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Effect of Calcined Construction Spoil on Mechanical and
Shrinkage Properties of UHPC
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(1. Shenzhen Municipal Group Co., Ltd., Shenzhen, Guangdong 518000 China; 2. School of Transportation,
Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: This study utilized calcined construction spoil from Guangdong as a partial replacement for
cement in the preparation of green ultra-high-performance concrete (UHPC). The effects of different calcined
construction spoil content levels (0%, 5%, 10%, 15%, and 20%) on the workability, mechanical property, and
shrinkage behavior of UHPC were investigated. Additionally, a life cycle assessment (LCA) was performed
to quantify carbon emissions. The results indicate that the incorporation of calcined construction spoil
improves the fluidity of the UHPC mixture. At the age of 3 days, the effect of calcined construction spoil on
the mechanical properties of UHPC is limited. However, at 7 and 28 days, the compressive strength and
flexural strength of UHPC show a trend of initially increasing and then decreasing with the increase in
calcined construction spoil content, reaching maximum values of approximately 172.5 and 32.7 MPa at a
10% replacement level, respectively. The use of calcined construction spoil reduces the shrinkage of the
UHPC matrix, particularly the autogenous shrinkage. Within the range of dosages studied, the partial
replacement of cement with calcined construction spoil can reduce the carbon emissions of UHPC by
approximately 11.3%.
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1000 kg/m?®, it #3518 YR 58 1+, 3 BCREFE A — A AL ik
HE 5 2 3, A AR IR B AN R ) — O L IR
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A 351 m*/kge i KE IR IR 21.9 m*/g,
T B Y N SIO,, & BN 94.89 % 5 41 FERY My A ]
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Figure 1 Crushed and screened construction spoil

B2 BEERELSEME

Figure 2 SEM image of calcined construction spoil
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Table 1 Chemical composition of cement, silica fume,

and in-situ construction spoil %

45 Si0, CaO AlLO,; Fe,0, MgO SO, K,0 Na,0O Loss

K 21.87 63.47 4.87 3.54 2.18 2.50 0.67 0.11 0.79

fEK 94.89 0.57 1.02 0.75 0.63 0.18 0.24 0.06 1.64

w4+ 55.01  0.07 29.95 10.25 0.54 0.13 2.26 0.04 1.75
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Figure 3 XRD patterns of construction spoil before and

after calcination

1.2 UHPC#H & Fi%

A e W3R 2, Horh g be i 1 RO 32400 o
0% .5% .10% 15% F120% . il UHPC KRS, 5
B Ue BB L RE KRN A D AR FE AL P L
min, #& J5 B I 7% 19K 50K R G K 90% IR A%
WA A FEPL B FE 3 min, 55 A B9 2T 4 AR 4y
19 10 % R A W HE 4 min, JE B UHPC $EF1% . %
T 00 R R o A ) A ) T R I AN T A, A
TR 10% 1R A WA FE 1 min BIA] o $E R4
AU A R SF R 40 mm X 40 mm X 160 mm [ = Bt
B PR DABA ORI 70 % 50, B S IR IR SR 4P 2 24 1,

SR G AR A B E FR P 2 [T - (2042) °C M XTI
BE:90% £5% IFRP B ER I .
£2 RBEAL

Table 2 Mix proportions for experiments

A/ (kg +m ®)
%5
KU EREREL B AR UK K WER4E
PO 850.0 0.0 213.0 1063.0 26.6 192.7 155.0

P5  807.5 42.5 213.0 1063.0 26.6 192.7 155.0
P10 765.0 85.0 213.0 1063.0 26.6 192.7 155.0
P15 7225 127.5 213.0 1063.0 26.6 192.7 155.0

P20 680.0 170.0 213.0 1063.0 26.6 192.7 155.0

1.3 HREMR 7 ik
1.3.1  Jigh Ik

UHPC 9 T AE 7E 68+ A4 19 it 3h B2 i 47 &
e o A CoK e e 0 3t 3 B s 174k ) (GB/T 2419—
2005) , 3% Bk 5 7547 UHPC $ R85 80 5 sk, 4
AT LI 3 P A SR BT M
1.3.2  Ji# kg

WA (oK e Jee 1 5 BE A 36 7 25 ) (GB/T 17671—
2021) 40 %F 2 2 3d .7 d A1 28 d il UHPC 34 A ik
AT AT o B I, A 2 3 iR, 45 A3
AN 6 1E 14 - Y {H
1.3.3 Y4 il ik

UHPC 3 4 7 05 4 32 2260 8 -+ 8 0l 46 A1 [ Il
i o TR T IAS UG AR S T R AR 2
AL BD Ry e o A A R A AR AT
R AR S I A BRI 58 ) UG/ T
70—2009) , #4 [8 H: T 45 J& W 3k ik A R SF 28 40 mm X
40 mm X 160 mm (1 = BB rh | IF R A 5 9 41 4 10
UHPC AR PR B AR B p . A BT (20£2) °C.
AH XTI BE =90% BSR4 7 d G PR B, B A (20
2) °C AN E N 60% +5% BB =4 h, H3r
MG A ) b A BE Lo, $e AN [R] i 199 52 0 K B8 L, 4
U6 K RE 5 01T B B 25 0 B Ry Bl e L 25 R 3
AN 618 14 - 5 (E

X F I 0 i R R A B A AR G
- FH 325 BH B i 4 T 0 Sk 5 R 5 S 22 1] Y [ i 2%
SEUF SR JE FEANE B TE AL % 50, B e % B R
i A SRR B A b O CE AR (2042) C UM X
JER60% 5% HEEE T, anE 4 PR,
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Figure 4 Sealing process for autogenous shrinkage

specimens
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Figure 5 Effect of calcined construction spoil content on
the fluidity of UHPC
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Figure 6 Effect of calcined construction spoil content on

the compressive strength of UHPC
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Figure 7 Effect of calcined construction spoil content on

the rupture strength of UHPC
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Figure 8 Effect of calcined construction spoil content on

the total shrinkage of UHPC
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Figure 9 Effect of calcined construction spoil content on

the autogenous shrinkage of UHPC
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Figure 10 Proportion of autogenous shrinkage and drying

shrinkage in total shrinkage of UHPC
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AR 4 30T 8 4 be s - i el 38 3R 000 T IR A Sl
47K
24 BHEMEZFSH

A= A A 39 PE AR (Life Cycle Assessment, LCA) J&
— M RG A T HE T BN R R 48 a5 x)
UHPC IR o AHE TSR AR SRR /Y
D5 ie VAR IS B IR E A 7" RS . RGN AL
AKUE BE IR M RE I By A il R TT SR Lis
iy BREE B AE AT ) o B B BRI AR i HE A

TN 3R o B £ Hgobe it A B HE A
T 0 T A A S B A e 25 L UREL 07 4
IR ER B 800 “CHEBE 2 h 5 kb B R A o 4% R B HE
R H5( B A 22 3 PO AR e &R I TR
W A TR AT B HE B T BOE o AS R At R A
RHIY E UR T FE i TR B YA B B3 o A B RE L
B AH B BE A RE IR T #E o DA 3 SE 2R 4T (1 BB FE 5 1L
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Table 3 Carbon emission factors of different components

e HE L o . -
i , BB R B HE TS A e
R R
K 0.835 kg CO,eq/kg  Shen 2124
it 0.020 kg CO,eq/kg
PRt Z it
JBbe it 1 0.208 kg CO,eq/kg
/3 0.482 kg COeq/kg T #A%4G12)
W 0.005 kW « h/kg
it Wi 0.030kW-h/kg  0.570 kg CO, )
) Huang %
IEHL gkps 0.045 kW - h/kg eq/kW +h

ke 0.250 kW - h/kg

AlE BB 1485 T 4 1 m® UHPC A9 8 HE ik 2=
mE 11K,

800 ]
600
400

200

ek R/ (kg CO,eqem ™)

0 5 10 15 20
B /%
B 11 fRKEE B E3 UHPC BRHE 2 R 220
Figure 11 Effect of calcined construction spoil content

on carbon emissions of UHPC

H T 11 W] 0 B A 48 e i = B AR U L A9 1Y 2
PR TE A FR 0 e HE i S B Hh R AL BB
TRERaR . B A B 006 B B HE
y 812.41 kg COzeq/m*; X485 4R Fb 1 5 i 22 1096, ik
HE il W 2 785.121 kg CO,eq/m®, A %5 5 1 41 F% 1%
29.3.36 %0 5 1 2485 AR L A B 5 20 2096, B HE il ot o 3
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FEAIK 2 705.9 kg COseq/m®, 5 3 i 21 4 Eb F# i 35
13.11% . X — %5 5 58 40 % 10 i M b i+ AE [ AR
UHPC B 844 7 e HE 57 i HA FURPEH -

3 4®

AR SCHEGE T BB M 148 14 UHPC TAEVERE .
J12E M RE R AR AT s, EELE T

(1) #Bbeits + 1948 Al g3 UHPC #E A 1y 1.
YEPERE . BB LB 5 0% B in % 20% , UHPC
FEFN W) 0 B BE A DA 210 mm 34 F 255 mm, H & 8
K BT TR AR A

(2) 3d AR, & B he it £ &5 F UHPC J) 2
PERE2Z SN K, T 7 d F1 28 d 8 01 ), I 25 B e i +
B s, UHPC 0 58 B 5 P drom a4k 131
B mE BB R 1 10% &b iE i,
UHPC BA7 et J1 24 M fe , H 90 i B R0 37 o
3914 172.5 MPa #1 32.7 MPa.

(3) Jtheit LB A B AL T UHPC LK1
Wi, e H E s (5 FE 29 80 %), X VR T B ke
g i M T 2 VA - 1 S VA

(4) i@ i LCA 48 1B B i 1 i 48 AT LLREAIR
UHPC My s HE ik . 2 H 4B 50 20% B, UHPC Y Bk
HEBUR L ME R REAIL T 29 13.1 % 6

S E WK
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