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Fig. 3 The change of carbonization depth with carbonization age
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Fig. 4 The change of ratio of carbonization depth with carbonization age
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Fig.5 Carbonation depth of 3D printed specimens in different interfaces (layers, strips, matrix) and cast specimens

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



%195 % 44

E 253D AT AR BB B AR K IR AT R 69

PR 58 /M Pa

YU /MPa

YL E /MPa

HUIr i /MPa

B6 %5 4% %K 3 A I o 2 At A2

BUIRE /M Pa

UG /M Pa

501

45r

40

35

30k

25r

20

+x7:7|"lﬂ +yjj—|'l'5]
——z 7 —— RGN

B ———
g S 4

0

501

401

35

30

10 15 20 25 30

W

Ak 8 Wi7d
(b) M2

—a—x J7 ] —e—y J7 1]
—a—zJj ) v G

20
0

10 15 20 25 30

[

Ak id i7d
(d) M4

Fig.6 The change of compressive strength as a function of carbonization age

S I e T
a5 —a—z 5 [ —— A
25+
20 ! ! ! ! ! )
0 5 10 15 20 25 30
Ak % Wi7d
(a) M1
50r
30+ . .
+x7:7|"lﬂ+y7j|ﬁ]
251 ——z 77 ] —— B
20 ! ! ! ! ! )
0 5 10 15 20 25 30
B AL 4 3 /d
(¢) M3
6.5
—a—x J7 ] —e—y 5[]
6.0l —a—z 7 ] —— A
451
o 10 15 20 25 30
AL IS H1/d
(a) M1

4.5

4.0

+x7jrﬁj +y7j[‘lﬂ

r —a—z )7 ) ——BEHA

0 5 10 15 20 25 30
A IS 191/d
(c¢) M3

Bl 7 Aok L e A B 0 T A AR

YL im /M Pa

BT B /MPa

6.51

6.0

5.5

5.0

4.5

—a—x JT [ —e—y I A
—— 7 A —— RHRM

4.0
0

6.57

4.0

10 15 20 25 30

L

AL EE H91/d
(b) M2

——z U] —— WP

0 15 20 25 30
AL IR 3 /d
(d) M4

[T

Fig.7 The change of flexural strength as a function of carbonization age

F# A% W 3k http: //cslgxbzk. csust. edu. en/cslgdxxbzk/home



70 Kiy®E T XxF

FROBAMFR)

2022412 A

M2 M3 M B8 L VR 4% 6 5P 2% 5008 5 4
7 9.52% .4.35% .72.73% %11 30.00% -

FT1 B R B BACEE BB AR JE 09 - b R A
Table 1  Anisotropy coefficient of carbonization depth of
each specimen with different carbonization age
ENEE 3d 7d 144 284
M1 0.20 0.21 0.23 0.24
M2 0.21 0.23 0.24 0.26
M3 0.09 0.11 0.19 0.31
M4 0.08 0.10 0.13 0.18

P 8 Sy ik Ak TR JEE 45 1] 5 1k AR B U il 46
F AT 8 AT, 3D AT B 1 B A0 TR JEE 1) 45 1) S 1 2R
B BRACIE W Z 18] LML SC AR . B e b i AR 1Y
PEAT, 3D FTERAPFAE x vy 2 07 18] L B AL R BEAY
22 S ORI X 2B T 3D AT B M e
vz 37 T AR Ak N e A 4 ft i b AT ER R ] 5
FTEN R IB] AR AT B AN o T R ) S5 4T B 4%
[ A7 78— 50 AN i 0 1Y) B84 e 25 B SR I, X
AT ERZ 8] 'ﬂTEﬂ <[] ) B A0 TR BE LE AT BN R

AR, BBk fb 4= ol %&HQTTED%M‘E’U(%%O
Wt B A P B HEAT , AT ENJZ ] AT BN A% 6] 55 T B

%1$Zlﬂfﬁiﬁ1h(mELE’J§#tﬂéﬂiko P,
3D FT B F AR AL TR JEE 1425 1) S P 2 JOBIABR

0481 [apg ---- €,=0.001 6:+0.199 5, R?=0.90
M2 - €,=0.001 8+0.209 2, R?=0.92
& 0407 lam3----- €,=0.009 11+0.057 2, R?=0.99
& M4 €,=0.003 91+0.071 2, R*=0.99
= 0321 "
I
g 024r ,_______:__:,:-_-_-;;;,;,;;;;';’;';;;:::;:::
id e LA .
® 0.16f
2 vy -
B oosf ¢
005 10 15 20 25 30
T Ak % Wil/d
B8 ALK L & R Hey b i £

Fig. 8 Fitting curve of anisotropy coefficient of

carbonization depth

32 NFEENSERM

3D AT B itk Ak S5 B9 BT R Bo 4T o B 45 1)
PERBIT R R W R 2, RALVE R E—E R
s T 3D ATEM R A S A 1 etk . LAM3 R
), FERRAL 3.7 14 F128 d )5 M3 FH0 IR 38 BE 4% i) S
PERB I FFET 12.5%.18.8% .25.0% F11 18.8%,
M3 4T 3T 58 B 45 1) S Mk R B S R B T 0.0%
10.0%.30.0% F160.0% . [a] B, filk b i Ak A6 e
JEFNGTHT 45 ) S 1 2R 04T B A V0 JE L 1 3G KT a2
Wk N o Ak — 20 WA R AR Bk Ak S 3D 4T B
() 7 25 4% ) S, AR 58 6 SCHR 7 ] v 3D 4T Bt
P25 B A A B IR

fu= (141 41) /3

(3)

1= o PP L/,

Ko £, A 3D AT B AE vy 2 J7 ] 32 ST, 3D 4T
BRI - 450 B, MPas £ f, . 53 51 R 3D 4T B
PAE x oy 2 D7 8] 32 1R 3K 34T 1] A 5 B, MPa £,
RGeS B, MPas 1ok 9 B 4% 1) S+PE R 50
33 miLMRERSEITM

P19 I 7S 4y 4% 1) S M 28 KB ke 1 1 40 1) 722 Ak

036

0301 | L e
. —A PR
B 0241
B
3H
g O18)
E 012 —
‘\‘m,;, —
0.06 - -
0.00 ‘ ‘ ‘ | ‘
L
BRALE W/

B9 & & 7 & B AL B 6h T it A2
Fig. 9 Variation of anisotropy coefficient with

carbonization age

R2 HFBEFER B T AL

Table 2 Variation of mechanics anisotropy coefficient with carbonization age
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M3 0.16 014 013 012 013 010 0.0 009 007 004
M4 0.12 009 008 007 007 009 008 007 005 005
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Fig. 10  Fitting curve of carbonization depth as a function of carbonization age
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Experimental study on carbonation resistance of
3D printed concrete with aeolian sand

WANG Li"?, LIN Wenyu', JIANG Hailong'

(1.School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China;
2.Engineering Research Center on 3D Construction Printing of Hebei, Tianjin 300401, China)

Abstract: [Purposes] The paper aims to further clarify the carbonation resistance of 3D printed aeolian sand
concrete. [Methods] In this paper, 3D printed desert sand concrete was prepared, and the influence of
sand-binder ratio on the carbonation depth of 3D printed concrete was studied. The anisotropy coefficient of
carbonation was introduced to evaluate the effect of 3D printing process on the carbonation behaviors of concrete.
The compressive and flexural properties of 3D printed concrete after carbonization were tested and analyzed, and
the carbonization prediction model of 3D printed concrete was established based on the sand-binder ratio in «, ¥
and z directions. [Findings] The carbonization depth increased with the increase of carbonization age and
sand-binder ratio, and the carbonization depth and mechanical properties showed obvious anisotropy. After 28
days of carbonization, compared with the printing matrix, the carbonization depth between printing strips and
layers increased by 24% and 10% respectively. [Conclusions] Carbonation reduced the anisotropy of
compressive strength and flexural strength of 3D printed specimens to a certain extent.
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