ARC would 
require a substantial staff of very skilled and experienced people 
to become its own purchasing agent. Only a single source-to-site 
contract should be considered. 

Even a single source-to-site contract will require additional 
administration and coordination by the ARC. 

Pre-purchase of materials poses problems of nver supply if 
high construction tenders force changes in project scope. 

Large international general contractors are opposed to a separate 
supply tender. Their major profit source is mark-up on materials. 
They probably would not tender for local materials and labor only. 
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If they did tenuer for local materials and labor only, they would 
almost certainly apply an additional profit mark-up to the labor 
which could duplicate material profit mark-ups. 

Split responsibilities between supply and construction contractors 
could make assignment of responsibility difficult in the event of 
delays, problems, etc. 

c. Conclusion: 

It is recommended that pre-purchase of materials be limited to 
cement and concrete reinforcing steel. Government officials 
have indicated that 40% to 50% of the required cement may be 
available from government plants at official prices. As much as 
half of this amount could be available initially and the balance 
delivered as monthly allocations during the course of the project. 

This cement, plus sufficient reinforcing steel delivered to the 
sites prior to mid-May, 1981, would allow an early start on 
construction of building foundations during the 1981 rainy season. 

Risk is minimal since these materials could be easily assigned or 
sold to other projects if necessary. 

The resulting time savings (up to six months) could save as 
much as 15 to 20% in escalating construction costs. 

4. TRANSPORTATION CONSIDERATIONS: 

a. Railroad: 

El Obeid and Ghazala Gawazet (via Nyala or Ed Da'ein) have direct 
access to the railroad. All land transportation to El Fasher is by 
truck. The railroad system is overloaded. Requests for rail car 
allocation even six months in advance do not guarantee available 
space. 

Although railroad transportation costs are attractive (Port 
Sudan - El Obeid, LS 31/ton), contractcrs prefer to use trucks 
in order to control the time element; thereby tripling the trans­
portation cost (Port Sudan - El Obeid LS 90/ton). All possible 
avenues of obtaining timely rail transport should be explored. 

b. Trucks: 

Trucking is by far the more reliable means of material transport 
but at three or four times cost. Transportation costs for trucks 
are also increasing with the rising cost of fuel, frequent fuel 
shortages, and the difficulties in obtaining spare parts. 
However, these rising costs could be offset in the next 2 to 3 
years by z. substantial increase in competition. 

Roads between Khartoum/Kosti and the three project locations are 
unimproved and become extremely difficult during the rainy 
season. This serio'isly impacts construction scheduling. 

c. Truck/Rnil: 

A combination of truck and rail could be successful as follows: 

- trucks from Port Sudan to Khartoum, Kosti, or the rail 
head at El Rahad. The roads are comparatively good 
and rail service is overloaded. 
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- rail from Khartoum or Kosti to the west where roads are 
poor (impassable during rainy season) and railroad cars 
are more readily available. 

d. Transportation Cost Index: 

Transportat:on From 
Port Sudan Per Ton To El Obeid To El Fasher To Ghazala G. 

Rail: Cement LS 31,000 - LS 57,000 

Truck LS 90,000 LS 200,000 LS 180,000 

e. Availability: 

Available transportation means for material supply to the sites will 
be critical to the time schedule of the project. Negotiations with 
transportation carrers should be started as early as possible so 
transportation options can be included in tender. Even a tightly 
organized transport network will need government support in 
case of fuel shortages or with vehicle and spare parts import 
licenses.
 

One contractor interviewed suggests having trucks, drivers, 
and fuel supplied by project and leased to contractor during 
construction to reduce uncertainties of transport. Project to 
retain or dispose of trucks upon completion. The suggestion 
has merit and should be considered. 

f. Truck C -acities: 

Trucks in most common use are standard Fiat of 10 to 12 ton 
capacity plus a 15 ton trailer. Trailers cannot be used beyond 
Khartoum because of road conditions and some shippers charge 
for trailers whether used or not. Trucks are either owned by 
shippers or hired from independent truckers or contractors. 
Larger capacity (French or German) trucks are occasionally 
available. Very ldrge capacity trucks - 80 tons Port Sudan 
to Khartoum, 40 tons beyond - may soon be operating. 

g. Packaging and Handling: 

Standard cargo containers require 5.5m x 2.5m truck bed with 
maximum load of 9.5 tons including weight of container. Con­
ventional highway packing in containers is not adequate for road 
c.-nditions in Sudan. Packing for vertical as well as horizontal 
movement is required as well as special attachment of container 
to truck. 

The consensus of shippers and contractors is that cement is 
best shipped in bags, palletized and strapped. Extra bags 
should be included for re-packing damaged bags. Drums, as 
used by WSDC, require special handling and are easily damaged. 

h. Air Transport: 

Air transportation could be advantageous for prefab components or 
other manufactured building products susceptible to freight damage. 
Preliminary investigation suggests that costs would be considerably 
higher more Ihan perhaps could be offset by potential savings. 
This should be investigated further. 

i. Conclusions: 

Truck transport is the most dependable and the most expensive. 
Rail transport or a combination of rail/truck could realize consid­
erable savings to the project. 
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5. INFLATION: 

As a major contributor to the rapid increase in construction cost, 
inflation indexes information for the construction industry are 

difficult to obtain. The index of around 25% per year quoted by 

Government sources in Khartoum does not match with data given 

by representatives of private and local government sources in 
and Nyala. The following schedule representsEl Obeid, El Fasher, 

an analysis of inflation indexes related to specific components of 

construction cost from information obtained by government and in­

dependent contractor sources. 

Inflation Index Analysis 
Index Related 

Construction Cost %of Total Inflation To %of 
1 Year Total CostComponent Const. Cost Index 

32% 1.9%Labor 6% 
30% 3.0%
10%
Overhead 

31% 9.3%Imported Materials 30% 
31% 4.7%Customs Duties 15% 

9% 40% 3.6%Local Materials 

Transportation 10% 50% 5.0%
 

Materials Mark-Up 10% 35% 3.5%
 

Profit 10% 30% 3.0%
 

34.0%Inflation Index 

For budgeting purposes the construction inflation index of 34% for 1980 

has been applied reflecting a monthly inciease in construction cost of 

2.8%. The resulting index increase for the time difference between the 

Kadugli tender in January, 1980, and the tender of this project in March, 

1981, would be 13 months times 2.8%= 42%. 

6. CONTRACTOR CAPACITY: 

The three projects differ considerably in scope, remoteness of loca­
tion, access and local labor market. Construction contracting options 

are more flexible in El Obeid as compared with El Fasher and Ghazala 
Gawazet. 

El Obeid, and Nyala have differentLocal contractors in Khartoum, 
the subject of a package tender for all three projects,opinions on 

as compared with options for individual project tenders. The large 
international or Sudanese contractors in Khartoum are very inter­

ested in the El Obeid project where problems of logistics are more 
manageable and where the scope of construction justifies utilization 

of more sophisticated construction equipment. 

a. El Obeid: 

The project will be of interest to international contraclors operating 

in the Sudan, to the larger Sudanese contractor with home base 
in Khartoum and to the local contractor in El Obeid with approx­
imately three qualified firms. There are also a number of qualified 
sub-contractors in El Obeid. 

It is by the means of equipment, skilled manpower resources, and 
volume that contemporary modular construction systems could 

prove very economical. Khartoum contractors are familiar with 
systems construction and understand the inherent economic 
advantages. These contractors are not interested in the El Fasher 
and Ghazala Gawazet projects and would prefer to be able to tender 
for a single project. In a tender package situation, they may either 
refrain from bidding or add a substantial cost penalty to their offer. 
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b. 	 El Fasher: 

There are two independent local contractors operating in 
El Fasher with construction capacity for limited projects. The 
most viable contracting capacity is the building unit of the 
Ministry of Construction and Public Works, which is currently 
executing the convention hall of the Socialist Union and a 
girls' secondary school. 

With few local contractors available, the El Fasher project could 
be performed either by international or Khartoum-based Sudanese 
contractors and outside local contractors from El Obeid or Nyala
who are familiar with, and have the capability to construct in 
traditional methods, or by the construction unit of the Ministry
of Public Works in El Fasher. Any more contemporary con­
struction approach as a modular concrete ceiling system pre­
fabricated on site would not be feasible and would be more 
expensive. 

c. 	 Ghazala Gawazet (Nyala): 

A number of small contractors with limited construction capacities 
in skilled manpower and equipment operate in Nyala and Ed 
Da'ein. The most qualified contracting entity is the building 
unit of the Ministry of Construction and Public Works in Nyala 
which is currently involved in school projects of the IDA 
Educational Program in the Sudan. 

The situation is similar to El Fasher: small independent con­
tracting firms do exist in the area, however, the quality of 
construction is marginal. The building unit o' the Ministry 
of Constriction and Public Works has the best construction 
capacity in the area, and would be interested in the project. 

7. 	 CONTRACTING ALTERNATIVES: 

Several alternative forms of construction contracts have been inves­
tigated with contractors, agents, and government officials. 

a. 	 Conventional open tender for supply/build. Preferred by 
contractors and procedure required by sponsor, 

b. 	 Separate tenders for supply and for construction. Favorable 
interest expressed by purchasing agents/forwarders with no 
construction involvement. Suggested splitting supply and 
transport into separate contracts. 

c. 	 Negotiated fee, construction management with open tender 
for supply and all major subcontracts. Though widely used 
in U.S. there has been no apparent experience with this 
system in Sudan. Response unfavorable. Potential difficulties 
with sponsor regulations. 

d. 	 Conventional supply/build with open tender for World Bank 
portion, U. S. tender for USAID portion. 

More cumbersome for contractor, consultants, and ARC. 
Viable only as a last resort to comply with sponsor regulations. 

It is recommended that a conventional open tender be used with 
possible pre-purchase limited to cement and steel, as previously
discussed. Split tender only if absolutely essential for compliance 
to sponsor regulations. 
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8. CONTRACTOR PAYMENT SCHEDULES: 

Independent contractors and construction units of the Ministry of 
Construction and Public Works performing on government projects 
frequently fall behind schedule because of long delays in payments 
due by the government. Under these circumstances, contractors 
include special interest allowances in their tender prices. This 
affects purchases of materials from abroad and from local sources. 
Financial strength of the cont-actor is critical for this reason and 
for his capacity to sustain his labor force during extended payment 
delays, rather than interrupting work, as is common practice. 

The difficulty of obtaining payments for local or foreign currency 
expenditures within agreed time limits is caused by the irregular 
cash flow in the Bank of Sudan and the resulting need to improvise 
on payment schedules. Since the foreign currency component of 
construction funds for this project is provided through the World 
Bank and USAID, the establishment of an independent projec:t account 
presents no problem. Such an account, under direct project control 
with pre-dL osited funds, should also be established for the local 
currency component, with an acknowledgement of this fact in the 
tender documents. 

9. IMPORT PROCEDURES: 

The project will need separate general import licenses for sea and 
air freight which should be obtained well in advance of any shipments. (1) 

Port regulations require that containerized cargo and cement ship­
ments be pre-cleared before ship docks and off-loaded direct to 
transport. General cargo is off-loaded to various areas of the dock 
and cannot be cleared until the shipment is re-assembled which can 
take anywhere from 2 weeks to 2 months. (3) All cargo except cement 
should therefore be containerized, if possible. 

Final customs inspection and clearance can be arranged 
so containers need be opened only once at point of use. 

at destination 
(1) 

The procedures for determining values of customs duties on 
imported materials, establishing customs credit in Port Sudan, 
and a project customs account with the Customs Department of the 
Ministry of Works are time consuming and require careful co-ordina­
tion. Project account should be independent of Bank of Sudan and 
agent should have funds and authorization for expeditious clearance 
of cargo. 

Current charges quoted for general cargo (1) (cement pallets) are: 

Clearing: 1% of value. 

Handling: 6 Ls per freight ton or m3 plus 
fee of 3.5 Ls per freight ton. 

Transport: Actual cost plus 10%. 

Charges for containerized cargo were not quoted. 

Current import duties quoted: (1) 

C(ement: 20% 

Steel: 25% 

Doors, windows, etc.: 70% 

Conclusion: 

Delays with import procedures result in project delays. 
must have all procedures worked out well in advance to 
smooth flow of material through Port Sudan. 

The ARC 
assure a 
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10. CONSTRUCTION COST INTERPRETATION: 

In El Obeid, El Fasher, and Nyala, a major volume of construction 
of public projects is performed by the uilding units of the local 
branches of the Ministry of Construction and Public Works. Supp­
orted by their Civil Service engineering staff, these units operate 
their own construction equipment using direct labor for the execution 
of work. They have priority in the supply of building materials, es­
pecially of cement at official market rates out of the monthly district 
allocations. The quality of construction in El Fasher and Nyala is far 
superior to that of private contractors. 

Because of the fact that engineering staff, drivers, and sometimes 
foremen are on government payroll and the equipment park is ser­
viced by government maintenance, and has priority in fuel allocation, 
the general overhead and various labor expenses are considerably 
lower than those of private contractors. Salaries in the private 
sector have risen faster than in the Civil Service, and Ministry of 
Construction and Public Works building units operate out of govern­
ment premises for offices, warehouses, and vehicle shelters. 

These are the reasons for the difference in construction cost 
quotations by government and private sector contractor sources. 
Another reason for this difference, which is frequently more than 
100%, is the fact that official quotations do not always reflect up­
to-date information on inflation indexes. 

As analyzed in other parts of this report, the general quality of 
construction for public buildings is suffering from restricted bud­
gets, material shortages, and limited labor skills. The resulting 
buildings require substantial maintenance attention. These are 
the buildings referred to when cost information is provided. In all 
three locations, there is no precedent for recent structures of satis­
factory design and execution to serve as facilities for the project 
stations. After discussing construction cost, based on an outline of 
proposed standards, with representatives of the Ministry of Con­
struction & Public Works, and w-ith private contractors in the three 
locations, it was concluded that the Kadugli project was the most 
current example of anticipated standards. 
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V. TIME & TASK SCHEDULE: 

Coordination of tasks to be accomplished by Sudan central and local 

government agencies, WSARP, PSU, IDA, AID and the A/E firm 
will be of utmost importance to the implementation of the project with­
in the desired budget and time frames. 

The time and task schedule shown in this chapter attempts to outline 
the various simultaneous steps to be undertaken by the relevant parties 
involved. The formation of a management team comprised of represen­
tatives of the key agencies and the A/E firm should be considered. 

This team would be in a position to initiate steps, seek consensus for 
decisions, alert to potential problems, delegate responsibilities and 
follow up on results. 

In order to meet the proposed time schedule, several procedures should 
be coordinated simultaneously. 

REVIEWS & APPROVALS: 

Because of the relatively short time periods for completion of the A/E 
design and construction document phases, reviews and approvals by 
all government and sponsor agencies should be accomplished expeditiously. 
Scheduled meetings in Khartoum of all representatives involved would be 
required. This is especially urgent at the conclusion of the construction 
document phase when reviews, finalizing of drawings, specifications, and 
Bills of Quantities have to be achieved while advertising for tenders and 
prequalification of contractors are conducted. 

A/E SERVICES & TENDER PHASE: 

The timing for A/E services, construction tender and tender review has 
been arranged to leave 1.5 to 2 months mobilization and local materials 
purchase period prior to the beginning of the rainy season in 1981. 

CONSTRUCTION TIME: 

The estimaLed consLruction time assumes that the contractor will proceed 
with construction on all sites simultaneously. 
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VI. SITE DATA, CRITERIA AND DIAGRAMS 

The 	three sites vary considerably in scope, size, relationships to 
existing communities' adjoining uses, available utilities, and possibly 
their soil conditions. However, it is recommended that certain general 
criteria be applied to the development of all sites, yet which are flex­
ible enough to recognize the wide variation in sites. 

1. 	 GENERAL SITE PLANNING CRITERIA: 

a. 	 The developments should be compact and closely clustered 
to provide efficient utility systems, roads, landscaping, 
thereby minimizing construction and operating/maintenance 
costs. 

b. 	 Facilities on site should be located in relation to similar 
surrounding uses where possible, e.g., housing next to 
housing, farm buildings next to warehousing, etc. 

c. 	 Buffer space, with landscaping where appropriate, should 
be provided adjacent to surrounding uses, roads, and areas 
of unknown future uses to minimize noise, dust, or other 
conflicts. There should also be buffer space between the 
various functions or types of facilities on site. 

d. 	 General landscaping should be limited to rows or clusters 
of trees in order to minimize irrigation and maintenance. 
They should be used as buffers, shaded walkways, and 
for recreational functions. Special landscaping should be 
developed as water availability permits as part of the 
housing compounds, guest houses, and office areas. 

e. 	 Exterior walkways should be shaded by building overhangs 
or trees wherever possible. 

f. 	 All facilities should be oriented for optimum natural 
(north/south) ventilation. 

g. 	 Office/lab buildings should be located near the site 
entrance and close to the farm buildings for control 
and convenience. 

h. Farm buildings should be located next to access to the 
agricultural areas to minimize vehicle traffic through the 
sites. 

i. 	 Junior housing should be farthest away from major activities 
and surrounding uses to minimize traffic through site and to 
allow space for temporary housing nearby. 

j. 	 Senior and middle housing should have comparable privacy, 
if possible, and be conveniently located to all other buildings. 

k. 	 Guest house/conference buildings and related recreational 
facilities should be close to the entrance to the project 
within convenient walking distance of the office/lab complex. 

1. 	 The sites should be organized to encourage a sense of 
community for each station. 
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2. EL OBEID: EXISTING CONDITIONS: 

The site for the El Obeid Research Station is undeveloped, roughly 
triangular in shape with an area of approximately 700 Feddans. 
It was formerly designated as forest preserve. It is located on 
the north outskirts of the city, about 2 kilometers from the city 
center with easy access by dedicated unimproved roads. The 
site is within 2 kilometers of the El Obeid rail terminus and com­
mercial air service is available. 

The portion designated for building construction lies at the 
southeast corner of the site with its long dimension parallel 
to the base of the triangular site. The area available for con­
struction is 870m x 285m. It is bounded on the south and east 
by unimproved streets, with provision at the west for a 30m 
right-of-way for future access. Immediately adjacent to the 
west is an area currently under development as warehousing 
and a site proposed for a bakery. To the south and east, 
current use is residential. 

A proposed cattle market could occur at the southwest corner 
of the site along the western boundary, Bara Road. Such a 
development should be consistent with the purposes of the 
station. A portion of the station site would have to be set 
aside for this purpose. 

a. Topography & Soils: 

The building site slopes slightly to the west and north 
with only minor vegetation. Boundary and topographic 
surveys are in preparation by the Government of the 
Sudan. At one time, the entire site appears to have 
been fenced. Currently fencing is all but destroyed, 
and will have to be repaired/replaced. 

Test pits have been dug to 2.Gm depth for verification 
of soil profile and bearing capacity. Soil is sand to 1.5m 
depth overlying compact silt/sand with high ptrcentage of 
silt. Recommended foundation depth 1.5m minimum or below 
root zone. Bearing value 1.5 tons per sq.ft. (7,328 kg/m 2). 

A site survey is currently being prepared by the Government 
of Sudan for this property. 

b. Access & Circulation: 

Roads and streets adjacent the site are unimproved. No 
internal roads currently exist on the site and will be 
developed as required. 

c. Domestic Water Supply: 

Water sufficient for human consumption can be supplied 
from the municipal system according to local officials. 
Formal application is currently being made by the A.R.C. 
This should be confiriied. A municipal storage tank assures 
adequate pressures most of the time, and it is claimed that 
few serious outages occur. However, it is recommended by 
local officials that a tank sufficient for storage of one week's 
supply be erected at the station. 
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d. Agricultural Water Supply: 

The municipal system cannot supply water in sufficient 
quantities for agricultural purposes or landscape irrigation. 

U. Electrical Service: 

Power can be supplied to tha site from the municipal power 
plant which is within 1 kilomeier of the building area. 
Service would be overhead to thc site. Standby generating 
facilities are mandatory in view of frequent outages. 

f. Sanitary: 

Local practice for sewage disposal is to use individual 
septic tanks with soakaway wells. Wells are customarily 
3m diameter and 5m deep filled with broken brick, with 
2 wells being used alterrately at approximately 5 year 
intervals. 

Because of the population density proposed at the El Obeid 
station, and the rapid rate at which septic tank/wells use 
up space on the site, a lagoon system such as designed for 
the Kadugli station offers advantages over the local practice. 
This is being confirmed. 

3. EL OBEID: PLANNING CONCEPT: 

The area designated for building is more than adequate in size 
and allows an efficient, compact layout. The suggested plan 
provides a single east/west road through the site. It connects 
to a north/south entrance road at the west end of the !_i'*. 
Parking is indicated at strategic locations along th road and 
next to the office/labs. 

The office/labs are located close to the site entrance and near 
the farm buildings along the entrance road for optimum control. 
The farm buildings are ?ajacent to the agricultural access road 
and nearby warehousing. This location would minimize through 
traffic. The guest houses and conference hall complex are 
located near the office/lab complex for accessibility. 

Three distinct, compact clusters of housing are suggested along 
the center road. Senior houses are given priority for proximity 
to the office/lab complex. Junior houses are the most remote, 
since they will need adjacent space to accommodate temporary 
housing nearby. 

a. Landscaping: 

General landscaping is limited to rows of trees along the 
road for "',eltered walkways and as buffers between 
functions and the surrounding areas. Special landscaping 
is suggested for the areas around the office/lab area, the 
residential compounds, and the guest house complex. 

A large area, 185m x 285rm. at the ,oast end of the site is 
available for expansion and as a buffer. It could be 
developed as a football field for station residents and 
neighbors. 
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A major utility corridor is indicated parallel to the single 
east/west road through the site. 

Municipal water should enter the site near the southwest 
corner. An elevated storage and pressure tank is pro­
posed at the east end which is the higher part of the site. 
It is also close to the housing clusters which will use most 
water. 

Water Requirements: 4,650 gallons per day (20m 3 ) 

180 gallons per minute peak flow 
39,600 gallons storage capacity (150m 3) 

Proposed for the project is a 100m 3 reservoir with a booster 
pump to a 50m 3 raised storage tank, capable of providing a 
one-week's supply to the project. 

c. Agricultural Water: 

A dependable source of water for agricultural purposes is 
essential to the operation of the research program. Since 
this cannot be supplied by the municipal system, a separate 
source must be developed consisting of an 8" diameter cased 
borehole well and pump located about 2 km west of the station, 
a pipeline to storage tanks, a booster pump on the site, 
and an on-si:e distribution system to points of use on the 
station. Auidliary distribution piping to supply limited land­
scape irrigation water will be served from the agricultural 
water system. Agricultural needs would have priority of use 
during periods of short supply. The well and on-site land­
scape irrigation piping costs will be borne by this project. 

d. Sewer System: 

A sewer system is proposed which would collect sewage 
and carry it to an anaerobic lagoon in the far southwest 
corner of the station. This is similar to the facility under 
construction at the Kadugli station. 

e. Power System: 

Power should also enter the site at the southwest corner and 
be carried overhead along the road. The system would be 
interconnected with an on-site standby generator. It is 
recommended that electrical service be overhead within the 
housing clusters with individual metering provisions. 

f. Townhouse Concept: 

An alternative housing concept has been studied as it 
might apply to the El Obeid site. It would provide one 
and two-story townhouses with courtyards in addition to 
the conventional free-standing houses and compounds. 
Each townhouse would use approximately 40% less land 
area and thereby allow for more compact and efficient 
layout with resulting cost savings. 

It is recommended that townhouses can provide an effective 
alternative to conventional housing concepts while retaining 
the more important residential values including privacy, 
security, natural ventilation, and required separations. 
This concept should be studied further. 
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4. EL FASHER: EXISTING CONDITIONS: 

The El Fasher station will be on an undeveloped site on the 
west outskirts of town immediately to the north of the Teacher 
Training College. It is accessible from the south by unimproved 
streets. Vegetation is very sparse with no trees. The building 
site is a square, 500m x 500m located at the southeast corner of 
the lkm x 2km station site. Boundary and topographic surveys 
have been furnished by the Government of Sudan. No buildings, 
services, fencing, or roads exist on the site. 

a. Topography & Soils: 

The land slopes uniformly to the south with a low sand ridge 
angling through the site in a north-south direction. 

Test pit dug to 2m depth for verification of soil profile and 
bearing capacity. Soil is compact sand with small amount 
of silt. Recommended foundation depth 1.5m minimum or 
below root zone. Bearing value 1.5 tons per sq.ft. (7,328kg/m 2 ). 

A site survey has been prepared by the Government of Sudan 

of this property. 

b. Access & Circulatln: 

Site will be served from the south by dedicated unimproved 
public streets. Internal roadways will have to be developed. 
El Fasher has commercial air service but no rail service. 

c. Water Supply: 

Domestic water will be supplied to the site from a 4" main, 
500 meters away, by the municipal system. The local sys­
tem, because of its limited capacity, is divided into three 
separate districts, which are supplied alternately every three 
days. Therefore, two days' supply must be stored on site. 
Because of such a limited supply, municipal water will be 
used only for domestic water. Agricultural water must come 
from a separate source. 

d. Electrical Service: 

Power can be supplied by the municipal system with over­
head service from the south to the site connection point. 
It is reported that there are few outages. Standby 
generating capacity of 100 KVA is recommended locally. 

e. Sanitary: 

Local sewage disposal practice is to employ septic tanks 
and soakaway wells. The proposed station can most prob­
ably be well served in this manner due to its small size. 

5. EL FASHER: PLANNING CONCEPT: 

This site is much smaller than the El Obeid site, but more than 
adequate to accommodate the smaller program. The suggested 
plan is similar in concept to that suggested for El Obeid with 
a central east/west road connecting to a north/south entrance 
road. Office/labs are close to the entrance, as well as the 
farm buildings for optimum control and convenience. The farm 
buildings are in turn close to the agricultural area access. Small 
clusters of senior, middle, and junior housing are located along 
the north/south road. Near the office/lab complex are the guest­
houses and conference hall complex. It is located convenient to 
both the entrance and the office/lab buildings. 
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a. Landscaping: 

General landscaping is limited to rows of trees along 
the road for sheltered walkways and as buffers between 
functions and the surrounding areas. Special landscaping 
is suggested for the areas around the office/lab area, the 
residential compounds, and the guest house complex. Ext­
ension of the agricultural water system is proposed for limited 
landscape irrigation. 

b. Domestic Water: 

Water from the municipal system should enter the site 
near the southeast corner to be distributed parallel 
to the on-site road system. An elevated storage and 
pressure tank of 30 m 3 is proposed in the northeast corner 
which is the higher part of the site and close to the housing 
clusters which will use most water. 

Water Requirements: 3,300 gallons per day (15m 3 ) 
140 gallons per minute peak flow 

6,600 gallons storage capacity (30m 3 ) 

c. Agricultural Water: 

A dependable source of agricultural water separate from the 
municipal system must be developed. Such a well need not 
be on the station site and geophysical investigation is re­
commended for determining best possible location. An 8" 
dia. cased bore hole and pump, pipeline to storage tanks and 
booster pump on site, and distribution piping to points of use 
on the station are required. Water table in area is approxi­
mately at 30m depth and saturated layer is relatively shallow. 
Estimated depth of well is 45 to 60m. 

Auxiliary distribution piping to supply limited landscaping 
irrigation water will be served from agricultural water system 
with agricultural needs having priority. The well and on-site 
landscape irrigation piping costs will be borne by this project. 

d. Sewage: 

A system of septic tanks and soakaway wells, similar to local 
practice, is recommended for sewage disposal. 

e. Electrical: 

Power should also enter the site at the southeast corner and 
be carried overhead along the road. The system should be 
interconnected with an on-site standby generator. It is re­
commended that electrical service be overhead(to save costs) 
with individual metering provisions. 
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6. GHAZALA GAWAZET: EXISTING CONDITIONS: 

Ghazala Gawazet is an existing research station which will 
be expanded to accommodate the proposed augmented research 
program. The site is approximately 125 kilometers East and 
South of Nyala and about 30 kilometers West of Ed Da'ein. The 
railroad between these two points crosses the station a short 
distance south of the existing devclupment at the site. 

Though there is no sizeable community nearer than Ed Da'ein, 
there are numerous small settlements nearby, populous enough 
to support an elementary school of 300 studentsf which is situated 
on the station to the south. 

a. Topography & Soils: 

The station is open-range land typical of the locale. 
Boundary and topographic surveys are in preparation by 
the Government of Sudan. The most logical area for 
expansion, that adjacent to the existing development, 
is essentially open and flat with a slight uniform slope 
to the south. There is sufficient space between existing 
elements to allow for the proposed expansion and any 
foreseeable future development. Such siting should result 
in a more compact development with consequent savings 
in the required site utility runs. A site survey is being 
prepared currently. 

Test pits dug to 2m depth for verification of soil profile 
and bearing capacity. Soil is . 15m loose sand overlying . 60m 
compact red sand overlying compact coarse sand/silt. Re­
commended foundation depth 1.3m minimum or below root zone. 
Bearing value 1.5 tons per sq.ft. (7,328 kg/m2). 

b. Access & Circulation: 

Access to the Ghazala Gawazet station is by unimproved 
road from Nyala or Ed Da'ein with consequent periods 
of inaccessibility 'during the rainy season, and by rail­
road which crosses the station. The nearest airstrip is 
at Ed Da'ein and is reported useable by smaller aircraft 
depending on the season and the judgement of the pilot. 
No commercial air service is available. The possibility 
exists for development of an air strip at the station itself. 

A meteorological station exists at the site with offices 
:nd a fenced area for instruments. For purposes of this 
report, this facility is not considered part of the research 
program. 

There are no improved roads on the site, but a central 
roadway exists angling from the main gate through the 
station and defined by mature trees planted on both sides. 
Other plantings define potential circulation routes and offer 
a framework for site planning. Aside from a few random 
tree plantings, the building site otherwise has no vegetation. 
Fencing flanking the main gate of the station is in such dis­
repair as to be useless. 

c. Existing Improvements: 

Buildings at the station were built in 1957. Major 
buildings are of typical construction as follows: 
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Foundations 	 Stone or brick, cement mortar. 

Walls & Partitions 	 Local brick, mud mortar. Cement 
mortar pointing or plastering on 
exterior. Plaster irterior. 

Floors 	 Usually topping concrete over brick 
substrate. 

Roofs 	 Corrugated sheet metal over wood 
structure. 

Doors, Windows, Wood, mostly unscreened and 
Millwork unglazed. Some screened ver­

andas. 

Ceilings 	 Mostly stretched cloth over wire 
grid. Some masonite on wood 
frame. 

Electrical 	 Surface wiring, mostly fluorescent 
lighting. 

Plumbing 	 Minimal piping for domestic water. 
Eastern toilets. 

d. Water Supply: 

The station supply for both domestic and agricultural 
water comes from wells. Exact locations and distance from 
the building site will be confirmed on the survey. No 
reliable data on the distribution network. Water is being 
transported in containers from one of the wells for domestic 
use.' Local residents not connected with the station are also 
using this water source. 

e. Electrical Service: 

Electrical power at the station is supplied by two existing 
80 KVA generators which appear to be in good condition. 
An older generator is not operable and has been abandoned. 

f. Sanitary: 

Sewage disposal at the existing station is by means of
 
traditional Eastern toilets with buckets. For new con­
struction, it appears that septic tanks and soakaway
 
wells will be the most appropriate solution.
 

g. Condition of Buildings: 

The existing buildings are in poor condition. The cost for 
total rehabilitation will almost equal the cost for new construction. 
It is, therefore, recommended that they be provided moderate 
rehabilitation and maintenance commensurate with their remaining 
useful life. A rehabilitation and maintenance program is recomm­
ended which will provide on-going preventative maintenai..e for 
all buildings and the gradual rehabilitation of existing buildings. 

Funds from this current project sho'lld be used for new construction 
only. 
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Foundations: Approximately 80%of the structures have 
experienced foundation settlement at the corners due primarily
to soil erosion near the buildings, subsequent water penetration
beneath the shallow foundations, and resulting consolidation of
foundation soils. There is evidence that this occurs frequently,
perhaps annually. 

Walls: Foundation settlements have caused extensive vertical 
and diagonal cracks. Apparent efforts to repair these cracks 
are frustrated by re-occurring foundation movement. Most such 
cracks penetrate through the walls. The base of most exterior 
walls are deteriorated due to erosion of mud mortar joints.
Interior surfaces of plaster are damaged where cracks have 
occurred, but are otherwise in reasonable condition. Exterior 
gable end parapets have been cracked in varying degrees due 
to thermal expansion of roof sheets. 

Floors: Approximately 50%of the floors have crack damage due to
foundation and 5,oil settlement and general wear. The remaining
50% have moderate cracks and wear. 

Ceilings: Fabric ceilings are generally deteriorated. Some
relatively new fabric ceilings have been damaged by roof leaks. 
New composition panel ceilings have been badly damaged in six 
months by termites. 

Baths: Attached baths on the junior houses have settled and 
separated from the main structures due primarily to undermining
of foundations from poor drainage of bath water. Similar problems
exist for the middle and senior houses. 

Roofs: The corrugated sheets are generally in satisfactory
condition. However, all roofs leak due to loose fastenings,
absence of rubber washers, and insufficient overlaps between
sheets, particularly at the ridge caps. This leakage has damaged 
the wood structures, ceilings, and other interior surfaces. 

Wood: All wood has received varying degrees of termite damage
although some treated wood structural members have held up
remarkably well considering their age (23 years) and extent of 
the termite problem. There is evidence of termite runs on the 
outside of cement mortar walls and internal to mud mortar walls.
The latter makes correction very difficult. The most extensively
damaged are those wood members near the ground or in direct 
contact with masonry walls such as posts, window and door
frames, veranda frames and supports, and many roof structural 
members. 

Minimal rehabilitation should consider the following fundamental 
corrections along with general repairs: 

- regrading and concrete aprons around all buildings to 
protect foundations from further water penetration and 
settlement. 

- cement mortar repair of walls. 
- refastening of roof sheets with combination metal/rubber

washers, and new ridge caps to eliminate leaks. 
- selective replacement of termite-damaged wood mtmbers 

with new pressure-treated wood. 
- settled and separated bath units should be removed and 

rebuilt with proper drainage to soakaway wells. 

As part of a gradual rehabilitation and maintenance program, such improvements 
can be accomplished much more selectively and economically than as part of a 
new general construction contract. 
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7. GHAZALA GAWAZET: PLANNING CONCEPT 

The suggested plan concept for this site derives primarily from 
the existing development and buildings which are to be reused as 
much as possible. The existing buildings are quite dispersed, 
making a compact layout very difficult. In spite of this, every 
effort should be made to achieve a more efficient and cost-effective 
site plan. 

The central roadway should be improved as primary access. It 
can also serve as a utility corridor. An unimproved desert 
track serves the existing farm buildings. This should be 
maintained to minimize truck and equipment traffic through 
the site. 

The existing office/lab complex is reasonably close to the existing 
stores complex. Since more storage is required for use within 
the building site and these structures are not suitable for office/ 
lab functions, it is recommended that they be used for further 
storage. The new office/lab complex is proposed to the south 
of the existing complex. 

The existing guest house, with regular maintenance, will be 
suitable for the junior guest house. A new senior guest house 
and conference center would be built nearby, creating a guest/ 
recreation complex. 

All housing will be suitable for re-use with routine maintenance. 
It is recommended that the existing one senior and two middle 
houses be built up with new middle houses to form a cluster. A 
new senior house cluster would be built to the south. The existing 
junior house cluster would be supplemented with new houses to 
create the required number. 

The remainder of warehousing requirements would be accommodated 
in a new building, placed near the existing service buildings at 
the northwest corner of the site. 

a. Landscaping: 

General landscaping in the form of rows of trees along 
the central road and similkr paths is substantially com­
plete. It will require selected pruning or similar 
maintenance and additions to complete the patterns. 

Special landscaping is suggested for the office/lab complex, 
the guest house conference hall area and as part of the 
housing compounds, water permitting. 

b. Domestic Water Supply: 

A new water distribution system is recommended parallel 
to the central road. It should be connected to one or 
more of the existing wells on site and supported by an 
elevated storage/pressure tank near the existing farm 
buildings. 

Water Requirements: 1,650 gallons per day (6m 3 ) 
70 gallons per minute peak flow 

3,300 gallons storage capacity (12m 3 ) 



c. Electrical Service: 

The existing generators should not be supplemented with 
additional generators. The existing overhead distribution 
system will require upgrading for additional capacity. 

d. Sewage: 

Septic tanks with soakaway wells are suggested as the most 
economically effective sewage disposal system, particularly 
with the generous amounts of land area between buildings 
at this site. 

e. Rail Platform: 

Construction of a rail siding and platform at the Ghazala 
Gawazet station is proposed as a logical step in assuring year­
round supply capability. Because of the remoteness of the 
site, warehousing of needed supplies is also more critical 
than at the other stations. 
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8. 	 KHARTOUM: A.R.C. HEADQUARTERS SITE: 

Several sites have been examined in the Shambat District of Khartoum
North. The recommended site is an irregular-shaped area of approx­
imately 11 fedans. This is more than 	adequate to accommodate theproposed A. R. C. Headquarters and future expansion. Parts of the
site are now used by A. R. C. for agricultural exp trIments and has 
been for some time. 

a. 	 Topography & Soils: The land is very flat with the remains of
several years of agricultural experimentation. Th.ere are no
existing trees or other landscape features. There are trees
bordering the site to the south and west. No information exists
regarding subsurface soil conditions. However, nearby buildings
do not indicate any extraordinary soil problems. 

b. 	 Access: The site is accessible from a major arterial street which
borders the site along its southwest boundary. There are no 
roads on site. 

c. Water Supply: Water supply is available from the n.unicipal
system. However, on-site storage for two dayd needs is 
recommended. 

d. 	 Electrical Service: Power is available from the municipal
system. A major power line parallels the arterial street along
the southwest boundary of the site. Standby generating
capacity is also recommended, size to be determined. 

Concepts of the use of the site have yet to be developed. 
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Acct. 3.0x 4.0 = 
Tech. Asst. 2 4.0 x 4.5 = 
Livestock 2 4.0 x 4.5 = 

Covered Vemnda 2.0 x 42.0= 
7 = 


Toilets 

COMMENTS: 

CLERK ACCT. 

H 
ASST.2 

OFFICE 

(1) 

16.0 
20.0 
34.0 
16.0 
12.0 
18.0 
18.0U-6M 2 

84.0 
'-' M2 

10.0 M2 



ADMINISTRATION BUILDING (#10, 11, 12) 1957 

Foundations: 

Backfill washed away at corners, exposing foundations.
 
Stone with cement mortar.
 
80 cm deep.
 
Water supply line exposed at grade at perimeter.
 

Floors: 

Packed brick with concrete topping/multiple cracks and voids.
 
Slopes to corners caused by settlement.
 

Walls: 

40 cm brick by mud mortar.
 
Cement pointed at exterior/plaster at interior.
 
Multiple cracks through wall from settlement of foundations.
 
Evidence of termite runs in mud mortar.
 
Mud mortar washed out at lower exterior walls at places.
 
Parapets cracked at roof line irom movement of roofing.
 
Water damage at plaster where roof leaks occur.
 

',indows & Doors:
 

Wood frames with wood shutters + wood doors termite infested.
 

Four new windows with wood lintels. 

Roof Structure: 

Some trusses termite infested. Also purlins.
 
Corrugated roofing patched at ridge and some side laps.
 
No flashing at parapets.
 
Openings created where plaster cracked under roof sheets (bats and
 
moisture enters).
 
Some corrugated metal side laps turned up/leaking.
 

Ceilings: 

Cotton cloth supported by wire, 1m x 1m.
 
Some removed
 
Some replaced.
 
Most damaged by water and soiled severely.
 
Hardwood ceiling termite infested/destroyed in 6 months at director's
 
office.
 

Veranrdas: 

Corrugated metal on wood post and beam supports.
 
Settlement in veranda foundations.
 
Cracked veranda slabs.
 
Posts and beams termite infested,
 

Electrical System: 

Surface wiring.
 
Bare and broken connections.
 
No fuses or breakers.
 



GHAZALA GAWAZET
 

STORES, LABOR HOUSING 

1 
 3
 

STORES 2 [--F1 

SPACES: M
 
1 3 @ 2.0x 3.5 = 21.0
 
2 2 @ 3.0 x 3.5 = 21.0
 

Ver. 2 .5x8.0 = 20.0
 
3 2 @ 3.5 x 3.5 = 24.50
 

LABOR HOUSING (2) 

SPACES:
 

Br. 2@ 4 .0x4.5 = 18.0 
Hall 4.0x 4.5 = 18.0 
Kitchen 3.0 x4.5 = 10.5 

2
V7M


Toilet 1.0 x2.0 = 2.0
 
2
3M
 

COMMENTS:
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LABOR HOUSING BUILDINGS (#20) 1957 

Foundations: 

Probably stone with cement mortar - settled somewhat. 
Adjacent grade washed away 11-0" all around. 

Floors: 

Brick with cement topping. 
Multiple cracking. 

Walls: 

Brick with mud mortar, pointed with cement. 
Only minor cracking at mid-wall areas. 
Major cracks separating bath wing from severe settling - beyond repair. 
Parapets cracked from movement of roofing. 

Windows/Doors: 

Termite damage at wood windows. 

Roof Structure: 

Galvanized corrugated metal with curled side laps. 
Leaks at side laps, fasteners, ridge. 

Ceilings: 

Cotton 71oth supported by wires. 
Severely damaged by water. 
Soiled by droppings from bats, lizards. 

STORES (#15, 16, 17) 1957 

Foundations: 

Stable - probably stone with cer.-ent mortar. 
Some adjacent grade washed away. 

Floors: 

Concrete slabs in good condition. 
Only minor cracking apparent. 

Walls: 

Brick with mud mortar and cement pointing on exterior. 
Plastered exterior at Building #16 (cracking). 
No major structural through-wall cracking. 
All parapets cracked from roofing movement. 

Windows & Doors: 

Wood doors and frames and window shutters and frames. 
No visible termite damage. 

Roof Structure: 

Galvanized metal roofing attached with J-hooks. 
Steel angle roof trusses. 
Leaks at connections. 
No ceilings. 

Electrical System: 

Exposed surface wiring. 



ANIMAL PROD. 
BLDG. 

ANIMAL PROD. 
BLDG. 

','- , ANIMAL PROD. 
', ;-.,' ..'-. BLDG., RANGE 

" "" ' MANAGEMENT 

STORES
 



GFAZALA GAWAZET 
RANGE MANAGEMENT ANIMAL PRODUCTION 

V V 

hSTOR. O7FFICE /LAB STF.R. OFF 

RANGE MANAGEMENT ANIMAL PRODUCTION 

RANGE MANAGEMENT BLDG. (1) 

SPACES 

Office 
Office 
Store 

3.6 x 4.6 
9.5 x 7.5 
4.5 x 7.5 

= 
= 
= 

16.56 
71.25 
33.75 
TM9 M2 

Veanda 2.5 x 19.0= 47.50 
T M2 

ANIMAL PRODUCTION BLDG. (1) 

SPACES 

Stores 4.0 x 4.0 = 16.0 
Office 4.5 x 4.0 = 18.0 

Veonda 9.5 x 2.5 = 23.7573M 2 

COMMENTS: 
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ANIMAL PRODUCTION AND RANGE MANAGEMENT BUILDINGS (#13 & 14) 1964 

Foundations: 

Brick with cement mortar - 85 cm deep.
 
Apparently stable at present
 
Grade slightly washed away at corners.
 

Floors: 

Concrete with multiple cracking along control joints only.
 
Cracks and pockets at animal production building.
 

Walls: 

40 cm brick with cement plaster at interior and exterior.
 
Cement mortar.
 
No cracks at walls.
 
Cracking at parapets at roof line - continuous from movement of roofing.
 

Windows/Doors: 

Wood frames termite infested. 
Wood doors.
 
Wood windows with glass - some termite infested.
 
Wood shutters - destroyed by termites.
 

Roof Structure: 

Wood beams and purlins.
 
Termite infested at walls.
 
Corrugated metal roof - slight leaks.
 

Ceilings: 

Particle board with wood battens with some termite runs.
 
Some water damage.
 

Vera -,-" 

Woa post and beam termite infested.
 
Corrugated metal roof.
 
Concrete floor good condition at range management.
 
Concrete floor cracked and pocketed at animal production.
 



.,.. ,.; GUEST HOUSE 

GUEST HOUSE VERANDA 

GUEST HOUSE VERANDA
 



GHAZALA GAWAZET 
GUEST HOUSE 

T KST
 

IBRBR Saloon BR BR 

._.. V...E. . .. .. .. VE..R..... 

GUEST HOUSE 

SPACES 

Toilets 
Baths 
Bedroom 
Saloon 

Veranda 

(1) 

2 @1.0 x 1.75 
2 @1.75 x 1.75 
4 @4.0 x 4.0 

4.0 x 7.0 

= 
= 
= 
= 

1.75 x 2 
3.06 x 2 

16.00 x 4 
28.00 

T 

= 
= 
= 
= 

= 

3.5 
6.0 

64.0 
28.0 

101.50 
61.00162.5M 

2 

OUTBUILDING: 

Store 2 @2 x 3.5 
Kit 2.5 x 3.5 

= 14.0 
8.75 

22.75 M2 

COMMENTS: 
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GUEST HOUSE (#7) 1957 

Foundations: 

Partly settled. Especially at south side/veranda. 
Assume stone with cement mortar. 

Floors: 

Heavily cracked and pocketed at veranda. 
Minor cracking throughout interior. 
Some concentrations of cracking at windows. Probably from wind­
blown rain. 

Walls" 

Brick with mud mortar + cement mortar pointing, exterior and plaster 
interior. 
Cracks at parapet from movement of rooing. 
Minor through-wall cracking at walls only. 

Windows & Doors: 

Wood windows, doors and shutters. 
Badly infested by termites. 

Roof Structure: 

Corrugated metal on wood purlins. 
Leaks at purlin connections and ridge. 
No flashing at parapets. 

Ceilings: 

Cotton cloth supported by wire. 
Badly stained, rotten and torn. 

Veranda: 

Wood infested and falling down. 

Roof structure similar. 

Electrical: 

Exposed wiring. 
Some broken connections. 



SENIOR HOUSE
 

MIDDLE HOUSE
 

* -;-" MIDDLE HOUSE 

... JUNIOR HOUSE
 



GHAZALA GAWAZET
 
SENIOR HOUSE (1)
 

K i BR BR H LR M 

VER E I . BVER 

SENIOR HOUSE 

SPACES 

Kit. 
Stores 
Toilet 
Br. 2 @ 
Ba.th 
LR 
Saloon 

(1) 

3.0 x5.5 = 
3.0 x 5.5 = 
1.0 x2.0 = 
4.0 x5.5 = 
2.0 x 4.0 = 
5.0 x 5.5 = 
5.0 x 5.5 = 

16.5 
16.5 
2.0 

44.0 
8.0 

27.5 
27.5 
I-"0 M 2 142 

Verandas & 
Covered Passage 

Mustaba 

24.0 x 4.5 
1.5 x 5.5 

4.0 x5.0 

116.0 

20.0 
13 O-6.0M2 

116 

136S7rM 2 

Servants 2 @ 3.0 x3.0 18.0 

7= 

18 

296 M 2 

COMMENTS: 
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SENIOR HOUSES (#19) 1957 

Foundations: 

Probably brick with cement mortar. 
Protected at exterior by grade level. 
Better maintained than most. 
Fairly stable. 

Floors: 

Brick with concrete topping. 
No set.en.cnt. 
Only minor .racks. 

Walls: 

Pointed brick in good condition - few cracks at middle of walls at 
kitchen where separated from settled foundations. 
Parapet cracked at roofline from movement of roofing. 

Windows/Doors: 

Wood doors, shutters. 
Wood not noticeably termite infested. 

Roof Structure: 

Corrugated metal roofing on wood rafters. 
Ridge/fastener leaks. 

Ceilings: 

Cotton cloth on uire. 
Damaged by roof leaks and bat and lizard droppings. 

Veranda: 

Floor cracked/pocketed. 
Wood mullions termite infested. 

Electrical/Plumbing: 

Surface wiring. 
No fuses or breakers. 
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GHAZALA GAWAZET
 
MIDDLE HOUSES (2) 

ST BR LR M 

V VVV 

MIDDLE HOUSES (2) 

SPACES
 

Store 3.0 x 4.0 = 12.0
 
Kitchen 3.0 x 4.0 = 12.0
 
Store 2.0 x 4.0 = 8.0
 
Br. 2 @ 4.0 x 5.0 = 40.0
 
Hall 4.0 x 5.0 = 20.0 
Bath 2.0 x 3.0 = 6.0 

Verandas 9.0 x 4.0 = 36.0 
6.0 x 3.0 = 18.0 
4.0 x 3.0 = 12.0 

6.0 M
2
 

Mustabo 3.5 x 4.5 = 17.75 M2 

191.75 M2 

Servants 3.0 x 3.0 = 9.0 

Toilet 1.0 x 2.0 = 2.0 

COMMENTS: 
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MIDDLE HOUSES (SOUTH) (#18) 1957 

Foundations: 

Probably brick with cement mortar. 
Somewhat protected but apparently settled. 

Floors: 

Main houses o.k. - brick with concrete topping. 
Veranda badly cracked and pocketed. 

Walls: 

Plastered brick - badly cracked through wall. 
Parapet cracked at roofline from movement of roofing. 

Windows/Doors: 

Wood at openings at house not noticeably infested. 
Veranda wood termite infested. 

Roof: 

Corrugated metal on wood rafters. 
Leaks at fasteners. 

Ceiling: 

Cotton cloth with wire supports. 
Badly water damaged and stained. 

Electrical: 

Surface wiring. 
No fuses or breakers. 
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GHAZALA GAWAZET 
JUNIOR HOUSES (9) 

BR HALL 

JUNIOR HOUSES (9) 

SPACES 

Bedroom 2@ 4.0 x 4.5 
Hall 4.0 x 4.5 
Bath &Vest. 4.0 x 2.0 

Kitchen 3.0 x 2.5 
Stores 2.0 x 2.5 

Toilet 1.0 x 2.0 

COMMENTS: 

JBR 

= 36.0 
= 18.0 
= 8.0XM
 

= 7.5 
= 5.0

T.. M2 

= 2.0 
76.5 
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JUNIOR HOUSE (TYP.) (#21) 1957 

Foundations: 

Probably stone with cement morta-e.
 
Settled at corners where washed away near grade (water has pene­
trated and settled foundation bearing).
 

Floors: 

Brick with concrete topping.
 
Badly cracked and pocketed.
 

Wafls: 

Brick with mud mortar severely cracked.
 
Some with cement plaster at exterior, some pointed.
 
Parapet walls at ends cracked at roof line.
 
Some compound walls concrete block with cement plaster (frequent
 
cracks)
 
Bath wing of house separated from main part with major through­
wall cracks - beyond repair. 

Windows/Doors: 

Wood doors, frames, window shutters.
 
Termite infestation throughout.
 

Roof Structure: 

Wood rafters.
 
Galvanized corrugated sheets - in good condition.
 
Leaks at fasteners and ridge.
 

Ceilings: 

Cotton with wire supports.
 
Damaged by leaks at roof.
 
Soiled by bat and lizard droppings.
 

Electrical System: 

Minimal with surface wiring.
 
Broken connections.
 
No fuses or breakers.
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GHAZALA GAWAZET
 
VEHICLE MAINTENANCE
 

BUILDING 1 

ST 

BUILDING 2 

VEHICLE MAINTENANCE BLDG. 

SPACES 

BLDG. 1 Enclosed work sp. 
Open work area 

BLDG. 2 	 Stores 
Open work area 

Generators 
Mill 

COMMENTS: 

GENERATORS 

5.5 x 3.5 = 
17.5 x 8.0 = 

7 = 

2.5x 5.5 = 
6.5 x 6.0 = 

13.5 x 6.0 = 
8.0x9.0 = 

7= 

MILL 

19.25 
140.00 
"1T'y5 M 2
 

13.75 
39.00 

81.00 
72.00 

M2
.'75 
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. :MAINTENANCE 

°-	 MAIN STREET 

g 	 TENNIS COURT 
JUNIOR HOUSING 

SERVICE TRACK 



VIII. GENERAL DESIGN CONSIDERATIONS 

The following general design considerations and recommendations are 
based upon climate, function, and traditional or new practices. Climate 
is the most important of these, and should be second only to cost and 
available construction techniques in determining the architectural design
for these new facilities. 

CLIMATE: 

The climate at all three sites is substantially the same. This is con­
firmed by the climate data further in this report. The only notable 
exception is the more severe dust conditions at El Obeid. The follow­
ing recommendations are based upon 

- sun control 
- prevailing winds 
- natural ventilation
 
- severe rains
 
- dust 

All buildings should be designed with a long east/west axis to allow for 
optimum sun control and natural ventilation with prevailing north/south 
winds. 

Roof overhangs or similar protection are recommended at least along the 
north and south wals for sun control, rain protection and covered walks 
where appropriate. 

Solar-powered hot water systems should be considered. 

Materials and construction details should provide delayed heat transfer 
into buildings. 

Cooling by evaporative coolers or air conditioners is recommended for 
laboratories and selected offices and houses. All other spaces should 
have optimum cross ventilation. 

All house verandas should be on the south side to capture prevailing 
south summer winds, as protection from the cooler north winter winds, 
and for optimum cross ventilation. 

Major walkways between or near 'buildings should be sheltered by build­
ing overhangs, walkway covers or trees. 

Heavy rains (including wind-driven rain) account for most of the deter­
ioration and maintenance problems of existing structures with traditional 
construction. Attention to critical construction materials and details, 
roof edges, roof/wall connections, openings, etc. is essential. 

It is recommended that all foundations be protected from moisture pene­
tration and resulting movement by building aprons/walkways or equivalent 
means. 

Dust conditions, part' alarly at El Obeid, require care with construction 
details where infiltra:,,jn is possible, windows, doors, roof edges, etc. 
Some additional interior circulation may be required for selected activities. 

TRADITIONAL AND NEW PRACTICES: 

All senior and middle houses should be designed to accommodate changing 
patterns of Sudanese living. Traditional male/female segregation (par­
ticularly when guests are present) must be provided. However, future 
living patterns will likely include less segregation with more expatriate 
influence. 
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It is recommended that one and two-story townhouses be seriously 
considered for part of the senior and middle houses, particularly at 
El Obeid. They should be much more economical than the free-standing
houses and compounds, while preserving most traditional living habits 
and values. 

Traditional compounds should be minimized in the interest of cost, but 
adequate to accommodate the essential functions, i.e. , gardening, animals, 
auto parking, cooking, sleeping, and general privacy. 

Most laboratories and offices can be accommodated in traditional space, 
one room deep with exterior circulation and natural ventilation. Selected 
labs, and special storage areas will require special design considerations 
such as dustproofing, air conditioning, humidity control, etc. 

Service spaces such as stairs, toilets, general storage, etc. should be 
located at east and west ends in small separate structures, if possible. 
This will minimize interference with the primary work space. It can 
also buffer the east and west heat gain. 
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IX. LOCAL MATERIALS & CONSTRUCTION METHODS 

The discussion in the following section of this report is confined to the 
building types which seem most appropriate to the task in hand even
 
though other building types and methods were observed during our
 
visit.
 

A site-by-site listing of local building materials and practices as ob­
served and discussed follows, along with comments and recommendations. 

EL OBEID: 

Foundations: 	 Strip foundations to 1.5m depth, bearing on 
clay. Stone rubble, brick, or combination. 
Unreinforced. Mud mortar usual practice. 
Foundations protected by 	aprons in better 
condition. 

Bearing Walls: 	 Local brick or stone, cement or mud mortar. 
Mud most usual with cement mortar pointing 
or plaster on exterior. Walls unreinforced. 
Concrete lintels at openings. No bond beams 
usually. Concrete block made locally but not 
waterproof. 

Mortar: 	 Mud - 50:50 clay-sand.
 
Cement - 1:6 Portland Cement - sand.
 

Plaster: 	 Interior walls and partitions. Minimum cement 
content.
 

Floors: 	 Concrete slab with cement tile over screed. 
Terrazzo tile available from Khartoum. Con­
siderably more expensive. 

Roof Structure: 	 Wood used for minimum framing use only. More 
expensive than steel. Steel framing from Khartoum 
or import. Corrugated sheet metal roofing. 

Ceilings: 	 Hung Celotex on wood grid usual practice. 

Windows: 	 Wood usual, steel preferred. Security grilles 
required. 

Doors: 	 Flush timber, painted. Re-painting required
 
at 2-year intervals.
 

Hardware: 	 Mostly British. 

EL FASHER: 

Foundations: 	 Strip foundations to 1.5m depth, bearing on
 
clay. Stone rubble, brick, or combination.
 
Unreinforced. Mud mortar usual practice. 
Foundation protected by aprons in better 
condition. 

Bearing Walls: 	 Local brick or stone, cement or mud mortar. 
Mud mortar most usual with cement mortar 
pointing or plaster on exterior. Common 
practice is cement and brick dust plaster on 
exterior with false brick jointing tooled into 
surface. Walls unreinforced. Concrete -Intels 
at openings. Some use of continuous concrete 
bond beams at lintel level. 

/ 
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Mortar: 


Plaster: 


Floors: 


Roof Structure: 


Ceiling: 


Windows: 


Doors: 

Hardware: 

GHAZALA GAWAZET: 

Foundations: 

Bearing Walls: 

Mortar: 

Plaster: 

Floors: 


Roof Structure: 

Some concrete block used. Machinery for block 
manufacture is available for local production 
if cement is obtainable, but block is not water­
proof, generally. Two-year old unreiliforced 
concrete block school buildings were observed 
which had been destroyed by windstorm; roofs 
torn off, walls collapsed. 

Mud - 50:50 clay-sand. 
Cement - 1:6 Portland Cemend, sand, lime 
available locally in any quantity. 

Interior walls and partitions. Minimum 
cement content. 

Concrete slab with cement tile over screed. 
Some use of trowel-finished concrete slab. 

Mostly timber trusses. Rough timber from 
Jebel Mara, kiln-dried iawn timber from 
Khartoum. Green sawn timber from Central 
Africani Republic. Steel trusses fabricated 
locally. Corrugated sheet metal roofing. 

Masonite, hung on wood grid. Celotex pre­
ferred but no longer available. Cloth stretched 
over wire grid. 

Mostly wood millwork. Very little steel used. 
All windows screened. Security grilles 
desirable at offices; not necessary at houses. 

99% wood.
 

Mostly British. Replacement parts are a
 
problem.
 

Str.p foundations to 1. 5m depth bearing on
 
clay. Stone rubble or brick with brick most
 
common. Unreinforced. Cement mortar usual
 
practice. Lack of cement aprons to protect
 
foundations.
 

Local brick. Cement or mud mortar. Mud
 
mortar most usual with cement mortar pointing
 
or plaster on exterior. Walls unreinforced.
 
Concrete lintels at openings. No bond beams
 
usually.
 

Mud - 50:50 clay-sand.
 
Cement - 1:6 Portland Cement - sand.
 
Lime available from Nyala in any quantity.
 

Interior walls and partitions. Minimum cement 
content.
 

Trowel finished concrete topping over brick 
substrate. Existing floors badly cracked. 

Wood trusses and purlins. 
Corrugated sheet metal roofing. 



Ceilings: Masonite hung on wood grid. 
Cloth stretched over wire grid. 

Windows: Wood usual practice; metal preferable. No 

security grilles required. Screen all windows. 

Doors: Wood doors and frames usual practice. 

Hardware: Mostly British. 

COMMENTS: 

Foundations: 

Unreinforced stone or brick foundations are susceptible to damage by 
rain water. Many buildings show vertical cracks in exterior masonry. 
Where protected by aprons around exterior walls, considerably less 
damage has resulted to foundations. 

Bearing Walls: 

Stone or brick walls laid in mud or lime/sand mortar are vulnerable to 
stresses caused by foundation movement, and by damage to the pro­
tective exterior plaster coat. Severe masonry cracks and separation 
was observed at gables, parapets, and general wall surfaces. Local 
brick with cement mortar produces durable and watertight walls, where 
foundations are stable. 

Plaster: 

Exterior plaster has to accommodate extreme temperature changes during 
day and night time. If exterior walls crack because of foundation 
movement, plaster separates or shows major cracks, plaster over exterior 
concrete on brick surfaces presents a constant maintenance problem. 

Floors: 

Frequent cracks in floors are caused by lack of reinforcement and by 
expanding clay soils, or settlement. 

Roof Structure: 

Roof leakage was evident in mcst buildings observed. The most frequent 
cause is the deterioration of gaskets at steel roof fastening or connection 
points because of constant movement under extreme temperature changes. 
Other causes are insufficient overlapping distance at joints and separations 
at brick work :onnection points, at bearing walls, gables and parapets. 
Inadequate closure of corrugations at eaves allows access of insects and 
bats to ceiling space resulting in staining of ceilings. 

Ceilings: 

Ceilings in all locations were affected by termites and roof leakage. 
Celotex suspended panels, cloth-wire or masonite hung ceilings were 
invariably in poor condition and need constant maintenance and frequent 
replacement. 

Windows/Doors: 

Steel windows are in good condition, repainting is a maintenance item. 
Wood doors or window frames, posts or veranda framing were badly 
damaged by termites in Ghazala Gawazet and to a lesser, but still 
substantial degree, in El Obeid and El Fasher. 

General: 

Local construction methods have developed from severe restrictions 
utilizing available materials and labor skills. The resulting buildings 
are of remarkable standards under these circumstances, but require 
a high degree of maintenance which is frequently not available. 



X. BUILDING SYSTEMS RECOMMENDATIONS 

1. GENERAL CONSIDERATIONS: 

a. DURABILITY AND LOW MAINTENANCE: 

In the absence of architectural traditions for permanent build­
ings, construction methods in the Western Provinces have been 
shaped more by restrictions of funds, materials, and manpower 
skills than by appropriate t.achnical solutions to accommodate 
primarily extreme climate co'nditions in the area. 

As funds and materials for repair are lacking, the lifespan 
of existing buildings is greatly reduced. Design for dura­
bility and low maintenance has to be a planning objective. 
Maintenance consideration. such as service capabilities and 
availability of replacement parts in Khartoum should be ob­
served in specifying materials and equipment. 

b. USE OF LOCAL AND IMPORTED MATERIALS: 

Because of high cost and transportation difficulties for non­
local building components, it is important to emphasize the 
use of local materials, construction methods, and related labor 
skills. These a,-e limited 'o brickworks and crude building 
systems installation of hif h maintenance character. Therefore, 
imported materials will have to be specified to complement local 
materials for long-term efficiency and low maintenance. This 
will be more costly at first, but more economical in the long 
run. 

c. CONSTRUCTION METHODS: 

Labor skills in connection with stone, brickworks, simple car­
pentry and site utilities are of acceptable standards in the 
three locations. Capacities for limited finishing work are 
available in El Obeid. Any specialized skills related to on­
site prefab systems or the working with metal components, 
electrical and plumbing installations, would have to be pro­
vided by outside international or Khartoum-based contractors. 
In proposing building systems, it is important to consider local 
limitations of transportation means and available construction 
equipment. 

2. BUILDING SYSTEMS: 

a. FOUNDATIONS: 

Because of shortages and the high cost of cement, most found­
ations are constructed in stone or brick with mud or lime/sand 
mortar. Problems occur during the rainy season when water 
penetrates to the bearing level causing it to expand or to 
settle and to partially dissolve mortar joints, resulting in 
multiple cracking of walls. 

To assure stability of foundations,continuous reinforced 
concrete footings un" r foundations walls, continuous reinforced 
bond beams at the fl( r. line, isolated reinforced concrete footings 
with sh6rt columns and grade beams, or reinforced concrete 
pilings with grade beams should be used. The danger of water 
disturbing the bearing soil would be reduced by constructing 
continuous aprons at all sides of the building. 



RECOMMENDATIONS: FGUNDATIONS 

Following a more detailed investigation of soil types, profiles, and test pits at 
each site, there appear to be five viable alternatives for foundation design. 
Any of the five would be appropriate on either site; final choice is to be 
determined by structural requirements and analysis of cust effectiveness 
after brilding designs have been established. 

Option 1: 	 Strip foundations; reinforced concrete footings 
with brick or stone foundation walls, reinforced 
concrete bond beam at floor level. Footings 1. 5m 
deep. Cement 	mortar. 

Option 2: 	 Strip foundations; brick or preferably stone footings, 
brick foundation walls, reinforced concrete bond beam 
at floor level. Footings 1. 5m deep. Cement mortar. 

Option 3: 	 Isolated reinforced concrete footings, reinforced 
concrete short columns, reinforced concrete con­
tinuous grade beam at floor level. Footings 1. 5m 
deep. 

Option 4: 	 Drilled short pilings 8 to 12" diameter, bulbed at 
bottom, reinforced and poured concrete. Reinforced 
concrete continuous grade beam at floor level. Pilings 
to 2.5m depth, spaced as required by loads. 

Option 5: 	 Concrete frame for two-story building. Isolated 
reinforced concrete footings, reinforced concrete 
columns supporting continuous reinforced concrete 
beams at first and second floor levels. Brick in-fill 
walls. Footings to 1.5m depth. Cement mortar. 

All exterior foundations to be protected by perimeter 
aprons equal in width to depth of footing. 

2. WALL CONSTRUCTION/WALL FINISHES: 

Bricks manufactured in El Obeid, El Fasher, and near Ghazala 
Gawazet (Ed Da'ein) are reasonably regular in size, structurally 
stable, although slightly soft. Stone is available in required 
quantities, but less economical because of larger amounts of mor­
tar required in walls. Concrete blocks are available in El Obeid, 
and El Fasher, 	but do not produce a waterproof wall. 

Brick has low heat transmission, is a low maintenance material, and 
local labor is skilled in masonry construction. 

Common practice locally is to use mud mortar with a thin, colored 
cement plaster or lime plaster veneer on the outside. This approach 
requires frequent maintenance as the combination of heat and water 
impacts cause regular detai-ioration of the joints. Cement mortar 
would provide permar.ent )oints with no need for exterior plasters 
or eguar repointing. '.lie extra costs of cement mortar would be 
repaid many times over in maintenance savings. Common local prac­
tice is to plaster interior wall surfaces with lime plaster, painted 
a logical finish. 

RECOMMENDATIONS: WALL CONSTRUCTION /FINISHES 

Option 1: 	 Walls of locally-made brick. 

a. Laid up with cement mortar. 
b. Lime mortar w/cement mortar pointing. 



Exterior bearing walls: 1 bricks: . 35m thick 
Interior Walls: 1 brick: . 23m thick 
East + west end walls: 1 brick + .05m air space 

+ I brick = .52m thick 
Reinforced site cast concrete lintels over windows
 
and doors.
 
Bond beam of reinforced concrete at top of wall
 
or at lintel line continuous all around building.
 
Walls untreated at exterior, plastered at interior
 
with lime plaster, painted.
 

Option 2: 	 Same as above, but using local stone where
 
available.
 

3. ROOF SYSTEM/CEILING: 

Roof surfaces are subject to extreme heat buildup causing
 
movement and potential damage to surface edge conditions
 

at gables and parapets and at material connection points. It 

is difficult to maintain a watertight roof under such conditions, 

even with the most advanced technology. 

most common roof surfaceGalvanized corrugated sheet metal is the 
at all three locations, giving it the advantage of familiarity. It 

is capable of withstanding extreme heat, but requires careful 

detailing at edges and connections because of its tendency to 

move under thermal stresses. Prefinished enameled or plastic-coated 

metals should be considered for their long-term resistance to rusting. 

A suspended ceiling system must be used under the sheet metal to 

counter heat impact on spaces below. Ceiling spaces should be 

sealed to prevent entrance of insects, lizards, and bats. 

Support for roofs needs to be steel or concrete in order to be 

durable. Wood roof structures in place at all three locales typically 

become infested with termites, regardless of treatment and main­

tenance. 

Insulated metal sandwich panels should be considered for their 
insulating value and simplicity of erection, eliminating the need 
for a ceiling system. 

Concrete, using cast-in-place or on-site precast systems should 

be considered as a suitable roof structure in conjunction with 

insulation panels and bituminous roofing, which has the ability 
to absorb extreme thermal differences. The great benefit of a 

concrete system is its inherent ability to delay heat transmission 
through its mass, and its relative thermal stability. The basic 
disadvantage is its need for cement in fairly large quantities. Past 
inadequacies in concrete forming must be addressed by employing 
reusable forms. Contractors estimate a cost penalty of around 15% 

for concrete roofs over conventional roof construction of corrugated 

sheets. Cast-in-place concrete is generally preferred due to 

erection problems with precast. Hoisting equipment is difficult to 

transport to Western sites. Also local labor is not experienced with 
precasting. 

RECOMMENDATIONS: ROOF SYSTEM/CEILING 

Option 1: 	 Galvanized steel roofing sheets (sloped). 
Steel trusses and purlins (fabricated on site). 
Suspended ceiling (non-cellulose panels). 



Option 2: 	 Prefinished insulated metal sandwich panels (sloped). 
Bottom finished as ceiling (painted). 
Supported by steel framing and bearing walls. 

Option 3: 	 Bituminous roof surface, over Khafgi (lime compound) 
screed (slightly sloped), over insulation panels, over: 

cast-in-place reinforced concrete slab (level) 
formed with reusable forms. 

4. WINDOWS /DOORS/HARDWARE: 

Steel, aluminum, and wood windows or doors all have to be imported.
Steel and aluminum products are more expensive but durable. Wood 
products are subject to drying out, twisting, repainting and termite 
infestation. Hardware will have to be imported and should be of a 
brand 	for which spare parts are reasonably available. 

RECOMMENDATION: WINDOWS/DOORS/HARDWARE: 

Windows: 	 Steel or aluminum sash and frame. Screens at all 
windows. Security grilles at non-residential windows 
at El Fasher and Ghazala Gawazet. Security grilles 
at all windows at El Obeid. 

Doors: 	 Flush wood or hollow metal doors in hollow metal 
frames. 

Hardware: 	 (Imported) Durable hardware for which spare parts 
available. 

QUALITY CONTROL: 

The Sudan is experiencing a serious manpower drain among skilled technicians 
and workmen who seek higher payscales outside the country. This is true 
of the building 	industry and results in a general lowering of the skill levels 
available, particularly away from the major cities. It is essential that this 
fact be recognized in the design and execution of the project. 

Some 	critical requirements are: 

a. 	 Simple and effective way to evaluate and approve substitution 
submittals in advance of ordering. 

b. 	 Simple design and foolproof detailing. Tolerances as generous 
as possible consistent with good work. 

c. 	 Contractors superintendent at each site with requisite skills to 
maintain accurate layout, lines, and levels. English speaking. 

Clerk of Works 	to check quantities and maintain records on 
day-to-day basis. English speaking. 

d. 	 Clear and enforceable specification provisions for workmanship. 
Standard specification references kept to absolute minimum - ith 
critical portions spelled out. 

e. 	 Simple means to assure accurate forming, placing, finishing, 
and curing uf concrete. 

f. 	 Eliminate to fullest extent possible field fabrication of iron work. 
Shop cut and drill to template. Lolted connections. Avoid 
mortise locks, drill-in type prefeZted. Factory prepare doors and 
frames for hardware. 



XI. PREFAB BUILDING SYSTEMS 

The Trade Commissions in the United States for England, France, Italy,
W. Germany, Sweden, and Switzerland have been contacted. Each has 
been asked to furnish a list of manufacturers of paneled or modular buildings
which could be used in the Sahel Desert of Western Sudan. A total of 17 
responses have been received to date. 

The National Association of Home Manufacturers, U.S.A. , Foreign Trade 
Council Members were contacted. From the list, 5 manufacturers have 
been 	telephoned. All use wood framing throughout which is judged un­
suitable due to severe termite problems. 

Light-gage metal framing manufacturers in the U. S. were contacted for 
names of fabricators who produce panelized buildings using light-gage
framing. Of 10 fabricators contacted, none have yet provided information 
which shows the type of units they can manufacture. Most of these manu­
facturers could probably produce a quality product but only from complete 
contract documents. 

As a basis of evaluating pre-fab systems, several criteria are assumed 
essential: 

a. A flexible, modular system capable of producing the building designs
developed for conventional construction with a minimum of modifications 
to either the designs or to the manufacturer's standard system of 
assembly. 

b. Alternatively, predesigned standard units should be considered. 

c. 	 Tight roof systems with provision for heavy rain drainage. 

d. 	 Adequate thermal insulation. 

e. 	 Light-weight components of low maintenance: permanent, termite­
proof. 

f. 	 Ease of assembly with semi-skilled crews and minimum special equipment. 

Systems using wood as a major component have been ruled out preliminarily.
Based upon recent experience, it is doubtful that treated wood will be termite­
proof for the life of the building. 

One 	system utilizing light-weight concrete panels is also deemed unsuitable 
because of cement shortages, transport and erection difficulties, and 
probable high cost. 

Standard design plans submitted are more suied to western lifestyles than 
to the Sudanese and rely heavily on air conditioning for comfort control. 
Heavy electrical demands and lack of adequate parts and service make this 
undesirable. 

Of those manufacturers quoting costs of standard units, all quoted dockside,
Port Sudan. Sitework and construction of foundations would have to be by
others. These costs plus cost of transport to the sites must be added to the 
unit costs to accur'ately assess overall costs. Trained expatriate erection 
crews were most often quoted as indeterminate extra cost. 

Firms quoting terms of payment require 30 to 50% upon receipt of order 
with balance due upon shipment or arrival at Port Sudan. Under these 
co ditions, there is very little leverage for correction of incomplete ship­
ments, damage, or unacceptable workmanship in manufacture. Therefore, 
tenders should be source-to-site including erection. 

At this point, four manufacturers have submitted data on products with 
potential for meeting the criteria. Sample data follows. Research is con­
tinuing and will be carried out through the project design phase. 
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P.O. Box 70,
 
Windsor House,
 
Cornwall Road,
 
Harrogate HG1 2PA,
 
North Yorkshire,
 
United Kingdom.
 
Telephone: 0423-501641.
 
Telex: 57671-Graham. 

Cables: Gramex Harrogate.

Graham Export 
Your Ref. 

Our Ref. GRF/FJT 

Richard Burling, Esq.,
 
Campbell-Yost-Grube PC (Architects), 
2040 SW Jefferson,
 
Portland,
 
Oregon 97201,
 
UNITED STATES OF AMERICA. 22nd April, 1980
 

Dear Mr. Burling, 

We were interested to read of your World Bank/US Aid funded agricultural
 
project in the Sudan. 

As primary suppliers of building and construction materials based in the 
UK, we are already supplying a large scale project, "The South Darfur
 
Rural Development" in the Sudan. We would be very interested to receive
 
details of the contractors involved in supplying the prefabricated
 
housing, etc. to this project, in order to contact them to offer our 
procurement services.
 

We are enclosing a brochure which describes the more general services 
we are able to offer for your information, and we look forward to hearing 
from you in due course.
 

Yours sincerely,
 

G. R. Fowler 
M.anaging Director 

Enc.
 

fle3;oe d in Englind No. eO.:5. Grrnham Builldirg Services (Export) Limited. A mvmbe. of the Thomas Tilling Groi 
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Contractors and 
Military Camp Sites 

A quantity of all materials and equipment 
for site camps is kept in stock ready to move 

Lata moments notice to any site. 

400 square metres of building car.be 
transported in one lorry. The buildings after 
use can be dismantled and re-erected on 

site without loss of components. 
Erection 

We can provide Supervisors to direct 
local unskilled labour. Or provide erection 

to undertake the complete erection 
and provision of equipment and furniture 
for Canteens - Dormitories - Clinics and 
Offices.
 

The partsfor all ourbuildingscan be
 
manhandledandno mechanicalplantis
 

requiredon the site.
 

Time
 
Eight workers can average the erection
 

and finish of 150 square metres per week.
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Introduction 
This brochure gives you an impression of our We are at your disposal to discuss and prepare plans 
prefabricated buildings, and suggestions to suit your special requirements. 

The following pages give some idea of the large
variety of work we have done, illustrated by
photographs and typical layouts. These 
photographs alone cannot show the simplicity of 
design or how it can be adapted for any purpose;
but cur prices and low maintenance costs under 
the worst weather conditions, prove the 
prefabricated systr ,nis very economic. 

S 

Our experience has shown that occasions arise 
when accommodation is reclired and neither 
transport nor site labour is economically 
obtainable. Th'-se problems are overcome by the 
small size and compactness of the component 
parts. Every part can be manhandled and erected 
without any skilled laL-our or mechanical aid. 

0 

Our buildings are ideal for remote or developing 
areas. They are very competitive .ith other forms 
of prefabricated structures. The bime basic parts 
can make a temporary and even a permanent 
building finished to the standard of traditional 
construction. 

A simple concrete slab is all that is required for 
foundations. However, a prefabricated base with 
floor can be provided which requires no concrete. 

We can supply all requirements quickly from our 
factory and warehouses. Erection teams are 
available to undertake all the work or supervise 
your own workforce at very short notice. 

0 

Quotations for a full turnkey operation with 
furniture, fixtures and iittings can be given. 

0 

A letter, telex or telephone call is all that is 
required to get our experience working for you. 

Telephone: (01) 730 9105 

Telex: 919645 CONPRT G 

Conport Structures Ltd.. 
11, Kings Road, 
Sloane Square, 
LONDON S.W.3 



Specification
 
The building is assembled from standard All parts can be manhandled and no cranes or 
components bolted together on a module of 1.23 m. special equipment needed for the erection. 

Foundations 
10 cm concrete slab. On soft or made up ground 
steel reinforcements and hardcore base will be 
necessary. Prefabricated foundations can be 
supplied. 

Floor 
(1) A cement screed on the concrete slab treated 

with a sealer, or with vinyl or mosaic tiles. 

(2) Or floor grade chipboard with a sealer. 

Walls 
Insulated sandwich panels of any suitable 
material such as metal sheet, hardboard, 

plywood or plastic giving a U value not more 


2
than 0.5 W per m (0.13 BTU/ft2/F). The panels 
are simply fixed into load bearing sections and 
anchored to the base through a perimeter angle. 

Partitions 
Similar to external walls, or wall board on timberor metal studding. 

Roof 
20 to 22 gauge (0.9- 0.7 mm) steel trough section 
sheets galvanised or plastic coated. 

Ceiling 
Suspended on a standard grid system with 
ceiling tiles of suitable materials. Glass wool in 
the roof cavity will provide extra insulation. 

Windows 
Standard or purpose made windows of any size 
within the module. Shutters, bars and blinds can 
be fitted. 

Doors 
Standard, aluminium, timber or steel, double or 
single. 

Electrics 
Prefabricated wiring to customers zequirements 
is provided in the roof cavity and wall panels 
ready for connection to mains. 

Paint 
The external walls are sealed with an elastic 
plastic pnt suitable for the appropriate climatic 
condtions 
conditions. 

Internal decoration with emulsion-paint or as 
required. 

Plumbing 

Prefabricated plumbing to customers 
requirements for connections to mains or 
complete with prefabricated septic tank. 

Sundries 

Air conditioners for each room cooling or cooling
and heating. Underfloor heating or any other form 
of heating specified. 
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FRI1 Housing, Schools 
and Offices-: 

The unit construction allows a greatin variety of plans and sizes from a small 
-,, .variety of parts. 

A7: , , ¥-As
-- all parts can be manhandled,no 
_"mechanical equipment is required for 

-N . ,erection. 

External finish and internal decoration""- ow' , - : 
-Nl V can be carried out to the clients requirements 

.~ ,.. - .. to give a most attractive appearance to 

________-,-_-_-,--__---,-__ ,---_.......harmonize with the local conditions and 
t- - surroundings. 

'A We can supply complete buildings 
.,. erected on site and fully equipped. 

..IF 
1:1 j 



___NDLMP EL .K. L=
 
REGISTERED TRADE MAW( 

OEMOUNTABLE. STEEL.MILITARY/SECURITY"BIL.INGS EMERGEN CYHUSING 
Reg: Office RYE HARBOUR ROAD. RYE, EAST SUSSEX TN31 7TE 

Telephone: (07973] 3307/3425 Telex: 95242 MVULTIB 

MRM/SM/80402 3 April 1980 

Campbel l-Yost-Grube PC
 
Architects
 
2040 SW Jefferson
 
PORTLAND OREGON USA
 

For the attention of Mr Richard Burling 

Dear Sirs 

PREFABRICATED HOUSES - SUDAN 

We understand from our Department of Trade, London, that you would like to 
hear from firms such as ourselves in connection with housing to remote sites. 
Accordingly, we have pleasure in forwarding enclosures. 

We have supplied our building system to Australia, West Africa, Middle East 
and Yemen Arab Republic, and have wide experience in the type of housing 
that you have specified. 

The enclosures are intended for introduction and we shalh ,e pleased to answer 
any questions arising thereto. 

Meantime, we would like to be included in the tender list and look forward to 
hearing from you in due course. 

Yours faithfully
 
MULTIPURP05E UK LTD
 

Director 

ENCS 
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SOLE MANUFACTUReRS & SUPPLIERS 

iiefr multipurposebuli~ 
R.% Of,,: R Eo, No.534880lEogI 

RYE HARBOUR ROAD RYE EAST SUSSEX ENGLAND 
Telephone: (07973) 3307/3495 Cables:MULTICLAD, RYE Telex: 95242 MULTIB REGISTERED IRAUE MARK 

DESIGNED FOR THE MIDDLE EAST 

LIVING OR WORKING ACCOMMODATION: 

FOR LABOUR CAMPS 

DEVELOPMENT SITES 

MILITARY PERSONNEL 

SITED ABOVE GROUND 

or 

AT GROUND LEVEL 

70 m2 plus FLOOR AREA 

CAN BE ERECTEDBY 

UNSKILLED LABOUR 

,"' " - ,,,, & UNDER SUPERVISION,.=...3 

IN LESS THAN 8 MAN 

UNIT ABOVE GROUND GIVES SHADED PARKING FOR VEHICLES 

(OR CAN BE ENCLOSED TO MAKE TWO STOREY BUILDING) 

SHIPPED IN ONE x 40ft CONTAINER 

TYPE A
 
Living room, 3 bedrooms,
 

kitchen and bathroom.
 
Verandah at each end.
 

MULTIPURPOSE BUILDING 

12m x 4 .4 m x 2. 4 m to eaves 

(52.8 m2) 

",I" 



MULTIPURPOSE HOUSINC UNITS 

PREFABRICATED IN STEEL or ALUMINIUM 

COLOUR-COATED THROUGHOUT 

The Multipurpose Building System consists of completely weather-tight outer 
skin of 300 mm or 500 mm wde Multiclad sheets, connected to skeleton 

SHELL (21 framework by means of steel tierods running the entire length of sheeting. 

For spans up to 6 metres, no trusses or purlins are required, therefor3 it Is 
cheaper to produce and faster to erect. No special foundations are necessary • 
the site must be level and firm with either spot concrete bases or concrete slabs. 

Including wh' --filing tiles, with insulation pads, and concealed grid system. 

(Partitions, doors, wall insulation, and internal lining, from local resources). 

OPTIONAL 

(2) 	 Supplied complete with Euroclad liner and insulation, partitions and doors,
 
electrical wiring harness and fittings.
 

(3) 	 Supplied with bathroom and kitchen equipment, air conditioning. 

(4 	 ) Above Ground Units with staircase. Recommended for sites near coast or
 
rivers liable to flood.
 

DESIGNED FOR THE MIDDLE EAST . GENERAL SPECIFICATION 

Approximate dimensions: 10 x 7 x 5 metres to eaves 

Construction: Multipurpose Building System - mounted on four stanchions for 
above ground unit 

Framework: Steel sections bolted together on site 

Roo!: MULTICLAD sheeting in 0.7 mm colour coated galvanised steel 

External Walls: MULTICLAD insulated double skin. 75 mm Insulation. tierod 
fixing. Surface finishes in different colours 

Windows or Louvres: 9 no. size Im x im approximately 

Ceiling: Metal ceiling tiles on steel grid system, witi insulation pads 

Floor: MULTICLAD galvanised decking; insulated Lhipboard panels 

Partitions: EUROCLAD insulated double skin on timber grid 

Internal doors: 6 no. Sapele finish flush doors 1981 x 762 complete with locks 
and hardware 

Bathroom equipment: Shower / Hand basin / Heater. Toilet and low level cistern 

Kitchen equipment: To order 
Electrics: Lighting, heating, and power points, complete with switchgear 

Air Conditioning: To order 

Water supply: Special pump provided to serve bathroom and kitchen requirements 

Foundations: **' Four spot concrete bases ior stanchions: approx. 762 x 762 1500 
depth * according to site conditions 

Each stanchion is set on four holding down bolts. 
Concrete slab for ground level unit 

**by others 

Standard colours: Green / Sand / White / Grey (other colours to order- refer BSC colour cards) 
NOTE BSC Silicon Polyester colours for exterior (or interior) 

BSC Colourcoat Leather Grain for interior only 
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Evolution du procide Tramacier homologut le 
28.7.75 par le Ministare de I'Education. 
Utilisations: 
Classes denseignement general. 

Bureaux tous standings; locaux scolaires, sociaux et 

d'accued; banques; services sanitaires, h6ptaux... 

Restaurants, refectoires, cuisines.. Dortoirs.. 

Tous logements dvolutlfs, sociaux et de standing. 


Caracttres originaux : 

Technique de panneaux porteurs + tlements pr. 

teurs incorpores aux panneaux. 

Conception mixte, panneaux porteur, et interm, 

diaires de remplissage aftemes. 

Toutes dispositions architecturales envisageables. 

Modulation : 

Faades et pignons :1.50 m avec panneaux porteurs 

de 0,50 mel intermidiaires de I m. 

Portes: 
4.50- 6,00- 7,50.9,00 -10,50 m. 
Toutes dimensions par accolement avec interposition 
de portiques. 

Structures: 
* Haute 

Poutres Gavapoutre, brevetees, profilees a froid et 

galvanisies, supportant des pannes do hauteurs dif-

fdrentes qui diterminent la pente de la couverture. 

Poutre au vent honzontale, entre pannes centrales. 

Chainages de farades rtaliss par les chenesux. 

* Vrticale 

Panneaux porteurs. 

e Basse 

Lacier galvanis6 perimetrique sceIlLedans les tonda. 

tions. 


Couverture: 

Bi-pente, faible, 1,2 A2?%.sans fafitre. 

Bacs autoportants acier galvanis B, epaisseur 

63/1000 type UNINERA avec larmiers en bas de 

pentes et solins en pignons. 

Ventilation par les ondes des bacs de couverture 

renforcee sous bandeaux par ouverture permanete. 

Cheneaux sur facades, acier galvanise, Opaisseur 

15/10 
Descentes EP exterieures, rectangulaires 90 x 70 
en PVC. 
Parols ext6rieures: 
Panneaux sandwich, epaisseur totale 40/41 mm avec: 
* Ame isolante. mousse polyurethane, expansde, 

insitu 

e Parements exterieur et inteneur, tOle galvanisee, 

revitement Organosol stne. Coeff. k< 0,53. 


Bandeau: 
Pdrimtrique en aluminum stri6 ou en acier galvanise 
rev~tu d'Organosol strne. 
Menulseres extirleures: 
* ChAssis 
ALU,suivant normes AFNOR et DTU,sans oxydation 
anodique (en option). 
Dimensions: H - 1,50 met 0,50m, I- Lm 
soit fixe, soft ouvrant coulissants, a la francaise, 
Aritalienne. 

Development of Tramacier design officially -approved 
by the ministry of Education on July 28th 1975. 
Uses: 
Classes for general teaching.
 
Offices of all standings: buildings for schools, social
 
uses, reception; banks; sanitary facilities, hospitals...
 
Restaurants, dining-halls, kitchens... Dormitories..
 
All kinds of lodgings: evolutive, socia! and luxury
 
buildings.
 
Special features:
 
Engineering: bearing panels and bearing parts in.
 
corporated inpanels.
 
Mixed type design, bearin3 panels and intermediate
 
fill panels alternately.
 
All kinds 6i ar, .-tural designs are possible.
 
Framing,
 
Front wall; and gable ends: 1,50 m,with 0,50 mwide
 
bearing panels and I m wide intermediate panels.
 
Bearing
 
4,50- 6,00.7,50- 9,00.10,50 m.
 
Other dimen.,ons by coupling and use of inter.
 
mediate crossbWzrs,
 
Structure: 
e High 
"Galvapoutre" (patented) type beams, cold rolled and 
galvanized, bearing trusses of different heights which 
determine the slope. 
Attic beams running perpendicular to central purlins. 
On front walls: gutters forming top bond beams. 
o Vertical
 
Bearing panels.
 
e Low
 
Galvanized steel-shaped bond beam fixed infounda.
 
tions.
 
Roofing: 
Double-slope, gentle, 1,2 to 2%; no ridge.
 
Self-suoporting galvanized steel gutter throughs,
 
class B,63/100 thick, Uninerva" type; with turn-up

into lower part of slope and flashings atgable ends.
 
Ventilation through trough corrugations and per.
 
manent opening under cornice strip.
 
Gutters on each front wall: galvanized steeLthickness:
 
15/o. 
Rainwater collection: external, rectangular PVC, 
90 x 70. 
External walls: 
'Sandwich' type panels; overall thickness: 40/41mm. 
with:
 
i Insulating core: expanded polyurethane foam, 
insitu. 
e External and internal cladding: galvanized steel 
sheet striated *Organosol" coating. Coeff. k < 0,53 

Cornice strip: 
Peripheral; striated aluminium or galvanized steel 
with striated Organosol coating. 
Frames: 
e Types
 
Aluminium, meeting AFNOR and DTU regulations,
 
anode oxidation if requested only.

Dimensions: H - 1.50 m and 0,50 m,w - I m.
 
Either fixed or opening, sliding, opening inwards or
 
push-out type. Latch.
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(AtIt ii irl1n1 .oi nr 

All,nvlh''.ei'ill lhine 2idi 


Menuilseries inttrieures : 


l'ti tnlr', nto'. n n il, fi fitl) 

iri t ltipe, i',i 1itlii'. ,i 1i'ill 'r",AIire;ilvymut,I', 
Lillil'i'% ",I'll2 li.iI",. 1'nynIW

le11."iteIIIK ' n l fl)DIVlIhwly',e J ,i ll. 11t.l 1enl 

Ile mine qualiA (utieles ores .
 
Dimensions . 0,63 0.73 - 0.83 in sur2,04 in de 

hauleur. 

Montage : 

oulllat.e socialist nnengun do levare.Ais, 
Au, i0e tipphi, 50 Rcunpralhon aik kg1t. 

lilt 

Fon.,,Iions: l
* l.lle'loih M.,vi illtll(i111i. 11"'rnv.iirIr ie 
I Itir lniir ii liri tivlnin' e rehiliilshiis .ll iielit 

10nIi.i llts %elnlle
htriln. 

Peinture : 

N,rIit IoIs aivnts exerol I-,
en uSlnes. 


Electricit6 
Chauffage 

Conditionnement d'air 
 Tors travax 

'!Pe( ,ni lt-d(xil ion)litrlovllled onlyifl(.aho}wl.. 


I and 2 teave I fiiarid 11,60to, It - 2,40 m 
inwar(Is oroulwairls 

Leaves made ofpInlets Sliitr to frivnlp~anels Willh 
aluniium brlthnl: oiledi:i (steel it requested), 

Ceiling:
 
Under lbparis undi h.1is 2,50 m
 

Ol'iin;, 


Ileigthl 

not 

Malhlifl', aecil 
fibre gliss. visible ian Stan.ss type PVC, 

- mineral fibre, vi-ible Ial i iiinted. or PVC.Owa. 
lyle or o:miar.
 

- Pla:opiatre, visible late PVC,elc
 
- rnoulded plaster, reior(iedor not. with rnsulating
 
Polyurelhane foam.
 
Insolahion*Calorouale 96 PAF type.
 

Metallic frame. v ilih irr 

by waditn, 

Coelt K< 0.8
 
Parquet flooring:
 
Pinewood strips laintin manner
fi(onvenlrnnal British 

,
(maildime pine), lhitkne 22/24 mm, class B,CT.B. 

ocutli s HeatingPlomberie I la (10e1andeiAir-Conditioning ­t' 


Sanitaires On request. 
Revitements de sols j Plumbing O q 

Sanitary installations 
Floor covering 

En vente uniquement. For sale only. 

I ,nol alt ilriahzed units.l.Il'It-li rlirtIl 6' toil"'. co, .tritims irrnbirles el Salt nlilt( bile ,niidind 
'Ii hI .'rIi. r ir' r ,-,I 1a vi.iuhrrnrihti'.. 26 rhi'tils,.,r-es, 26 {i,1Wrts lii 


I,,h A .- o . .. . ' d .'ritor ir itoul Allt'to
, lirrld 1l(tillil to lirnrtily lhir models at any' 
'. " itr 1'. liih111u1rirt them or.ir1' i. ' li 1 111111.11t wulirlilt 11111 iv i eelany 

,, t 0 ,nw.i 112 I 

24 mm thick- Ionging and gtooving: firoisting.
 
I10x 75. spaced n.50 m Insecticide und fungicide
 
trealment. Live weitahl: 250 ki/litineer.
 
Laid on bottom periherahal 1n(nd beam and cross
 
beams. 0,165 in clearance forventing.
 
insulahono iy Catororate waddin, 96 PA" type, with
 
Polyane street on nder lace Coelt. K < 0.8.
 

Partitions:
 
lypies 50 mmSI)IIAI AC ( IPS,I 4l0Y(i ,inili 

tlmk 
ill Iviti u IT: I ilin, i ivirint: irllves or iot.V(-., 

Miinli,d ii w n o IVC i p tirrnitil iii ttiondinlp, 
unlimi wall, ii ,ili i l'la'l: tongues (IIshCp 
edi nf r{ hiI)
,iiii l 
W01i)tir n l i (. hiliiiiii l it ilfr'utlleted,owillh 

w llhl rI 'vilnt,,r',l liII w 1ve'') 
!.;ol""nl11,1111', " 111h 

Intern; doors:
 
(Isoplane" cavity core, enamelled
type) flush panels, 

on bothlaces, factory equipped.
 
Reinforced plastic frame incorporating linnel
of same
 
material as tire doors thern,elves
 
Dnrenruons 0.63 0.73 0,8.1 i, II 2,04 m.
 

Erection:
 
I n.y 11o"l h 1,1 fillh1h11 in(tllllt Irvin n'rid 

N I lt w',thnnlt mri, thi ill kit IOW rvlie,. 

Foundations: 
po(kel.
0 Colirele l'lar, withIl'litheril 
block
e laitiiet lloniint:; on holc-.v boundary and 

cross walls - tnci'ele griound plate. 

Painting:
 
N in, ill coaliti ti' it works.
 

Electricity 1
 

1.. Mf,,,L ., ). ." 

.
If. i ...
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Geoffrey Purves and Partners 
chartered architects 

8 North Terrace 
Newcastle upon Tyne 
NE2 4AD 
telephc.ie 0532 20424 
telex 5344) CHAMCO G GPP 

GP/JH 

16th April 1980
 

Mr. Richard Burling,
 
Campbell-Yost-Grube PC,
 
Architects,
 
2040 SW Jefferson,
 
Portland,
 
Oregon 97201,
 
U. S. A. 

Dear Mr. Burling,
 

Low Cost Prefabricated Units For Sudan
 

-ou on Tuesday afternoonA-.fconnection
I was pleased to speak to 

with your firm's search for a suitable prefabricated housing and
 

agricultural laboratories system for your project in the Sudan.
 

We act as consultants to the Hungerford-Schroeder Organisation
 

and a copy of their brochure describing a system I believe will
 

be suitable for your requirements is enclosed.
 

I am leaving the U.K. for a trip to Eygpt and Saudi Arabia tomorrow
 

which will last approximately 7/8 days and look forward to hearing
 

from you on my return. Perhaps I should add that through the
 

University of Newcastle upon Tyne School of Architecture, where
 

I am a part-time lecturer, we have a highly specialised post
 

graduate course inhousing for developing countries. Our connections
 

with Khartoum University and the Sudan in general are excellent,
 

and we would be pleased to assist you if at all possible.
 

Yours sincerely,
 

A. G. Purves
 

Enc.
 

A Geollicy Puives BA BAtCh RIBA ARIAS 
NiCholas A P4cPhelSonBA BArch RIBA 

Peler L 'iorneyciolt BA BAich RIBA 

in associaton with 
Househam Puves and McPherson 
London and Maserucc: Mr. D. Schroeder 
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7"he System
 
THE H.S. BUILDING SYSTEM IS A RADICALLY NEW PATENT-
ED APPROACH TO BUILDING CONSTRUCTION, FACILITATING 
THE EXTREMELY RAPID ERECTION OF LONG LIFE, MAIN. 
TENANCE FREE, ARCHITECTUR,..LY SATISFYING STRUCT-

URES.
 
THE CRITERIA OF THE SYSTEM INCLUDES:
 
* Relatively few (basically three) standardised, lightweight, factory

finished components comprising wall panels which in the case of
 
window and door panels, are factory glazed and fitted with doors,
 
column joints and roof/ceiling units.
 
* Readily transportable without special packing,
 
* Non-critical foundation requirements.
 
0 Rapid construction requiring only spanner, spade and hammer
 
for tools.
 
* Permanent quality of construction yet permitting recovery of
 
components and re-use.
 
0 Modular design permitting completely unrestricted flexibility of
 
architectural arrangement of the building plan on the basis of a 1,2
 
metre grid module.
 
0 Structures ready for occupation immediately after erection and 
floor laying, no finishing work required. 

CONSTRUCTION PROCEDURE 
* Site levelling (cut and compacted fill).
* Setting out of a 1,2 metre grid using roof units as position
marker for steel reinforcement spikes placed at positions of wall joint
columns. 
* Digging of wall joint columns plinth !,nles measuring approxi­
mately 0.3 metres square to a depth suitaole or soil conditions. 
* Filling of plinth holes with concrete. 
* Assembly of wall panels bolted top and bottom with column 
joints clipped into place. 
* Levelling of panels with wedges simply by sighting on- panel
against another. 
o Placing and bolting of roof units on top of the panels together
with the simultaneous filling of columns with masonry/concrete 
grout. 
* Pouring of concrete floor slab and outer wall surrounds to levels 
established by moulded in screed lines on panels. 
* Electric wiring of building as required vsinq conduit paths
moulded into panels. 
* Installation of sanitary fittings and modular plumbing piping. 
* Finally cleaning of building using scouring soap if necessary fol­
lowed by placing of ceiling tiles and laying of fioor coverings. 
BASIC MATERIAL 
The basic material employed in the manufacture of the components
is glassfibre reinforced plastic, surfaced with a maintenance free 
pigmented gelcoat surface. 
A wide variety of colours is available and in the unlikely event of 
damage the material is easily repairable. Normal experionce indicates 
a life of surface finish of up to 15 years in outside applications and 
indefinite life for the iterior surfaces. 

WALL Sw STEM 
The panel and column joints which comprise the wall system provide
for a finished floor to ceiling height of 2,6 metres and a 1,2 metre 
plan module. 
The panels are of composite construction to ensure adequate
stren(Illh. sipei ior insulation value (thermal and acoustic) and have a 
high lite r',slino.e ralirg. There are four basic types - a plain panel, 
a large window panel, a small top hung window panel and a door 
panel. Thrse panels are available in various combinations of flat or 
profiled surfaces to customers choice. 
When assembling the wall systems panels are bolted top and bottom 
with brackrets in accordance with the plan. The column joint covers 
clip rin place fnrming voids into which concrete grout is poured to 
form masonry columns every 1,2 metres resulting in an enormously 
strory structure. 
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The panels are ,ightweighL and easily handled, 
weighing in the case of a plain panel some 45 kg. The Com ponents
The system therefore is a rapidly erected structure
 
of masonry columns on 1,2 metre centres incor­
porating decorative, factory finished, insulated
 
;nfill panels.
 

ROOF SYSTEM - ,_
 
Roof/Ceiling units which are available in spans of
 
3,4,5,6, and 7 modules of 1,2 metres, are self con­
tained assenmblies incorporating integral beams.
 

The ceiling mouldings take the form of a decora­
tive and pleasing arrangement of cornices and panel .
recesses which accommodate any plan arrangement 

of the wall panels. arnent i __ 

The units which are able to support a live load of 
70 kg per metre squared are nevertheless easily -- 7 

_J ­handled, the 7 module span unit weighing approxi-
mately 100 kg. 

,EN.
C LBolting the roof nits to the wall panels by means W" 

of bolts in the panels completes the "Box" of the -
N , ­structure, resulting in strength and rigidity. 

Rainwater disposaJ is provided for by moulded-in 
falls to roof sheets running to either ends of the 
roofs. These are shaped to facilitate the fitting of 
standard pattern P.V.C. gutter systems. Water is 
then drained to ground level or alternatively stored 
in gable end tanks which are also available with 
built-in solar heating panels. 

CEILING SYSTEM 
Each module of the roof units is provided with a -- ____ 

pre-painted, plastic wrapped gypsum board panel, - ­

which completes the ceiling. I W, ooW , AEL 

ELECTRICALW 
Moulded into the panels are conduit paths facilitat­
ing the installation of electrical fittings and cables, I _ _,_-_
----- _-_--_ 


all of which considerably reduce the cost of the 
electrical installation. Extensive testing has taken place to prove the 

adequacy of the concept and the practicability of
PLUMBING 

The design provides for factory assembled piping the techniques.
 

systems within the confines of the structure made Indepeno. it bureau testing was conducted with
 

possible by the modular concept of the H.S. Build- certification in conformity with standard building
 

ing System and therefore requires only the site regulations and these tests included:
 

joining oi a small number of couplings during a)ability to provide for structural capability to
 
erection which tasks would be performed by the meet live and static roof loads.
 
operatives assembling the strucuture. b) ability to meet lateral imposed wall loadings.
 

c) ability to meet impact damage criteria. 
FLOORING d) ability to resist moisture penetration through 
Standard flooring technique is the application of panels and joints. 
concrete on top of a plastic dampcourse, screeded 
to marker lines moulded into the panels, the screed DURABILITY 
being surfaced with flooring material to choice as Glass reinforced plastic is acknowledged to be one 
required. of the most durable materials available today. This 

material is emplcyed in the construction of ship-
TRANSPORT ing (including large warships). As a walling material 
The components are extremely robust and resistant glass reinforced plastic has an exterisive 'nainten­
-to structural damage and surface abrasion and in ance free life span. 
fact do not normally require packing for protect­
ion in transit. Shipping volume of a typical housing FLEXIBILITY AND EXTENSIBILITY 
plan is approximately 0,50 cubic metres for every The system enables total flexibility of wall arrange­
square metre of plan floor area. ment and provides also for the ready extension of 

construction, room-by-room, as well as for the dis-
TESTING AND DEVELOPMENT mantling of the components and the removal of 
The systcm is under constant development for the structures to an alternative location. 
improvement and extended application. The right 
therefore is reserved to make modification without APPLICATION 
notice. The concept has many applications. These include 

Development has taken place for approximately housing, ranging from single units to townships, 
five years and the system was patented in March, motels, schools, shopping units and office com­
1973. plexes and all manner of single level construction. 
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ThyssenBausysteme GmbH Posfach 1005 80 4220 Dnsaken " ,, .-


Grube, Zimmer, Inc.
 
Planning, Architecture, Engineering
 
c/o Mr. Richard Burling
 
2040 S.W. Jefferson St.
 
Portland, Oregon 97201
 
USA 


Hagenstrale 2 EintahflB 8 
4220 Dinslaken 

lIre Zeichen Ihre Nachrcht ore Unsere Zeichen Durchwahl
(0 21 24) 68 .... 

Oinetaken 

120 jvd/deh 8514 April 21, 1980 
Betreff 

re.: THYSSEN-House System 

Gentlemen,
 

with reference to your inquiry of March 25, 1980, regarding prefabric­
ated buildings for the Western SudaiAgriculture Research Project
 
we would like to submit our price estimate of THYSSEN House System
 
Type "E" based on todays material-, labour-, and freight-charges.
 
In order to forwa-d a detailed quotation we would need tc know more
 
detailsi.e. lay-out, finishes, delivery-period, etc., and in particular
 
more data regarding the offices and laboratories. However, enclosed
 
please find some lay-outs indicating a few possibilities, a technical
 
description, a brochure, and a few pictures representing our system "E".
 
Please notice the window decorations of steel bars which can be
 
provided for an additional charge, also kindly notice the excellent
 
insulation. The co-efficient of heat transmission (k) of the double
 
shelled wall is o.44 which represents a brick wall thickness of
 
approx. 500 mm.
 

/2-


Sitz der Geselischaft: Dnslaken. Regitergercht: DinslakenHR 0 1249 Telefon : (0 2134) 6 81 TCIx: 08 551933
Vorlitzendr des Autalchtsralte: Dr. Ernst H0,ken 
Geachittffhrung: Geri Frensemeyer (Vorsitzender). 
Erns:Dieter Haberkorn. RainerBrocker (stv). Heinz Rosenstock (st) 
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2 4/21/80 Grube, Zimmer, Inc., Portland/Ore. 97201, USA
 

sqm/lay-out-No.
 

204 sqm 288 sqm 121 sqm 143 sqm
 
E/GR-002 E/GR-0067a E/GR-0109a E/GR-0110C
 

Building ex factory
 

without concrete-slab DM 308,- 345,- 375,- 370,-


Electrical installation DM 26,- 26,- 26,- 26,-


Sanitary installation DM 16,- 18,- 48,- 41,-


Freight up to Port Sudan DM 175,- 175,- 175,- 175,-


Estimated TOTAL c+f
 
Port Sudan DM 525,- 564,- 624,- 612,­

Weight/building approx. to. 33 46 20 23
 

3
Volume/building approx. m 123 173 73 86
 

Erection time equals approx. 1.8 man-hrs/sqm.
 

Delivery can commence within 10-12 weeks atter clearance of all
 

technical and financial matters.
 

Terms of payment: 30 % with receipt of order
 

70 % by an irrevocable letter of credit confirmed
 

by a major German bank, payable latest 7 days
 

after notice of dispatch readiness.
 

Hoping that this information will find your approval, and assuring
 

you to be of service at all times, we remain,
 

yours sincerely, 

THYSSEN BAUSYSTEME GMBH -

Encls.
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ANLAGE NR:
 

DATUM:
 

ANGEBOT NR:
 

A-FTRAG NR:
 

ZEICHNUNG NR:
 

THYSSEN HAUS SYSTEM4
 
TYP: "E" Wirmegedammt 

TECHNICAL DESCRIPTION
TECHNISCIIE BESCHREIBUNG 

i) Fundamente/Fuflboden 	 1) Floor/Foundation 

Auf die vom Kunden vorbereitete 	 The steel supporting structure will
 
be fixed to the concrete slab with
Beton-Bodenplatte, die mit den 


Aussparungen fdr die Ver- und the cutouts for the supply and
 
means of dowels.
Entsorgungsleitungen versehen 	 retake lines by 


to be pre­isr, 'iird die Stahlkonstruktion 	 This conctete slab has 
pared by the customer.
miztels Diibel befestig.. 


Die Ver- und Znt sorgungslei+ 	 The supply and retake lines for
 

tungen f-ar 7asser- und Strom 	 water and electricity have to be 

sind vom &unden bis Oberkante 	 provided by the customer up to the
 
top edge of the concrete slab. The
Octon-Oodenplatte heranzufUh-

ren. Die erforderlichen Zeich- necessary drawings for the execution 

nunren fUr die Ausfihrung der- of the concrete slab will bQ placed 
at the customer's disposal free of
Beton-Bodenplatte werden dem 


Kunden kostenlos zur Verfigung 	 charge.
 

gestelit.
 

2) Stahlkonstruktion 	 2) Steel Supporting Structure
 

Die Stahlkonstruktion besteht The steel supporting structure con­
aus Fachwerkelementen. Die ein- sists of frame work elements. These
 

zelnen Fachwerkelemente werden frame work elements will be tied
 

vez-tikal und horizontal verbun- together vertically and horizontally
 

den. Sie ibernimmt alle Lasten They support all the load of the
 
roof as well as of the walls and
sowohl des Daches als auch der 


W*dnde und der Windlasten. 
 of the wind.
 

3) Raumdecken und Dachaufbau 	 3) Ceiling of the Rooms and Roof.
 

Das Dach ist als be- und entliu-	 The roof is a two-shell type ven­
tetes Zweischalen-Flachdach aus-	 tilated flat roof. It consists of
 
gebildet. Es besteht aus der 	 the upper shell of the roof and the
 
Dachoberschale und der Raumdek-	 ceiling of the rooms. Between them
 
ke. Dazwischen liegt die feuer-	 the hot galvanized under-structure
 
verzinkte Unterkonstruktion. 	 is located. The ceiling of the
 
Die Raumdecke besteht aus 	 rooms consists.of THYSSEN thermal
 
THYSSEN-Thermowand VE 30. Dach- wall VE 30. Upper shell of the roof
 
oberschale Trapezprofil T35/200 	 consists of trapezoidal sheel
 
kunststoffbeschichtet. 	 T 35/200, plastic-coated.
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4) Wdnde 4) alls
 

Die AuGen- und Raumtrennw~nde The external and room separating
 

bestehen aus THYSSEN-Thermowand walls consist of THYSSEN thermal
 

VE 30, kunststcffbeschichtet. wall VE 30, plastic-coated. They
 
will be fixed to the steel sup-


Sie warden von beiden Ssiten an porting structure from both sides.
 

der tragenden Stahlkonstruktion
 
angebracht.
 

Somit entstehen doppelschalige So -ouble-shelled walls with a
 

Wnde mit einer Dicke von ca. thickness of 120 mm come into
 
120 mm. existence.
 

5) Fenster 5) Windows
 

Die Fensterdffnungen sind mit The window openings are bordered
 
stranggepreten natureloxier- with extruded, nature-anodised
 
ten Alu-Profilen eingefat. aluminium sections. Glazing of the
 
Die Verglasung der Fenster in windowswith crystal glass 5 mm.
 
'ristallspiegelglas 5 mm.
 

6) TOren 6) Doors
 

Die AuBen- und Innent~rdffnungen The openings of the external and
 
sind mit stranggepreten natur- internal doors are bordered with
 
eloxierten Alu-Profilen ein- extruded nature-anodised alumi­
gefa~t. nium sections.
 

Die AuBentr besteht aus einem The external door consists of a
 
doppelschaligen Stahlt~rblatt double-shelled door panel of steel
 
mit PVC-Beschichtung. Die Ver- with PVC-covering. Glazing of the
 
glasung des ca. 1350 mm hoheil ca. 1350 mm high glass cutout with
 
Glasausschnittes erfolgt in ornamental wire-.glass. The internal
 
Drahtornamentglas. Die Innen- doors consist of a wooden door panel.
 
toren bestehen aus einem Holz- The external and internal doors are
 
tLrblatt. Die Aulen- und Innen- equiped with fittings, handle and bit
 
tOren sind mit Dr~ckergarnitur type i.
 
und BuntbartschloG ausge­
rOstet.
 

7) Elektroinstallation 7) Electrical Installation
 
Sie beinhaltet je Raum eine The electrical installation in-

Brennstelle und eine Steckdose cludes one lighting point per room ant
 
mit der dazugehdrigen Verkabe- one plug socket with the cor­
lung und Verteilung ohne Zghler. responding cabling and distribution
 

without meter.
 

8) Sanitdrinstallation 8) Sanitary Installation
 
Die Ver- und Entsorgungslei- The supply and retake lines are
 
tungen sind durch die Ausbau- invisibly covered by the comie­
teile unsichtbar verdeckt. Die tion parts. The exact situation
 
genaue Lage der Leitungen of the lines varies according to
 
richtet sich nach der jeweiligen the type of foundation/floor.
 
FuBboden- bzw. Fundament-Aus­
fLhrung.
 

Die Sanitdreinrichtungen sind The sanitary equipment is shown
 
im GrundriB dargestellt. in the floor plan.
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THYSSEN BAUSYSTEME GMBH 

/ 

THYSSEN
 
House System 

THYSSEN-thermodache - THYSSEN-thermodach® - THYSSEN-therm,dach® ­
das montagefertige Komplett- a complete roof, ready for fitting le toit prefabriqui pret au 
dach montage 
Das THYSSEN-thermodach' istein im The THYSSEN-thermodach' is a pre- Le THYSSEN-thermcdach® est un 
Werk weitgehend vorgefertigtes fabricated roof. On the construction systbme de toiture complet pr~fabri-
Komplettdach. Auf der Baustelle site there is no more to do but to fit qu6 en usine. Tel qu'il est livr6 ilsuffit, 
werden lediglich die Elemente befestigt and secure the elements and to seal sur lechantier, de monter et fixer les 
und die St6Be abgedichtet. Die the joints. The elements are fabricated 616ments et de rendre les joints 
Elementewerdenin Grol3seriegefertigt. ina multiple production process. T'iis 6tanches. Ces 616ments sont produits 
Das sichert eine gleichbleibend ensures both uniform and high qui ,ty. en grandes s6ries ce qui garantit 
hohe Qualitit. un niveau de qualit6 6lev6 et constant.The basic materials for THYSSEN 

Die Ausgangswerkstofie der thermodach" ' elements are the Les parties constructives du 
THYSSEN-thermodach-Elemente sind: following: THYSSEN-thermodach® sont: 

* Stahl fUr das tragende Profil. 0 Steel for the load-bearing sections. * De I'acier pour les profil6s structurels. 
Der trapezf6rmig profilierte Stahl ist The trapezoidal steel sections are Les feuillards profil6es en trapbzes 
beidseitig bandverzinkt uod im strip-galvanized and coated on both sont en acier zingue abande sur les 
Farbton RAL 9002 (grau/weiB) kunst- sides with grey/white plastic (colour deux faces et recouvertes d'une mince 
stoffbeschichtet. shade RAL 9002). couche en mati6re synth~tique teint~e 

en gris/blanc (ton RAL 9002).0 Polyurethan-Hartschaumn als I Polyurethane hard foam for thermal 
W~rmed~mmung. insulation. 0 De lamousse rigide de polyur6thane 
Der gbtegeschUtzte, geschlossen- The branded "PUR" rigid p lyurethane comme isolant thermique. 
zellige Polyurethan-Hartscliaum PUR foam with closed cellular structure Cette mousse rigide (type PUR) A 
verleiht dem Dach die hohe Wrme- imparts to the roof high thermal in- r~seau cellulaire ferm6 confbre au toit 
dimmfahigkeit. sulatf;;g properties. un haut degr6 de protection contre 

Der weitere Dachaufbau kcnn The further roof construction and lachaleur. 
spezifischen Kundenwiirschen assembly may be adapted to the specific Le montage ulttrieur de toit peut 6tre 
werksseitig angepat werden. requests of the customer by the works. adapt6 aux demandes sp6cifiques 

des clients. 

Montage einesIHYSSENther- :daches ° 
, ' --

Assembly of a Tl1YSSEN'therr:Jach* 

Montage d'un THYSSEN-the .":ach' - ... .. 

19 
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System E,wirmegedimmt •System E, insulated. Sirie E,calorifug~e 

10 

(0
 

N, 

C Dachoberschale, (OUppersherlof roof, CiToque sup~rieure du foil.
 
THYSSEN Trapezirofil THYSSEN Trapezoidal Sction prohlls en liap&CeS THYSSEN
 
AttiVa (DAttica (±Att;que
 

(!)Bclftder Dachzwi'chenrcum OAerated intermediate space of roof C)Espace intern idiaire ar6 du toil
 
® Declko,1HYSSENtfihrmnowand' (DCeiling, THYSSEN-therrrowand' PfItond, THYSSEf-thermowand'
 
(t StahkonsIru.,tiofn C Steelstructuro f. Construc ion en ac;or
 

3PLtolen aus StIlprofil ® Steelpurlins (p anies en profil6s d'acier
 
.rCAu . n, d, zw.! chalig, QEIernal wall, double-shell, Q Paroi oxl6riqure, coque dotu lo,
 

7ll'r SSEP;!Ilemvio.rd' Tl1YSSE4-thermovand' THYSSEN thrlrnocnd'
 
t -i en I'TFloor Planchor
 

r G r; ble '.'a ll -PFroi lj;g
no n
 
Oi jang -; Cover blend kcv lo,;.iit ito P;Unon
 
f_ i, ider ® Roof fruss MaT're,ef(:rmnio
 
, :ippc C'Ridgo r ie mu
 

,.S nidl s vc n - d,1' I f Hl. ed e I va n -fo ilir pe n d e d t a p p i tio .rI ' I ieIIoi, 
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International Corporation 
1600 N.W. LeJeune Road. Miami. Florida 33126

paneifeb 

Direct replies to: 
P.0. Box 2777, AMF, Miami, Florida 33159 
Telephone: (305) 871-2100 
Cable: PANFABINT Telex: 51-2494 

May 	 12, 1980 

Mr. Richard Burling
 
c/o Grube Zimmer
 
2040 S. W. Jefferson Street
 
Portland, Oregon 97201
 

SUBJECT: World Bank and AID Projects - Sudan 

Dear Mr. Burling:
 

I have just received letter from a mutual friend, Mr. Ray Carpenter, (AID),
 
confirming the fact that your organization has received a contract for the
 
A&E entire project as you are completing the pre-contract award survey.
 

Based upon our conversation, it is my understanding that the following are
 
the proposed installations under consideration:
 

1. 	Agricultural Research Station at Elobeid. This installation will require

2 
 2
approximately 8100 m of pre-engineered construction to include a 1400 m
 

2
of "Wet Lab" and small houses of 100 and 200 m , each to contain two bed­
rooms and one bath.
 

2. 	El Fasher. This installation will consist of 500 m2 of laboratory space
 
plus 14 houses, for a total of 2100 m2 .
 

3. 	Ghazala Gawazett. This installation is to have a 500 m2 office and lab­
oratory, with 12 samll homes to total 1800 m2 .
 

The installations will be utilized to house personnel from Washington State
 
University and Sudanese on the basis of one to one, but will not be used for
 
families until later in the project.
 

It is your desire that the toilets shall be "Asian," and that the ambient tem­
peratures are 1180 F in the Summer, with a minimum of 
500 F to 600 F in the
 
Winter. It is understood that you do not desire air conditioning, but rather
 
air circulation so as to permit maximum air flow during hot weather, and suf­
ficient insulation for the so-called colder weather.
 

It is also understood that electrical ranges will be used for cooking, and that
 
your electricity will be generated at each location to produce 240 Volts - 50
 
Cycle, with spare generators at each installation.
 

O2eboks Tkrogk4 tU Wad 
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Panel ab International Corporation 

Mr. Richard Burling
 
May 12, 1980
 
Page 2
 

The enclosed literature will provide you with an overview of the type of
 
experience we have had in all parts of the world, and you will note that we
 
have had extensive experience in housing, medical facilities, offices, lab­
oratories, bachelor quarters, etc., etc., 
in many areas of Africa, including
 
Sierra Leone, Ghana, Nigeria, Zaire, and have just finished processipg a
 
sizable group of structures for installation in Somalia.
 

A major American Oil company has just contracted to have us supply several
 
sizable installations in Angola and one other area in the South Central area
 
of Africa.
 

As I indicated, on site assembly is rapidly accomplished by the use of semi­
skilled labor, under supervision, and the resultant structures have proven to
 
have a life expectancy equal to conventional construction, in spite of the
 
difficulties to be encountered in some of the jungle areas in Africa.
 

Your apprehension concerning possible zermite damage can be put to rest, pro­
viding we supply our standard Panelfab honeycomb core sandwich doors. It has
 
been found that our panels, doors, etc., are, due to the chemical makeup of
 
our honeycomb, resistant to termites and other insect damage.
 

A prime example of the desirability of our structures in jungle areas is typi­
fied by the several million dollar installations of houses, etc., for the
 
Pittsburgh Plate Glass Corporation Rutile mines in Sierra Leone in 1965. Three
 
years after inszallation, the Titanium market collapsed and the installation
 
was permitted to "return to the jungle." After a period of some eight years,
 
the installation was re-activated by the Bethlehem Steel Corporation, who found,
 
after clearing the jungle, that all of the structures were once again usable
 
with only replacement of such items as broken window glass, and a few minor
 
non-structural elements.
 

We would appreciate your supplying us with such additional information as may
 
be available in terms of programming of the project, and we will be pleased
 
to supply you with such technical information as you may require, to assist
 
in our mutual rapid development of the entire projects noted above.
 

Your reply is awaited with interest.
 

Sincerely,
 

PANLFAB,INTERNATIONAL CORPORATION
 

M. .Shorago
 
Vice President
 

MHS:dk
 

Enclosures
 

cc: Mr. Ray Carpenter
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PANELFAB PERFORMS with 
pre-engineered building systems 
which meet the diverse construction 
needs of people, companies and 
governments worldwide. In recent 
years, Panelfab has significantly in-
creased systems sales to such 
Middle Eastern nations as Saudi 
Arabia, ihe United Arab Emirates, 
Oman and Iran, as well as to olher 
nations. In the Middle East alone, 
since 1976, Panelfab has designed, 
manufactured, shipped and corn-
1leted more than 1,000 structures, 
incldding houses, schools, office 
buildings, health and rnsort facilities 
as well as commJnity support 
structures. 
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Amajor factor in the company's ings are comfortable under extreme 
ability to meet growing demand for conditions, with hurricane and earth­
its products is advanced methods of quake resistance and proven long­
manufacturing and shipping pre- term performance in the tropics, 
engineered structureos throughout coastal, mountain and desert areas. 
the world. Panelfab's advanced Whether used as basic housing, 
building systems, combined with or for large public a-tivities, Panelfab 
Paiielfab's construclion support ser- building systems are proving daily, 
vices, enable the company to round the world, their efficiency, 
assume total responsibility for turn- ease of installation and ability to ful-., 
key construction projects. fill an escalating demand for struc-

Panelfab building systems offer a tures which must perform efficiently 
number of features essential to effi- over many years. 
cient construction overseas. They 
are assembled on-site easily and 
economically and provide early 
occupancy. Maintenance costs are
 
minimal. A variety of non-combuslible
 
surface materials, both exterior and
 
interior, are available. Panelfab build­
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Panellab's construction suppor rvhs include ask:!W 
aichiriectual, design andengineringcapabiht . 

PANELFAB PERFORMS interna-
tionally by providing construction 
support services, designed to fulfill 
highest standards of quality and 
performance control at all levels. 

Panelfab's services capabilities 
result from long experience as a 
designer, manufacturer and exporter 
of pro-engineered building systems. 
Through the years, Pnlab hasdeheropen es 

skills and techniques required I(. 
completebuildingsaln osl anyv,,ere. 
Today, Panelfab is increasjingfy 
applying its construction services 
know-how to highly diverse projectslhrocighout the world.

In all of its construction support 

managemnent and construction ad 
ministration as wel as material supply 
services-Panelfab stresses on-time 
delivery, simplicity, labor aid cost 
savings and quality assurance. 

A;A]I JlIi - cld n 
Panetfab performance includes an 

A &Eand design capability which 
has been field-tested on almost every 
cortinent. Panelfab's in-house A&E 
slift is able tu convert acuslom-
er's helter requirements into 
working plans and specifications 
promptly arid accurately. The A &E 
stall is familiar with sit planning 
as vell as overall corMIru'ily and 
f.icrlilios prograrmming 

.7ii'l rtjll.project. 
Panelfab long has been recog-

r,i.;ed for its zb ilily to purchase, at 

5"-!! S ;-'F.r T~LBZ-TRrKI/,fi. 

. . . . 
.suppcc

e$ '.'.',!i $.ted; ,.;.;m.: ; n"y. 0 l~ : 

components, equipment,competitive prices, construction ma­
furniture, accessories and related 

services. 
Panelfab's procurement staff, 

utilizing experience gained in 
thousands of Panelfab buildingsprtoblmsans, uPpnly buildernsaround the globe, understands con-
struction specifications and sched-
ules. Itcan anticipate potential 
problem areas, supply builder needs 
efficiently in accordance with a 
customer's specialized requirements. 

Products purchased by Panelfab 
include the needs of all kinds of 
buildings. These range from simple 
construction materials and furnish­
ings to air conditioning systems, 
electrical generating and sewage 
and water treatment plants to recrea-
tional equipment, street lights and 
hydrants. 
h s 
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". 

, 
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Pan1lab product- ae ceI~hd as they are 
conlaimzed forstiipmeni iocrsruclion project. 

Pro-planning and implementation 
of material control at all stages 
permits Panelfab to maintain com-
plete material management direction. 
Capabilities also include develop-
ment of applicable systems of critical 
inventory procedures. 

01:j ~lti )i 
Panelfab's construction manage-

merit includes super vising sub-
contractors arid others to insure the 
effective completion of the specific

Total awareness of critical 
schedules is amajor commitment of 
Panelfab. 

j,:.),,i~j! , . ,", , r' , 1,1 
P-- ipplyParelfab does far irrsrto Vt, ni ate ials and services. II:is pre­

pared to assunie par tial, or total re­
sponsibility for ptoj,.cts, or indivi­
dual builrgs, from conrept to 
delivery of a turnlkec y r ?r.Yron. in­
corp, a:tirrg all Ih ,I, -- , i ctors 
resulling i'n efcCtive o ,,truction 

services In.' ided anre laffsupportI activities es,,cntiial to elficiont 
personnel utilization at construction 
sites. 

Panelfab warehousing ability 

stresses flexibility in Receiving, Quality 

Inspection, Quality Assurance, Inven­
tory Control, Consolidation and Pre­
parations for Overseas Shipments 
-all to customer requirements.maral otolmanagquiement proPanelfab is prepared to ai.ange ware­
housing at major job locations in the 
host country. Panelfab's warehousing 
material control management pro­
cedures emphasize strict inventory 
control so that work crews at construc­
lion sites can be properly supplied 
with required material as needed. 

h . 

Panlfabs transportation kow-how 
is dramatized daily as the company 
moves hundreds of tons of pr-engi­

oeered buildings, plus an endless .; 
,ariery of construction rroducts, to 
job sites worldwide. Company traffic 

place heavy emphasis 
o 	 paing and scheduting to avoid
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cosly, time-consuming delays. At 
Pane:, b's plants anId w.'arehouses, 
individual shipments are prepared for 
overseas shipment.

Inall stages of product movernont,
 
such as at ports of embarkation,
 
Paneifab tic sonnel are availabhle to
 

oversee and expedite shipments. 
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Societe anonyme au capital do 1.000.000F - R.C. Annecy B 722001260 

GRUBE,ZIMMER, INC. 
2040 S.W. JEFFERSON STREET
 

Siege Social. 
Bureaux et Usines: PORTLAND, OREGON 97201
 
Boite postale N' 25 - 74370 Pringy

Teiephone (50) 67.81.12 U.S.A.
 
Telex Josermo 385156F 

N/Reference: DRE. 80.05.618/JCV/MC Personne 6 contacter: 

V/Reference: 	 LEVALLOIS ,le May 12th, 1980 

SUDAN PROJECT
 

Attention Mr. Richard BURLING
 

Gent lemen,
 

Thank you for your letter dated march 25 which unfortunately was
 
received only on april 28.
 

In fact our company is specialized in the type of prefabricated
 
buildings you are looking for your Western Sudan Agriculture
 
Research Centre and we are currently involued in such projects.
 
ie send enclosed some materials giving data and informations on our
 
products.
 

As far as the costs are concerned they vary of course with the
 
standards required but an average turnkey price in Sudan could be
 
in the range of 375 US #' per SQ.M including 175 W' for materials
 
ex works, 100 #/ for the site works and erection, and 100 $1 for
 
transportation.
 

We are at your disposal to prepare more accurate quotations if you
 
send us some drawings concerning the houses and other buildings.
 

Sincerely,
 

J.C. IERS 

Directions Rhgionales: 	Pars. 24. rue Chaptal . 92300 Levallois . .t16ph. (1) 757.31.15+. tdlex Josserm 611257 F 
Rh6ne-Alpes. Boite postale N ° 25. 74370 Pringy. t61tph. (50) 67.81.12. t61ex Josermo 3851561-
MWditerran6e. 99, rue Jean-Perrin . zi. . 13290 Les Milles . tdl6ph. (42) 27.27.46. t6lex Josermo 440937F 
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15th June 1978
 

;.N.JOSSERMOZ
 

MC CONSTRUCTION SYSTEM
 

GENERAL PRESENTATION 	 - Ceiling : 

The MC construction system was developed to meet the . fibreboard 10 mm thick - couplings are concealed by wooden 
requ iements of the regions with a rigorous climate, coverer -ps 
both in the high temperature and low temperature ranges. . glass-wool insulation with vapor-barrier 80 m thick 

Another purpose of the design is to provide a ready K - 0.50 K.cal.m2.h.'C. 
solution to transport difficulties from France todistnt cuntres.- Extern.. doors and windows
 
distant countries.
 

either of resinous wood in case of Italian opening
Main features 
 (outwards projecting)
 

- low-cost housing * or of anodized aluminium xo case of sliding units.
 
- Our Joineries are glazed at workshop in factory.
- strength and durability (all materials have been - dlinds : optional . projecting fabric blinds
 

carefully selected to resist against the effects of 
 . external Sunscreen blinds vertical
 
temperature variations) ; 
 guiding. 

- an excellent insulation - Internal joinery-units : flush doors mounted in metal casing 

- erection on site calls for no skilled labour thanks to - Partitions of fibreboard panels 50 mm thick secured to
 
the simplicity of the system, local labour under the 
 wood plate assembled by joint-keys.

supervision of an instructor is enough
 

- it is a modular construction system ;ELECTRICAL INSTALLATION
 

- high adaptability to any prograue. Satisfim the French Standards NFC 15.100 and the requirements
of the UTE.
 

DIMENSIONAL PARTICULARS 
 General protection board with multiple circuits is manufacture,
 
in factory and set on the site as the works proceed.


- basic =odulation : -ultiple of 1.80 m for the panels The mains consist of U 500 V.G.V. cabler.
 
- possible widths ,;ithout cross-walls : from 3.80 m to 5.60 m Every circuit is protected by a fuse cut out.
 
- widths when there is a bearing cross-wall : from 7.40 m 
 General bonding to the earth is provided for by a main line to 

to 11.00 m a galvanized post 1.00 m high. 
- all '.engths possible in modules of 1.80 m and even 1.20 m Devices type "Legtand" - series "Neptune".
 
- clear ceiling height : 2.47 m (2.97 m upon request). Lighting points are delivered with sockets at end of wires.
 

PLUMBING INSTALLATION
 
TECHICAL PARTICULARS 
 The installation starts at a wnter meter placed in the kitchen
PREFABRICATED COMPONENTS of the BUILDING 
 (this meter is excluded of our offer).
 

Cold water distribution to all fittings.
- Peripheral steel bottom plate fixed on concrete slab 	 Hot water distriLation in kitchen and bathroom.
 
bearing the external wall panels. 	 Sanitary fittings
 

- External walls consist of : 
 - sink of stainless steel with one compartment ­
C-shaped steel framework 90 mm thick 20/10 thick size 1.20 x 0.60 m, a plate-rack placed on a stratified
 
(optional : timber frame - treatment of wood against cupboard, mixing valves,waste and siphon;
 
fungus and insects), - W.C. seated type of vitrified porcelain with flush tank
 

CTBH fibreboard outerskin 12us thick, 	 - bath-tub of enamelled steel - size 1.50 m x 0.70 m, mixing

taps, 'lexible shower rose, waste plug and chain,


CTB fibreboard innerskin 10 = thick, 	 overflow trap ;
 
Half-rigid glass-wool insulation with vapor-barrier - wash-basin of vitrified porcelain - size 0.55 i x 0.45 m,

80 mm thick - total thickness 102 m 
 mixing valves, bott and small chain emptying ;
 
K - 0.0 K.cal/m2.h.C, - supplying of hot water by electrical water-heater with
 

Plastic rough coating. 
 accuulator.
 

- Carpentry consists of 
: 	 AIR CONDITIONING - HEATING
 
in basic solution : flat roof - temperatures - SeC + 40%
 
straight beams resting on external walls either of - air-conditioning by individual units placed in the front
 
t;mber treated alainst fungus and insects or of metal, panels,
 

in option : double-pitched roof - heating by electrical resistances incorporated into the
 
metal truss-beams compose the double-pitched roof air-conditioning units and electrical convectors in the
 
(slope 8%) spaced of 1.80 m carried by the external walls water-rooms.
 
(optional i wood trusses spaced of 0.90 m to 1.20 m, FLOOR-COVERING
 
wood treated against fungus and insects). The floor of all rooms is covered with half-flexible thermo­

- Vertical and horizontal wind-bracings ensure the stability plastic tiles - size 0.30 x 0.3U m - 16/10' thick.
 
of the building. INTERNAL PAINTING
 

- Roof-covering consists of 	 Two glycerophtalic mat paint coats on walls, partitions and 
ceilings.

in basic solution : galvanized steel sections with roof­
projection of 0.50 m at long sides 
 NOTE : this document is not bindiug, in a constant striving to
 

* in option : shingle on CTBH fibreboard support 19 m thick improve our products and designs, ws reserve the right to
 
only in case of double-pitched roof-carpentry - modify the MC construction system.
 
peripheric roof-projection of 0.50 m.
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INDUSTRIES 

F INSULATED PANELSFIBERGLAS or FOAM 
ONCEALED FASTEN.NG 	 ,-- - EXPLOSION RELEASE 

FASTENINGrthose who prefer Fiberglas insula-
n instead of a foam H/F offers five / The H/F Industries Explosion Release 

stinct concealed fastener panels with 	 Fastening limits damage when an 
6#density fiberglas as the insulation, explosion occurs. Explosion Release 
ey are the Flatpanl and Monarch Fasteners are designed to fail at 155#or 
estige with 24" coverage and the 215# average. This method of fastening
onarch II, Demi-Prestige and Flat- should be used in relief ports on 
nlwith 12" coverage. HF DEMI-PRESTIGE buildings containing hazardous explo­
r concealed fastening panel also sion potential materials, 

es our Artic Joint Design proven by The illustration shows the explosion
tual Artic use to prevent your warm release "blowing out" during an 
from escaping to the outside. , 	 explosion. 

he factory assembled insulating H/F Industries recommends a "safety
3nel offers many advantages to the chain" be attached at the top of the
)ntractor and the owner. Erection panel to the structural steel to prevent 
me is greatly reduced compared to additional damage from"flying" panels.
31d asembled systems, your crews will 
andle one panel compared to four or HF MONA[ICH II 
ore components. Full insulating

alues are received since the fiberglas 
3not compressed. Consistent quality 
s assured by our assembly line 
echniques and our rigid quality 
ontrol standards. 
'hese panels are also available with 
:am. SEE TABLE OF "U' VALUES 
elow. 

HF MONARCH-PRESTIGE 	 EXPOSED FASTENING 
The H/F Exposed Fastening panel Isa 
popular panel for use in warehouses,
manufacturing plants and other indus­
trial uses. Fastening Isdirectly thru the 
panel into the building girts. These 
panels offer lowest initial cost, easy
and quick erection, a selection of 7 
colors in three different coatings and a 
range of thickness, and insulation 

HF 757 N 	 types to provide the l.tsulatlng values 
desired by the owner. 

ABLE OF "R"VALUES 
oergies thickness 2- " UNIFORM ROOF LOAD IN
 

3narch Prestige with 12"additional Insulation in rib R-9 R-15 POUNDS PER SQUARE FOOT
 
"Flatpanl R-7 R-13 GAUGE SPAN(FT) 4'-0 5-0 6'-O 7--0
 
narch I. Demi-Prestige, 12"Flatpanl 	 R-7 R-13 1Span 89 57 40 29 

22 2 Spans 81 52 30 26
 
ABLE OF "U" VALUES 3Spans 102 65 45 33
 
iing various thicknesses and types of insulation. 1Span 72 46 32 23
 

Monarch Prestige - CF 1
 
(Rib Insulation same as core) AllOther Panels 24 2 Spans 65 42 29 21
 

Special Formula 3 Spans 81 52 36 26

Thickness Polystyrene lanyanurals Special Formula Isocyanurate ­

core 1 PCF 2 x PCF Polystyrene 2%0 PCF 1 Span 67 43 30 22 
1%' .102 .061 .145 .085 28 2 Spans 60 38 27 19 
21 .083 .050 .110 .065%

2 ' .070 .042 .088 .052 3 Spans 75 48 33 24 
3" .061 .037 .074 .044 NOTE-:. Allowable loadsshown arebased on

3%s .054 .032 .04 .038A 
4___ _ .048 .029 .050 1 033 	 stress governing, Per A.I.S.I.Specifi­

cations. 
2. Allowable loads shown may be In­

creased by 1/3for wind loading. 
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FLASHING DETAILS
 

HFK-50-RT 

FLASHING 

8PSIlES~S 

HFK-1-I DET 

FLASHINOG OPIOA 

. 

~F 
HFKDT-A O 
COMMERCIAL C 

'NOPTIONAL 
OS CLOSURRE 

CLSUE GABLE DETAIL STRIP GUTTER DTI 

EAVE DETAIL OPTIONAL 
0.5. CLOSURESTRIF 

GUTTER DETAIL 
OPTIONAL 

IS. CLOSURE STRI 

L
FLASHING 
IHF4M5-PB ooNAE ODN GUTTER 

OPTIONAL XSTDMA*ERALDN 
O.S.CLOSURESTRIP DEAI ROOF... m F-sie.FT-o- HFK-66-CD 

FLASHING -. DOWNSPOUT OPNDoNA
0.5. CLO, 

PANEL BUTT DETAIL OUTID STRIA 
OTHERS 

OPTIONAL 
0.5. CLOSURESTRIP Ar OPTIONAL. 

HF-819-MO .S.CLOSURE 
FLASHING 

JAB U.EROOF 

FASCIA DETAIL DOWN SPOUT 

SASH SILL - -

DETAIL N T 

HP422-BHHPK-7-BJ 
FLASHING ­

* JAMB DETAIL 

HEADER/BASE DETAIL -- ----­

:~ + INSIDE CORNER DETAIL 
INSIDE CORNER FLASHING 

HF-8124IS 

OUTSIDE xFLASHING 
CORNER HF-811-OS ; HFIC.12.BIC 
FLASH HFK*7*OO 

CORNER DETAILS OUTSIDE CORNER DETAIL 
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VP300O"Roof System
 

Insulation Values to R42 

Today's demandirg insulation needs pose an 
important problem- to an energy conscious 
public. The VP300" roof system is a premium 
insulated roof that offers long life, low mainte-
nance and unexcelled performance that will 
met the most der, jnding energy requiernents. 

Its rigid pol,,jrett one core is factory foamed 
betv.een tvo 26 cgiug2 prefinished embossed 
steel ftcings Fa:to,y fabrication eliminates 
the mulliple step field assembly of conven-
tionally insulated bjildings and greatly reduces 
erection time. 

Insulation and Thickness Comparison 

Ordinary Uvalue 
roof I /.. 

2, " .15 

system 3" I .13 

4'' 

VP SSR * 

thermal­ 4 --' :-: -_:?t _ 4 .. . 01-.t
blocks 3" T__-~- 10 

R value 6 7 8 9 10 11 12 
3 

Polyurethane insulation adds strength and 
workability to lightweight VP300 MT roof panels. 
Plus insulation values to R42 demonstrate the 
excellantthermalintegrityofVP300"roofsystem. 

Prefinished embossed steel panels maintain 
their good looks for a long time with minimal up­
keep. The Egyptian While finish is a baked-on 
polyester enamel that blends well with other 
Varco-Pruden finishes as well as conventional 
material. 

Tongue and Groove Connections 
The key to the VP300' roof systems performance 

is the tongue-in-groove connection on the interior 
facing for positive alignment. The sealant at this 
joint prevents the reduction of insulation c-tfi­
ciency and aids vapor barrier continuity. Fas­
teners attach to the interior facing leaving fewer 
exposed exterior fasteners for a cleaner 
appearance. 

VP300TM roof system accommodates a full 
range of accessories from skylights to roof vents. 

Thermal efficiency, good looks, versatility. 
Without exception, the VP300TM roof system offers 
you the most energy efficient roof system avail­
able today. 

-I 

133 
\\\V
 



F-1036 (1") WALL SYSTEM 
a factory-insulated wall systen 

0.10 "U"VALUE 1"Thick Foam 

Three foot covering width 

Butlerib i design configuration on exterior 

Lengths up to 32 foot 

Outstanding thermal efficiency with foamed­
in-place polyurethane core -provides overall 
"U" value of 0.10. 

Joining system provides positive vapor 
barrier 

Factory color-finished interior and exterior 
faces 

36" 112" 17' 12" 

.. - .. 1-9/32 

1K(N 

S". . PANEL CROSS SECTION 

LOCK-RIVET COLOR CAP 

PLASTIC JOINER
 
ZEE MEMBER
 

MATERIAL
 
See specifications for material offering.


FOAM CORE--\ 

LOADING
 
F-103 (1") panels are designed for a wind load of 25 pf.
 

• FASTENERS
7Self-clinching Low Profile Aluminum Lock-Rivets are used for panel
~.'.1.1!.~I~f'' ~connections. 

01olI18" -SEALANT All organic plastic foam products exhibit a moderate hazard in event 

JOINT DETAIL of fire exposure. 

PRODUCT DESCRIPTION 
F-103 WALL SYSTEM (1"THICK FOAM) 

Printed in U.S.A. Form No. 2409.LiW-4.76 
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CLIMATE DATA: El Obeid
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CLIMATE DATA: El Fasher
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CLIMATE DATA: Ghazala Gawazet
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Ghazala Gawazet
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SOLAR ANGLES: All sites similar 

SEPT 23
DEC 22 MAR 21 JUNE 22 

AM PM AZIMUTH ALTITUDE AM PM AZIMUTH ALTITUDE AM PM AZIMUTH ALTITUDE
 

NOON 1800-0' 530-01 NOON 180o-0' 770_30, tOON 00-01 790-0.
 
1100 - 3 0' '10-2 14no-if( 43,-3(y 10-2 570"30' 10-2 650-0 590-01
 

' 
 ' '8-4 1210-30 210-3Y 8-4 970-0' 290-0' 8-4 700-0 320-30
 

SOLAR ANGLES azimuth and altitude 
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SUDAN METEOROLOGICAL DEPARTMENT 

EL OBEID (LAT 130 10'N. LONG 300 14'E ALT 570M 

CLIMATOLOGICAL NORMALS 1941 - 1970 

Element 

Month 

Atrnosphe ressure 

Station Level 

(30 Years) 

0600 1200 1800 

Air Temperature °C 

Dry Bulb Daily Maximum 

(30 Years) (30 Years) 
High-

0600 1200 1800 Mean est Date 

Daily Minimum 

(30. Years) 

Mean est Date 

.por 

Pressure 

(MB) 

(30 Years) 
-Low­

0600 1200 1800 

Bright 

Sunshine 

Duration 

(10 Years) 

HRS. % 

Mean 

Day 

Temp. 

-

0v 

K 

-

January 947.9 945.1 946.3 170 29.4 23.0 30.6 38.6 27-46 13.5 6.4 17-6G 5.7 6.6 6.5 1.4 91 22.1 

February 947.2 944.5 945.1 18,5 30.8 24.7 31.1 40.7 25-41 14.6 4.4 5-57 4.9 5.7 6.0 .10.6 91 22.9 > 

March 946.7 i 943.0 943.4 ->-A- 14 4 18-2 -.4 7 43.72. 9 21.41 18.3 9.0 2-59 5.3 5.8 6.3 10.0 91 27.01 

May 

_ 

I 

944.9 

944.8 

942.1 

942.2 

942.1 

942.1 

27 3 

29.1 

_7 n 

37.6 

in A 

31.6 

38.3 

39.0 

43.0 

44.3 

20-41 

15-61 

21,1 

24.0 

130 

17.2 

3-68 7. 

11-56 13.7 

7 

11.6 12.8 

10.3 

9.7 

83 

76 

29.7 

'31.5 

June 

July 

August 

945.6 

945.8 

946.1 

943.3 

943.9 

944.2 1 

943.1 

944.0 

944.2 

27.9 

25.3 

24.3 

35.7 

31.9 

30.0 

30.5 

27.7 

26.1 

37.3 

33.4 

-..3 '1 

42.3 

4G.0 

A27 7 

6-61 

7-47 

?q-fZ 

24.3 

22.9 

'.) I3a 

17.1 

17.3 

17 r 

10-48 lqr 

9-68 ?1& 

-_ l 24.3 

1(-1.1 

n 7 

23.1 

17.7 

2. 1 

24.5 

R. 

7.0 

6.9 

65AS 

56 

55 

30.8. 

28.1 

26.7 

September 

October 

NnvtmhPr 

December 
Year 

946.0! 

945.7 

946.9i 

948.1 
946.2 

943.5 

942.8 

943.8 

945.0 
943.6 

1 

944.1 

942.6 

945.1 

946.2 

944.0 

25.3 

26.4 

23.3 

18.6 

9 

32.6 

35.1 

33.1 

29.9 

3 

26.7 

28.1 

25.9 

2,0 

2: 

33.8 39.0 17-68 21.6 

36.2 39.7 18-60 21.3 

33.9 38.4 3-67 17.5 

30.2 37.6 20-52 14.2 
L 15+5 1 19 633f1961 

17,1 

14.5 

9.2 

5.8 

27-64122.6 

31-63115.5 

28-64 8.1 

25-51 6.6 

19.9 

12.7 

8.6 

7.2 

22.5 

15.7 

9.0 

7.1 

8.4 

9.4 

10.3 

10.6 

69 

80 

90 

94 

27.7 

28.71 

25.7 

22.5 

_ _2 :.4.3 44.3 9~ 1d 4.415-2-57 13.1 12.1 13.2 9.3 178 2. 



SUDAN METEOROLOGICAL DEPARTMENT 

EL OBEID 

CLIMATOLOGICAL NORMALS 

1941 - 1970 

Element Relative Humidity Cloud Amount Rainfall (MM.) (30 Years) Wind (10 Years --

Month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Year 

0600 

29 

23 

18 

20 

3-125 

53 

72 

80 

71 

45 

28 

30 

2 

Years 

1200 1800 

16 23 

13 19 

]1 16 

12 1 8 

19 8.2 

29 42 

47 61 

5l 74. 

42 66 

23 

17 26 

1 6I - T.1j 

r, 

(0- 8) 

Q Years) 

0600 1200 

2.5 2.7 

2.3 3.4 

3.3 

% . 3,3 

4.1 1 4.2 

4 7 . 2 

5.7 6.0 

6r.2.5.1 

5.3 5.5 

3.7 4.1 

2.4 2.7 

.3 

-AR37.. 4-1 

1800 

1.7 

1.9 

2-5 

2,5 

3.3 

4.5 

5.4 

4.9 

3.5 

1.6 

. 4 

3. 2 

otal 

tr 

tr 

tr 

2 

14 

27 

.13 

41 

68 

19 

tr 

t 

386 

No. 

0.1 

0 

0 

0.1 

0.6 

2.1 

4.6 

10.3 

13.1 

7.3 

2.6 

0 

0 

0 

of Day 

1.0 -'0.0 

0 0 

0 0 

0. 

0.5 0.1 

1.8 0.5 

4.0 . 

8.9 3.4 

11.5 4.7 

6.6 2.5 

2.3 0.5 

0 0 

0 0 

3571 12.6 

Max. 

Total 

tr 

4.1 

5.6 

14.4 

61.0 

9 5 0,7 

96.7 

78.1 

56.2 

58.0 

0.2 

tr 

96.7 

In One Day 

Date 

29-1966 

19-1942 

7-1957 

25-1947 

17-1951 

25-1948 

2-1956 

L 12 -95 9 

25-1953 

7-1952 

13-1963 

21-1945 

2-1956 

0. 

15.6 

17.,9 

20.7 

21.1 

18.9 

15.2 

9.7 

5.8 

7.3 

13.2 

16.8 

15.0 

14.8 

to 
0 0'.2 

N 

N 

N 

N 

N 

SSW 

SSW 

SSW 

SW 

N 

N 

N 

Mean 
Scalar 
Speed 

MPH 

8 

9 

8 

7 

8 

9 

7 

6 

7 

8 

8 

( 



SUDAN METEOROLOGICAL DEPARTMENT 

EL FASHER (LAT. 130 38'N. LONG. 250 20'E ALT. 730 M) 

CLIMATOLOGICAL NORMALS 

1941 - 1970 

Elements 

Atmospheric 
Pressure 

Station Level 

(MB) AIR TEMPERATURE 0C 

Dry Bulb Daily Maximum Daily Minimun 

VoBg 
p rPressure 

(MB) 

IRadi-

tion 

SnineSunshine 

Duration ION 

Month 

January 

(30 Yrs,) 

0600 12D0 

932.4 929.3 

(30 Yrs.) 
_ _ 

1RO 0 600] 1200 

929.- R 12-6 28-8 

(30 Yrs.) 

High-
18ROO Mean est 

22.8 30.6 37.4 

Date 

.28-42 

(30 Yrs.) 
_ 

Low-
Mean est 

9.5 0.7 

__Ii 

Date 

31-69 

(30 Yrs.) 

.06001200 1Ron 

5.4 7.5 6.7 

(14 yrs) 

' 
ZalI/CM 

466.0 

(10 Yrs.) 

Hrs. a0 
1Q 9 

--A 

0 

February 

March 

April 
May 

June 

931.8 

930-4 

929.6 

929.4 

929.8 

928.9 928.9 

2927_ 927-1 

926.8 (;26.2 

926.9 926.3 

927.5 926.7 

14.3 

1.94 

23.6 

26.3 

26.8 

30.2 25.0 

1 .6 2 -

36.2, 30.9 
1P,'

37.11 32.2 

36.7 32.3 

32.1 40.0 

-1-41 

37.5 42.6 

38.5 43.4 

38.1 42.5 

28-58 

26-60 

23-52 

1-63 

10.8 

1;_.21 

18.0 

21.1 

22.8 

1.3 

;_.0 

7.6 

13.6 

15.7 

5-57 

1-46 
7-99 

12-51 

4-43 

9-69 

4.9 

5_ QI 

6.8 

10.9 

!(,.5 

6.4 

7_71 

10.0 

13.1 

6.2 

7-r. 
L9 

10.4 

13.7 

527.3 

r,ArQ 
577.8 

57j8. 

542.7 

10.4 89 

Q 7 R3­

10.0 8 

]0.LiL79.. 

9.3 73 

> 
m 

P11 

CD 

July 929.4 927.5 927.2 25.0 33.2 28.7 34.8 42.0 4-44 22.4 17.4 29-79 21.9 18.0 19.5 524.9 7,9 61 

August 

September 

929.6 927.9 

930.2 1927,8 

927.7 

q27-.6 

23 . 7 

21 .1 

30,8 

. 

26.5 

.2 

32.2 38.5 

34.2-23.5 

Se.. 21.3 
27-62 
9-914-A)20.5 

17.4 

14. 

20-65 

29-59 

23.5 

19.9 

21.2 

16.6 

22.7 

18-7 

529.4 

SIB -A 

j7 60 

R& 1 7. 

October 930.6 927.6 927.8 23.5 34.8 28.7 36.0 39.8 8-66 18.4 10.3 29-56 12.6 11.9 12.0 526.8 9.8 83 

November 931.8 928.5 929.1 18.7 32.0 25.2 33.1 __39.3 1-41 13.4 5.1 22-53 8.01 9.1 8.6 488.0 10.6 92 

Decembpr 

Year 

1 3J2.7 1 

930.6 

q2q 

928.0 

.1.. 93.01 

927.9 

14.01 

21.0 

29. 2 

33. 

22.1 

27.6 

30.7 

34.5 

37.,5 

43.3 

27-60 
Yea5 
1952 

9.19 

16.9 

1.3 

0.7 

26-51 
31,i 
1969 

6.5 

11.9 

8.3 

11. 

7.6 
" 
11.8 

464.3 

527. 

10.2 

9.5 

91 

78 



SUDAN METEOROLOGICAL DEPARTMENT 

EL FASHER CLIMATOLOGICAL NORMALS (1941 - 1970) 

Element 
Relative Humidity 

(%) 

Cloud Mount" 

(0-8) 

Rainfall (MM) (30 Yrs.) 

Total No. of Days Max. in one 
-00 

- , 

Wind 
(10 vrs) 

Mean 
o Scalar 

m 
1 

) 

Month 

_ (30 

0600 

rs.) 

1200 1800 

-30 

0600 

yrs.) 

1200 1800 0.1 1.0 10.0 

Da r 

Total Date > 

P. 
~-CdCD 

C 

Speed 

MPH 
(D 

January 37 18 24 2.7 2.7 2.0 TR 0 0 0 TR SEV. 11.9 NE 5 

February 30 15 20 2.5 2.5 1.8 TR 0 0 0 0.2 i0-1966 13.9 NE 6 

March 26 15 19 3.5 3.5 2.6 1 0.2 0:1 0 6.4 21-1969 16.4 NE 6 

April 23 13 17 .4 3.3 2.3 1 .2 0.2 0 18.0 27-197 17.9 NE 6 

May 3? 1A 2 3.7 . 2-9 9 1.8 1.6 1 0.4 24.6 29-1947 17.1 NE "6 

June 47 22 30 4.3 4.3 4.1 16 3.3 3.0 0.5 38.0 17-1962 15.3 S 6 

July 70 37 X51 5.4 5.6 5.6 83 10.4 9.3 2.6 i128.1 18-1953 9.6 S 5 

August 81 4q 66 5.9 5.9 5.2 132 13.0 12.2 4.9 77.9 1-1954 6.0 S 4 

1S,7temher- 17 561 1 r n 4-2 3 9._5.. 4.7 1.2 51.4 15-1945 9.1 S 4 

October 43 -22 -. 1.3 2.6 6 1.4 1.3 0.2 20.1 19-1964 13.5 NE 5 

November 37 19 27 2.9 2.8 1.9 TR 0 0 0 TR 21-194 12.9 NE 4 
December 40 20 28 2.4 2.5 1.7 0 0 0 0 0 - 11.4 NE 4 

Year 44 21 .. . 3.8 - 3.1 283 35.6 32.4 9.8 128.1 18-7-1953 12.9 



SUDAN METEOROLOGICAL DEPARTMENT 

NYALA (LAT 120 4N. LONG 24 53E. LAT 675M) 

CLIMATOLOGICAL NORMALS 1941 - 1970 

Element 

Atmospheric 
Pressure (MB) AIR TEMPERATURE °C Vapour Pressure 

(MB) 
Bright 

Sunshine 
Iean 
Day 

) 

Station Level 
(30 Yrs.) 

Dry Bulb 
(30 Yrs.) 

Daily Maximum 
(30 Yrs.) 

Daily Minimfim 
(30 Yrs.) (30 Yrs.) 

Duration 
(10 Yrs.) 

Temp. 

MONTH 0600 1200 1800 0600 1200 1800 Mean ighes Date Mean Lowest Date 0600 1200 1800 Hrs. % -

January 938.9 936.2 19.8 30.0 31.6 38.6 29.46 15.5 5.0 10.51 4.9 5.2 NA 23.7 

February 938.3 935.7 21.3 31.3 33.0 40.6 28.58 16.9 8.2 10.49 4.2 4.4 NA 26.1 

March 937.01 934.5 24.8 34.4 36.0 42.5 16.59. 19.9 10.0 1.47 4.8 5.2 NA 28.8 

April 936,5 -14934 _f) 27.7 .6 9. 3-.0 43.8 5.591 21.8 13.2 27.53 6. 7.7 NA 30.7 
May 936.7 934.3 28.2 36.6 38.0 42.4 23.52 22.9 15.3 5.43 13.5 11.3 NA 31.3 

June 937.4 935.3 26.6 34.7 36.3 42.4 1.63 22.7 14.2 17.70 20.0 16.5 NA 30.5 

July 937.5 935.8 24.3 30.7 32.2 40.2 5.44 21.4 15.5 8.50 22.9 21.2 NA 27.7 

August 937.6 935.9 23.4 29.3 30.8 37.8 2.41 20.8 15.5 11.48 23.7 22.7 NA 26.5 

September 937.7 935.5 24.3 31.7 33.3 38.9 6.45 20.8 15.5 1.50 22.1 10.5 NA 27.6 

October 937.7 935.1 25.9 34.2 35.4 39.8 20.58 20.58 14.0 19.50 14.6 12.6 NA 29.4 

November 938.3 935.5 24.8 32.9 34.0 39.4 2.41 18.9 11.3 30.53 7.8 8.0 NA 28.1 

December 939.2 936.4 20.8 30.3 31.5 38.0 31.53 15.8 5.3 25.51 6.3 6.3 NA 25.1 
7YEAR 937.7 935.3 24.3 32.7 34.2 43.8 5.4.59 19.8 5.0 0.1.5 12.6 11.7 NA 27.9 



SUDAN METEOROLOGICAL DEPARTMENT 

NYALA 

CLIMATOLOGICAL NORMALS 1941 - 1970 

Element 

Relative Humidity 

(30 Yrs.) 

Cloud Amount 
(0-8) 

(30 Yrs.) 

Rain Fall (MM) (30 

otal No.. of Days 

Yrs.) 

Max. in one day 
0 
> UM 

Wind (10 Yrs.) 
Prevail. Mean 

ing 3calar 

MONTH 0600 1200 1800 0600 1200 1800 0.1 1.0 10.0 Total Date 
[ " Direct. SpeedM H 

January 22 12 3.0 3.0 0 0 0 0 TR 30-1966 17.3" NE 8 
February 17 10 2.9 2.9 TR 0 0 0 0.3 8-1961 19 .6 NE 9 
March 15 10 3.0 3.7 1 0.3 0.72 0 4.0 18-1966 21.2 NE 8 

April _ 19 12 3.9 3.9 1 3 0.8 0.7 0.1 15.0 13-1969 21.1 NE 8 

May 36 19 4.6 4.6 21 2.9 2.7 0.8 41.8 7-1942 17.6 NE 7 
June 58 32 5.3 5.3 47 5.7 5.5 1.5 49.9 26-1946 12.5 SW 6 

July 76 49 5.9 6.1 138 11.7 11.5 4.4 91.7 15-1946 6..8 SW 6 

August 82 57 6.3 6.2 167 12.6 12.4 5.9 129.0 29-1969 4.6 SW 6 
Septembe{ 73 42 5.5 5.3 75 6.2 6.2 2.5 ,3.0 3-1970 6.8 SW 5 

October 44 22 4.2 4.1 18 2.0 2.0 0.7 56.1 8-1951 12.9 NE 6 
November. 26 16 3.0k 2.8 0 0 0 0 TR 5-1964 17.0 NE 7 
December, 26 1; 2... 2. 0 0 0 0 0 - 16.2 NE 8 
YEAR 41 25 4.3 4..2 470 42.2 41.2 15.9 129.0 29-8-1969 14.5 
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CURRENT PRICE DATA 
EL OBEID 

MATERIAL PRICE & UNIT SOURCE OF DATA 

Brick 35 
40 

Ls 
Ls 

per 1,000 
per 1,000 

Ordinary
Select 

(2) 
(2) 

1 = District Surveyor's
North Kordofan, El 

Office 
Obeid 

35 Ls per 1,000 Ordinary (6) 

Cement Brick 40 Ls per m 3 (2) 
2 = Ministry of Construction & Public Works 

North Kordofan, El Obeid 

Cement 100 Ls per ton, government allocation (2) 3 = Contractor 
180 Ls per ton, open market (2) ZI Obeid 

60 - 80 Ls per ton, government allocation (3) 4 = Beautification Engineer 
180 Ls per ton, open market (3) El Obeid 

90 Ls per ton, government allocation 
180 Ls per ton, open market 

(6) 
(6) 

5 = Water & Electric Corp. 

Aggregate 6 
8 

Ls 
Ls 

per M3 

per m 3 
(2) 
(6) 

6 = Contractor 

Sand 5 Ls per m 3 (2) (6) 

Saffaya 4 
3 

Ls per 
Ls per 

m 3 

m 3 
(2) 
(6) 

Lime Not available locally 

Stone 30 Ls per m 3 (2) 

Concrete Block Same as brick per m3 (2) 

Steel, Reinforcing 600 - 700 Ls per ton, Khartoum (2) 
600 Ls per ton (6) 



CURRENT PRICE DATA 
EL OBEID 

MATERIAL 	 PRICE & UNIT 	 SOURCE OF DATA 

Water Pipe (Galvanized) 
3/4" dia. 12 Ls per 6m length (2)
1" dia. 17 Ls per 6m length (2)
1" dia. 21 Ls per 6m length (2)
2" dia. 25 Ls per 6m length (2) 

Wells 
8" Cased Borehole 4,000 Ls (240' deep) (2)
Geophysical Investigation Not Required (2) 

Septic Tank 1,100 Ls 	 (1) 

Seepage P!t 	 1,500 Ls (1) 

Roads
 
Asphalt 	 150,000 Ls per kilometer, 6m wide (4)
 

1979 price
 
Gravel
 

Electrical 
High Tension Pole Stocked at Public Electric & Water Corp., 

30' Khartoum. No local price available. 
High Tension Pole 

36' 
100 KVA Transformer w/fittings
 
High Tension Cable
 
Low Tension Cable
 
Low Tension Cable
 

.06 sq.in. - 4 core 



CURRENT PRICE DATA 
EL OBEID 

MATERIAL 

Steel, Structural 

Corrugated Roofing 

Timber 

Labor
 
Mason 


Welder 

Laborer 


Carpenter 

Plasterer 

Electrician 


Plumber 


Painter 

Foreman 


Drainage Pipe (PVC) 
4" dia. 

Water Pipe (Galvanized)
i" dia. 

PRICE & UNIT 

600 - 700 Ls per ton, Khartoum (2)
600 Ls per ton (6) 

28 Ls per m (2) 
24 ga. (U LF x 70 CM) 1.50 Ls per LF (6)
16 ga. (1 LF x 70 CM) 1.40 Ls per LF (6) 

2 x 6, 6 Ls per ML import, Russia (2) 

6 Ls/day (2) 
5-8 Ls/day (6)
6 Ls /day (2)
10 Ls/day (6)
1.50-2 Ls/day (2) 
1.50 Ls/day (6)

6 Ls/day rough; finish piecework (2) 
5-8 Ls/day 
 (6)
8 Ls/day (6)
4 Ls /day (2) 
10 Ls/day (6)
Piece work, negotiated (2)
10 Ls/day (6)
5 Ls/day (6)
300 Ls/month (6) 

8 Ls per m installed (2) 

8 Ls per 6m length (Open market prices. Only (2) 
small quantities stocked 
locally.) 

SOURCE OF DATA
 



CURRENT PRICE DATA 
EL OBEID 

MATERIAL 

Brick Walls - Ordinary Brick 
1 brick thick, mud mortar 
1i brick thick, mud mortar 

1 brick thick, cement mortar 

11 brick thick, cement mortar 

Pointing 

I brick thick, cement mortar 
I brick thick, cement mortar 
1 brick thick, cement mortar 

Concrete 
Flatwork 1:3:6 mix 
Flatwork 1:3:6 mix 

Foundations 1:2:4 mix unreinforced 
Foundations 1:?: 1 mix reinforced:: 

Beams & Columns 1:2:4 mix
 
Reinforced 


Beams & Columns 1:2:4 mix
 
Reinforced 


Structural Slab 1:2:4
 
Reinforced 


Structural Slab 1:2:4 mix
 
Reinforced 


Suspended Ceiling
Wood Frame & Chipboard 

Cement Plaster
 
Mix 1:6, beams & columns 


Mix 1: 8, walls 

PRICE & UNIT SOURCE OF DATA KADUGLI BID UNIT PRICE 

10 Ls/m 2 

15 Ls/m 2 

12 Ls/m 2 

18 Ls/m 2 

.70 Ls/m 2 

30 Ls/m 2 

40 Ls/m2 
50 Ls/m 2 

(2) 

(2) 

(W) 

(6) 
(6) 
(6) 

16.75 Ls/m 2 

40.6 Ls/m 2 

13.0 Ls/m 2 

16.75 Ls/m 2 

40.6 Ls/m 2 

60 Ls/m 3 

10 cm slab, 

90 Ls/m3 
120 Ls/m3 

15 Ls/m 2 
(2) 
(6) 

(2) 
(2) 

8.70 Ls/m 2 

152.25 Ls/m3 
253.76 Ls/m3 

150 Ls/m3 

250 Ls/m3 

(2) 

(6) 253.75 Ls/m3 

170 Ls/m3 

300 Ls/m3 

(2) 

(6) 253.75 Ls/m3 

10 Ls/mZ (2) 2 x 2 fiberglass, metal grid 31.0 Ls/m2 

2 Ls/m2 (2) 4.15 Ls/m2 



CURRENT PRICE DATA 
EL FASHER 

MATERIAL PRICE & UNIT SOURCE OF DATA 

Brick 34 Ls 
17 Ls 

p.r 1,000 
per m3 

(7) 7 = Ministry of Construction & Public Works 
Northern Darfur, El Fasher 

Cement 90 Ls per ton, government allocation (7) 8 = District Surveyor's Office 
140 Ls per ton, open market (7) Northern Darfur, El Fasher 

100 Ls per ton, 
280 Ls per ton, 

government allocation 
open market 

(10) 
(10) 

9 = Rural Water 
El Fasher 

& Electric Corp. 

Aggregate 7 Ls per m 3 on site (7) 10 = Contractor, El Fasher 

Sand 5 Ls per m 3 on site (7) 

Lime 55 Ls per m 3 (7) 
4.50 Ls per sack (100 kg) (10) 

Stone 7 Ls per m 3 (7) 

Concrete Block 30 Ls per m 2 in place (or official (7) 
cement price) 

Steel, Reinforcing 700 Ls per ton, open market 
Open market price + transport 

(7) 
(10) 

Steel, Structural 20 Ls per truss 
700 Ls per ton, open market 
Open market price + transport 

(7) 
(10) 

Corrugated Roofing 1. 50 Ls 
1.50 Ls 

per sq.ft., 
per sq.ft., 

26 
24 

ga., 
ga., 

open market 
open market 

(7) 
(10) 

1.40 Ls per sq.ft., 26 ga., open market (10) 

Timber 8 Ls per truss (7) 



CURRENT PRICE DATA 
EL FASHER 

MATERIAL PRICE & UNIT SOURCE OF DATA 

Labor 
Mason 3.4 Ls per day (7) 

4 Ls per day (10) 
Welder 2-3 Ls per day (7) 

4 Ls per day (10) 
Laborer 1 Ls per day (7) (10) 
Carpenter 2-3 Ls per day 

3 Ls per day 
(7) 

(10) 
Plasterer 2-3 Ls per day 

3 Ls per day 
(7) 

(10) 
Electrician 3-4 Ls per day (7) 

Sub-contract (10) 
Plumber 
Painter 

2-3 Ls per day
3 Ls per day
3 Ls per day 

(7)
(10)
(10) 

Foreman 280 Ls per month (0) 

Drainage Pipe (PVC) 
4" dia. 10 Ls per m (7) 

Water Pipe (galvanized) 
I" dia. .75 Is per ft. (7) 
3/4" dia. 
1" dia. 

1. 10 ILs per ft. 
1.25 Ls per ft. 

(7) 
(7) 

2" dia. 4.0 Ls per m (7) 
4" dia. 10 Ls per m (asbestos (7) 

Wells 
6" Cased Borehole 40 Ls per foot (150-200 ft. req.) (9) 
8" Cased Borehole 50 Ls per foot (9) 
13' dia. dug 20 Ls per foot (9) 
Geophysical Investigation 3,000 Ls max. per well (9) 



CURRENT PRICE DATA 
EL FASHER 

MATERIAL 

Brick Walls - Ordinary Brick 
j brick thick, mud mortar 

brick thick, cement mortar 
1 brick thdck, mud mortar 
1 brick thick, cement mortar 
11 brick thick, mud mortar 
11 brick thick, cement mortar 

Concrete 
Flatwork 

Reinftrced slab 10 cm thick 
1: 2: 4 mix 


Foundation
 
Unreinforced 1:2: 4 mixReinforced 1:2:4 mix 

Stone Walls 
Mud mortar 
Cement mortar 

Suspended Ceiling
Cloth on wire grid
Masonite on wood grid 

PRICE & UNIT 

10 Ls/m 2 

15 Ls/m 2 

18 Ls/m 2 

25 Ls/m 2 

25 Ls/m 2 

30 Ls/m2 

50 Ls/m 3 

100 Ls/m 3 

150 Ls/m 3 

22-23 Ls/m 3 

30 Ls/m 3 

5 Ls/m 2 

15 Ls/m 2 

SOURCE OF DATA 

(7) 
(7) 
(7) 
(7) 
(7)
(7) 

(7) 

(7)
(7) 

(7 )Lad
ai with block or brick 

at jambs and corners 

(7)
(7) 

KADUGLI BID UNIT PRICE 

13.0 Ls/m2 

16.75 Ls/m2 

40.6 Ls/m2 

87.0 Ls/m3 

152.25 Ls/m 3 

253.76 Ls/m 3 

32.90 Ls/m2 

2 x 2 fiberglass, metal grid 31.0 Ls/m2 



CURRENT PRICE DATA 
EL FAS HER 

MATERIAL 

Septic Tank 

Seepage Pit 

Roads 
Asphalt 
Gravel 

Telephone 

Topsoil 

Electrical 
High Tension Pole - 30' 

I-igh Tension Pole - 36' 

100 KVA Transformer wlfittings 

High Tension Cable 

Low Tension Cable 

Low Tension Cable 


.06 sq.in., 4 core 

*Installed price using direct labor 

PRICE & UNIT 

600 Ls 
100 Ls (labor only) 

1,000 Ls 
200 Ls (labor only) 

20 Ls per m2 

12 Ls per m2 

2-3,000 Ls for 2 phones 
Installation free 

4 Ls per m3 

120 Ls ea.* 
150 Ls ea.* 
2,000 Ls ea.* 
,.0 Ls per m* 

4.0 Ls per m* 
10.0 per m* 

SOURCE OF DATA 

(7) 
(10) 

(7) 
(10) 

(7) 
(7) 

(8) 

(7) 

(9) 

(9) 



CURRENT PRICE DATA 
GHAZALA GAWAZET 

MATERIAL PRICE & UNIT SOURCE OF DATA 

Brick 30 
28 

Ls 
Ls 

per 
per 

1,000 
1,000 at site 

(11) 
(13) 

1I = Ministry of Construction 
Southern Darfur, Nyala 

& Public Work. 

Cement 90 Ls per ton at Nyala (11) 12 = Contractor 
By rail, government allocation 
140 Ls per ton at Nyala
By lorry, government allocation (11) 13 = Brick manufacturer 
220-240 Ls per ton, open market 
200 Ls per ton at Nyala, open market 
240 Ls per ton at Ghazala, open market 

(11) 
(12) 
(12) 

Ed Da'en 

Aggregate 3 Ls per m 3 at Nyala 
7-10 Ls per m 3 at Ghazala 
20 Ls per m3 at Ghazala 

(11) 
(i1) 
(12) 

Sand 3.5 Ls per m 3 
(12) 

Lime 10 Ls per sack (70 kg) (12) 

Stone 

Concrete Block 

Steel, reinforcing 5 Ls per 6m length (13) 

Steel, structural 

Corrugated Roofing 1.6 Ls per foot (2' wide) '(12) 

Timber 



CURRENT PRICE DATA
 
GHAZALA GAWAZET
 

MATERIAL 

Labor 
Mason 
Welder 
Laborer 
Carpenter
 
Plasterer 

Electrician
 
Plumber
 
Painter 

Foreman 


Drainage Pipe (PVC)
4u dia. 

Water Pipe (PVC) 
J" dia. 
3/4" dia. 
2" dia. 
4" dia. 

Wells 
6" cased borehole 
8" cased borehole 
13' dia. dug 
Geophysical investigation 

Septic Tank 

Seepage Pit 

Roads 
Asphalt 
Gravel 

PRICE & UNIT SOURCE OF DATA 

1.20 

6 Ls 

Ls per day 

per day 

(13) 

(1-3) 

40 P 
6 Ls 

per m 2 

per day (from Min. of Works) 
(13) 
(1-3) 

11 
22 

Ls per 
Ls per 

6m 
6m 

length 
length 

(I1) 
(1-1) 



CURRENT PRICE DATA
 
GHAZALA GAWAZET
 

MATERIAL PRICE & UNIT SOURCE OF DATA 

Telephone 

Topsoil 

Electrical
 
High Tension Pole
 

30' 
High Tension Pole
 

36'
 
100 KVA Transformer w/fittings
 

High Tension Cable 

T-n 
og Low Tension Cable 

Low Tension Cable
.06 sq.in. 4 core 



XV. TRANSPORTATION COSTS
 

BY RAILWAY 

COST 
FROM TO MATERIAL PER TON 

Port Sudan Nyala Cement 
LS m /ms 

57.700 
Port Sudan Nyala Steel fabricated, not 51.000 

fabricated or otherwise 

Port Sudan Nyala Ordinary Glass Sheets 68. 600 

Port Sudan Nyala Wood 45. 000 

Port Sudan El Obeid Cement 31. 100 

Port Sudan El Obeid Steel fabricated not 27. 500 
fabricated rolled or 
otherwise 

Port Sudan El Obeid Ordinary Glass Sheets 37.000 

Port Sudan El Obeid Wood 25.000 

BY ROAD 

# DAYS 
COST FOR 

FROM TO PER TON JOURNEY 

Port Sudan El Obeid 90.00 5 

Port Sudan Nyala 200.000 20 

Port Sudan El Fasher 200.000 2 

Port Sudan Ghazala Gawazet 180.000 8 

El Obeid Ghazala Gawazet 110. 000 4 

El Obeid El Fasher 120. 000 4 

Nyala Ghazala Gawazet 30.000 1 

El Fasher Ghazala Gawazet 75.000 2 

Khartoum El Obeid 55. 000 2 

Khartoum Nyala 120. 000 6 

Khartoum El Fasher 120.000 6 

Khartoum Ghazala Gawazet 110.000 5 
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