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Prediction of fracture parameters without size effect of Alkali-activated

sea sand concrete exposed to elevated temperature

WANG Junhao, YANG Shutong , SUN Zhongke
(Department of Civil Engineering , College of Engineering in Ocean University of China,

Shandong Qingdao 266100, China)

Abstract; The damage to structures in service in the marine environment after exposure to the erosive effects of high
temperature is incalculable. The ability of alkali-stimulated marine sand concrete to resist crack development needs
to be assessed before it can be used in a marine environment. However, concrete is often internally heterogeneous
as well as discontinuous, and this becomes more pronounced after high temperatures. In order to explore this
problem, this paper studied the residual mechanical properties and microscopic performance of alkali-activated sea
sand concrete mixed with seawater and sea sand with two different mass ratios of ground granulated blast-furnace
slag ( GGBFS ) / fly ash ( FA ) when heated to 200 °C, 400 °C, 600 ‘C and 800 ‘C under the heating system of 10
C /min and constant temperature time of 180 min, and based on Boundary Effect Model (BEM) , the tensile
strength f, and fracture toughness K. of fracture parameters without size effect were predicted through the
standard three-point bending beam test. It was found that with the increase of high temperature, the f, and K.
gradually decreased and the decrease rate was increasing. Below 400 °C, the predicted fracture parameters of alkali-
activated sea sand concrete with higher GGBFS/FA mass ratio were higher than those of concrete with lower
GGBFS/FA mass ratio. When the temperature exceeded 400 ‘C, the strength loss of the former was greater and its
residual strength was significantly lower than that of the latter.

Key words: Alkali-activated sea sand concrete, exposed to elevated temperature, compressive strength, tensile

strength, fracture parameters without size effect
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ERMKEAFEAFSM, XS E R
WAL, RS 1 Rk R AT H bR
L AEEER, 2021 4F 1—10 H 4y & R AL
DL EAKIRAEFE 19. 742 t, [E 2020 4EHEK 2. 1%,
HoE i i5 Je MR IR IR P AT A &L FeY, fEi
TERREE T IR i @ HU 45 4 — B8 2 iz i, 76
XAV S SRR O EAE R, XS
Py i 4 AR K.

— o 2 S BLAR R A R DL R T i AR ok ) g
S E——B08 & A R B0 A, AH b T e
Wbk, & A B HAT 58 & A W] i K AL HL B
AT R, e AR Y. B, R
AP0 TR K B Hy /oy B AR TR v RS B
REMIF R CAEBEAT , WF 50 R BB & 0y /K B K
TR+ B FEAE 800 CHBE FRIFEv] LIZE R H 45 Fa
ENE, IF HAH T m ki b ok YR R B, mig
RiREE LA S RBEAEA L L EY R T
W& 0Ky M IR £ SRS 1 R e, &
BRI % T Ry TR R S R R PUE SR E W R S T
WiE KRR BE £, I B0 & 1R EE + 535 @ KR
TREE LR RSB A DT T A G, e &
TR e - H AR R B k.

WA, BEEXERD SiREH G, HLmHS
B P HR BT UL A R X T 6 T Y TR
T T RAT ARG DU R B £ R R )
Kie PR AN B W A S8, RERBLIR BE +
IRPTREEMRE S, BLA, S Koo TGS T7 4%
FAA - ENE, Bh 0 B E I il b
R cE R DRA R SR, BRW [ SR TH
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BT BN B A (BEM) U 8 S IR S R0 2 2E
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EESMEIF B H AKX ERE £ M Ke iy 7 Rl
9IS S S0 N i S VA LTS 0 i RN AR L 3 )
AW Wb

Xof 0 T & 1 A TR R ) T 2E T RE K
VT 2R 2 0 A T 7 T ) R o L D, AR SR T
Fh 2 R 8 % Mg b VR BE = (AASSC), 435l Sk Hy
KETHFESEL 1 31 Typel AASSC LI K ¥y
WK G ESEL A1 1) Type2AASSC,
TF 50 L B 2 A B A BT b o B L S
T35 VL R T He i 24 £ A Ke.
1 KEAR
1.1 REHBEEEL

TR0 FH ) 8 FUR BE K 43 T S95 2R LU K C
RTGIR. Ky B i A AL S R 2RI N T
4%, FFEMVEESR. AT 1k 220 IS B B AR
MaZhFE Epsilon3 #17 X 498 66 1 (XRE ) i 5
mRmE 1. EERRIGFNEBOESAE R, ik
B 5 mm. BERRAAE KA EORHE LR,
e RRLAR R 10 mm. g0 A0 B RERITE 2R R
W B FESHOoy  RFE SR 2 FI e 3. e vp i
A, RGBS I 1 PR

x1 THAMERNEELERS

Tab.1 Main chemical compositions of GGBFS and FA /%
=i CaO MgO SiO, Al O, TiO, SO; Fe, O Na, O K,O
GGBFS 44. 64 7.14 27.85 12.93 1. 65 3. 84 0. 31 0.18 0. 40
FA 13. 20 1, 19 49. 07 24.91 1. 20 0.54 7.39 0.07 1. 41
x2 BUHELRSH 100
Tab. 2 Basic parameters of sea sand &0

EWEE MR R
o - " mpgm
J(kg - m~®) /(kg+m?) (kg - m—)
3 047 1680 1820 5

®3 HEHNERSH

Tab.3 Basic parameters of aggregates

WK EERE RWEE REOEREE KRR

/% /% [(kg-m ) /(kg-m™*) /(kg-m?)
5.1 47 2 613 1298 1434
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T

20
] —e—HI
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Bl ARAERNKNES®H

Fig. 1 Size distributions of aggregates used in the test
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S

R (A RFHARR) W54 %

T 2 3R [ A 9y A S A A AN R R /K B B 1) T
A1 KRFEHEA 8. 3% Na,O, 26.5% 1 SO,
A1 65. 2260 H O, A A A BORL 10 44085 ok 99%. i@
a1 K B B e ION AR K B & R SO, 5
Na, O BE/RELFEHI A 1. 3. 8k 5 B AR R O 4 2K
F-ky) B i) 1320, Bk TR & I e 2 T B 90RLE
NEFE 24 h IS F I TIREE L AECH]. K S% ASTM
D1141-98"" e i) N THEKEL T B . AR SCE Xy
WK Ry FCEEL 12 3 Bk Type IAASSC, MK -
W R 10 1 ik Type2AASSC. X2 AASSC
() ELARRL A EL IS 4 FR.

F 4 AASSC HEE & Lk (kg/m’)
Tab.4 Mix proportion of AASSC (kg/m®)
AASSC & ¥y MyBER a el MR K KBS NaOH
Type 1 375 125 555 677 117 126 21
Type 2 250 250 555 677 117 126 21

TIEE

1.2 REEEFMEEFTE

SEAVRPURE SR EE [ ORI B TR iR /K
I R #8150 mm X 150 mm X 150 mm,
FEHLTE GB/T50081-2019 #4736 . #iE T,
YW AASSC #4537 7 d #1 28 d B9 RS ; 7E
EIAEE, MR AASSC W BEAT T AR IR
B, eI 0 B AR BE 43 ) R 200 °C L 400 C
600 ‘CHI 800 ‘C, Hi 20 CHE MR, iRk
ED Ry 3E4T, S mE 2 Pros. FHREEh
10 °C/min, 23k H b B 5 E IR I 4] 24 180 min,
SR B =05 BUR 34T 01 25 1 R 5 A
SRS AR, NEGRERAER 2 R, A
BRI EE 20£2 °C | MHXHEREE 95+ 2% M IRER
TFEPE 28 d A TEiIREE. HeAh, 1E IR
BRI AR BON T4 10525 CHETF 24 h,

A
BEETIC
fE IR E): 180 min

AL

500

2 mEREE

Fig. 2 Schematic of heating procedure

= 2R3 A RS 100 mm X
100 mm X 515 mm, ZEPZRP.OFHEH 10 mm. 20
mm, 30 mm., 40 mm. 50 mm I LE, tHW
(2% v b A 2 /R = 0. 1~0. 5. IR IR 7E —
610 t iR B AL B oA, a5 0 B Rk
0.2 mm/min, HARE RN & mE 3 s, il
M7 ¢ A AR R St I O e BfE. s b LR
i JIN 28 3 B 1) 62 A% A ] de K B AR 50 mm AL FS it
I, P 4k Ak 1 5% O sk IF AR (CMOD) i
M KK FFALFL 40 mm (9 Je 251 i+ 28 47 ) &
HeAh A ) T 2 A X B AT X AR T SR
BRI AR, I T N B AR b R AR R
K Il 44 . 0 & 0 1 S OIS, BT A B 2 i —

B3 =ZnZTRAEE
Fig. 3 Test setup for three-point-bending beam
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Fig. 4 Result of 7 d and 28 d cubic compressive strength
and splitting tensile strength at 20°C
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AR ISR Ok R B A A 2 5 A K 0% i R TR B P
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RSN K, Bk 2 5% & 2
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T REBEFERRRRA IR ] WL, B2 AR
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L, JRRCHE 2 N0 R A ER TR AEE 2
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Fig. 5 Results of cubic compressive strength and splitting
tensile strength of two types AASSC exposed different

elevated temperature

2.2 AHEXBEFEME(SEM) 247

LS Hh A 0 2 Ok B R K R R R 2
)R ZE . BB LR Y, F IR T
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WIRHRTEIG K. X LEHRIE B 1 AASSC 5 B B —
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Fig. 6 SEM analysis of two types AASSC exposed different

elevated temperature
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Fig. 9 Variation of f, with a, after exposure to different temperatures
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Fig. 10 Variation of f, with temperature

x5 fiMKHITELER
Tab. 5 Results of f, and K¢

Typel AASSC Type2 AASSC
i/ C fi Kic fi Kie
/MPa /(MPa - m'?) /MPa /(MPa - m'?)

20 5. 684 1. 647 5. 008 1. 452
200 4. 878 1. 414 4. 541 1. 316
400 3.319 0.962 3.128 0.907
600 2.12 0.614 2.291 0. 664
800 0.443 0.128 0.51 0. 148

3 #Hig

ARSCNPIRD AASSC BEAT T T e T I B S 4T
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