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Abstract 
 

The Burj Dubai is already the world’s tallest structure surpassing the KVLV-TV mast in 

North Dakota. When completed the Burj Dubai will be the tallest structure ever built by 

man at well over 700 metres with more than 160 floors. The structure consists of 

reinforced concrete to a height of 586 metres. The compressive strength required for the 

corewalls is 80 MPa up to 440 metres, 60 MPa to 575 metres and then 80 MPa for the 

last reinforced concrete levels. The concrete was pumped in a single lift to 601 metres 

using Putzmeister BSA 14000 SHP-D pump which was a new world record for vertical 

pumping.  

 

This paper presents the results of horizontal pumping trials up to 600 metres in length 

conducted to confirm the suitability of proposed concrete mixtures. These demonstrated 

the influence of maximum aggregate size and paste composition on the friction factor 

and pumping pressures. Samples taken before and after pumping showed the effect of 

the pumping operation on fresh and hardened properties of the concrete.  

 

The paper also discusses the actual pumping of the different grades of concrete within 

the structure and some of the lessons learnt in pumping concrete in supertall  highrise. 

 

Keywords: Pumping, aggregate size, fly ash, silica fume, superplasticiser, slurry 

 

 

1. INTRODUCTION 
 

The Burj Dubai is already the world’s tallest structure in all categories. The centerpiece 

of Emaar’s Downtown Burj Dubai development, Burj Dubai will be a multi-purpose 

structure with hotel, residential and office facilities. High strength concrete is being 

used in the reinforced concrete columns and corewalls to reduce their cross sectional 

area; 80 MPa concrete is being used up to 440 metres and 60 MPa concrete up to 585 

metres. The concrete for the slabs is 50 MPa. The most practical method of concrete 

placement is by pumping which does not consume valuable crane time.  

 

Previous examples of pumping concrete to significant heights have generally used lower 

concrete grades. 30 MPa concrete was pumped to a height of 380 metres in Tower Two 

of the Petronas Towers and 40 MPa concrete to a height of 383 metres on the Jin Mao 
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building in Shanghai (1). 4000 psi (27.6 MPa) slab concrete was pumped more than 470 

metres on Taipei 101; at present the world’s tallest tower. The current world record for 

vertical pumping of 532 metres was for an extension to the Riva del Garda 

Hydroelectric Power Plant in 1994 using a 25 MPa concrete (2). In addition to the design 

strength requirement for the higher elements of the Burj Dubai, there are other technical 

challenges to pumping on Burj Dubai. The concrete is required to achieve 10 MPa at 12 

hours and pumping during summer will take place when daytime temperatures that can 

exceed 50ºC in the shade.  

 

Browne and Bamforth (3) described concrete movement within a pipeline as “plug flow” 

where a “plug” of concrete is separated from the pipe by a lubricating layer of paste and 

finer aggregate particles in the outer few millimeters. Their research showed the 

importance of homogeneity and cohesion in achieving pumpability. Work by Kaplan et 

al. (4) suggested that pumpability per se should not be considered an intrinsic property of 

concrete but involves concrete composition, configuration of the plant and the pumping 

procedure. Their research demonstrated that blockages generally occurred during 

priming and restarting after a prolonged delay but not during steady state pumping. The 

limited number of blockages that occurred during pumping on the Burj Tower also 

occurred under these circumstances. 

 

Predicting the expected pumping pressure is a vital part of pumping concrete up super-

tall buildings. The pressure required will depend on frictional losses within a concrete 

pipeline and the pressure head. The pressure head component is unavoidable as it is 

simply a function of the density and vertical height. In the case of the uppermost pour 

for the Burj Dubai, the pressure head component alone will be approximately 150 bar 

based on the density of 2500 kg/m³. The critical parameter that determined the 

feasibility of pumping to 600 metres was the friction factor and pump capacity. The 

friction factor is typically estimated with site trials. 

 

This paper reports the results of pumping trials to determine the pumping characteristics 

of proposed concrete mixtures. These trials were conducted by Putzmeister and Unimix 

near the site. Observations of pumping during construction are also discussed.  

 

 

2. MIXTURE PROPORTIONS 
 

One of the challenges in designing pumpable concrete in Dubai is the use of crushed 

limestone for both coarse and fine aggregate. The tendency is to use a high proportion 

of fine aggregate, particularly in concretes with a designed slumpflow in excess of 500 

mm. A fine dune sand (<600 µm) is also used to increase the finer fraction component. 

In the case of the Burj project, the fine aggregate percentage for the Tower mixes was 

approximately 50% and fly ash was used at a replacement level of 13 -20% together 

with silica fume at 5-10%. 

 

A summary of the mixture proportions is given in Table 1.  
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Table 1: Mixture proportions 

 

Code C80-20 C80-14 C80-10 C60-10 C50-20 C50-14 

Max.Agg 20 14 10 10 20 14 

w/cm 0.27 0.30 0.29 0.35 0.36 0.36 

OPC 380 384 400 376 328 338 

FA 60 96 100 94 82 112 

SF 44 48 50 25 25 25 

F.Agg % 50 49 49 51 49 50 

 

 

3. PUMPING TRIAL 
 

The pumping trials were conducted on 19 - 21 February 2005. A Putzmeister BSA 

14000 HP-D stationary pump was used with a maximum theoretical concrete pressure 

of 220 bars. 600 metres of high pressure ZX 125 was laid out horizontally as shown in 

Fig. 1 with transducers to measure concrete pressure after pumping through 250, 450 

and 600 metres. As shown in Figure 1, the pipeline was in direct sunlight but during one 

of the cooler months of the year. Five different concrete mixtures were tested. Fresh and 

hardened concrete properties were measured on concrete before and after pumping.  

 

 
Figure 1: Pumping trial set up 

 

3.1 Concrete Properties: 

 

The trial test results are given in Aldred (5). From an initial slumpflow of approximately 

600 mm, an average reduction of 27 mm per 100 metres of 125 mm diameter pipeline 

was observed. There was a trend towards greater slumpflow reductions at higher 

pumping pressures. The average temperature rise per 100 metres of pipeline was 1.2 ºC. 

There was no significant effect of pumping on the air content (<1.5%) or wet density 

(2450 ± 50 kg/m³). The 12 hour strength increased by up to 60% and there was a 

nominal increase in the 24 hour strength. However, there was no significant effect after 

7 days suggesting that the early strength increase was due to increased temperature.  
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3.2 Concrete Pumping Pressure 

 

It was possible to estimate the friction factors for the various mixes from concrete 

pressures during the pumping trials. The friction factor for the 80 MPa concrete reduced 

dramatically with a reduction in maximum aggregate size from 20mm to 14mm and 

there was a further nominal reduction from 14mm to 10mm. There was little reduction 

in friction factor from C80-10 to C60-10 in spite of the higher water content and lower 

cementitious content of the C60-10 concrete.  

 

3.3 Blockages 

 

Two blockages occurred during the pumping trials. The first occurred when C80-14 

concrete was being pumped 450 metres after having already being pumped 250 metres. 

The blockage was due to a delay in connecting the extended pipeline. The loss of 

workability/initial set of the concrete in the first part of the pipeline caused a complete 

blockage.  

 

The second blockage occurred when the C60-10 concrete was poured into the hopper 

which was filled with C50-14. The problem was that C60-10 concrete contained a poly-

carboxylate superplasticiser while C50-14 mixture contained a sulphonated naphthalene 

based admixture. These admixtures are mutually incompatible. 

 

 

4. SITE OBSERVATIONS 
 

Three stationary pumps are positioned in parallel on the ground floor slab adjacent to 

the tower; two Putzmeister BSA 14000 SHP-D with maximum theoretical concrete 

pressure of 400 bar but a works setting of 250 bar (reputely the most powerful concrete 

pumps in the world) and one Putzmeister BSA 14000 HP-D with a maximum 

theoretical concrete pressure of 220 bar. These pumps are connected to 150mm 

diameter high pressure pipes which lead into the tower to service the three wings and 

the central core; all with separate pipelines. The pumping station is shown in Figure 2. 

There are free standing Putzmeister placing booms on each of the wings with a reach of 

28 metres and a larger placing boom with a reach of 32 metres for the central core. The 

placing booms are secured to the Doka climbform system and are raised up the building 

with the formwork. Several floors below the 150mm diameter pipeline from the pump is 

coupled to a reducer for connection to the 125mm diameter placing boom.  

 

 
 

Figure 2: The pumping station at Burj Dubai 
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4.1 Concrete Properties 

 

The pumping trial had shown the potential for blockage due temperature effects and 

delays. A decision was taken that all concreting for the Tower vertical elements would 

be conducted at night. The maximum allowed concrete placement was 33ºC. To achieve 

this limit, the concrete’s water content was almost completely composed of flake ice 

during the summer months when daytime shade temperatures can exceed 50ºC. The 

concrete showed the limited variation in slumpflow and concrete temperature through 

summer which has helped minimize pumping problems. The allowable slumpflow did 

increase during the project from 550 ± 75 mm to 650 ± 50 mm.  

 

At various levels from 102 to 155, concretes were tested for rheological properties and 

temperature before and after pumping. The rheology was assessed using an ICAR 

rheometer. The sampling included C80-20, C80-14 and C60-14 concretes. There was 

some variation among the results but the average effect of pumping from 350 –580 

metres was a 2-3ºC rise in temperature and a 10% reduction in slumpflow. 

 

The effect of pumping was found to approximately half the plastic viscosity of the 

concrete and double the dynamic yield stress. These results may be related to the 

increase in temperature during pumping and certainly require further investigation.  

 

4.2 Concrete Pumping Pressures 

 

The general trend of increasing pumping pressure with elevation for the various 

concrete mixes is shown in Figure 3.  

Figure 3: Changes in concrete pressure with height 

 

Figure 4 gives detailed information on the hydraulic pressure and concrete pressure at 

the hopper and at the end of the horizontal pipeline (approx 80m). Fig.4 shows that 

pump stoppage tends to increase pumping pressure during restarting. Earlier in the 

project, there had been a tendency to turn off the pump frequently when repositioning 
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the concrete placing boom. This practice increases the risk of blockage and increases 

maintenance costs for the pump.  
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Figure 4: Pressure monitoring of pumping to 315 metre height (L90)  

 

 

The pumping pressures for C80-20 concrete and C50-20 concrete at a similar output 

rate show a reduction of 23% for the lower strength concrete. As the pressure head 

component was virtually constant, this demonstrates a substantial reduction in friction 

factor for C50-20 concrete which had the same maximum aggregate size. At Level 101, 

the concrete for the central corewalls changed to C80-14 from C80-20. This resulted in 

reduction of approximately 15%. 

 

4.3 Blockages 

 

The first blockage occurred at the reducer beneath the concrete placing boom at Level 

18. The problem appeared to have been caused by a priming slurry with a w/c of 0.5 

which destablised the concrete and resulted in an aggregate plug forming in the reducer. 

When the w/c of the slurry was reduced to less than 0.4, there were no similar problems. 

Limited blockage was also caused by inadequate retardation or pumping concrete that 

was more than 90 minutes after batching. 

 

However, when pumping a floor slab at 605 metres, water was added to the slurry 

causing blockage. The resultant delay coupled with a pump breakdown and failure to 

evacuate the pipeline when advised caused blockage within the bulk of the pipeline. 

This meant that the pipeline could no longer be used for pumping the small quantity of 

concrete within the steel structure. Fortunately this occurred above the reinforced 

concrete section of the structure at a level where pumping had not been originally 

envisaged. 
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5. DISCUSSION 
 

All the potential advantages of concrete pumping can be lost if blockage occurs and 

therefore preventing blockage is a vital consideration. Trials and site production on the 

Burj Dubai project showed that blockage was caused by excessive delay/inadequate 

retardation, admixture incompatibility and priming using a wet slurry.  

 

Blockage related to concrete setting is a particular concern for the project. Ambient 

temperatures can be extreme and there is an early strength requirement which limits the 

level of retardation possible. Concrete with a low w/c incorporating poly-carboxylic 

superplasticiser can exhibit good workability retention for a period and then have rapid 

workability loss. In pumping concrete for a super tall tower, the volume concrete within 

the pipeline can exceed 10 m³ and conveying time can exceed 30 minutes. Attempting 

to pump “old” concrete could result in rapid workability loss within the pipeline and 

blockage which could not be easily removed. Our quality procedures need to ensure that 

concrete is pumped within 90 minutes of batching. Construction practices need to 

minimize stoppages during pumping.  

 

A combination of reduced maximum aggregate size, increased w/c and tight quality 

control enabled concrete to be pumped to a world record height on the Burj Dubai 

project. 
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