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Abstract  

 
 
For the access of Bluewater´s Island is required the construction of a 3.7 km multi-span 
bridges, which will connect the mentioned island to the interchange number 5½ (exit 29) on 
Sheikh Zayed Road (E11) in Dubai, the longest and biggest road in United Arab Emirates. The 
main viaduct bridge, which is 25 m wide (reaching up to 37 m in the conection with the Island), 
has a total length of 1.4 km and provides full access (by car and by metro) and the electrical, 
telecommunication, potable water, irrigation and sewerage services to the island.  
The connection of Sheikh Zayed Road to the main bridge is done by several access bridges 
(with a width between 11.5 m and 14.4 m and a total length of 1.7 km) and 3 multi-span 
bridges over Sheikh Zayed Road, which are 11.5 m wide and aproximately 200 m length each. 
Due to that many of these bridges will be constructed over existing live roads, live metro and 
utilities and that the constructive process chosen for these bridges is to transfers all the loads 
onto the ground by scaffolding, it will be required the used of many and different types of 
gantries. These possible solutions are simply supproted gantry (GS25-03, GS08-01 and GS08-
04), portal frame gantry (GS24-03) and truss gantry (GS08-02 and GS08-03). 
Based on the efficiency, erection and dismantling, cost and deflection, the aim of this paper is 
to study the design and method statement of the different solutions used and to justify their 
used. 
KEY WORDS: Simply supported gantry, portal frame gantry, truss gantry, beam, design, cost, 
erection, dismantling. 
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Resumen  

 
 
Para el acceso a la Isla de Bluewater es necesaria la construcción de 3.7 km de puentes de 
varios vanos, los cuales conectarán la mencionada isla con la intersección 5½ (salida 29) de 
Sheikh Zayed Road (E11) en Dubai, la carretera más larga y grande de los Emiratos Árabes 
Unidos. El viaducto del puente principal, el cuál tiene 25 m de ancho (llegando incluso a 37 m  
en la conexión con la isla), tiene una longitud total de 1.4 km y proporciona total acceso 
(mediante vehículo y metro) y todos los servicios eléctricos, de telecomunicación, agua 
potable, aguas de escorrentía y aguas negras necesarios en la isla.  
La conexión entre Sheikh Zayed Road y el puente principal se realiza mediante distintos 
puentes de acceso (con una anchura comprendida entre 11.5 m y 14.4 m y una logitud total de 
1.7 km) y 3 puentes de varios vanos sobre Sheikh Zayed Road, los cuales tienen 11.5 m de 
anchura y 200 m de largo aproximadamente cada uno. 
Debido a que muchos de estos puentes serán construidos sobre carreteras existentes, metro y 
distintos servicios y que el proceso constructivo elegido para la construcción de estos puentes 
consiste en trasmitir toda la carga de estos sobre el terreno mediante andamiaje, será 
necesaria la utilización de varios y distintos tipos de pórticos. Estas posibles soluciones son 
vigas simplemente apoyadas (GS25-03, GS08-01 y GS08-04), pórtico (GS24-03) y celosía (GS08-
02 y GS08-03). 
Basado en la eficiencia, montaje y desmontaje, coste y deformación, el objetivo de este trabajo 
es estudiar el diseño y método constructivo de las diferentes soluciones utilizadas y justificar 
su uso. 
PALABRAS CLAVE: Vigas simplemente apoyadas, pórtico, celosía, viga, diseño, coste, montaje, 
desmontaje.
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1.1 Introduction 
The Bluewater´s Island, developed by state-owned property firm Meraas Holding with a total 
cost of $1.6 billion, is a man made mixed use island located off the coast of Jumeirah Beach 
Residence in Dubai (JBR), United Arab Emirates. The world´s largest observation ferris wheel 
(210m height), known as ¨Dubai Eye¨, forms the unique centrepiece of this development, 
which is poised to become one of the world´s largest tourism hotspots with an expected 3 
million visitors per year. The island will also feature distinctive retail, residential, hospitality 
and entertainment zones.  

 
Picture 1.1: General view of the full Bluewater´s Island project 
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Connected to the mainland with a multi-span bridge of 3.7 km from the interchange number 
5½ on Sheikh Zayed Road (E11), Bluewater´s Island will operate an ¨automated personal rapid 
transit system¨ mono rail called PRT that will transport visitors to the entertainment zone from 
the Nakheel Harbour and Tower metro station.  
In addition, a pedestrian bridge will be constructed to link the luxury island to the JBR 
beachfront. 
The full bridge project is divided in 3 areas: 

- The main two-lane viaduct bridge from the interchange 5½ on Sheikh Zayed Road 
(E11) up to the Bluewater´s Island. It has a total length of 1.4 km and 25 m wide 
(reaching up to 37 m in the conection with the island) and provides full access (by car 
and by metro) and the electrical, telecommunication, potable water, irrigation and 
sewerage services to the island. 

- The connection of Sheikh Zayed Road to the main viaduct bridge is done by several 
one and two lane access bridges with a width between 11.5 m and 14.4 m and a total 
length of 1.7 km. 

- 3 one lane multi-span bridges over Sheikh Zayed Road, which are 11.5 m wide and 
aproximately 200 m length each. 

 
Picture 1.2: View of the connection bridges between Sheikh Zayed Road and the main viaduct bridge and the 3 

bridges over Sheikh Zayed Road 
The Sheikh Zayed Road (E11) in Dubai, with 6 lanes in each direction in most of the road, is the 
longest and biggest road in United Arab Emirates and runs roughtly parallel to UAE´s coastline 
along the Persian Gulf from Al-Silah in the Emirate of Abu Dhabi to Ras Al-Khai ah emirate.  
Due to that many of these bridges will be constructed over existing live roads, live metro and 
utilities and that the constructive process chosen for these bridges is to transfer all the loads 
onto the ground by scaffolding, it will be required the used of many and different types of 
gantries.  
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1.2 Objectives and Organization 
The aim of this work is to study the design and method of statement of the different solutions 
used to be able to transfer all the loads of the bridges onto the ground by scaffolding while 
constructing them when they are coming over an existing road.  As we said before, we will use 
three types of gantries and we will try to justify why we chose the truss gantry as solution to 
build the bridges over Sheihk Zayed Road.  

 
Picture 1.3: View of the simply supported gantries over the life roads for the construction of S24 bridge 

We will base our justification in the following aspects: 
- Erection: related to the timing, difficulty and resources required for the erection of 

each type of gantry.   
- Dismantling: same as with the erection, we will study the timing, difficulty and 

resources required for the dismantling of each type of gantry. 
- Cost: total cost of the full work including labours, materials, equipment and permits 

during the installation, bridge construction and dismantling. 
- Timing: related expecially to the timing of erection and dismantling. 
- Deflection: it will be related to the deflection archived for each type of gantry and the 

maximum allowance that we have for each location. 
- Efficiency: and overall study of the efficiency of each type of gantry for the areas 

required. 
All the relevant contents at the present document have been structured in five chapters: 

- In Chapter 1, a brief introduction has been performed, as well as the objectives to be 
achieved in this research. 

- Chapter 2 explains the calculations and the method of statement for the installation at 
site of the simply supported gantry located in span 1 at S25 bridge (GS25-03). 
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- Chapter 3 explains the calculations and the method of statement for the installation at 
site of the portal frame gantry in span 3 for S24 bridge (GS24-03). 

- Chapter 4 explains as well the calculations and the method of statement for the 
installation at site of the gantries over Sheikh Zayed Road and the RTA metro at S8 
bridge (GS08-01, GS08-02, GS08-03, GS08-04 and GS08-05).  

- The last Chapter 5 gives some conclusions and also summarizes the main contributions 
of this work. 

For the Chapters 2, 3 and 4 we will follow the same procedure and organization as follows: 
- Introduction: A brief introduction about the area and bridge where the gantry will be 

install and which type of gantry will be used. 
- Calculations: Details and explanations of the calculation for the different aspects of the 

gantry. It will include an introduction, design code to follow, design material to be 
used, load combinations used for the design, calculation and description of the 
different loads (dead, wind and imposed loads), brief desing of the gantry (steel, 
beams and nodes checking and stability, sliding and overturning checking), desing of 
the gantry foundations and protection slabs calculations. 

- Method Statement: Description of the different activities required for the installation 
and removal of the gantries. It will include the excavation and installation of the 
protection slabs, backfilling and preparation of the platform for the gantry 
foundations, casting of the gantry foundations, erection of the gantries, dismantling of 
the gantries and demolition of the gantry footings. 
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2.1 Introduction 
The S25 structure is a post tensioned 5 span girder box bridge with a width of 25m and a total 
length of 187.93m. It consists on a 5 cells and 6 webs structure that will carry two lanes in each 
direction and both directions of the tram. It has the particularity of having openings on the 
diaphragms (after the second span) to be able to fit inside the dry utilities (electricity and 
internet) and a set of trays on both sides of the bridge (hold onto the concrete barriers) to be 
able to carry the wet utilities (sewage and water supply) required for the Bluewater´s Island.  

 
Figure 2.1: General layout of S25 bridge 

For the construction of the first span of the proposed bridge is required the design and 
installation of a gantry that will let us maintained the traffic of the existing access to 
EMPOWER facilities. Even do this road barely has any traffic, the design of this gantry was 
complicated do to the existing services (132kv trough and irrigation line) and the curvature and 
span of the gantry (daily one 12m tanker must access reversing through the gantry). 
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After several calculations it was concluded that the best solution for this area is a simply 
supported gantry consisting in: 

- 2 protection slabs over the irrigation line, exactly when it crosses under both 
foundations. 

- 2 gantry foundations (with curvature) for the distribution of the load on the ground. 
- Acrow shore brace system as support of the gantry. 
- UC152x152x37 as secondary beams over the U-heads (169nos 1.5m length). 
- UC305x305x97 as capping beams over the secondary beams (2nos 11m length, 12nos 

1.2m length and 12nos 1.8m length). 
- UB533x210x109 as primary beams crossing along the gantry (36nos 12m length). 
- UC152x152x37 as secondary beams over the primary beams (9nos 12m length, 1no 

8m, 13nos 7m length, 8nos 6m length and 3nos 1.5m length). 

 
 
 
 

 
Picture 2.1: General view of the simply supported gantry GS25-03 

2.2 Calculations 
2.2.1 Introduction 

The following calculation is made to check the structural adequacy of the simply supported 
gantry GS25-03 for deck slab scaffolding support on the first span of the bridge S25 and also 
the structural adequacy of the protection slab used to protect the irrigation line crossing the 
gantry. The simply supported gantry scheme was used since it is easy to construct and it has 
less weight compared with another scheme (portal frame or truss gantries).  
Main beams are made of UB533x210x109 and they are resting on capping beams 
UC305x305x97. This one’s shall be resting in the centre of the secondary beams 
UC152x152x37, which shall be also resting on Acrow shore brace frames. 
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Figure 2.2: General layout and section of the simply supported gantry GS25-03 

Secondary beams above the main beams shall be placed to distribute the load of the 
scaffolding legs above the gantry. Secondary beams shall be welded to main beams in order to 
give stability to the system and reduce slenderness of primary beams.  

2.2.2 Design Code 
The design code to be used in the calculation of the gantry and the protection slab is the 
British standards, in particular: 

- BS 5950 – 1: 2000 Structural use of steelwork in buildings – Part 1: Code of practice for 
design – Rolled and Welded sections. 

- BS 5975: 1996 Code of practice for Formwork. 
- BS 5975 – 1: 2008 Code of practice of temporary works procedures and the permissible 

stress design of falsework. 
- BS 8110 – 1: 1997 Structural use of concrete. 
- BS 6399 – 2: 1997 Loading for buildings – Part 2: Code of practice for wind loads. 

2.2.3 Design material 
We need to take into consideration that the materials to be used in this gantry have the 
following characteristics: 

- Steel grade for the beams is S275 (275 N/mm2). 
- Steel grade for the rebar is FE460 (460 N/mm2). 
- Concrete grade C30 (30 N/mm2) or C40 (40 N/mm2). 
- The cover shall be 50mm for the external surface of the foundations. 

2.2.4 Load combinations 
Regarding the load combinations, to be able to check the strength of a structure, the specified 
loads should be multiply by the relevant partial factors ꝩf as given in the BS 5950-1:2000 table 
2 (pag.20). The factored load should be applied in the most unfavourable realistic combination 
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for the part or effect under consideration. In every load combination, we should use a ꝩf factor 
of 1.0 if the dead load counteracts the effects of other loads. The following load combinations 
shall be considered in the design: 

- Load combination 1: 1.4 x Dead Load + 1.6 x Imposed Load (Live Load). 
- Load combination 2: 1.4 x Dead Load + 1.4 x Wind Load. 
- Load combination 3: 1.2 x Dead Load + 1.2 x Wind Load + 1.2 Imposed Load (Live 

Load). 
In the design of this gantry, due to the consultant´s request, the ꝩf factor will be increased in 
the load combination number 2 (wind load from 1.4 to 1.6) and number 3 (wind load from 1.2 
to 1.6 and imposed load from 1.2 to 1.6). This way the security factor of the design of the 
gantry will be increased. Therefore, the load combinations to be used in the design are the 
followings: 

- Load combination 1: 1.4 x Dead Load + 1.6 x Imposed Load (Live Load). 
- Load combination 2: 1.4 x Dead Load + 1.6 x Wind Load.   
- Load combination 3: 1.4 x Dead Load + 1.6 x Wind Load + 1.6 Imposed Load (Live 

Load). 
 
 2.2.5 Load description 

Dead Load: 
In the dead load we have considered the self weight of the structure, steel beams, scaffolding 
and the shutter (tables) of the bridge: 

- Self weight of steel beams of the gantry:  
UC152x152x37 = 37kg/m 
UC305x305x97 = 97 kg/m 

UB533x210x109 = 109kg/m 
- Scaffolding over the gantry (provided by Acrow):  

80 kg/m3 
- Shutter of the bridge (provided by Acrow):  

60 kg/m2 
- Self weight of the structure:   

To calculate the deck´s weight we have to multiply the area by the density of the concrete (25 
kN/m3) and an additional factor of 1.10 in order to compensate the impact of concrete during 
concrete pouring.  

=   1.10  25                                                Equation 2.1 
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We are going to divide the section of the full bridge deck into several areas with different 
concentration of concrete. This way we will be able to apply the actual weight load into the 
different top legs (U-heads) of the scaffolding. 

 
Figure 2.3: Section of the S25 bridge for the calculation of the self weight of the structure 

Therefore: 
= 0.759    →   = 0.759 1.10 25 = .  /  
= 1.504    →   = 1.504 1.10 25 = .  /  
= 0.777    →    = 0.777 1.10 25 = .  /  
= 1.621    →    = 1.621 1.10 25 = .  /  
= 1.514    →    = 1.514 1.10 25 = .  /  
= 1.621    →    = 1.621 1.10 25 = .  /  
= 1.514    →    = 1.514 1.10 25 = .  /  

Wind Load: 
For the calculation of the wind load we need to take into consideration that the wind may 
apply pressure or suction forces to the different surfaces and that it will act upon all surfaces 
over which it passes, whether there are normal or incline to the wind direction. The exposure 
of a falsework structure to wind produces different loading conditions or differing wind 
directions and speeds, at the various stages of falsework erection. 
In accordance with the Article 54 of the Dubai Municipality Department of Building and 
Housing, Building Code Regulations and Construction Specifications, February 2004, the design 
wind speed in Dubai is 160km/h (44.44m/s). As per the BS 6399-2:1997, BS 5975-1:2008 and 
BS 5975:1996 the wind force will be: 

- Design wind speed: 
The assessment of wind speed should take into account the positioning and exposure of the 
falsework to the wind. The design wind speed is based upon the basic wind speed, , 
appropriate to the area in which the falsework is to be erected. The basic wind speed is the 3 s 
gust speed estimated to be equalled or exceeded on the average once in 50 years. The design 
wind speed,  (in m/s), is given by the expression: 
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= = 44.44 1 0.93 1 = 41.33 /                        Equation 2.2 
 = 44.44m/s   →    basic wind speed (m/s) 

= 1   →   topography factor for wind    BS 5975:1996 4.5.1.4 
= 0.93   →   ground surface conditions    BS 5975 4.5.1.13/4.5.1.5 
= 1   →   statistical factor (duration or exposure) for wind BS 5975 4.5.1.13/4.5.1.6 
- Dynamic pressure (as per the standard method) 

Having calculated the design wind speed, , the dynamic wind pressure to be used will be 
given by the following formula: 

= 0.613 = 0.613  41.33 = 1047 / ² = 1.047 / ²                 Equation 2.3 
q   →   dynamic pressure       BS 6399-2:1997 2.1.2.1 

- Maximum wind force during the life of a formwork 
The maximum wind force during the life of the falsework,  (in N), acting on the windward 
face should be calculated from the expression: 

=    = .                                                Equation 2.4 
→   maximum wind force    BS 5975:1996 4.5.1.8 

Ae   →   effective frontal area of the member (m2)  BS 5975:1996 4.5.1.9  
   →   force coefficient    BS 5975:1996 4.5.1.10 (table 14) 

     →   shielding factor     BS 5975:1996 4.5.1.11 
The value of the maximum wind force will depend if it is related to the formwork of the bridge, 
to the beams of the gantry, to the shore brace over the gantry or to the shore brace under the 
gantry, due to that they have different effective frontal area, force coefficient and shielding 
factor. 

o Maximum wind force over the formwork and the proposed bridge 
The wind pressure transmitted to the gantry from the formwork soffit of the bridge, deck of 
proposed bridge and parapet are considered as solid, therefore the wind load on top of the 
beams shall be:  

=    = 1.047 3.039 2.0 1 = . /                          Equation 2.5 
= 2.5 (ℎ ℎ   ℎ   ) + 0.539 ( ) = 3.039    Equation 2.6 
o Maximum wind force over the primary beams 
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The beams of the gantry are also considered as solid. Beams depth is 0.533m, therefore wind 
load pressure is:  

=    = 1.047 0.533 1.6 1 = . /                       Equation 2.7 
o Maximum wind force over the shore brace frames 

To obtain the value of  (shielding factor) for the calculation of the maximum wind force 
applied to the scaffolding is required to calculate: 

=   = .
. . = 0.182                                   Equation 2.8 

     →   geometric solidity ratio     BS 5975:1996 4.5.1.10 
    →   frontal area of the shore brace, provided by Acrow (0.394m2) 

     →   area covered by the frame= 1.20 ( ℎ) 1.80 (ℎ ℎ) 
The value of the  (shielding factor) will be obtained in the BS 5975:1996 4.5.1.11 (table 15). 
For that is required to calculate the aerodynamic solidity ratio  and the spacing ratio.  
The spacing ratio is equal to the distance, centre-to-centre, between frames, parallel to the 
wind direction divided by the least overall dimension of those frames measured at right angles 
to the direction of the wind. Therefore: 

 = .
. = 0.25                                              Equation 2.9 

The aerodynamic solidity ratio, , is equal to the geometric solidity ratio  multiplied by a 
coefficient with a value of 1.6 for flat members, and 1.2 for circular and combinations of flat 
and circular members. Then: 

= 1.2 = 0.182 1.2 = 0.22                                           Equation 2.10 
After calculating the value of the spacing ratio and the aerodynamic solidity ratio we can now 
calculate the value of the shielding factor. Therefore: 

 = 0.25  = 0.22 → as per table 15 → = 0.9 
The maximum wind load shall be: 

=    = 1.047 0.394 1.2 0.9 = . /                       Equation 2.11 
= 0.394  (given by Acrow) 

Imposed Load: 
The imposed load will include the working allowance related to the construction operatives, 
hand tools, small equipment and materials required for immediate use. All these loads will be 
applied on the different top legs (Uheads) of the formwork.   
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As per the BS 5975:1996 4.4.3.1, the working allowance load will be a live load of 1.5 KN/m2 
applied in the full top surface of the bridge deck. 

  2.2.6 Gantry Design Check 
Steel Design Check: 
The following utilization ratios were obtained from the model: 

 
Figure 2.4: Steel design check of the gantry GS25-03. Utilization ratios 

The utilization ratio for all the beams (primary, capping and secondary) will be limited to 0.95. 
As shown in figure 2.4, the utilization ratios of all the beams used in the gantry GS25-03 are 
under 0.9, so under our limitation.  
The beams assigned are: 

- Main Girder 2: UB533x210x109 
- Main Girder 1: UC305x305x97 
- Secondary Beams: UC152x152x37 

Main Girder 2 Check (UB533x210x109): 
The critical beam (highest utilization ratio and highest load) was found in beam number 39, 
where: 

- Load Combination 1 (1.4D + 1.6L) 
Bending moment  Mmax = 358.58 KNm    Shear force  Vmax = 246.72 KN   Deflection dmax = 19.74 mm 

 Figure 2.5: Forces for the highest ratio primary beams (Load Combination 1) 
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- Load Combination 2 (1.4D + 1.6W) 
Bending moment  Mmax = 14.17 KNm    Shear force  Vmax = 7.97 KN   Deflection dmax = 0.768 mm   Figure 2.6: Forces for the highest ratio primary beams (Load Combination 2) 

- Load Combination 3 (1.4D + 1.6W + 1.6L) 
Bending moment  Mmax = 358.58 KNm    Shear force  Vmax = 246.72 KN   Deflection dmax = 19.74 mm   Figure 2.7: Forces for the highest ratio primary beams (Load Combination 3) 

- Deflection (Load Combination 4, unfactored) 
For the deflection we have to consider the same beam (highest utilization ratio and load) but 
with unfactored loads. So we have to run the model with a 4th combination with unfactored 
loads. 

 Bending moment  Mmax = 225.38 KNm     Shear force  Vmax = 154.91 KN    Deflection dmax = 12.41 mm   
Figure 2.8: Forces for the highest ratio primary beams (Load Combination 4, unfactored) 

Therefore, as per BS 5950-1:2000, 2.5.4 (Table 8), the allowable deflection for a beam is: 
Allowable deflection = = = 31.5  > = 12.41    →              Equation 2.12 
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The main use of this primary beams is to absorb all the load coming from over the gantry 
(imposed loads, live loads, wing loads...) and transfer them to the capping beams located at 
both sides of the gantry. 

- Manual checking for UB533x210x109 
The manual checking is required, specially, to check the web bearing capacity and buckling 
resistance. Web stiffeners should be provided where needed at locations where unstiffened 
webs are subject to local loads or reactions like: 

a. Bearing stiffeners, to prevent crushing of the web due to forces applied through a 
flange. 

b. Load carrying stiffeners, to resist web buckling due to concentrated loading. 
c. Tension stiffeners, to transmit tensile forces applied via a flange into the web. 
d. Intermediate transverse web stiffeners, to resist web buckling due to shear.  

 
o Web bearing capacity: 

As per BS 5950-1:2000 4.5.2, if the bearing capacity  of the unstiffened web at the flange 
connection is exceeded by the local compressive force  applied through a flange by loads or 
reactions, we should provide bearings stiffeners. The web bearing capacity is given by: 

= + (   )                                                           Equation 2.13 
→   web bearing capacity      
 →  design strength of the beams = 275 /      

t     →   is the web thickness of the beam = 11.6     
k    →   for a rolled I or H section k = T + r = 18.8 + 12.7 = 31.5            Equation 2.14 
                                T    →    is the flange thickness = 18.8   
                                r     →    is the root radius = 12.7  

 = 5 (end)     
   →   stiff bearing lenght      BS 5950-1:2000 4.5.1.3 

= + (1.6 ) + (2  ) = 11.6 + (1.6 12.7) + (2  18.8) = 69.52      Equation 2.15 
Then, the bearing capacity of unstiffened web is: 

= + (   )    = 69.52 + (5 31.5) 11.6 275 = 724,193.8 = 
= 724.2  

The maximum compressive load in the web (given by the model) is: 
´ = 70.2  (Unfactored)→ = 112.32  (Factored, 1.6) 
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Then, if we compare then the bearing capacity  of the unstiffened web with the local 
compressive force : 

= 724.2 ≥ = 112.32    →                                 Equation 2.16 
Therefore, due to that the local compressive force  applied through a flange by loads or 
reactions is not exceeded by the bearing capacity  of the unstiffened web at the flange 
connection, is not require providing any bearing stiffeners. 

o Web buckling resistance: 
As per BS 5950-1:2000 4.5.3, if the buckling resistance  of the unstiffened web is exceeded 
by the local compressive force  applied through a flange by loads or reactions, we should 
provide web stiffeners. The buckling resistance is given by: 

= 2      
(   )                                                         Equation 2.17 

    →   is the depth of the web = 476.5  
, , t, k, T, r, ,  →  as defined before in the web bearing capacity 

= = = 1.0                                                       Equation 2.18 
Then, the buckling resistance of the unstiffened web is: 

= 2  25    
( +   )  = 2  724.2 25  1  11.6

(69.52 + 5  31.5)  476.5 = 1266.9  

The maximum compressive load in the web (given by the model) is: 
´ = 70.2  (Unfactored)→ = 112.32  (Factored, 1.6) 

Then, if we compare the buckling resistance  of the unstiffened web with the local 
compressive force : 

= 1266.9 ≥ = 112.32    →                                 Equation 2.19 
Therefore, due to that the local compressive force  applied through a flange by loads or 
reactions is not exceeded by the buckling resistance  of the unstiffened web, is not require 
providing any web stiffeners. 

o Shear capacity: 
As per BS 5950-1:2000 4.5.6, if the total shear applied exceeds the shear capacity P  of the 
member, then diagonal stiffeners should be designed to carry out that portion. The shear 
capacity of the member is given by the characteristics of the beam. Therefore: 

P = 503 KN ≥ F = = . = 56.16    →                           Equation 2.20                             
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Main Girder 1 Check (305x305x97): 
In the following figure can be seen the reactions given by the primary beams to the capping 
beams.  

 
Figure 2.9: Primary beams (Main Girder 2) reactions on Capping beams (Main Girder 2). Load Combination 1 

The critical beam (highest utilization ratio and highest load) was found in the beam number 45. 
For these beams we will also do the following combinations: 

- Load Combination 1 (1.4D + 1.6L) 
- Load Combination 2 (1.4D + 1.6W) 
- Load Combination 3 (1.4D + 1.6W + 1.6L) 
- Deflection (Load Combination 4, unfactored) 

For the deflection, as we did with the primary beams, we have to consider the same beam 
(highest utilization ratio and load) with unfactored loads. So, as we did before, we will run the 
model again with a 4th combination with unfactored loads. 

 Bending moment  Mmax = -24.82 KNm    
 Shear force  Vmax = 128.961 KN   
 Deflection dmax = 0.038 mm   

Figure 2.10: Forces for the highest ratio primary beams (Load Combination 4, unfactored) 
Therefore, as per BS 5950-1:2000, 2.5.4 (Table 8), the allowable deflection for a beam is: 
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Allowable deflection = = = 1.67  > = 0.038    →     
The main use of the capping beams is to collect the entire load (imposed loads, live loads, wing 
loads...) transferred by the primary beams at both sides of the gantry and transfer them 
equally to the scaffolding.  

- Manual checking for UC305x305x97 
Same as we did with the primary beams (UB533x210x109), we will also do a manual checking 
of the capping beams to check the web bearing capacity and buckling resistance and to know if 
it will be required fixing web stiffeners in any needed location where unstiffened webs are 
subject to local loads or reaction. 

o Web bearing capacity: 
As per the BS 5950-1:2000 4.5.2, and following the procedure done for the primary beams, if 
the bearing capacity  of the unstiffened web at the flange connection is exceeded by the 
local compressive force  applied through a flange by loads or reactions, we should provide 
bearings stiffeners. The web bearing capacity is given by: 

= + (   )    = 65.02 + (5 30.6) 9.9 275 = 593,559.45 = 
= 593.6  

Where, 
→  design strength = 275 /      

t     →   is the web thickness = 9.9     
k    →   for a rolled I or H section k = T + r = 15.4 + 15.2 = 30.6          

    →   stiff bearing length = 5 (end)   
= + (1.6 ) + (2  ) = 9.9 + (1.6 15.2) + (2  15.4) = 65.02  

The maximum compressive load in the web (checked in the model) is: 
´ = 286.71  (Unfactored)→ = 458.74  (Factored, 1.6) 

Then, if we compare then the bearing capacity  of the unstiffened web with the local 
compressive force : 

= 593.6 ≥ = 458.74    →     
Therefore, due to that the local compressive force  applied through a flange by loads or 
reactions is not exceeded by the bearing capacity  of the unstiffened web at the flange 
connection, is not require providing any bearing stiffeners. 
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o Web buckling resistance: 
Same as we did with the primary beams, and as per the BS 5950-1:2000 4.5.3, if the buckling 
resistance  of the unstiffened web is exceeded by the local compressive force  applied 
through a flange by loads or reactions, we should provide web stiffeners. The buckling 
resistance is given by: 

= 2  25    
( +   )  = 2  593.6 25  1  9.9

(65.02 + 5  30.6)  276.7 = 1196.32  

    →   is the depth of the web = 276.7  
, , t, k, T, r, ,  →  as defined before in the web bearing capacity 

= 275 = 275
275 = 1.0 

The maximum compressive load in the web (given by the model) is: 
´ = 286.71  (Unfactored)→ = 458.74  (Factored, 1.6) 

Then, if we compare the buckling resistance  of the unstiffened web with the local 
compressive force : 

= 1196.32 ≥ = 458.74    →     
Therefore, due to that the local compressive force  applied through a flange by loads or 
reactions is not exceeded by the buckling resistance  of the unstiffened web, is not require 
providing any web stiffeners. 

o Shear capacity: 
Same as we did with the primary beams, and as per the BS 5950-1:2000 4.5.6, if the total shear 
applied exceeds the shear capacity P  of the member then diagonal stiffeners should be 
designed to carry out that portion. The shear capacity of the member is given by the 
characteristics of the beam. Therefore: 

= 503  ≥ = 2 = 458.74
2 = 229.37    →     

Secondary Beams Check (152x152x37)  
The main used of the secondary beams is to collect the load coming from the capping beams 
and divide it into the two legs of the shore brace frame to avoid the overload of any leg of the 
scaffolding.  
In the following figure can be seen the reactions given by the capping beams to the secondary 
beams.  
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Figure 2.11: Capping beams (Main Girder 1) reactions on Secondary beams (Load Combination 1) 

For these beams we will also do the following combinations: 
- Load Combination 1 (1.4D + 1.6L) 
- Load Combination 2 (1.4D + 1.6W) 
- Load Combination 3 (1.4D + 1.6W + 1.6L) 
- Deflection (Load Combination 4, unfactored) 

For the deflection, as we did with primary beams, we have to consider the same beam (highest 
utilization ratio and load) and with unfactored loads. So we have to run the model with a 4th 
combination with unfactored loads. 

- Manual checking for UC152x152x37 
Same as we did with the primary beams (UB533x210x109) and capping beams 
(UC305x305x97), we will also do a manual checking of the secondary beams to check the web 
bearing capacity and buckling resistance and to know if it will be require fixing web stiffeners 
in any needed location where unstiffened webs are subject to local loads or reaction. 

o Web bearing capacity: 
As per the BS 5950-1:2000 4.5.2, and following the procedure done for the primary beams and 
capping beams, if the bearing capacity  of the unstiffened web at the flange connection is 
exceeded by the local compressive force  applied through a flange by loads or reactions, we 
should provide bearing stiffeners. The web bearing capacity is given by: 

= + (   )    = 43.16 + (5 19.1) 8 275 = 305,052 = 305.05  
Where, 

→  design strength = 275 /      
t     →   is the web thickness = 8     
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k    →   for a rolled I or H section k = T + r = 11.5 + 7.6 = 19.1          
    →   stiff bearing length = 5 (end)   

= + (1.6 ) + (2  ) = 8 + (1.6 7.6) + (2  11.5) = 43.16  
The maximum compressive load in the web (given by the model) is: 

´ = 143.93  (Unfactored)→ = 230.29  (Factored, 1.6) 
Then, if we compare then the bearing capacity  of the unstiffened web with the local 
compressive force : 

= 305.05 ≥ = 230.29    →     
Therefore, due to that the local compressive force  applied through a flange by loads or 
reactions is not exceeded by the bearing capacity  of the unstiffened web at the flange 
connection, is not require providing any bearing stiffeners. 

o Web buckling resistance: 
Same as we did before, and as per the BS 5950-1:2000 4.5.3, if the buckling resistance  of the 
unstiffened web is exceeded by the local compressive force  applied through a flange by 
loads or reactions, we should provide web stiffeners. The buckling resistance is given by: 

= 2  25    
( +   )  = 2  305.05 25  1  8

(43.16 + 5  19.1)  138.8 = 882.10  

    →   is the depth of the web = 138.8  
, , t, k, T, r, ,  →  as defined before in the web bearing capacity 

= 1.0 
The maximum compressive load in the web (given by the model) is: 

´ = 143.93  (Unfactored)→ = 230.29  (Factored, 1.6) 
Then, if we compare the buckling resistance  of the unstiffened web with the local 
compressive force : 

= 882.10 ≥ = 230.29    →     
Therefore, due to that the local compressive force  applied through a flange by loads or 
reactions is not exceeded by the buckling resistance  of the unstiffened web, is not require 
providing any web stiffeners. 

o Shear capacity: 
Same as we did with before, and as per the BS 5950-1:2000 4.5.6, if the total shear applied 
exceeds the shear capacity P  of the member then diagonal stiffeners should be designed to 
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carry out that portion. The shear capacity of the member is given by the characteristics of the 
beam. Therefore: 

P = 213.6 KN ≥ F = F
2 = 230.29

2 = 115.145    →     
Scaffolding Diagonal Bracing Check 
To be able to check the scaffolding diagonal bracing it is required to calculate the horizontal 
load than is been applied to the structure in the gantry area. This horizontal force will be equal 
to the force applied by the wind plus the vertical force that by eccentricity is producing a 
horizontal force. Therefore: 

P = 2.5% P  + P                                    Equation 2.21 
- Loads from vertical forces 

The total load from the vertical forces is given by the following formula: 
P  = P  + P  + P   + P      Equation 2.22 

The vertical load produced by the deck´s weight will be given by multiplying the density of the 
concrete by the volume of deck slab that will be resting over the gantry. 

P  =     = 25  18.8  12 = 5640                         Equation 2.23 
The vertical load produced by the beams weight will be given by multiplying the weight unit of 
each beam by the total number of beams of each kind in the gantry. 
BEAM WEIGHT UNIT MEASUREMENT AND WEIGHT UC152x152x37 37kg/m ≈ 0.37KN/m 0.37x(1.5x171 + 6x8 + 7x13 + 8 + 12x9) = 189.26 KN UC305x305x97 97kg/m ≈ 0.97KN/m 0.97x(11x2 + 1.2x12 + 1.8x12) = 56.26 KN UB533x210x109 109kg/m ≈ 1.09KN/m 1.09x(36x12) = 470.88 KN TOTAL 716.4 KN 

Figure 2.12: Calculation of the vertical load of the beams (weight) 
P  = 716.4  

The vertical load generated by the shutter and the scaffolding will be given by multiplying the 
volume of material by the unit weight. The value of this unit weight is provided by Acrow and it 
has been mention before in the 1.2.5 Load description – Dead Load. 

P   = 0.6  25  12 +  0.8  6  19.45  12 = 1300.32         Equation 2.24 
Regarding the live load, the vertical load generated will be given by multiplying the load by the 
area affected. Then: 

P =     = 1.5  25  12 = 450                                    Equation 2.25 
Therefore, the total vertical load will be the following: 

P  = P  + P  + P   + P = 
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= 5640 + 716.4 + 1300.32 + 450 = 8106.72  
The full vertical load calculated before must be resisted by the existing bracing under the 
gantry. This bracing is made of cross braces and link spacers and our gantry has 4 lines of them 
(we have two towers of shore brace with two legs in each tower). Then, the vertical load for 
one row of bracing will be (knowing that we have 4 rows of bracing under the gantry): 

P    =  = . = .                     Equation 2.26 
- Wind pressure over formwork 

As calculated before in 1.2.5 Load description – Wing Load, the wind pressure transmitted to 
the formwork soffit of the bridge, deck of the proposed bridge and parapet are considered as 
solid, therefore the maximum wind pressure due to the formwork is: 

= = 44.44 1 0.93 1 = 41.33 /  
= 0.613 = 0.613  41.33 = 1047 / ² = 1.047 / ² 

 =    = 1.047 3.039 2.0 1 = 6.36 /  
Then, as we did with the total load of the vertical forces, the maximum wind pressure for one 
row of bracing will be: 

   =   = .   = .                 Equation 2.27 
- Wind pressure over beams 

As calculated before in 1.2.5 Load description – Wing Load, the wind pressure transmitted to 
the beams of the gantry is:   

 =    = 1.047  0.533  1.6  1  12 = .        Equation 2.28 
Then, as we did before, the maximum wind pressure for one row of bracing will be: 

   =  = . = .                        Equation 2.29 
- Wind pressure over shoring 

To calculate the wind pressure over shoring we need to separate 2 areas; shoring above the 
gantry and shoring under the gantry. For each of them the calculation will be slightly different. 

o Shoring above the gantry 
As calculated before in 1.2.5 Load description – Wing Load:  

=   
   = 0.394

1.20 1.80 = 0.182 
 = 0.25  = 0.22 → as per table 15 → = 0.9 
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For the calculation of  (effective area) we need to take into consideration that over the 
gantry are resting 4 Acrow tables with 25 towers (transversal direction) and 3 floors of shore 
brace each. Then: 

= 0.394 4 25 3 = 118.2                                   Equation 2.30 
Therefore, the wind pressure transmitted to the shoring above the gantry is: 

   =    = 1.047  118.2  1.2  0.9 = 133.66  
Then, as we did before, the maximum wind pressure for one row of bracing will be: 

     =    = . = .       Equation 2.31 
o Shoring under the gantry (above the foundation) 

We follow the same procedure as before, only changing the specific area. Therefore:  
=   

   = 0.394
1.20 1.80 = 0.182 

 = 0.25  = 0.22 → as per table 15 → = 0.9 
   =    = 1.047  50.6  1.2  0.9 = 57.20  

Then the maximum wind pressure for one row of bracing will be (considering that we have 4 
rows of scaffolding over the gantry): 

     =    = . = .       Equation 2.32 
- Total force 

After calculating all the different horizontal forces we can now calculate the total horizontal 
force applied with the formula given before. Therefore: 

P = 2.5% P  + P   
= 0.025  2026.68 + 19.08 + 2.679 + 33.41 + 14.30 = .   

Regarding the bracing capacity, the total resistance will be related to the total number of cross 
braces (CB) and link spacers (LS) in one row and the allowance compressive force of each of 
them. Therefore: 

P = N  x q + N  x q                                         Equation 2.33 
The capacities are the following (given by Acrow): 

= 0.74 →    =  45 = 0.74  45 = 0.52        Equation 2.34 
q = 1.356 /  

Therefore the capacity of the bracing will be the following: 
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= N  x q   + N  x q = 94 x 0.52 + 564 x 1.356 = .   
Then, if we compare the horizontal load on the shore brace under the gantry and the bracing 
capacity given by the cross braces and link spacers: 

= 813.66  ≥ P = 120.136    →         Equation 2.35 
Scaffolding Shorebrace Frame Check  
To be able to check if the shore brace frame will resist the different loads, it is required to 
compare the maximum load that will be applied on a frame leg (each frame has two legs) and 
the maximum load that each leg of the shore brace can hold. The maximum load received by 
the frame leg on the designed gantry is (as per the model) 

  = . = 53.86 KN (Unfactored)                        Equation 2.36 
As per the specifications given by Acrow, the maximum load that a leg of the shore brace can 
hold is 54.4KN (Unfactored). Then: 

53.86KN < 54.4KN                                                          Equation 2.37 
Stability Check 
To study the stability of the gantry we need to take it as a full system checking the full 
horizontal and vertical loads applied to it. We will assure that the gantry is stable if it doesn’t 
slide or overturn.  
To be able to check the sliding and overturning is require to calculate two kinds of loads; 
favourable loads and unfavourable loads. 

- Favourable loads 
The favourable loads will be given by the following formula: 

P  = P   ∙  μ                                        Equation 2.38 
μ     →   is the friction coefficient steel – concrete = 0.6  

P  = P  + P  + P   + P = 
= 5640 + 716.4 + 1300.32 + 450 = 8106.72  

Therefore: 
P  = P   ∙  μ = 8106.72 x 0.6 = .   

- Unfavourable loads 
The unfavourable loads will be given by the following formula: 

P = ∑P                                                             Equation 2.39 
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o Due to vertical loads              
P = 2.5% P  = 0.025 x 8106.72 = .   
o Wind pressure over formwork                               

= = 44.44 1 0.93 1 = 41.33 /  
= 0.613 = 0.613  41.33 = 1047 / ² = 1.047 / ² 

=    = 1.047 (3.039 12) 2.0 1 = .   
o Wind pressure over beams 

 =    = 1.047  0.533  1.6  1  12 = .   
o Wind pressure over shoring above the gantry 

=   
   = 0.394

1.20 1.80 = 0.182 
 = 0.25  = 0.22 → as per table 15 → = 0.9 

=    = 1.047  0.394  25  4  3  1.2  0.9 = .   
o Wind pressure over shoring under the gantry 

=   
   = 0.394

1.20 1.80 = 0.182 
 = 0.25  = 0.22 → as per table 15 → = 0.9 

=    = 1.047  169 3 0.394 + 169 1 0.394
2  1.2  0.9 = .   

Therefore, the total unfavourable load will be the following: 
P = ∑P = 202.668 + 76.32 + 10.716 + 133.66 + 263.52 = 

= .   
Sliding check 
To check if the system is stable to sliding only is required to divide the favourable loads into 
the unfavourable loads. Then: 

=  = .
. = 7.08 ≫ 1.5 →                       Equation 2.40 

Overturning Check 
To check if the system is stable to overturning only is required to divide the favourable 
moment into the unfavourable moment. Then: 
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= P   =  8106.72 = 101.334                 Equation 2.41 
= P  = 686.89 . = 4464.79             Equation 2.42 

= = . = 22.70 ≫ 2.0 →                              Equation 2.43 
  2.2.7 Foundation Design Check 

The footings have been designed and checked such an elastic foundation based on modulus of 
subgrade reaction of 2500 T/m3 and the bearing capacity has been limited up to 250 KPa. We 
have assumed the actual reactions transferred to the foundation and the maximum load 
capacity of the legs (54 KN, provided by Acrow). Sliding and overturning have not been 
checked as the scaffolding is simply supported with no eccentricity, therefore no horizontal 
load will be transferred to the foundation.  
For the calculation of the gantry footings we have used the British Standards and they have 
been designed for flexure, shear and bearing capacity.   

 
Figure 2.13: Reactions transferred from the gantry to the foundations (54 KN, maximum load capacity of the legs) 

Due to that one of the gantry foundations is more loaded than the other one, one of the 
footings is 20cm wider. The gantry foundations have the following section:  

 
Figure 2.14: Sections of the gantry footings for GS25-03 gantry 
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Soil Bearing Capacity Check 
With the highest load combination possible, all of the 
point springs reactions under the footings have been 
checked for the maximum allowable bearing capacity 
and found to be less than 250KPa. The maximum 
required bearing capacity is: 

- Soil bearing capacity for maximum leg load 
201.31 KPa 

- Soil bearing capacity for actual load 
172.54 KPa 

 
Figure 2.15: Maximum soil pressure for the Maximum Load Combination (D+LL+W) 

Flexural Design Check 
- Longitudinal bending moment 

The maximum and minimum longitudinal bending moment reached in the gantry foundations 
are the following: 
Maximum bending moment 

´ = 102  (Unfactored) → = 163.2  (Factored, 1.6) 
Minimum bending moment 

´ = −87.3  (Unfactored) → = −139.68  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = .
    . = 0.00694 < = 0.156                           Equation 2.44 

     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 30000 /  

     →    width or effective width of the section = 2  
     →   effective depth of the tension reinforcement 

= 700 − 50 − 16
2 − 16 = 626  
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If = 0.00694 < = 0.156 then: 
= 0.5 + 0.25 − . = 0.626 0.5 + 0.25 − .

. = 0.621       Equation 2.45 
   →   lever arm, always ≤ 0.95  

≤ 0.95 = 0.95  0.626 = 0.595   →    = 0.595  
Therefore, the required reinforcement will be:  

= . = .
.    . = = 6.85    →    3.43 ⁄          Equation 2.46 

   →    area of tension reinforcement 
  →    characteristic strength of steel = 460000 /  

Then we must check the minimum reinforcement:  
, = 0.13% = .  (200 70) = 18.2    →    9.1 ⁄           Equation 2.47 

,  →    minimum area of tension reinforcement 
    →    area of concrete 

Therefore, the required reinforcement due to the longitudinal bending moment is: 
, = 9.1 ⁄    →     @    ( = .  ⁄ ) 

 
Figure 2.16: Longitudinal bending moment on the gantry foundations 

- Transversal bending moment  
For the trasnversal bending moment we will follow the same procedure done in the calculation 
of the reinforcement due to the longitudinal bending moment. The maximum and minimum 
transversal bending moment reached in the gantry foundations are the following: 
Maximum bending moment  

´ = 7.05  (Unfactored) → = 11.28  (Factored, 1.6) 
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Minimum bending moment 
´ = −15.92  (Unfactored) → = −25.472  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 25.472
30000  1  0.642 = 0.00206 < = 0.156 

, , ,  and      →   as explained before 
= 700 − 50 − 16

2 = 642  
If = 0.00694 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 0.642 0.5 + 0.25 − 0.00206
0.9 = 0.64  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  0.642 = 0.61   →    = 0.61  

Therefore, the required reinforcement will be:  
= 0.87 = 25.472

0.87  46  0.61  →  = 1.04    →    1.04 ⁄  
,   →    as explained before 

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (100 70) = 9.1    →    9.1 ⁄  

, ,     →    as explained before 

 
Figure 2.17: Transversal bending moment on the gantry foundations 

Therefore, the required reinforcement due to the longitudinal bending moment is: 
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, = 9.1 ⁄    →     @    ( = .  ⁄ ) 
- Shear design check 

The maximum shear force in the gantry foundations is the following: 
Maximum shear force   

´ = 68.47  (Unfactored) → = 109.55  (Factored, 1.6)           Equation 2.48 

 
Figure 2.18: Longitudinal shear on the gantry foundations 

Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  

=  = .
.   . = 97.22 = 0.0972 ⁄  ⁄                     Equation 2.49 

  →   design shear resistance of bent up bars 
     →    width or effective width of the section = 1.8  
     →   effective depth  

= 700 − 50 − 16
2 − 16 = 626  

    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 0.0972 ≤ 0.8 = 0.8√30 = 4.38 ⁄  ≤ 5.00    →    ⁄  
  →    characteristic strength of concrete = 30000 / = 30 /  

We check now if it is required or not to fix additional rebar do to the shear. 

≤ 0.79 100   400 25 = 0.79 100  13    81800  626  400626 3025
1.25 = 

= 0.369 ⁄ →  
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   →    area of tension reinforcement 
   →    breadth of section 

0.0972 ⁄ < 0.369   →        
Steel Reinforcement Design 

- Top longitudinal and Top transversal 

             
Figure 2.19: Steel required in top longitudinal and transversal direction 

Maximum required at TOP: 4.54 cm²/m < 16.08 cm²/m   =   T16 @ 150 mm  →   OK 
- Bottom longitudinal and Bottom transversal 

            
Figure 2.20: Steel required in bottom longitudinal and transversal direction 
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Maximum required at BOTTOM: 8.46 cm²/m < 16.08 cm²/m   =   T16 @ 150 mm  →   OK 
- Proposed section 

 
Figure 2.21: Section and steel of Foundation number 1 

 
Figure 2.22: Section and steel of Foundation number 2 

2.2.8 Protection slab 
The protection slab is required under our gantry footings to protect an existing irrigation line 
that is running throw both of our foundations at 1.5m depth. To be able to design the size and 
steel required we need to calculate the load that will be applied to it. As calculated before, 
with the highest load combination possible, the maximum soil bearing capacity required (the 
one given by loading all of the legs of the shore braces with the maximum load capacity of the 
legs, 54 KN) is:  

= 201.31  
Even do this load is the highest possible, for the design of the protection slab we are going to 
use a maximum foundation pressure of: 

, =  /  
As the protection slab is 1.5m under our gantry foundations, the load applied to it will not be 
the one mentioned. The design pressure for the protection slab will be then: 

= +                                                              Equation 2.50 
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Figure 2.23: Protection slabs for the irrigation line crossing under the gantry foundations for GS25-03 

The  or pressure of the gantry foundation will be given by the following formula: 
= ,

( ) ( ) = .
( . . ) ( ) = 122.73 /                       Equation 2.51 

   →    pressure of the gantry foundation over the soil at ground level 
,    →    maximum foundation pressure = 225 /  

   →    width of the gantry footing = 1.8  
   →    length of gantry footing (we will calculate it for 1m length even do is longer) 
    →    depth of the soil where we want to calculate the pressure = 1.5  
+ ≈  

The  or pressure from the soil will be given by the following formula: 
= = 18 1.5 = 27 /                                             Equation 2.52 

   →    pressure from the soil at the required depth 
   →    density of the soil = 18 /  

    →    depth of the soil where we want to calculate the pressure = 1.5  
Therefore, the design pressure for the protection slab will be: 

= + = 122.73 + 27 = 149.73 /  
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The maximum bending moment applied on the protection slab under the gantry is the 
following:  

´ = 8 = 8 = 149.73 1 1
8 = 18.72  

    →    maximum load applied over the protection slab 
     →    width or effective width of the section = 1.0  
   →    length of protection slab = 1.0  

Therefore: 
´ = 18.72  (Unfactored) → = 29.95  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 29.95
40000 1  0.162 = 0.0285 < = 0.156 

     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 40000 /  

     →   effective depth of the tension reinforcement 
= 200 − 30 − 16

2 = 162  
Due to that = 0.0285 < = 0.156 compression reinforcement is not required. Then: 
If = 0.0286 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 0.162 0.5 + 0.25 − 0.0285
0.9 = 0.157  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  0.162 = 0.154   →    = 0.154  

Therefore, the required reinforcement will be:  
= 0.87 = 30

0.87  46  0.154 = = 4.87    →    4.87 ⁄  
   →    area of tension reinforcement 
  →    characteristic strength of steel = 460000 /  
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Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (100 20) = 2.6    →    2.6 ⁄  

,  →    minimum area of tension reinforcement 
    →    area of concrete 

As per consultant´s requirement we must fix: 
,    →     @    ( = .  ⁄ ) 

Then: 
= 4.87 ⁄ < , = 16.76 ⁄ )   →     

The maximum shear force applied on the protection slab under the gantry is the following: 
´ = − = 149.73 . − 0.162 = 74.865            Equation 2.53 

    →    maximum load applied over the protection slab = 149.73 /  
= + 2    

   →    length of protection slab (we will calculate it for 1m length even do is longer) 
     →   effective depth of the tension reinforcement = 162  

Therefore: 
´ = 74.865  (Unfactored) → = 119.784  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  

=  = 119.784
1 0.162 = 739.41 = 0.739 ⁄  ⁄  

   →   design shear resistance of bent up bars 
     →    width or effective width of the section = 1.0  
     →   effective depth of the tension reinforcement = 162  
    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 0.739 ≤ 0.8 = 0.8√40 = 5.06 ⁄  ≤ 5.00    →    ⁄  
  →    characteristic strength of concrete = 40000 / = 40 /  

We check now if it is required or not to fix additional rebar do to the shear. 
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≤ 0.79 100   400 25 = 0.79 100  4    81000 162  400162 4025
1.25 = 

= 0.924 ⁄ > = 0.734 ⁄ →  
2.3. Method Statement 
This Method Statement covers every activity related to the Erection and Dismantling of S25 
Simply Supported Gantry (GS25-03). It includes the following activities: 

- Excavation and installation of the protection slabs for the irrigation line (Stage 1). 
- Backfilling and compaction of the trenches done for the installation of the protection 

slabs and preparation of the platform for the gantry footings (Stage 2). 
- Casting of the gantry foundations (Stage 3). 
- Erection of scaffolding over the gantry footings (Stage 4). 
- Erection of the gantry beams over the scaffolding (Stage 5). 
- Erection of scaffolding and tables over gantry (Stage 6). 
- Dismantling of scaffolding and gantry beams (Stage 7). 
- Gantry footings demolition (Stage 8). 

2.3.1 Stage 1: Excavation and installation of the protection slabs for the irrigation 
line 

- Make sure we have the required NOC and Excavation Permit for the work. 
- Let surveyor mark the area to be excavated. 
- Barricade the area and proceed with the excavation by JCB.  
- Once the full depth is almost reached stop the excavation by JCB and proceed with it 

manually. 
- Once the irrigation pipe is fully exposed, make small compaction at each side of the 

pipe and fix the concrete blocks at both sides of the line along the gantry foundations 
area. 
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Figure 2.24: Protection slab for GS25-03 
- Backfill with dune sand around the irrigation pipe and fix a layer of polystyrene over it 

(this way the load will not be coming over the pipe). 
- Lower the precast protection slabs one by one by crane and place them over the 

concrete blocks. 
2.3.2 Stage 2: Backfilling and compaction of the trenches done for the installation of 
the protection slabs and preparation of the platform for gantry footings 

- Backfill and compact the area layer by layer (20cm each layer) and proceed with the 
Field Density Test (FDT) in each layer. 

- Once we reach the ground level, mark the edges of the gantry footings and the 
required platform level (base of the gantry footings). 

- Backfill and compact the last 15-20cm up to the platform level with road base and 
proceed with the load test.  
2.3.3 Stage 3: Casting of the gantry foundations 

- Mark on the road base the edges of the gantry foundations (as per approved drawings) 
and confirm the level of the road base. If the level is not the correct one add and 
compact an additional layer of road base up to the correct high or adjust it with the 
bottom cover of the gantry footing (if it is just few centimetres). 

- Fix the rebar of the gantry footings and double check the top level of the steel. 
- Fix the shutter and make the proper support for the casting. Check the alignment and 

level of the shutter and the concrete casting level. 
- Cast the gantry footing as per approved drawings by concrete pump or by direct shoot 

using concrete grade C40/20. Make finishing of concrete. 
- After 48 hours remove the support and the shutter of the gantry footings. Continue 

with the curing for a minimum period of 3 days. 
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Figure 2.25: Gantry foundations for GS25-03 
2.3.4 Stage 4: Erection of scaffolding over the gantry footings 

- Double check the platform level (top of gantry foundation), mark over the foundation 
the locations of the base jacks and mark the required height for the U-heads. 

- Calculate how many shore brace are required and how much the base plate and U-
heads will be opened (maximum 35cm).  

- Fix the base plates on the required marking and open them as required. 
- Erect the scaffolding towers (shore brace, cross brace, link spacer...) as per the 

approved shop drawings and as per ACROW calculation sheet and fix the bracings 
manually.  

- Fix the U-heads as per the required height. Double check with surveyor the top level. 
2.3.5 Stage 5: Erection of the gantry beams over the scaffolding 

- Place secondary beams (UC152x152x37) on top of the shore brace using a mobile 
crane. Double check with surveyor the current height of the beams. 

 
Figure 2.26: Erection of scaffolding and secondary beams for the simply supported gantry GS25-03 

- Fix life line over the beams and make marking in the centre of the secondary beams. 
- Fix capping beams (UC305x305x97) over the secondary beams using a mobile crane. 

Make sure they are running through the centre of the secondary beams. 
- Check the lifting radius of the weight; it should be well within the lifting capacity of the 

crane at that particular radius. 
- Mark over the capping beams the location of the primary beams.  
- Erect the primary beams (UB533x210x109) on top of the capping beams using the 

mobile crane. Make sure each primary beams is situated in between two towers of 
shore brace. This way the load will be distributed in between two sets of scaffolding.  

- Also check the lifting radius of the weight; it should be well within the lifting capacity 
of the crane at that particular radius. 
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Figure 2.27: Erection of capping beams for simply supported gantry GS25-03 

- Fix life line along the primary beams and get marking of the secondary beams over the 
primary beams. 

- Fix the secondary beams (UC152x152x37) over the primary beams by crane. 

 
Figure 2.28: Erection of primary beams for simply supported gantry GS25-03 

2.3.6 Stage 6: Erection of scaffolding and tables over gantry 
- Check that all the U-heads/base jacks of the scaffolding that will go over it are landing 

over the secondary beams and mark the locations. 
- Weld the secondary beams in every place on contact with the primary beam. 
- Fix a protection and working platform over the gantry using timber and plywood and 

handrails around the gantry. 
- Mark over the secondary beams the balance height up to the top U-heads. 
- Calculate how many shore braces are required and how much the base plate and U-

heads will be opened (maximum 35cm).  
- Fix the base plates/U-heads on the required marking and open them as required. If 

base plates are fixed they should be welded to the secondary beams. 
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- Erect the scaffolding towers (shore brace, cross brace, link spacer...) as per the 
approved shop drawings and as per ACROW calculation sheet and fix the bracings 
manually.  

- Fix the U-heads as per the required height. Double check with surveyor the top level. 
- Bridge shutters (tables) shall be installed on top of the scaffolding towers using mobile 

cranes. 

 
Figure 2.29: Erection of secondary beams over primary beams, scaffolding over gantry and bridge shutters (tables) 

for simply supported gantry GS25-03 
2.3.7 Stage 7: Dismantling of scaffolding and gantry beams 

- Hold Acrow formwork table from proposed bridge deck using tie rods. 
- Lower U-heads and remove manually all scaffolding and bracing situated over the 

gantry. 
- Cut the welding done before of the secondary beams on the primary beams. 
- Remove secondary beams (UC152x152x37) by crane. 
- Remove the working and safety platform. 

 Figure 2.30: Removal of scaffolding over gantry and secondary beams for simply supported gantry GS25-03 
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- Remove primary beams (UB533x210x109) and capping beams (UC305x305x97) by crane. Boom loaders shall be used to drag the primary beams out reducing the mobile crane radius when is required. 

 Figure 2.31: Removal of primary beams and capping beams gantry for simply supported gantry GS25-03 
- Remove the secondary beams (UC152x152x37) situated over U-heads by crane. - Dismantle the Acrow shore brace manually.  

 Figure 2.32: Removal of secondary beams and Acrow scaffolding for simply supported gantry GS25-03 
2.3.8 Stage 8: Gantry footings demolition 

- Demolish the foundation using a Pneumatic Breaker and Jack Hammers. - Safety net shall be provided to avoid stones in the access.  
- Remove the debris once finished by wheel loader and tapper truck. 

 
Figure 2.33: Demolition of the gantry footings for simply supported gantry GS25-03 
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3.1 Introduction 
The S24 structure is a post tensioned 5 span girder box bridge with a width that goes from 25m 
in the first span up to 35.348m in the last span and a total length of 213m. The increased of its 
width is due to that one lane will be progressively added towards Bluewater´s Island as an exit 
lane (this lane will disappear at the end of the bridge).  
Same as S25 structure, this bridge consists on a 5 cells and 6 webs structure that will carry two 
lanes in each direction (plus the added exit lane on Bluewater´s Island direction) and both 
directions of the tram. This structure has the longest span of the full project (60m) and sets of 
blisters (post tensioning of the bottom slab) in spans 1, 3 and 5. As S25 structure, this bridge 
also has sets of trays on both sides of the bridge to be able to carry the wet utilities (sewage 
and water supply) required for the Bluewater´s Island.  

 
Figure 3.1: General layout of S24 bridge 

For the construction of the third span of the bridge (60m length) is required the design and 
installation of a gantry to be able to build the structure and maintain the traffic of the existing 
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marina bridge that connects Sheikh Zayed Road with JBR (Jumeirah Beach Residences, in Dubai 
Marina) in both directions. This gantry is one of the most complicated one of the entire project 
due to the big span (33m), the location of the foundations (there are two DEWA 132kv 
concrete troughs on the area) and the efficiency in the use of the gantry itself (only 34% of the 
area of the gantry is loaded). 
After several calculations it was concluded that the best solution is a portal frame gantry 
consisting in: 

- 1 protection slab over both of the DEWA 132kv concrete trough under the gantry 
foundation number 1. 

- 2 gantry foundations (with the required anchor bolts imbedded in the concrete for the 
base plate connections) for the distribution of the load over the ground. 

- 16 columns over foundation number 2 and 15 columns over foundation number 1 (one 
less due to that Pier 15 S24 is on the way) as support of the main beams. 

- 16 beams or rafters (due to that the span is 33m, there will be connections of 12 m 
beams or less in order to reach the required span) as main support over the columns. 

- Bracing beams to reduce the span of the main beams or rafters. 
- Equal angles for bracing between beam-beam and column-column. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Picture 3.1: General view of the portal frame gantry GS24-03 
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3.2 Calculations 
3.2.1 Introduction 

The following calculation is made to check the structural adequacy of the portal frame gantry 
GS24-03 for deck slab scaffolding support on the third span of the bridge S24 and also the 
structural adequacy of the protection slab used to protect the DEWA 132kv concrete trough 
crossing the gantry foundation number 1. The portal frame gantry scheme was used since: 

- Truss gantry is not possible due to the clearance between the existing bridge and the 
proposed bridge. 

- The span required is 33m so it is not possible to archive it with a simple supported 
gantry with normal size beams (maximum length of beams with no especial order of 
12m). 

- Only 34% of the gantry is loaded so, with a simple supported gantry, the beams that 
are partially loaded could be lifted. 

- Acrow scaffolding cannot hold (even with the smallest spacing of shore brace of 15cm) 
the weight of the most loaded gantry foundation, so simply supported system cannot 
be used. 

 
Figure 3.2: 3D view of the portal frame gantry GS24-03 

Regarding the material and beams to be used in the portal frame gantry GS24-03: 
- UB914x305x201, UB914x305x253 and UB914x305x224 beams will be used as column 

support of the main beams. 
- UB838x292x176, UB762x267x147, BM1 (1300x12/330x25), BM2 (1200x12/300x25), 

BM3 (750x12/250x25) and BM4 (transition between BM2 and BM3) as main beams or 
rafters over the columns. These BM beams will be called as tapered beams. 
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- UC203x203x60 and UC254x254x73 as bracing beams to reduce the span of the main 
beams or rafters. 

- L80x80x8, L100x100x8 and TUB1001004 as equal angles for bracing between beam-
beam and column-column. 
3.2.2 Design Code 

The design code to be used in the calculation of the gantry (portal frame and foundation) and 
the protection slab is the British standards, in particular: 

- BS 5950 – 1: 2000 Structural use of steelwork in buildings – Part 1: Code of practice for 
design – Rolled and Welded sections. 

- BS 5975: 1996 Code of practice for Formwork. 
- BS 5975 – 1: 2008 Code of practice of temporary works procedures and the permissible 

stress design of falsework. 
- BS 8110 – 1: 1997 Structural use of concrete. 
- BS 6399 – 2: 1997 Loading for buildings – Part 2: Code of practice for wind loads. 

3.2.3 Design material 
We need to take into consideration that the materials to be used in this gantry have the 
following characteristics: 

- Steel grade for the beams is S275 (minimum yield strength of 275 MPa). 
- Steel grade for the rebar is FE460 (minimum yield strength of 460 MPa). 
- Concrete grade C40 (minimum yield strength of 40 MPa). 
- All connections bolts and anchor bolts shall be grade 8.8 U.N.O. and galvanized. 
- Weld electrode E35, = 220 . 
- The cover shall be 50mm for the external surface of the foundations. 

3.2.4 Load combinations 
Regarding the load combinations to be used to check the strength of a structure, as we said in 
the Simply Supported Gantry in Span 1 S25 Bridge (GS25-03), 1.2.4 Load combinations and 
following the BS 5950-1:2000 table 2 (pag.20), the different loads shall be multiply by the 
relevant partial factors ꝩf and this factored load should be applied in the most unfavourable 
realistic combination for the part or effect under consideration. The following load 
combinations shall be considered in the design: 

- Load combination 1: 1.4 x Dead Load + 1.6 x Imposed Load (Live Load). 
- Load combination 2: 1.4 x Dead Load + 1.4 x Wind Load. 
- Load combination 3: 1.2 x Dead Load + 1.2 x Wind Load + 1.2 Imposed Load (Live Load) 

Due to the size, importance and the rotation of this gantry the wind load applied to it could 
follow two axis (X and Z) and two directions (positive and negative). Therefore, the following 
combinations will be taken into consideration in the design of this gantry: 

- Load combination 1: 1.4 x Dead Load + 1.6 x Imposed Load. 
- Load combination 2: 1.4 x Dead Load + 1.4 x Wind Load X. 
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- Load combination 3: 1.4 x Dead Load + 1.4 x Wind Load -X. 
- Load combination 4: 1.4 x Dead Load + 1.4 x Wind Load Z. 
- Load combination 5: 1.4 x Dead Load + 1.4 x Wind Load -Z. 
- Load combination 6: 1.2 x Dead Load + 1.2 x Wind Load X + 1.2 x Imposed Load. 
- Load combination 7: 1.2 x Dead Load + 1.2 x Wind Load -X + 1.2 x Imposed Load. 
- Load combination 8: 1.2 x Dead Load + 1.2 x Wind Load Z + 1.2 x Imposed Load. 
- Load combination 9: 1.2 x Dead Load + 1.2 x Wind Load –Z + 1.2 x Imposed Load. 
- Load combination 10: 1.0 x Dead Load + 1.0 x Imposed Load. 
- Load combination 11: 1.0 x Dead Load + 1.4 x Wind Load X. 
- Load combination 12: 1.0 x Dead Load + 1.4 x Wind Load -X. 
- Load combination 13: 1.0 x Dead Load + 1.4 x Wind Load Z. 
- Load combination 14: 1.0 x Dead Load + 1.4 x Wind Load -Z. 

 
 3.2.5 Load description 

Dead Load: 
In the dead load we have considered the self weight of the gantry (steel beams), the self 
weight of the scaffolding and shutter of the bridge and the self weight of the proposed bridge: 

- Self weight of steel beams of the gantry:  
UB914x305x201 = 201kg/m (total weight of 41.4ton) 
UB914x305x253 = 253kg/m (total weight of 27.9ton) 
UB914x305x224 = 224kg/m (total weight of 24.7ton) 
UB838x292x176 = 176kg/m (total weight of 20.2ton) 
UB762x267x147 = 147kg/m (total weight of 28.7ton) 

Tapered (BM1/BM2/BM3/BM4) = 260kg/m (total weight of 69.4ton) 
L80x80x8 = 8kg/m (total weight of 4.6ton) 

L100x100x8 = 8kg/m (total weight of 5.4ton) 
TUB1001004 = 4kg/m (total weight of 3.2ton) 

UC203x203x60 = 60kg/m (total weight of 3.1ton) 
UC254x254x73 = 73kg/m (total weight of 10.9ton) 

- Scaffolding over gantry (provided by Acrow):  
80 kg/m3 

- Shutter of the bridge (provided by Acrow):  
60 kg/m2 
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- Self weight of the proposed bridge:  
To calculate the deck´s weight we have to multiply the area by the density of the concrete and 
an additional factor of 1.10 in order to compensate the impact of concrete during concrete 
pouring.  

=   1.10  25 
As we said before, only 34% of the gantry is under the proposed bridge, so only this area will 
be loaded with the self weight of the bridge. Also, not all the section of the bridge is over the 
gantry, so only the area of the proposed bridge that is over the portal frame gantry will be 
loaded. 

 
Figure 3.3: Proposed bridge and existing bridge over the portal frame gantry GS24-03 

We are going to divide the section of the full bridge deck into several areas with different 
concentration of concrete. This way we will be able to apply the actual weight load into the 
different top legs (U-heads) of the scaffolding that is situated over the portal frame gantry.  
Due to that over this gantry there is one diaphragm (diaphragm 15, where there are no cells or 
webs and the section is full concrete) and the bridge is becoming wither, we will make the 
calculation of the weight for two different sections. 

PROPOSED BRIDGE 

PORTAL FRAME 
GANTRY 
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Figure 3.4: Section of the bridge S24 in the diaphragm 15 area (2m width) 

Therefore, for the section of the diaphragm (only area number 3 and 4 will land over the 
gantry): 

= 5.750    →    = 5.750 1.10 25 = .  /  
= 6.0    →    = 6.0 1.10 25 = .  /  

= 3.760    →    = 3.760 1.10 25 = .  /  
= 0.554    →    = 0.554 1.10 25 = .  /  

 
Figure 3.5: Section of the bridge S24 over the portal frame gantry (excluding diaphragm 15) 

Then, for the section of the S24 over the gantry (excluding diaphragm 15): 
= 1.085    →    = 1.085 1.10 25 = .  /  
= 2.170    →    = 2.170 1.10 25 = .  /  
= 1.870    →    = 1.870 1.10 25 = .  /  
= 0.554    →    = 0.554 1.10 25 = .  /  

Wind Load: 
For the calculation of the wind load we need to take into consideration that the wind may 
apply pressure (positive) or suction forces (negative) to the different surfaces and that it will 
act upon all surfaces over which it passes whether there are normal or incline to the wind 
direction. The exposure of a falsework structure to wind produces different loading conditions 
and differing wind directions and speeds, at the various stages of falsework erection. 
If we suppose Z axis as the direction of the rafters and X axis as perpendicular to that one, we 
will calculate the wind load of the gantry taking into consideration both directions.   
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As we said in the Simply Supported Gantry in Span 1 S25 Bridge (GS25-03), 1.2.5 Load 
description – wind load and following the Article 54 of the Dubai Municipality Department of 
Building and Housing, Building Code Regulations and Construction Specifications, February 
2004, the design wind speed in Dubai is 160km/h (44.44m/s).  
As per the BS 6399-2:1997, BS 5975-1:2008 and BS 5975:1996 the wind force will be (for more 
details and information about the calculation go to Simply Supported Gantry in Span 1 S25 
Bridge (GS25-03), 1.2.5 Load description – wind load): 

- Design wind speed: 
= = 44.44 1 1 1 = 44.44 /  

 = 44.44m/s   →    basic wind speed (m/s) 
= 1   →   topography factor for wind    BS 5975:1996 4.5.1.4 
= 1   →   ground surface conditions     BS 5975 4.5.1.13/4.5.1.5 
= 1   →   statistical factor (duration or exposure) for wind BS 5975 4.5.1.13/4.5.1.6 
- Dynamic pressure (as per the standard method) 

= 0.613 = 0.613  44.44 = 1210.62 / ² = 1.210 / ² 
 →   design wind speed 

q   →   dynamic pressure       BS 6399-2:1997 2.1.2.1 
- Maximum wind force during the life of a formwork 

The maximum wind force during the life of the falsework,  (in N), acting on the windward 
face should be calculated from the expression: 

=    = .    
→   maximum wind force    BS 5975:1996 4.5.1.8 

Ae   →   effective frontal area of the member (m2)  BS 5975:1996 4.5.1.9  
   →   force coefficient    BS 5975:1996 4.5.1.10 (table 14) 

     →   shielding factor     BS 5975:1996 4.5.1.11 
The value of the maximum wind force will depend if it is related to the formwork of the bridge 
(unshielded solid area of the structure of element), to the beams (rafters) of the gantry or to 
the columns of the gantry due to that they have different effective frontal area, force 
coefficient and shielding factor.  
Also we will take into consideration the direction of the wind (we need to convert the loads 
into the direction of the X axis and Z axis).   
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o Maximum wind force over the unshielded solid area of the structure of 
element 

The wind pressure transmitted to the gantry from the formwork soffit of the bridge, deck of 
proposed bridge and parapet are considered as solid. Due to that the clearance between the 
gantry and the bottom of the proposed bridge is barely 60-70 cm, we will consider this area 
also as solid for the calculation of the wing. Therefore the wind load on top of the beams shall 
be:  

=    = 1.210 4.4 2.0 1 = . /                          Equation 3.1 
= + + + = 2.5 + 0.2 + 0.5 + 1.2 = 4.4                  Equation 3.2 

  →   height of the proposed bridge = 2.5  
  →   height of the formwork of the bridge = 0.2  
  →   height of the scaffolding between the top of the gantry and the formwork = 0.5  
  →   height of the parapet of the bridge = 1.2  

 
Figure 3.6: Location and value of the maximum wind force over the unshielded solid area of the structure (W ) and 

location of the same in the direction X (W ) and Z (W ) 
Once we calculate the maximum wind force over the unshielded solid area of the structure of 
element in the perpendicular direction of the proposed bridge, we need to calculate the same 
value in the direction of the Z axis (direction of the rafters) and X axis (perpendicular to the Z 
axis). Taking into consideration the figure 3.6, we will get the following values: 

= 35° = 10.65 35° = . /                          Equation 3.3 
= 35° = 10.65 35° = . /                          Equation 3.4 

Therefore, those maximum wind forces will be applied in the model per meter of bridge over 
the gantry (total length of bridge deck over the gantry of 29.41m). 
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o Maximum wind over the beams or rafters and columns in the X axis  
To calculate the maximum wind over the beams, columns and bracing in the X axis direction is 
required to calculate how much area of steel per lineal meter will be affected in this direction.  
In the following table we can find the calculations of the areas for this direction and the 
maximum wind per lineal meter: 

=    = 1.210 1.6 1                                   Equation 3.5 
Grids 1, 2, 3 and 4 
Beam BM1 = 1.210 1.300 1.6 1 = . /  Total length per beam = 32.59 / Number of beams = 4 
Column UB914x305x224 UB914x305x253 = 1.210 0.910 1.6 1 = . /  Total length per column = 12.0  / Number of columns = 8 
Grids 5, 6 and 7 
Beam BM2 = 1.210 1.200 1.6 1 = . /  Total length per beam = 32.59 / Number of beams = 3 
Column UB914x305x224 UB914x305x201 = 1.210 0.910 1.6 1 = . /  Total length per column = 12.0  / Number of columns = 6 
Grids 8, 9, and 10 
Beam UB838x292x176 = 1.210 0.835 1.6 1 = . /  Total length per beam = 32.59 / Number of beams = 3 
Column UB914x305x201 UB914x305x253 = 1.210 0.910 1.6 1 = . /  Total length per column = 12.0  / Number of columns = 6 
Grids 11, 12, 14, 15 and 16 
Beam UB762x267x147 = 1.210 0.755 1.6 1 = . /  Total length per beam = 32.59  / Number of beams = 5 
Column UB914x305x201 UB914x305x253 = 1.210 0.910 1.6 1 = . /  Total length per column = 12.0  / Number of columns = 10 
Grid 15 

Beam BM1+BM3+BM4 
= 1.210 1.200 1.6 1 = . /  Total length = 27.59  / Number of columns = 1 
= 1.210 0.755 1.6 1 = . /  Total length = 3.25  / Number of columns = 1 

= 1.210 (0.755 + 0.5 0.455) 1.6 1 = . /  Total length = 1.0  / Number of columns = 1 
Column UB914x305x201 UB914x305x253 = 1.210 0.910 1.6 1 = . /  Total length  per column = 12.0  / Number of columns = 1 
Figure 3.7: Calculation of the area of steel and maximum wind per lineal meter applied over the rafters and columns 

in the X axis direction 
o Maximum wind over the beams or rafters and columns in the Z axis  

Same as we did before, to calculate the maximum wind over the beams, columns and bracing 
in the Z axis direction is required to calculate how much area of steel per lineal meter will be 
affected in this direction.  
In the following table we can find the calculations of the areas for this direction and the 
maximum wind per lineal meter: 
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All grids 
Column UB914x305x224 UB914x305x253 UB914x305x201 

= 1.210 0.305 1.6 1 = . /  Total length per column = 12.0  Number of columns = 16 + 15 = 31 
Figure 3.8: Calculation of the area of steel and maximum wind per lineal meter applied over the rafters and columns 

in the Z axis direction 
Imposed Load: 
As we said in the Simply Supported Gantry in Span 1 S25 Bridge (GS25-03), 1.2.5 Load 
description – imposed load and following the BS 5975:1996 4.4.3.1, the imposed load will 
include a working allowance related to the construction operatives, hand tools, small 
equipment and materials required for immediate use. These loads will be applied on the 
different top legs (U-heads) of the formwork. The value of this live load is 1.5 KN/m2 applied in 
the full top surface of the bridge deck. 
As we said before, only 34% of the surface of the gantry is located under the existing bridge, 
therefore, just in case we use the balance surface as platform to keep any material or 
equipment, this live load will be applied over all surface of the gantry (over all rafters).  

  3.2.6 Gantry Design Check 
Steel Design Check: 
The following utilization ratios were obtained from the model for the different beams: 

 
Figure 3.9: Steel design check of the gantry GS24-03. Utilization ratios 

As we did in the Simply Supported Gantry, the utilization ratio for all the beams (in this case 
primary, columns and bracing) will be limited to 0.95. As shown in figure 3.10 the utilization 
ratios of all the beams used in the gantry GS24-03 are under 0.9, so under our limitation. We 
have chosen the beam for each type with the highest utilization ratios. 
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Beam Number Type Used Utilization Ratio Area ( ) 170 TUB1001004 Bracing 0.106 15.20 
195 UC203x203x60 Bracing 0.870 76.40 
214 UC254x254x73 Bracing 0.840 93.10 

457 / 615 Taper BM1 Primary beam 0.789 315.00 
490 / 628 Taper BM2 Primary beam 0.760 288.00 

541 L80x80x8 Bracing 0.862 12.30 
596 L100x100x8 Bracing 0.863 15.50 
643 UB838x292x176 Primary beam 0.694 224.00 
742 UB762x267x147 Primary beam 0.683 187.00 
930 UB914x305x253 Column 0.760 323.00 
963 Taper BM4 Primary beam 0.481 234.00 
964 Taper BM3 Primary beam 0.600 261.24 

1080 UB914x305x224 Column 0.787 286.00 
1090 UB914x305x201 Column 0.709 256.00 

Figure 3.10: Highest utilization ratio for each type of beam on the portal frame gantry GS24-03 
To be able to check the design of the portal frame gantry is required to check each beam and 
each node (intersection of beams) by itself, making sure that each one of them is safe as per 
the specifications. To proceed with this checking we will give a number as a reference to each 
beam and to each node or intersection between beams. We will have a total of: 

- 1285 beams (primary, columns and bracing). 
- 619 nodes (intersections between 2 beams of any kind). 

After generating the model and applying to it all the different types of loads (dead loads, wind 
loads and imposed loads) and load combinations, the maximum note displacements (positives 
and negatives) and rotations (positives and negatives) for each direction or axis in the full 
portal frame gantry are the following (all loads will be unfactored loads): 

 Node No. Load Combination X (mm) Y (mm) Z (mm) Resultant (mm) rX (rad) rY (rad) rZ (rad) 
Max X 42 D + W  11.578 -19.972 -0.242 23.086 0.000 -0.000 -0.000 
Min X 44 D + W  -10.728 -19.475 -2.309 22.355 0.001 0.000 0.000 
Max Y 102 D + W  -7.199 0.309 -0.981 7.272 0.002 -0.001 0.001 
Min Y 401 D + L -0.425 -82.387 27.068 86.721 0.000 -0.000 0.000 
Max Z 257 D + L -0.265 -0.356 33.580 33.83 0.000 0.000 0.000 
Min Z 232 D + W  -0.344 -0.245 -12.906 12.913 -0.000 -0.000 0.000 

Max rX 67 D + L 0.451 -43.514 27.233 51.335 0.008 -0.000 0.000 
Min rX 331 D + L -0.816 -33.825 26.318 42.866 -0.007 0.000 0.000 
Max rY 102 D + W  6.848 -0.518 -4.844 8.110 0.001 0.001 -0.000 
Min rY 102 D + W  -7.199 0.309 -0.981 7.272 0.002 -0.001 0.001 
Max rZ 28 D + L 0.537 -47.908 26.779 54.887 0.007 0.000 0.001 
Min rZ 239 D + W  4.913 -8.053 -3.449 10.044 -0.003 -0.001 -0.001 

Max Rst 401 D + L -0.425 -82.368 27.068 86.721 0.000 -0.000 0.000 
Figure 3.11: Highest note displacement and rotations for each axis in the portal frame gantry GS24-03 

Then, the highest beams end forces for each axis in the full portal frame gantry are the 
following (all loads are factored loads): 
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 Beam No. Node No. Load Combination 
Axial Shear Torsion Bending 

Fx (kN) Fy (kN) Fz (kN) Mx (kNm) My (kNm) Mz (kNm) 
Max Fx 214 277 1.4D + 1.6L 1.15E+3 2.003 0.000 -0.000 0.000 0.000 
Min Fx 463 8 1.4D + 1.6L -568.45 -410.723 0.079 -0.003 -0.010 -1.14E+3 
Max Fy 101 12 1.4D + 1.6L 60.228 483.114 -0.169 -0.000 0.001 -40.048 
Min Fy 990 283 1.4D + 1.6L 237.047 -557.408 -0.343 0.003 -0.365 101.896 
Max Fz 469 390 1.2D + 1.2L + 1.2W  309.518 164.549 72.515 -0.003 -4.084 -1.6E+3 
Min Fz 706 417 1.2D + 1.2L + 1.2W  143.582 12.433 -121.255 0.000 18.495 -791.774 

Max Mx 1029 547 1.4D + 1.6L -13.124 204.506 -2.466 0.066 0.000 0.000 
Min Mx 1257 18 1.4D + 1.6L 229.836 0.796 0.000 -0.043 0.000 0.000 
Max My 469 41 1.2D + 1.2L + 1.2W  309.518 160.325 72.515 -0.003 26.149 -1.67E+3 
Min My 643 20 1.2D + 1.2L + 1.2W  215.310 -28.944 22.238 -0.005 -39.924 -796.565 
Max Mz 929 277 1.4D + 1.6L 453.144 268.155 0.026 -0.000 0.050 2.15E+3 
Min Mz 457 406 1.4D + 1.6L 242.147 -6.664 -1.252 -0.000 1.396 -2.56E+3 

Figure 3.12: Highest beams end forces for each axis in the portal frame gantry GS24-03 
If we have all the different factored loads applied to the portal frame gantry (dead loads, wind 
loads and imposed loads) and the utilization radios are under the limit established, we can say 
that the gantry, as a set, is working and it is safe. Now we need to check the structural stability 
of each beam and node or connection. 
Beams Design Check: 
Due to the big number of beams on this gantry (1285nos) and the many areas to check and 
study for each one of them, the manual checking will not be possible for the different 
members. Therefore, as per the BS 5950-1:2000 Structural use of steel work in building, we are 
going to explain what and how the model checks and which properties of the beams it needs.  

- Material data  
It is related to the characteristic of the material of the beams. Due to that all the different 
beams that we have in this gantry are made of the same material, the material data will be the 
same for all of them. Therefore: 

o Grade of steel: 275 
o Modulus of elasticity: 205 /  
o Design strength ( ): 274 /  

 
- Section properties 

This is related to the properties of each type of beam to study. Except for the member 
number, all the properties will be the same for the same type of beam. Then: 

o Member number: it is the reference number for each beam. It will be a 
number between 1 and 1285. 

o Type of beam: it is the type of beam to study (UC203x203x60, 
UB914x305x253, UB838x292x176...). 
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o Gross area (   ): it will be determined from the specified shape and 
nominal dimensions of the member where the holds and bolts will not be 
deducted, but due allowance should not be made for larger openings. 

o Net area (   ): it will be the gross area, less deductions for bolts holes.  
o Effective area (   ): this one will be determined from the cross section 

with bolts using a specified formula. 
o Moment of inertia ( ) / plastic modulus ( ) / elastic modulus ( ) / effective 

plastic or elastic modulus (  or ) / shear area ( ) / design strength 
( ): they are different section properties that will be given in reference to the 
z-z axis and y-y axis.    
 

- Section class 
As per the BS 5950-1:2000 3.5, without calculating the cross section´s buckling resistant, the 
sections should be classified to determine whether local buckling influences their capacity. This 
classification subject to compression should be based on its width to thickness ratio. They 
could be one of the following classes: 

o Class 1 plastic: those which can form a plastic hinge with the rotation capacity 
for plastic analysis.  

o Class 2 compact: those which can develop their plastic moment resistance but 
have limited rotation capacity. 

o Class 3 semi-compact: those in which the calculated stress in the extreme 
compression fibre of the steel member can reach its yield strength but local 
buckling is liable to prevent development of the plastic moment resistance. 

o Class 4 slender: those in which it is necessary to make explicit allowances for 
the effects of local buckling when determining their moment resistance or 
compression resistance. 

 
- Members subject to bending 

In this portal frame gantry there will be some beams subject to bending. As per the BS 5950-
1:2000 4.2, all members that are subject to bending should meet the following conditions: 

o At critical points it should be checked the combination of maximum moment 
and coexistent shear, and maximum shear and coexistent moment. 
 

 Shear capacity ( ): the shear force ( ) should never be greater than 
the shear capacity given by: 

= 0.6                      Equation 3.6 
 Moment capacity ( ): will be given by the design strength ( ) 

multiply by the modulus (plastic, elastic, effective...). The modulus to 
be used will depend on the class of the section and if we have low 
shear ( < 0.6 ) or high shear ( > 0.6 ) applied.  
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=                            Equation 3.7 
o We should take into account the local buckling for class 4 sections. This will 

not happen in this calculation as we don’t have any beam in this class.  
o The deflection criteria should be taken into account (we will check the 

deflection of the beams). 
o When loads or reactions are applied through the flange to the web the 

conditions for bearing and buckling should be met.  
 

- Lateral torsion buckling (LTB) 
As per the BS 5950-1:2000 4.3 and as we said in the Members subject to bending, the 
resistance to lateral torsion buckling should be checked unless the member is fully restrained 
against it. In the calculation of the LTB we could have two types of restraints: 

o Intermediate lateral restraints: these restraints are required within the length 
of the beam if it is suffering bending and it cannot develop the required 
buckling resistance moment. The restraints should have sufficient stiffness and 
strength to inhibit lateral movement of the compression flange relative to the 
supports.   

o Torsion restraints: a member may be taken as torsionally restrained at any 
point in its length where both flanges are holding relative position to each 
other in the lateral direction. 

In this portal frame gantry we will only have I-beams with channel section, equal flange and a 
uniform cross section through the length of the relevant segment L between adjacent lateral 
restraints. Therefore, to check the resistance to lateral torsion buckling (LTB) the following 
formula should be satisfied:  

<  and <        Equation 3.8 
- Web bearing capacity and web buckling resistance 

As per BS 5950-1:2000 4.5.2 and as we said in the Simply Supported Gantry in Span 1 S25 
Bridge (GS25-03), 1.2.6 Gantry design check, if the bearing capacity  of the unstiffened web 
at the flange connection is exceeded by the local compressive force  applied through a 
flange by loads or reactions, we should provide bearings stiffeners. The web bearing capacity is 
given by: 

≥    →     
= + (   )     

 →  design strength of the beams     
t     →   is the web thickness of the beam    
k    →   for a rolled I or H section k = T + r                                                                     
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             for a welded I or H section k = T                                                                      
T    →    is the flange thickness  
r     →    is the root radius 

    →   except at the end of a member = 5                                                                     
             at the end of a member = 2 + 0.6 b k but < 5                   

b    →   s ff bearing length b = t + (1.6r) + (2 x T)                                                                   
As per BS 5950-1:2000 4.5.3 as we said in the Simply Supported Gantry in Span 1 S25 Bridge 
(GS25-03), 1.2.6 Gantry design check, if the buckling resistance  of the unstiffened web is 
exceeded by the local compressive force  applied through a flange by loads or reactions, we 
should provide web stiffeners. The buckling resistance is given by: 

≥    →          
= 2  25    

( +   )   

    →   is the depth of the web 
, , t, k, T, r, ,  →  as defined before in the web bearing capacity 

= 275 

Besides the bearing stiffeners and the load carrying web stiffeners we could also have tension 
stiffeners, intermediate transverse stiffeners, diagonal stiffeners and torsion stiffeners. We 
need to study all of this kind of stiffeners and the connections of those with the webs and 
flanges. 
Nodes Design Check: 
To be able to check the nodes we must check the structural adequacy of the connection that 
we have on those nodes. In the portal frame gantry we will have 6 types of connections. 

- Base plate connections 
A base plate connection is the joint of the portal frame gantry columns with the gantry 
foundations. The solid joint will be archived by a base plate that will be bolted to the footings 
by bolts that will be embedded in the concrete (the bolts will be place in the foundations 
before casting).  
We will have three types of base plates (one for each type of column beam that we have) and 
they will be designed with the highest loads (shear and axial) applied to the highest loaded 
column of each kind. The procedure required for the calculation of the base plates will be the 
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same for all three types of beams only differing in the characteristics of the beams and the 
loads applied to them.    

o UB914x305x201 (15nos) 

 
Figure 3.13: Base plate detail of the connection between the UB914x305x201 and the gantry foundation 

The applied forces at interface (design forces of the base plate) are the following: 
 Node Load combination Maximum Force Design force 

Maximum shear  116 7 195.66 kN 200.0 kN 
Maximum axial  107 13 1018.07 kN 1050.0 kN 

Maximum moment  - - 0.00 kNm 0.00 kNm 
Figure 3.14: Highest loads for the design of the base plate connection of the UB914x305x201 

The basic dimensions are the following: 
Column UB914x305x201 Data grout Column capacities 

= 903.0  = 25 /  = 2213.1  
= 303.3  = 30 /  = 2168  
= 20.2  = 0.35 /  = 6781.6  
= 15.1  Slope = 30 .   - 
= 19.1  - - 

= 265 /  - - 
Figure 3.15: Basic dimensions for the design of the base plate connection of the UB94x305x201 

o UB 914x305x224 (8nos) 

 
Figure 3.16: Base plate detail of the connection between the UB914x305x224 and the gantry foundation 
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The applied forces at interface (design forces of the base plate) are the following: 
 Node Load combination Maximum Force Design force 

Maximum shear  131 13 934.84 kN 1000.0 kN 
Maximum axial  131 7 219.37 kN 250.0 kN 

Maximum moment  - - 0.00 kNm 0.00 kNm 
Figure 3.17: Highest loads for the design of the base plate connection of the UB914x305x224 
o UB 914x305x253 (8nos) 

 
Figure 3.18: Base plate detail of the connection between the UB914x305x253 and the gantry foundation 

The applied forces at interface (design forces of the base plate) are the following: 
 Node Load combination Maximum Force Design force 

Maximum shear  127 12 1091.72 kN 1100.0 kN 
Maximum axial  129 7 246.96 kN 260.0 kN 

Maximum moment  - - 0.00 kNm 0.00 kNm 
Figure 3.19: Highest loads for the design of the base plate connection of the UB914x305x253 

- Beam to column flange end – plated connection (moment connection) 
This is regarding the connection between a beam and a column. We will have 4 different 
connections beam-column in the portal frame gantry: 

o UB838x292x176 with UB914x305x253. 
o UB762x267x147 with UB914x305x201. 
o BM1 (1300x12/330x25) with UB914x305x224. 
o BM2 (1200x12/300x25) with UB914x305x224. 

For each different connection the following aspects will be checked: 
o Tension zone. 
o Compression zone. 
o Column web shear. 
o Moment capacity. 
o Shear bolts. 
o Welds. 
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Figure 3.20: Beam to column connection between UB838x292x176 and UB914x305x253 

- Beam to beam end – plated connection (shear connection) 
This is regarding the connection between two beams with perpendicular directions. This 
connection will happen only one time between UB762x267x147 and BM3 (750x212/250x25). 

 
Figure 3.21: Beam to beam connection between UB762x267x147 and BM3 (750x12/250x25) 

- Beam to column flange flanged – end plated connection (shear connection) 
This is regarding the connection between two beams but related to bracing. We will have 2 
different connections beam – beam for bracing in the portal frame gantry: 

o UC254x254x73 with any column or beam. 
o UC203x203x60 with any column or beam. 
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Figure 3.22: Beam to beam connection regarding bracing 

- Non bearing – beam to beam moment splice connection (splice connection) 
This is regarding the connection between two beams to be able to increase the span of the 
portal frame gantry. We will have 4 different connections beam – beam in this gantry: 

o 2nos UB762x267x147. 
o 2nos UB838x292x176. 
o 2nos BM1 (1300x12/330x25). 
o 2nos BM2 (120x12/300x25). 

 
Figure 3.23: Beam to beam connection between 2nos UB762x267x147 

- Shear connection 
This is regarding the connection between one beam and bracing tubes to increase the 
stiffening of the gantry. We will have 3 different connections: 

o L80x80x8 with beams. 
o TUB1001004 with beams. 
o L100x100x4 with beams. 
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Figure 3.24: Connection between the bracing and a beam in the portal frame gantry 

3.2.7 Foundation Design Check 

 
Figure 3.25: Gantry foundations for GS24-03 with the required anchor plates and bolts 

The footings have been designed and checked such an elastic foundation based on modulus of 
subgrade reaction of 3500 T/m3 and the bearing capacity has been limited up to 350 KPa. The 
portal frame gantry loads reactions resulting during the construction of the new bridge S24 
and falsework, in addition to the weight of the gantry itself, live loads and wind loads affecting 
the falsework, bridge and gantry, were provided by the model done for the portal frame 
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gantry. These loads were given by the model as reactions in every node (joints between 
columns and gantry foundations). The sliding for the foundations has been checked for the 
critical load combination and was found save at the end.   
For the calculation of the gantry footings we have used the British Standards and they have 
been designed for flexure, shear and bearing capacity. The load combinations used in the 
design of the gantry foundations are the following:  

- Load combination 1: 1.4 x Dead Load + 1.6 x Imposed Load. 
- Load combination 2: 1.4 x Dead Load + 1.4 x Wind Load X. 
- Load combination 3: 1.4 x Dead Load + 1.4 x Wind Load -X. 
- Load combination 4: 1.4 x Dead Load + 1.4 x Wind Load Z. 
- Load combination 5: 1.4 x Dead Load + 1.4 x Wind Load -Z. 
- Load combination 6: 1.2 x Dead Load + 1.2 x Wind Load X + 1.2 x Imposed Load. 
- Load combination 7: 1.2 x Dead Load + 1.2 x Wind Load -X + 1.2 x Imposed Load. 
- Load combination 8: 1.2 x Dead Load + 1.2 x Wind Load Z + 1.2 x Imposed Load. 
- Load combination 9: 1.2 x Dead Load + 1.2 x Wind Load –Z + 1.2 x Imposed Load. 

Soil Bearing Capacity Check 
With the highest load combination possible, all of the point springs reactions under the 
footings have been checked for the maximum allowable bearing capacity and found to be less 
than 350KPa. The maximum required bearing capacity for the load combination of 1.2 x Dead 
Load + 1.2 x Wind Load -X + 1.2 x Imposed Load (highest load combination) is: 

185.93 KPa 
As we can see in the following figure, there is one gantry foundation that is way more loaded 
than the other one. This is due to that, like we said before, only 34% of the surface of the 
gantry is loaded and is mainly resting over this gantry footing (gantry foundation number 1). 

 
Figure 3.26: Maximum soil pressure for the Load Combination (1.2xDead Load+1.2xWind Load-X+1.2xImposed Load) 
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Foundation Sliding Check 
The sliding will be calculated for all the stream wind with dead and live loads. We will use the 
reactions given to them by the portal frame gantry in the following load combinations: 

1.2 x Dead Load + 1.2 x Wind Load X + 1.2 x Imposed Load 
1.2 x Dead Load + 1.2 x Wind Load -X + 1.2 x Imposed Load 
1.2 x Dead Load + 1.2 x Wind Load Z + 1.2 x Imposed Load 

1.2 x Dead Load + 1.2 x Wind Load –Z + 1.2 x Imposed Load 
We will study both foundations separate for all those loads combinations due to the different 
loads apply to them and the different section that both gantries have.  
To check if the system is stable to sliding only is required to divide the favourable loads into 
the unfavourable loads. Then: 

=  > 1.5 →                                  Equation 3.9 
- Foundation number 1 

The foundation number 1 has a total length of 25.6m and a rectangular section of 2.25m x 
1.25m. From the two foundations this is the most loaded one.  

 
Figure 3.27: Section and steel of Foundation number 1 

The favourable loads are related to the horizontal loads applied to the gantry foundation and it 
will be given by the following formula: 

= ∑ +  ( )                                          Equation 3.10 
μ     →   is fric on coefficient soil – concrete = 35°  
∑  →   is the sum of all the vertical loads apply to the gantry foundation for each load 
combination (given by the model).  
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    →   is the weight of the gantry foundation  
= = 1.25 2.25 25.6 25 = 1800             Equation 3.11 

    →   is the height of the gantry founda on = 1.25m  
   →   is the width of the gantry founda on = 2.25m  

     →   is the length of the gantry founda on = 25.6m 
   →   is the density of the concrete = 25KN/m   

The unfavourable loads are related to the vertical loads applied to the gantry foundation and it 
will be given by the following formula: 

= ∑                                                                   Equation 3.12 
∑  →   is the sum of all the horizontal loads apply to the gantry foundation for each load 
combination (given by the model).  
Therefore, we will calculate the different favourable an unfavourable loads for each load 
combinations to be able to calculate the sliding safety factor for each one of them.  

o Load combination number 1: 1.2 x Dead Load + 1.2 x Wind Load X + 1.2 x 
Imposed Load 

LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 
Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load X -325.96 -18.07 -89.02 

TOTAL -344.97 2097.77 7950.94 
Figure 3.28: Total calculation of Fx, Fy and Fz for the load combination number 1 in the foundation number 1 

= F
F  = ∑ +  23∑ = (7950.94 + 1800)  (23 35)

2097.77 = 2.01 
= 2.01 > 1.5 →   

o Load combination number 2: 1.2 x Dead Load + 1.2 x Wind Load -X + 1.2 x 
Imposed Load 

LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 
Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load -X 323.52 -32.44 -131.14 

TOTAL 304.52 2083.40 7908.82 
Figure 3.29: Total calculation of Fx, Fy and Fz for the load combination number 2 in the foundation number 1 

= F
F  = ∑ +  23∑ = (7908.82 + 1800)  (23 35)

2083.40 = 2.01 
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= 2.01 > 1.5 →   
o Load combination number 3: 1.2 x Dead Load + 1.2 x Wind Load Z + 1.2 x 

Imposed Load 
LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 

Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load Z -32.67 -358.25 -267.74 

TOTAL -51.68 1757.59 7772.22 
Figure 3.30: Total calculation of Fx, Fy and Fz for the load combination number 3 in foundation number 1 

= F
F  = ∑ +  23∑ = (7772.22 + 1800)  (23 35)

1757.59 = 2.35 
= 2.35 > 1.5 →   

o Load combination number 4: 1.2 x Dead Load + 1.2 x Wind Load -Z + 1.2 x 
Imposed Load 

LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 
Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load -Z 13.23 -34.48 -60.14 

TOTAL -5.79 2081.37 7979.81 
Figure 3.31: Total calculation of Fx, Fy and Fz for the load combination number 4 in foundation number 1 

= F
F  = ∑ +  23∑ = (7979.81 + 1800)  (23 35)

2081.37 = 2.03 
= 2.03 > 1.5 →   

- Foundation number 2 
The foundation number 2 has a total length of 25.6m and a L-shape section of 2.25m width by 
1.25m and 1.75m height.   

 
Figure 3.32: Section and steel of Foundation number 2 
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Due to that previously we have calculated the sliding factor and is under 1.5, we have added a 
backfilling next to the gantry foundation to be able to get a higher horizontal load. Therefore, 
the forces considered to check the sliding will be: 

 
Figure 3.33: Forces to take into consideration for the calculation of the sliding in foundation number 2 

Like in the foundation number 1, the favourable loads are related to the horizontal loads 
applied to the gantry foundation and it will be given by the following formula: 

= ∑ +  + ∑                                Equation 3.13 

μ, ∑  and  as given before 
    →   is the weight of the gantry founda on  

= ( + ) = 
= (1.25 2.25 25.6 + 0.5 0.75 19.8) 25 = 1985.63           Equation 3.14 

/  →   is the height of the gantry foundation = 1.25m/0.5m  
   →   is the width of the gantry founda on = 2.25m  
/  →   is the length of the gantry foundation = 25.6m/19.8  
   →   is the density of the concrete = 25KN/m   

∑  →   is the sum of the entire horizontal load related to backfilling (passive earth pressure) 
∑  = 1

2 ( ( + ) ) + ( − ) ) = 
= 3 18 (19.8 (1.25 + 0.5) ) + (25.6 − 19.8) 1.25 ) = 1881.9    Equation 3.15 

/ , /  as give before 
    →   3 
     →   is the density of the soil = 18KN/m  

The unfavourable loads, as in the foundation number 1, are related to the vertical loads 
applied to the gantry foundation and it will be given by the following formula: 
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= ∑  
Therefore, we will calculate the different favourable an unfavourable loads for each load 
combinations to be able to calculate the sliding safety factor for each one of them.  

o Load combination number 1: 1.2 x Dead Load + 1.2 x Wind Load X + 1.2 x 
Imposed Load 

LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 
Dead load -13.27 -783.26 2302.27 
Live load 32.29 -1332.58 1780.43 
Wind load X -179.67 14.64 -99.72 

TOTAL -160.65 -2101.21 3982.98 
Figure 3.34: Total calculation of Fx, Fy and Fz for the load combination number 1 in foundation number 2 

= F
F  = ∑ +  23 + ∑

∑ = 

= (3982.98 + 1985.63)  23 35 + 1881.9)
2101.21 = 2.12 > 1.5 →   

If we repeat the same procedure but without the backfilling we will get: 

= F
F  = ∑ +  23∑ = (3982.98 + 1985.63)  (23 35)

2101.21 = 2.01 
= 1.23 < 1.5 →   

o Load combination number 2: 1.2 x Dead Load + 1.2 x Wind Load -X + 1.2 x 
Imposed Load 

LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 
Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load -X 182.10 29.01 -118.38 

TOTAL 201.12 -2086.84 3964.32 
Figure 3.35: Total calculation of Fx, Fy and Fz for the load combination number 2 in foundation number 2 

= F
F  = ∑ +  23 + ∑

∑ = 

= (3964.32 + 1985.63)  23 35 + 1881.9)
2086.84 = 2.13 > 1.5 →   

If we repeat the same procedure but without the backfilling we will get: 

= F
F  = ∑ +  23∑ = (3964.32 + 1985.63)  (23 35)

2086.84 = 2.01 
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= 1.30 < 1.5 →   
o Load combination number 3: 1.2 x Dead Load + 1.2 x Wind Load Z + 1.2 x 

Imposed Load 
LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 

Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load Z 32.67 -294.96 79.01 

TOTAL 51.68 -2410.81 4161.71 
Figure 3.36: Total calculation of Fx, Fy and Fz for the load combination number 3 in foundation number 2 

= F
F  = ∑ +  23 + ∑

∑ = 

= (4161.71 + 1985.63)  23 35 + 1881.9)
2410.81 = 1.88 > 1.5 →   

If we repeat the same procedure but without the backfilling we will get: 

= F
F  = ∑ +  23∑ = (4161.71 + 1985.63)  (23 35)

2410.81 = 2.35 
= 1.1 > 1.5 →   

o Load combination number 4: 1.2 x Dead Load + 1.2 x Wind Load -Z + 1.2 x 
Imposed Load 

LOADS SUM Fx (FN) SUM Fz (KN) SUM Fy (KN) 
Dead load 13.27 783.26 2286.70 
Live load -32.29 1332.58 5753.26 
Wind load -Z -13.23 78.79 -189.38 

TOTAL 5.79 -2037.05 3893.32 
Figure 3.37: Total calculation of Fx, Fy and Fz for the load combination number 4 in foundation number 2 

= F
F  = ∑ +  23 + ∑

∑ = 

= (3893.32 + 1985.63)  23 35 + 1881.9)
2037.05 = 2.17 > 1.5 →   

If we repeat the same procedure but without the backfilling we will get: 

= F
F  = ∑ +  23∑ = (3893.32 + 1985.63)  (23 35)

2037.05 = 2.03 
= 1.24 > 1.5 →   
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Flexural Design Check 
- Longitudinal bending moment 

 
Figure 3.38: Longitudinal bending moment on the gantry foundations 

The maximum and minimum longitudinal bending moment reached in the gantry foundations 
are the following: 
Maximum bending moment  

´ = 205.25  (Unfactored) → = 328.4  (Factored, 1.6) 
Minimum bending moment 

´ = −319.6875  (Unfactored) → = −511.5  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 511.5
30000  2.25  1.17 = 0.00554 < = 0.156 

     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 30000 /  

     →    width or effective width of the section = 2.25  
     →   effective depth of the tension reinforcement 

= 1250 − 50 − 20
2 − 20 = 1170  

If = 0.00554 < = 0.156 then: 
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= 0.5 + 0.25 − 0.9 = 1.17 0.5 + 0.25 − 0.00554
0.9 = 1.163 

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  1.17 = 1.11   →    = 1.11  

Therefore, the required reinforcement will be:  
= 0.87 = 511.5

0.87  46  1.11 = = 11.51    →    5.11 ⁄  
   →    area of tension reinforcement 
  →    characteristic strength of steel = 460000 /  

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (225 125 + 75 50) = 41.4   →  18.4 ⁄  

,  →    minimum area of tension reinforcement 
    →    area of concrete 

Therefore, the required reinforcement due to the longitudinal bending moment is: 
, = 18.4 ⁄    →    20 @ 200   

Just to be in the safe side, we will use the following reinforcement (as per consultant´s 
requirement): 

= 28.3 ⁄    →     @   
- Transversal bending moment  

 
Figure 3.39: Transversal bending moment on the gantry foundations 
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For the trasnversal bending moment we will follow the same procedure done in the calculation 
of the reinforcement due to the longitudinal bending moment. The maximum and minimum 
transversal bending moment reached in the gantry foundations are the following: 
Maximum bending moment  

´ = 108.56  (Unfactored) → = 173.7  (Factored, 1.6) 
Minimum bending moment 

´ = −11.1875  (Unfactored) → = −17.9  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 173.7
30000  1.25  1.19 = 0.0033 < = 0.156 

, , ,  and      →   as explained before 
= 1250 − 50 − 20

2 = 1190  
If = 0.0033 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 1.19 0.5 + 0.25 − 0.0033
0.9 = 1.186  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95 1.19 = 1.13   →    = 1.13  

Therefore, the required reinforcement will be:  
= 0.87 = 173.72

0.87  46  1.13  →  = 3.84    →    3.072 ⁄  
,   →    as explained before 

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (125 100) = 16.25    →    13 ⁄  

, ,     →    as explained before 
Therefore, the required reinforcement due to the longitudinal bending moment is: 

, = 16.25 ⁄    →    20 @ 200   
Just to be in the safe side, we will use the following reinforcement (as per consultant´s 
requirement): 
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= 28.3 ⁄    →     @   
- Shear design check 

The maximum shear force in the gantry foundations is the following: 
´ = 305.375  (Unfactored) → = 488.6  (Factored, 1.6) 

 
Figure 3.40: Longitudinal shear on the gantry foundations 

Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  

=  = 488.6
2.25  1.17 = 185.6 = 0.186 ⁄  ⁄  

  →   design shear resistance of bent up bars 
     →    width or effective width of the section = 2.25  
     →   effective depth  

= 1250 − 50 − 20
2 − 20 = 1170  

    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 0.186 ≤ 0.8 = 0.8√30 = 4.38 ⁄  ≤ 5.00    →    ⁄  
  →    characteristic strength of concrete = 30000 / = 30 /  

We check now if it is required or not to fix additional rebar do to the shear. 

≤ 0.79 100   400 25 = 0.79 100  19    102250  1170  4001170 3025
1.25 = 

= 0.313 ⁄ →  
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   →    area of tension reinforcement 
   →    breadth of section 

0.186 ⁄ < 0.313   →        
- Punching shear design check 

As we can see in the following figure, the punching will not be a problem in our gantry 
foundations due to that the highest punching shear capacity ratio that we get is 0.5238.  

 
Figure 3.41: Punching shear capacity ratios on the gantry foundations 

Steel Reinforcement Design 
Maximum required at TOP (longitudinal and transversal): 12.71 cm²/m < 28.3 cm²/m   =   T20 
@ 125 mm  →   OK 
Maximum required at BOTTOM (longitudinal and transversal): 12.71 cm²/m < 28.3 cm²/m   =   
T20 @ 125 mm  →   OK 

            
Figure 3.42: Top and bottom reinforcement intensity for the gantry foundations 
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- Proposed section 

 
Figure 3.43: Section and steel of Foundation number 1 and number 2 

3.2.8 Protection slab 
The protection slab is required under our gantry footings to protect the existing 2nos DEWA 
132kv concrete trough that is running under the foundation number 1 at 0.5m depth. To be 
able to design the size and steel required we need to calculate the load that will be applied to 
it. As calculated before, with the highest load combination possible, the maximum soil bearing 
capacity required (the one given by loading the foundations with the highest load 
combination) is:  

= 185.93  
Even do this load is the highest possible, for the design of the protection slab we are going to 
use a maximum foundation pressure of: 

, =  /  

 

 
Figure 3.44: Protection slab for the 2nos DEWA 132kv concrete troughs crossing under the gantry foundation 

number 1 for GS24-03 
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As the protection slab is 0.5m under our gantry foundations, the load applied to it will not be 
the one mentioned. The design pressure for the protection slab will be then: 

= +                                                              Equation 3.16 
The  or pressure of the gantry foundation will be given by the following formula: 

= ,
( ) ( ) = .

( . . ) ( ) = 163.63 /                       Equation 3.17 
   →    pressure of the gantry foundation over the soil at ground level 
,    →    maximum foundation pressure = 200 /  

   →    width of the gantry footing = 2.25  
   →    length of gantry footing (we will calculate it for 1m length even do is longer) 
    →    depth of the soil where we want to calculate the pressure = 0.5  
+ ≈  

The  or pressure from the soil will be given by the following formula: 
= = 18 0.5 = 9 /                                             Equation 3.18 

   →    pressure from the soil at the required depth 
   →    density of the soil = 18 /  

    →    depth of the soil where we want to calculate the pressure = 0.5  
Therefore, the design pressure for the protection slab will be: 

= + = 163.63 + 9 = 172.73 /  
The maximum bending moment applied on the protection slab under the gantry is the 
following:  

´ = 8 = 8 = 172.73 0.5 4.54
8 = 222.51  

    →    maximum load applied over the protection slab 
     →    width or effective width of the section = 0.5  
   →    length of protection slab = 4.54  

Therefore: 
´ = 222.51  (Unfactored) → = 356.02  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  
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=  = 356.02
40000 0.5  0.342 = 0.152 < = 0.156 

     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 40000 /  

     →   effective depth of the tension reinforcement 
= 400 − 30 − 12 − 32

2 = 342  
Due to that = 0.152 < = 0.156 compression reinforcement is not required. Then: 
If = 0.152 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 0.342 0.5 + 0.25 − 0.152
0.9 = 0.268  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  0.342 = 0.325   →    = 0.268  

Therefore, the required reinforcement will be:  
= 0.87 = 356.02

0.87  46  0.268 = = 31.19    →    62.38 ⁄  
   →    area of tension reinforcement 
  →    characteristic strength of steel = 460000 /  

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (454 50) = 29.51    →    6.50 ⁄  

,  →    minimum area of tension reinforcement 
    →    area of concrete 

,    →     @    ( = .  ⁄ ) 
Then: 

= 62.38 ⁄ < , = 64.32 ⁄ )   →     
The maximum shear force applied on the protection slab under the gantry is the following: 

´ = − = 172.73 0.5 . − 0.342 = 166.51            Equation 3.19 



3. PORTAL FRAME GANTRY IN SPAN 3 S24 BRIDGE (GS24-03)  

78  

    →    maximum load applied over the protection slab = 172.73 /  
= + 2    

   →    length of protection slab = 4.54  
     →   effective depth of the tension reinforcement = 0.342  

Therefore: 
´ = 166.51  (Unfactored) → = 266.41  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  

=  = 266.41
0.5 0.342 = 1557.95 = 1.558 ⁄  ⁄  

   →   design shear resistance of bent up bars 
     →    width or effective width of the section = 0.5  
     →   effective depth of the tension reinforcement = 342  
    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 1.558 ≤ 0.8 = 0.8√40 = 5.06 ⁄  ≤ 5.00    →    ⁄  
  →    characteristic strength of concrete = 40000 / = 40 /  

We check now if it is required or not to fix additional rebar do to the shear. 

≤ 0.79 100   400 25 = 0.79 100  4    16500 342  400342 4025
1.25 = 

= 1.201 ⁄ > = 1.558 ⁄ →  
Therefore, shear reinforcement is required. As per the BS 8110-1:1997, table 3.16 the area of 
the steel required for the shear reinforcement is the following: 

= .
. = .

. = 0.50                                 Equation 3.20 
  →    area of shear reinforcement 
  →    characteristic strength of steel = 46000 /  

    →    distance between shear links, we will suppose = 100  
Therefore, (as per consultant´s requirement): 
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Then: 

= 0.
3.2.9 Crane check (over

We are going to check if it is possible to place a mobile crane over the existing bridge d
that for the erection and dismantling of the portal frame gantry GS24
able to check it, we will take into consideration 

- Model or type of crane
- Maximum operating radius: 
- Maximum boom extension:
- Maximum load: 9500kg
- Counterweight: 20t 
- Support base: 8.332m x 7m

Figure 3.45: Section of the existing bridge
With the different slew angles of the crane we will get the following forces transferred to the 
existing bridge: 

Slew Angle 0° (directly over rear)Maximum chart load = 12700kg 

 Slew Angle 90° (directly over left side)Maximum chart load = 12700kg 

. PORTAL FRAME GANTRY IN SPAN 3 S24 BRIDGE (GS24-03)  

   →     @    ( = .  ) 

.50 < , = 4.52 )   →     
.2.9 Crane check (over existing bridge) 

We are going to check if it is possible to place a mobile crane over the existing bridge d
and dismantling of the portal frame gantry GS24-03 is required

able to check it, we will take into consideration the following things:  
pe of crane: GROVE GMK4100 (crane available at site) 

Maximum operating radius: 14m 
Maximum boom extension: 32m 

9500kg 
8.332m x 7m 

Section of the existing bridge where the crane will be standing
With the different slew angles of the crane we will get the following forces transferred to the 

Slew Angle 0° (directly over rear) Maximum chart load = 12700kg 

 

Slew Angle 45° (over rear left outrigger)Maximum chart load = 12700kg 

Slew Angle 90° (directly over left side) Maximum chart load = 12700kg Slew Angle 135° (over front left outrigger) / Maximum chart load = 12700kg 

79 

We are going to check if it is possible to place a mobile crane over the existing bridge due to 
03 is required. To be 

 
where the crane will be standing 

With the different slew angles of the crane we will get the following forces transferred to the 

Slew Angle 45° (over rear left outrigger) Maximum chart load = 12700kg 

 
Slew Angle 135° (over front left outrigger) / Maximum chart load = 12700kg 
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Slew Angle 180° (directly over front) Maximum chart load = 12700kg  

 

Slew Angle 225° (over front right outrigger) Maximum chart load = 12700kg  

  Slew Angle 270° (over right side) Maximum chart load = 12700kg  

  

Slew Angle 315° (over rear right outrigger) Maximum chart load = 12700kg  

  
Figure 3.46: Values of the load transmitted to the existing bridge depending on the slew angle of the crane 

To be in the safe side we are going to proceed with the calculation with the maximum load 
that the outrigger pads can hold. 

Slew Angle Maximum outrigger Pad loads Maximum chart load = 12700kg  

  
Figure 3.47: Values of the load transmitted to the existing bridge with the maximum outrigger pad loads 

The maximum bending moment applied over the bridge is the following:  
´ = 8 = 333.78 1.819

8 = 75.89  
   →    maximum force applied over the existing bridge 
   →    maximum possible distance up to the web = . = 1.819  

Therefore: 
´ = 75.89  (Unfactored) → = 121.43  (Factored, 1.6) 
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Figure 3.48: Effective width of the outrigger pads 

Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate if the existing 
will hold the weight regarding the bending stress.  

=  = 121.43
45000 3.91  0.172 = 0.0233 < = 0.156 

     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 45000 /  

 →  effective width of the load = 3.91  
     →   effective depth of the tension reinforcement 

= 250 − 50 − 20 − 16
2 = 172  

Due to that = 0.152 < = 0.156 compression reinforcement is not required. Then: 
If = 0.0.0233 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 0.172 0.5 + 0.25 − 0.0233
0.9 = 0.167  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  0.172 = 0.163   →    = 0.163  

Therefore, the required reinforcement will be:  
= 0.87 = 121.43

0.87  46  0.163 = = 18.61  
   →    area of tension reinforcement 
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  →    characteristic strength of steel = 460000 /  

,    →     @     →    , = 3910
150 1 = 81.89  

Then: 
= 18.61 < , = 81.89    →     

For the punching shear, if we consider that 1m x 1m steel pad shall be used as outriggers, then, 
the maximum shear force applied on the existing bridge is the following: 

´ = 2 = 333.78
2 = 166.89  

    →    maximum force applied over the existing bridge = 333.78  
Therefore: 

´ = 166.89  (Unfactored) → = 267.0  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  

=  = 267.0
5.032 0.172 = 308.49 = 0.308 ⁄  ⁄  

   →   design shear resistance 
     →   effective depth of the tension reinforcement = 172  
     →    effective width of the section = 4 ( + 1.5 ) = 4 (1 + 1.5 0.172) = 5.032  

    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 0.308 ≤ 0.8 = 0.8√45 = 5.37 ⁄  ≤ 5.00    →    ⁄  
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3.3 Method Statement 
This Method Statement covers every activity related to the Erection and Dismantling of S24 
Portal Frame Gantry (GS24-03). It includes the following activities: 

- Excavation and installation of the protection slab for the 2nos DEWA 132kv concrete 
trough (Stage 1). 

- Backfilling and compaction of the trenches done for the installation of the protection 
slab and preparation of the platform for the gantry footings (Stage 2). 

- Casting of the gantry foundations (Stage 3). 
- Erection of the columns of the portal frame gantry (Stage 4). 
- Erection of the rafters (beams) of the portal frame gantry (Stage 5). 
- Erection of scaffolding and tables over the gantry and backfilling next to the gantry 

foundation (Stage 6). 
- Dismantling of scaffolding and tables over the gantry (Stage 7). 
- Dismantling of the rafters (beams) and columns of the portal frame gantry (Stage 8). 
- Gantry footings demolition (Stage 9). 

3.3.1 Stage 1: Excavation and installation of the protection slab for the 2nos DEWA 
132kv concrete trough 

- Make sure we have the required NOC and Excavation Permit for the work. 
- Let surveyor mark the area to be excavated. 
- Barricade the area and proceed with the excavation by JCB.  
- Due to that this excavation is related to DEWA 132kv trough, the used of machinery is 

totally prohibit. Then, we must proceed with the excavation manually.  
- Once both troughs are fully exposed, make small compaction at both sides and fix the 

block support with the spare ducts at both sides of the line along the gantry 
foundation area. 

- Backfill with dune sand over the 132kv troughs fix a layer of polystyrene over it (this 
way the load will not be coming over the pipe). 

- Lower the precast protection slabs one by one by crane and place them over the 
concrete blocks. 

 
Figure 3.49: Protection slab for GS24-03 
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3.3.2 Stage 2: Backfilling and compaction of the trenches done for the installation of 
the protection slab and preparation of the platform for the gantry footings 

- Backfill and compact the area layer by layer (20cm each layer) and proceed with the 
Field Density Test (FDT) in each layer. 

- Once we reach the ground level mark the edges of the gantry footings and the 
required platform level (base of the gantry footings). 

- Backfill and compact the last 15-20cm up to the platform level with road base and 
proceed with the load test.  
3.3.3 Stage 3: Casting of the gantry foundations 

- Mark on the road base the edges of the gantry foundations (as per approved drawings) 
and confirm the level of the road base. If the level is not the correct one add and 
compact an additional layer of road base up to the correct height or adjust it with the 
bottom cover of the gantry footing (if it is just few centimetres). 

- Fix the rebar of the gantry footings and double check the top level of the steel. 
- Fix the shutter and make the proper support for the casting. Check the alignment and 

level of the shutter and the concrete casting level. 

 
Figure 3.50: Gantry foundations for GS24-03 with the required anchor plates and bolts 

- Let surveyor mark the location (centre in both directions) of the base plate of the 
columns on the gantry footing shutters.  

- Fix a plywood template with the bolts of the columns in the centre of these markers 
over the steel of the gantry footing. 

- Let surveyor check the location of the bolts. We have a maximum tolerance of ± 
10mm. 

- Cast the gantry footing as per approved drawings by concrete pump or by direct shoot 
using concrete grade C40/20. Make finishing of concrete. 
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- After 48 hours remove the support and the shutter of the gantry footings. Continue 
with the curing for a minimum period of 3 days. 

 
Picture 3.2: Bolts and plate location for the columns of the portal frame gantry GS24-03 

3.3.4 Stage 4: Erection of the columns of the portal frame gantry 
- Double check the platform level (top of gantry foundation) and the location of the 

bolts of the columns. 
- Remove the plywood templates and clean the bolts. 
- Let surveyor mark the level of one nut in each plate and adjust all the nuts to the 

required level. 
- Let surveyor make a final check in all the nuts of the plates 
- Close the traffic over the existing bridge as per the approved traffic management plan. 

 
Figure 3.51: Erection of the first column for the portal frame gantry GS24-03 
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- Place the mobile crane (100ton crane is required for the lifting of the columns) on the 
ground, next to the first gantry foundation, in order to erect the steel columns. 

- Make sure that for the lifting of every column (total weight of each column = 2.7tons, 
total length = 12m, minimum 4tons capacity lifting belt to be used) we follow the next 
figure:  

 Figure 3.52: Lifting point for the lifting of every column of portal frame gantry GS24-03 
- Lift the first column and place it in the required location over the gantry foundation, 

making sure all the bolts come inside of the premade holes of the base plate of the 
column. 

- Lock the column to two terfors to maintain the safety and stability during installation 
and make sure those terfors are attached to concrete blocks. 

- Fix the nuts inside the bolts. 
- Lift the second column and place it in the 

required location over the gantry 
foundation (next to the one already fixed), 
making sure that all the bolts come inside of 
the premade holes of the base plate of the 
column. 

- Hold the column with the crane until all the 
nuts of the columns are fixed and all the 
bracing between the first and the second 
column have been installed. This way we 
will make sure we provide enough stability 
to the segment. 
Figure 3.53: Second column and first column supported by terfor / bracing between two columns 

- All the bracing will be installed with a smaller crane. 
- Repeat the same procedure done for the installation of the first and second column in 

the full gantry footing, but in this case, terfors will only be used every 4 to 5 columns 
due to that is enough in order to maintain the stability. 



3. PORTAL FRAME GANTRY IN SPAN 3 S24 BRIDGE (GS24-03)  

87  

 Figure 3.54: Balance of the columns and terfors every 4 to 5 columns 
- Move the crane to the other gantry foundation and follow the same procedure in 

order to install all of the columns. 

Figure 3.55: Installation of all the columns on the portal frame gantry GS24-03 

 
Figure 3.56: Summary of the Installation of the columns on the portal frame gantry GS24-03 

3.3.5 Stage 5: Erection of the rafters (beams) of the portal frame gantry 
For the erection of the rafters is required first to assemble them. Each one consists of 3 parts 
that should be assembled on preassembly area with the knee beams before lifting. 

Column 
Next column 

Installing the bracing with the small crane while the 2nd column still tied by the big crane 
Support the columns with the two terfores 

Stable system achieved 
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Figure 3.57: Preassembly of the rafters of the portal frame gantry GS24-03 

 
- Close the traffic over the existing bridge as per the approved traffic management plan. 
- Place the mobile crane (100ton crane is required for the lifting of the rafters) over the 

existing bridge in order to erect the steel rafters. 
- Make sure that for the lifting of every rafter (total weight of each rafter = 9.5tons, total 

length = 33m, minimum 2nos belts 7tons capacity each) we follow the next figure:  

 Figure 3.58: Lifting points for the lifting of every rafter (beam) of the portal frame gantry GS24-03 
- Erect the first rafter near the abutment of the existing bridge and place it in the 

required location over the two columns. 

 
Figure 3.59: First rafter erected and supported by two terfors 

- Rafter shall be held by crane until knee bracings and columns connection have been 
installed (fix all the nuts). All the connections will be done by two crew members on a 
man lift. 
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- To maintain the safety and stability during installation we must lock the first rafter to 
two terfors until the second rafter has been erected and bracings installed.

- Lift the second rafter and place it in the required locat
the one already fixed).

- Hold the rafter with the crane until all the nuts of the columns are fixed and all the 
bracing between the first and the
make sure we provide enough 

- Rafter shall be held by crane until knee bracings, columns connections and bracings 
between the first two rafters are installed
done by two crew members on a man lift.

Figure 3.60: Installation of the second rafter / Installation of the full bracing for both rafters
- Lift the third rafter and place it in the required location over the columns (next to the 

two already fixed). 
- Hold the rafter with the crane until all the nuts of the c

lines of bracings are done between the second and third rafter. 
sure we provide enough stability to the segment.

Figure 3.6
- After erection of the three first r

shift the rafters from the 
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To maintain the safety and stability during installation we must lock the first rafter to 
until the second rafter has been erected and bracings installed.

second rafter and place it in the required location over the columns (next to 
the one already fixed). 

with the crane until all the nuts of the columns are fixed and all the 
bracing between the first and the second rafters have been installed. This way we will 
make sure we provide enough stability to the segment. 
Rafter shall be held by crane until knee bracings, columns connections and bracings 
between the first two rafters are installed (fix all the nuts). All the connections will be 
done by two crew members on a man lift. 

Installation of the second rafter / Installation of the full bracing for both rafters
third rafter and place it in the required location over the columns (next to the 

with the crane until all the nuts of the columns are fixed and only three 
lines of bracings are done between the second and third rafter. This way we will make 
sure we provide enough stability to the segment. 

61: Installation of the third rafter and 3 lines of bracing 
the three first rafters, move the crane to the other side of Pier 15 to 

rom the ground to the existing bridge. 
89 

To maintain the safety and stability during installation we must lock the first rafter to 
until the second rafter has been erected and bracings installed. 

ion over the columns (next to 
with the crane until all the nuts of the columns are fixed and all the 

have been installed. This way we will 
Rafter shall be held by crane until knee bracings, columns connections and bracings 

(fix all the nuts). All the connections will be 

 
Installation of the second rafter / Installation of the full bracing for both rafters 

third rafter and place it in the required location over the columns (next to the 
olumns are fixed and only three 

This way we will make 

 

afters, move the crane to the other side of Pier 15 to 
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- Lift all the balance rafters following the same procedure and make sure only three 
lines of bracing are done.

Figure 3.62: Installation of the balance rafters with only 3 lines of bracing

- Once all the rafters are lifted 
full stability of the portal f

- Make sure the rafters between grid lines 
fully braced. 

- Fix life line along the 
beams. 

 
 
 
 

Picture 
- Fix the secondary beams (UC152x152x37) over the 

the required location marked by surveyor
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Lift all the balance rafters following the same procedure and make sure only three 
lines of bracing are done. 

Installation of the balance rafters with only 3 lines of bracing / Installation of the balance bracing for 
the portal frame gantry GS24-03 

e all the rafters are lifted make sure the balance bracing is completed so we get 
full stability of the portal frame gantry. 

fters between grid lines number 8, 9, 10, 11, 12, 13, 
Fix life line along the gantry and get marking of the secondary beams over the primary 

 

Picture 3.3: Platform of the portal frame gantry GS24-03 
Fix the secondary beams (UC152x152x37) over the rafters of the portal frame gantry at 
the required location marked by surveyor. 

90 

Lift all the balance rafters following the same procedure and make sure only three 

 
Installation of the balance bracing for 

make sure the balance bracing is completed so we get 
, 11, 12, 13, 14, 15 and 16 are 

and get marking of the secondary beams over the primary 

rafters of the portal frame gantry at 
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- Check that all the U-heads/base jacks of the scaffolding that will go over it are landing 
over the secondary beams and mark the locations. 

- Weld the secondary beams in every place on contact with the primary beam. 
- Fix a protection and working platform over the gantry using timber and plywood and 

handrails around the gantry. 
 

 
Figure 3.63: Summary of the Installation of the columns on the portal frame gantry GS24-03 

3.3.6 Stage 6: Erection of scaffolding and tables over the gantry and backfilling next 
to the gantry foundation  

- Mark over the secondary beams the balance height up to the top U-heads. 
- Calculate how many shore brace are required and how much the base plate and U-

heads will be opened (maximum 35cm).  
- Fix the base plates/U-heads on the required marking and open them as required. If 

base plates are fixed they should be welded to the secondary beams. 
- Erect the scaffolding towers (shore brace, cross brace, link spacer...) as per the 

approved shop drawings and as per ACROW calculation sheet and fix the bracings 
manually.  

- Fix the U-heads as per the required height. Double check with surveyor the top level. 
- Bridge shutters (tables) shall be installed on top of the scaffolding towers using mobile 

cranes. 
- As requirement, we proceed with the backfilling next to the gantry foundation. This 

will be done layer by layer (every 15-20cm), compacting all of them. It will be done 
following the surveyor marking and up to the required level. 

- Grouting of the connection between the columns and the gantry foundations. 
 

Rafter 
Two terfores to support the rafter 

Next rafter 
Bracing between the two rafters 

Stable system achieved 
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Picture 3.4: Backfilling done next to the gantry foundation GS24-03 

3.3.7 Stage 7: Dismantling of scaffolding and tables over the gantry 
- Hold Acrow formwork table from proposed bridge deck using tie rods. 
- Lower U-heads and remove manually all scaffolding and bracing situated over the 

gantry. 
- Cut the welding done before of the secondary beams on the primary beams. 
- Remove secondary beams (UC152x152x37) by crane. 
- Remove the working and safety platform. 

 
Figure 3.64: Holding Acrow formwork table to the proposed bridge 

3.3.8 Stage 8: Dismantling of the rafters (beams) and columns of the portal frame 
gantry 

- Close the traffic over the existing bridge as per the approved traffic management plan. 
- Place the mobile crane (100ton crane is required for the lifting of the rafters) over the 

existing bridge in order to lower the steel rafters. 
- Hold the first beam using endless retched straps. 
- With the help of a cherry picker dismantle the bracings between grids 15 and 16 and 

release the connections.  
- Make sure that, while this operation is going on the rafter is held up by the mobile 

crane until the connections are totally detached. 
- Remove the beam using the mobile crane and lower it safely over the ground.  
- Repeat the same procedure to dismantle the beams up to grid number 10 due 

to that after this grid, all the beams and columns are under the proposed bridge. 
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Figure 3.65: Removal of the rafters and bracing up to grid number 10 
- Once all the rafters from grids 16 to 10 are removed, bring the mobile crane 

down from the existing bridge and place it in position to start removing the 
columns of the rafters that have been already removed. 

- Catch the first column of grid 16 and dismantle the bracing between grids 15 
and 16 with the help of a cherry picker. 

- Unbolt the column from the ground. 
- Bring the column down safely using the mobile crane. 
- Repeat the same procedure in both sides (both sets of columns) until we 

reached the grid number 10. 
 

 
Figure 3.66: Removal of the columns (both sets) and bracing up to grid number 10 

- Place the mobile crane (100ton crane is required for the lifting of the rafters) over the 
existing bridge in order to lower the steel rafters. 

- Place 2 more cranes (50ton each) in each site of the gantry foundations. 
- With the help of a cherry picker release the full bracing (rafter and columns) between 

grids 6 and 7. 
- Untie the bolts of grids 7, 8 and 9 and lift up both sets of columns of all this three grids 

(with the help of both 50tons mobiles cranes) and insert rollers below each column 
and tie them with bolts. 
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Figure 3.67: Removal of grids 7, 8 and 9 using rollers under the columns and pulling the set out by chain pulling 

- Move out all set (columns and rafters of grids 7, 8 and 9) with the help of chain pulling 
towards pier 13. This way all this set will not be any longer under the proposed bridge. 

- Dismantle the bracing of the rafter between grid 8 and 9 with the help of a cherry 
picker and make sure is held by the mobile crane situated over the bridge.  

- Lower down safely the rafter number 9 over the ground. 
- Repeat the same procedure for grids 7 and 8 and lower both rafters. 
- Bring the mobile crane down from the existing bridge and place it in position to 

start removing the columns of the rafters that we have already removed. 
- Catch the first column of grid 9 and dismantle the bracing between grids 9 and 8 

with the help of a cherry picker. 
- Unbolt the column from the ground. 
- Bring the column down safely using the mobile crane. 
- Repeat the same procedure in both sides (both sets of columns) and remove 

safely all the columns of grids 7, 8 and 9. 

 
Figure 3.68: Removal of the columns of grids 7, 8 and 9 of the portal frame gantry GS24-03 
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- Place the mobile crane over the existing bridge in order to lower the steel rafters. 
- Place 2 more cranes (50ton each) in each site of the gantry foundations. 
- With the help of a cherry picker release the full bracing (rafter and columns) between 

grid 3 and 4, untie the bolts of grids 4, 5 and 6 and lift up both sets of columns of all 
this three grids (with the help of both 50tons mobiles cranes) and insert rollers below 
each column and tie them with bolts. 

- Move out all set (columns and rafters of grids 4, 5 and 6) with the help of chain pulling 
towards pier 13 and dismantle the bracing of the rafter between grids 5 and 6 with the 
help of a cherry picker. Make sure is held by the mobile crane situated over the bridge.  

- Lower down the rafter number 6 and repeat the same procedure for the rafters of 
grids 4 and 5. 

- Bring the mobile crane down from the existing bridge and place it in position to 
start removing the columns of the rafters that we have already removed. 

- Catch the first column of grid 6, dismantle the bracing between grids 6 and 5 
with the help of a cherry picker and unbolt the column from the ground. 

- Bring the column down and repeat the same procedure in both sides (both sets 
of columns) for the columns of grids 4, 5 and 6. 

- Repeat same procedure for grids 1, 2 and 3 and finish with the dismantling of 
the portal frame gantry GS24-03. 

 
Figure 3.69: Removal of the last rafter of the portal frame gantry GS24-03 

3.3.9 Stage 9: Gantry footings demolition 
- Demolish the foundations using a Pneumatic Breaker and Jack Hammers.  
- Safety net shall be provided to avoid stones in the access.  
- Remove the debris once finished by wheel loader and tapper truck. 

 
Figure 3.70: Demolition of the gantry footings for portal frame gantry GS24-03 
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Gantries over Sheikh Zayed Road and RTA 
metro S8 Bridge (GS08-01-02-03-04-05)      C

hapt
er 

4.1 Introduction 
The S8 structure is a post tensioned 5 span girder box bridge with two stages of post-
tensioning, a width of 11.5m and a total length of 184m. The first stage (spans 3, 4 and 5) has a 
total length of 123.975m and the second stage (spans 1 and 2) a length of 60.025m. The 
coupler joint area (connection between the two stages of the bridge) will be in span 2, 9.675m 
away from pier 7 (situated in between span 2 and span 3). 
This bridge consists on a 2 cells and 3 webs structure that will connect bridge S7 with bridge 
S9, and will carry one lane, Bluewater´s Island to Sheikh Mohammed Road. This structure has 
the second longest span of the project (44m) and sets of blisters (post tensioning of the 
bottom slab) in spans 1 and 2 (4nos blisters in each span so 2nos in each cell).  

 
Figure 4.1: General layout of S8 bridge 

For the construction of the third, fourth and fifth span of the bridge (stage 1) is required the 
design and installation of several gantries over Sheikh Zayed Road and the RTA metro to be 
able to build the structure and maintain the traffic of the road (6 lines in main road Dubai 
bound, 2 lines in service road Dubai bound, 6 lines in main road Abu Dhabi bound and 2 lines in 
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service road Abu Dhabi bound) and the metro (line 1 , red colour, one lane in each direction). 
The key aspect given by the RTA is that the traffic on Sheikh Zayed Road and the metro should 
not be affected in any case during the full duration of the activities of the construction of the 
bridge. These set of gantries are the same ones that will be fixed in S2 and S11, and after 
several calculations it was concluded that the best solution is the following: 

- Simply supported gantry (GS08-01) over Abu Dhabi bound Sheikh Zayed service road (2 
lanes) consisting in: 

o 2 foundations for the distribution of the load over the ground (one in Zone 2 
Seaside and the other one between the service road and Sheikh Zayed Road, 
all in Abu Dhabi bound). 

o Acrow shore brace system as support of the gantry. 
o UC152x152x37 as secondary beams over the U-heads (108nos 1.5m length). 
o UC305x305x97 as capping beams over the secondary beams (2nos 12m length 

and 2nos 6m length). 
o UB533x210x109 as primary beams crossing along the gantry (21nos 12m 

length). 
o UC152x152x37 as secondary beams over the primary beams (9nos 12m length, 

1no 10m length, 2nos 3m length and 21nos 1.5m length). 
 

- Simply supported gantry (GS08-04) over Dubai bound Sheikh Zayed service road (2 
lanes) consisting in: 

o 2 foundations for the distribution of the load over the ground (one in Zone 2 
Landside and the other one between the service road and Sheikh Zayed Road, 
all in Dubai bound). 

o Acrow shore brace system as support of the gantry. 
o UC152x152x37 as secondary beams over the U-heads (98nos 1.5m length). 
o UC305x305x97 as capping beams over the secondary beams (2nos 12m length 

and 2nos 4m length). 
o UB533x210x109 as primary beams crossing along the gantry (20nos 12m 

length). 
o UC152x152x37 as secondary beams over the primary beams (8nos 12m length, 

4nos 3m length, 1no 2m length and 3nos 1m length). 
 

- Truss gantry (GS08-02) over Abu Dhabi bound Sheikh Zayed Road (6 lanes) and truss 
gantry (GS08-03) over Dubai bound Sheikh Zayed Road (6 lanes) consisting in (the 
details of the beams to be used will be given further on): 

o 3 foundations total (1 of them is in common) for the distribution of the load 
over the ground, with the required anchor bolts imbedded in the concrete for 
the base plate connections. 

o 8 columns over each foundation (so 32 columns total, 16 for each truss gantry) 
as support of the main trusses. 

o 8 trusses for each gantry (so 16 trusses total) as main support of the load over 
the columns. 
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o Top and bottom horizontal bracing to tie together the main trusses. Not all the 
trusses will be tied, only between trusses A-B-C and between trusses F-G-H. 
There will be 10nos double horizontal bracing in between each two trusses. 

o Vertical bracing to tie all the columns to each other. There will be 3nos double 
vertical bracing in between each two columns. 

o Inclined strut bracings and ties for additional support of the columns and 
trusses. There will be one in each column/truss except in the area where Pier 8 
is due to that there is no space for them. Instead, the columns and trusses will 
get the additional support from the column. 

 
- Truss gantry (GS08-05) over RTA metro line 1 (2 lanes, one in each direction) consisting 

in: 
o 2 gantry foundations, with the required anchor bolts imbedded in the concrete 

for the base plate connections, for the distribution of the load. 
o 9 columns over each foundation (total 18nos) as support of the main trusses. 
o 9 trusses as main support of the load over the columns. 
o Top and bottom horizontal bracing to tie together the main trusses. Not all the 

trusses will be tied, only between trusses C-D and between trusses G-H. There 
will be 8nos double horizontal bracing in between each two trusses. 

o Vertical bracing to tie all the columns to each other. There will be 3nos double 
vertical bracing in between each two columns. 

 
Picture 4.1: General view of the simply supported gantries over the service roads (GS08-01 and GS08-04), truss 

gantries over Sheikh Zayed Road (GS08-02 and GS08-03) and truss gantry over the RTA metro (GS08-05) 
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4.2 Calculations 
4.2.1 Introduction 

The following calculation is made to check the structural adequacy and the overall member 
design calculations for the temporary trusses, bracings, supporting columns and beams and 
footings of the truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road and the truss 
gantry GS08-05 over the RTA metro for deck slab scaffolding support on the third (GS08-02), 
forth (GS08-03) and fifth (GS08-05) spans of the bridge S8.  

4.2.1.1 Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
The truss scheme was originally used since that it is easy to construct and it has less weight 
compared with other schemes (the approximate weight of each truss from the analysis was 
10.7 Ton). 
The gantry comprises of two spans of 24.6m long, with 3.0m depth 8 steel trusses at each span 
supported by 9m long UC305x305x118 columns which are supported on 1.2m depth 
foundations.  
The trusses are horizontally braced at top and lower chord levels using horizontal bracings of 
EA120x120x10 and the columns are vertically braced using EA120x120x12. The trusses are 
connected to each other at top by UB254x146x31 and the columns are braced at regular 
intervals by EA120x120x12. 
The trusses are designed to support the Acrow legs reactions and the loads applied on the 
trusses as well, which will be shown later in the report. 

 
Figure 4.2: 3D view of the truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 

The stability of the trusses along the longitudinal and transverse directions is achieved 
through: 
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- Longitudinal direction: horizontal bracing with connections to the new concrete bridge 
pier 8 S8. 

- Transverse direction: braced end walls aligned in the direction transverse to the 
longitudinal axis of the bridge. 

The following design philosophy is considered in the design of the trusses and supporting 
structure: 

- Vertical loads from the bridge falsework are transferred to the main trusses via 
secondary soldier beams under the Acrow frames (as applied in the dead and live load 
cases). 

- The stability of the structure in the transverse direction is achieved by providing 
vertical bracing connected to the strip footing foundation. 

- The stability of the structure in the longitudinal direction is achieved by providing 
horizontal bracing connected to the new reinforced concrete bridge pier. The new pier 
horizontal bracing is designed for 2.5% dead load forces for robustness, which is in line 
with BS5975 and good practice for the lateral stability of temporary works structures. 

- Wind Load along longitudinal direction on the Bridge Deck and Scaffolds is resisted by 
Acrow Scaffold frames located adjacent to the truss, which is in the order of 100m 
either side of Sheikh Zayed Road. This is feasible as the number of brace frames are 
significant and therefore the upper limit of the wind load is readily resisted. This is in 
line with BS5975 Cl 17.5.1.16 which confirms a practical upper limit of falsework wind 
loading equal to the fully sheeted projected sail area. 

4.2.1.2 Truss gantry GS08-05 over RTA metro 
Same as in the truss gantries over Sheikh Zayed Road, the truss scheme was used since that it 
is easy to construct and it has less weight compared with another scheme (the approximate 
weight of each truss from the analysis was 5.8 Ton). 

 
Figure 4.3: 3D view of the truss gantry GS08-05 over the RTA metro 
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The gantry comprises of one span of 18.8m long, with 1.5m depth 9 steel trusses at each span 
supported by 9 columns which are supported on 1.2m depth foundations. 
The trusses are horizontally braced at top chord and lower chord levels using EA90x90x8 
angles and the columns are vertically braced using UA75x75x6 angles. EA90x90x6 are used to 
connect the columns at regular intervals and UB254x146x31 are used to connect the trusses at 
the top chord. 
Same as in the truss gantries over Sheikh Zayed Road, the trusses over the RTA metro are 
designed to support the Acrow legs reactions and the loads applied on the trusses, which will 
be also shown later in the report. 

4.2.2 Design Code 
The design codes to be used in the calculation of the gantry (truss and foundation) are the 
following: 

- AISC 360-05 Specifications for Structural Steel Buildings. 
- ASCE 07-05 Minimum Design Loads for Buildings and Other Structures. 
- AASHTO LRFD: 2010 Bridge Design Specifications. 
- BS 5975 – 1: 2008 Code of practice of temporary works procedures and the permissible 

stress design of falsework. 
- ACI 318M – 2008 Building Code Requirement for Structural Concrete. 
- ASTM A325M – 2016 Standard Specification for Structural Bolts, Steel, Heat Treated 

830 MPa Minimum Tensile Strength 
- BS 5950 – 1: 2000 Structural use of steelwork in buildings – Part 1: Code of practice for 

design – Rolled and Welded sections. 
- BS 5975: 1996 Code of practice for Formwork. 
- BS 8110 – 1: 1997 Structural use of concrete. 
- BS 6399 – 2: 1997 Loading for buildings – Part 2: Code of practice for wind loads. 

Where: 
- American Institute of Steel Construction (AISC). 
- American Society of Civil Engineers (ASCE). 
- American Association of State Highway and Transportation Officials (AASHTO). 
- British Standards (BS). 
- American Concrete Institute (ACI). 
- American Society for Testing and Materials (ASTM). 

4.2.3 Design material 
We need to take into consideration that the materials to be used in these gantry have the 
following characteristics: 

- Steel grade for the beams, columns, plates, built up sections (rectangular, square) and 
HSS are S355 (minimum yield strength of 355 MPa). 

- Steel grade for the angles is S275 (minimum yield strength of 275 MPa). 
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- Steel grade for the rebar is FE460 (minimum yield strength of 460 MPa). 
- Concrete grade C40 (minimum yield strength of 40 MPa). 
- All connections bolts and anchor bolts shall be grade A325M or A490 and galvanized. 
- Weld electrode E70XX Low Hydrogen. 
- Density of steel is 7850 kg/m3, the Young Modula’s = 200  and the Poisson´s 

Ratio is 0.3 
- The cover shall be 50mm for the external surface of the foundations. 

4.2.4 Load combinations 
Regarding the load combinations to be used to check the strength of the gantries GS08-02, 
GS08-03 and GS08-05, following the American Institute of Steel Construction AISC LRFD: 2010 
Bridge Design Specifications, 3.4 Load Factors and Combination and the table 3.4.1-1 Load 
Combinations and Load Factors and applying over the secondary beams of the gantry the 
Acrow frame reactions as Dead Loads, Live Loads and Wind Loads, those loads shall be multiply 
by the relevant partial factors ꝩf and this factored load should be applied in the most 
unfavourable realistic combination for the part or effect under consideration. The following 
load combinations shall be considered in the design: 

- Strength I—Basic load combination related to the normal vehicular use of the bridge 
without wind. 

o Strength Load Combination I - Max: 1.25 x DL + 1.75 x LL.  
o Strength Load Combination I - Min: 0.9 x DL + 1.75 x LL. 

- Strength II—Load combination related to the use of the bridge by Owner-specified 
special design vehicles, evaluation permit vehicles, or both without wind. The permit 
vehicle should not be assumed to be the only vehicle on the bridge unless so assured 
by traffic control.  

o Strength Load Combination II - Max: 1.25 x DL + 1.35 x LL.  
o Strength Load Combination II - Min: 0.9 x DL + 1.35 x LL. 

- Strength III—Load combination related to the bridge exposed to wind velocity 
exceeding 55mph. Vehicles become unstable at higher wind velocities. Therefore, high 
winds prevent the presence of significant live load on the bridge. 

o Strength Load Combination III - Max: 1.25 x DL + 1.4 x WL. 
o Strength Load Combination III - Min: 0.9 x DL + 1.4 x WL. 

- Strength IV—Load combination related to very height dead load to live load force 
effect ratios.  

o Strength Load Combination IV - Max: 1.5 x DL. 
o Strength Load Combination IV - Min: 0.9 x DL. 

- Strength V—Load combination related to normal vehicular use of the bridge with wind 
of 55 mph velocity. 

o Strength Load Combination V - Max: 1.25 x DL + 1.35 x LL + 0.4 x WL. 
o Strength Load Combination V - Min: 0.9 x DL + 1.35 x LL + 0.4 x WL. 

- Service I—Load combination related to the normal operational use of the bridge with a 
55 mph wind and all loads taken at their nominal values. Also related to control crack 
width in reinforced concrete structures and transverse analysis related to tension in 
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concrete segmental girders. Compression in prestressed concrete components and 
tension in prestressed bent caps are investigated also using this load combination. 

o Service Load Combination I: 1.0 x DL + 1.0 x WL + 1.0 LL. 
Where: 

- DL = Dead Load. 
- LL = Live Load. 
- WL = Wind Load. 

4.2.5 Load description 
Imposed Load: 
As we said in the Simply Supported Gantry in Span 1 S25 Bridge (GS25-03), 1.2.5 Load 
description – imposed load and following the BS 5975:1996 4.4.3.1, the imposed load will 
include a working allowance related to the construction operatives, hand tools, small 
equipment and materials required for immediate use. These loads can be applied on the 
different top legs (U-heads) of the formwork or directly on the top area of the gantries (it will 
be applied on the top full area of the gantry even do our proposed bridge doesn’t cover the full 
width of the gantry, just in case we stock material over the truss gantries). The value of this 
imposed load or live load is 1.5 KN/m2. 

- Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
To calculate the actual load to be applied over each truss of the gantries over Sheikh Zayed 
Road we need to check what is the distance between them. In this case the distance is always 
the same, 2m. Then, the live load to be applied over each of the trusses will be: 

  = 1.5 /   2.0 = /                           Equation 4.1 
- Truss gantry GS08-05 over RTA metro 

We will follow the same procedure as before, but in this case, the distance between the 
trusses over the RTA metro are not always the same; there are 2.5m between the exterior 
chords and 2.0m between the interior chords. Then, the live load to be applied over each of 
the trusses will be: 

   = 1.5 /  . = . /                Equation 4.2 
  . = 1.5 /  ( . . ) = . /         Equation 4.3 

  . = 1.5 /   ( . . ) = /            Equation 4.4 
Dead Load: 
In the dead load we have considered the self weight of the gantry (steel beams, trusses...), the 
self weight of the scaffolding and shutter of the bridge, the self weight of the proposed 
bridge...: 
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- Self weight of steel beams of the gantry:  
o Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 

UC305x305x118 = 118kg/m UC254x254x107 = 107kg/m 
UC254x254x73 = 73kg/m UC203x203x71 = 71kg/m 
UC203x203x52 = 52kg/m UB305x165x46 = 46kg/m 
UC203x203x46 = 46kg/m UC152x152x37 = 37kg/m 
UB254x146x31 = 31kg/m UC152x152x30 = 30kg/m 
UB254x102x25 = 25kg/m UC152x152x23 = 23kg/m 
UA120x120x12 = 12kg/m UA120x120x10 = 10kg/m 

UA90x90x10 = 10kg/m CF200x150x10 = 10kg/m 
EA150x150x10 = 10kg/m UA120x120x8 = 8kg/m 

Figure 4.4: Self weight of steel beams for truss gantries GS08-02 and GS08-03 
o Truss gantry GS08-05 over RTA metro 

UB914x919x388 = 388kg/m UC254x254x107 = 107kg/m 
UC203x203x86 = 86kg/m UC254x254x73 = 73kg/m 
UC203x203x71 = 71kg/m UC152x152x37 = 37kg/m 
UB254x146x31 = 31kg/m UC152x152x30 = 30kg/m 
UB254x102x25 = 25kg/m UC152x152x23 = 23kg/m 

UA90x90x8 = 8kg/m UA75x75x6 = 6kg/m 
UA90x90x6 = 6kg/m 

Figure 4.5: Self weight of steel beams for truss gantry GS08-05 
- Scaffolding over gantry (provided by Acrow):  

80 kg/m3 
- Shutter of the bridge (provided by Acrow):  

60 kg/m2 
- Service platform at top chords:  

o Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
Spacing between trusses frames = 2  

Self-weight of 2nos 16mm thick plywood = 0.224 /  
Aluminium Stringers = 0.05 /  

.    (  ) = (0.224 + 0.05) 2 = . /           Equation 4.5 
o Truss gantry GS08-05 over RTA metro 

Self-weight of 2nos 16mm thick plywood = 0.224 /  
Aluminium Stringers = 0.05 /  

Total load on Top Chords = 0.224 + 0.05 = 0.274 /  
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.    ( .  ) = 0.274  . = . /                   Equation 4.6 
.    ( .    ) = 0.274  ( . . ) = . /       Equation 4.7 

.    (  ) = 0.274  ( . . ) = . /             Equation 4.8 
- Dust protection platform at bottom chords:  

o Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
Spacing between trusses frames = 2  

Self-weight of 1no 16mm thick plywood = 0.112 /  
Aluminium Stringers = 0.05 /  

.    (  ) = (0.112 + 0.05) 2 = . /           Equation 4.9 
o Truss gantry GS08-05 over RTA metro 

Self-weight of 1no 16mm thick plywood = 0.112 /  
Aluminium Stringers = 0.05 /  

Total load on Bottom Chords = 0.112 + 0.05 = 0.162 /  
.    ( .  ) = 0.162  . = . /                   Equation 4.10 

.    ( .    ) = 0.162  ( . . ) = . /       Equation 4.11 
.    (  ) = 0.162  ( . . ) = . /             Equation 4.12 

- Self weight of the proposed bridge:  
As we did before in the Simply Supported Gantry in Span 1 S25 Bridge (GS25-03), 1.2.5 Load 
description – dead load to calculate the deck´s weight we have to multiply the area by the 
density of the concrete and an additional factor of 1.10 in order to compensate the impact of 
concrete during concrete pouring.  

=   1.10  25 

 
Figure 4.6: Section of the bridge S8 along the spans 3 and 4 
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We are going to divide the section of the full bridge deck into several areas with different 
concentrations of concrete. This way we will be able to apply the actual weight load into the 
different top legs (U-heads) of the scaffolding that is situated over the truss gantries. 
Therefore: 

= 0.419    →   = 0.419 1.10 25 = .  /  
= 1.155    →   = 1.155 1.10 25 = .  /  
= 0.857    →    = 0.857 1.10 25 = .  /  
= 1.145    →    = 1.145 1.10 25 = .  /  

Wind Load: 
- Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 

As we said in the Simply Supported Gantry in Span 1 S25 Bridge (GS25-03), 1.2.5 Load 
description – wind load and following the Article 54 of the Dubai Municipality Department of 
Building and Housing, Building Code Regulations and Construction Specifications, February 
2004, the design wind speed in Dubai is 160km/h (44.44m/s).  
For the calculation of the wind load we need to take into consideration that the wind may 
apply pressure (positive) or suction forces (negative) to the different surfaces and that it will 
act upon all surfaces over which it passes whether there are normal or incline to the wind 
direction. The exposure of a falsework structure to wind produces different loading conditions 
and differing wind directions and speeds, at the various stages of falsework erection. 
If we suppose X axis as the direction of the trusses and Y axis as perpendicular to that one, we 
will calculate the wind load of the gantry taking into consideration both directions.   
As per the BS 6399-2:1997, BS 5975-1:2008 and BS 5975:1996 the wind force will be (for more 
details and information about the calculation go to Simply Supported Gantry in Span 1 S25 
Bridge (GS25-03), 1.2.5 Load description – wind load): 

o Design wind speed: 
= = 44.44 1 1 0.837 = . /                   Equation 4.13 

 = 44.44m/s   →    basic wind speed (m/s) 
= 1   →   topography factor for wind    BS 5975:1996 4.5.1.4 
= 1   →   ground surface conditions     BS 5975 4.5.1.13/4.5.1.5 
= 0.837   →   statistical or probability factor for wind BS 5975 4.5.1.13/4.5.1.6 

The basic wind speed, V, is defined as having a mean recurrence interval of 50 years. As 
temporary works are generally erected for periods substantially less than this period, it is 
appropriate to take the reduced risk for shorter duration exposure into account.  
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o Dynamic pressure (as per the standard method) 
= 0.613 = 0.613  37.196 = 848.11 / ² = . / ²       Equation 4.14 

 →   design wind speed 
q   →   dynamic pressure       BS 6399-2:1997 2.1.2.1 

o Maximum wind force over the formwork and the proposed bridge 
The maximum wind force  (in N), transmitted to the gantry from the formwork soffit of the 
bridge, deck of proposed bridge and parapet are considered as solid, therefore the wind load 
on top of the beams shall be:  

=    = 0.848 3.4 2.0 1 = . /                          Equation 4.15 
= + + = 2.0 + 0.2 + 1.2 = 3.4                          Equation 4.16 

  →   height of the proposed bridge = 2.0  
  →   height of the formwork of the bridge = 0.2  
  →   height of the parapet of the bridge = 1.2  

o Maximum wind force over the shore brace frames 
To obtain the value of  (shielding factor) for the calculation of the maximum wind force 
applied to the scaffolding is required to calculate: 

=   = .
. . = 0.182                                   Equation 4.17 

     →   geometric solidity ratio     BS 5975:1996 4.5.1.10 
    →   frontal area of the shore brace, provided by Acrow (0.394m2) 

     →   area covered by the frame= 1.20 ( ℎ) 1.80 (ℎ ℎ) 
The value of the  (shielding factor) will be obtained in the BS 5975:1996 4.5.1.11 (table 15). 
For that is required to calculate the aerodynamic solidity ratio  and the spacing ratio.  
The spacing ratio is equal to the distance, centre-to-centre, between frames, parallel to the 
wind direction divided by the least overall dimension of those frames measured at right angles 
to the direction of the wind. Therefore: 

 = .
. = 0.25                                              Equation 4.18 

The aerodynamic solidity ratio, , is equal to the geometric solidity ratio  multiplied by a 
coefficient with a value of 1.6 for flat members, and 1.2 for circular and combinations of flat 
and circular members. Then: 

= 1.2 = 0.182 1.2 = 0.22                                           Equation 4.19 
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After calculating the value of the spacing ratio and the aerodynamic solidity ratio we can now 
calculate the value of the shielding factor. Therefore: 

 = 0.25  = 0.22 → as per table 15 → = 0.9 
The maximum wind load shall be: 

=    = 0.848 0.394 1.2 0.9 = . /                       Equation 4.20 
= 0.394  (given by Acrow) 

o Maximum wind force over the truss gantry 
To calculate the maximum wind force applied to the truss gantry we need to take into 
consideration the direction of the wind. As we said we will suppose X axis as the direction of 
the trusses and Y axis as perpendicular to that one.   

 Maximum wind over the truss gantry in the Y axis  
To calculate the maximum wind over the truss gantry in the Y axis is required to calculate how 
much area of steel per lineal meter will be affected in this direction. In the following table we 
can find the calculations of the areas for this direction and the maximum wind per lineal 
meter: 

=    = 0.848 2.0 1 = .  /                          Equation 4.21 
Top chord 

 

= + = 760  
= 1.696 0.76 = . /  Bottom chord 

= + = 430  = 1.696 0.43 = . /  Diagonals 
   = 300  = 1.696 0.30 = . /  Vertical Q 

= 203  = 1.696 0.203 = . /  Columns 
= 305  = 1.696 0.305 = . /  

Figure 4.7: Maximum wind per lineal meter applied over the truss gantry in the Y axis direction 
 Maximum wind over the beams or rafters and columns in the X axis  

Same as we did before, to calculate the maximum wind over the truss gantry in the X axis is 
required to calculate how much area of steel per lineal meter will be affected in this directions.  
In the following table we can find the calculations of the areas for this direction and the 
maximum wind per lineal meter: 

=    = 0.848 2.0 1 = .  /  
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Top beam  

 

= + = 442  
= 1.696 0.442 = . /  Internal beams 

= 120  = 1.696 0.120 = . /  Columns 
= 305  = 1.696 305 = . /  Diagonals 

   = 300  = 1.696 0.300 = . /  Vertical Q 
= 203  = 1.696 0.203 = . /  

Figure 4.8: Maximum wind per lineal meter applied over the truss gantry in the X axis direction 
- Truss gantry GS08-05 over RTA metro 

For the calculation of the wind affecting the truss gantry over the RTA metro we will follow the 
same procedure done for the calculation of the wind affecting the truss gantry over Sheikh 
Zayed Road. Then, the design wind speed in Dubai will be 160km/h (44.44m/s). We will also 
take into consideration that the wind load may apply pressure or suction forces, it will act 
upon all surfaces over which it passes whether there are normal or incline to the wind 
direction and that it will be calculated for the X axis (truss direction) and Y axis (perpendicular).   

o Design wind speed: 
= = 44.44 1 1 0.837 = . /  

o Dynamic pressure (as per the standard method) 
= 0.613 = 0.613  37.196 = 848.11 / ² = . / ² 

o Maximum wind force over the formwork and the proposed bridge 
=    = 0.848 3.4 2.0 1 = . /  

= + + = 2.0 + 0.2 + 1.2 = 3.4  
o Maximum wind force over the shore brace frames 

=
  

= 0.394
1.20 1.80 = 0.182 

 = 0.3
1.20 = 0.25 

= 1.2 = 0.182 1.2 = 0.2 
 = 0.25  = 0.22 → as per table 15 → = 0.9 
=    = 0.848 0.394 1.2 0.9 = . /  
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o Maximum wind force over the truss gantry 
 Maximum wind over the truss gantry in the Y axis  

=    = 0.848 2.0 1 = .  /  
External beam 

 

= ℎ   ℎ = 203  = 1.696 0.203 = . /  Internal beam 
= 382  = 1.696 0.382 = . /  Bottom chord 
= + = 430  = 1.696 0.430 = . /  Diagonals 

   = 157  = 1.696 0.157 = . /  Vertical Q 
= 254  = 1.696 0.254 = . /  Columns 
= 902.5  = 1.696 0.9025 = . /  

Figure 4.9: Maximum wind per lineal meter applied over the truss gantry in the Y axis direction 
 Maximum wind over the beams or rafters and columns in the X axis  

=    = 0.848 2.0 1 = .  /  
Top beam 

 

= + +  = 3008  
= 1.696 3.008 = . /  Internal beam 

= 90  = 1.696 0.09 = . /  Diagonals 
  = 75  = 1.696 0.075 = . /  Columns 
= 420.5  = 1.696 0.4205 = . /  Horizontal bracing 
= 90  = 1.696 0.09 = . /  Diagonals 

   = 157  = 1.696 0.157 = . /  Vertical Q 
= 254  = 1.696 0.254 = . /  

Figure 4.10: Maximum wind per lineal meter applied over the truss gantry in the X axis direction 
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3.2.6 Gantry Design Check 
Steel Design Check: 
As we did in the Simply Supported Gantry, the utilization ratio for all the beams (in this case 
primary, columns and bracing) will be limited to 0.95. As shown in figure 3.11 the utilization 
ratios of all the beams used in the gantries GS08-02, GS08-03 and GS08-05 are under 0.9, so 
under our limitation. We have chosen the beam for each type with the highest utilization 
ratios. 

 GS08-02 and GS08-03  
 GS08-05  

Beam  Number Type Utilization Ratio Beam Number Type Utilization Ratio 
47554 UB254x146x31 0.786 6850 UB914x919x388 0.327 
41874 UC305x305x118 0.612 11377 UC254x254x73 0.247 
35204 UC254x254x107 0.573 7562 UC152x152x37 0.362 
35225 UC203x203x46 0.394 11347 UC152x152x30 0.833 
35219 UC203x203x71 0.461 8594 UA90x90x8 0.569 
35218 UC203x203x52 0.624 10440 UC203x203x86 0.616 
43980 CF200x150x10 0.497 11375 UC203x203x71 0.857 
43935 UB254x102x25 0.121 6383 UB254x146x31 0.365 
47656 UB305x165x46 0.355 8976 UB254x102x25 0.707 
32665 UB305x165x46 0.623 3658 UA75x75x6 0.426 
45862 UC152x152x37 0.632 6594 UA90x90x6 0.546 
36985 UC152x152x30 0.542 10419 UC152x152x23 0.518 
25963 UA120x120x12 0.852 2565 UC254x254x107 0.581 
45963 UA90x90x10 0.215    
21596 UA120x120x8 0.457    
15236 UC254x254x73 0.765    
32156 UC152x152x23 0.532    
25698 UA120x120x10 0.457    
12547 EA150x150x10 0.136    

Figure 4.11: Highest utilization ratio for each type of beam on the truss gantries GS08-02, GS08-03 and GS08-05 
Regarding the different sections of the beams used for the truss gantries and their 
characteristic, in the followings Figure 4.12 and Figure 4.13 we have a review of them, where it 
shows the section area, the moment of inertia about one axis (xx, yy, zz)... 
Section 1. EA120x120x10 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 2320.0 1000.0 1000.0 33.1 86.9 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
84100.0 3130000.0 3130000.0 86.9 33.1 

Section 2. EA120x120x12 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 2750.0 1200.0 1200.0 34.0 86.0 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
142000.0 3680000.0 3680000.0 86.0 34.0 
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Section 3. UB254x146x31 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 3990.0 2094.1 1534.15 125.75 125.75 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
86500.0 44280000 4480000 73.05 73.05 

Section 4. UC305x305x118 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 15000.0 9561.933 3742.55 157.25 157.25 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
1600000 276100000 90060000 153.4 153.4 

Section 5. EA150x150x10 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 2930.0 1250.0 1250.0 40.3 109.7 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
10800.0 6240000 6240000 109.7 40.3 

Section 6. UC254x254x107 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 13700.0 8825.25 3467.1 133.35 133.35 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
1730000 17500000 58940000 129.15 129.15 

Section 7. UC203x203x46 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 5880.0 3725.333 1483.36 101.6 101.6 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
222000.0 45650000 15390000 101.6 101.6 

Section 8. UC203x203x71 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 9090.0 5945.433 2223.77 107.95 107.95 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
810000 76340000 25300000 103.1 103.1 

Section 9. UC203x203x52 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 6640.0 4247.916 1649.6 103.1 103.1 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
319000.0 52540000 17670000 101.95 101.95 

Section 10. CF200x150x10 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 6260.0 3000.0 4000.0 100.0 100.0 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
44300000 33500000 21400000 75.0 75.0 

Section 11. UB254x102x25 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 3230.0 1426.6 1567.7 128.5 128.5 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
65200.0 34200000 1490000 50.95 50.95 

Section 12. UC254x254x73 

 

A(mm2) Asy(mm2) Asz(mm2) z+(mm) z-(mm) 3840.0 2395.433 1039.5 78.75 78.75 
Ixx(mm4) Iyy(mm4) Izz(mm4) y+(mm) y-(mm) 
106000 17480000 5600000 76.45 76.45     Figure 4.12: Sections and characteristic of the different beams in the truss gantries GS08-02 and GS08-03 
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Section 1. UB914x919x388 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.050 0.026 0.020 0.460 0.460 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.007 0.000 0.210 0.210 

Section 2. UB254x146x31 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.004 0.002 0.002 0.126 0.126 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.073 0.073 

Section 3. UA90x90x8 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.001 0.000 0.000 0.025 0.065 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.065 0.025 

Section 4. UA75x75x6 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.001 0.000 0.000 0.021 0.054 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.054 0.021 

Section 5. UC152x152x23 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.003 0.002 0.001 0.076 0.076 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.076 0.076 

 Section 6. UC152x152x30 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.004 0.002 0.001 0.079 0.079 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.076 0.076 

Section 7. UB254x254x73 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.009 0.006 0.002 0.127 0.127 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.127 0.127 

Section 8. UC203x203x86 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.011 0.007 0.003 0.111 0.111 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.104 0.104 

Section 9. UB254x254x107 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.003 0.001 0.002 0.129 0.129 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.051 0.051 

Section 10. UC203x203x70 

 

A(m2) Asy(m2) Asz(m2) z+(m) z-(m) 0.009 0.006 0.002 0.108 0.108 
Ixx(m4) Iyy(m4) Izz(m4) y+(m) y-(m) 
0.000 0.000 0.000 0.103 0.103        Figure 4.13: Sections and characteristic of the different beams in the truss gantry GS08-05 
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As we said in other chapters, to be able to check the design of the portal frame gantry is 
required to check each beam and each node (intersection of beams) by itself, making sure that 
each one of them is safe as per the specifications. To proceed with this checking we will give a 
number as a reference to each beam and to each node or intersection between beams. After 
generating the model we will apply to it all the different types of loads (dead loads, wind loads 
and imposed loads) with the different load combinations. 
Bracing design: 
Regarding the bracing of the truss gantries, since they are provided to carry the lateral effects 
especially of the wind loads, it was designed to carry the tension forces only. In the truss 
gantries GS08-02 and GS08-03 the bracing will be given using EA120x120x10 and 
EA120x120x12 and in the truss gantry GS08-05 it will be given using EA75x75x6 and EA90x908. 
To ensure that the bracing used is enough we need to make sure that: 

 > á  →          Equation 4.22 
 = ∅                Equation 4.23 

- Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
o Top chords horizontal bracing 

 
       Figure 4.14: Max. tension force for top chords horizontal bracings for truss gantries GS08-02 and GS08-03 

, = 2.32 10              á  = 182  
 = ∅ = 0.9 275 2.32 = . > →  

o Bottom chords horizontal bracing 

 
       Figure 4.15: Max. tension force for bottom chords horizontal bracings for truss gantries GS08-02 and GS08-03 
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, = 2.32 10              á  = 118  
 = ∅ = 0.9 275 2.32 = . > →  

o Columns vertical bracings 

 
       Figure 4.16: Max. tension force for the column vertical bracings for truss gantries GS08-02 and GS08-03 

, = 2.75 10              á  = 184  
 = ∅ = 0.9 275 2.75 = > →  

o Diagonal support connection to the main column 

 
       Figure 4.17: Max. tension force for the support connection to the main column for truss gantries GS08-02 and 

GS08-03 
, = 2.75 10              á  = 53  

 = ∅ = 0.9 275 2.75 = > →  
- Truss gantry GS08-05 over RTA metro 

o Horizontal bracings 

 
       Figure 4.18: Max. tension force for top and bottom horizontal bracings for truss gantry GS08-05 
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, = 1376              á  = 226  
 = ∅ = 0.9 275 1376 = . > →  
o Vertical bracings 

 
       Figure 4.19: Max. tension force for the vertical bracings for truss gantry GS08-053 

, = 864.0              á  = 116  
 = ∅ = 0.9 275 864.0 = > →  

Deflection check: 
As we said before in other chapters, to be able to check the maximum deflection of the gantry 
we need to use unfactored loads. Once we have the maximum deflection we need to compare 
it with the allowable deflection using the following formula: 

=                                                         Equation 4.24 
- Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 

 
Figure 4.20: Maximum deflection for dead load and live load for the truss gantries GS08-02 and GS08-03 

= L
200 = 24600

200 = 120  
 = 5 < = 120    →     

 = 29 < = 120    →     
So after checking the deflection for dead load and live load in the truss gantries GS08-02 and 
GS08-03 we have found that are within the limits. 
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- Truss gantry GS08-05 over RTA metro 

 
Figure 4.21: Maximum deflection for dead load and live load for the truss gantry GS08-05 

= L
200 = 18878

200 = 94.4  
 = 7 < = 94.4    →     

 = 33 < = 94.4    →     
So after checking the deflection for dead load and live load in the truss gantry GS08-05 we 
have found that are within the limits. 
Beams Design Check: 
Due to the big number of beams on this gantry and the many areas to check and study for 
each one of them, the manual checking will not be possible for the different members. 
Therefore, as per the BS 5950-1:2000 Structural use of steel work in building and choosing the 
most loaded beams of each type and truss gantry, we will explain what and how the model 
checks and which properties of the beams it needs.  

- Design information  
It is related to the characteristic of the material of the beams and the properties of each type 
of beam to study. Due to all the different beams that we have in this gantry are made of the 
same material, the material data will be the same for all of them. Therefore: 

o Grade of steel: 355 
o Modulus of elasticity: 205 /  
o Design strength ( ) 355 /  
o Type of beam: it is related to the type of beam to study for the different truss 

gantries (UB254x146x31, UC203x203x46, UB254x102x25...). 
o Member number: it is the reference number for each beam given as per the 

model. 
o Area ( ): it will be determined from the specified shape and nominal 

dimensions of the member.  
o Dimensions like depth, top and bottom flanged width, web thickness, top and 

bottom flanged thickness... 
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o Values like the moment of inertia ( ) / plastic modulus ( ) / elastic modulus (  
and )...: they are different section properties that will be given in reference 
to the z-z axis and y-y axis.    
UB254x146x31 UC305x305x118 

Member number / length: 47554 / 1000.00m 

  

Member number / length: 41874 / 1318.65m 

  UC254x254x107 UC203x203x46 
Member number / length: 35204 / 2460.00m 

  

Member number / length: 35225 / 3000.00m 

  UC203x203x71 UC203x203x52 
Member number / length: 35219 / 3000.00m 

  

Member number / length: 35218 / 3879.64m 

  CF200x150x10 UB254x102x25 
Member number / length: 43980 / 4904.33m 

  

Member number / length: 43935 / 1600.00m

  Figure 4.22: Design information for the most loaded beams in the truss gantries GS08-02 and GS08-03 
UB914x419x388 UB254x146x31 

Member number / length: 6850 / 1351.00m 

  

Member number / length: 6383 / 406.424m 

  UC152x152x23 UC152x152x30 
Member number / length: 10419 / 1668.45m 

  

Member number / length: 11347 / 2322.83m 
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UC254x254x7 UC203x203x86 
Meber number / length: 11377 / 1279.00m 

  

Member number / length: 35218 / 3879.64m 

  CB254x102x25 UC203x203x71 
Member number / length: 8976 / 1028.14m 

  

Member number / length: 11375 / 1939.00m  

 Figure 4.23: Design information for the most loaded beams in the truss gantry GS08-05 
- Members forces 

It is related to forces of the different most loaded members. We will be giving values of: 
o Axial forces in reference to the x axis.  
o Bending moments in reference of the y and z axis. 
o End moments in reference of the y and z axis. 
o Shear forces in reference of the y and z axis. 

AXIAL FORCE (N) BENDING MOMENTS (Nm) END MOMENTS (Nm) SHEAR FORCES (N) 
UB254x146x31  

= −62334 = 10259885 
= 19898483 

= 102592699   = 0.00 (for ) 
= 102592699   = 0.00 (for ) 
= 19761575     = 0.00 (for ) 

= 19761.6 
= 10444.7 

UC305x305x118 
= −22555455 = 68477864 

= −1380289 
= 49424498   = 67999430 (for ) 
= 49424498   = 6799430 (for ) 
= 1339183     = −1350668 (for ) 

= 2039.85 
= −18953 

UC254x254x107 
= 2147261 = 43645647 

= −179677 
= 23869148   = 43645647 (for ) 
= 23869148   = 43645647 (for ) 
= −33050       = −179677 (for ) 

= −4330.5 
= −10168 

UC203x203x46 
= −543413 = 0.00 

= 0.00 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= −735.05 
= −918.75 

UC203x203x71 
= −996851 = 0.00 

= 0.00 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= −735.00 
= −918.75 
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UC203x203x52 
= 1314878 = 762241 

= 0.00 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= −1412.2 
= −1877.9 

CF200x150x10 
= −336468 = −28916440 

= −432906 
= −25458753   = 2757721 (for ) 
= −25458753   = 2754721 (for ) 
= −352079        = −177400 (for ) 

= 2484.72 
= −6340.7 

UB254x102x25 
= −29610 = −1395486 

= −3109877 
= 1517712   = −1392542 (for ) 
= 1517712   = −1392542 (for ) 
= 2900721    = −3089084 (for ) 

= 3743.63 
= 2180.18 

Figure 4.24: Members forces for the most loaded beams in the truss gantries GS08-02 and GS08-03 
AXIAL FORCE (N) BENDING MOMENTS (Nm) END MOMENTS (Nm) SHEAR FORCES (N) 

UB914x419x388  
= −870766 = −1675349582 

= −434775 
= −1675349582   = −1376274766 (for ) 
= −1675349582   = −1376274766 (for ) 
= −434775             = −2404034 (for ) 

= 66940.1 
= −221373 

UB254x146x31 
= −58147 = 25959369 

= 3973651 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= 9766.7 
= −63952 

UC152x152x23 
= 490737 = 70244.6 

= 0.00 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= −607.32 
= −410.14 

UC152x152x30 
= 1018652 228833 

= 0.00 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= −845.51 
= 604.901 

UC254x254x7 
= −670395 = 0.00 

= 0.00 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 
= 0.00   = 0.00 (for ) 

= −341.11 
= −341.11 

UC203x203x86 
= −1558446 = 44307406 

= −1954290 
= 14388654   = 44068953 (for ) 
= 14388654   = 44068953 (for ) 
= 225885        = −1922150 (for ) 

= 2634.62 
= −39304 

CB254x102x25 
= −33571 = 43529205 

= 3260446 
= 43506925   = −4372997 (for ) 
= 43506925   = −4372997 (for ) 
= 3222145      = −4061701 (for ) 

= 7084.47 
= 46745.1 

UC203x203x71 
= −1274596 = −127284521 

= 294429 
= −123366104   = 35762060 (for ) 
= −123366104   = 35762060 (for ) 
= 266911              = 249606 (for ) 

= −4878.0 
= −83393 

Figure 4.25: Members forces for the most loaded beams in the truss gantry GS08-05 
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- Section class 
Following what we said in the Portal Frame Gantry in Span 3 S24 Bridge (GS24-03), 2.2.6 
Gantry design check and as per the BS 5950-1:2000 3.5, without calculating the cross section´s 
buckling resistant, the sections should be classified to determine whether local buckling 
influences their capacity. This classification subject to compression should be based on its 
width to thickness ratio. They could be one of the following classes: 

o Class 1 plastic: those which can form a plastic hinge with the rotation capacity 
for plastic analysis.  

o Class 2 compact: those which can develop their plastic moment resistance but 
have limited rotation capacity. 

o Class 3 semi-compact: those in which the calculated stress in the extreme 
compression fibre of the steel member can reach its yield strength but local 
buckling is liable to prevent development of the plastic moment resistance. 

o Class 4 slender: those in which it is necessary to make explicit allowances for 
the effects of local buckling when determining their moment resistance or 
compression resistance. 
 

- Members subject to bending 
Following what we said in the Portal Frame Gantry in Span 3 S24 Bridge (GS24-03), 2.2.6 
Gantry design check and as per the BS 5950-1:2000 4.2, all members that are subject to 
bending should meet the following conditions: 

o At critical points it should be checked the combination of maximum moment 
and coexistent shear, and maximum shear and coexistent moment. 

o We should take into account the local buckling for class 4 sections. This will 
not happen in this calculation as we don’t have any beam in this class.  

o The deflection criteria should be taken into account (we will check the 
deflection of the beams). 

o When loads or reactions are applied through the flange to the web the 
conditions for bearing and buckling should be met.  
 

- Lateral torsion buckling (LTB) 
Following what we said in the Portal Frame Gantry in Span 3 S24 Bridge (GS24-03), 2.2.6 
Gantry design check and as per the BS 5950-1:2000 4.3, the resistance to lateral torsion 
buckling should be checked unless the member is fully restrained against it. In the calculation 
of the LTB we could have two types of restraints: 

o Intermediate lateral restraints.   
o Torsion restraints. 

In these truss gantries we will only have I-beams with channel section, equal flange and a 
uniform cross section through the length of the relevant segment L between adjacent lateral 
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restraints. Therefore, to check the resistance to lateral torsion buckling (LTB) the following 
formula should be satisfied:  

<  and <  
- Web bearing capacity and web buckling resistance 

As per BS 5950-1:2000 4.5.2 and as we said in the Simply Supported Gantry in Span 1 S25 
Bridge (GS25-03), 1.2.6 Gantry design check, if the bearing capacity  of the unstiffened web 
at the flange connection is exceeded by the local compressive force  applied through a 
flange by loads or reactions, we should provide bearings stiffeners. The web bearing capacity is 
given by: 

≥    →     
= + (   )     

, t, k, T, r, ,    →   as explain before in the Simply Supported Gantry in Span 1 S25 Bridge 
(GS25-03), 1.2.6 Gantry design check 
As per BS 5950-1:2000 4.5.3 as we said in the Simply Supported Gantry in Span 1 S25 Bridge 
(GS25-03), 1.2.6 Gantry design check, if the buckling resistance  of the unstiffened web is 
exceeded by the local compressive force  applied through a flange by loads or reactions, we 
should provide web stiffeners. The buckling resistance is given by: 

≥    →     
= 2  25    

( +   )   

, , , t, k, T, r, , ,  →  as explain before in the Simply Supported Gantry in Span 1 
S25 Bridge (GS25-03), 1.2.6 Gantry design check 
Connections Design Check: 
To be able to check the nodes we must check the structural adequacy of the connection that 
we have on those nodes. In the truss gantries we will have 5 types of connections. 

- Bracing connectors design 
It is related to the connections between the different bracings and the main columns and 
trusses. We will have three types of bracings and connections: 

o Vertical bracings, related to the connections between the vertical bracings and 
the main columns. 

o Top chords horizontal bracing, related to the connections between the 
horizontal bracings and the top chords of the main trusses. 

o Bottom chords horizontal bracing, related to the connections between the 
horizontal bracings and the bottom chords of the main trusses. 
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Figure 4.26: Connections between the vertical and horizontal bracings and the main columns and trusses (top and 

bottom chords) in the truss gantries 

 Vertical bracings EA120x120x12 
Top chords horizontal bracings EA120x120x10 

Bottom chords  horizontal bracings EA120x120x10 
Bolt size M24 M24 M24 
Grade 8.8 8.8 8.8 
Bolt dia. (mm)  M24 M24 M24 
Bolt hole dia. (mm) M26 M26 M26 
Nominal Tensile Stress  (MPa) 560 560 560 
Nominal Shear Stress  (MPa) 375 375 375 
Connected Plate THK (mm) 12 10 8 

 connected (MPa) 410 410 410 
 connected (MPa) 275 275 275 

Bolt spacing  (mm) 75 75 75 
Edge distance  (mm) 50 50 50 
Edge distance,  (mm) 60 60 60 
Applied Tension (kN) 184 122 108 
Number of bolts (nos) 3 3 3 
Applied tension in one bolt (kN) 61.3 40.7 36 

 Clear distance between first hole and edge of angle (mm) 38 38 38 
 Clear distance between low bolt holes (mm) 51 51 51 

 (mm) 38 38 38 
Angle dimensions  (mm) 120 120 120 
Angle dimensions  (mm) 120 120 120 
Angle dimensions  (mm) 12 10 10 

Figure 4.27: Connections between the vertical and horizontal bracings and the main columns and trusses (top and 
bottom chords) in the truss gantries 

- Connection between top and bottom chords and main columns 
It is related to the connections between the top chords of the main trusses and the main 
columns of the truss gantries and the bottom chords of the main trusses and the main columns 
of the truss gantries. 
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Figure 4.28: Connections between the top chords and bottom chords and the main columns in the truss gantries 

 Top chords and main columns Bottom chords and main columns 
Bolt size M24 M22 
Grade 8.8 8.8 
Bolt dia. (mm)  M24 M22 
Bolt hole dia. (mm) M26 M24 
Nominal Tensile Stress  (MPa) 560 560 
Nominal Shear Stress  (MPa) 375 375 
Connected Plate THK (mm) 24 12 

 connected (MPa) 560 560 
 connected (MPa) 375 375 

Bolt spacing  (mm) 175 75 
Edge distance  (mm) 100 40 
Edge distance,  (mm) 110 60 
Max. Applied tension in member (kN) 88 - 
Max. Applied shear in member (kN) 61 27 
Number of bolts (nos) 4 2 
Applied tension in one bolt (kN) 22 - 
Applied shear in one bolt (kN) 14.21 13.50 

 Clear distance between first hole and edge of angle (mm) 88 88 
 Clear distance between low bolt holes (mm) M151 M151 

 (mm) 88 88 
Angle dimensions  (mm) 395 155 
Angle dimensions  (mm) 350 120 
Angle dimensions  (mm) 24 12 

Figure 4.29: Connections between the vertical and horizontal bracings and the main columns and trusses (top and 
bottom chords) in the truss gantries 

- Connection between the diagonal ties and main columns 
It is related to the connections between the diagonal ties and the main columns of the truss 
gantries. 
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Figure 4.30: Connections between the diagonal ties and the main columns in the truss gantries 

Bolt size M24 
Grade 8.8 
Bolt dia. (mm)  M24 
Bolt hole dia. (mm) M26 
Nominal Tensile Stress  (MPa) 560 
Nominal Shear Stress  (MPa) 375 
Connected Plate THK (mm) 16 

 connected (MPa) 560 
 connected (MPa) 375 

Bolt spacing  (mm) 320 
Edge distance  (mm) 40 
Edge distance,  (mm) 40 
Max. Applied Axial in tie (kN) 396 
Number of bolts (nos) 4 
Applied tension in one bolt (kN) 35.87 
Applied shear in one bolt (kN) 92.24 

 Clear distance between first hole and edge of angle (mm) 28 
 Clear distance between low bolt holes (mm) M296 

 (mm) 28 
Angle dimensions  (mm) 450 
Angle dimensions  (mm) 450 
Angle dimensions  (mm) 16 

Figure 4.31: Checking for the connections between the diagonal tie and main columns the truss gantries 
- Base plate connections (columns connections with footings) 

A base plate connection is the joint of the truss gantry columns with the gantry foundations.  
The solid joint will be archived by a base plate that will be bolted to the footings by bolts that 
will be embedded in the concrete (the bolts will be place in the foundations before casting).  
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CONCRETE BREAKOUT STRENGTH OF ANCHOR IN SHEAR 
Material properties and cross sections properties 

 

 Figure 4.32: Checking for the concrete breakout strength of anchor in shear 

 
Figure 4.33: Checking for the concrete breakout strength of anchor in shear 
CONCRETE BRAKEOUT STRENGTH OF ANCHOR IN TENSION 

Material properties and cross sections properties 
 

 Figure 4.34: Checking for the concrete breakout strength of anchor in tension 
3.2.7 Foundation Design Check 

  
Figure 4.35: Gantry foundations for truss gantries GS08-02 (F2-F3), GS08-03 (F3-F4) and GS08-05 (F6-F7) 

The footings have been designed and checked such an elastic foundation based on modulus of 
subgrade reaction of 3500 T/m3 and the bearing capacity has been limited up to 350 KPa. All of 
the footings have been designed for flexure, shear and bearings capacity. The truss gantries 
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loads reactions resulting during the construction of the new bridge S8 and falsework, in 
addition to the weight of the gantry itself, live loads and wind loads affecting the falsework, 
bridge and gantry, were provided by the model done for the truss gantries. These loads were 
given by the model as reactions in every node (joints between columns and gantry 
foundations).  
The sliding for the foundations has been checked for the critical load combination and was 
found save at the end.   
Soil Bearing Capacity Check 
With the highest load combination possible, all of the point springs reactions under the 
footings have been checked for the maximum allowable bearing capacity and found to be less 
than 350KPa.  
The maximum required bearing capacity would be given after loading the truss gantries with 
the highest load combination. The maximum reactions of the truss gantries over the gantry 
foundations are given in the next figure. 

 
Figure 4.36: Maximum reactions on the gantry foundations due to the truss gantries GS08-02 (F2-F3), GS08-03 (F3-

F4) and GS08-05 (F6-F7) 
The tributary areas for the maximum reaction given to the gantry foundations in the different 
truss gantries are: 

   / = 1.2  
  = 0.9  

For the same area, the maximum allowable bearing forces in the different truss gantries are: 
     / = 350 1.2 = 420    Equation 4.25 

    = 350 0.9 = 315              Equation 4.26 
Therefore, we compare the maximum reaction and the maximum allowable bearings force in 
both cases: 

   / = 126 < 420    →     
  = 111 < 315    →     
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Foundation Sliding Check 
The sliding of the foundations will be calculated for all the stream wind with dead and live 
loads. We will study both truss gantries separate using the same load combinations due to the 
different loads apply to them and the different sections of the foundations. To check if the 
system is stable to sliding it is only required to divide the favourable loads into the 
unfavourable loads. Then: 

= F
F  > 1.5 →   

The favourable loads are related to the horizontal loads applied to the gantry foundation and it 
will be given by the following formula: 

= ∑ +  (2
3 ) 

μ     →   is fric on coefficient soil – concrete = 35°  
∑  →   is the sum of all the ver cal loads apply to the gantry foundation (given by the model).  

    →   is the weight of the gantry founda on  
=  

    →   is the height of the gantry founda on  
   →   is the width of the gantry founda on   

     →   is the length of the gantry foundation  
   →   is the density of the concrete = 25KN/m  

The unfavourable loads are related to the vertical loads applied to the gantry foundation and it 
will be given by the following formula: 

= ∑  
∑  →   is the sum of all the horizontal loads apply to the gantry foundation for each load 
combination (given by the model).  

- Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
These truss gantries GS08-02 and GS08-03 have 3 different gantry foundations (F2, F3 and F4) 
that we will have to check for sliding. We will use the reactions given to them by the truss 
gantries using the following load combinations (service load combinations): 

Dead Load + Wind Load X Imposed Load 
Dead Load + Wind Load -X + Imposed Load 
Dead Load + Wind Load Y + Imposed Load 
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Dead Load + Wind Load –Y + Imposed Load 
The foundation number 2 (F2) has a total length of 17.741m and a rectangular section of 4m x 
1.2m, the foundation number 3 (F3) has a total length of 18.495m and a rectangular section of 
5.7m x 1.2m and the foundation number 4 (F4) has a total length of 18.495m and a rectangular 
section of 4m x 1.2m. The weights for the different foundations are the following: 

= = 1.2 4 17.741 25 = 2128.92  
= = 1.2 5.7 18.495 25 = 3162.645  

= = 1.2 4 18.495 25 = 2219.4  
Due to that the highest loaded foundation is the number 4 and the weight is not the higher, 
we will only check the sliding for this foundation (is the critical one). Therefore, we will 
calculate the different favourable an unfavourable loads for each load combinations to be able 
to calculate the sliding safety factor for each one of them.  

o Load combination number 1: Dead Load + Wind Load X + Imposed Load 
NODE LOADS SUM Fx (kN) SUM Fy (kN) SUM Fz (kN) 

1 DL+WLx+LL 40.14 -0.04 135.49 
2 DL+WLx+LL 0.93 -2.27 79.62 
3 DL+WLx+LL 0.07 -2.95 93.58 
4 DL+WLx+LL -0.17 -7.04 82.66 
5 DL+WLx+LL 3.13 -4.07 26.18 
6 DL+WLx+LL 2.93 5.76 28.44 
7 DL+WLx+LL 0.05 7.69 78.37 
8 DL+WLx+LL -0.16 4.08 103.0 
9 DL+WLx+LL 0.87 2.18 78.43 

48 DL+WLx+LL 33.57 0.08 113.38 
 TOTAL -81.35 3.42 819.15 

Figure 4.37: Total calculation of Fx, Fy and Fz for the load combination number 1 for the truss gantries GS08-02 and 
GS08-03 

= F
F  = ∑ +  23∑ = (819.15 + 2219.4)  (23 35)

2.60 = 504.11 
= 504.11 > 1.5 →   

o Load combination number 2: Dead Load + Wind Load -X + Imposed Load 
NODE LOADS SUM Fx (kN) SUM Fy (kN) SUM Fz (kN) 

1 DL+WL-x+LL -25.53 0.04 -85.35 
2 DL+WL-x+LL -3.82 2.35 90.33 
3 DL+WL-x+LL -4.47 5.80 114.81 
4 DL+WL-x+LL -4.81 7.57 147.11 
5 DL+WL-x+LL -7.17 4.18 154.82 
6 DL+WL-x+LL -6.93 -4.75 151.92 
7 DL+WL-x+LL -4.61 -6.61 137.73 
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8 DL+WL-x+LL -4.68 -3.91 121.88 
9 DL+WL-x+LL -3.88 -2.03 88.49 

48 DL+WL-x+LL -18.91 -0.05 -63.11 
 TOTAL -84.79 2.60 858.63 

Figure 4.38: Total calculation of Fx, Fy and Fz for the load combination number 2 for the truss gantries GS08-02 and 
GS08-03 

= F
F  = ∑ +  23∑ = (858.63 + 2219.4)  (23 35)

2.60 = 510.66 
= 510.66 > 1.5 →   

o Load combination number 3: Dead Load + Wind Load Y + Imposed Load 
NODE LOADS SUM Fx (kN) SUM Fy (kN) SUM Fz (kN) 

1 DL+WLy+LL 14.83 -1.44 49.95 
2 DL+WLy+LL -1.37 -69.28 -134.81 
3 DL+WLy+LL -18.67 -60.91 154.06 
4 DL+WLy+LL -2.97 -57.29 78.15 
5 DL+WLy+LL -2.87 -58.43 56.86 
6 DL+WLy+LL 2.82 -45.81 44.21 
7 DL+WLy+LL -19.25 -37.57 193.42 
8 DL+WLy+LL -3.23 -23.85 140.41 
9 DL+WLy+LL -2.18 -0.96 200.61 

48 DL+WLy+LL 15.18 -1.57 51.30 
 TOTAL -23.35 -357.10 834.14 

Figure 4.39: Total calculation of Fx, Fy and Fz for the load combination number 3 for the truss gantries GS08-02 and 
GS08-03 

= F
F  = ∑ +  23∑ = (834.14 + 2219.4)  (23 35)

357.10 = 3.68 
= 3.68 > 1.5 →   

o Load combination number 4: Dead Load + Wind Load -Y + Imposed Load 
NODE LOADS SUM Fx (kN) SUM Fy (kN) SUM Fz (kN) 

1 DL+WL-y+LL -0.22 1.44 0.18 
2 DL+WL-y+LL -1.53 69.35 304.76 
3 DL+WL-y+LL 14.27 63.76 54.33 
4 DL+WL-y+LL -2.01 57.82 151.62 
5 DL+WL-y+LL -1.16 58.54 124.17 
6 DL+WL-y+LL -1.18 46.82 136.15 
7 DL+WL-y+LL 14.69 38.66 22.67 
8 DL+WL-y+LL -1.61 24.03 84.47 
9 DL+WL-y+LL -0.83 1.11 -33.68 

48 DL+WL-y+LL -0.52 1.60 -1.03 
 TOTAL 19.90 363.13 843.64 

Figure 4.40: Total calculation of Fx, Fy and Fz for the load combination number 4 for the truss gantries GS08-02 and 
GS08-03 
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= F
F  = ∑ +  23∑ = (843.64 + 2219.4)  (23 35)

363.13 = 3.63 
= 3.63 > 1.5 →   

Therefore, the gantry foundations F2, F3 and F4 of the truss gantries GS08-02 and GS08-03 are 
safe against the sliding. 

- Truss gantry GS08-05 over RTA metro 
This truss gantry GS08-05 has 2 different gantry foundations (F6 and F7) that we will have to 
check for sliding. We will use the reactions given to them by the truss gantry, using in this case, 
the worst condition when the dead load and wind load are parallel to the metro track. 
Both foundations (F6 and F7) have a total length of 18.5m and a rectangular section of 3m x 
1.2m. The weight for both foundations is the following: 

= = = 1.2 3 18.5 25 = 1665  
Therefore, we will calculate the different favourable an unfavourable loads for the worst load 
combination to be able to calculate the sliding safety factor.  

NODE LOADS SUM Fx (kN) SUM Fy (kN) SUM Fz (kN) 
2638 DL+WLy+LL 14 126.4 357.2 
2642 DL+WLy+LL 7 90.9 123.1 
2653 DL+WLy+LL 12 83.9 82.5 
2663 DL+WLy+LL 12 77.9 93 
2673 DL+WLy+LL 11 71.7 87 
2683 DL+WLy+LL 5 66.3 89 
2693 DL+WLy+LL 15 59.5 87 
2703 DL+WLy+LL 9 58.5 80 
2713 DL+WLy+LL 8 -14.4 -148 

 TOTAL 93 -620.7 851 
Figure 4.41: Total calculation of Fx, Fy and Fz for the worst load combination number for the truss gantry GS08-05 

 

= F
F  = ∑ +  23∑ = (851 + 1665)  (23 35)

620.7 = 1.75 
= 1.75 > 1.5 →   

Therefore, the gantry foundations F6 and F7 of the truss gantry GS08-05 is safe against the 
sliding. 
Flexural Design Check 

- Longitudinal bending moment 
o Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
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Figure 4.42: Longitudinal bending moment for the gantry foundations F2, F3 and F4 

The maximum and minimum longitudinal bending moment reached in the gantry foundations 
are the following: 
Maximum bending moment  

´ = 618.375  (Unfactored) → = 989.4  (Factored, 1.6) 
Minimum bending moment 

´ = −263.44  (Unfactored) → = −421.5  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 989.4
30000  4.0  1.12 = 0.00657 < = 0.156 

     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 30000 /  

     →    width or effective width of the section = 4.0  
     →   effective depth of the tension reinforcement 

= 1200 − 50 − 20
2 − 20 = 1120  

If = 0.00657 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 1.12 0.5 + 0.25 − 0.00657
0.9 = 1.11  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  1.12 = 1.064   →    = 1.064  

Therefore, the required reinforcement will be:  
= 0.87 = 989.4

0.87  46  1.064 = = 23.23    →    5.81 ⁄  
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   →    area of tension reinforcement 
  →    characteristic strength of steel = 460000 /  

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (400 120) = 62.4   →  15.6 ⁄  

,  →    minimum area of tension reinforcement 
    →    area of concrete 

Therefore, the required reinforcement due to the longitudinal bending moment is: 
, = 15.6 ⁄    →    20 @ 200   

Just to be in the safe side, we will use the following reinforcement (as per consultant´s 
requirement): 

= 28.3 ⁄    →     @   
o Truss gantry GS08-05 over RTA metro 

The maximum and minimum longitudinal bending moment reached in the gantry foundations 
are the following: 
Maximum bending moment  

´ = 529.85  (Unfactored) → = 847.76  (Factored, 1.6) 
Minimum bending moment 

´ = −219.26  (Unfactored) → = −350.82  (Factored, 1.6) 

  
Figure 4.43: Longitudinal bending moment for the gantry foundations F6 and F7 

Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 847.76
30000  3.0  1.12 = 0.00751 < = 0.156 
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     →   if  < = 0.156 compression reinforcement is not required 
  →   maximum bending moment 
  →    characteristic strength of concrete = 30000 /  

     →    width or effective width of the section = 3.0  
     →   effective depth of the tension reinforcement 

= 1200 − 50 − 20
2 − 20 = 1120  

If = 0.00751 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 1.12 0.5 + 0.25 − 0.00751
0.9 = 1.11  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95  1.12 = 1.064   →    = 1.064  

Therefore, the required reinforcement will be:  
= 0.87 = 847.76

0.87  46  1.064 = = 19.90    →    6.63 ⁄  
   →    area of tension reinforcement 
  →    characteristic strength of steel = 460000 /  

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (300 120) = 46.8   →  15.6 ⁄  

,  →    minimum area of tension reinforcement 
    →    area of concrete 

Therefore, the required reinforcement due to the longitudinal bending moment is: 
, = 15.6 ⁄    →    20 @ 200   

Just to be in the safe side, we will use the following reinforcement (as per consultant´s 
requirement): 

= 28.3 ⁄    →     @   
- Transversal bending moment  

o Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
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Figure 4.44: Transversal bending moment for the gantry foundations F2, F3 and F4 

For the trasnversal bending moment we will follow the same procedure done in the calculation 
of the reinforcement due to the longitudinal bending moment. The maximum and minimum 
transversal bending moment reached in the gantry foundations are the following: 
Maximum bending moment  

´ = 183.60  (Unfactored) → = 293.77  (Factored, 1.6) 
Minimum bending moment 

´ = −164.52  (Unfactored) → = −263.24  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 293.77
30000  1.2  1.14 = 0.00628 < = 0.156 

, , ,  and      →   as explained before 
= 1200 − 50 − 20

2 = 1140  
If = 0.00628 < = 0.156 then: 

= 0.5 + 0.25 − 0.9 = 1.14 0.5 + 0.25 − 0.00628
0.9 = 1.132  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95 1.14 = 1.083   →    = 1.083  

Therefore, the required reinforcement will be:  
= 0.87 = 293.77

0.87  46  1.083  →  = 6.77    →    5.64 ⁄  
,   →    as explained before 

Then we must check the minimum reinforcement:  
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, = 0.13% = 0.13
100  (120 100) = 15.6    →    13 ⁄  

, ,     →    as explained before 
Therefore, the required reinforcement due to the longitudinal bending moment is: 

, = 15.6 ⁄    →    20 @ 200   
Just to be in the safe side, we will use the following reinforcement (as per consultant´s 
requirement): 

= 28.3 ⁄    →     @   
o Truss gantry GS08-05 over RTA metro 

 
Figure 4.45: Transversal bending moment for the gantry foundations F6 and F7 

For the transversal bending moment we will follow the same procedure done in the calculation 
of the reinforcement due to the longitudinal bending moment. The maximum and minimum 
transversal bending moment reached in the gantry foundations are the following: 
Maximum bending moment  

´ = 170.92  (Unfactored) → = 273.47  (Factored, 1.6) 
Minimum bending moment 

´ = −198.85  (Unfactored) → = −318.16  (Factored, 1.6) 
Therefore, and as per the BS 8110-1:1997, part 3.4.4, we are going to calculate the required 
steel due to the longitudinal bending moment.  

=  = 318.16
30000  1.2  1.14 = 0.0068 < = 0.156 

, , ,  and      →   as explained before 
= 1200 − 50 − 20

2 = 1140  
If = 0.0068 < = 0.156 then: 
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= 0.5 + 0.25 − 0.9 = 1.14 0.5 + 0.25 − 0.0068
0.9 = 1.131  

   →   lever arm, always ≤ 0.95  
≤ 0.95 = 0.95 1.14 = 1.083   →    = 1.083  

Therefore, the required reinforcement will be:  
= 0.87 = 318.16

0.87  46  1.083  →  = 7.34    →    6.11 ⁄  
,   →    as explained before 

Then we must check the minimum reinforcement:  

, = 0.13% = 0.13
100  (120 100) = 15.6    →    13 ⁄  

, ,     →    as explained before 
Therefore, the required reinforcement due to the longitudinal bending moment is: 

, = 15.6 ⁄    →    20 @ 200   
Just to be in the safe side, we will use the following reinforcement (as per consultant´s 
requirement): 

= 28.3 ⁄    →     @   
- Shear design check 

o Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 

 
Figure 4.46: Longitudinal shear for the gantry foundations F2, F3 and F4 

The maximum shear force in the gantry foundations is the following: 
´ = 210.22  (Unfactored) → = 336.36  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  

=  = 336.36
4.0  1.12 = 75.08 = 0.0751 ⁄  ⁄  
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  →   design shear resistance of bent up bars 
     →    width or effective width of the section = 4.0  
     →   effective depth  

= 1200 − 50 − 20
2 − 20 = 1120  

    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 0.0751 ≤ 0.8 = 0.8√30 = 4.38 ⁄  ≤ 5.00    →    ⁄  
  →    characteristic strength of concrete = 30000 / = 30 /  

We check now if it is required or not to fix additional rebar do to the shear. 

≤ 0.79 100   400 25 = 0.79 100  33    104000  1120  4001120 3025
1.25 = 

= 0.319 ⁄ →  
   →    area of tension reinforcement 
   →    breadth of section 

0.0751 ⁄ < 0.319   →        
o Truss gantry GS08-05 over RTA metro 

  
Figure 4.47: Longitudinal shear for the gantry foundations F6 and F7 

The maximum shear force in the gantry foundations is the following: 
´ = 134.5  (Unfactored) → = 215.2  (Factored, 1.6) 

Therefore, and as per the BS 8110-1:1997, part 3.4.5, we are going to calculate the required 
steel due to the shear.  
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=  = 215.2
3.0  1.12 = 64.04 = 0.0640 ⁄  ⁄  

  →   design shear resistance of bent up bars 
     →    width or effective width of the section = 4.0  
     →   effective depth  

= 1200 − 50 − 20
2 − 20 = 1120  

    →   design shear stress at cross section. In no case it should exceed ≤ 0.8  or 
≤ 5.00 ⁄ , whichever is the lesser, whatever shear reinforcement is provided 

= 0.0640 ≤ 0.8 = 0.8√30 = 4.38 ⁄  ≤ 5.00    →    ⁄  
  →    characteristic strength of concrete = 30000 / = 30 /  

We check now if it is required or not to fix additional rebar do to the shear. 

≤ 0.79 100   400 25 = 0.79 100  25    103000  1120  4001120 3025
1.25 = 

= 0.3198 ⁄ →  
   →    area of tension reinforcement 
   →    breadth of section 

0.0640 ⁄ < 0.3198   →        
Steel Reinforcement Design 
Maximum required at TOP (longitudinal and transversal): 15.6 cm²/m < 28.3 cm²/m   =   T20 @ 
125 mm  →   OK 
Maximum required at BOTTOM (longitudinal and transversal): 15.6 cm²/m < 28.3 cm²/m   =   
T20 @ 125 mm  →   OK 

- Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 
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Foundation 2 Foundation 3 Foundation 4 

   Figure 4.48: Reinforcement details for the gantry foundations F2, F3 and F4 
Foundation 2 Foundation 4 

Foundation 3 

 Figure 4.49: Sections of the reinforcement details for the gantry foundations F2, F3 and F4 
- Truss gantry GS08-05 over RTA metro 
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Foundation 2 Foundation 3 

  Figure 4.50: Reinforcement details for the gantry foundations F6 and F7 
Foundation 2 Foundation 4 

  Figure 4.51: Sections of the reinforcement details for the gantry foundations F6 and F7 
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4.3 Method Statement 
This Method Statement covers every activity related to the Erection and Dismantling of all S8 
gantries. Therefore, it includes the following gantries: 

- Simply supported gantry over service road in Abu Dhabi bound for span 3 (GS08-01). 
- Truss gantry over Sheikh Zayed Road in Abu Dhabi bound for span 3 (GS08-02). 
- Truss gantry over Sheikh Zayed Road in Dubai bound for span 4 (GS08-03). 
- Simply supported gantry over service road in Dubai bound for span 4 (GS08-04). 
- Truss gantry over RTA metro for span 5 (GS08-05). 

For the different gantries mentioned above, we will have the following activities or stages 
regarding the method statement: 

- Preparation of platform and casting of GS08-01, GS08-02, GS08-03 and GS08-04 gantry 
foundations (1 to 5) (Stage 1). 

- Preparation of platform and casting of GS08-05 gantry foundations (6 and 7) (Stage 2). 
- Erection of simply supported gantries GS08-01 and GS08-04 (Stage 3). 
- Dismantling of truss gantries GS02-02 and GS02-03 and erection of truss gantries 

GS08-02 and GS08-03 (Stage 4). 
- Erection of truss gantry GS08-05 over RTA metro (Stage 5). 
- Bridge deck working over RTA metro gantries GS08-05 (Stage 6). 
- Dismantling of simply supported gantries GS08-01 and GS08-04 (Stage 7).  
- Dismantling of truss gantries GS08-02 and GS08-03 (Stage 8).  
- Dismantling of truss gantry GS08-05 over RTA metro (Stage 9). 
- Gantry footings demolition for GS08-01, GS08-02, GS08-03 and GS08-04 (Stage 10). 
- Gantry footings demolition for GS08-05 (Stage 11). 

4.3.1 Stage 1: Preparation of platform and casting of GS08-01, GS08-02, GS08-03 and 
GS08-04 gantry foundations (1 to 5) 

Specific activities for footings 1 and 2: 
- Close one lane of the road in both sides of foundation 2 to be able to cast the footing 

(one lane in the service road and one lane in Sheikh Zayed road Abu Dhabi bound). 
- For the casting of both foundations the pump will be placed in Zone 2 seaside 

(foundation number 2 will be casted over live traffic).  
Specific activities for footing 3: 

- Close one lane in both sides of the center median of Sheikh Zayed Road (one lane in 
Dubai bound and one lane in Abu Dhabi bound) to be able to cast the foundation. 

- The concrete pump will be placed in the center median of Sheikh Zayed Road. 
Specific activities for footing 4: 

- Close one slow lane in Sheikh Zayed Road in Dubai bound to cast it. 
- The concrete pump will be placed in the closed lane. 
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Specific activities for footing 5: 
- For the casting of this gantry is not required the closure of any lane due to it will be 

casted by direct shoot or by pump from Zone 2 landside. 
General activities for all the gantry foundations (1 to 5): 

Stage 1 (during the week days) 

 - Mark over the road asphalt the edges of the gantry foundations (as per approved drawings) and confirm the level of it.  - Place concrete barriers close to the foundations setting out and erect 1.2 m height safety net. - Once the working area is completely safe, proceed fixing the steel reinforcement and double check the top level of the steel. Stage 2 (during Thursday night) 

 - Close the road for each particular foundation as mentioned before and following the approved Traffic Management Plan. - Remove the concrete barriers and prepare the area for shuttering. Stage 3 (during friday) 

 - Fix the shutter and make the proper support for the casting. Check the alignment and level of the shutter and the concrete casting level. - Let surveyor mark the location (centre in both directions) of the base plate of the columns on the gantry footing shutters.  - Fix a plywood template with the bolts of the columns in the centre of these markers over the steel of the gantry footing. Let surveyor check the location of the bolts. We have a maximum tolerance of ± 10mm. - Whenever the shutter is ready, cast the gantry footing as per approved drawings by concrete pump or by direct shoot (depending on the foundation) using concrete grade C40/20. Make finishing of concrete. Stage 4 (during Saturday night) 

 - After 24 hours of the casting remove the support and the shutter of the gantry footings. Continue with the curing for a minimum period of 3 days. - Clean the area and fix safety barrication over the foundation. - Paint the foundation with safety colours and open the traffic again. 
Figure 4.52: General activities for the casting of the gantry foundations 1 to 5 for bridge S8 



4. GANTRIES OVER SZR AND RTA METRO S8 BRIDGE (GS08-01-02-03-04-05)  

144  

 
Picture 4.2: Gantry foundations 1 to 5 for bridge S8 

4.3.2 Stage 2: Preparation of platform and casting of GS08-05 gantry foundations (6 
and 7) 

 - Mark the edges of the gantry footings and the required platform level (base of the gantry footings) and lay 15-20cm of road base up to the platform level and proceed with the load test.  - Mark on the road base the edges of the gantry foundations (as per approved drawings) and confirm the level of the road base. If the level is not the correct one add and compact an additional layer of road base up to the correct height or adjust it with the bottom cover of the gantry footing (if it is just few centimetres).  - Fix all the rebar of the gantry foundations and double check with surveyor the top level of the steel. 

 - Fix the shutter and make the proper support for the casting.  - Check the alignment and level of the shutter and make sure the concrete casting level gets marked. - Let surveyor mark the location (centre in both directions) of the base plate of the columns on the gantry footing shutters.  - Fix a plywood template with the bolts of the columns in the centre of these markers over the steel of the gantry footing. Let surveyor check the location of the bolts. We have a maximum tolerance of ± 10mm. - Cast the gantry footing as per approved drawings by concrete pump or by direct shoot (depending on the foundation) using concrete grade C40/20.  - Make finishing of concrete. - Make sure all the bolts are fully cleaned from concrete. 
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 - After 24 hours of the casting remove the support and the shutter of the gantry footings. Continue with the curing for a minimum period of 3 days. 
Figure 4.53: General activities for the casting of the gantry foundations 6 and 7 for bridge S8 

4.3.3 Stage 3: Erection of simply supported gantries GS08-01 and GS08-04 
Stage 1 – erection of scaffolding towers and secondary beams: 

- Double check the platform level (top of gantry foundation), mark over the foundations 
the locations of the base jacks and mark the required height for the U-heads. 

- Calculate how many shore braces are required and how much the base plate and U-
heads will be opened (maximum 35cm).  

- Fix the base jacks on the required marking and open them as required. 
- Erect the scaffolding towers (shore braces, cross braces, link spacers...) as per the 

approved shop drawings and as per Acrow calculation sheet and fix the bracings 
manually.  

- Fix the U-heads as per the required height. Double check the top level with surveyor. 
- Place secondary beams (UC152x152x37) on top of the shore brace using a mobile 

crane. Double check with surveyor the current height of the beams. 

 
Figure 4.54: Erection of scaffolding and secondary beams for simply supported gantries GS08-01 and GS08-04 

Stage 2 – erection of capping and primary beams: 
- Close the road as per the approved Traffic Management Plan. 
- Fix life line over the beams and make marking in the centre of the secondary beams. 
- Fix capping beams (UC305x305x97) over the secondary beams using a mobile crane. 

Make sure they are running through the centre of the secondary beams. 
- Check the lifting radius of the weight; it should be well within the lifting capacity of the 

crane at that particular radius. 
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- Mark over the capping beams the location of the primary beams.  
- Erect the primary beams (UB533x210x109) on top of the capping beams using the 

mobile crane. Make sure each primary beam is situated in between two towers of 
shore brace. This way the load will be distributed in between two sets of scaffolding.  

 
Figure 4.55: Erection of capping beams and primary beams for simply supported gantries GS08-01 and GS08-04 

Stage 3 – platform, secondary beams and scaffolding over the gantry: 
- Fix life line along the primary beams and get marking of the secondary beams over the 

primary beams. 
- Fix the secondary beams (UC152x152x37) over the primary beams by crane. 
- Check that all the U-heads/base jacks of the scaffolding that will go the gantry are 

landing over the secondary beams and mark the locations. 
- Weld the secondary beams in every place of contact with the primary beams. 
- Fix a protection and working platform over the gantry using timber and plywood and 

handrails around the gantry. 
- Mark over the secondary beams the balance height up to the top U-heads. 
- Calculate how many shore braces are required and how much the base jacks and U-

heads will be opened (maximum 35cm).  
- Fix the base jacks/U-heads on the required marking and open them as needed. If base 

jacks are fixed, then they should be welded to the secondary beams. 

 
Figure 4.56: Erection of secondary beams over primary beams, scaffolding over gantry and bridge shutters (tables) 

for simply supported gantries GS08-01 and GS08-04 
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- Erect the scaffolding towers (shore braces, cross braces, link spacers...) as per the 
approved shop drawings and as per Acrow calculation sheets and fix the bracings 
manually.  

- Fix the U-heads as per the required height. Double check the top level with surveyor. 
- Bridge shutters (tables) shall be installed on top of the scaffolding towers using a 

mobile crane. 

 
Picture 4.3: Simply supported gantries GS08-01 and GS08-05 for S8 bridge 

4.3.4 Stage 4: Dismantling of truss gantries GS02-02 and GS02-03 and erection of 
truss gantries GS08-02 and GS08-03 

Stage 1 – full area for S2 truss gantries (GS02-02 and GS02-03): 
- All the activities should be done after closing the road following the approved Traffic 

Management Plan and the material should be removed after the roads are fully closed. 
- Hold Acrow formwork table from proposed bridge deck using tie rods. 
- Lower the U-heads and remove manually all scaffolding and bracing over the gantry. 
- Cut the welding that was previously done between the secondary beams and the 

primary beams. 
- Remove the secondary beams (UC152x152x37) by crane. 
- Remove the working and safety platform. 
- Remove the connections between both truss gantries and the pier column. 

Stage 2 – Abu Dhabi bound (GS02-02 and GS08-02): 

 
Figure 4.57: Dismantling and removal of the first truss A using a mobile crane for GS02-02 (Stage 2) 

- Close the lanes as per the approved Traffic Management Plan (2 fast lanes and 2 slow 
lanes in Abu Dhabi bound). 
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- Using a cherry picker, remove the top and bottom chord bracings between grids A and 
B trusses (GS02-02) and remove all the material from the area. 

- Hold truss A using a mobile crane and unbolt it fully from the columns. Use a cherry 
picker for this type of activities. 

- Close fully Sheikh Zayed Road for the duration of the lifting and remove the truss A 
from the columns. Stack it in the yard (center median of Sheikh Zayed). 

 
Picture 4.4: Removal of a truss from truss gantry GS02-02 

Stage 3 – Abu Dhabi bound (GS02-02 and GS08-02): 
- Using a cherry picker, remove the top and bottom chord bracings between grids B and 

C trusses (GS02-02) and remove all the material from the area. 
- Hold truss B using a mobile crane and unbolt it fully from the columns. AS said before, 

use a cherry picker for this type of activities. 
- As we did before, close fully Sheikh Zayed Road and lift the truss A away from the 

columns. Stack it in the yard (center median of Sheikh Zayed). 

 
Figure 4.58: Dismantling and removal of the second truss B using a mobile crane for GS02-02 (Stage 3) 
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Stage 4 – Abu Dhabi bound (GS02-02 and GS08-02): 
- Remove all the bracings between the columns at grid lines A and C (GS02-02) and the 

inclined strut bracings at grids A and B (GS02-02) and load them in a trailer.  
- Using a crane, remove the set of columns A and B, load them in the same trailer as 

before and shift all the material close to GS08-02. 
- Remove the old Gusset plates from the columns and weld new ones. 

 
Figure 4.59: Inclined struts and bracing removal between columns, A and B columns removal in GS02-02 and fixing 

in GS08-02 
- For GS08-02 foundations, double check the platform level (top of gantry footing) and 

the location of the bolts of the columns. 
- Make sure the plywood templates are removed and the bolts are cleaned. 
- Let surveyor mark the level of one nut in each plate and adjust all the nuts to the 

required level. 
- Let surveyor make a final check in all the nuts of the plates. 
- Erect all four columns A and B in GS08-02 and fix the bracing between them. 

Stage 5 – Abu Dhabi bound (GS02-02 and GS08-02): 

 
Figure 4.60: Fixing truss A and fixing the inclined strut and the diagonal bracing for GS08-08 

- Lift the truss A from the stacking area, load it in the trailer and shift it to GS08-02. 
- Close fully Sheikh Zayed Road for the duration of the lifting and fix the truss A over the 

columns in GS08-02.  
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- While the truss is held by the crane proceed with the following activities: 
o Connect the columns and the truss with the bolts at both ends. 
o Erect and fix the inclined strut into the truss A. 
o Erect the diagonal bracing between the truss and the adjacent column 

(between column A and B). 
- Once everything is hold and tied, release the truss from the crane. 

Stage 6 – Abu Dhabi bound (GS02-02 and GS08-02): 
- Same as we did with truss A, lift the truss B from the stacking area, load it in the trailer 

and shift it to GS08-02. 
- Close fully Sheikh Zayed Road for the duration of the lifting and fix the truss B over the 

columns in GS08-02.  
- While the truss is held by crane proceed with the following activities: 

o Connect the columns and the truss with the bolts at both ends. 
o Erect and fix the inclined strut into the truss B. 
o Erect the diagonal bracing between the truss and the adjacent column 

(between column B and C). 
- Release the truss from the crane. 
- Fix all the required bracing between truss A and B. 
- Repeat the same procedure and dismantle from GS02-02 the remaining trusses, 

vertical struts, bracings and columns, shift them and erect them on GS08-02. Make 
sure the inclined support and the bracing are provided to the steel columns before 
releasing the trusses. 

 
Figure 4.61: Dismantling of GS02-02 and erection of GS08-02 
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Stage 7 – Dubai bound (GS02-03 and GS08-03): 
- Close the lanes as per the approved Traffic Management Plan (2 fast lanes and 2 slow 

lanes in Dubai bound). 
- Repeat stages 2 to 6 to be able to dismantle the truss gantry GS02-03 and erect the 

truss gantry GS08-03. 
- Make the connections between both truss gantries (GS08-02 and GS08-03) and the 

pier column (S8 Pier 8). 

 
Figure 4.62: GS02-02 and GS02-03 fully dismantled and GS08-02 and GS08-03 fully erected 

Stage 8 – full area for S8 truss gantries (GS08-02 and GS08-03): 
- Fix life line along the trusses and get the marking of the secondary beams over the 

trusses. 
- Fix the secondary beams (UC152x152x37) over the trusses by crane. 
- Check that all the U-heads/base jacks of the scaffolding that will go over the gantry are 

landing over the secondary beams and mark the locations. 
- Weld the secondary beams in every place of contact with the trusses. 
- Fix a protection and working platform over the gantry using timber and plywood and 

handrails around the gantry. 
- Mark over the secondary beams the balance height up to the top U-heads. 
- Calculate how many shore braces are required and how much the base jacks and U-

heads will be opened (maximum 35cm).  
- Fix the base jacks/U-heads on the required marking and open them as required. If base 

jacks are fixed they should be welded to the secondary beams. 
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- Erect the scaffolding towers (shore braces, cross braces, link spacers...) as per the 
approved shop drawings and as per Acrow calculation sheets and fix the bracings 
manually.  

- Fix the U-heads as per the required height. Double check with surveyor the top level. 
- Bridge shutters (tables) shall be installed on top of the scaffolding towers using a 

mobile crane. 
- Grouting of the connection between the columns and the gantry foundations. 

 
Picture 4.5: Truss gantries GS08-02 and GS08-03 over Sheikh Zayed Road 

4.3.5 Stage 5: Erection of truss gantry GS08-05 over RTA metro 
Stage 1 – erection of columns: 

- Double check the platform level (top of gantry foundations) and the location of the 
bolts of the columns. 

- Make sure the plywood templates are removed and the bolts are cleaned. 
- Let surveyor mark the level of one nut in each plate and adjust all the nuts to the 

required level. 
- Let surveyor make a final check in all the nuts of the plates. 
- Any activity related with the erection of the truss gantry over the RTA metro is 

required to be done while the metro is not operating and making sure that the RTA is 
informed about it and they agreed with the work.  

- Place the mobile crane on the ground in Zone 2 landside area, next to the first gantry 
foundation, in order to erect the steel columns. 
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- Make sure that for the lifting of every column we follow the next figure:  

 Figure 4.63: Lifting point for the erection of every column of the truss gantry GS08-05 over the RTA metro 
- Lift the first column in Zone 2 landside side and place it in the required location over 

the gantry foundation, making sure all the bolts come inside of the premade holes of 
the base plate of the column. 

- Fix the nuts inside the bolts. 
- Lift the second column and place it in the required location over the gantry foundation 

(next to the one already fixed) and fix the nuts inside the bolts. 
- Fix all the bracing between these two columns. 
- Repeat the same procedure for all the columns in Zone 2 landside (9 columns total). 
- Move the crane to the other gantry foundation and follow the same procedure in 

order to install all of the columns (9 columns).  

 
Figure 4.64: Installation of all the columns on the truss gantry GS08-05 over the RTA metro 

Stage 2 – erection of trusses: 
- Once the metro is not operating (1 to 5am) erect the required protection platform 

over the RTA metro to make sure that, if during the work anything falls into the tracks 
it will be collected by the protection platform. 

- This platform should be erected always prior to start any activity over the RTA metro 
and should be removed once the work is done and before the metro is opened.  
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Figure 4.65: Protection platform to be installed over the RTA metro during the installation of truss gantry GS08-05 

- Place the mobile crane (100ton crane is required for the lifting of trusses) in Zone 2 
landside and tie the first truss to the crane using a lifting belt. 

- Make sure that for the lifting of every truss we follow the next figure:  

 Figure 4.66: Lifting points for the erection of every truss of the truss gantry GS08-05 over the RTA metro 
- Erect the first truss and place it in the required location between the two columns. 
- The truss shall be held by crane until both connections between the columns and the 

truss are finalized and all the bolts are fixed and tied. All the connections will be done 
by two crew members on a man lift. 

- Release the truss from the crane with the help of the man lift.  
- Lift the second truss and place it in the required location over the columns (next to the 

one already fixed). 
- Hold the truss with the crane until all the nuts of the columns are fixed and all the 

inclined bracing between the first and the second truss have been installed.  
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- Truss shall be held by crane until the columns connections and inclined bracings 
between the first two trusses are installed (fix all the nuts). This way we will make sure 
we provide enough stability to the segment. 

- All the connections will be done by two crew members on a man lift.  

 
Picture 4.6: Installation of the trusses for the truss gantry GS08-05 over the RTA metro 

- Continue with the same procedure for the installation of all of the trusses. Make sure 
that they are hold by the crane until all the bolts are fixed and tied and the bracings 
are finished. 

 
Figure 4.67: Installation of the truss gantry GS08-05 over the RTA metro 

Stage 3 – safety platform and RTA Metro protection: 
- Once the truss gantry over the metro is fully installed and all the bracing and bolts are 

fixed, we must proceed with the installation of the fencing, protection and platform 
required by the RTA to protect the metro from any possible object to fall into the 
tracks. There will be mainly 4 elements of protection for the RTA metro: 

o Fencing around the working platform: it consists in a fence made by aluminium 
tube with 2.5m over the working platform and fully covered by hard mesh 
protection. This will ensure that no material will fall into the tracks from the 
sides of the working platform of the truss gantry. 

o Working platform: it consists in a platform embedded in the top beams of the 
trusses of the gantry. The support is done by aluminium beams of 150mm 
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height with a spacing of 650mm fully covered by two layers of plywood of 
18mm thick each. 

o Second platform: it consists in a platform embedded in the bottom beams of 
the trusses of the gantry. The main use of this platform is to avoid the dust to 
come into the tracks. The support is done by aluminium beams of 150mm 
height with a spacing of 650mm fully covered by one layer of plywood of 
18mm thick each. 

o Hard mesh: all the area around the truss gantry will be covered by hard mesh 
protection to ensure that no material or dust will come into the RTA metro 
tracks. 

 
Figure 4.68: Four elements of protection for the truss gantry GS08-05 over the RTA metro 

Stage 4 – secondary beams, scaffolding over the gantry and erection of tables: 
- Get surveyor to mark the secondary beams over the truss gantry. 
- Fix the secondary beams (UC152x152x37) over the trusses of the truss frame gantry at 

the required location marked by surveyor. 
- Check that all the U-heads/base jacks of the scaffolding that will go over the gantry are 

landing over the secondary beams and mark the locations. 
- Weld the secondary beams in every place of contact with the trusses. 
- Mark over the secondary beams the balance height up to the top U-heads. 
- Calculate how many shore braces are required and how much the base jacks and U-

heads will be opened (maximum 35cm).  
- Fix the base jacks/U-heads on the required marking and open them as required. If base 

jacks are fixed they should be welded to the secondary beams. 
- Erect the scaffolding towers (shore braces, cross braces, link spacers...) as per the 

approved shop drawings and as per Acrow calculation sheets and fix the bracings 
manually.  
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- Fix the U-heads as per the required height. Double check with surveyor the top level. 
- Bridge shutters (tables) shall be installed on top of the scaffolding towers using a 

mobile crane. 
- Grouting of the connection between the columns and the gantry foundations. 

 
Picture 4.7: Installation of the RTA metro protection, scaffolding over the gantry and erection of tables 

4.3.6 Stage 6: Bridge deck working over RTA metro gantry GS08-05 
Once the truss gantry is fully erected, we will mainly have four different activities over it: 

- Installation of deck slab shuttering: This activity should only be done when the RTA 
metro is not operating, that means at night between 1 to 5am. We must fix fencing 
around the tables of 1.5m height, fully covered with hard mesh protection. 

 
Figure 4.69: Erection of tables and protection mesh for the truss gantry GS08-05 over the RTA metro 
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- Erection of steel using a mobile crane: Same as with the erection of tables, this activity 
should only be done while the RTA metro gantry is not operating (1 to 5am).  

 
Figure 4.70: Erection of steel over the truss gantry GS08-05 over the RTA metro 

- Deck slab concreting using a concrete pump: Same as before, this activity should only 
be done while the RTA metro gantry is not operating (1 to 5am).  

 
Picture 4.8: Concreting of the S8 bridge Span 5 over the truss gantry GS08-05 situated over the RTA metro 

4.3.7 Stage 7: Dismantling of simply supported gantries GS08-01 and GS08-04  
- All the activities should be done after closing the road following the approved Traffic 

Management Plan. 
- Hold Acrow formwork table from proposed bridge deck using tie rods. 
- Lower U-heads and remove manually all scaffolding and bracing situated over the 

gantry. 
- Cut the welding done before of the secondary beams with the primary beams. 
- Remove secondary beams (UC152x152x37) by crane. 
- Remove the working and safety platform. 
- Remove primary beams (UB533x210x109) and capping beams (UC305x305x97) by crane.  
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  Figure 4.71: Removal of primary beams and capping beams from simply supported gantries GS08-01 and GS08-04 
- Remove the secondary beams (UC152x152x37) situated over U-heads by crane. - Dismantle the Acrow shore brace manually.  

 
Figure 4.72: Removal of secondary beams and scaffolding from simply supported gantries GS08-01 and GS08-04 

4.3.8 Stage 8: Dismantling of truss gantries GS08-02 and GS08-03  
Stage 1 – full area (GS02-02 and GS02-03): 

- All the activities should be done after closing the road following the approved Traffic 
Management Plan and the material should be removed after the roads are fully closed. 

- Hold Acrow formwork table from proposed bridge deck using tie rods. 
- Lower U-heads and remove manually all scaffolding and bracing situated over the 

gantry. 
- Cut the welding previously done between the secondary beams and the trusses. 
- Remove secondary beams (UC152x152x37) by crane. 
- Remove the working and safety platform. 
- Remove the connections between both truss gantries and the pier column. 

Stage 2 – Removal of the trusses in Dubai bound (GS08-03): 
- Close the lanes as per the approved Traffic Management Plan (2 fast lanes and 2 slow 

lanes in Dubai bound). 
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- Using a cherry picker, remove the top and bottom chord bracings between grids H and 
G trusses (GS08-03) and remove all the material from the area. 

- Hold truss H using a mobile crane and unbolt it fully from the columns. For this type of 
activities use a cherry picker. 

- Close fully Sheikh Zayed Road for the duration of the lifting, remove the truss H from 
the columns and place it over the trailer.  

 
Figure 4.73: Removal of trusses from the truss gantry GS08-03 

- Using a cherry picker, remove the top and bottom chord bracings between grids F and 
G trusses (GS08-03) and remove all the material from the area. 

- Hold truss G using a mobile crane and unbolt it fully from the columns. AS said before, 
for this type of activities use a cherry picker. 

- As we did before, close fully Sheikh Zayed Road, lift the truss G away from the columns 
and place it over the trailer. 

- Repeat the same procedure for the removal of all the trusses in GS08-03. 
Stage 3 – Removal of the trusses in Abu Dhabi bound (GS08-02): 

 
Figure 4.74: Removal of all the trusses from the truss gantries GS08-02 and GS08-03 
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- Close the lanes as per the approved Traffic Management Plan (2 fast lanes and 2 slow 
lanes in Abu Dhabi bound). 

- Follow stages 2 and 3 to remove all the trusses from the truss gantry GS08-03 and 
remove all the material and trusses from the area using a trailer. 

Stage 4 – Removal of the columns in Dubai bound (GS08-03): 

 
Figure 4.75: Removal of the column H from the truss gantry GS08-03 

- Using a cherry picker, remove all the bracings between the columns at grid lines G and 
H and the inclined strut bracings and load them in a trailer.  

- Using a crane, remove the column H (make sure before the bolts are removed) and 
load it in the same trailer as before. 

- Following the same arrangement and procedure, remove all the columns from the 
truss gantry in Dubai bound GS08-03. 

Stage 5 – Removal of the columns in Abu Dhabi bound (GS08-03): 

 
Figure 4.76: Removal of the columns from the truss gantry GS08-02 

- Using a cherry picker, remove all the bracings between the columns at grid lines A and 
B and the inclined struts bracings and load them in a trailer.  

- Using a crane, remove the column A (make sure before the bolts are removed) and 
load it in the same trailer as before. 

- Following the same arrangement and procedure, remove all the columns from the 
truss gantry in Abu Dhabi bound GS08-02. 
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4.3.9 Stage 9: Dismantling of truss gantry GS08-05 over RTA metro 
Stage 1 – Removal of scaffolding, tables and elements of protection: 

- Hold Acrow formwork table from proposed bridge deck using tie rods. 
- Lower U-heads and remove manually all scaffolding and bracing situated over the 

gantry. Remove all the material from over the gantry. 
- Cut the welding previously done between the secondary beams and the trusses. 
- Remove secondary beams (UC152x152x37) by crane. 
- Remove the 4 elements of protection of the RTA metro only during the timing when 

the metro is not operating (1 to 5am): 
o Hard mesh protection and the 2.5m aluminium tube fence around the working 

platform. 
o Plywood and aluminium beams of the primary working platform. 
o Plywood and aluminium beams of the second platform. 
o Hard mesh around all gantry. 

Stage 2 – Removal of trusses and columns by normal procedure (trusses A and B): 
- For any activity related with the dismantling of any truss or column of the truss gantry 

GS08-05 is required to do it while the metro is not operating and making sure that 
they are informed about it and they agreed with the work.  

- Place the mobile crane (100ton is required) on the ground in Zone 2 landside area, 
next to the trusses A and B in order to dismantle them. 

- With the help of a cherry picker hold the first truss A with a lifting belt. 
- With the same cherry picker dismantle the bracings between grids A and B and release 

all the connections (remove the bolts).  
- Make sure that, while this operation is going on the truss is held up by the mobile 

crane until the connections are totally detached. 
- Remove the truss using the mobile crane and lower it safely over the ground.  
- Repeat the same procedure to dismantle the truss B removing all the bracings 

between grids B and C and lower it safely onto the ground. 
- Truss A and B are the only two trusses that can be removed by a normal procedure 

due to that the other trusses are situated under the proposed bridge. 

 
Figure 4.77: Removal of the trusses of the truss gantry GS08-05 that are not under the proposed bridge 
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- Catch the first column of grid A and dismantle the bracing between grids A and 
B with the help of a cherry picker. 

- Unbolt the column from the ground. 
- Bring the column down safely using the mobile crane. 
- Repeat the same procedure in both sides (both sets of columns) in grids A and B. 

 
Figure 4.78: Removal of the columns (both sets) and bracing up of grids A and B of the truss gantry GS08-05 

Stage 3 – Removal of trusses and columns by rolling (trusses C to J): 
- To be able to remove the balance trusses and columns it is required to rolled them out 

of the area under the proposed bridge.  
- The first thing that it is required to be done is to cast the additional foundation so the 

different grids can be rolled out from under the proposed bridge.  

 
Figure 4.79: Additional foundations to be casted in order to rolled out the trusses and columns from under the 

proposed bridge 
- Remove all bracing between grids E and F in order to have two sets of frames of 

columns and trusses; one with three frames (C, D and E) and one with four frames (F, 
G, H and J).  

- Once the metro is not operating (1 to 5am) erect the required protection platform 
over the RTA metro. This platform should be erected always prior to start any activity 
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over the RTA metro and should be removed once the work is done and before the 
metro is opened.  

- Fix brackets in all the columns near it base and tie them with bolts. 
- Remove the existing grout between the columns and the gantry foundations and cut 

the bolts or remove the nuts if possible.  
- Lift all three frames (C, D and E) using synchronized jacking by 200mm with steel plate 

packing below columns leaving just 10mm gap during the lifting.   

 
Figure 4.80: Detail of the lifting of the frames for the truss gantry GS08-05 

- Introduce skid rollers under the columns, remove the steel plate packing under the 
columns, lower the hydraulic jacks until the columns are landing over the rollers and 
remove the jacks from the brackets. Make sure the rollers are tied to the columns by 
bolts. 

 
Figure 4.81: Removal of frames using skid rollers under the columns and pulling them out by chain pulling 
- Slide the three frames together outside of the bridge by 5m with the help of chain 

pulling. This way all these frames will not be any longer under the proposed bridge. 
- Once we reach the required location, lift all three frames again (C, D and E) using the 

synchronized jacking by 200mm.   
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- Remove the skid rollers and lower the frames onto the new foundation. Secure the 
frames using mechanical couplers. 

- Hold the truss C with the help of the 100ton crane and dismantle the bracing between 
grids C and using a cherry picker. 

- Lower down safely the truss C over the ground. 
- Repeat the same procedure for the lowering of the trusses D and E by removing the 

bracing between them.  

 
Figure 4.82: Removal of trusses and columns for grids C, D and E by skid rollers for the truss gantry GS08-05 
- Catch the first column of grid C and dismantle the bracing between grids C and D with 

the help of a cherry picker. 
- Unbolt the column from the ground. 
- Bring the column down safely using the mobile crane. 
- Repeat the same procedure in both sides (both sets of columns) and remove safely all 

the columns of grids D and E. 
- Repeat the same procedure with the other frames (F, G, H and J) and remove all the 

trusses and columns of the truss gantry GS08-05. 
4.3.10 Stage 10: Gantry footings demolition for GS08-01, GS08-02, GS08-03 and 
GS08-04 

Stage 1.1 – foundation 3 (during the weekend): 

 Figure 4.83: Stage 1.1 (during the weekend) for the demolition of the gantry footing 3 
- Close the first lane in both sides of the center median of Sheikh Zayed Road as per the 

Traffic Management Plan. 
- Place concrete barriers next to the closed lanes and erect 1.2 m height safety nets. 
- Station pneumatic breaker and truck in the closed lane of Dubai bound. 
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- Demolish and clear the foundation using the Pneumatic Breaker and jack hammers. 
- Whenever the weekend finished, clean all the debris, place the concrete barriers close 

to the gantry footing again and open the lanes to the traffic. 
- Repeat the process as many times as required to complete the demolition and place 

the temporary barriers at the previous position of the gantry footing to cover Pier 8. 
Stage 1.2 – foundation 3 (during the week, nightshift): 

- Lanes only can be closed along the night shift (from 1:00 am to 5:00 am) using plastic 
cones. Concrete barrier have to be placed close to the foundation. 

- Station pneumatic breaker and truck on position. 
- Demolish and clear the foundation using the pneumatic breaker and jack hammers. 
- Once the demolition is completed, place temporary barriers at the previous position of 

the gantry to cover Pier 8. 

 
Figure 4.84: Stage 1.2 (during the week, nightshift) for the demolition of the gantry footing 3 

Stage 1.3 – foundation 3 (during the week, dayshift): 
- No lanes can be closed during the day shift along the week. 
- Keep the barrier close to the foundation. 

 
Figure 4.85: Stage 1.3 (during the week, dayshift) for the demolition of the gantry footing 3 

Stage 2.1 – foundations 2 and 4 (during the weekend): 
- Close the first lane of Dubai and Abu Dhabi bound and the first one in both service 

roads as per the Traffic Management Plan. 
- Place concrete barriers next to the closed lanes and erect 1.2 m height safety nets. 
- Demolish and clear the foundation using the pneumatic breaker and jack hammers. 
- Whenever the weekend finished, clean all the debris, place the concrete barriers close 

to the gantry footing again and open the lanes to the traffic. 



4. GANTRIES OVER SZR AND RTA METRO S8 BRIDGE (GS08-01-02-03-04-05)  

167  

- Repeat the process as many times as required to complete the demolition and place 
the temporary barriers at the precious position of the gantry footing. 

 
Figure 4.86: Stage 2.1 (during the weekend) for the demolition of the gantry footings 2 and 4 

Stage 2.2 – foundations 2 and 4 (during the week, nightshift): 
- Lanes only can be closed along the night shift (from 1:00 am to 5:00 am) using plastic 

cones. Concrete barrier have to be placed close to the foundation. 
- Station pneumatic breaker and truck on position. 
- Demolish and clear the foundation using the pneumatic breaker and jack hammers. 
- Once the demolition is completed, place temporary barriers at the previous position of 

the gantry footing. 

 
Figure 4.87: Stage 2.2 (during the week, nightshift) for the demolition of the gantry footings 2 and 4 

Stage 2.3 – foundations 2 and 4 (during the week, dayshift): 
- No lanes can be closed during the day shift along the week. 
- Keep the barrier close to the foundation. 

 
Figure 4.88: Stage 2.3 (during the week, dayshift) for the demolition of the gantry footings 2 and 4 
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Stage 3 – foundation 1 (any day, anytime): 
- Close the last lane of Abu Dhabi service road and erect 1.2 m height safety net. 
- Station pneumatic breaker in the sea side of the footing. 
- Demolish and clear the foundation using the pneumatic breaker and jack hammers. 
- Once the demolition is finished and all the debris cleared, put the temporary barriers 

at the previous position of the gantry footing. 

 
Figure 4.89: Stage 3 (any day, anytime) for the demolition of the gantry footing 1 

4.3.11 Stage 11: Gantry footings demolition for GS08-05 
Stage 1 – foundation 5 (any day, anytime): 

5  
Figure 4.90: Stage 1 for the demolition of the RTA metro gantry footing 5 

- Close the last lane of the service road in Dubai bound as per the approved Traffic 
Management Plan. 

- Place concrete barriers next to the closed lanes and erect 1.2m height safety nets. 
- Place fence protection beside metro bridge and concrete barriers with 1.2m height 

safety nets to protect the Pier. 
- Station pneumatic breaker and truck on position. 
- Demolish and clear the foundation using the pneumatic breaker and jack hammers. 

Demolition works only can be carried out during Engineering hours. 
- Clean all the debris when the work has completed. 

Stage 2 – foundation 6 (any day, anytime): 
- Close the last lane of the service road in Dubai Bound as per approved Traffic 

Management Plan. 
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- Place the Pneumatic Breaker and truck in sea side. 
- Demolish and clear the foundation. Demolition works only can be carried out during 

Engineering hours. 
- Clean all the debris when the work has been completed. 

 
Figure 4.91: Stage 2 for the demolition of the RTA metro gantry footing 6 

Stage 3 – foundation 7 (any day, anytime): 
- Place fence protection to protect Metro bridge. 
- Place the Pneumatic Breaker and truck in sea side. 
- Demolish and clear the foundation. 
- Clean all the debris when the work has been completed and remove the fence. 

 
Figure 4.92: Stage 3 for the demolition of the RTA metro gantry footing 7 
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5.1 Comparisons 
As we said before, the main objective of this work is to study the design and method of 
statement of the different solutions used for the construction of the bridges over existing live 
roads, live metros and utilities for the access of Bluewater´s Island.  
Due to that the constructive process chosen for these bridges is to transfer all the loads onto 
the ground by scaffolding while constructing them it will be required the used of many and 
different types of gantries.  
To be able to justify why we chose the truss gantry as the solution to build the bridges over 
Sheihk Zayed Road we will use the following aspects: 

- Erection and timing.  
- Dismantling and timing. 
- Cost.  
- Deflection.  
- Efficiency. 

5.1.1 Erection and timing 
It is related to the resources (type and quantity of material, type and timing of the manpower 
and type and timing of the plant) and total time required for the erection of each type of 
gantry (simply supported, portal frame and truss gantry). 
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SIMPLY SUPPORTED GANTRY GS25-03 OVER SPAN 1 S25 
Material Man power Plant Total Time Type Quantity Type Timing Type Timing 

Erection of scaffolding over the gantry footings 
Acrow scaffolding 352.872m3 

(high density) 8 scaffolders 1 foreman 
2 shifts (16 hours) 1 boomloader 2 shifts (16 hours) 2 shifts (16 hours) 

Erection of secondary and capping beams over the scaffolding 
UC152x152x37 169nos 1.5m (253.5m/9379.5kg) 6 carpenters 1 foreman 

2 shifts (16 hours) 
1 crane (50ton) 2 shifts (16 hours) 2 shifts (16 hours) UC305x305x97 2nos 11m, 12nos 1.2m, 12nos 1.8m  (58m/5626kg) 

Erection of primary beams 
UB533x210x109 36nos 12m (432m/47088kg) 6 carpenters 1 foreman 

2 shifts (16 hours) 
1 crane (130ton) 2 shifts (16 hours) 2 shifts (16 hours) 

Erection of secondary beams over primary beams 
UC152x152x37 

9nos 12m, 1no 8m, 13nos 7m, 8nos 6m, 3nos 1.5m (259.5m/9601.5kg) 
8 carpenters 1 foreman 1 shift (8 hours) 1 crane (50ton) 1 shift (8 hours) 1 shift (8 hours) 

Erection of the scaffolding over secondary beams 
Acrow scaffolding 1039.5m3 (low density) 8 scaffolders 1 foreman 

2 shifts (16 hours) 
1 boomloader 2 shifts (16 hours) 2 shifts (16 hours) 1 crane (50ton) 1/4 shift (2 hours) 

Figure 5.1: Erection and timing of the simply supported gantry 
PORTAL FRAME GANTRY GS24-03 OVER SPAN 3 S24 

Material Man power Plant Total Time Type Quantity Type Timing Type Timing 
Erection of the columns + bracings 

UB914x305x201 41.4ton 
10 carpenters 1 foreman 6 shifts (24 hours)* 

1 crane (130ton) 6 shifts (24 hours)* 6 shifts (24 hours)* 
UB914x305x253 27.9ton 
UB914x305x224 24.7ton 

L80x80x8 3.68ton 2 cherry pickers 6 shifts (24 hours)* L100x100x8 4.32ton 
TUB1001004 2.56ton 

Erection of the rafters (main beams) + bracings 
UB838x292x176 20.2ton 

10 carpenters 1 foreman 8 shifts (32 hours)* 

1 crane (130ton) 8 shifts (32 hours)* 
8 shifts (32 hours)* 

UB762x267x147 28.7ton 
BM1/BM2/BM3/BM4 69.4ton 

L80x80x8 0.92ton 
L100x100x8 1.08ton 

2 cherry pickers 8 shifts  (32 hours)* TUB1001004 0.64ton 
UC203x203x60 3.1ton 
UC254x254x73 10.9ton 

Erection of secondary beams over the rafters 
UC152x152x37 295.9m / 10948.3kg 8 carpenters 1 foreman 2 shifts (16 hours) 1 crane (50ton) 2 shifts (16 hours) 2 shifts (16 hours) 
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Erection of the scaffolding over secondary beams 
Acrow scaffolding 430.848m3 (low density) 8 scaffolders 1 foreman 1 shifts (8 hours) 

1 boomloader 1 shift (8 hours) 1 shift (8 hours) 1 crane (50ton) 1/8 shift (1 hours) 
*The duration of the shift is the 4 hours due to is required a road closure for the work (1 to 5 am) 

Figure 5.2: Erection and timing of the portal frame gantry 
TRUSS GANTRY GS08-02 OVER SPAN 3 S8 

Material Man power Plant Total Time Type Quantity Type Timing Type Timing 
Erection of the columns + bracings 

UC305x305x118 39.725ton 10 carpenters 1 foreman 3 shifts (12 hours)* 
2 cranes (50ton) 3 shifts (12 hours)* 3 shifts (12 hours)* EA120x120x12 2 cherry pickers 3 shifts (12 hours)* 

Erection of the trusses + bracings 
Trusses 73.775ton 10 carpenters 1 foreman 6 shifts (24 hours)* 

2 cranes (50ton) 6 shifts (24 hours)* 6 shifts (24 hours)* EA120x120x10 2 cherry pickers 6 shifts (24 hours)* 
Erection of secondary beams over the trusses 

UC152x152x37 266m / 9842kg 8 carpenters 1 foreman 2 shifts (8 hours)* 1 crane (50ton) 2 shifts (8 hours)* 2 shifts (8 hours)* 
Erection of the scaffolding over secondary beams 

Acrow scaffolding 1205.4m3 (low density) 8 scaffolders 1 foreman 2 shifts (16 hours) 
1 boomloader 2 shifts (16 hours) 2 shifts (16 hours) 1 crane (50ton) 1/2 shift (4 hours) 

*The duration of the shift is the 4 hours due to is required a road closure for the work (1 to 5 am) 
Figure 5.3: Erection and timing of the truss gantry 
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5.1.2 Dismantling and timing 
It is related to the resources (type and quantity of material, type and timing of the manpower 
and type and timing of the plant) and total time required for the dismantling of each type of 
gantry (simply supported, portal frame and truss gantry). 

SIMPLY SUPPORTED GANTRY GS25-03 OVER SPAN 1 S25 
Material Man power Plant Total Time Type Quantity Type Timing Type Timing 

Dismantling of the scaffolding over secondary beams 
Acrow scaffolding 1039.5m3 (low density) 8 scaffolders 1 foreman 1 shift (8 hours) 

1 boomloader 1 shift (8 hours) 1 shift (8 hours) 1 crane (50ton) 1/4 shift (2 hours) 
Dismantling of secondary beams over primary beams 
UC152x152x37 

9nos 12m, 1no 8m, 13nos 7m, 8nos 6m, 3nos 1.5m (259.5m/9601.5kg) 
8 carpenters 1 foreman 1 shift (8 hours) 1 crane (50ton) 1 shift (8 hours) 1 shift (8 hours) 

Dismantling of primary beams 
UB533x210x109 36nos 12m (432m/47088kg) 6 carpenters 1 foreman 2 shifts (16 hours) 1 crane (130ton) 2 shifts (16 hours) 2 shifts (16 hours) 
Dismantling of secondary and capping beams over the scaffolding 
UC152x152x37 169nos 1.5m (253.5m/9379.5kg) 6 carpenters 1 foreman 2 shifts (16 hours) 1 crane (50ton) 2 shifts (16 hours) 2 shifts (16 hours) UC305x305x97 2nos 11m, 12nos 1.2m, 12nos 1.8m  (58m/5626kg) 

Dismantling of scaffolding over the gantry footings 
Acrow scaffolding 352.872m3 

(high density) 8 scaffolders 1 foreman 1 shift (8 hours) 1 boomloader 1 shift (8 hours) 1 shift (8 hours) 
Figure 5.5: Dismantling and timing of the simply supported gantry 
PORTAL FRAME GANTRY GS24-03 OVER SPAN 3 S24 

Material Man power Plant Total Time Type Quantity Type Timing Type Timing 
Dismantling of the scaffolding over secondary beams 

Acrow scaffolding 430.848m3 (low density) 8 scaffolders 1 foreman 1/2 shift (4 hours) 
1 boomloader 1/2 shift (4 hours) 1/2 shift (4 hours) 1 crane (50ton) 1/8 shift (1 hour) 

Dismantling of secondary beams over the rafters 
UC152x152x37 295.9m / 10948.3kg 8 carpenters 1 foreman 1 shift (8 hours) 1 crane (50ton) 1 shift (8 hours) 1 shift (8 hours) 
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Dismantling of the rafters (main beams) + bracings 
UB838x292x176 20.2ton 

10 carpenters 1 foreman 8 shifts (32 hours)* 

1 crane (130ton) 8 shifts (32 hours)* 
8 shifts (32 hours)* 

UB762x267x147 28.7ton 
BM1/BM2/BM3/BM4 69.4ton 

L80x80x8 0.92ton 
L100x100x8 1.08ton 

2 cherry pickers 8 shifts (32 hours)* TUB1001004 0.64ton 
UC203x203x60 3.1ton 
UC254x254x73 10.9ton 

Dismantling of the columns + bracings 
UB914x305x201 41.4ton 

10 carpenters 1 foreman 6 shifts (24 hours)* 
1 crane (130ton) 6 shifts (24 hours)* 6 shifts (24 hours)* 

UB914x305x253 27.9ton 
UB914x305x224 24.7ton 

L80x80x8 3.68ton 2 cherry pickers 6 shifts (24 hours)* L100x100x8 4.32ton 
TUB1001004 2.56ton 

*The duration of the shift is the 4 hours due to is required a road closure for the work (1 to 5 am) 
Figure 5.6: Dismantling and timing of the portal frame gantry 

TRUSS GANTRY GS08-02 OVER SPAN 3 S8 
Material Man power Plant Total Time Type Quantity Type Timing Type Timing 

Dismantling of the scaffolding over secondary beams 
Acrow scaffolding 1205.4m3 (low density) 8 scaffolders 1 foreman 1 shift (8 hours) 

1 boomloader 1 shift (8 hours) 1 shift (8 hours) 1 crane (50ton) 1/2 shift (4 hours) 
Dismantling of secondary beams over the trusses 

UC152x152x37 266m / 9842kg 8 carpenters 1 foreman 2 shifts (8 hours)* 1 crane (50ton) 2 shifts (8 hours)* 2 shifts (8 hours)* 
Dismantling of the trusses + bracings 

Trusses 73.775ton 10 carpenters 1 foreman 6 shifts (24 hours)* 
2 cranes (50ton) 6 shifts (24 hours)* 6 shifts (24 hours)* EA120x120x10 2 cherry pickers 6 shifts (24 hours)* 

Dismantling of the columns + bracings 
UC305x305x118 39.725ton 10 carpenters 1 foreman 3 shifts (12 hours)* 

2 cranes (50ton) 3 shifts (12 hours)* 3 shifts (12 hours)* EA120x120x12 2 cherry pickers 3 shifts (12 hours)* 
*The duration of the shift is the 4 hours due to is required a road closure for the work (1 to 5 am) 

Figure 5.7: Dismantling and timing of the truss gantry 



5. COMPARISONS AND CONCLUSIONS 

175  

 
Figure 5.8: Duration of the dismantling of the gantries 

5.1.3 Cost 
It is related to the total cost of the materials, man power and plant during the installation, 
bridge construction and dismantling of each type of gantry (simply supported, portal frame 
and truss gantry). 

SIMPLY SUPPORTED GANTRY GS25-03 OVER SPAN 1 S25 
Type Quantity  Time Cost per unit Cost 

Erection, bridge construction and dismantling of scaffolding over the gantry footings 
Acrow scaffolding 352.872m3 12 weeks 0.65dhs/m3/week 2752.40dhs 

Scaffolders (erection) 8nos 2 shifts (16 hours) 3.125dhs/hour 400dhs 
Scaffolders (dismantling)  8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 

Foreman (erection) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 
Foreman (dismantling) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 
Boomloader (erection) 1no 2 shifts (16 hours) 25000dhs/month (16hours/day) 833.33dhs 

Boomloader (dismantling) 1no 1 shift (8 hours) 25000dhs/month (16hours/day) 416.66dhs 
Erection, bridge construction and dismantling of secondary and capping beams over the scaffolding 

Beams UC152x152x37 253.5m/9379.5kg 12 weeks 4000dhs/ton 37518dhs 
Beams UC305x305x97 58m/5626kg 12 weeks 4000dhs/ton 22504dhs 
Carpenters (erection) 6nos 2 shifts (16 hours) 3.125dhs/hour 300dhs 

Carpenters (dismantling) 6nos 2 shifts (16 hours) 3.125dhs/hour 300dhs 
Foreman (erection) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 

Foreman (dismantling) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 
Crane 50ton (erection) 1no 2 shifts (16 hours) 55000dhs/month (16hours/day) 1833.33dhs 

Crane 50ton (dismantling) 1no 2 shifts (16 hours) 55000dhs/month (16hours/day) 1833.33dhs 
Erection, bridge construction and dismantling of primary beams 

Beams UB533x210x109 432m/47088kg 12 weeks 4000dhs/ton 188352dhs 
Carpenters (erection) 6nos 2 shifts (16 hours) 3.125dhs/hour 300dhs 

Carpenters (dismantling) 6nos 2 shifts (16 hours) 3.125dhs/hour 300dhs 
Foreman (erection) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 

Foreman (dismantling) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 
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Crane 130ton (erection) 1no 2 shifts (16 hours) 85000dhs/month (16hours/day) 2833.33dhs 
Crane 130ton (dismantling) 1no 2 shifts (16 hours) 85000dhs/month (16hours/day) 2833.33dhs 

Erection, bridge construction and dismantling of secondary beams over primary beams 
Beams UC152x152x37 259.5m/9601.5kg 12 weeks 4000dhs/ton 38406dhs 
Carpenters (erection) 8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 

Carpenters (dismantling) 8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 
Foreman (erection) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 

Foreman (dismantling) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 
Crane 50ton (erection) 1no 1 shift (8 hours) 55000dhs/month (16hours/day) 916.66dhs 

Crane 50ton (dismantling) 1no 1 shift (8 hours) 55000dhs/month (16hours/day) 916.66dhs 
Erection, bridge construction and dismantling of the scaffolding over the secondary beams 

Acrow scaffolding 1039.5m3 12 weeks 0.65dhs/m3/week 8108.1dhs 
Scaffolders (erection) 8nos 2 shifts (16 hours) 3.125dhs/hour 400dhs 

Scaffolders (dismantling) 8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 
Foreman (erection) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 

Foreman (dismantling) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 
Crane 50ton (erection) 1no 1/4 shift (2 hours) 55000dhs/month (16hours/day) 229.16dhs 

Crane 50ton (dismantling) 1no 1/4 shift (2 hours) 55000dhs/month (16hours/day) 229.16dhs 
Boomloader (erection) 1no 2 shifts (16 hours) 25000dhs/month (16hours/day) 833.33dhs 

Boomloader (dismantling) 1no 1 shift (8 hours) 25000dhs/month (16hours/day) 416.66dhs 
 TOTAL COST     315764.94dhs  

Figure 5.9: Cost of the erection, bridge construction and dismantling of the simply supported gantry 
PORTAL FRAME GANTRY GS24-03 OVER SPAN 3 S24 

Type Quantity  Time Cost per unit Cost 
Erection, bridge construction and dismantling of the columns + bracings 

UB914x305x201 41.4ton 12 weeks 6000dhs/ton 248400dhs 
UB914x305x253 27.9ton 12 weeks 6000dhs/ton 167400dhs 
UB914x305x224 24.7ton 12 weeks 6000dhs/ton 148200dhs 

L80x80x8 3.68ton 12 weeks 6000dhs/ton 22080dhs 
L100x100x8 4.32ton 12 weeks 6000dhs/ton 25920dhs 
TUB1001004 2.56ton 12 weeks 6000dhs/ton 15360dhs 

Carpenters (erection) 10nos 6 shifts (24 hours)* 3.125dhs/hour 750dhs 
Carpenters (dismantling)  10nos 6 shifts (24 hours)* 3.125dhs/hour 750dhs 

Foreman (erection) 1no 6 shifts (24 hours)* 9.375dhs/hour 225dhs 
Foreman (dismantling) 1no 6 shifts (24 hours)* 9.375dhs/hour 225dhs 
Cherry picker (erection) 2nos 6 shifts (24 hours)* 9000dhs/month (16hours/day) 450dhs 

Cherry picker (dismantling) 2nos 6 shifts (24 hours)* 9000dhs/month (16hours/day) 450dhs 
Crane 130ton (erection) 1no 6 shifts (24 hours)* 85000dhs/month (16hours/day) 4250dhs 

Crane 130ton (dismantling) 1no 6 shifts (24 hours)* 85000dhs/month (16hours/day) 4250dhs 
Erection, bridge construction and dismantling of the rafters (main beams) + bracings 

UB838x292x176 20.2ton 12 weeks 6000dhs/ton 121200dhs 
UB762x267x147 28.7ton 12 weeks 6000dhs/ton 172200dhs 

BM1/BM2/BM3/BM4 69.4ton 12 weeks 6000dhs/ton 416400dhs 
L80x80x8 0.92ton 12 weeks 6000dhs/ton 5520dhs 

L100x100x8 1.08ton 12 weeks 6000dhs/ton 6480dhs 
TUB1001004 0.64ton 12 weeks 6000dhs/ton 3840dhs 

UC203x203x60 3.1ton 12 weeks 6000dhs/ton 18600dhs 
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UC254x254x73 10.9ton 12 weeks 6000dhs/ton 65400dhs 
Carpenters (erection) 10nos 8 shifts (32 hours)* 3.125dhs/hour 1000dhs 

Carpenters (dismantling) 10nos 8 shifts (32 hours)* 3.125dhs/hour 1000dhs 
Foreman (erection) 1no 8 shifts (32 hours)* 9.375dhs/hour 300dhs 

Foreman (dismantling) 1no 8 shifts (32 hours)* 9.375dhs/hour 300dhs 
Cherry picker (erection) 2nos 8 shifts (32 hours)* 9000dhs/month (16hours/day) 600dhs 

Cherry picker (dismantling) 2nos 8 shifts (32 hours)* 9000dhs/month (16hours/day) 600dhs 
Crane 130ton (erection) 1no 8 shifts (32 hours)* 85000dhs/month (16hours/day) 5666.66dhs 

Crane 130ton (dismantling) 1no 8 shifts (32 hours)* 85000dhs/month (16hours/day) 5666.66dhs 
Erection, bridge construction and dismantling of secondary beams over the rafters 

Beams UC152x152x37 295.9m/10948.3kg 12 weeks 4000dhs/ton 43793.2dhs 
Carpenters (erection) 8nos 2 shifts (16 hours) 3.125dhs/hour 400dhs 

Carpenters (dismantling) 8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 
Foreman (erection) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 

Foreman (dismantling) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 
Crane 50ton (erection) 1no 2 shifts (16 hours) 55000dhs/month (16hours/day) 1833.33dhs 

Crane 50ton (dismantling) 1no 1 shift (8 hours) 55000dhs/month (16hours/day) 916.66dhs 
Erection, bridge construction and dismantling of the scaffolding over secondary beams 

Acrow scaffolding 430.848m3 12 weeks 0.65dhs/m3/week  3360.61dhs 
Carpenters (erection) 8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 

Carpenters (dismantling) 8nos 1/2 shift (4 hours) 3.125dhs/hour 100dhs 
Foreman (erection) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 

Foreman (dismantling) 1no 1/2 shift (4 hours) 9.375dhs/hour 37.5dhs 
Crane 50ton (erection) 1no 1/8 shift (1 hour) 55000dhs/month (16hours/day) 114.58dhs 

Crane 50ton (dismantling) 1no 1/8 shift (1 hour) 55000dhs/month (16hours/day) 114.58dhs 
Boomloader (erection) 1no 1 shift (8 hours) 25000dhs/month (16hours/day) 416.66dhs 

Boomloader (dismantling) 1no 1/2 shift (4 hours) 25000dhs/month (16hours/day) 208.33dhs 
Additional 

Supervision for the erection 1no 1 37500dhs 37500dhs 
Supervision for the dismantling 1no 1 37500dhs 37500dhs 

*The duration of the shift is the 4 hours due to is required a road closure for the work (1 to 5 am) 
 TOTAL COST     1590478.77dhs  

Figure 5.10: Cost of the erection, bridge construction and dismantling of the portal frame gantry 
TRUSS GANTRY GS08-02 OVER SPAN 3 S8 

Type Quantity  Time Cost per unit Cost 
Erection, bridge construction and dismantling of the columns + bracings 

UC305x305x118 39.725ton 12 weeks 6186.98dhs/ton 172200dhs EA120x120x12 
Carpenters (erection) 10nos 3 shifts (12 hours)* 

2021.71dhs/ton (activities, manpower and plant provided by the supplier) 80312.43dhs 

Carpenters (dismantling) 10nos 3 shifts (12 hours)* 
Foreman (erection) 1no 3 shifts (12 hours)* 

Foreman (dismantling) 1no 3 shifts (12 hours)* 
Cherry picker (erection) 2nos 3 shifts (12 hours)* 

Cherry picker (dismantling) 2nos 3 shifts (12 hours)* 
Crane 50ton (erection) 2nos 3 shifts (12 hours)* 

Crane 50ton (dismantling) 2nos 3 shifts (12 hours)* 
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Erection, bridge construction and dismantling of the trusses + bracings 
Trusses 73.775ton 12 weeks 6186.98dhs/ton 456444.45dhs EA120x120x10 

Carpenters (erection) 10nos 6 shifts (24 hours)* 

2021.71dhs/ton (activities, manpower and plant provided by the supplier) 149151.66dhs 

Carpenters (dismantling) 10nos 6 shifts (24 hours)* 
Foreman (erection) 1no 6 shifts (24 hours)* 

Foreman (dismantling) 1no 6 shifts (24 hours)* 
Cherry picker (erection) 2nos 6 shifts (24 hours)* 

Cherry picker (dismantling) 2nos 6 shifts (24 hours)* 
Crane 50ton (erection) 2nos 6 shifts (24 hours)* 

Crane 50ton (dismantling) 2nos 6 shifts (24 hours)* 
Erection, bridge construction and dismantling of secondary beams over the trusses 

UC152x152x37 266m/9842kg 12 weeks 4000dhs/ton 39368dhs 
Carpenters (erection) 8nos 2 shifts (8 hours)* 3.125dhs/hour 200dhs 

Carpenters (dismantling) 8nos 2 shifts (8 hours)* 3.125dhs/hour 200dhs 
Foreman (erection) 1no 2 shifts (8 hours)* 9.375dhs/hour 75dhs 

Foreman (dismantling) 1no 2 shifts (8 hours)* 9.375dhs/hour 75dhs 
Crane 50ton (erection) 1no 2 shifts (8 hours)* 55000dhs/month (16hours/day) 916.66dhs 

Crane 50ton (dismantling) 1no 2 shifts (8 hours)* 55000dhs/month (16hours/day) 916.66dhs 
Erection, bridge construction and dismantling of the scaffolding over secondary beams 

Acrow scaffolding 1205.4m3 12 weeks 0.65dhs/m3/week 9257.47dhs 
Carpenters (erection) 8nos 2 shifts (16 hours) 3.125dhs/hour 400dhs 

Carpenters (dismantling) 8nos 1 shift (8 hours) 3.125dhs/hour 200dhs 
Foreman (erection) 1no 2 shifts (16 hours) 9.375dhs/hour 150dhs 

Foreman (dismantling) 1no 1 shift (8 hours) 9.375dhs/hour 75dhs 
Crane 50ton (erection) 1no 1/2 shift (4 hours) 55000dhs/month (16hours/day) 458.33dhs 

Crane 50ton (dismantling) 1no 1/2 shift (4 hour) 55000dhs/month (16hours/day) 458.33dhs 
Boomloader (erection) 1no 2 shifts (16 hours) 25000dhs/month (16hours/day) 833.33dhs 

Boomloader (dismantling) 1no 1 shift (8 hours) 25000dhs/month (16hours/day) 416.66dhs 
*The duration of the shift is the 4 hours due to is required a road closure for the work (1 to 5 am) 

 TOTAL COST     912105.55dhs  
Figure 5.11: Cost of the erection, bridge construction and dismantling of the truss gantry 

 
Figure 5.12: Cost of the erection, bridge construction and dismantling of the gantries 
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5.1.4 Deflection 
It is related to the maximum deflection archived for each type of gantry (simply supported, 
portal frame and truss gantry) and the maximum allowance that we have for each location. As 
we said before in the paper, to be able to obtaing the values of the deformation is required to 
run the model with unfactored loads. The highest deformation will be given in the beam that 
has the highest utilization ratio.  

Allowable deflection Maximum deflection archived Percentaje 
SIMPLY SUPPORTED GANTRY GS25-03 OVER SPAN 1 S25 

= L
270 =

8500
270 = 31.5mm = 12.41  45.75% 

PORTAL FRAME GANTRY GS24-03 OVER SPAN 3 S24 
= L
270 =

33000
270 = 122.22mm = 79.5  65.05% 

TRUSS GANTRY GS08-02 OVER SPAN 3 S8 
= L
270 =

246000
270 = 91.11mm = 34  37.32% 
Figure 5.13: Allowable deflection and archived deflection on the gantries 

 
Figure 5.14: Allowable deflection and maximum deflection on the gantries 

5.1.5 Efficiency 
It consists in and overall study of the efficiency of the different types of gantries in terms of 
difficulty of erection and dismantling, timing of the erection and dismantling, cost, deflection, 
maximum span and strength. We cannot compare all those factors directly due to that all the 
gantries have different sizes (top platform area), so we need to take into consideration the top 
surface of each gantry. The area of each gantry is the following: 

- Simply supported gantry = 330m2 
- Portal frame gantry = 792m2  
- Truss gantry = 344m2  
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As per the calculation of the areas we can see that the simply supported gantry and the truss 
gantry have the same area and that the portal frame gantry has more or less double of the 
area of the other two. Therefore, for the portal frame gantry we will consider half of the 
duration of erection and dismantling and the cost.  
We are going to give a value from 1 to 5 for each of the factors and gantries to try to find 
which one is the best solution, where 5 is the best and 1 is the worst. 

 Simply supported gantry Portal frame gantry Truss gantry 
Difficulty of erection 9 5 4 
Time of erection 8  (9days) 8 (17days/2=8.5days) 5 (13days) 
Difficulty of dismantling 9 5 4 
Time of dismantling 8 (7days) 7  (15.5days/2=7.75days) 5  (12days) 
Cost 7 (315764.94dhs) 5  (1590478.77dhs/2=795239.385dhs) 3 (912105.55dhs) 
Deflection 5  (45.75% ) 2 (65.05% ) 10 (37.32% ) 
Maximum span 1 8 10 
Overall strength 2 6 10 

TOTAL 49/80 46/80 51/80 
Figure 5.15: Score in terms of efficiency of the different gantries 

5.2 Conclusions 
According to the objectives stated in Chapter 1, the work carried out during the development 
of this Master´s thesis and after the analisys of the obtained results, the following general 
conclusions can be drawn: 

- The best solution for the construction of the bridge S8 over Sheikh Zayed Road is the 
truss gantry (it has the highest score) even do the cost, timing and difficulty of erection 
and dismantling is higher because the overall strength, deformation, maximum span 
and cost/strength are better. 

- If we have enough clearance between the road and the proposed bridge, the truss 
gantry is a better solution than a portal frame especially if the loads are high do to the 
good deformation values achieved and the overall strength. 

- The simply supported gantry cannot be used as a solution for the construction of the 
bridge S8 due to the span required, the huge deflection that we will get and that 
structurally a simply supported structure cannot work for this type of loads and spans. 

- In terms of cost, timing of erection and dismantling and difficulty of erection and 
dismantling the simply supported gantry is the best solution when we have small spans 
and small requirements of loads.   
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- If the span is not too big but the loads are high, the simply supported gantry will not be 
a solution due to that the Acrow scaffolding will not be able to hold the loads applied 
and the deflection obtained could be too high. In this case we can add some beams 
columns welded to the primary beams, in the locations where the loads are higher. 
This will increase the cost and the timing of erection and dismantling. 

- For the same area covered, the simply supported gantry uses around 55-60% 
(71.690ton) of the steel beams required for the truss gantry (123.345ton) and the 
portal frame gantry (250ton/2=125ton) so it has less weight compared with the other  
schemes. 

- The manpower and plant equipment required for the erection and the dismantling of 
the simply supported (8scaffolders + 8 carpenters + 2 foremen + 1 crane 50ton + 1 
crane 130 tons + 1 boomloader) is more or less the same as the required for the portal 
frame (10 carpenters + 8 scaffolders + 2 foremen + 1 crane 130ton + 1 crane 50ton + 2 
cherry pickers + 1 boomloader) and the truss gantry (10 carpenters + 8 scaffolders + 2 
foremen + 2 cranes 50ton + 2 cherry pickers + 1 boomloader). So, even do the cost of 
the material is less and the erection and dismantling is way easier, the manpower and 
plant is more or less the same. 


