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Suggestion of a Model for Filling Coefficient of Hydraulic

Cylinder in Concrete Pump
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In general, piston pumps are frequently used for concrete pumping. Filling coefficient signifies the ratio volume of a hydraulic cylinder
to volume of concrete inside the cylinder. Therefore, it may be considered as a parameter directly affecting the flow rate and efficiency
for concrete pumping. However, accurate analyses on this aspect have not yet been performed. In this paper, the data measured from
horizontal pipeline pumping tests for 350mand 548m in length was analyzed to identify the relationships of rheological properties of
concrete and stroke time with the filling coefficient. In addition, an equation allowing prediction of the filling coefficient from
rheological properties of concrete and stroke time has been suggested.
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Fig. 1. Pressure pulse of concrete pump

Table 1. Pump specifications

Item Content
Hydraulic pressure max. 250bar
Flow rate 71m’/h

Stroke 22times/min
Engine house 571kW
Delivery cylinder, ¢ 180mm
Piston stroke 2,100mm
Permitted gross weight 12,000kg
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Fig. 2. The whole view of pumping test site
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Fig. 3. Schematic diagrams of the pumping circuit

Table 2. Mixture proportions

. Design strength | wib S/A Unit weight(kg/m®)
Mixture o o
(MPa) (%) (%) Water | Cement | Fly ash | ZSF* Sand Gravel AD1** AD2***

S30 30 47.6 47.0 175 331 37.0 - 816 945 3.31(0.9%) -

S50 50 32.0 45.0 172 484 - 54.0 733 921 - 4.84(0.9%)
S80-H %0 25.0 47.0 160 544 96.0 - 732 848 - 9.60(1.5%)
S80-L 25.0 45.0 160 480 64.0 96.0 695 872 - 7.04(1.1%)

*zirconia silica sume
**water-reducing agent
***polycarboxylate high-range water-reducing admixture
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Fig. 4. Measuring system of the
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Table 3. Results of 350m and 548m pipeline pumping test

. Pipe Pressure| Flow rate |Stroke time Flllm.g
Mixture| length (bar) (m?/h) (Sec) coefficient
(m) i (%)
116 61.5 2.77 88.3
S30 350
74 32.5 4.47 75.4
130 61.3 2.81 89.7
350
80 34.8 4.59 82.8
S50 165 452 342 81.9
548 125 335 4.56 81.5
90 21.9 6.56 74.7
169 22.7 6.72 79.4
350
95 13.3 10.42 75.5
S80-H 175 17.3 8.2 77.7
548 126 12.4 11.5 74.3
88 8.9 15.6 71.8
168 53.4 2.87 79.7
350
103 29.1 4.76 71.9
S80-L 163 40.6 3.78 79.8
548 112 30.0 5.01 78.1
33 21.2 6.66 73.6
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(b) Measurement of flow rates

pressure and the flow rate
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Fig. 5. Relationship between the pumping speed and the filling
coefficient
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Fig. 6. Relationship between the stroke time and the filling
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Table 4. Measured rheological properties of concrete

. . . . Filling
Mixture Plpe(rile)ngth \El}f,:os;;y Ylel(cl):,)tress coefficient
(%)
S30 350 36.0 255 81.9
350 54.9 89.0 86.6
S50
548 55.4 60.6 79.4
350 231 0.10 77.5
S80-H
548 219 0.10 74.6
350 72.7 79.5 75.8
S80-L
548 72.1 70.7 77.2
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Fig. 7. Relationship between the rheological property and the
filling coefficient
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Table 5. Constant values found through the regression analysis
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Table 6. Variation range of influence factors

Viscosity Yield stress Stroke time

CASE (Pa - s) (Pa) (sec.)

10~300 60 4.6

55 10~300 4.6

3 55 60 1~15




100

Yield stress : 60 Pa
Stroke time : 4.6 sec.

g

£ 80 N\

2

2 N

g 70 \\

2 N

e \\\
50

0 50 100 150 200 250 300
Viscosity of concrete (Pa-s)

—
Q
-

Viscosity - change of the filling coefficient(CASE 1)

100
Viscosity : 55 Pa-s
Stroke time : 4.6 sec.
90
§
:g 80 \\
—i
(5] T —
g ———
S
Q 70
o
]
=
T 60
S0

0 50 100 150 200 250 300
Yield stress of concrete (Pa)
(b) Yield stress - change of the filling coefficient(CASE 2)

100 Viscosity : 55 Pa-s
Yield stress : 60 Pa
N
~ 90 N\
g N
< N
€ 80 N
2 N
[+ N
= N
q; \
8 70
o \\\
£ ~
ir 60
50

12345678 910111213141516
Stroke time (sec.)

(c) Stroke time — change of the filling coefficient(CASE 3)

Fig. 9. Results of the sensitivity analysis
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