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Numerical Simulation on Vertical Pumping Flow Behavior of Fresh Concrete
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Abstract: To examine the pumping flow behavior of fresh concrete in vertical upward pumping, the flow of three
concretes with different fluidities in a vertical pipeline was investigated by numerical simulation. The distribution of
pressure and velocity field in concrete during pumping were analyzed in detail. The results show that the magnitude
of pumping pressure is mainly affected by the properties of the lubrication layer. The longitudinal pressure distribution
is related to the pattern of boundary resistance variations along the pipe wall, while the pressure at cross-section center
is marginally higher than that at the pipe wall. Moreover, the research identified the flow behavior of concrete in the
pipe, involving progression, diffusion, retention, accumulation, and convergence. Based on this, an analysis was
conducted to understand the formation of the lubrication layer and the migration of coarse aggregates. These findings
explained the reasons for concrete pumping segregation and plugging.
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Table 1 Mix proportions of concretes >’

Unit:kg/m®
Group Water Cement Sand Gravel Additive 1 Additive 2
No. 1 171 323 912 946 0. 808 0.646
No. 2 179 338 890 936 0.845 0.676
No. 3 191 360 872 913 0.900 0.720
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Table 2 Rheological parameters of fresh materials

Group Material DenSitX.,/ Viscosity/ Yield
(kg'm°) (Pa-s) stress/Pa
Mortar 2010.6 139.3 134.5
No. 1 Concrete 2353.5 397.0 190.0
Gravel 2630.0 872.8 256.4
Mortar 2186.8 78.0 114.0
No. 2 Concrete 2344.5 305.0 181.0
Gravel 2630.0 488.6 217.4
Mortar 2182.1 80. 3 95.9
No. 3 Concrete 2337.6 297.0 149.0
Gravel 2630.0 503.1 182.8

1.3 RFERXE

it IR B3 7K 1 25 3K 1] B 266 ' AT IR B+ Y K
TIE A R h A TRR IR BE S B Al
FA 23 SR AR AL ] T 4 e 0 R 0 6 TR B 4 28K OF- R
Br i, 24 AR 100 mum . 38 12 4 4 HE P S ok S 3

JE (m/s). 3 578 AR 22 A0 8 B T ) A5 I
THE AL B9 T g A5 A AT Y 2R R
(m’/h) FIZE 2% FE I3 512k (kPa/m) 4n 18 1 B 7 . 38 2%
J3 5 A A R A SR BB Ry Ak R 3R
BE BB AR R B 22 5 EUR AR A (8] A A
(GANE S-S PN & Sl

=025
g
g 20
=
Z 15
% O No.l
5 10 b A No.2
§ O No.3
- 5 1 1 1 1
0 2 4 6 8 10

Flow rate/(m?-h-')
Bl 1 REE kS Rk R IR E R
Fig.1 Relationship between concrete pumping flow
rate and pressure loss

2 HERMTES5RE

HEAENERRE

FIER R EE L R XA R AR TR, AR
SCAH ] —F JC 9 A% kL - 75 (I-MPS, implicit moving
particle simulation) > 7155 $8UkL 2 8] () A B4R H . 1%
T3 2R AN AT s 48 B 285 1R U A 8 IO A BR 2 s 1 O
T 1y s 1 3 ek A — 30T e 4 O R (5K (1))t

2.1



5 634

TR SCHN 45 5 T BB UL A 7 PR TR B 8 R R S AT 553

BB T B2 Bl DA T 32 B A AR I s AR AL L L
R B B R AT R B DL SCRik [ 13,17
du

1
—=——VP+uvWutg (1)
ds 0

A ] 5w R s 0 IR B BE s P R R T 50
AR is sh R B W R T B e S o 1 L
{H ;g M TN E
22 TR

AR SO o DURSE R A Shy R B A ) I AR A A
= (2) s BAPL R e {9 2R WL 3 07 2% B
KA FEHRAR D Rz g 48y
YIS G T R & R BER M 3N  # e T 695 K,
THR G5 BSR4 SO R TE T Ak g e 9 A
AR (4) FR

=1t poy, T 1, (2)
T
=yt = (3)
7
1—e”
ﬂ:/lo—f—foT (4)

K BT YR ST 5700 8 BRBE T 5 e Fr VB VEFEE 5 y
Sy BY V) 3H R 5 B ok R A R B0 E B R IE Ak Y
TE VAR Y 5 o T WAk A TE DB R Bk T S o E KT
10 B}, b3 2 4 30 A8 A5 Y 9 31330 2 ) vl 220 A3
AL f=100.
23 BR&HG

i T 2% 5 A RE 22 ) A B U0 FH BRI Ok A RE X A%
TREE L B BH Ty A S B AT i )2 Y A R R R
i A IR B R AR Murata 5570 & U BERH ) 5
TR BE L o 2 [ S 2 O &R, an X (5) o . Atk Af
DA 3 Vi) e S22 ) 2 YO T i Ak SR R A BE A BEL D 4
FHIE VAR TR E A B ] S P,

r.=aViy+ A (5)

Ko WA RER T 50 BB B R 8 Vo IR EE £
TG BE (R 5 A SR RS e AR 7

SCHRL L5 ] H (i FH KT 52 2 3 50 00 i IR ¥ 4 1
EREEEHESH (a M A) TR %E £ No.1~No.3 [ a {53
W)k 893,844,922 Pa-s/m, A {H 4> 4 A 251,239,
204 Pa. 7615 45 F20E i Sl B 7K OF- 22 326 A8 B ) 1 38 3%
M5 EEONRE X AER S X G)THAEE
TR S E o A TR R, bk i K2R
T A5 1 2 80T DL AR S b s ) A AR AL
24 FREEBESHNHE

AT R FH 4B BUE A A, B 300 mm VR B+
FEAENAE S 100 mm 45 PN 1 22 326 U 8h . 3 H A5 11 fie
RTINS VAR VAN N - I (ER A

AR S K BEAL . O T 802 A 38 1R K/ Ok
1), AT IR BE + No. 10 ], 45 i 32 3% 1% %€ (W 4 1%
PREE R 0.15 m/s, R FRiAR 4 E R 1.2.4 mm, it
BRI % L OF Y Ak R J) 4r SR 9.25.9.29,
9.93 kPa. Z5 R M : MR /N T T 2 mm B, 315
iR B e AT A EE R SR AR TG L R, AR S
(B A5 8L 3 B HIORE TR0 A2 2 mm.

AR IF 5 AR F % TR 5 - %) A 3y X A ST 2 B A %
B . A 4 5T (SPMP ) 5 AR XU 22 0K (DPMP )
RO N IE 2 fiF s 78 SPMP BRI R iR 8 + 9 E 1R
Jo 2 DU AR s 78 DPMP A58 784 v i 8 + o 7 1R 34 T b
AL E B IR A ), 0Ok FR AR 2 mm, HL
B 5~20 mm FEHL /N FTE AR B R % . Bk
HA 1R S SR [ 24 ] LR P A SRR IR 2

WH .

Concrete

Mortar

Pumping
pipe

Coarse
aggregate

SPMP DPMP
P2 IREE A A S

Fig.2 Concrete pipe flow model

3 HR5WR

30 REENNERERMELLER

R TR 4 - A RS PN R W Bl I ) 52 7 18 I
PR TR = A ey A RE RH O SR A SRR ) Py,
nCC6) oz, T A — 4 150 v ey A5 BE B T 5 8 B 2R
ST Py i (7 PR 2545 30(6) ~(7) "l L, AH [+
07 BE BHL ) A — R rh 5 | R Y [ ) O = 4R R R
Iy —2

_Z'ZTERL_ZTL
Po=""0 = (6)
2L L
pr— = —— 7
»=or =g (7)

XA RANEE A L WERLIREE LK

T B A K I R 22 36 Rt TRE - R4S R
By e[ A L IR EE 4 [ % B TR A R
F1 AR A TR MR 1 A5 2 3% TR 2k, P AR
B A B B Sy A8 RERE T 5 R I B 326 R ) AR SOk
TGRS 0.15 m/s, A WA 100 mm, X Jj 52 1%



554 FESE R A S I

527 %

WM 4.25 m®/h, TS B AE 4R v 3R EE L+
JI e A6 ) A BRIE 45 R 431 9.15.9.01.8.83 kPa.

ARSI SPMP AL AT DPM P ASE AU T 3
FITRBE + SR R sl A T o, L P 5% e ) 4D 25 S
3BT . H L3RI ] SPMP A5 AU A5 40 TR 5 1
No.1~No.3 %k H J175 8 1945 1 5 B 45 R AR 2245
B h 2% .2 % Fn 3%, f# F DPMP 5 5 (115 2% 43 51 hy
5% 1% A 1% RIS S 5 B iE 25 A iR 22 /N T

[ SPMP Il DPMP [] Theory

Pumping pressure/kPa

No.1 No.2 No.3
Group

3 Tk ) i B0 45 B RS 45 21

Fig. 3 Theory and simulation results of pumping pressure

5% Bk T AR SCEUE AR5 32 R 1
32 BRETERBEANENSS

H T DPMP #5251 iR 5 6 £ 51 2 Ry &8 & 7 i
3l , SPMP B (14 349 o 3t AR 1153 285 R TR, leAs 4y
T SPMP BB B4 R AT e A B R 3R
JE 1 2 U % D7 Il VR BE B R AR EE T P
FEE A IMRIERE L% I A ER T P, 4
i 4 Fr s B4R SR R PRI H R P,
b0 o R OC R Y 22 (E B R A RE
RH 351 B 236 BH T P, SR 3% BH ) Pl 5 %8
JE R LR OC R X K 3 B R AR E A RE B T AY
5L WA G, A RE ALV A T LT S T S
AH TR, B2 007 5 BH T 3 BRE 45 . B% BH ) PO A RERR
TR NS EEmEREMEXRR X E
W 5 TR O - PN 2 L 0 A A3 A R A7 A RERH
TR R R L R AR AT L R 3 R IR
A B AT R L 26 e 1 LT AR ] O R
SFR BE + TR B W 2 A B S R R L LR
- 1) 38 3% TR 2 A2 0 IO ) 5

10 10 10
8 r 8 8
< < <
=¥ ¥ [y
=< 6 =<6 =< 6
£ = 2
Z 2 Z
§ 4 § 4 § 4
=¥ =¥ =¥
2r 2 2
0 S 10 15 20 25 30 35 0 S 10 15 20 25 30 35 0 5 10 15 20 25 30 35
Height/cm Height/cm Height/cm
(a) No.1 (b) No.2 (c) No.3

P4 FEREIRBE T N P AN BRI ) o A

Fig.4 Pressure profile along central axis in pumped concrete
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Fig.7 Velocity profile along flow direction in vertical pumped concrete
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