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In this study, an experiment was conducted to analyze mortar based rheology for 3D printing method application. The tendency of
rheological properties due to the change of W/B, binder type, replacement ratio, and super plasticizer which have a great influence on
the flow characteristics of concrete was experimentally analyzed. Experiments were carried out by dividing into paste and mortar. In
the paste experiment, rheology was analyzed by setting W/B, binder type, replacement ratio, and super plasticizer dosage as main
variables. In the mortar experiment, the rheological properties of W/B and sand ratio were analyzed. As a result, as the W/B was
increased, the viscosity decreased and the FA ratio to replace FA increased and the viscosity increased. In order to increase the fluidity,
substitution of only 5% of SF reduces the shear stress and the viscosity is reduced by about 83%. Mortar rheological evaluation shows
that there is a critical section where a large change occurs in the W/B 30 to 40% section. Also, in the same W/B, it is analyzed that there
is a critical section where the shear stress increases more than twice in the sand ratio of 50~60%.

JINE : d2=X, 3D ZglE, FEWZ, =S4
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Table 1. Required performances of concrete for 3D printing method

Requi ..
equired Definition
performance
Workability Fluidity required to transport mixture to the extrusion devices
Extrudability A level of fluidity that can be extracted from the printer
Buildability Support capability of each layer for additive manufacturing
Open time Time to maintain Extrudability after mixing
=
-9
£ Bi _
& ingham Model
=) -~
g T=T,tuy —
7 —~
5]
g Slope = Plastic viscosity(p)
w
=
2
2l J

Shear rate(y, s)
Fig. 1. Rheology properties(Bingham model)
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shear stressﬁl} viscosity Q| Zt2 02510 ZH|o| & M50 at=
Z32|EQ| S MIOISICt Shear stress= A2 extrudability%
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T — shear stress [Pa]
To — yield stress [Pa]
Y — shear rate [s7']

L — plastic viscosity [Pa * s]

Shear Stress

Open time i Fast setting
(No setting) i required

Thick l
OV w}
1 i
! 1
Extrudable | | Extrudability 3
; i
Thin ‘

‘ Time

Extrusion

Fig. 2. Definition of extrudability & open time

Table 2. Required performances of concrete for 3D printing method

Required performance Reference value

Yield Stress .
Fig. 1 () - (b) 0.3(a) = 0.9(b) (Unit: kPa)
Viscosity 300 - 500 (Unit: Pa‘s)
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Shear stresse yield stress 0.3~0,9kPa2| H7t =2 ¢ SoO ZXANE £t YS2X| ENE T&010X} ol SHHIF
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CHAW et al, 2013), CEof M2 EoIRACH
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Table 3. Mix proportion to decide rheology properties(Bilgil, 2012) SEZMES Soll 2 HiEH 42t yield stress 21| A2
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ST T — 2 I3 2l Tavle 40 LIEIHCE Y2t S| et 2B
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Gravel | Sand d Cement lasticiz Water | Slump - Viscosity i _
ik L i Yield stress@t 7+& AAVE 22 Has, 2-Z2 b, 1O|
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Table 4. Correlation analysis results with yield stress
Type of | Gravel | Sand |Cement| Water Total Total Paste/ | Agg/ | Paste/ G/ S/ C/ W/ | Gravel/

. ©) ©) © W) aggregate | Paste | W/B | weight SP%

a; ™ ™ ™ ™ ™ ™ sand
(Agg) aw | "

I;; g\zl\t/:l 0.476 | -0.391 | -0.042 | -0.537 | 0.243 -0.117 | -0.125 | 0.481 | -0.159 | 0.150 | -0.150 | 0.471 | -0.397 | -0.063 | -0.544 | 0.453 -
No | No

- 0.902 | -0.670 | -0.614 | 0902 | -0.700 | 0.626 | 0.226 | -0.795 | 0.821 | -0.821 - 0.821 | -0.742 | -0.454 - -
SP | gravel
With | With
S |gravel 0.196 | -0.078 | -0.307 | -0.357 | 0.430 | -0.357 | 0.052 | 0.158 | -0.383 | 0.376 | -0.376 | 0.192 | -0.084 | -0.322 | -0.337 | 0.183 | 0.153
With | No
S |gravel - 0.707 | -0.759 | -0.263 | 0.707 | -0.742 | 0.807 | -0.841 | -0.720 | 0.729 | -0.729 - 0.729 | -0.750 | -0.102 - 0.732
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Table 5. Mix proportion for rheology properties test(paste)

No. | WB OPC FA SF SP
1 25 - - -
2 28 - - -

100

3 30 - - -
4 35 - - -
5 - - 0.1
6 100 - - 03
7 - - 05
8 90 10 -

—1 28
9 80 20 -
10 70 30 - 03
11 95 - 5
12 90 - 10

W/B=Water-Binder Ratio, OPC=Ordinary Portland Cement, FA=Fly Ash,

SF=Silica Fume,

SP=Super plasticizer

Table 6. Mix proportion for rheology properties test(mortar)

No. | W/B Binder Type Vol(binder) Vol(sand)
1 30 50 50
2 opC 60 40
3 ] 4 100% 50 50
40 60
5 50 50 50

Table 7. Experiment type and purpose

Type Purpose

* W/B ratio

* Binder type(FA, SF) & replacement ratio
Paste .

* SP dosage ratio

* Rheology depend on time
Mortar * W/B ratio

* Binder-sand ratio
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Fig. 3. Analysis model of rheology(Choi et al. 2014)
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(b) Rheology properties after 30min from mixing
Fig. 4. Rheology properties with W/B ratio
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Fig. 5. Yield stress and plastic viscosity with W/B ratio
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Fig. 6. Yield stress and plastic viscosity with SP dosage
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Fig. 7. Yield stress and plastic viscosity with FA replacement ratio
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Fig. 8. Yield stress and plastic viscosity with SF replacement ratio
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