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Fig. 1 Structure of screw pump
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Fig. 2 Schematic diagram of piston pump
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Table 2 Specimen parameters

Specimen pumping Casting Steel fiber volume
oA Ry, Hki1E 58 20~40. 40~70 H A 200 code method direction fraction
s KSR BB MO KR, ok 30%: R0% Randorn 0%
Fﬁ?’;‘%ﬂé?éﬁjﬁﬁﬁgﬁﬁ 2850 MPa E(J%E%ﬁgpﬁﬂm R-1% Direct casting Random 1%
ST, AFREARA 02mm, KEEH 13mm, KAl Reae Random 2%
J9 65, HiPEAEE A 200 GPa. HoRo% Paralll %
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L% 7 AR 2 B B BT A Lovoy, | Seweme s
W FEGLHIR) S BRIUIT 1 (93 ) N e € T TR BE AL LGV-1% Vertical 1%
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AT7 RHUE N PATERH, TE TR HSPL% o on pump Parallel 1%
S5 I BEHE SN T ELRSO) AN AT 4 (A 45 B (0%, HSV-19% Vertical 19%

%1 UHPCEIALL
Table 1 Mixture proportion of UHPC kg/m?
Cement  Silicafume  Quartzsand-1  Quartzsand-2  Quartzsand-3  Bentonite  Flyash  thixotropic agent  Superplasticizer ~ Water
752 67 200 434 50 20 161 6 6.4 200
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Table 3 Slump/Spread test result

Pump type Before pumping After pumping
Screw pump 131 mm /279 mm 136 mm /277 mm
Piston pump 127 mm /271 mm 120 mm /268 mm

Volume fraction of fiber content is 1%.
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Fig. 4 Image analysis procedure for evaluating fiber orientation
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Fig. 5 Frequency histogram of fiber orientation
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Table 4 Fiber orientation in cross-section

Specimen Average fiber orientation angle «, / average angle @ Fiber orientation coefficient 7,

No. Center area Side area Entire section Center area Side area Entire section
R-1% 0.565/55.5° 0.680/47.2° 0.641/50.1° 0.361 0.501 0.454
R-2% 0.603/52.9° 0.694/46.1° 0.655/49.1° 0.394 0.511 0.461
LGP-1% 0.740/42.2° 0.788/38.0° 0.763/40.3° 0.577 0.643 0.607
LGP-2% 0.773/39.4° 0.793/37.6° 0.783/38.5° 0.618 0.657 0.637
LGV-1% 0.514/59.1° 0.621/51.6° 0.579/54.5° 0.304 0.413 0.382
LGV-2% 0.522/58.5° 0.638/50.4° 0.590/53.9° 0.306 0.442 0.386
HSP-1% 0.635/50.6° 0.683/46.9° 0.667/48.2° 0.438 0.501 0.480
HSV-1% 0.609/52.4° 0.663/48.5° 0.644/49.9° 0.415 0.488 0.456
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Fig. 6 Cross-sectional area zoning
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Fig. 7 Schematic diagram of screw pump conveyance process

UHPC ZiH 28R MMIA )5, ML 4EBA f A
FERUEAT R 99, TR TRIETFE S UHPC H-EH
MENEERFEALE . HAEPAERRALL HEWTE
RN BTSN AT 95 s A A AR AL

FIEERE, EIEN SV R AR
IRk BE AR R B A A, S B S YAER
EPE AN R AN B DE AR I A, R T IX
BYYI X AIRE 28 X S8 AN R R Bl X 38 & 8 it
HAEZE X (R NBUR T FE S SR SN AR,



- 3288 - QEIENEEi )

J Chin Ceram Soc, 2025, 53(11): 3282-3294

2025 4

Lubricating layer

Shear zone

: — Pipe el Plug zone
& 3 — Shear flow
_; i\ Plug flow
S —‘2 e Shear flow
Pipe pre;sure Shear stress Shear rate
Flow velocity Fiber Flow velocity Fiber
// '\\ e L—— /
\\ Fiber rotating
F
Shear flow Plug flow
K8 HamEERNTH
Fig. 8 Flow behavior of mixture in pipeline
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Fig. 9 Compressive test result
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Table 5 Four-point bending test results

i i Ultimate Equivalent
Specimen Cracking Toughness
strength strength .
No. strength f, /MPa ratio R,
f, IMPa f, IMPa
R-0% 111 111
R-1% 125 18.7 14.6 1.17
R-2% 13.0 27.3 20.7 1.59
LGP-0% 105 105
LGP-1% 12.6 215 16.7 1.33
LGP-2% 14.2 36.0 252 1.77
LGV-0% 10.3 10.3
LGV-1% 10.3 154 12.2 119
LGV-2% 11.0 19.1 14.7 1.34
HSP-1% 124 19.4 15.2 1.22
HSV-1% 12.3 17.7 141 115

LIETCN A ik 1, HW) R R R E e he
PO A bR, 5 EERR I 4l A L,
MR IR AIE AT . I EL BN A 4 i 1 ) 2o
F£ 53 HIBRAK 5.4%. 7.2%, 50 98 BRI H AR AR
4, R R T IR S B IR AR B A BT RS 0 BT S

GESUIT ) AR AT IR 2% S5 B B AR (4] L ik o
MR . AT BRI 1%, 2% N4 48 =
WAE, RIS AT B BT ) R R B 4
7 0.1%. 9.2%, i3 B be B ) 2 5 I B AR



» 3290 - CRERR ER 53R J Chin Ceram Soc, 2025, 53(11): 3282-3294 2025 4
20000 T o 12%. 15.4%. JHTIEFRHIES, UHPC HRLF
s 000 Rl a0 . EUAYIR, OPATRESUR R4 I S R )

s 7R, HEEGES A &, BUEA4ERN 2T
S 10000} {2 2 R 2R P AT
. 2 L7 10 S 5 S % SV L 1 ) B4 3
5000 10 % PGB o I SR ARIE AT . T BB
= HERESFIRND 5 T 0.8%. 1.6%, 5 HEERK
AP ) ; , AR .
@ Dimc‘?eclicigg';/p'zg;mem 234 *&IS%%ETE FARA RS A PR R ] 13
AR 5 Frm. Al L: BEATIR Sk fe S A28 Hh
20000 —-Lopa, ORI R 3, HASUsUy M. WEF%s
5000k LGV 30 £ R 19, XPHELEUEURLE, SRR
2 oLGRO | S PR RE HRREARTE 19.9%, T EVESTIA
Z 10000( 120 % I BEA 17.6%; NEF4ES RN 2%, X HL B
5 G, BRT SEAE TAT DR 25 b B e
5000 0z $TF 32.1%, TEELBESTA LR FAE 30.0%. ZHT
. | | | . WEAT SEARTIR IS, 4T 4 S ) P A Y0 B 7 1
0 1 2 3 4 b, PATRBE S 2 A4 S0 T M oA, WE
© Screwgille;;;;"&gmens s AR A PR R R, i R AE SOSER
15 000 BT - 0 36.0
12000 —e-HSV-1% 124 g % 30| 13
118 % g %
% 9000 g z 2l 19410, 215 o
6000 112 g g 15.4
2000 | le & 5 ol 10.3 10.5 1L1
) — =lllllg22
0 : 2. 3 4 Oo\°o\°o\°°\°o\°o\°o\°o\°o\°o\°o\°
Deflection/mm — = =3 aqa =3 a-—-2
(¢) Piston pumping specimens % % (E § (E § § § Mo
BIAL a0 i i (2 ot B ) - it 42 Samples
Fig. 11 Load(flexural strength)-deflection curve
13 5 PR
b 14.2 Fig. 13  Ultimate strength
s e B TSI R R U P25 PR S
= InRZ= FERRE, ARG IR IR0 R R A
% o . TSR DS A PR (4R
2 ool s Tt 3.9%, 12 ELBEHIIR LR S IR 35 U A
0l : 5.3%. {E TG R ML A4 W /e 558, F
EE m SO 25 402 PR 558 B T2 MR A /N o
gggegeesgssg FIRGERFI . UHPC LM Mik )G, HN
22555558 %%" FOLFAEIR I, 3BT 75 UHPC (952507 ot 3¢
Samples J1E R AR R R T UHPC 283 28 R ik s
K12 iEdam e B3t & ARV A 38 mm, iy £F 4k B i) il 1y 2%
Fig. 12 Cracking strength PEREM WA AL, H5REFREEZRRAM



55 53 &4 11 1] J7 & S AREIETT SO0 PEBEIR T ) A T RERZ I 3291

UHPC ik .

DRI, Bt TR, SR FHRRAT I 4t B AR I 45
P E B2 07 e BATRHAT £ 7 2, R
FE SR I X AT G AR 7 ) P IR e ol 5K
235 Tyt DI Re Wik 14
K 5 fin. AFRGEHT R BT A r S
WIS BE LT 415 A TR =

2.00
1.77
o L75¢ 1]
E
o 1.59
g
= 150
on
=
2 1.34 1.35
1.25¢ 1.22
l'lsm 1.19 1.17
1.00 E
XXX R R
T T Q8 g T Qg =
> A > > A A @ o
wn
22 29 32 8
Samples

K14 Zii#IEL Re
Fig. 14 Toughness ratio Re

BT 2 B 2% 5 e S R A 1 25t 40 1 s )
%, H5RFTHMIC. Mt EERFRM, 12
FFEHIE AT IR 1%, 2%4 4835 R 2 dh )
PESBIARTF 15.4%. 11.3%, 3 B S0 0 20 5 T
F% 1.7%. 15.7%. [RIFEIET UHPC &M RIE)E,
G PN A R G AN TS

T FE IR IR S e U dh W A s e A
BE, HRFUT RS g B A

S5 EEGFIALL, S4B RN 1% EIE R
IETATHER AT 10 i BIVE LR = 4.3%, 113 FLHE
FORPE TR 2.7%, 5 BERGEHTARIL

3 BWRESYAREZK

UHPC % HyHIEF S L AR 0 AL, )
St ST AR P LS P e, 36 T
ERRIES, KA Z(8)X UHPC f2S % P 55 2 ik
RS,

O = O A-V) + 1 Vi1, ®)

K oy o, 739908 UHPC FZEAAR 40 25 i 5
Ve NEFYE RIS B 8 0, NEFYERUR R 5L, S
BR[A9TEE VUM 0.5 I o di 73 AR YK FEA AR s
T N AE SRR SE R, T BT AN AT 4 SRk
(PR 45 5t P 5 SR T R B 2 IR AR G, AR Sl bt
JESREEEUEA 9.5 MPal2>22; B35 UHPC [HiHis/
PrhisepE b, BUE () FrasiY:

B= 2.02+o.35(;4vf 9)

HF @) M) UHPC HE )% o 51k
SRS 6 WIAN . BRUSFT R AL TR E e
ARG Ah, FER AR 0 5 2 AR A
HIRFF R 5E AT Bl IRt B 2 . 2t T3(8)
HhABUE 2T 4E R AR, W To S B B A
g RPONEA 0.5, IF AR EA FHIE T BN
7 [ XA AE R R B, T At R IR
P HIE S A i AR ST TR0 21 4B 1) 2% i

STE B

®6 NSRRI PSSR K A4 BN ) R EGR IEUE

Table 6 Bending strength prediction results and recommended values of fiber orientation coefficients

Prediction results using the

Sample No. o, IMPa oy, IMPa ol o, Recommended recommended value of 7,
value for 7, oy IMPa ol o,
R-1% 18.7 17.928 0.959 0.5 17.928 0.959
R-2% 27.3 26.161 0.958 26.161 0.958
LGP-1% 215 17.334 0.806 19.000 0.884
LGP-2% 36.0 25.573 0.710 06z 29.241 0.812
LGV-1% 15.4 17.136 1.113 15471 1.005
LGV-2% 19.1 25.377 1.329 038 21.709 1.137
HSP-1% 19.4 17.235 0.888 17.235 0.888
HSV-1% 17.7 17.235 0.974 05 17.235 0.974
Average value / Variable coefficient 0.967/0.177 0.952/0.091
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Extended Abstract

Introduction  Ultra-High-Performance Concrete (UHPC) demonstrates substantial potential in civil engineering applications owing
to its superior mechanical characteristics and enhanced durability. The material's exceptional workability and structural adaptability
make it particularly effective for thin-layer strengthening of aging concrete structures. Pumping technology has become prevalent in
construction operations due to operational efficiency and site adaptability. Existing investigations have documented performance
variations in conventional concrete materials under diverse pumping conditions. These studies indicate material-specific response
patterns, with post-pumping mechanical properties exhibiting notable disparities across concrete categories. However, the mechanical
behavior evolution of UHPC under pumping conditions remains insufficiently explored, particularly given its distinct material
composition compared to conventional concrete. This study conducts a controlled experimental investigation to evaluate the
mechanical performance variation of UHPC subjected to three transport-casting conditions: non-transported baseline, screw pump
transportation, and piston pump transportation. Through systematic comparison of pre- and post-pumping mechanical parameters, the
research aims to clarify the pumping-induced performance modifications in UHPC.

Methods With transport methods (direct casting without transport, screw pump transport, piston pump transport), casting directions
(random casting, parallel casting, perpendicular casting; Here parallel casting denotes casting along the long axis of prismatic
specimens, while perpendicular casting denotes casting perpendicular to this axis), and steel fiber volume fractions (0%, 1%, 2%) as
test parameters, 11 specimen groups were fabricated. Each group comprised 4 prismatic specimens for flexural strength testing and 4
cubic specimens (cut from the prisms) for cubic compressive strength testing. During flexural testing, electrical resistance strain
gauges with a 20 mm gauge length were bonded to the tensile face of specimens to quantify longitudinal strain development within
the pure bending zone prior to crack initiation. High-precision displacement transducers were vertically aligned at mid-span to
quantify flexural deflection, complemented by dual auxiliary sensors longitudinally mounted on opposing sides of the specimen's
tensile surface to monitor elongation within the pure bending zone. Following mechanical testing, prismatic specimens were
longitudinally divided into four sections. Each exposed surface was digitally imaged using high-resolution photographic equipment.
Subsequent computational analysis quantified the angular deviation between steel fiber orientations and corresponding cross-sectional
normals through dedicated image processing algorithms.
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Results and discussion Screw pump transport casting significantly influenced fiber orientation in specimens. Compared with
directly cast specimens, at a 1% fiber content, the fiber orientation angle of screw-pumped parallel-cast specimens decreased by 9.8°
across the full section, with the orientation coefficient increasing from 0.454 to 0.607; at 2% fiber content, the orientation angle
decreased by 10.6°, and the coefficient increased from 0.461 to 0.637. Which indicates that screw pump transport with parallel casting
significantly enhances fiber orientation in the mixture, with similar orientation effects across different fiber contents. Piston pump
transport had no significant impact on fiber orientation. Compared to direct casting, at 1% fiber content, the piston-pumped parallel
and perpendicular casting methods reduced fiber orientation angles by 1.9° and 0.2°, respectively, and increased the orientation
coefficients by 5.7% and 0.4%, indicating no obvious fiber orientation occurred during piston pump transport. A significant wall
effect was observed in fiber distribution across specimen sections: fiber orientation coefficients at the edges were higher than those in
the middle for all specimens, with notable differences across casting methods. The difference in orientation coefficients between edge
and middle sections reached 30%-35% for directly cast specimens; this was reduced to 5%—-10% for screw-pumped parallel-cast
specimens but expanded to 35%—-45% for perpendicular-cast specimens; piston-pumped specimens exhibited edge-middle differences
of 15%-20%. Compression tests showed that UHPC compressive strength decreased by 2.6%-8% after transport, though the
reduction was not significantly affected by pumping method, casting direction, or fiber content—primarily attributed to disturbance of
the UHPC pore structure during pumping. Flexural tests revealed that at 1% and 2% steel fiber contents, screw pump transport with
parallel casting increased flexural strength by 19.9% and 32.1%, respectively, compared to non-pumped direct casting. Flexural
strength of piston-pumped specimens remained similar to direct casting, with differences within 6%.

Conclusions Based on the test results, the recommended values for the steel fiber orientation coefficient in UHPC under different
transport and casting methods are as follows: 0.5 for UHPC with direct casting or piston pump transport-casting, 0.62 for UHPC with
screw pump parallel casting, and 0.38 for UHPC with screw pump perpendicular casting. When screw pumps are employed, material
placement direction should align with the structure's principal stress direction. No directional constraints are required for piston pump
applications. The flexural strength of UHPC under different transport methods and casting directions was predicted using the
proposed fiber orientation coefficients, and the predicted results closedly matched the experimental measurements.

Keywords ultra-high performance concrete; screw pump; piston pump; flexural performance; fiber orientation



