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ABSTRACT Bridge structures are vital for majority of Sudanese due to the fact that they live besides 

rivers, valleys and inside islands. Bridge construction is faced by the fact that it is extremely expensive. 

Cost of such structures is affected by live load which accordingly dictates the required dead Loads from 

both superstructure and substructure. In this analytical study a light live bridge load is derived making 

use of AASHTO principles. This practical live load is derived from data collected from sedan cars, 

bicycles, motorcycles, motorcycles rickshaws, auto rickshaws and pedestrian. The derivation yielded a 

design light live load composed of design lane load and design vehicle; to be applied simultaneously to 

this type of light bridges. The live loads are to be controlled at the bridge entrance. The derived loads 

are applied to different superstructures' systems, namely steel truss and composite steel plate girder. A 

single pier over two piles substructure system is chosen for such light loads. A case study bridge is 

designed over the River Nile. The results obtained showed tremendous savings in material and cost. 

Relative to normal highway bridges over the Nile, the steel truss bridge option reduces the cost by 

almost 60%. 
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1. INTRODUCTION 

A. Overview 

Bridge structures are vital for majority of 

Sudanese due to the fact that they live besides the 

River Nile and its attributes, other rivers and 

water passes, valleys and inside islands. Bridge 

construction is faced by the fact that it is 

extremely expensive .Cost of such structures is 

affected by live load magnitude which 

accordingly dictates the required dead Loads 

from both superstructure and substructure. 

Normally, the optimum bridge design convention 

is when the ratio of cost of super structure to 

substructure is 1:1, i.e. 50% each [1]. By 

minimizing the live loads, lighter structural forms 

of superstructure can succeed to withstand these 

light live loads. The recent long bridges 

constructed in Sudan during the last 25 years are 

all highway bridges designed for standard 

highway live loads. Bridge live loads standards 

normally followed in Sudan are either.  

The British Standard BS 5400 [2] or the 

American AASHTO specifications [3]. For such 

highway live loads the bridge elements are 

designed for extreme loaded trucks that yield 

voluminous elements with extreme high 

capacities. Such transferred high loads form 

superstructure; both live and dead loads; imply a 

voluminous substructure. The resultant design 

will be markedly very costly. The average cost per 

square meter of six recent highway bridges 

constructed in Sudan is 1860 $/m2 [4]. This imply 

that to best estimate that superstructure cost is not 

less than 830/m2, although internationally the cost 

is much higher [5].  

 

B. Why light live load bridges? 

In a capital like Khartoum, the amount of sedan 

cars and other light means of transport constitute 

more than 80 % of the traffic volume. Theses light 

live load vehicles includes; in addition to sedan 

cars; bicycles, motorcycles, motorcycles 
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rickshaws, auto rickshaws and pedestrian. The 

magnitude of live loads for such transport means 

is far low than standard highway loads. This large 

amount of share in traffic volume now uses the 

available highway bridges. With the increasing 

demand for bridge structures in Khartoum; as 

explained in its mobility master plan [6]; it is 

logical to design some bridges for such light live 

loads. This analytical study will show how such 

light live load will be derived, and how it will 

save a lot of the cost.   

C. Objective:  

The objective of this study is to derive a suitable 

bridge live load to represent the light traffic 

crossing bridges over The River Nile in Sudan, 

and to use such live loads for cost effective bridge 

designs. 

2. STANDARD HIGHWAY LIVE LOADS 

   A.  The commonly used highway live loads in 

Sudan are the British  Standard BS 5400 [2] and 

the American AASHTO LRFD specification for 

design of Highway Bridges [3].Figures 1 and 2 

show the magnitudes of such live loads. Clearly 

their values are far much greater than the majority 

of cars and other means using national bridges. 

B. Bridge Live Loads to BS5400[2] 

An HA loading with or without HB loading is 

applied to the bridge loaded span.  HA Loading is 

composed of a Knife Edge Load (KEL) of 

magnitude 120 kN/m of lane together with 

Uniform Distributed Load (UDL)  as shown in 

Fig.(1) . The width of the design lane   ; known as 

notional lane;   is 3000 mm.   HB loading is shown 

in Fig.(2).     Alternatively, a single wheel load of  

100  kN can be applied to generate pressure of  1.1 

N/mm2. 

C. American AASHTO-LRFD Highway Live Loads [3] 

         This load is composed of a Design Truck 

(Fig. 3), or Design Tandem (Fig. 4), in addition to 

Design Lane Which is 9.3 kN/ m of lane  

The design tandem is a pair of two concentrated 

loads 110 kN each, spaced 1200 mm apart. Width 

of the design lane load is 3000mm. 

 
Fig.1. HA -UDL British Live Load. 

 
Fig. 2. HB British loads. 

 
Fig. 3: AASHTO Design Truck. 

 
Fig. 4:  AASHTO Design Tandem. 

3. RESEARCH METHODOLOGY 

A.   Loads data of targeted light vehicles types 

 are collected. This include sedan (saloon) cars,    

three-wheeled motorcycles, motorcycle rickshaws 

and pedestrians. Data collected are from the 

manufacturer’s websites, showing relevant 



FJES                                                                                                          Ahmed Gasim M. Hussein, Khalil Fawzi Ajabani: Light Live load Bridges over the River Nile in Sudan 

67 

 

technical specifications of loads and dimensions. 

 

B.  From load data, and following the trend of   

     AASHTO standard Specifications of 

Highway Bridges [3]; [7], a design load 

combination is derived to represent light live 

loads. This design load is composed of a 

uniformly distributed live load per linear meter of 

design lane (UDL/m of lane), together with a 

design vehicle. Both loads are to be applied to the 

bridge concurrently as they will be shown. 

C. As the bridge is a light bridge, the width of 

the bridge will be just to be enough for the 

targeted vehicles. Accordingly the width of the 

design lane loaded by the design UDL is taken as  

2000mm. 

D. Two bridges' superstructures types are 

considered. First is a   composite steel plate girder 

bridge; second is a steel truss bridge. For the two 

alternatives a single concrete pier on a two pile 

system is chosen for substructure. Each bridge 

span of 30 m is assumed to be simply supported 

over the piers. 

E. Bridge analysis is made for the two 

alternatives.  Simplified and Finite element 

analysis software is used. Design is made 

considering AASHTO LRFD principles. 

 Analysis and design results are presented and 

compared. The optimum design is selected and 

then compared material and pricewise with 

normal highway bridges constructed in Sudan 

during the last 20 years. Conclusions then are 

given.  

4. GENERATION OF BRIDGE LIGHT LIVE LOADS 

 

A.  Sedan Cars Loads 

The major type of vehicles using bridges in the 

capital Khartoum is the sedan cars. Table I below 

shows load data and dimensions of some of these 

cars extensively used as means of transport. Also 

the equivalent distributed load/m2 for each car is 

given, assuming the car total load is distributed 

over an area of: 

 
 X width of design lane 

    or: 

    Lcar X 2.0   m2                          (1) 

TABLE I: SEDAN CARS LOADS. 

 

 

B. Three Wheeled Motorcycles and Motorcycle   

       Rickshaws Loads 

During the last 25 years, the numbers of three 

wheeled motorcycles and motorcycle rickshaws, 

used as means of transport in the capital 

Khartoum, are rapidly increasing year by year. 

The registered number at 2014 reached over 90000 

ones [8]. Load and dimension data of such 

vehicles are collected from their manufacturers 

and summarized in Table II below. Also 

equivalent distributed load /m2 are calculated 

over a design lane width of 2.0 m and area of: 
LRickshaw X 2.0   m2                          (2)  

TABLE II:  THREE WHEELED MOTORCYCLES AND MOTORCYCLE 

RICKSHAWS LOADS DATA 

 
 

C. Derivation of Design light Live Load 

Considering the load data from the above 
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tables, we proceed to derive an equivalent design 

live load. Following the same pattern used to 

derive AASHTO ( HL- 44 )live loads  of the 

Standard Specifications for Highway Bridges[7], 

and ( HL-93) live loads of AASHTO- LRFD  

Design Specifications of Highway Bridges [3 ], the 

suggested design light live load will be composed 

of two parts:    

(a) Uniformly Distributed Lane Load. 

(b) Design Vehicle. 

The total design light live load will be the effect 

of both loads to give critical force effects. 

D. Design Lane Load 

It is the value of intensity of live load equivalent 

to the load applied to the bridge by a train of 

vehicles, nose to nose in our case, covering a 

selected width of 2.0 m. From above tables the  

safe UDL /m2 is approximated to 3.0 kN/m2 

implying a design Lane Load  of  6.0 kN/ m of 

lane. The design lane load is not liable to dynamic 

load allowance. 

E. Design Vehicle 

  The design vehicle is a hypothetical one that 

represents the severe force effects on the loaded 

span as the effect of concentrated loads from 

vehicle axles. The derivation of the design vehicle 

is based on the same procedure followed in 

deriving AASHTO (HL-44) and (HL-93) Standard 

Trucks [3], [7]. The derived design truck is a two 

axle vehicle of total load of 60 kN shared between 

the axles in the ratio of 1:2 between front and rear 

axle; i.e. 20 kN and 40 kN respectively. Axles are 

2.3 m apart. Fig. 5 shows the configuration of the 

selected design vehicle. Design vehicle load 

effects are liable to dynamic load allowance as per 

AASHTO-LRFD Design Specifications [3]. Design 

vehicle is applied in one location on the loaded 

span together with the design lane load.  

 
Fig. 5  LLLB Design Vehicle. 

 F.  Pedestrian Loads 

    Pedestrian load is taken as in AASHTO-LRFD   

     Bridge Design Specifications.  

5. CASE STUDY: LIGHT LIVE LOAD BRIDGE OVER THE 

RIVER NILE IN KHARTOUM 

A. Location  

Several locations can be selected. For this case 

study a bridge linking Omdurman to Khartoum 

North – south of Halfaya Bridge - beside the 

transmission towers line is suggested. The total 

span is 660m, divided into 22 spans. Each span is 

30m, simply supported over the piers. 

B. Substructure  

Each pier is a concrete, single solid wall 

hammered type. Two concrete piles with elevated 

pile cap support the pier shank. 

 

C. Superstructures 

     Two alternatives are considered for the 

superstructure; composite plate girder or truss 

steel bridges. The following sections tackle 

analysis and design of the two options. 

 

6. STEEL COMPOSITE PLATE GIRDER BRIDGE 

A. Layout and design Criteria  

     The Bridge is a 2-lane bridge; with 2 side 

footpaths as the x-section shown in Fig. 6 .Total 

width is 8.4m. A 20 cm concrete deck is 

compositely carried over steel plate girders 1.2 m 

apart.   

 
Fig. 6. Composite Plate Girder Bridge X-section. 

  

Other design criteria are as follows: 

Span                                                   :30m 

Structural Steel Grade                      : A-50 

Structural steel yield strength         : 345 N/mm2 

Reinforcing steel yield strength Fy : 420 N/mm2 

Concrete compressive strength  fc '   : 30 N/mm2 

Asphalt wearing surface                  :  25mm 

Live Loads:  suggested BLLL (bridge light live  
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Load) + ASHTO-LRFD Pedestrian Load            

B. Analysis  

  Analysis were performed using simplified 

analysis or Autodesk Robot Structural Analysis 

Professional software. Results obtained for 

interior girder for maximum force effects along 

the girder length are shown in the following 

Table. 

Table III: Max. Force Effects along Interior Plate Girder. 

 
C. Design 

Design is performed according to 

AASHTO-LRFD design method for composite 

plate girder bridges. The design procedure 

yielded the design selections shown in the Fig. 7. 

 
Fig. 7 .  Designed X-section of Interior Plate Girder.  

7. STEEL TRUSS BRIDGE 

A.  Layout and design Criteria 

A steel truss bridge 30m length and 8.4m width      

is considered in this option. 

The bridge superstructure is composed of the 

following: 

(a) Deck: a 20 cm concrete deck is supported by      

Series of longitudinal steel stringers spaced      

1.2m apart. The stringers are supported on 

transverse steel floor beams spaced every 3 m.  

Floor beams, 8.4m length are fixed at their ends   

to two end main trusses. 

(b)  Two Main Trusses: at the sides of the bridge 

deck. Each truss is of 30m length and 3.0m high; 

composed of 10 fields each is 3.0 m, as shown in 

Fig. 8.  The floor beams are connected at nodes 

1-11 at the bottom chords. 

 
 

The other design criteria for structural steel, 

reinforcing steel and concrete strength are the 

same as for the plate girder option. 

B. Analysis and Design 

(a) The following assumptions are made: 

   1. Concrete deck is composite with the 

Stringers 

   2. Stringers are continuous over the floor 

beams, and the floor beams are fixed at the         

trusses. 

    3. Own weights for stringers and floor beams 

are increased by 20% for their connections;         

whereas for trusses increased by 30%.   

        Bracing loads are considered. 

   4. Bolted pinned trusses are chosen, for ease of 

analysis and   erection. 

(b) Analysis and design are made for the deck's 

steel stringers and floor beams; for both dead and 

light live effects as per Strength I limit state of 

AASHTO-LRFD specifications. Output of the 

results are shown in Table IV. 

 

(c) Analysis and design are made for the     truss 

elements; for both   dead and light live     effects as 

per Strength I   limit state     of    AASHTO-LRFD 

specifications. The elements are grouped as 

tension members, compression members, hangers 

and diagonals.   Output of the results are shown in 

Table V. Clearly these elements represents half the 

truss due to symmetry. 

 
Table IV: Analysis and design summary for Stringers and floor 

beams-Truss option. 

Fig.8: Truss Bridge Elevation. 
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8. DISCUSSION OF RESULTS 

A. Comparison of steel weights of both   

Options: 

From the above results the amount of steel used 

for both options can be calculated as: 

 

(a) For plate girder bridge option:   

     Wt=(Own wt./m+ connection)x30mx8 girders 

      Wt= 520 kN 

(b) For Truss bridge option: 

     Wt.= Stringers+ X. Beams+ Trusses+ Bracing 

      Wt. = 320 kN 

Clearly the truss option is lower cost 

material-wise. 

Table V: Design Summary-Truss elements. 

 
B. Total cost of superstructure under light live loads  

 The total cost of the superstructure/m2 is the sum 

of cost of concrete deck and steel including 

erection. To our best estimate and   according to 

current prices for similar projects this can 

calculated as: 

  (a) Cost of steel component (truss option): 

      (32 tons/30x8.4m2) x $2000      = $ 254/m2 

 (b) Cost of reinforced concrete deck: 

     0.2m3x $300/m3     = $ 60 

Total cost/m2 of superstructure = $314/m2 

Now, it is clearly that this value represents: 

($314/$ 830) = 38% of current superstructures 

When designed under normal standard highway 

loads. 

C. Ease of Erection  

The heaviest element in our options is the truss 

of total gross weight less than 7 tons. Any erection 

procedure can suit such light structural elements. 

D. International trend to revise live loads:  

All standard highway live loads are old enough to 

be revised. The recent one is the AASHTO HL-93 

live loads; 27years old. Actually, recent research 

asked for such updating [9].  

E. Analysis results: 

 Clearly the magnitudes of LLL is much less 

than those of standard highway loads. Design 

light lane load is only (6kN/9.3kN)/m of lane 

compared to HL-93. And light design truck is only 

(60kN/225kN) compared to HL-93 Truck. Results 

obtained is reasonable considering these facts. 

9. CONCLUSIONS AND RECOMMENDATIONS 

 A.   The following conclusions can be derived from 

this study 

(a) Bridge Light live loads have been derived to   

represent major share of traffic volume crossing 

bridges in Khartoum, capital of Sudan and other   

Sudanese similar cities. 

(b) Derived bridge light live loads are applied to 

options of steel superstructures. The design 

yielded bridges that save 60% compared to 

normal highway bridges. 

(c) The steel truss bridge option is the most 

economical option. 

B. It can be recommended that 

 (a) For bridges carrying light live load, as in 

large cities like Khartoum, it is recommended to 

consider such derived light live loads, and to   

design special bridges for such loads .This will   

yield considerable cost savings. 

 (b) Research is to be extended to study other 

limit states and other steel superstructures types 
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(box girders, orthotropic decks etc.) 
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