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Abstract:
seawater sea sand recycled aggregate concrete (SSRAC) ,
SSRAC prisms

proportions.

To explore the mechanical properties of

were designed with different mix
The complete stress-strain curves were
tested under uniaxial compression with the strain rates of
10 °s "and 10 * s '. Failure modes of specimens and the

peak stress, strain at peak stress and elastic modulus
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were analyzed. And the effects of the strain rate,
replacement ratio of recycled coarse aggregate (RCA) and
shell particle contents on the above indices as well as the
(DIF)
the pore distribution of SSRAC from

dynamic increase factor were discussed.
Meanwhile,
computed tomography (CT) tests was used to explain the
development of characteristic indices of stress-strain
curves. Finally, based on the existing uniaxial
compression constitutive models of RAC, the predicted
complete stress-strain curve was obtained by taking the
DIF of characteristic indices and the modified shape

factor of descending branch into account.

(RAC);

seawater and sea sand; strain rate; porosity; complete

Key words: recycled aggregate concrete

stress-strain curves

Hy I RD TR PR, AR AT Lk, PRk A
20 TH40 90 4EAC LUK ALV M 3 X T4 i FH AR  {E
1R, LR R H D FA R IR AT, D sk
FAE T (CL) & XA gim . a7k E
UTIE 5~50 m I FE N, A F & R KT b i i
PRURfE £ GAEN T 38042 m?) , il AR 4 . %
B nm 2 AR FRP) AT 85 B 5 e DL bt
JE i PERE , Teng 25578 2011 4F 1 YR Y FRP-# 7K
VAR EE - AL AT 20, 3k IR /K MR TR 35+
MR T 400k i —Jr i, 38 1 50 P HE
FOBAERG N, 2019 4E 3t 18, 542m R )™, 52
PR TR - 1 P A R A 00 A 3 A SR 2 ) k2
o KR TRBE BRI TR AR R 343 (i
AL 15 Y0 L) sl AR AR R s e i T )
PRt BRI AR TR B

HAeWH,: BEARRER4 (52078358, 52008304 ) ; 1 E 4 5 RHFH: 4 (2019M661620)

S—EE kU (1989—) , 3, TAAt L, T EBFGE )y 1) i K RD FEA TR e AR RE

E-mail: kaijian. zhang@fzu. edu. cn

WM HAE(1968—), 53, 2, WL AR 0, T2 i1, O TT 0 A IR BE LA R S 45

E-mail: jzx@tongji. edu. cn

> AN

A%\
03



5% 12

W KRS 5 A R A A T A TR
PR AU 7K g D A TR EE + (SSRAC, AR 5% H 4=
BB FAE L RE) o WK R A TR - B AT LA
857 R 8 KRS BT I8, ] LI 90 % 5508
L WA I IR, B BB A 1
AKHFRS AR TR EE 1 T RE E &g R AL
R, ST AP AR TR 1 -1 A8 56 R A HIFSE
WD . Guo JEWHRSE T I K I AP TR 45E 1Y) 1
J1-RiAR 2k, & PR AT B AR N AR R . ASDIF
GRS PRI K D A TR BE 1 Sl 2
R RS, TP AN [ R AR 28 Vg K A TR
- B R A7 R Ry AR R

1 KR

1.1 MR R iEAR

56 AT A R AR R ORE(RCA) RLAR O 5~25
mm, 41 BB IR RS LR DUSERh . R B
FEARIASE RN 1R . R el fEARLE R
FIR) R 8 88 R 2 WL 8 BE AR T R AR B (NC A
FAHLE R VR B i R bR A /K SRR B
W T RO R A RN BERE AREs SR ank 2
Jis . ER 2T R CL &5 0.057 %, & T
DUSERD R AN DL SE b v iy DL 5e & i 2 5l oy 2. 3104
F199. 4305 o 5 BT FE K AR A 5 [E A4 L S8 P 2
(D1141—98)" 5 T 7K il 28 WLAR b e 203 B9 Ak~ J
pan IR

F1 AAERIRIERE

Tab.1 Physical properties of coarse aggregates

HERUR R/ FRUERE/ Ve JERHE Sk MoK

’EJL;H’ —3 —3 B/ — /() 3% /0 27 /0
(kgm *) (kgm ) ®/% b/ B/ /N

NCA 1440 2660 0. 80 5.1 0.40  1.03

RCA 1280 2590 0.71 11.0 3.87  6.60
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Tab.2 Physical properties of sea sand and shell sand

W %%XM%‘?/ %ﬁﬁ Cl & SO, & M
(kg'm™) (X w/% /% /%

b2 2640 2.7 0.057 0.123 2.31
DL5eh) 2620 3.3 0.001 0. 180 99.43
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Fig.1 Grading curves of sand aggregates

1.2 BAEIZITRISHRER

TREE T HY/K IR HE R 0. 47 4R H8 178 & B M Pk
FLE R R R e 9 A, Hop D2 & e i
afifg iy M 5 Sy 4 LRGP 24
A BRI R 0,506 F1100%6 . ARt R R
5F 2100 mm X 100 mm X 300 mm, 421 i /E 6 4
B WEAQRERD P A TR Rl A L an 3R 3 fis . ik
F4i 5 v RAC Fon AR IR EE 1, R 87 Fom fid
LA BHBAR, %M BRI Fe & &k 2. 33%0 , H&
7R LTS5k 21, 73% ; SSNAC 7R /K MG ib IR 5t
+o KPESEF R 42. 5, RER 1 AR R K
RN 7K R 7 R A A4 BRI 7K 2 (IR 7K 3R 57K
R G E AR R TR AR M Bk %Al
() KA TR o DK 500 A 3R R I v A5k /K 511
FE R 3. 19 kgem . IREELIRIR A ESNRY Ry
=, HE R RN FUE R
1.3 R EmE

B R 7R B4R 120 d i #7330 . g
S MTS 815. 02 i frl IRIKIe R4 . R
#, In#E 245125 0. 003 mmes 1 3. 000 mmes !,
X I B AR AR R 10 s AT 10 P s B AR T
SR TINARANE RN g ZE Uz 2 R 45
i, TN 2R VA (R A 235 B 5 kNG 1E AU 2R 0 #
P il , gk v AR G AN [R] 0 R AR R BRI TR B
KR E A 3. 0 mm,

2 WBEERSH

2.1 BIFERHIFER

B 245 H T 10 ° s 'HI10 2 s A8 R bR 1)
WERBE . FEINZRATH , b A A A 24 7™k
B 5 o7 285 A 1 A, a2 i S O e ) B4 /) 1 18 i) 24



1740 A 3 K 2 2 3R CA 88 B % ) 5549 %
*®3 BKEMBLERELIESL
Tab.3 Mix proportions of SSRAC B{I.kgm*®
. K . EiEEge HE R
— [l 7K - - - - s
it Wk Wk ko kR W W e NCA RCA
NAC 150 0 0 319. 15 829.03 0 0 1098. 95 0
RAC50 150 0 15 319. 15 829.03 0 0 549. 48 549. 48
RACI100 150 0 30 319. 15 829.03 0 0 0 1 098. 95
M-SSNAC 0 150 0 319.15 0 829.03 0 1098. 95 0
M-SSRAC50 0 150 15 319. 15 0 829.03 0 549.48 549. 48
M-SSRAC100 0 150 30 319. 15 0 829.03 0 0 1 098. 95
H-SSNAC 0 150 0 319. 15 0 663. 22 165. 81 1098. 95 0
H-SSRAC50 0 150 15 319.15 0 663. 22 165. 81 549.48 549. 48
H-SSRAC100 0 150 30 319. 15 0 663. 22 165. 81 0 1098. 95
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Fig.2 Failure modes of specimens
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Fig.5 Mean stress-strain curves of H-SSNAC and H-SSRAC
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Fig.6 Characteristic indices of stress-strain curves of NAC and RAC
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Fig.7 Characteristic indices of stress-strain curves of M-SSNAC and M-SSRAC
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Fig.8 Characteristic indices of stress-strain curves of H-SSNAC and H-SSRAC
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Tab.4 Modified factor of descending branch (stain rate=10 *s ')

M-SSNAC M-SSRACS50 M-SSRAC100 H-SSNAC H-SSRACS50 H-SSRAC100
3.74 2.93 6. 84 4.66 4.18 7.11




5% 12

SR, S5 KD T A IR BE 1 A2 N g A A 2k

1745

FEERSAS I 3 REAERUR LY |-, 1546
B B A I TR e T B T B
. T AR A R K B0 P 7210 5
R TR A

5 #ig

(1) TRE 7K VAP A YR BE - A AL 10 g AT A
SRR LB AR AR R . AR R
AN [R) 4 P Vg 7 T A P A T WA 1 ) g
{EL R AR 52 M) AN ], 5 5P AR o Bt P2 A A BRA
R B ERR

(2) Bt A A B R R A3 i, M-SSRAC
FITH-SSRAC Y D, 52 56 FE AR5 34 m iy a3 M-
SSRAC FIH-SSRAC 4 D. 254k — %k , 5 Se kAR 14
T F s M-SSRAC 19 D, B F- A R Ak B 5848 i
LR RERa S 1 H-SSRAC 8 D B 5= ¥ B R B
R INFEANAE

(3) Bifi 5 P AR ERHBCR 26 i B9 i, RAC LR
RPN, AP I A S BEARFLER R, Dl 5%
ARG I AT AR AR A TR £ B FLBR R

(4) U 3 Fp AR Fa R 7R %) 53000 1 28 5 1 73— A%
Bk i L FHBORIG 25 R LRI & . % [RGB F1 0
SRR () Sh AR R T, AR R RS R Ry AR 5
RIAGFERE I, i B AR R B IR 250, 158 T
VKR P TR = Y Sl A N 07 A O 2 o

1E&E kA A :
skEIl RIS S N, e SRS Sk, BT
R < 4R O ST S AR U VR R S O, B
%
[ SEPN ARl o8 e T

Sk

[1] XIAOJZ, QIANG C B, NANNI A, ez al. Use of sea-sand
and seawater in concrete construction: current status and future
opportunities [ J]. Construction and Building Materials, 2017,
155: 1101.

(2]  HH0E, 5 AIHA, 5 . b E e SR DA e 85 1
AT AL ). o S5 50 DU 203, 2008, 28(3): 121.
CAO Xueqing, ZHANG Yong, HE Yongun, et al.
Retrospect and discussion of surveys for construction sand in
China offshore area [J]. Marine Geology &. Quaternary
Geology, 2008, 28(3): 121.

[3] TENGIJG, YUT, DAL J G, et al. FRP composites in new

current  status  and [cl//
of the 7th National on FRP

Composites in Infrastructure. Hangzhou: [s.n. ], 2011: 58.

construction: opportunities

Proceedings Conference

(4]

(5]

(6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

R SRR, WTTbR, A5 L S RN A T AR R T A TR 45
Fyseit[T]. #ESEs R, 2020, 41(12): 17,

XIAO Jianzhuang, ZHANG Kaijian, CAO Wanlin, et al.
Time-dependent reliability-based design of recycled aggregate
concrete structures| J]. Journal of Building Structures, 2020, 41
(12): 17.

B A IRBE L (M. JEat: sPEASE AL AL, 2008,
XIAO Jianzhuang. Recycled concrete [M]. China Architecture
and Building Press, 2008.

XIAO J Z, ZHANG Q T, ZHANG P, et al. Mechanical
behavior of concrete using seawater and sea-sand with recycled
coarse aggregates|J . Structural Concrete, 2019, 20(5): 1631.
GUO M, HU B, XING F, er al. Characterization of the
mechanical properties of eco-friendly concrete made with
untreated sea sand and seawater based on statistical analysis[J ].
Construction and Building Materials, 2020, 234: 117339.
ASTM. Standard practice for the preparation of substitute
ocean water: D1141—98 [ S]. Philadelphia: ASTM, 2013.
rhie N RSLANE AT 53 IR & AR . TR TR B £ VAR
1 JGJ 206—2010 [S]. dbat: s EES Tl ik, 2010.
Ministry of Housing and Urban-Rural Development of the
People” s Republic of China. Technical code for application of
sea sand concrete: JGJ 206—2010 [S]. Beijing: China
Architecture and Building Press, 2010.

The International Organization for Standardization. Fine and
coarse aggregates for concrete, determination of the particle
mass-per-volume and water absorption, pycnometer method:
1SO 7033:1987[S]. New York: The International Organization
for Standardization, 2014.

XIAO J Z, ZHANG K J, AKBARNEZHAD A. Variability of
stress-strain relationship for recycled aggregate concrete under
uniaxial compression loading [J]. Journal of Cleaner
Production, 2018, 181: 753.

XIAOJZ, LIL, SHEN L M, et al. Compressive behaviour of
recycled aggregate concrete under impact loading [J]. Cement
and Concrete Research, 2015, 71: 46.

SURYAVANSHI A, SCANTLEBURY J, LYON S. Mechanism
of Friedel’s salt formation in cements rich in tri-calcium aluminate
[J]. Cement and Concrete Research, 1996, 26(5): 717.
MEHTA P K, MONTEIRO P J M.
microstructure, properties, and materials [M]. Upper Saddle
River: Prentice-Hall, 2013.

British Standards Institution. Eurocode 2, design of concrete

Concrete

structures, part 1-1: general rules and rules for buildings [M].
London: British Standards Institution, 2004.

XIAO J Z, L1 J B, ZHANG C. Mechanical properties of
recycled aggregate concrete under uniaxial loading[J]. Cement
and Concrete Research, 2005, 35(6): 1187.

rh e N I A 5 R £ i TR EE - S5 BOTE
GB 50010—2010[S]. bat: HPEEF Tk TR, 2010.
Ministry of Housing and Urban-Rural Development of the
People” s Republic of China. Code for design of concrete
structures: GB 50010—2010 [S]. Beijing: China Architecture
and Building Press, 2010.

A, M BRI . FEAR TR L A R AR U A
AR ). AR A2 L ARBIARD) , 2017, 47(4): 776,
LI Long, XIAO lJianzhuang, HUANG Kaiwen. Numerical
simulation on strain-rate sensitivity of mechanical properties of
recycled aggregate concrete[ J]. Journal of Southeast University
(Natural Science Edition), 2017, 47(4): 776.



