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Tab.1 Physical properties of raw materials
2B g/ He R /(kgem ) , n FE e
Mz g:;— :} 7 é ia - I 2% 0 A~ 2% /0
R (kgem ) T o B /% 4R $5 47 % WKR /Y% FKFE /%
R 2682.5 1522.2 1648.5 38.55 2.88 - 3.70 0.13
vy 2750.7 1463.3 1625.9 40.89 - 12.4 0.95 0.39
54 24741 750.5 853.4 65.51 - 37.7 10.89 0.65

F2 ANIBKAEBRSEREZ/(kg m’)
Tab.2 Composition and content of artificial seawater/

(kg-m°)

w(NaCl) w(KCl) w(MgCl,)w(CaCl,) w(Na,SO,) w(NaHCO,)
23.7 0.7 5.2 1.1 4 0.2

*3 BELBAI/(kg-m™)

Tab. 3 Mix proportion of concrete
B & L/ (kg-m *)

KU AER OHER PG K
SSMC30 380 660 1200 214 0.56  0.36
SSMC40 380 660 1200 190 0.50  0.36
SSCC20 500 730 500 280 0.56  0.59
SSCC30 700 690 500 322 0.46  0.58
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Fig.3 Static compression testing machine for specimens

1.3.2 #hA&gERXRE

K B4R M 155 mm (9 SHPB 12 56 2% & %F 3k 4
Y T4 A R0 Bt A7 1 7 28 6 s 2 i 07 A9 37
eSS Zi R R B R B 4 TR, K
B AR SHPB IR 50 2% B A8 fie KO B b 0 Bk B A4
el R i ROSE R0z o 35 b, A BHFE BT LA op
fil 2 R T AR A T T SRR o R Y R
NG FF R E AR E Y R . AR E P, T
SR T A SR AT A T O F R T AR B B AR A
SFEFE N 3 2 R AT T A [ ] BE (A/=500 mm) [
U 000 A S e 53 A A S TR ) B ] (A7) A T
5 B ) 4 o R B (o=AL/A0) o TF 0 ER R 8 ot
R o o AR AR U [ A A R O A A X
I A B AT 10 09, 45 21wy SR 5 1 9 R Y
DASEARY  qn el 5 8778 o FR LS AT DL 0030 A5 78 A A4 oG
REUR S 0.995, % BN [F] o o7 SR 7 31 1



S % 36 &

210 ke T
HA R RE .
%’j’?ﬁ AT i M ez A%
/ / / / / // Ve
— [axm [ mEre) o [ L
‘ l—nmmj:b il P
AL

K4 SHPB i 862 ¥ s &
Fig.4 Schematic diagram of SHPB test setup
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Fig. 6 Copper sheet at the front of the incident bar
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Fig. 7 Wave-shaping results of typical specimens
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Fig. 8 Failure mode of test specimens after static compres-

sion
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Fig.9 Failure mode of test specimens after dynamic compression
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Fig. 10 Stress-strain curves under static compression
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Fig. 11 Stress-strain curves under dynamic compression
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Fig. 13 Influence of strain rate on DIF
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Tab. 4 Values of parameters a and b obtained by regression
e s - . . 7B TR
TR HE 1257 SRR /MPa TR AL /s
a R’ b R’
0 0 0.58 0.985 12.07 0.973
0.3 33.91 1.24 0.999 0.49 0.986
SSMC30
0.6 66.33 1.41 0.999 0.57 0.980
0.9 79.58 2.22 0.999 0.91 0.887
0 0 0.26 0.956 30.02 0.980
0.3 30.59 0.68 0.998 0.45 0.999
SSMC40
0.6 60.86 1.71 0.999 0.56 0.990
0.9 77.11 2.30 0.999 0.63 0.988
0 0 0.48 0.976 43.96 0.890
0.3 37.32 1.17 0.999 0.32 0.998
SSCC20
0.6 71.87 2.31 0.998 0.66 0.975
0.9 85.20 2.51 0.972 1.48 0.988
0 0 0.36 0.965 240.60 0.973
0.3 34.63 0.75 0.999 0.36 0.905
SSCC30
0.6 68.47 1.89 0.998 0.80 0.854
0.9 82.92 2.44 0.999 1.69 0.777
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Fig. 14 Comparison of constitutive relationship between model curves and test curves
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Compressive stress-strain constitutive relationship of seawater and
marine aggregates fabricated concrete under dynamic response

XU Jinjun'?, ZHAO Xu-ling', TANG Yue-yue', LIU Tao’, CHEN Lin’
(1.College of Civil Engineering, Nanjing Tech University, Nanjing 211816, China; 2.International Center of Integrated Protec-
tion Research of Engineering Structures, Nanjing 211816, China; 3.School of Civil Engineering, Hunan University of Science and
Technology, Xiangtan 411201, China)

Abstract: In order to establish the stress-strain constitutive relationship of seawater marine aggregate-based concrete under com-
pression at high strain rate, the dynamic mechanical properties of seawater-sea sand gravel aggregate concrete and seawater-sea
sand coral aggregate concrete were tested by large diameter split Hopkinson pressure bar testing device. The reference datum for
comparison of dynamic mechanical properties of each concrete was obtained through static tests for mechanical properties. Based on
the results of static and dynamic compressive performance tests, the failure mode and characteristics, stress-strain relationship
curves, peak stress and peak strain, dynamic increasing factor (DIF) of compressive strength of seawater marine aggregate-based
concrete were obtained ; and meanwhile, the influence of strain rate and concrete type on a single performance index was analyzed
in depth. The results show that the failure surface of seawater-sea sand gravel aggregate concrete lies in the interface area between
gravel and cement slurry, while the failure surface of seawater-sea sand coral aggregate concrete is the shear fracture of coral. The
process of static and dynamic compressions of seawater marine aggregate-based concrete are similar, that is: the stress-strain
curves basically undergoes the elastic stage, the plastic development stage and the completely plastic failure stage. Strain rate effect
has a significant effect on improving the dynamic compressive mechanical properties of seawater marine aggregate-based concrete.
Coral as coarse aggregate has a higher strain rate sensitivity than gravel coarse aggregate. Using numerical regression analysis, a
DIF prediction model for compressive strength of seawater marine aggregate-based concrete with strain rate as independent variable
was established. Based on the piece-type mathematical equations provided in the Code for the Design of Concrete Structures, the
unified static and dynamic stress-strain constitutive relationship of seawater marine aggregate-based concrete was established by nu-

merical inversion method.
Key words: concrete ; seawater-sea sand ; coral aggregate ;dynamic mechanical properties ; constitutive relationship
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