Journal of the Korea Institute of Building Construction, Vol. 14, No, 2
hitp://dx doi.org/10.5345/JKTBC 2014.14.2.118

pISSN 1598-2033
elSSN 2233-5706

www jkibc.org

=2
i

3z E
ol =

2| HE2X S4of s H
off 2et

X}
=

L@y of

O b

017

X

02k

A=<

Prediction of Pumping Friction Resistance Coefficient in Pipe

Influenced by Concrete Rheology Properties
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Abstract

The establishment of the technology for evaluating friction resistance and pipe pressure and the relation of the fluid
characteristics and pumpability of concrete is essential for concrete pumping performance for the rapid construction of
super-tall buildings. In this study, a quantitative evaluation of concrete fluid characteristics and surface friction
resistance was performed, applying different concrete mix proportions and pumping conditions. To achieve this, we
developed a temporary horizontal pumping evaluation system to measure pipe pressure and surface friction
characteristics, and performed an experiment to investigate the relations between concrete rheology characteristics and
friction resistance in pipe. The experiment found that in terms of the rheology characteristics, plastic viscosity was
reduced remarkably after pumping. As well, high regression between the surface friction and pressure gradient was
confirmed. This means that it is possible to evaluate the friction resistance between concrete and pipe by means of a
pumping system that includes a frictional resistance testing pipe. In addition, high regression between the plastic
viscosity of concrete after pumping and friction resistance coefficient was confirmed. Finally, it is considered that
pumping pressure can be predicted using the friction resistance coefficient derived in this study, and it has high

regression
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Table 1. Experimental factors

Factor Level
Concrete Compressive strength (MPa) 60, 80, 100
Mix Slump flow (mm) 500, 600, 700
Proportion Sand aggregate ratio (S/a) 42, 45, 47
Pumping Level 1, 2, 3, 4
Condition Speed level (3~12 sec.
3.2 AI2TE

AHE: =it HEZEWHE AHES n2&d1
AHEES Z3tste] AREsolon, =& eT AJUE Z
o] m2&Hi1 vl T2 0% A ARgE
2= Ks B2 71zol Ak A% AHgsleitt, Bk
Sl =W KMBARS] E2)7REAH| 15 AERAE
ARSI om, wiehd 3 & 9 Ao wet i
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& gt

Table 2. Concrete mix proportion

s, CLE T
20-60-500 441 315 914 51
20-60-600 272 443 163 432 168 316 912 54
20-60-700 445 317 908 57

20-80-700-42% 42 655 924 11.22
20-80-700-45%-1 239 45 158 521 105 34 701 876 11.22
20-80-700-47% 47 732 844 11.22
20-80-700-45%-2 247 45 158 506 102 32 708 884 10.88
20-100-700-1 20.7 42 145 504 112 84 647 912 16.8
20-100-700-2 213 42 145 489 109 82 655 922 16.32
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Figure 2. Temporary pumpability evaluation system
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Figure 3. Test equipment to perform friction resistance
evaluation
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Table 3. Test result for properties and rheology of concrete

Slu Yield stress

Sump 5o A Voot Lfow  (Pal
Grade of concrete  flow gy (%)

(mm)

Viscosity
(sec) (sec) (Pa-s)
(sec) Static Jynamic

sogp.ag 20E STOST0 325 40 959 521 1422 372 578
after 430430 NA. 43 604 NA. 1699 560 388
before 720720 218 47 610 288 543 01 281

20-60-600
after 560/560 252 47 413 136 1368 758 18
before 770/770 25 42 514 233 1853 145 388

20-60-700
after 7007700 156 60 328 120 655 172 165
20-80-700 before 750/750 198 40 766 357 1673 01 546
(42%)  after 6501850 169 75 432 194 1252 01 817
20-80-700-1 before 780/780 521 22 10 438 2778 01 8
(45%)  after NA. NA NA NA NA 2207 8.1 476
20-80-700 before 700700 447 26 1303 898 1674 01 876
(47%)  after 680/680 312 43 676 381 1331 14 508
20807002 before 750740 338 24 780 312 1606 01 307
@5%)  after 720740 223 25 397 176 1072 03 262
before 710710 365 30 187 1049 1133 01 644
after 670/880 378 35 63 367 1578 135 455
before 700/700 555 27 2322 862 1207 01 971
after 600/B00 480 40 844 568 1037 0.1 508
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Table 5. Result of calculation to determine friction resistance

coefficient
Stroke  Pumping v fa N
Grade (tgrgce) (C?T‘]jse/ggc) (cm/sec) (Pa)  (Pa-sicm)
9.3 7090.3 57.8 270.5
20-60-500 5.8 11369.0 9.7 7473 10.14
48 13737.5 112.0 1278.6
9.9 6660.6 54.3 564.3
20-60-600 6.0 10990.0 89.6 752.7 9.31
5.0 13188.0 107.5 1213.4
8.6 7667.4 62.5 223.2
20-60-700 6.3 10466.7 85.3 607.1 7.58
49 13457.1 109.7 1005.4
6.3 10466.7 85.3 925.9
20-80-700 49 13457.1 109.7 1096.4 1061
(42%) 43 15334.9 125.0 1297.3 ’
29 22737.9 185.4 2020.5
7.6 8676.3 70.7 387.5
20-80-700-1 52 12680.8 103.4 7134 9.83
(45%) 43 15334.9 125.0 1180.4 '
25 26376.0 215.0 2392.0
6.2 10635.5 86.7 491 1
20-80-700-2 52 12680.8 103.4 1108.0 805
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6.5 10144.6 82.7 1335.7
52 12680.8 103.4 1483.9
20-100-700-2 44 14986.4 122.2 2058.9 16.48
3.1 21271.0 173.4 2971.4
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Prediction of Pumping Friction Resistance Coefficient in Pipe Influenced by Concrete Rheology Properties
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