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Production and Construction Method for
Information-Embedded Concrete by Using Color Control Technique
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Summary: The purpose of this paper is to develope a technology to store information in cementitious material itself in machine-

readable format for a long-term period. This idea enables to mitigate the loss of information stored as design documents, which

may happen during the long-term period of storage by owners or designers. We propose an information storage technology by

embedding QR codes implemented by color control of cementitious materials. The followings were experimentally verified;

fresh properties required for 3D printing application, bonding strength between code modules in order not to degrade the

strength of building components, and machine readability of QR code composed of color controlled cementitious materials.

F—U—F: @RHIHE; QR =— K, =7 U—1; 3D 7Y v b fFHORSF
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Figure 1 Schematic diagram of production/construction
method for information embedded concrete
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Table 1 Requirements for proposed method

Requirements
QR code, made of inorganic cement composites
Req.1 modules, even after chipping of surface, shall be
readable by widely available QR code reader, i.e.
The QR code modules and their bonding shall have
Req.2 sufficient strength, in order not to degrade the strength
of building components.
Rea 3 The cement composites shall have appropriate fresh
4 properties to extrude and stack in 3D printing.
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Figure 2 Experimental procedure
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Table 2 Experimental factors

Factors Levels
. ., Air-dry condition,
Curing condition Sealed condition
EXP. -
A SF content Rsr (%) 0, 10, 20, 30
Amount of chemical
admixture NOTE (C X %) 0,05,1,1.5,2.0,2.5,3.0
SF content Rsr (%) 0,5, 10, 15, 20, 25, 30, 35
EXP' Measurement surface Surface, Cut surface
. Immidiately after cutting,
Measurement timing 14 days after cutting
EXP. | SF content Rsg (%) 0, 30
C Number of stacked 1,2,3,4,5,6,7
Assumed production or FP: Factory Production
construction method 3D: 3D Print Construction
EXP.
D shape of formwork 3 side open, 2 side open
(FP type only) (see Figure 3 right)
Image correction Yes, No
Assumed production or FP: Factory Production
construction method 3D: 3D Print Construction
EXP. | Method of bonding Epoxy resin adhension (FP)
E modules Time lagged joining (3D)
Joining time lag £ (min.) 0.5, 10, 60, 1440

NOTE : AE water reducing agent compliant with JIS A 6204

SF

SFOSF+C
T, CEAVRE, SF: VU T a—

SF content R 2)

L (kg/m?)

Size of casted specimen
of EXP .A and EXP. B

Moulds for cell extrusion and casting
left: EXP. A, C, right: EXP. D, E

30 @Surface 14.5$ D 13$D |:|
L[]
100  Cuthere 110 >

~in EXP. B 12 30
(mm)

Figure 3 Size of specimen and moulds

Extrusion

di

N=2 N=3 N=4

Figure 4 Schematic diagram of experiment D and
example of counting number of stacked modules N
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Figure 5 Strength test of bonding between modules
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Figure 6. Demonstration of Extrusion molding (Aleft) and
specimen color under different curing conditions (right)
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1 T T T T 1 U T
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1 T T
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Figure 7 L * value immediately after cutting the specimen
120
T, o
. G
* 60 -
40+ .

20 EXP.B 1 EXP.B

Cut surface Surface

O T T T T T T T T T 1 T T T T T T
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Figure 8 L * value 14 days after cutting the specimen
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Figure 9. a * and b * values of the cut surface immediately
after cutting the specimen

Table 3 Photographs of the color measurement surface

SF content 0 % 10 % 30 % 35%

Surface

Cut
Surface
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Figure 11 Influence of N on deformation rate

46 QR =— ROFHH Y IFEIZEET 5 047

EBRDIZB T AFRBREOEER LU QR = — RO
B0 K O E MR 72 Bl 23R5 SR & Table 3 12”9, LiGHE
BIABE LR BRI T, BARMHICHET IHBROE
R (Figure 3 /) 1B 5T, QR 22— NE/r O Mg % )
M &M aEETho7e, L L, KHHzEIZITWR
BRI (3 mfiRfi : 3sideopen) Tik, B AT DOHESLKEHNA

3L R63

DEEICL > THBY ICHMZ2ET 25808 H57-0IC
RLUT, MMEARIGEVRERE (2 mfEA : 2 side open)
OFRBRIETIE, BELTQR I— FEHMH I LN TE
7z, Table3 DEEMN L binA BN 5 XL o2, BHRBIET
H 2RI OKETAH BOBENRKEN T2 EMD,
4.1 fHCR R B RIC L 0, BEELY B O EHIC =N E

Cl-bo iR EN 5,

EBAEIC LV AEEEZED D &, 3 mEMORRK
D QR =— FOFWMY ZEMITEE~7T-, KR THET
5 k5 RBEHOBEREEICH VL, HHRO SRS
PEXEETH AN, HlRmH Lo D% OFH (eg
I LR A LA B 72 & oG ALER) X, A IND &
Bbind, RERTE, RBEEREHANCEREEZTE
LT BHEAT, BB & OMTER 2 BT & OfLA
BOERENTHDLZEERBLTND,

3D 7V v M TH R ME LERBRIR T, £ CTo%HEs
T QR = — FOFEREGRN o7z, Tk, FEI
ERTAIEECTEY 22— VEICENELZZE,3D 7Y
vME TR CIERPERAEICELS Y, AV FR—X |
DEFENFSTRIN-TZZENFEREEZHND,

Table 3 Photographs of specimen EXP. D and
their QR code reading accuracy
Original image

Remove
background

Threshold
adjustment

Factory
Production
Type

(3 side open)

Readable Readable Readable
( Unstable) (Stable)
Factory
Production
Type y ta

(2 side open)

Readable

Readable
(Stable) (Stable)
. ST
3D printing
Construction
Type

Unreadable Unreadable Unreadable
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Bonding surface

) Photggraphs’ of 37)-05

Bonding surface

2-%$$

05 10 60 1440 FP
.. 3D .
Joining time lag tj (min.)

3-point bending strength (N/mm?)
S~

Photographs of FP
Figure 10 3-point bending strength and photographs of
specimen EXP. E after force
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Table 4 Photograph of medium-sized specimen and
image after binarization
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