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Mechanical properties and crack width control of seawater coral sand ECC

WANG Zhenbo™ , HAO Rusheng', LI Pengfei' , HAN Yudong®, SUN Peng’
(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing), Beijing 100083,
China; 2. Central Research Institute of Building and Construction, MCC Group CO., LTD., Beijing 100088, China)

Abstract: In order to address the brittleness and durability issues of coral aggregate concrete, seawater coral sand
engineered cementitious composites (SCECC) was prepared by using the regional raw materials located in islands
and reefs. The effects of different aggregate types, maximum grain size and fineness modulus on the compressive,
tensile properties and crack control ability of ECC were experimentally investigated. The results show that with the
decrease of the fineness modulus of coral sand, the compressive strength of SCECC first increases and then de-
creases, which maximizes (63.3 MPa) at SCECC with the maximum grain size of 2.36 mm. Reducing the maximum
grain size of coral sand results in improved tensile performance to varying extents. SCECC with a maximum grain
size of 0.60 mm exhibits the best tensile properties, and its initial cracking strength, tensile strength and ultimate
tensile strain are 2.29 MPa, 4.11 MPa and 5.15%, respectively. Meanwhile, its average crack width approaching
strain capacity is controlled at 81 um. Compared with tap water-quartz sand ECC, SCECC possesses higher com-
pressive strength and more rapid development of early strength (its 7 days compressive strength can arrive at 73%-
78% of 28 days compressive strength). The failure modes of aggregate and polyvinyl alcohol (PVA) fiber in these two
ECCs are different, resulting in slightly lower tensile strength, elastic modulus and crack control ability at peak
strain, but significantly enhanced tensile ductility of SCECC.
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PEo ZERIHL, 4N R RE A8 7E il vE 5 Ak i 4 H 3
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VoA B R0 5 B g K B B R - ) P BB AR
KIFE ECC M . M A . drmdtopds iy I8,
Ry ) S TR PR BE AR 1) 5 TR A 4 B e IR S i

BT, A SO MK . I 45 5 i
T A R ) B — BT TR A v K I B R R A P K
Ve H ML (SCECC), i 40 AF 5 I 38 A 44t 32 A5 450
I KRLARX) SCECC L5 B . Hrhism & . e FRHir

1 AR
1.1 FE#rsl

R JE AR TS . SR FIARKIRA R A A
7 PO 42.5 Hl e R ER K e, HAb2Z R4 WLER 1
LORYIE I N TR K, HEC S A5 T3 2;
H 7S Kuraray A ®)4: 7= 058 0 (PVA) 2048, Hipk
RESHN T3 35 VLI I AR MORLA W) A2 77 1 5
RCRR PRI ] 5 SR A T B P Vi 1 5 105 1Y) S 35
W, HALSWaF T 4, FMHRE N 22723 kg/m’,
24 h WK 2k 6.5%, HAE S % i 7 FL I J5 vl 3k
AR kAR X ], I ab I SIS ik 1 pr
Ny AYERb B R R R AASRY) T, R AR r
X8 518 JGJ 52—2006"%, 75 P A 40 R A
[FRE A DX H) R By Rl BAR LR 55 50 45
41T H ECC H RS ) T % 6. Hh, B
Ho A4 FREL R FK A R 28 A - R i RORL AR - 4%
Bedw " WML FEAT 444, 40 SC-2.36-1, SC-2.36-
2. SC-1.18, SC-0.60. TQ-0.60, SC /g 7K il it
H b (Seawater and coral sand, SC), TQ F/RiRK
FIA1 JLR) (Tap water and quartz sand, TQ).
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Table1l Chemical composition of P-O 42.5 cement
Ca0 SiO, Fe,0; ALO, SO; MgO K,0

Component

Mass fraction/wt% 66.54 15.99 4.26 3.83 2.78 1.61 1.46

F2 ANTEHBKRS
Table 2 Composition of artificial seawater
NaCl CaCl, MgSO,

Component MgCl,

Content/(mol-L™) 445.2 1722 51.68 64.82

®3 BZIEEE (PVA) F4WEM SR
Table 3 Physical and mechanical properties of polyvinyl

BAE | BEECGERE A FEAE R R, SRS T alcohol (PVA) fiber
SCECC 1) B} 35 80 o7 42 2 %0 . WhoE 45 5 0] g s 9 Density/  Tensile Elastic Diameter/ Length/
o - = ° b Ly ot (gem™)  strength/MPa modulus/GPa mm mm
ECC MM SIS, I TARIS: g s ya—
PERE 5 T A 7 34
x4 WHERUERS
Table4 Chemical composition of coral sand
Component Na,O MgO Al,O4 SiO, SO, K,O CaO TiO, Fe,O4 SrO
Mass fraction/wt% 0.46 0.50 2.43 6.06 0.43 0.35 85.25 0.29 2.07 1.91

L2 B S R
AR 7 PR BC S L A BCC,  HARHEHE L

RS REANE « SRR 4F B H RS A FE L (075,
MUK A T, SRJE S I K K i 8wt%
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0.30-0.60 mm
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Fig.1 Appearances of coral sand

FIFERIK, BEFE 1 min 6B RSB0 mAK
Te . By BEIR Ak S e 2 min, B EERORL S HORHE
B IMARIAFERUK SH0K 5, 462854 2 min,
ARSI AR, RIS PVA 248, T80tk
2 min B 2 L4554 5] 5 H B HE LR 9 ECC 3R 4K
DERAME, FEHRMG G LRI 1 min J5 JE 17 3R,
fift AR G A 55 DA By 1k K A3 0K s AR CE:
24 h G, IR IR APRHESR = (R N
(20+2)°C, HH X 1 BE =95%) 4> ) I P = 7K
28 K. 1P F1 A PERE AT 6 h, MFRP = HL
I T

x5 WMEREFRER
Table5 Crushingindex of two aggregates

Crushing value in different particle size ranges/%

Aggregate type

1.18-2.36 mm  0.60-1.18 mm  0.30-0.60 mm
Quartzsand 14.0 4.6 34
Coralsand  25.5 12.6 3.7

1.3 KB A *

i 32 4 2 70.7 mmx70.7 mmx70.7 mm [ 57,
Dk, HE4] ECC il £ 3 ANl He . 7R RAHLEE il vl
A IR B AL (YAW4306, MTS 23 w)) b iEA7 55
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FEABLEE il F 0 BRI 95 AL (E45.305, MTS A H])
AT, #EEIINEGE R R 0.15 mm/min,  F7 AR

PR3k F ) A0 R gl A 3 IR, 7RI
43 5912 6 4 B g 80 mum 1 5 11T, S B £ 3
P2 % B 1) oz e 0, 2 ke R R R LA 2,
TE S 2P BE 2 4, BCC By JT 248 25 J2 fif B H:
A A RE T R A i OG5, Infal %t ECC FF 34 TE
AT RAEC R i A R BT A BN A
HAl, BCCHEULAS T Ik LA A8 F 5 805
il ST B 2 g m B e e Y A 2 L
T 2 AL 3K o Jmy 350 Ak 19 24 S0 BN RE AR R b Aol 3 1
I HIEE . BT EG AL BEAE S — Fh s sk 48 1 2
G BRI, AT LU G A i ECC 7 N A% A
e F b 80U A . AR SCTE % T I 1 S Atk
b, f#FH MATLAB %144t 1+ ECC 4 #% i i) 4 8L
B, BARSIRAGA T . 78 s A 5 5 i
FRGC AR R AR Tk R M M EOE S, IEXT
PG AT AR AL B, 78 (I L g A bR R
WP AT 8 0 y ), T o x
Fie ¥y s —BREIMER %S FL,
R4S 4 I B0 AT RR 28 A (R — 3% 38 35
MR R AR EAH) . ARG . AL
BT, RIKIRIE %S %% F I8R5
T KA (RP 28080 ) F45 br 2 N A 7 (1R R B
(e LB PR K/ A A R BN 5 1) ]
T IR 2 T 4B RS T2 P E Winean:
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Table 6 Aggregate grading parameters of each engineered cementitious composite (ECC) mixtures

Proportion of aggregates in different particle size ranges/%
Sample Fineness modulus

1.18-2.36 mm 0.60-1.18 mm 0-0.60 mm
SC-2.36-1 30 25 45 2.65(Medium sand)
SC-2.36-2 5 15 85 1.55(Extra fine sand)
SC-1.18 0 11 89 1.43(Extra fine sand)
SC-0.60 0 0 100 1.23(Extra fine sand)
TQ-0.60 0 0 100 1.23(Extra fine sand)

Notes: SC-2.36-1 represents first grade of seawater coral sand ECC with the maximum grain size of 2.36 mm; TQ-0.60 represents tap water-

quartz sand ECC with the maximum grain size of 0.60 mm.

&7 ECCHEALL (RELL)
Table 7 Mix proportions of ECC (Mass ratio)

Sand Water
Sample Cement Flyash PVA fiber Super plasticizer
Coral sand Quartz sand Seawater  Tap water
SC-2.36-1 1 0.43 0.5 —_ 0.5 — 0.032 0.00123
SC-2.36-2 1 0.43 0.5 — 0.5 — 0.032 0.00135
SC-1.18 1 0.43 0.5 —_ 0.5 — 0.032 0.00147
SC-0.60 1 0.43 0.5 — 0.5 — 0.032 0.00172
TQ-0.60 1 0.43 — 0.5 — 0.5 0.032 0.00172
B YLZE 7 1 Ak 1 2F 4 5
2 REEREHW
. 2.1 ®AECCHIENFMEE
< < Pl 3 45t T 4 2 ECC 1Y 7 KR 28 K40 e 8 B
— (P B S bm v 22 o A fe KR4 T 2.36 mm
85 40 80 40 85 BF, Bl 4 B B8 /) (SC-2.36-1 i b A8 2 SC-
330 . 2.36-2 AR4IRP), SCECC iR o 1w . SC-
I [ 1 | = 2.36-2 [ 7 KAl 28 KBt K 5% B 43 %1 - 45.9 MPa Fl
63.3MPa, 4 T SC-2.36-1 4% H & T+ £ 59% Fl
2%, 4 W A S FE 46 1) B (SC-2.36-2, SC-1.18
o Unit: mm 1 SC-0.60), Fifi % fx KRL 420 /N, SCECC ¥t JE 5k
2 B ST FE /NG 2 ARG . HC R SC-0.60 Fry 3 BE FRAIS , 7 AN
Fig.2 Setup of uniaxial tension and sample size 28 %Tﬁlf?iﬁ%é}%ﬂ%j 41.0 MPa %ﬂ 54.1 MPa, [it SC-
- L 2.36-2 AL 29 11% F1 15%, X /& H T SC-2.36-1
Wnean = ) D eQuil~ D s (1) WHLED (% I FIK T 0.60 mm i T 5 FE WK |

x=1 i=1 x=1

Ho: n Bl rrvs B 5 1m R EANEG n 25
x RSB BN e WEMEERSEN
PR GERE (AN 15 um); Qy WER x KB H LN
55 R HBUIBEANEL

Yk A W BE (SEM, SU8020, H A<
H Sz 28 /) W50 i 25 3R an F . Sefe ik 1
1) 3 2L S0 T AL BUC/INER A AR, SRS R S B
] 5 A O L AT LA T R RS 4 A B, fe S

SREEAR . NERZ AL, AT X5, A KT
0.60 mm M PBIRS BT FRA “HHAED” ) o Lk 2] 55%,
I Eb iR BEAC . LK, BN PTRERE .
ik, SC-2.36-2 M KLY (5 WAL Ry 20%, 4id
AP 5 KU K AR I e R AR ] i FLBR A, S b
5KV A T R HLAR e A T 15, S ES A 1) HE R

&%, i SC-2.36-2 Pt 1k 3 BE A #K T SC-2.36-1
A BT, SC-0.60 A HES, FLAF PR AHXT
BI5), AR Rk HE RN DR S, PR O T R 5
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M 47.7MPa, M 7 KR¥oEEE S 28 K1Y 57%, i
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Fig.3 Compressive strength of ECC specimens
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S e b 8 2> 5 B ECC i AR T JE A1 b 2 22251
Sia A SO R R S e R A Rk E,
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2.19~229MPa Z [0 . H5¥HrEmEANF A2, ECC
B e T 2R 5 B B T LA R . K] 6 SRR
T 441 SCECC fl TQECC iAW i £ %5 . SCECC
W T b AS [RRL AR AN (6] DR BRI 38 A 1) 5% 1 ' T
(1 6(a)~6(c) 1 &l 1), 7 7F W] b iy 7 2 30 . 3X
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55 I B A I 0 Bk SCECC 1l F= R e g o 3
MR S, MY T 5] A M 0BG L,
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LB iR EEG, HIMIE7#E 1.18~2.36 mm
DX 0] (3% X ) 3 580 > e A ) 1 % i B 2 g 36
30%. 7R B AE R, SC-2.36-1 Y JF 2458 i
AL T HoAth SCECC. Fifi B 3 b e Ko AR B AIG, L
FEREFE R/, RIS R # A Bk f 0 />, SCECC %1
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SRR, PRAB AL, MR AR TE R I T &F
Yede BLAR TP O B SIRE RS, BRAIG T 41 4 i i 3
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(e) TQ-0.60 (f) Comparison of typical curves
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Fig.4 Uniaxial tensile stress-strain curves of ECC specimens
R E A RE S), PRI S RN A AT . A AT TQ-0.60 FA) LN Jy . WAL IV ) & A I 28 73

848 BRI AR /N T 0.90 mm B 15 B £ %1 PVA £
e SR P A A A B, e, YIRS K
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¥s), TR LB S, 76 AR B Ak it
TR G| B T2, DR L P RE AL T
42 KT 0.60 mm A SCECC.

#)/ 3.25 MPa, 4.49 MPa A1 1.74%(43 5l /& SC-0.60
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Fig.5 Parameters for uniaxial tensile properties of each ECC
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Fig.6 Characteristics of crack plane of ECC specimens
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Fig.7 Cracking morphologies of each ECC
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