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Abstract 

The reinforced concrete pylons of the 3rd Bosphorus Bridge in Istanbul, will be the tallest 
suspension bridge pylons in the world, standing over 322 meters tall. The tower structures are 
built with reinforced concrete up to a height of 305 meters, and the rest is a steel saddle for 
main cables. The compressive strength of the concrete used in the project is classified as 
C50/60 and it fulfils various durability requirements since it needs to provide at least 100 
years of service life under rough environmental conditions. Including foundations, 104.000 
cubic meters of concrete was used for the construction of 4 pylons of the bridge. 

This paper describes the methods applied during development, testing and implementation 
stages of concrete pumping operations in the 3rd Bosphorus Bridge Project. Concrete 
pumping until the top height was completed with a single pump line for each pylon without 
any transfer point. In order to have a smooth concreting operation, properties of fresh and 
hardened concrete and elements of the pipe line equipment are tested before and after 
pumping. During the project, pumpability of the concrete was continuously monitored by 
checking measuring the pressure in the hydraulic system of the pump and the pipe line. This 
method allowed continuously recording the condition of the concrete and pumping equipment 
and also suitability of the mixture design. 

As a result of this systematic work, concrete has been delivered to the highest man made 
reinforced concrete structure in Turkey by pumping. 
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1. CONCRETE PROPERTIES 
Concrete used for the construction of pylons is a special product from Betonsa, branded as 

100+ BETON with C50/60 compressive strength and suitable for a structure which requires 
min. 100 years of service life. Chloride migration value, according to NT Build 492 test 
standard, was below 3x10-12m2/s and chloride content of concrete was below %0,1 of binder 
content for providing higher chloride resistance for durability purposes. Fresh concrete was 
permitted to have a temperature between 10°C and 28°C after pumping. Initial setting time 
was tailored through admixtures within pours especially during the first 208 meters of slip 
form construction. Due to high durability requirement binder composition consisted %50 
ground granulated blast furnace slag (GGBS) and %50 CEMI 42,5R LA cement (OPC), 
where concrete benefitted from the chloride binding capacity of GGBS. Natural sand (S1), 
crushed sand (S2) and two coarse limestone crushed aggregates (4-16 mm for G1 and 16-22 
mm for G2) were used in the mixture design. Mixture proportions are given in Table 1. 
 
Table 1: Mixture Design Proportions for 1 m3 
 

Water
Binder

 
Water 
(kg) 

OPC 
(kg) 

GGBS 
(kg) 

S1 
(kg) 

S2 
(kg) 

G1 
(kg) 

G2 
(kg) 

Admix. Type and 
Amount 

0,37 160 217 217 457 432 540 360 Phosphonate 
(%1,1 of Total Binder) 

 
2. PROJECT 
 

3rd Bosphorus Bridge Project has 4 concrete pylons, 2 on each side of Europe and Asia. 
All towers will stand at least 322 meters tall when they are completed. First 208 meters of the 
towers were constructed by slip forming and the rest was constructed with an Automatic Self 
Climbing formwork.  
 
3. CONCRETE PUMPING SYSTEM AND PUMPING TRIALS 
 

Based on calculations and mixture design considerations, a stationary pump, with 330 KW 
engine and 350 bar maximum theoretical hydraulic pressure, was selected. Max theoretical 
concrete pressure was 243 bars. In addition, 8,8mm thick pipes with an internal diameter of 
125mm, 200 bars working pressure and 400 bars maximum pressure, were selected. These 
pipes are called ZX pipes with male and female connections to each other. ZX pipes proved to 
be much better in terms of leak proofness. 
 
3.1 Test planning 

After selection of the suitable equipment and materials based on theoretical calculations, a 
pumping trial was performed to test initial assumptions and actual suitability of the mixture 
designs. To do so, a 500-meter length horizontal pipeline was installed on the site ground. 
Considering 325 m of actual height of the structure,, more than 1,5 times of this actual 
vertical length is considered viable, since vertical and horizontal pumping exerts different 
pipeline pressures. Layout of the test scheme is presented Figure 1 below and actual layout 
and equipment used in the test can be seen Figure 2. 
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Figure 1: Pumping Test Layout 
 
 

 
 

Figure 2: Pumping Test Equipment 
 
3.2 Test operation 

During the trials, 5 different concrete mixture designs were tested.  Mixture proportions for 
these designs are presented in Table 2 below.  
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Table 2: Pumping test mixture designs (for 1 m3) 
 

ID Water
Binder

 
Water 
(kg) 

OPC 
(kg) 

GGBS 
(kg) 

Total 
Binder 

(kg) 

S1 
(kg)  S2 

(kg) 
G1 
(kg) 

G2 
(kg) 

Admix. Type 
and Amount 

1 0,37 160 217 217 434 457  432 540 360 Phosphonate 
(1,1% of Binder) 

2 0,36 158 217 217 434 441  451 542 361 PCE 
(1,1% of Binder) 

3 0,36 158 217 217 434 448  440 550 385 Phosphonate+PCE 
(1,1% of Binder) 

4 0,36 155 217 217 434 485  441 551 349 PCE 
(1,1% of Binder) 

 
During the test, fresh concrete properties were tested before and after pumping. Also 

compressive strength of samples were taken before and after pumping.  Practical target flow 
from the pump was 18m3/hour during the trials. It took approximately 7 minutes between the 
discharge point from truck mixer to hopper and flowing out along the 500 meters of pipeline. 
Test results are presented in Table 3. 
 
Table 3: Pumping Test Results 

 

Test List 
Mix #1 Mix #2 Mix #3 Mix #4 

Remarks Before 
Pump 

After 
Pump 

Before 
Pump 

After 
Pump 

Before 
Pump 

After 
Pump 

Before 
Pump 

After 
Pump 

Concrete 

Flow (mm) 500 490 540 290 640 630 630 460  

Air Content 
(%) 1,7 1,8 2,5 3,8 2,5 1,3 1,4 2,5  

Temperature 
(oC) 26 27 27 28 26 26 26 26  

Segregation None None None None Visual 
Inspection 
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Table 4 (cont.): Pumping Test Results 
 

Test List 
Mix #1 Mix #2 Mix #3 Mix #4 

Remarks Before 
Pump 

After 
Pump 

Before 
Pump 

After 
Pump 

Before 
Pump 

After 
Pump 

Before 
Pump 

After 
Pump 

Pump 

Pipe Pressure - - - - Sensors 
brokedown 

Pump 
Pressure (bar) 158 208 138 160  

Discharge 
(m3/h) 19,2 15,5 16,1 17,1 Target: 

above 12 

Overall Result Complies No compliance Complies No compliance  
 
As a result, it was proved that selected pumping equipment provides adequate capability to 

pump a selected concrete mixture design to the top of the pylons, and the steel pipes could 
endure the intended work. Another conclusion is Mix 1 and Mix 3 could be used for actual 
construction, however Mix 2 and Mix 4 are not suitable due to loss of workability during 
pumping. At the end of the test, Mix 4 became so stiff that it led to a blockage in the pipeline 
and, the pipeline had to be dismantled for immediate cleaning.  

 
4 OPERATION  

 

2 steel pipelines were installed on pylons for conveying the concrete in one lift to the top. 
One of the pipelines was spared as a back-up and also used for pouring elements such as 
crossbeams and diaphragm walls during the project. During slip forming, construction speed 
was around 20cm for every 2 hours and, 4.6 meters for every 5 days for the ACS formwork 
kit.  

Until 208 meters due to slip form construction method, concrete had been pumped for 30 
minutes for every 2 hours. During standby periods, it was observed that the concrete was 
losing its workability. In order to prevent slump loss, concrete was moved in the pipeline by 
sucking concrete back to hopper and moving forward. As it has been experienced stopping 
during the pumping operation, possesses a risk due to gravitational segregation of coarse 
aggregates. Another important point during stopping and pumping operations is that, the 
operation crew had to follow the time schedule strictly to prevent the hardening of the 
concrete in the pipe line. One of the few blockages during the project occurred when the 
prolonged work on the formwork prevented the concrete pour. 

Another issue that was experienced during operation was, after a certain waiting time, first 
few strokes led to plugging of the pipeline just after the pump exit. After a while it was 
understood that this occurred whenever the pump pressure cannot move the concrete in the 
pipeline, first few meters is over pressurized and jammed. This issue was removed by starting 
at a very low flow rate in the first strokes and then gradually increasing the flow. 
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After 208 meters height, formwork system was changed and project has opted for ACS 
formwork. During the ACS formwork phase between 185 and 160 m3 of concrete had been 
poured in a single pour.  

 
5 QUALITY CONTROL 

 

Strict quality control was employed during the pours, for every truck arriving to the site, 
slump, flow and temperature were measured. Slump tolerance, due to specification, was +/-
30mm, and however after 200 meters of height, for the sake of pumpability, +/- 20mm was 
employed. During the course of the project, some complaints were received from the pumping 
crew that even though slump was in acceptable range, concrete seemed to be not very 
pumpable. In order to check that comment, a testing schedule was employed. Firstly 
rheological properties of produced concretes with different slumps were investigated. 
Rheology is the measurement of the fundamental properties of fresh concrete, which flows 
under the action of shear stresses. The flow of fresh concrete can be represented by a 
Bingham model. In this model, parameter τo is the yield stress, representing the shear stress 
required to initiate flow. The slope of the shear stress vs. shear strain rate line is called the 
plastic viscosity μ, which represents the resistance to flow. These two parameters can provide 
a description of the flow behavior of any fluid. Fresh concrete is also a thixotropic material 
because shear stress required to initiate flow is high if the concrete is at rest, compared to a 
lower shear stress required to maintain the flow. When the applied stress reaches the static 
yield stress, the concrete begins to flow and the stress required to maintain the flow is reduced 
to the dynamic yield stress. With time, the static and dynamic yield stresses increase due to 
slump loss. Results of the rheology tests are presented in Table 4;  

 
Table 5: Rheology tests 

 

Truck Id Slump 
(mm ) 

Rheological Parameters 
(Yield stress - Pa) ϻ (Plastic viscosity - Pa/s) 

41869 160 342,3 158,3 
13522 170 321,6 149,0 
41866 180 285,3 167,9 
41862 200 215,4 107,8 
41874 200 207,7 121,4 

 
Even though strong correlation was observed between the measured slump and the yield 

stress, viscosity seemed to follow a different trend. Therefore, after an extensive investigation 
it has been found that even the slump is same, flow of the fresh concrete varied. Whenever the 
flow is on the lower end, pumps yielded significantly higher pressures. As a result, a different 
testing approach was taken and water to binder ratio of the concrete was changed by lowering 
the water content in the laboratory mixes to simulate the production variances. In these tests, 
it has been observed that slump correlates to the shear yield stress and flow correlates to the 
viscosity. Test results of those trials are presented in Table 5 below. As a result, flow of the 
fresh concrete was also carefully monitored and, an acceptance limit of minimum 340mm was 
employed. 
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Table 6: Rheology Tests 
 

Slump 
(mm) 

Slump 
Flow 
(mm) 

Rheological Parameters 
W/B 

 (Yield stress - Pa) ϻ (Plastic viscosity - Pa/s) 

190 310 165 82,2 W/B=0,35 
210 400 117,5 47,1 W/B=0,37 
220 380 103,8 62,2 W/B=0,36 

 
Due to strict slump and flow restrictions during the production, pipe pressure and hydraulic 

pressure (during pumping and at rest) values were recorded at around a similar slump value 
(210mm). Hydraulic and pipe pressures, during the stand by and during the pumping are 
tabulated in Figure 3. Pipeline pressures were monitored by a sensor placed at 200th meter. 
Up to 200 meters, only the hydraulic pressure was recorded. 
 

 
 

Figure 3: Height vs Pressure Chart 
 
Figure 4 and Figure 5 shows hydraulic pressure and pressure inside the pipes during the 

pumping and standby conditions, while pumping concrete to 305 meters height. Due to the 
stroke movement of pump, there are sharp ups and downs, which represent loading and 
release of pistons. Flat lines between zig-zags are sta0nd by pressure of concrete between 
changing truck mixers. In Figure 5, a close up of pressure chart during standby can be 
observed.  
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Figure 4: Hydraulic pump pressure and pipe pressure during pumping 

  

 
Figure 5: Pipe pressure during standby 

 
6. CONCLUSIONS 

 

• It was observed that, even though the hydraulic pressure during the test was 160 bars, 
the real hydraulic pressure reached up to 225 bars. This implies that, even the trials are a 
good indicator, vertical and horizontal pump lines can be very different in terms of 
pumping pressure.  

• Once correlated with the actual conditions, and wearing of pump is taken into account, 
hydraulic pressure can be a good indicator of pumping capability. 

• Standby pressure increases with the amount of concrete in the pipeline. Actual increase 
per meter of pipeline is observed to be correlated to the density of the concrete.  

• Increase in the pipeline pressure per meters during pumping is almost twice the amount 
of increase in the stand by pressure. This could be accounted for increasing pressure 
head of concrete and increasing friction due to the amount of concrete. 

• Flow can be taken into account as an indicator of viscosity of concrete. 
• During the pumping operations, plugging is most likely to occur when the concrete in 

the line is moved after a period of stopping. Therefore continuous pumping can be 
considered as a much safer and steadier operation. 
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