9B 41 KOPBIXZER(BAMNFMW) Vol.19 No.4
20224E 12 A Journal of Changsha University of Science & Technology (Natural Science) Dec.2022

(BHEZIE-IDFTENRBE L IER

[(RERISW, REHENT BREL RN, IAT LRI RBAE AT o A BT G H AT b B B 7 2 iy 1R
X BRE THERE TN RNTEE R, TR EAREML T SR ABEESH HAZFRT AL
Bo BRmRFARNRHAER, LRy mE AR RET EEIE, ARBTH, KT (RSN E L,

ER(CHHEEEFR 2 B R RLRARDWHR B ARG T S RARTROGEA DTG LA EK,
B A S A AR T AR ARG, o, ANCERAER) L LB HARE XE, 25 A 3D R L wAER
HHAR3D AT IR B L BB B AR ID T AR D R LEE AR IDIT AR W RELEAREFTEHART 304
BT AR G R R R

KEEEREANEN:

FARE KV BIRFIARTRFIEAR  TENE I RGN TR ARTROG B FRI TRAUF A TE,
T ASCE Journal of Structural Engineering \Structural Safety .Engineering Structures {HE R EMF W)L E N F 4 W H L& %
FARBEX60KE AT E FELALFRRI0ORT, HEHAM 2 X 1B, THERALABFELTME BXEAF LI
WNFRA NEFLOARFAEFTFELLTE EATERAALITE F 1087, KL BRAATL BB LR S5,

DOI:10.19951/j.cnki.1672-9331.2022.04.005 XERS:1672-9331(2022)04-0047-08

5| PR B R AP 0 A 3D FTEN T - LA e D BRI | R VDB TR 22 4R AR B2 AR),2022,19(4):47-54.
Citation: HE Haoxuan,JIANG Youbao,DENG Yunfeng,et al. Experimental study on segmental forming of 3D printing prefabricated concrete twisted
formwork—cast—in—situ concrete column[J].Journal of Changsha University of Science & Technology (Natural Science),2022,19(4):47-54.

3IDITENT B T H & s —
i A B AR BY i G A 3R

WRA, HRZ AR, MM, KA R, AR
(LKWI T A TREB IR Kb 410114, 2 WIRTE BV BRI IEA A IR KOb 410029)

W B A0 TR b0 SR 2 | a8 PRI A% (] B, 4498 3D T BN IR 358 - AR 1L il A 1Y) e
D5 % IR B ) 52 TR RE o L 3 ToB ek 4T B 455 i 28 o a0, 0 8 38 15 3D 4T BN TR L5 il L Ay 4 1
ENSH0 W2 M1 0° .27 (4716711 3D FT B Ml TH AR 56 04T i BT U0 5 AE S 7 N O SE A9 A 8 55 B
(19 C50 YR58 1, il #8515 20 FL AR AT Be X FLatb A 122 FE vk e i 4, [ 2 58 YL il il 00 1 A58 mT 34 S5 4T B0 199 1 2 B
B Z U A DG D R A S 07 st il TS 56 W 3% 24T ER 9 = 8 00 550 mm , B2 H5% £ R 6°
TR A 1) T T S T e B AR R T 96% 5 JE AL £ S 2° WAL HH A Y B R PR 2K 3R T AR, A 1 120.20 kN
JE A i1 6° LR A Y BV BR AR 48 7 Bk, S 1 291.56 kIN; AN [l J2 H1 56 i i 11 il A 19 B BR /& 48 )
PR XS A 2 B4 AR 5% LA N L2518 Y el T J2 (04 5 28 25 AL (V) A7 A, L T Y00 A5 1) A 42 2 ke A A 1) g
B AR R A BRI o AN [R) JZ 417 A 0 AL 0 A B0 S A BR A 4 00 i 22 /0N B R 7K 38 7 1Y
BBPER /N, LR AT Bl R o

SRSRIR 3D FTEMVRBE 1 s FT NS B0 Al AL 1Y B 5 A AR

FE S %S :TUS28.79 MERFRETD: A

W75 B #1:2022-09-16; & 5] H #:2022-09-18; 3% H #1:2022-10-07

EETE 5/ & 78 1 4R 4 7R Bh I B (2022]J10050) ;5 15 FE A5 5% 0 42 A1 A FR 28 7 5K L 100 (JGITK2022-20) 5 i
FA B SRR AR 4 7 B I H (2021150048)

BISES ¥ /52 (1982—) (ORCID: 0000-0003-0276-818X ), J , %, T8 ) Z 3D FTEIIR BE - 454 5 2 e gt i )7 i
IMF5Y . E-mail:jiangybseu@163.com

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



48 KL XFFHROAAAF W)

2022412 A

0 35

[l

R EE VRN ST A A @M R 78 T RS
PR AR B TSRz W R HORACRT DL R i 1
AR (B B e AR SR 1, R ET AR
TR B 3 HLh S R se Bl
TR BE+ 5 U {4 i E 3 i 2, 3 T T 5 T B A
B R i o In) LA AT 3 T Be 22— HE SR IEBRAR
(0 T A e R v il T S LA AR AR AR R K
TR 25, DRI AR s e T 5 o 5 B UK B, LB
2R 22, 224 A T A TR AS il E AR A N T
W43 B AR L T K A Ty W) 7 AR
FTR 2% o BRI, dnde] S R R 58+ 5B A 1F R
J 2 R 2 — 2L I [ A

B 5 59 Tl 8 R BB & R R il i ol R
AT K SRR A, 3D ATENR & -2 ne it
1 AR DL SR B AR SR 32 A ML —
e A a4 )2 0 T B A A = 2 B
A RL K E S T B A R R R
H Ak f5 B AL R e AR v 5 e T
3D ATERVR & + 5 pe i £ R TE ) T S0 3 & 4
TR A1 P 200 P R A A i 8 v 2 7 350%
AIRIR AR . LA M O S L 3D FTER A A
P58 o S BRI R M R Y Y L P IS e 4 T A
T 3D AT EPTR#E £ sk A MR S A BT 6 Kk AT
ZIIPEREIT Y SRR, SRR BE A L L %
BSAREA RINIE . skETHH 3D FTEHA
T — ol B A Ak AR, S AE ST A A R 1
() F1 24 PR e, 45 SR F T, 3D 3T B K AR MR 40 & A
A B B RERIE A S AR E IR . B2
G T 3D FTENSS R A AR 56, &5 KW, 3D
FTENGE R FE 5 32 30 40 A TR R A E B R U A
TE R IR T 10%~20%. 1 2 5 251058 1 ol 4
3D T BRI BE - A AT, e 5 N 3 A 4 717
BT FEIRBE 1+ APIR a IR AR, 5238 T 3D 4T
EIIRBE T ES R I s . ZHU 260 98 7 3D 4TERZS
O R RE A AR 5 R e TR E + 22 [A] B B 25 Mg, Il
1R K I 3D T B K AR AR 5 B Be TR BE + 2 8] 77
FE U™ LT % TR b G P = I B 2
RSO 1 25 3L [F) 37 7, DT 48 g [ AR A 2 4
R E . 25 BRTiR B WF 9T 22X 3D 4T BN

BE T AL G RAE R PFRLTE BEAT TR, X 3D 3T Ep
TRBE S 2R i TR T IS i T TR

3D 4T B IR 56 - A 3 15 AR 2 — i B i R
T TR AL AR R 3D FT B B - A iV JE 2
BREAR S, AT AR B AN 5] T SR AT B 25 1 el ot i
ZRAR B SERNY S K 3D AT BN IR BE - i BOR N
I 52 2% iy 1T A R 18 A v, — o T LR B K
AMEA B G RS T 24 PR BRI 355 T 28R J5 I
AP Fe 5 o ] L& 9% 3D FTER A L34, fili 52 2% i
TH AR oV B v 2 22 B . O T IESE 3D T ER
TR T G5 L TS S B R TR B b LS M PR Y
SR B, A FE X 3D AT BN T i T A5 - AL 5e 41 ith
Y B Al i MR RE S R IR R REHEAT IS, LA
o 3D 3T B % il TR A PE RS AR A B Bt
MRME%

1 {TEMBETZSH

1.1 3DFTENR & T ¥ BRI AR

AT GE R DA e N ) B0 A BR A 7] 2R
FEIR HC-3Dprt B BE 1 (D5 ) = 4h e 114847 Ep
BLHEATHT B, A BT B RS 2.60 mx2.10 mx
2.65 mo Xf T 3D 4T ERIREE £, R A P-042.5 & id
fil: iR £ 7K J¢ (ordinary Portland cement, OPC) 5 Hefif
HL5R Y R - SAC42.5 fii 57 12 £5 7K 2 (sulphoaluminate
cement , SAC) 1E M g BE o4 B, IR & & b
m (OPC) :m(SAC)=19: 1, K F 41 N 1.6~
2.2 IR N 0.25~0.35 mm A4 RD 5 41 FE R 8
9 2.3~3.0 FH K42 4 0.35~0.50 mm B RN K
kL. 5 A0 TRV I Bl 6 mm | AR
h 18 wm B Y U BR N M AT 4 LA R i ) L FL R
By FR TN S RO 2 A 22k RROK R R A
o R A Tk, 3D AT ENR&E 1 AR 2% B2 29
2050 kg/m’, 3DFTEMIRSEE LAYBC A L ILER 1,

FR1 3DATHRE LG ALA L
Table 1 Formulations of 3D printed concrete kg

Kk it i K Ky
100.00 47.00 47.00 37.00 0.59
HER(U] YK ) LT U R ik RPN T 4

0.20 0.25 0.06 0.21
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Fig.2 Strip quality for printing at different layer heights
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Fig.3 Diagram of strip width at measuring point
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Fig.4 Effect of different printing parameters
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Fig.5 Strip printed forming quality
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Fig.6 Design of twisted-column formwork

Cinterlayer twist angle is 2°)
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Fig.7 Constructability test of twisted-column concrete
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Fig.10 Compression test of twisted-column segments
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Experimental study on segmental forming of 3D printing prefabricated
concrete twisted formwork—cast-in-situ concrete column

HE Haoxuan', JIANG Youbao', DENG Yunfeng', PENG Linna®, ZHANG Yitian’, WEN Jun'

(1.School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Hunan Construction Investment Group Co., Ltd., Changsha 410029,China)

Abstract:[Purposes] The paper aims to solve the problems of complex formwork and difficult forming of twisted
concrete columns. The construction method of twisted columns based on 3D printing concrete prefabricated
formwork was explored, and the compression performance of twisted-column segments was studied. [Methods]
The quality test of printing strip forming determined the printing parameters suitable for forming 3D printing
prefabricated formwork. The 3D printing twisted surface formwork with interlayer twist angles of 0°, 2°, 4° and
6" was constructed and tested. The reinforced cage and cast-in-situ C50 concrete were filled in the formwork to
prepare the twisted-column segments and the compression test of the member was carried out. [Findings] The
continuous printing height of the twisted surface prefabricated formwork decreases with the increase of the
single-layer twisted angle. The continuous printing height of the twisted surface formwork with an interlayer twist
angle of 0° is 550 mm, 96% higher than the member built by an interlayer twist angle of 6°. The average ultimate
bearing capacity of the-column segment with the twist angle of 2° is the lowest, 1 120.20 kN; The average
ultimate bearing capacity of the twisted column with interlayer twist angle of 6° is the largest, which is 1 291.56
kN. The relative range of ultimate bearing capacity of twisted-column composite members with different twisted
angles is within 5%. [Conclusions] Due to the torsional part between the layers, the members of the twisted
surface prefabricated formwork will have lateral offset, losing stability and collapse. The range of average ultimate
bearing capacity of twisted-column members with different twist angles is small, i.e.,the discreteness of ultimate
bearing capacity is low, and the forming quality of twisted-column segments is better.

Key words:3D printing concrete; printing parameter; twisted-column segment; permanent formwork
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