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Abstract: In this paper, the printability of 13 kinds of
engineering spoil with different mix proportion in
extrusion process was studied. Meanwhile, unconfined
compressive strength test and direct shear test were
carried out for spoil samples mixed with river sand and

recycled powder respectively, and the feasibility of river
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sand and recycled powder as engineering spoil admixture
was discussed. The experimental results show that the
mixing proportion of clayey spoil will affect the extrusion
effect of composite spoil. When the mixing proportion of
clay reaches 50%, the extrusion effect is good. The
addition of recycled powder can improve the unconfined
compressive strength and elastic modulus of spoil. Beyond
this range, the super water absorption of recycled powder
will seriously affect the cohesion of spoil, resulting in the
decrease of strength and the maintenance time of elastic
deformation stage. On the premise of ensuring the
strength improvement and extrudability of engineering
spoil, it is suggested that the content of recycled powder
is 5%, and the unconfined compressive strength of spoil
can be increased by 22.5%, while the incorporation of
river sand will reduce the unconfined compressive
strength and elastic modulus of spoil as a whole, showing
an inverse skeleton effect. In terms of reducing
environmental pollution and promoting intelligent earth
building, 3D printing extrusion technology is used to
produce engineering 3D printing bricks that meet different
requirements, which has high application value and

potential.

Key words: construction spoil; bricks; 3D printing;

extrudability; unconfined compressive strength

P 2017 4 B R ARUY BB AT B R R A A A )
PEHEREAR MG, v B RAE AT (18~20) X 10°t 1)
FEd g TR+ FEORIET = & M
BT A s T ORISR £ ORI 5 4
2y ARSI AR B 50 %, EE AL B AR
SR TSR M s 54 (HLE AR S A1, TR 2™
RN B A TRE 7R+ 345 T VR B SRR R

> RAN S

=

5



390 6] 5% K 2 2 (A 4K BE 2 B

o5 50 %

H 45 B = 1Y [ AR BT IR, W 205 20 5 AR 2855 5 Tl ok
AR W AR s B BT UL 3D AT ER L 2038
FHAE ST TR ™ 2% T 25Tl A2 A Ak ™ i 1Y)
Bt A, HES e 0B 2 AL HoBa] B
Silveira &M 52T 3D T B R AN OB BRAT s 3k 1%
TS A 2RI SE T LB 7 AT
BHY 3D ATER, Seflr 1 K BbAphae LA i 2 8 il i 7
BB RE , DL BB IE T LS R T kAT
ANEATEESD ATER By w70, oy TR 55 0 DIRATBF
0y AT 3D AT EFN 7 4 0 e R A AR AR 15
Jryi

DA S T 1A S AT e 38 A 7 R AN [
T RGBT A S CAFE RGN 15
Yoo CRLAR T T B s v R AT
SEIR SRV A5 e d it (B2 A TAR S il a5 2k
SR RGIEAZ I, H— R TR R,
AN TR i DX A Y AR T 22 0 K, 3 B 2R B 5
AT B R 2 s R TR SR LA AR AR Y S L
IR 2 I = € o I X (A A e o N = PS4
o £k TR M B, Polito SF M
Thevanayagam %5 *3# it i + & Bie i 56 3 W] 1 14 h
VR 5 e X D - ) 2R T R A K R f S
b T 2 WD 1 6 5 ) BB A PR S 1 1 i
. B AR T SR L PR A B
AN, 0 - 1 He 52 B o B 22 34 , A48 B ]
. Schmitz 55 58 4 S5 202 ] B 1) AL A8 Ok A e b
AT IAPE I AL SRR A i, TR A
(AT SRV . B A R B s A5 L TE A D
F B AR BT B AR B T A A 1) To N BR 4 s 5
E, B e iE & .

BRLHG , A SCB T T 13 FlOAS [W] FE 45 Fo 1 &2 160 5
-,k A R 3D T ER RS T FR AT 5
Eas e iINEL e i e 51w I Nk 72
X LAEFE HURAF %t 3D T B Ik F2 v nl 5% L A g
FERERYSZ I, [R] I o3 A TR R B R TR R )
I NTEVE T TR0 TR A AR VR TR 148
BHYTTATHE o IRl SSR R, Sk 1R [F48 RS
RS B AT R A b 5 0 g o A s e B, L
1 TS A B GEIER A A FH S A i R FH LAl

1k

1.1 MR IR R HE AR
G T P AR 5 I TRT R 4 VR B T AN TR] T

FEEEIEIT, 43 9 BlbRic h XCY XCB, Ja 4 Y 103
WA R b + 2, BRI AR 2 K R
TR 1 mm i H . BT TR RS, T
RSB 22 AR RI D A SRR 37400, TR 2% it vl
R A B = . Herpyar b k538 4 b
UMPBEABR L. 97, FAR K 5 4005 SRR - A B S
PR i 4 A S A5 2 AR RN K 2RO 10 %5~
12% . BRI 1R, B 2 A AR R Y
ORI KL . & 1R 2 0 r 35 £ AR [R1 B4 1)
AR TS B, 3 3 0 BT UK B R0 4 AR R 1
(TP

d AR
B1 REREMR

Fig.1 Raw materials

1.2 BLELbigit

T4 R E BB A BT, M1I~M5 28
XCY ERHENIT, A B350 9026 .70 %6
50%.30%.10% (1) XCB & FL il . [FIE, ¥ M3 1E
FARGINB R B, AS1~AS4 Fl ARI~AR4 4y
AR TR0 R 210 T AR AR AR b I = 001 7
B, s B CRa h 596.10%6 .15%.20% . H
TR £ EHTR AR RIS RT SR B 4Tl
PRI, BT LA Bl i b FH K G AR 4R M3 % R 24
(R AE B KRR A
1.3 REAR
1.3.1  TREEFHFTEI RS

TS 85 AT Ep 3 72t PCCER AU4TEP
RS, Z ARG RIS GRS BEIRAT 2R
S BRRTE LA BT S A, FTENA R 15 R
FFEEE A 15 remin~', 5 L8 R 2 mmes™, £
HB SR A T AR BE A [5] B iz S 2 A7 i, A 1058 55



%3 FAZEA 55 SDFTEN T AR ST L85 thad #2 ) v R a5 391
100 - 100 -
90 90}
80 80 L
70 701
2 6ot = 60t
g 50t g 50t
ﬂ; 40 + ﬂ; 40+
30t B 3ol
20+ 20+
10+ 10+
0 20 40 60 80 100 0 200 400 600 800 1000
Hi4% / um Hi4% / um
a FAEH b ¥l

2 BEMFAR R B R AL

Fig.2 Size distribution of recycled powder and river sand
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Tab.1 Basic physical indexes of different spoil

iy RLER TR TR vy b
XCY 15.2 1.8 30.4 17.6 12.8
XCB 27.0 1.5 58.7 24.7 34.0
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Tab.2 Basic physical indexes of different admixtures

BAL HEFLEE / (kgem ™) FME S/ (kgem ™) LEEmAL/ (mPg ") HIFNW KR/ % AR TN o U
bOE 1468 2602 23.14 2.3 0
Tk 1356 2508 0.64 11.0 58
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Tab.3 Mineral composition of spoil from different sources
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XCY 16.23 0 5.75 3.63 0 23.19 4.25 41.03
XCB 21.30 9.03 10.58 6.79 1.88 18.11 2.93 29.38
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Fig.5 Extrusion morphology of spoil with different mixing ratio
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Fig.7 Typical failure modes of different spoil samples under unconfined compression

AS2-E

1101 150
it 8- M3-C 140 o M3-C
—=—M3-E —=—M3-E
et AS1-C 120 ity ARLSE
S 80 —a—AS1-E < —A—ARI-E
& ~o- AS2-C & 00 ~o- AR2-C
™ - —e—AS2-E i —e— AR2-E
w60 Sy v AS3-C o o "u_--v- AR3-C
4 —v—AS3-E | —v—AR3-E
B ~e ASECm ~#e- AR4-C
= 40 ——AS4-E = —*— AR4-E
e D 40
20
20
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35
RiAE [ % RAE / %
B8 AEEEFTIMRHIERE-F Tk
Fig.8 Strain curves of unconfined compressive strength under different admixtures
160 35
—a— AS-C
-0~ AS-E
< 140 - = —a— AR-C R 30 |
= N\ -9v-ARE =
A A 25t
L N, : N
% 120 e B 5
]ﬁ ,/'/ \-\ E 20
ﬂ | 2t . Z -
§ 100 ol | \ ?@?
= L
B sol o3 15
f o
& ¥ 0l
60 | Ve e v
5t v
40 L L L L L . 1 1 1 1 1 ]
0 > 10 13 20 2 0 5 10 15 20 25
BRI% BRI %
= = M t o Ay ﬂ/ =1 s> s,
B9 REIHSRRF LT RGUEREA R 10 7R sk e 3k B U (3 ot 0 Ry 2 1 254
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compressive strength of spoil mens when reach the peak strength
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Fig.11 Changes of cohesive force and the angle of internal friction of spoil with different treatment methods

and admixture
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