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Traditional methods fail to predict the pumping pressure loss of high-performance concrete properly in super high-rise pumping
situations due to complex changes of concrete properties. *erefore, it is imperative to propose a relative accurate method for
pumping pressure estimation in super high-rise buildings. *is paper builds the simplified pressure calculation method “pressure
induced by the gravity plus pressure along the pipe line.” *e later one is gained by establishing topology optimized model based
on computational fluid dynamics and considering the lubrication layer formation. *e effect of rheological properties and flow
rate is analyzed based on this model in detail. Furthermore, the developed calculationmethod is verified by themeasured pumping
pressure during the super high-rise building construction of the Shanghai Tower (the tallest building in China recently). *e
relative differences between the calculation results and the measured data in situ are less than 6%, indicating the applicability of
this method for predicting the pressure loss of the super high-rise pumping.

1. Introduction

Concrete pumping has been adopted in formwork casting
for decades. It is widely used for concrete conveying during
skyscraper construction because it is time-saving and en-
vironment-protecting. However, how to avoid pipeline
leakage is still a bottleneck in the long-distance pumping
process, such as super high-rise buildings, super long
bridges, and long-distance tunnels, in which the pumping
pressure plays a crucial role. *is is mainly because both
mixture design of fresh concrete and equipment selection
depend on the prediction of pumping pressure, especially for
super high-rise pumping.

*erefore, it is very important to predict the pumping
pressure of concrete accurately and simply. ACI 304.2R-96
gives a chart used for calculation of the pressure loss [1]. In
addition, technical specification for construction of concrete

pumping provides an empirical formula for pressure per
meter [2]. *ese specifications play a crucial guiding role in
the traditional concrete pumping construction, but they are
not suitable for the pressure prediction of high-performance
concrete [3]. *is is mainly due to the reason that the
workability of high-performance concrete may be signifi-
cantly affected by the addition of various superplasticizers or
supplementary cementitious materials [4]. *erefore, as the
rheological mechanism of concrete can not be fully con-
sidered, it is necessary to carry out research from the rhe-
ological point of view to modify the concrete pumping
pressure calculated by the traditional estimation method.
Fresh concrete is a viscoelastic-plastic body, and its flow is
induced by shear actions [5]. *e rheological parameters,
especially the plastic viscosity and yield stress, are the key
factors during the flow process [6–9]. Different rheological
models, including Bingham model, Herschel and Bulkley
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model, and Casson model, have been proposed to describe
the flow regime of fresh concrete [10]. Among them,
Bingham model is one of the most commonly used models
for high-performance concrete [11]. Besides, the lubrication
layer is of vital importance in concrete pumping process,
which relates to the shear-induced migration of particle
inside the pumping pipe [12].

Based on the theory of tribology, the rheological
properties of the lubricating layer can be obtained, and the
friction on the boundary can be calculated accurately [13]. In
addition, the pressure loss has a strong relationship with its
discharge rate. *e relation curve between linear pressure
loss and discharge rate has been obtained by in situ tests
[14–18] or the sliding pipe rheometer [19]. *e pressure loss
can also be obtained by the reverse calculation of the dis-
charge rate, where the discharge rate is integrated by the
velocity distribution in the pipe section [20, 21]. However,
the theoretical models cannot be used to predict the actual
pressure loss directly because of their implicit expression.
*erefore, researches are carried to capture the relationship
between the pressure and its governing factors. Due to the
yield stress and the plastic viscosity kept relatively constant,
the pressure drop shows a linear change with the pipe length
increasing [22]. *ere is a first-order physical correlation
between the pressure drop and the flow rate [23]; what is
more, a suitable method is given to assess the pressure based
on full-size pumping test [24].*is provides a newway to get
the pressure, but the full-scale pumping test is time-con-
suming and labor-costing. Attention is paid on actual
concrete pumping project recently. Based on X-ray CT and
3D mesoscopic numerical simulation, the multiscale me-
chanic properties change after actual pumping and sug-
gestions for real pumping project are given [25]. A
workability box of self-compacting concrete (SCC) suitable
for direct pumping up to super tall building is given, among
which the yield stress and the plastic viscosity are discussed
[26]. *erefore, it is still imperative to develop a simplified
pumping pressure loss calculation method of fresh concrete
in super high-rise buildings.

To solve the above-mentioned problems, this study aims
to establish a simplified pumping pressure estimatedmethod
based onmechanical analysis and measurement on spot.*e
pumping force per meter is attained by computational fluid
dynamics. *e effects of various factors such as flow rate,
lubrication layer thickness, yield stress, and viscosity on the
lubricating effect are studied. Afterwards, the calculation
results are compared with the high-rise pumping pressure
recorded during the Shanghai Tower construction process.

2. Calculation Method Introduction

2.1. Force Condition of Pumped Concrete. *e actual con-
crete pumping process is shown in Figure 1. Concrete
flows through the pipe line under pressure action supplied
by the pump. According to the fluid mechanism, the inlet
is taken as velocity type where the value is determined by
the actual flow rate. Meanwhile, the outlet is set as
pressure type where the velocity is zero. When the con-
crete flow develops into the stable mode, a representative

part of the whole pumping line is separated to undergo a
mechanical analysis as shown Figure 1. *e fresh concrete
is subjected to pressure (P), gravity (G), and friction (F) in
the meantime, as expressed in equation (1). *e analyzed
fresh concrete owns a cylinder shape. Its radius in the
ground section and height is expressed by r and h, re-
spectively. *e friction is equal to the shear stress mul-
tiplied by its area as in equation (2), while gravity can be
easily obtained by equation (3).where P represents the
pumping force (kg·m/s2), G denotes the gravity-induced
force (kg·m/s2), and f reflects the force caused by friction
(kg·m/s2). τand p are the inherent performance of the
material, representing the yield stress (Pa) and the density
(kg/m3), respectively. r is the radius (m) of the pipe cross
section and h is the vertical height of the pumping pipe
(m); g is the gravitational acceleration (m/s2).

P � G + F, (1)

F � τA � τ(2πrh), (2)

G � ρ πr
2
h g, (3)

*e pumping pressure can be obtained, as shown in the
following equation:

P � ΔPA � ΔPπr
2
. (4)

Based on above equations, the pressure loss is calculated
as shown in the following equation:

ΔPπr
2

� τ(2πrh) + ρ πr
2
h g. (5)

A simplified form is shown in equation (5) dividing the
same parameter at the both sides of equation (5).

ΔP �
2τ
r

h + ρgh, (6)

where ΔP represents the pumping pressure (Pa). According
to equation (6), the pumping pressure relates to two factors:
the gravity-induced pressure and the frictional-induced one.
For the same material, the former one only depends on the
pumping height. As for the later one, there are more
complicated influential factors. Under the pressure action,
the fresh concrete bears a linear shear stress action where it
changes zero at the center to peak value at the pipe inner
surface. *e shear-induced deformation cannot happen
unless the shear stress overpasses the yield stress. *erefore,
the shear rate shows a linear trend at the deformation area.
*ere is no deformation among the center areas. Conse-
quently, a plug flow is formed (see Figure 2). *e discharge
rate is obtained by integration on the pipe section.

*e fresh concrete takes on Bingham flow in the pipe; its
constitutive relationship can be described by equation (7). A
correlation can be easily found between the shear rate and
the pumping discharge rate. *at is to say, the pressure loss
along the pipeline can be determined by plastic viscosity,
pipe radius, and discharge rate.

τ � τ0 + μ _c. (7)
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A simplified equation is given when taking equations (1)
and (6) into consideration, as shown in

 ΔP � δl + ρgh, (8)

where δ denotes the coefficient of pressure loss along the
pipeline (Pa/m), l is the total length of the pumping pipe (m),
and h represents the height of the pumping pipe (m).

*e coefficient δ in (8) represents the pressure loss per
meter, which is determined by rheological parameters, pipe
radius, and discharge rate. In this paper, the numerical
simulation model is established to determine the coefficient
of pressure loss along the pumping pipe.

2.2. Pressure Loss per Meter by Computational Fluid
Dynamics. A suitable model is the premise of successful
simulation. A 2D symmetrical meshing method is used to
simplify the 3D simulation [15]. *is method brought a high
coincidence degree compared with the in situ test results. In
the case that the calculation process is asymmetrical, the 2D
symmetrical method is no longer applicable. *erefore, a 3D
simulation model is adopted in this paper. *e flow rate is
assumed to be constant during the whole pumping process
and the length of the calculation unit is set as 10m. *e
whole grid establishing process is displayed in Figure 3. As
discussed above, a plug flow forms in the 150mm pipe. *e
geometric body is firstly established. For the thickness of the

lubrication layer is known as 2mm [6], two concentric
circles are sketched with a 150mm outer diameter and a
146mm inner one. *ose two circles just empress the
concrete block and the lubrication layer. *en, a cylindrical
body is formed by image stretching. *e 3D model is set up.

*e model gird establishment has a remarkable effect on
the efficiency and accuracy of simulation analysis. *e
concrete flow bears friction near the pipe wall where the
lubrication layer exists. *us, the quality of the girds in
lubrication layer determines the accuracy of the pressure loss
simulation value.*erefore, the whole section is divided into
two parts shown in Figure 3.*e gird is encrypted to 5 layers
in the lubrication layer (blue part shown in Figure 3), with
0.4mm thickness of each layer. Meanwhile, the thickness of
the mesh in the block area (purple part shown in Figure 3) is
5 times that of the lubrication layer. *e length of gird is the
same on both areas. *e mesh size is set as 50mm along the
pipe direction. It is a consensus that the angel of each two
sides should be close to 90° for the fluid gird. A topological
operation called O-grid is imposed on the original gird. *e
whole section is divided into five parts; the red line em-
presses its edge. From Figure 3, we can see that the angel of
all two sides should be close to 90° for any gird in any part.

*e boundary conditions were defined according to
actual pumping. From the mechanical analysis in Figure 1,
the inlet is defined as velocity type inlet and the velocity
value is determined by the flow rate. *e outlet is defined as

1
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2

Concrete Flow 

velocity inlet
v=actual velocity 

pressure outlet
v=0 

Friction (F)=τApipe wall 

Lubrication Layer Concrete Block

Pumping Pressure (P)

Gravity (G)=ρgh

Figure 1: *e diagrammatic sketch of concrete pumping and its mechanical analysis.
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Figure 2: Pressure, shear stress, shear rate, velocity, and discharge rate profiles inside a pumping pipeline.
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pressure type outlet where its velocity is zero. *ere are two
velocity inlets and two pressure outlets because of section
division. *e inner surface of the pumping pipe was set as
no-slip wall boundary condition in order to reflect the
friction. To ensure that the particles exchange freely on the
interface between the lubrication and the block area, an
internal contact is set on the contact plane. At last, the
calculation step is preset as 1500 with a consideration of both
the calculation efficiency and the precision.

2.3. Pumping Conditions. In order to increase the accuracy
of simulation analysis, the working conditions design de-
pends on the actual pumping conditions. According to the
discussion above, the pressure loss is mainly caused by the
gravity and the friction-induced pressure. For the former
one, vertical pipe direction with considering gravity action is
shown in Table 1, while horizontal one is set as no gravity.
For the latter one, it is mainly affected by the concrete
velocity, the performances of lubrication layer, which in-
cludes the thickness, the plastic viscosity, and the yield stress.
*e pipe line for actual concrete pumping is composed of the
straight pipe and the bend pipe. *us, there are 6 kinds of
influential factors shown as the first row in Table 1. *e
values are determined by the actual concrete pumping. For
example, the bend angles of the bend pipe are 30°, 45°, and
90° in China. Based on the actual concrete pumping dis-
charge, the working conditions for the discharge rate range
from 10 to 100 m3/h. *e rest of factors are also designed
following the same principle; the whole working conditions
are shown in Table 1.

3. Results and Discussions

3.1. Numerical Simulation Results

3.1.1. 2e Influence of Lubrication Layer 2ickness.
Although the thickness of the lubrication layer has ob-
vious influence on the pressure loss of concrete pumping,

its exact value is difficult to determine because of the lack
of appropriate monitoring measurement. At present, it is
a consensus that the thickness of the lubrication is 2mm.
In order to get a generic numerical result, the thickness
variable ranges from 1mm to 5mm during the numerical
simulation. *e results are shown in Figure 4. *e pres-
sure loss decreases obviously when the thickness of the
lubrication increases. Its attenuation is larger when the
thickness changes from 1mm to 2mm or from 2mm to
3mm. When the thickness exceeds 3mm, the same in-
crement of 1mm will lead to smaller pressure loss at-
tenuation. Furthermore, the influence of lubrication layer
on pumping performance of concrete is proposed. Its
thickness determines the value of pressure loss. In other
words, the thickness of the lubrication layer is not enough
to provide enough mortar for lubrication, resulting in
increased friction in the process of pumping concrete.
*is trend will be aggravated under high velocity.
*erefore, the thickness of the lubrication layer should be
chosen accurately according to the actual situation.

3.1.2. 2e Influence of Gravity. As discussed above, the
gravity action plays a significant role in the pressure loss,
while it can be calculated by a simple form. To further check
its rationality, the pressure loss simulation is carried for
different pipe types (horizontal pipe and vertical one)
which are commonly used in the super high-rise pumping
situations. As for the vertical pipe, the gravity is imposed on
the model. According to the rheology test taken before, the
yield stress is distributed around 100 Pa which is also set as
input value for simulation, while the plastic viscosity is 60
Pa · s. Figure 5 presents the pressure loss comparison be-
tween the vertical and horizontal pipes under different
discharges. It is shown that the pressure difference caused
by concrete is close to 0.024MPa, which is almost equal to
the hydrostatic pressure value per meter (0.0245MPa).
*erefore, the vertical mode will not be analyzed in the
following sections.

Section display

encryption area 

General area

150 mm

O-grid operation

5 mm 5×0.4 mm

Concrete Block 

Lubrication layer 

Grid detail 

Figure 3: *e topological mesh considering the lubrication layer.
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3.1.3. Sensitivity Analysis. *eoretically, the yield stress is
the key factor to determine whether the flow of fresh
concrete starts or not, and the plastic viscosity will decrease

the flow. However, it is difficult to determine which pa-
rameter has more significant effect on the concrete flow in
the pipe. *erefore, sensitivity analysis is needed to deter-
mine the effect of each parameter.*e plastic viscosity values
were derived from the experimental flow curve, which were
set from 10 to 100 Pa·s. In addition, the yield stress values are
selected from 100 to 900 Pa. *e thickness of the lubrication
is set as 2mm, while the discharge is fixed at 30m3/h which is
commonly used in actual concrete pumping. All this detailed
information is shown in Table 1. *e relationships between
the pressure loss and the rheological parameters (the plastic
viscosity and the yield stress) is shown in Figure 6(a). It was
shown that the pressure loss increases with the increase of
plastic viscosity and yield stress. *e slope of the plastic
viscosity axis is more abrupt than that of the yield stress axis
which can be seen in Figure 6(a). It proves that the plastic
viscosity has a more remarkable effect on the pressure loss
than the yield stress. *ose results for the 125mm pipe are
shown in Figure 6(b); the tendency is just the same with that
of the 150mm pipe. It is shown that the pressure loss in-
creases with plastic viscosity and yield stress.*e slope of the
plastic viscosity axis is steeper than that of the yield stress
axis. *e results show that the effect of plastic viscosity on
pressure loss is more significant than yield stress. According
to the flowmechanism of concrete, the yield stress is the flow
threshold to determine the flowmode. During the process of
flow, viscous hindrance caused by the plastic viscosity
should be considered. At present, there are still some ob-
stacles in using rheological parameters to characterize the
pumping ability of concrete in practical engineering.

According to fluid mechanics, the velocity (transferred
by the discharge rate which is commonly used in actual
concrete pumping) is the most remarkable factor affecting
the concrete flow. Combined with previous sensitivity
analysis, the discharge rate and the plastic viscosity are
discussed in this part.*ere are three kinds of bend pipes for
concrete pumping. *ey are 30°, 45°, and 90°. *e pressure
loss of the 90° bend pipe (see Figure 7) is discussed with the
plastic viscosity and the discharge changing, because it is the
type most used in practical engineering. *e three axes
represent the pressure loss, the plastic viscosity, and the
discharge rate, respectively. It can be seen that the pressure
loss increases with an increase in either the plastic viscosity
or the discharge rate. *e slope of the discharge rate axis is
more abrupt than that of the plastic viscosity axis. *at is to

Table 1: Working conditions design.

Lubrication layer thickness (mm) Discharge rate (m3/h) Plastic viscosity (Pa · s) Yield stress (Pa) Pipe direction Bend pipe angel °

1 10 10 100 Horizontal 30
2 20 20 300 Vertical 45
3 30 30 500 90
4 40 40 700
5 50 50 900

60 60
70 70
80 80
90 90
100 100
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0.00

0.01

0.02

0.03

0.04

0.05

0.06

Pr
es

su
re

 lo
ss

 (M
Pa

/m
)

20 40 60 80 1000
Discharge (m3/h)

Figure 4: *e pressure loss-discharge rate curve under different
thickness of lubrication layer.
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Figure 5: *e pressure loss comparison between the vertical and
horizontal pipes under different discharges.
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say, the effect of discharge on the pressure loss is more
remarkable than that of the plastic viscosity only from a
mathematical perspective of view. However, they are dif-
ferent if the physical significance is also taken into con-
sideration. Namely, both the discharge and the plastic
viscosity should be taken into account at the same time while
the pressure loss is calculated. Besides, the pressure loss of
the 90-degree bend pipe is close to that of the straight pipe
under the condition that the influential parameters are set
equally. It claims that there is no sudden change for bend
pipe which is different from the ordinary code.

3.2. Method Validation

3.2.1. Project Overview. *e Shanghai Tower, 632m high, is
the tallest building in China at present. It also brings great
challenges to the concrete pumping. For one side, the
concrete flow ability should be high enough to make sure
that the concrete can reach its final height; for another side,
the cohesiveness should be enough to avoid segregation
during concrete pumping.

According to the concrete performance and structure
characteristics, the concrete stress grade changes along the
vertical direction. Self-compacting concrete (SCC) is the best
choice if the economic factor can be omitted. High work-
ability concrete (HWC) is also used reasonably for economic
consideration. *e actual construction sense for different
heights is shown in Figure 8. *e pressure and the discharge
are recorded at the same time in order to carry a comparative
analysis.

3.2.2. In Situ Pressure Measurements. During the concrete
construction in Shanghai Tower, the highest pressure pump
(shown in Figure 9) is used in China. *e pressure is
measured by the record of the dashboard of the fixed pump;
then the concrete pumping pressure is obtained according to
a specific conversion rule.*ere are three dashboards on one
pump. *ey are agitating pressure, change-over pressure,
and the pressure of the main system, respectively. *e main
system pressure represents the pressure which conveys the
material to the target location, while the rest of pressures
mainly reflect the dynamic performances of the pump. *e
pressure for concrete pumping is a relative pressure value,
which is the pressure difference between the inlet and the
outlet of the pumping system. *e pressure of the outlet is
assumed as zero. *e actual concrete pumping pressure can
be acquired by multiplying the main system pressure with an
efficacy coefficient. *e concrete pumping discharge and its
pumping time are also recorded on the spot. Another key
factor, discharge rate, is obtained by a mathematical division
operation, for the concrete appears as constant flow in this
study. By this method, the original information is obtained
during the pumping process.

As this study mainly focuses on the super high-rise
concrete pumping, the pumping information is collected for
the pumping height over 94m.*emain concrete grades are
C70 and C60. *e pressure which includes the concrete
pressure and the main system pressure is recorded for three
different height intervals, while the pumping discharge is
also collected at the same time.
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Figure 6: *e change of pressure loss under different rheological parameters: (a)ϕ150mm and (b)ϕ125mm.
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Pumping height grabs much attention in super high-rise
concrete pumping.*us, the pressure change law along with
the pumping height is discussed in this project. Both the
main system pressure and the concrete pressure are shown
in Figure 10.*e whole figure can be divided into three parts
according to pumping height and the concrete strength
grade. It can be noticed that there is a high positive cor-
relation between the main system pressure and the concrete
pressure. When the pumping high interval changes from
94∼164m to 240∼310m, the pressure increases substantially.
Curiously, the pressures do not increase obviously with the
height growing from the 240∼310m interval to 540∼590m
one. *is is mainly because that the discharge decreases
below 45m3/h (see Figure 11). On the contrary, they de-
crease with the height growing such as the 243m height and
the 250m height. A reasonable explanation is that the
pressure is affected by multiply factors except for the height.
*e pressure can also keep decreasing only by slowing down

the discharge or reducing the plastic viscosity with the in-
crease of height. In other words, it is necessary to consider all
the factors when the pressure law is concluded.

3.2.3. Comparative Analysis. Based on the previous analysis
in Section 2, the pressure loss for concrete pumping mainly
contains two parts, the pressure caused by the gravity action
and the pressure along the pumping pipeline. According to
the conveying pipe type, the latter one is further divided into
pressure loss for the straight pipe and that caused by the
bend pipe. *e calculation formula is shown in (9). *e key
factor for the pressure calculation is δ (pressure loss). *e
pressure loss is calculated by its length for the straight pipe,
while the pressure loss of the bend pipe is obtained by its
number. *e pressure loss coefficient is affected by rheo-
logical parameters, discharge, pipe diameter, and pipe type.
*e specific relation between the coefficient and its affected

100 m

200 m

300 m

400 m

500 m

580 m

Figure 8: *e different concrete pumping heights for the Shanghai Tower.

Pump on the spot Pressure value

Data record

Figure 9: Pressure record via huge pump on the spot.
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factors is determined by simulation in Section 3.1. *en, the
pressure values can be calculated according to the original
information in Shanghai Tower pumping construction. To
check the rationality of this method, a compared analysis
with the measured data is made in the following part:

ΔP � ρgh + δhl + δini, (9)

where ΔP represents the pressure value (MPa), h denotes the
pumping height (m), p is the inherent performance of the
material representing the density (kg/m3), and l reflects the
total length of pipe line (m). δh is the pressure loss coefficient
of the straight pipe (MPa/m), while δi represents the
pressure loss coefficient of the straight pipe of the bend pipe;
�1, 2, and 3, represented 90°, 45°, and 30°, respectively(MPa).
At last, ni reflects the bend numbers.

*e coefficient is only related to rheological parameters
and discharge rate under the condition that the pipe di-
ameter is fixed. According to the sensitivity analysis of
rheological parameters, plastic viscosity plays a dominant
role in the pressure loss. A rheological performance test by
the rheometer named ICAR is carried with the same

concrete mixing proportion of that in this project. *e
plastic viscosity increases while the slump decreases. It
changes from 40 Pa·s to 70 Pa·s, when the initial slump is
around 600mm. It begins at 35 Pa·s and ends at 55 Pa·s,
while the initial slump is around 700mm. Unfortunately, it
failed to find a qualitative relationship. *us, a plastic vis-
cosity average value is adopted for the pressure loss cal-
culation. Appropriate adjustment for the slump is carried
based on the actual pumping. At the height interval
(243∼304m), the slump decreased to 600mm, while it en-
larges to 700mm at the height interval (546∼582m). Finally,
the plastic viscosity calculation value is taken as 55 Pa·s for
the height interval (243∼304m), and that is 45 Pa·s for the
height interval (546∼582m). *e other parameters are
shown in Table 2 according to the project information.
Besides, there are four bend pipes with 90° and two bend
pipes with 45°.

To simplify the pressure loss calculation, its controlling
chart is drawn by the simulation results. *e coefficient can
be easily obtained if the plastic viscosity and the discharge
are all foreknown. As both the plastic viscosity and the
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Figure 11: *e pumping discharge for different pumping height interval.
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discharge are designed as per ten counts, a linear interpo-
lation is taken to deal with the nondecimal values in the
actual concrete pumping. Take the concrete pumping at the
243m height level as an example, its plastic viscosity and
discharge are 55 Pa·s and 65m3/h, respectively; then the
coefficient can be the average value of those under the

condition of (50 Pa·s, 60m3/h), (50 Pa·s, 70m3/h), (60 Pa·s,
60m3/h), and (60 Pa·s, 70m3/h), respectively. It is
0.026625MPa/m, while the coefficients of 90° bend and 45°
angles are 0.028975MPa and 0.01995MPa, respectively.
*en, the pressure loss can be acquired by (9) as follows:

P � 2400 × 9.8 × 243 + 0.026625 × 393 + 0.028975 × 4 + 0.01995 × 2 � 16.33479(MPa). (10)

By this way, all the pressures are calculated at different
heights.*e results are recorded in Table 2.*e relative error
which reflects the accuracy of the calculated value is obtained
by

relative error �
calculated value − measured value

measured value
× 100%.

(11)

It can be seen from Table 2 that the relative differences
errors between the calculated values and the measured ones
can be distributed among 13%; most of them are within 6%.
But there are still exceptions for pressures at such heights
including 250m, 272m, 299m, and 574m. It can be con-
cluded that this method is reasonable for pumping pressure
calculation of the concrete super high-rise pumping. *e
calculated values of the pressure are generally less than the
measured ones because of the plastic viscosity difference
between the calculated value and the measured one. *e
plastic viscosity is supposed to be a constant value for
pressure calculation, while it will increase because of the
cement hydration and pressure compaction during the ac-
tual concrete pumping. *us, calculation without consid-
ering the nonlinear change of the plastic viscosity leads to
this negative difference. It still keeps an acceptable scale for
the concrete pumping construction under the condition that
the concrete can be pumped timely, which means that the

fresh concrete is pumping without too long delay after its
arrival. Further research is still indeed to consider the effect
of the concrete plastic viscosity nonlinear change. Unfor-
tunately, it is impossible to measure the plastic viscosity
directly. Its actual change is hard to judge during the
pumping process. In a word, it still needs much effort to
form a calculated method with high accuracy.

*e relative differences between the measured pressure
and the calculated value show a huge gap for the pumping
heights at 250m, 272m, 299m, and 574m with the biggest
one being 30.80%. Either the inaccurate plastic viscosity
value or discharge rate value leads to this problem. As we all
know, the discharge rate can be recorded directly, while the
plastic viscosity is set up by the slump test. *us, it is definite
that the unreasonable plastic viscosity value leads to pressure
calculation distortion, which can also be confirmed by the
engineer’s record on the spot. It is difficult to keep the plastic
viscosity uniform for different batches of the concrete with
the same mixing proportion. *e slump test of the concrete
fluctuates with different batches. *erefore, the plastic vis-
cosity can be adjusted according to the actual situation. After
consulting the concrete pumping records, it is found that the
slumps are close to 700mm for those batches of the concrete
which are used for pumping heights at 250m, 272m, and
299m. *e original plastic value is overestimated; then it is
adjusted to 40 Pa·s. New calculated pressure is obtained; all

Table 2: *e comparison for the calculated pressure value and measured one.

Pumping height (m) Plastic viscosity (Pa · s) Discharge (m3/h) Calculated value (MPa) Measured value (MPa) Relative error (%)
243 55 65 16.33 17.7 −7.71
250 55 65 16.69 13.6 22.69
268 55 61 16.86 19 −11.28
272 55 65 17.79 13.6 30.80
277 55 65 18.0 16 −12.75
299 55 61 18.36 19 −3.39
295 55 61 18.16 19 −4.41
299 55 65 19.27 16 20.48
304 55 61 17.98 19 −5.39
546.6 45 30 21.10 22.5 −6.21
552.1 45 23 19.74 22 −10.27
556.6 45 45 24.22 22.6 7.18
561.1 45 28 21.62 22.9 −5.61
565.4 45 30 21.77 22.5 −3.26
569.7 45 24 20.32 22.9 −11.25
574 45 21 18.86 23.1 −18.35
578.85 45 30 22.24 22.9 −2.87
582.15 45 28 22.36 23.4 −4.45

Advances in Civil Engineering 9



the relative differences can be controlled within 6%. As for
the pressure relative difference at 574m height, it is mainly
caused by underestimating the plastic viscosity. It is a
consensus that a low discharge is adopted for high plastic
viscosity concrete. *e actual discharge rate is only 21m3/h.
*us, the plastic viscosity is enlarged to 55 Pa·s according to
its slump. *e relative difference between the newly cal-
culated value and the measured one is 7.3%, which can suit
the construction requirements. In a word, the simplified
pressure method, determining the pressure loss coefficient
by the pumping discharge and the plastic viscosity, is rea-
sonable, which can estimate the pumping pressure loss for
the concrete super high-rise pumping within an acceptable
error scale.

3.2.4. Suggestion for Calculation. To further deepen engi-
neers’ impression, the simplified pressure calculation
method is shown in Figure 12. Considering the deficiencies
of the original method, the new method is refunded by the
basic mechanic analysis. It can be seen from the figure that
the pressure loss caused by gravity can be determined by the
concrete density and the pumping height. *e pressure loss
along the whole pipe can be obtained by the coefficient and
the pipe parameters. *e coefficient is determined by the
plastic viscosity and the pumping discharge together. *at is
to say, the pressure loss for the concrete super high-rise
pumping is easy to estimate by this method if those pa-
rameters (see Figure 11) are determined.

Some suggestions are given to enhance its construction
application because this method should be combined with
the project experience closely. *e discharge of fresh con-
crete has a strong relationship with the project schedule. It is
usually a constant value determined by the planned
schedule. Compared with the concrete slump, the plastic
viscosity is more complicated. For the concrete with the
same mixing proportion, the measured plastic viscosity
appears as an internal around one fixed value. Before the
concrete pumping begins, the concrete preparation work is

carried in the laboratory. *e plastic viscosity can be ob-
tained at the same time. During the actual concrete
pumping, the plastic viscosity will fluctuate because of the
uncontrolled factors. *us, it will lead to the difference
between the estimated pressure and the actual value.
*erefore, a plastic viscosity interval is given for pressure
estimation. Its upper limit is determined by a 10 percent
increment for the measured plastic viscosity, while its lower
limit is 10 percentage decrements on the measured one. By
this means, a reasonably estimated pressure is determined to
guide the concrete super high-rise pumping construction.

4. Conclusions

As the pressure calculation method is no longer suitable for
concrete pumping in present codes, a simplified calculation
method which combines the concrete pumping pressure
measurement in situ and computational fluid dynamics
(CFD) simulation is established in this paper. *e following
conclusions could be drawn:

(1) *e simplifiedmethod developed in this paper can be
applied to predict the pumping pressure in the super
high-rise pumping cases. *e relative difference
between the calculated pressure loss and the recor-
ded pressure loss in situ can be controlled within
13%. *e key factor of this method is pressure loss
coefficient, which is determined by interpolation
according to the discharge rate and the plastic
viscosity.

(2) *e pressure loss coefficient is obtained by com-
putational fluid dynamics (CFD) simulation. During
the simulation process, the gird in lubrication layer
area is encrypted 5 times than that in the block area,
and the block part is optimized by the topology
method.*e results show that this kind of simulation
method can be further used in concrete pumping
pressure calculation.

(3) A convenient concrete pumping guidance is claimed
for engineers in actual projects. Engineers can es-
timate the concrete pumping pressure according to
the plastic viscosity tested in advance and the
scheduled pumping discharge before the concrete
pumping. If unexpected event happens during the
actual concrete pumping, engineers also can adjust
the plastic viscosity or the pumping discharge
according to this guidance. *ere still some brief
issues needed for further study. Testing technology
on spot for concrete pumping should be paid more
attention to grab the real thickness of the lubrication.
It is urgent to gather more data from other projects
like the Shanghai Tower to optimize this simplified
method.

Data Availability

*e datasets used and analyzed during the study are in-
cluded within the manuscript.
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Figure 12: *e simplified pressure loss calculation method for the
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Additional Points

Highlights. (1) A simplified calculated method is proposed to
predict the the pumping pressure. (2)*e pressure loss along
the pipe is mainly determined by the plastic viscosity and
discharge rate of the concrete for a super high-rise pumping.
(3) *e simulation considering the lubrication layer gains a
high accuracy with a topological meshed cross section. (4)
*e calculated pumping pressure is in good agreement with
the test value in super high-rise building situ.
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