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Study on the mechanical properties of seawater coral

alkali-activated slag concrete

XU Weiying', YANG Shutong'?, SUN He' ,XU Chengji'
(1. Department of Civil Engineering in College of Engineering in Ocean University of China,Shandong Qingdao 266100, China;
2. Cooperative Innovation Center of Engineering Construction Safety in Shandong Blue Economic Zone,

Qingdao University of Technology, Shandong Qingdao 266100, China)

Abstract; Alkali-activated slag was used as cementing materials to produce seawater coral aggregate concrete in the
present study. Proper water-to-binding materials ratio was first determined by test of seawater coral alkali-activated
slag mortar. Then the strength of alkali-activated slag concrete is reduced as the replacement level of crushed stones
by coral aggregates increases. Thus, it is necessary to improve the coral sand ratio (SP) and enveloping effect on
the aggregates to increase the strength of seawater coral alkali-activated slag concrete (SCASC). The rational mix
proportion of SCASC was then determined by setting the SP as 60% and the test on basic mechanical properties of
SCASC was carried out. Results show that both the compressive strength and tensile strength at 7-day are more
than 70% of those at 28-day. Moreover, the ratio of the uniaxial compressive strength to the cubic compressive
strength is significantly larger than that in ordinary concrete.

Key words:; Alkali-activated slag, coral aggregate , seawater, sand ratio, concrete
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Tab. 1 Detection and assessmen on the quality of coral aggregates

WWTBH MR /kg - m © RWEE kgm0 KR/ Wk %) % 6 R R /M Pa
[PaTE 918 1 899 51.7 19. 4 2.01
\E ‘,/‘\E N -, 2y vp
) 4 5 b — — — T 5 b
VE: “—7 FoRIZAN I E B A R R AR E .

x2 WHMWRELNSEN

Tab. 2 Detection and assessment on the quality of coral sand

MBOEBEE R TN

a3t H /i -, I o, Jk B TR/ % EKE/ % 4 B REAL
g m g+ m g m

e ) 2% R 1236 1415 2 517 50. 9 11. 00 1. 63

SRR E i = — — — — by

e U RN AR I T B 0000 [ R bR

2RI AR B3 MEHEAMMEE(HKX 500 )
Fig. 2 Coral sand for test Fig. 3 SEM image of coral aggregate (Mag=500)
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Tab. 3 Main chemical compositions of the GGBFS/ %

Ak CaO  SiO, ALO; MgO SO; TiO, Fe,O;

SE/% 38.3 30.29 16.04 8.26 2.75 2.22 0.63

(4) Tl K BEHE (Na, O« nSiO, ) B 1RSIk

A6 AT PR 53 AE 24w A 7= B K B, K B R A A

Jy3.3, SERE 40. JKBLESH) EEEORIEIRILIE 4.
F 4 KBEHEEHAREIR

Tab. 4 Main parameters of sodium silicate

AL, AR E Bt BRI AR A
(6)FF & g K. 2% W il g K B ) 0 N it
K, Moy g gk 5 o
x5 AIfHSEkmEtt

Tab. 5 Chemical compositions of artificial seawater(g/L)

NaCl MgCl  Na, SO  CaCl, KCL  NaHCO;

22.16 5. 265 3. 861 1. 082 0. 745 0. 207

25y / % - ) ] X ]
[ WEE EWHE
Na, O SiO, Fe
8.3 26.5 0.015 3.3 40 82

(5) EALEN(NaOH) : A EE 99. 520 i) Fok &

2 WEEATHEKBEEREREA

F 4 RE R R

AT 32 B X B I S R T K I B O
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Tab. 6 Mix design, consistency and basic mechanical property of seawater coral alkali—activated slag mortar

Wik L)y TAdPEMRE 28 dBUERE 7 dbudromBE 28 d HiirmpE
pr— BE - KR, i dt it it
/% /mm /MPa /MPa /MPa /MPa
0.9 13% 1.3 0. 50 157 52.0 61.6 6.3 7.9

3 WEBEZT HiEKMEERERLT
HEHEAR
3.1 MEETHMEKMBBERERLESLH
WE
2R SR BE 1 BT R, TR g i g b
FLE M 0.9, WRYIE N 43. 8%. MM L Ty
I3 R A RN R S S Ll a2 L )
0. 113. ZH-E b4 30 R IS0 . kL E R SR 30 )
R T B R R, BRI e

50%, TOYHI100%. B, LBt T 3 AiRkE L,
FLUREL A B 7 d R 28 d B 37 05 PR HS 5 B n 36 7
PR

& 7 W LLE N, MO RAE 43.80 4, Bl
ARl AR ARG, WK 0 i K TR Bk
b 9 BE RIS . 2 R R AR BB ) 10026
i, 28 d jRkE b9 AL 14,5 MPa. X 58 B 3 88 45
BN 2 W R AT EE Lo s B . B, 2R
FHA I - I S BRI & s T K I I R
e, IR BNGE A IR BE LA B9 R, TR
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Tab.7 Impact of the replacement level of coral aggregates on compression strength of SCASC
B e WER/% WBE/ % doKE BRI Iﬂﬂﬁﬂ?ﬂ MRS 2SR
BRE/ /mm /MPa /MPa
1 0.9 43. 8 13 0.113 0.49 50 20 21.2 32.4
2 0.9 43.8 13 0.113 0.52 70 50 27.5 36.6
3 0.9 43. 8 13 0.113 0. 57 100 140 1.32 14.5

HIFE 8 Wl BL, HrHE i A 674 K S B TRt
TH PR R R E TR IR B LS, H
bR Ay 60000, WK OB KR EE L7 d
Je 28 d WPTHESR R A RIS B KR 0 By it

KB B R REE - e R 6000, AN, AT
BB RN N, RRES>HNEETHBER
13%, 16%F 2020 =& oL . = Fhol 45 & 0 IR e
+ 7 d 5 28 d P A UL 9.

x8 MMM ERWH{HBERELIHEERENZN

Tab. 8 Impact of coral sand ratio on compression strength of SCASC
YRGB/ RSR/Y R gy gy T AIUBEEE 28 AR
R /mm /MPa /MPa
1 0.9 43.8 13 1.3 0.113 0.57 140 1.3 14.5
2 0.9 60 13 1.3 0.113 0.49 260 31.0 41. 6
3 0.9 70 13 1.3 0.113 0. 46 210 29.2 40. 02

R WMEMEHHBERENFTHRELIRERENZI

Tab. 9 Impact of adding amount of alkali on compression strength of SCASC
T S Sy A oK FSWIN WEE T dHUEMEE 28 d HUERREE
(%) /% FIEHL JiE JE b /mm /MPa /MPa
1 0.9 60 13 1.3 0.113 0.49 140 31.0 42.2
2 0.9 60 16 1.3 0.077 0.49 260 30. 7 44. 27
3 0.9 60 20 1.3 0.026 0.49 210 28.1 33
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Tab. 10 Matching ration of seawater coral alkali-activated slag concrete

) 1w B a8tk 0 HEK U NaOH SN FEWIN
/kg - m’ /kg +m* /kg +m* kg« m"* /kg - m”* /kg +m”* Jie b [idaa
500 556 371 56. 31 126. 58 21 0.113 0.49
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I 7 EEARE) SR AR 1A R 0 R 1
RIS B R 0 N T R DU R B R R

PUIT IR EE . B0 PUE 9 B . SRR B S JAAS R
NEAFIRES . H 7 d F 28 d BIZE R IME 11 k.
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Tab. 11 Basic mechanical property of seawater coral alkali-activated slag concrete

ikl PUHE 5 BRI

il i SRR

HUHR 8 /MPa ‘ AL
/ d /MPa /MPa /MPa /GPa
7 31.05 2. 66 5.59 32. 80 25.59 0. 256
28 41. 60 3. 00 7.33 43.98 33.45 0.3
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Fig. 4 Failure mode of SCASC after cube

compressive strength test

5 RBRELTHOMEBHEFRER
Fig. 5 Failure mode of SCASC after uniaxial

compressive strength test

B o6 RBgEtirAEEREIFBER
Fig. 6 Failure mode of SCASC after splitting test
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Fig. 7 Failure mode of SCASC after bending test
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