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Dynamic Constitutive Model of Seawater and Sea Sand Recycled Aggregate
Concrete under Compression

ZHANG Qingtian, ZHANG Kaijian'

(College of Civil Engineering, Fuzhou University, Fuzhou 350116, China)

Abstract: A test of the uniaxial compressive stress-strain curve under different strain rates was carried out on seawater
and sea sand recycled aggregate concrete(SSRAC) considering different ages and shell contents. The results show
that the 600 d peak stress and peak strain of SSRAC increase by 10.4% and 23.2%, respectively, as compared with
those of natural aggregate concrete(NAC). However, the elastic modulus of SSRAC decreases by 29.1%. The strain
rate sensitivity of SSRAC increases with the increase in shell content. Then, based on the model in GB50010, a
dynamic constitutive model is proposed for SSRAC under medium and low strain rates (from 107 s™ to 107" s7™")
considering the dynamic increase factor of characteristic parameters. Finally, mechanism analyses of the characteristic
of its stress-strain curves are given.
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strain rate; dynamic increase factor
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Hh, LA 20 %6 1 D152 UKL 55 ot it B AR L VR S v DL
T AR, BIF G VR BE 0 /E H-SSRAC. il {4 R f
7 150 mm X 150 mm X 300 mm, 58 B 45 2% ¥ 2k
C30, Be A He L3 2. BR i FH 7K o AR P A R R R Y 2
IR AR T ST B R R AR R = K 5 L 45
il Y B+ B o 120~150 mm . SSRAC (1 28,120,
600 d 37 J7 PR4T 58 3 533y 36.50.,9.32.,46.53 MPa.
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Table 1 Material properties of aggregates”

[15-16]

Apparent density/  Fineness

Water content ~ Water absorption

A at ) (C1)/Y (shell)/ % (SO,)/ Y Crush ind
gereedle (kgem ) modulus wlClY % wishell)/% w(S0,)/% (by mass)/ % (by mass)/ % FHsh e
River sand 2610 2.1 0.001 1.100 0.109
Sea sand 2 660 2.7 0. 057 2.310 0.123
NCA 2 660 1.0 5.1
RCA 2553 3.5 6.9 14.3
*2 RBEgimEatt
Table 2 Mix proportions of concretes
Unit:kg/m®
Reference Concrete  Fresh water  Sea water Cement River sand Sea sand Shell NCA RCA Water reducer
This paper NAC 150. 00 0 319.00 829. 00 0 0 1099. 00 0 4.79
This paper RAC 187.37 0 319. 00 829. 00 0 0 0 1099. 00 4.79
This paper SSRAC 0 187. 37 319. 00 0 829. 00 0 0 1099. 00 4.79
This paper  H-SSRAC 0 187.37 319. 00 0 663. 20 165. 80 0 1 099. 00 4.79
Ref. [15-16] SSRAC 0 180. 00 319. 00 0 829. 00 0 0 1 099. 00 0
Ref. [15-16] H-SSRAC 0 180. 00 319. 00 0 663. 20 165. 80 0 1099. 00 0
Ref. [5] SSRAC 0 210. 74 329. 82 0 727.00 0 0 1137.00 0

MESAW(DFEL0 s 'WAERT , 5 NACH
e, 600 d Bt SSRAC [y 6 i 157 7 A1 {8 17 748 43 5] 384
KT 10.4% F123.2% , k555 ) B4 T 29.1% , Uit

A B A ML R B A N AR A R R T SR
120 d 59384 SSRAC-5-120 d #1 k., F2 37 600 d 119 3t
1 SSRAC-5-600 d W fE W 714 K T 5.9% , B pEA =
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Table 3 Mean value and COV of characteristic parameters of stress-strain curve
Peak stress Elastic modulus Peak strain Ultimate strain
Specimen Strain rate/s '

o,/ MPa cov E./GPa Ccov €, X 10° cov € X 10° Ccov
SSRAC-1-120d 10" 42.86 0. 087 27.54 0.265 2.732 0.152 3.417 0.079
SSRAC-2-120d 10 * 42.55 0.238 23.46 0.464 2.796 0.111 3.458 0.171
SSRAC-3-120d 107 37.36 0.169 19.18 0.189 2.478 0.092 3.382 0.063
SSRAC-4-120d 104 34.72 0.211 18.83 0. 304 2.534 0.058 3.353 0.115
SSRAC-5-120d 10° 34.84 0. 145 14.88 0.277 2.933 0.134 4.153 0.083
NAC-5-600 d 10°° 33.44 0.068 28.20 0.231 2.433 0. 186 3.500 0.149
SSRAC-5-600 d 10°° 36.91 0.078 19.99 0.145 2.998 0.093 4.077 0.121
H-SSRAC-1-120 d 10! 45.88 0.031 28.41 0.177 2.642 0.027 3.071 0.023
H-SSRAC-2-120d 10°* 43.15 0.122 24.16 0.535 2.712 0.070 3.419 0.093
H-SSRAC-3-120d 107° 38.31 0.117 16. 84 0.195 2.480 0. 096 3.139 0.036
H-SSRAC-4-120d 10°* 36.51 0.030 17.25 0.304 2.583 0. 100 3.190 0.068
H-SSRAC-5-120d 107° 33.87 0.089 12.99 0.095 3.181 0.048 3.974 0.049

BER T 34.3% , i W I A% AH 25 A8 K5 2B A 20 %6 D
5T WOk I, 5 R fF SSRAC-5-120 d #4871t , iR ¢
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1AL 5 NAC A L, SSRAC (1 1 1 )
140 R 8 8 K, 28~180 d 4| S 0.2%~
15.4% ,600 d 34 i 4y 10.4 % , 11 46 7 & 744 F RAC 1Y
WA I 1 51K s 5 RAC HH H, SSRAC F WA I 7 78
28~180 d & I 38 fin 8.2 % ~26.6 % , 3 WV 7K Vg i it
RAC J2# g BT s AL AR . SBR[ 10 B 52 B, 14
A ML BB R % SSRAC B AR Y 1 5% W A, {5
25 U 3 P I L B P A B L 9 A R R o

(b) Ratio of elastic modulus
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Ratios of characteristic parameters between different concretes
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Fig.2 Dynamic increase factor of characteristic points of different concretes
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Fig.3 Normalized stress-strain curve models for SSRAC-5-120 d and SSRAC-5-600 d specimens
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Table 4 Strength adjustment factor of SSRAC and RAC at
different ages

7d 90d 180 d
Concrete

a, cov a, cov a cov

n

SSRAC  1.42 0.12 0.83 0.10 0.76 0.15
RAC 0. 86 0.24 0.93 0.11 0.78 0.14

XFF NAC, Hf M8 i 5 57 5 PR Bt e i B A o

5 (f,0) Z A R e &R
E.=10°/(p+ g/fur) (3)
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B B AR A S A 4 O, A D At S B 0L )
SR

50
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qu 20 T e i A
T e A X axx
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Fig.4 Fitted curve of peak stress versus elastic modulus
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NS LA A T NAC A1 RAC 22 Ja] 5 % 39 58 fin i
SSRA C W AH i A% f) T A 7 7 45 1=

GB50010 A5 B vt i Jg — i A% il £k B B % 4k
SR o AN AE N ) 2Z 8] 6 R X (5) iR ™, a
TR SCER [ 22] A S5 R LR 6.
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Fig. 6 Fitted curve of peak stress versus a,
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a=u+o;""—v (5) AR o, 45K HF]T3R6.
A u v HIESHL
H1IEL 6 T UL, 40 1 F SSRAC KU 1014 i 28 Ts MASH
R . . e Table 5 Fitted parameters
5 NAC KR Mt Rz, R W E T FEBOE AR ) 4
" \ ; < L S 3K Fitting <[20] - . R for A[22] R’ for
BT AL T RAC MIBR B 5L parameer | NACTSSRAC (G RACE
— fH 7 )| Sk Sk EL
1] 4~6 T 78 B A7 40145 S 80, 50 L 26 5. T o
~0.9718 0.3210
4 %ﬁmgzméEﬁ]j}jg*ﬂ*Eﬁ q 34.7000 100.1915 42.186 2
m 0.1720 0.3257 0 906 2 0.184 2 o 196 4
4.1 AEMTRTHARBER n 0.7000  0.0345 10315
KT GB50010 B 5545 B 48 5 F (B Mk u 01570 0251 o 0ISLL
B0 ) T R 2 3 M0 , 7 o i 2 o 09050  2.0819 —0.1818
x6 BENTETHERSH
Table 6 Shape parameters with different strain rates
a, of SSRAC a, of H-SSRAC
Strain rate/ s '
Calculated Fitted R? Calculated Fitted R?
107! 3.51 5.95 0.982 2 7.78 7.23 0.929 3
10°° 3.89 2.84 0.986 8 3.27 3.72 0.983 2
107 1.81 2.45 0.990 6 3.16 2.32 0.997 8
10°* 2.24 2.34 0.9885 3.95 3.19 0.9950
10°° 1.44 2.60 0.998 8 3.55 3.02 0.9917
5 R R 2 B 7 AR B R 2 5010 A GB50010 D=1+ a-lg(¢) (6)

FRERL A5 R [A) 0 28 %R SSRAC AT H-SSRAC fy Tl
MR 7= ph £, an i 7 fros L dn |7 A1 T
2k LB, £ 0 AR R R GB50010 AR AL il 4k 5 5
I il 2R B R W A xR T R B, TSRS
IR SE(ILZR 6)KF , MR AEREH 10 °~10 *s !
I, HAE AT, W AE 10" s kb2 B2 80 . iy T (i
N7 A5 AR BRI AR (18 0 AR 3 AR R M R B
F TSR B0 TR S 8 d e = B L R, iih 2
[ FHBAT SR GB50010 88 3Y  1i fih £k T R B T AR
ST EHITBIE.
42 ERSHHDTEARY

CEB-FIP HLL ™45 1 T IEAB N F7 PPk A it 0
1B AR 1) DIF 0 25 07 A8 6 19 5¢ &, 35 m 28 0 A8
RIS FORIE L . LL10 7 s AR FRR R4S 4R AE 280
S B UE 5 R RN AR RN R IE SR B SR R
B X A N | L A R (I AR 1 B A HE K R
UK )R HFTLERE X TIRRSE o, Y
PR R 10 °~10 7 s i TR S B ARRFFAAE
MR AR 107" s B TR AR S H0 245 K, =3k it
T B B Wl 2 A BE R DRy o g 2R R R VR BE ik
i i R =0 AR Ak B 2, 3R RV S L R
RS s 81 K RED, 7T R 43 Be ek 8, #ie =
(D5 .

O
|

1, e<< 1075

1+a[lg(¢e)—3]. 1075 <e<<10's
(7)

€ RLAE A5 ¢ N FEMER R R 10 s a3t
AW RRZBOTES o WRT MR THI,N
FERTURL A48 AT SSRAC W 37 3 1388 1 A i
FR) L A8 AR AU |, ARG 17 WA (L0 78 ) 07 78 R AR

5 ZIERN R LSFEVIIES T

KBRS ET R /15235 i &R 451
H 3% 5 A HLA S50, AR TS 7 4 a) e A [R) 1Y o,
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A5 B0 T IR EE AR ) - AR O R M4k, i 8
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2R I B it 2 1T, 3R W A R R 2 B VR
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(R B B Lt SSRAC T [, 35 WY T 7K I A 64 i AT
03 RAC M8 B BRI IR 2850, B AR 124 R
Xof VR - M 1 45 AR R

RAC NFRAEAEB AL U8 X CRrib 3 5 B0 2
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Fig.7 Predicted stress-strain curves of SSRAC and H-SSRAC at different strain rates
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Dynamic SSRAC H-SSRAC
increase
factor a R’ a R
D, 0.0615 0.999 0 0.083 3 0.999 6
Dy 0.1870 0.996 6 0.207 9 0.9775
D, —0.0209 0.9954 —0.0190 0.984 4
D 1.2828 1.3899
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