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&= & E”
Zhuguo LI

In this study, the author proposed rheological models to describe the rehological behaviors of fresh concrete before and after yield, based on the

achievements of the author’s past study about the shear stress-shear strain, shear strain rate relationships. Three theological property indexes (RPI) were

further suggested for fresh concrete, which are yield stress (shear failure limit stress), basic viscosity, and the shear stain rate under the yield stress

(hereafter called briefly thixotropy index), respectively. The basic viscosity and the thixotropy index are experimentally determined on basis of the shear

stress-shear strain rate relation that is measured when the mean particle contact angle of fresh concrete becomes zero. Furthermore, a ring shear

apparatus (named RSNS) was developed to measure the three rheological property indexes and the rheological constants (RCs) in the theological

models. RSNS can measure the rheological performances of fresh concrete under a desired normal stress by either the stress-controlled test or the strain

rate-controlled test. Test methods for the RPI and the RCs based on the RSNS rheometer were discussed. Finally, an experiment was performed to

investigate the variation of the RPI and the RCs of high fluidity concrete with elapsed time.
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/4 ¢ Co
Fio, FAWNIGE—EE L, Co ZEE LA, XQ2-DIC X

S TAG-10)Z R TR E 5D (<l DHA L In(1+x)=x),

In(-In-L) = g1 (3-10)

o

KGB-10TRTBIROERE RO T LV, gfExRD, &5
2 cs DIERHTHND,

ciles, ciles BE DN ey DN BN D &, RQ-D)ZFH LT, FRIRaT
OALFEISIJIRE &G IRt R T O A MO A2 G T&E 5,

WETFNEE LT, £9°, FE—Z O M7 ATEEZFE LT, FRIE
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F—HDONEN ML ATHEORRE L, BTSRRI TIT ), Ml b
PURDOZT 2 b7 % &) EVITHETE(1.0~3.0N - m), 7>, FH
TR Z < /N EWVELE(0.5~1.5deg /s) TRITE TE HFRED MLy L35,
WIZ, B—F D MV A% /NSO E CTHISC L CHIEE1T 5,
ET—FOHJ) vy LRI OIS 2 Gl D (2 oW EERE &
KoL BB RS & BEFR) . & — & ORIFEEE 2S s U7 e T, sl
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BT 6% BT B,

4) [aldRE R —E BB KBRS I A FIH L <L RB-13)12R 7 In{-In[(7
DGO} & K-t) DBIE 7 T 7 (B E B LT, EHOEE LV ox
KD,

4 BREOVY)—rOLAOD—EHROREEL
4.1 EBREE

AR TIX, METHELEMERE L LA o—ET LR/
A =X OREFIEIESNT, @iz 27 Y — b ORI & LA
oY —EHERE L, TORMEICONTEE LT, ETPROM
% 100mm & Uiz, FEBICHWza> 2 U — hO#EER 1 ITRT,
WD, s L ONRIET mEfe AE Bk Al7e & 2 fv iz, SRS
.60 nEBLP 120 5HOAT UV TEBIOAT VT 7o —flE#
1o,

421 BRAIOLAODS—ETILOESR
b L2 BINEEBE DD 7,~ 3 DBUE N E — & DA kL7 & EliE# O

FHAFRIC L - TR bAE, flE LT, MREEEOMEERRTIC
R, MV —EEMEX D MLV EBINLT-T20, BfRS T it
2O WIS T 6 TR, 6~y B%R 7 7 7 Eo 2 Rl so
AW ) & AWTOT % Z N RBERIE S 5 & BRI 04 2
OF Iyl Ui, SRRSO N L2 HINERED 7,~ 7, OB % X 8
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RHEOLOGICAL MODEL AND RHEOMETER OF FRESH CONCRETE
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For improving the efficiency of concrete construction and ensuring the construction quality of concrete component with individual
geometry and reinforcing bar arrangement, optimization of the workability of fresh concrete is necessary and possible, according to
component’s structural formation and construction method. The study on the rheological model that can express the complex
rheological behaviors of various fresh concrete, including non-linearity, dilatancy, vertical pressure-dependence, and loading
time-dependence, etc., is very important and urgent for realizing the workability design based on numerical flow simulation.

The quantitatively experimental investigation on the rheological properties of fresh concrete is very difficult because present
rheometers are originally designed for only measuring yield value and plastic viscosity. For this reason, the author developed a
microscopic approach in the past study'®, in which fresh concrete is considered as a viscous particle assembly containing water, the
mean particle contact angle (6) is introduced to express the particles’ interlocking degree that increases in the viscous elastic-plastic
state but decreases in the failure state, and the micro strain of fresh concrete arises from the movement of the sliding particles
occurring in probability. Using this microscopic approach, the author has further investigated quantitatively the relationships between
shear stress (7) and shear strain (), shear strain rate }before and after yield, respectively'®'?.

In this study, the author further modeled the rheological properties of fresh concrete based on the achievements of the past studies
mentioned just above. The shear deformation model before yield is shown in Eq.(2-1). With increasing the 7 and loading time (¢), the y
increases, but the greater the normal stress (o), the smaller the . The diagram of the shear deformation model is shown in Fig.2 (a).
After yield, because the shear deformation speeds up, viscous resistance is yielded and thus results in a continuous increase of shear
stress. Eq. (2-2) shows the .yx—rrelationship before yield. With increasing the rtill to the yield stress (7), the .y/ﬁrstly increases before
suspension limit, then decreases and approaches to zero at the time point of rupture, as shown in Fig.2 (b). The 7 is shown in Eq. (2-9)
that indicates that it depends on the ¢, and mean particle contact angle (¢ at the time point of yield, besides mean inter-particle
frictional angle (¢). The shear resistance model after yield was proposed as shown in Eq. (2-6) that consists of the
particle-characteristic resistance portion (the first and the second term in the right side of the equation) resulting from the particle
fabric, and the viscous resistance portion (the third term). The first term and the apparent viscosity (77,) decease with the increase in
shear deformation after yield, thus the increase of the .yxwith the 7speeds up, as shown in Fig.2 (b). Based on the proposed rheological
models, three rheological property indexes (RPI) were suggested for fresh concrete’s evaluation and quality control, which are 7, basic
viscosity (77), and thixotropy index (54), respectively. The 77 and 74 are the viscosity and shear strain rate under a shear stress equal to
the 7y when the @1is near to zero.

For measuring the RPI and the rheological constants (RCs) in Eq. (2-1) and Eq. (2-6), a ring shear apparatus was developed, named
RSNS rheometer, as shown in Fig.4, which is able to increase shear stress by torque-controlled method or by rotation speed-controlled
method. The o, is changed by two air cylinders driven by a compressor. The upper blade can’ t rotate, but the lower blade is driven by
an electric motor. The central standstill axis of RSNS is a rod-shaped vibrator that is also used for compacting fresh concrete sample.
Mean shear strain, mean strain rate, mean shear stress, and the g, are calculated by Eq. (3-2). Eq.(3-4), and Eq. (3-7), respectively.

Then, the test methods of the RPT and RCs were discussed in case of using the RSNS rheometer. Before yield, ¢ and ¢g are measured
by keeping the torque unchanged, according to Eq. (3-10) and Eq. (2-1). And the 7y relationship curve is gotten by increasing the
torque at a very small rate for determining the 7, as well as ¢,/cs and c;/cs according to Eq.(3-9). After yield, based on the down-curve
(straight line) of the flow curve measured by reducing the rotation speed of the lower blade, Eq. (2-10) is obtained, the 7 and ;4 are
thus determined. When calculating the .74, the shear stress used is equal to the 7. And using the result of the 7—g;, relationship, which is
measured at a very small shear rate under different pressures of air cylinders, the ¢ and C,,; are determined according to the Eq. (3-14).
Furthermore, the ¢ is calculated by substituting the values of 7, g, ¢, and C,,; into Eq. (2-9). Finally, based on the measuring results
of shear stress on the condition that the }is very small constant, the rheological constant xis determined, using the relationship shown
in Eq. (3-13).

Using the above test methods, variation of the RPI and RCs of high fluidity concrete with elapsed time were investigated. The
experimental results of the RPI and RCs are shown in Fig. 9 and Fig.11.
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