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Numerical Analysis on Mechanical Properties of Coral Aggregate Concrete
Using 3D Random Mesoscale Model
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Abstract: To investigate the mechanical behavior and failure mechanism of coral aggregate concrete (CAC) under static and dynamic
load, this paper proposed a 3D random mesoscale model composed of three mesoscale components, i.e., aggregate, mortar matrix and
interfacial transition zone (ITZ). Using the 3D random convex particle model into the characterization of the random features of
broken coral aggregates, i.e., shape and spatial distribution, was proposed. Based on the developed model and corresponding material
models, i.e., CONCRETE DAMAGE REL3 and HOLMQUIST-JOHNSON-COOKXK, the static- and dynamic responses of CAC were
analyzed in terms of stress-strain relation, failure pattern and process, strain rate effect, efc. The failure mechanism of CAC under
different loading conditions was discussed as well. The results indicate that there is a high reliability for the developed 3D random
mesoscale model in simulating the static- and dynamic properties of CAC, particularly in its failure patterns and fracture processes,
which is of great significance for the failure mechanism analysis of CAC under various loading conditions.
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(a) Schematic diagram of numerical loading and numerical failure pattern

Effective Strain (b)

5.000e-04
0.000e+00-

Hourglass-type
failure pattern

(b) Typical failure pattern of CAC

6 PR EAEH T C30CAC HUE RN 45 RO

Fig. 6 Comparison of numerical and experimental results of C30CAC under uniaxial compression

FET = EREHLAAELRY, FH45E CAC AME 2
¥, XFRRFESEA C30 [ CAC [HFRZS s K46 1)
AT RNHATEUE R, CAC FEBIRESWE 6a
Fiizn e P 6a AT UL, S 4 faf 2 FH R B T iR
R B R VbR B R AR S, BVR R )
AT HE I R ) R ) 2 4%, ST 7 MR R K
— %O TR, MGHIRIRER . ERIER
H & 6b H CAC HISEPREIA LA BA & FEAR I,
FZ AN B 7] LA 0 CAC BEIRRRAE . [
7 R GRFE S CAC [ AR A5 PUE 58 5 S0l
SRR 45 Rt L. B 7 AN, a4 %
EMIATS B CAC PR sREE 50 E R 2
3.5%VuFE Y, U EH R A AR R b R S B
AR S AT S .

100

|:| Test results in Ref.[5]

V///) Simulation results
80r

60 —

40+

201 /

C30 C50 C70
Concrete strength grade

AN\

Uniaxial compressive strength/MPa

A\

The standard deviation (SD) of C30/ C50/ C70 CAC is 56.00%, 34.50% and
25.49%, respectively.

K7 ARERESS CAC HiHEHREHD"
Fig. 7 Compressive strengths of CAC with different strength
grades®!)

2 CAC ERATUE ¥ MG

K ik = 4EBE N LA SR A 7T CAC HERF
PR S ZERE, BN H-MNAR 2k BRI

[31]

R KA RSN 100 mm x 100 mm x 300 mm 45
FEARBERY, ks XA I, I#EcEZE K
3x10° m/s. CAC HREZEZ N C30.
2.1 HEERTSIEGER R T 2k

TR SR S R R I 2 R T R A
N C30 (1) CAC MHEFRSPUE TN, BAT
C30CAC HIHERRAS F4i % 7 AR #h 22 (K 8)s K AH
AR~ CAC AR = 4E MBI, T ik = 4ERd
WLANMBLRN ) 57k, 0 FLHE RS R 40 1 R AT B
BALL, 133 C30CAC MIEE N /A M2, el 8
fione B8 ATAL, HEAA TR ER T CAC [FM
F-NiAZ LG KEAT 0N 4 BB 1) FLBRESZRY
B I, WS R CAC P BRI FLBEIZ#T i
JESE, VBN BER AR R R AR K 2)
FPERTEL: CAC ZIR%SG, TRE LN N
FI R K a3, U CAC JEA AL T3k B AR
RAS, THGZB B RS E 8 CAC WA
s 3) JERB B 4R ik B CAC WEAEL R 771 70%
FEA, JREL A IRIR R IO B AR, SEOR
Kt B INR  RAESBIEARIE, N - AR

40

—=— Test results in Ref.[5]
0= Simulation results

(9%
(=]
T

v

Stress o/MPa
[\
[e)

D\D Steel plate

1

H
H
10 T
a
iy
O 1 1 L 1
0.000 0.001 0.002 0.003 0.004 0.005
Strain ¢

K8  CAC R He i B 822 il 2k
Stress-strain curves of CAC under quasi-static
compressive load

Fig. 8



. 2524 . (HERR Sh22 400

J Chin Ceram Soc, 2021, 49(11): 2518-2528

2021 4

LR PRAR, BB RIIG: 4) RAABIRHEL:
INER L 135 #] CAC W& RIS, CAC NHZLLELH
EE. R, 53 CAC N ATER/NE M4 R
HILSREII R, BRI R A BRI, KRR
HET R IE N CAC B A BB MR R - AT,
HE 8 FILAEH, TR N )/ NAR, 42 4k
AR LA, CAC BN F1-RiAE H 2R Da 250
130050 Hh 2 H B A 1R AT W) & 2, E— D 7 b
TR = SRS R AR R SR T Sk
2.2 IS

P19 g B3 i ff B4 N CAC BAT AR 1)
WIRTEA . HE 9a iTUAEH, 4 CAC R4
Wa, W HIURRER R4, X ERss Nl iF
TotTi B 2 21 FE B T, {43 CAC B 2 3L H L
Y () BE S AR 3, 1% 5 Da 2P0 5 S [H) (0
Kl 9b). M 9a BT EE], CAC FEANTH 4% 5
B i H(z fil) T I ALE 60°~75° T ARk, IX
5 SRS THRE R I8 45 R (65°~75°) A —F, KW
PR = R AL AR R R DUAR G b AR UL B A e 4
WAEH T CAC MBIRIES . 4h, M CAC BERIP
TR B AT LRI, CAC WK M E T
TR, SECE R AE WA, ﬁ%ﬁzﬁ
56 e BT IR (O B0 R T SR AT A — B
ERIR R RN s 2 5L, (51
FORECT — Ak, 5T RAERRBIN: [FH
i I 88 ) 2 TR, LM AR 7K R e 43 A 4
BRSSP 1TZ X2 kAR ok, ki
3 CAC I ITZ 5 2 T d R &+ 1TZ 58,

200 ms 400 ms 800 ms

BT A #5448 m] e a1 2 SLIKI MR R ALY
B SEOME RS TR AW AR

(b)

memm ().005

Effective strain

(a) Mesoscopic failure pattern  (b) Actual failure pattern in Ref.[5]

K9 miEfk CAC HEFS SR BUR TS

Fig. 9 Failure patterns of prismatic CAC specimen

2.3 AMEFIAIL IR

K = M AU, CAC B4 AR 7,
ASTRIB ] $5,(200~1 500 ms)C30CAC HIZHM AT
Kl 10 Fiome M 10 TR W 757 200E I
(200~400 ms), CAC PN HIEA Ak A A B 2 AR
ERILR, X5 R R ST A — 2
XN CAC N AR 28 1 FL RS SE I B s B
J1iE— 1 1(800~1 000 ms), CAC NHEBZ T T H]
ARSI, P RAEEAT N, TR THZ
A BOR BRI REE, X CAC B SPEAR T AN S8
B 2 NELG 2 CAC AR IR BUE 55
(1500 ms), VE#&ET PN REEE KR, BUE
AR ARG T, DR ZLAETE BRI R, (F il F R
EL&ﬁWMﬂ Horb, KEINH & R R K

Wi IR, JB T CAC B B RURAE

Effective strain/10-
5.000
4.500
4.000 -
3.500
3.000
2.500
2.000
1.500 .
1.000
0.500
0.000 —

1 000 ms 1 500 ms

Time

K10 BEFE(R CAC HEERS BRI 7

Fig. 10 Failure process of prismatic CAC specimen under quasi-static compression

3 PR oF 5 4 7 R
BT CAC I HE A o PR 45 0, R P4

BRI BEUANF WA H AR T CAC BRI S A
R RE, W TEEL B A NI REAR R 5 S N AR G

FIAEAA RS A 070 mmx35 mm, RMAFRAHE 1. 10
50. 100s ' A1200s s
3.1 BhESKL R EE 4%

BT = YERENLAN I 75, 43 B [F) AR 2
(1~ 200 s )G i 484 F R CAC 137 77 28 fih 28 4



49 HH 11

RWER S BT = YEREHLANOUR L (I R ) A v e

e 2525 -

B 11 frose BHIE 11 ATRAE 1) s R4 24E
T, CAC BIBNAS N R i 26 v] LL2y R aa Sk
BB R BRI R AR B 3 Moy . o,
WIUR TR B 1) A4 26 B o I3 A% 28 ORI Mg o, i
B CAC MWIMRTRIERIER R &, 2) MERARR
(325, CAC BhFSIWEAE R /) FHIEEAE B AR 35 B2 I K
s, i B s R AR B E T CAC RIH A1 8
TR TRE T ARL ) AR R ISR AN, X 5 SCHR[18, 32]
H CAC BRI LS AV A 3) Bl N AR 142
w1, CAC RJNAR M T B BOZ a1 1F4g, R
PAE B AR AR N BOA R B R, X5 0CHR18,
32 P AR TE 1A [F] A% Za AR F O 1 5 Vi g - (e
S5 CAC 545 R — 3.

100
—&— | s'-Simulation
—o— 10 s”!-Simulation
80 —A— 50 s~'-Simulation
—v— 100 s™'-Simulation
£ 60t —&— 200 s~'-Simulation
= : A 52.1 s'-Test in Ref.[32]
g '
x40 44
-
0
0
0

Strain/10-

11 CAC B E4E N ) v A8 ih £k

Fig. 11  Stress-strain curves of CAC under dynamic compression
i EARROI S

MNAFELE 1 ~200 s S B, CAC iR
3R S 5 AL 73 (PR D AN TTZ) o s 4
WA INE 12 s . fErb i IS4 8B
FER CAC P AR O SRR 2, 2 22
JiR PR 3 A5 n 8 A v 220 1 A R i T2 TR K
%, £ Poisson RN IS T, Ak 20l
[ A A, A5 R B ) AR 1 A8 3
BT B R, & B R A WTROR
FIRPLG 5 ICHR[18, 32]FHRIE ) CAC SEPR iR
KB G, DU 7 iZ4 AR R ALl CAC
NS AT RITEI S I . B N AR R4
AT EAREL CAC HIBIAAE FE AR B M 0 el , R 3R
SRR R AR 2 HARRUR/ N %
AHULLH 53 T 2R FE I o A, B 12 AT 0, 3K
PHAG R TR B EOA AF D B e ., 23
JE PR : AR B RS I T, Bl AT =

3.2

752 HofRAS s HoRERE SIS R T (HRER RN
IR, A 1A S Al Vet 2o AR PRk 3 AR BR R
RE, DILHIT RGN . 25 18 S ) RHIC
5 ZALIRERG A AR N CAC At
L 1 SAL 2 A FH A L B0 45 A0
AT, X5 SCHRI18] AR50 25 A — .

& & > .
— E:*z%%)
~ P .’
w _w by =

2 Y i

(9200 s~ [erliyad By
o A .. * *

Concrete ~ Mortar ITZ Aggregate

K12 ARNZERERT CAC R4FHINES
Fig. 12 Dynamic compressive failure patterns of CAC at
different strain rates

i AR R IR T AR

URASFE S 1 s F 100 s, CAC FIREIR
B 13 fax. [FIF, 9 7w FeA R i TA) s &+
RS RN I Z ISR R, 2 HITE CAC JJ-RE
iz EE 4 NAFEFE A By C Fl DYRXT
CAC KRBT FEHAT 00T Horh, 4 BT IR B
B SRR R ST, C SR DS T 2R R B B
HHIE 13 W1, CAC BIRP AN ITZ XIAE 4 RN E
LI T IR L an sk, iR EHR AR R LR
W, WEER R BEER PR, i
PRI BRI TAm L 42 I8, S RN R R4 %
FEHR, BHAEEFRRIFEERN (B 1), WA HHL
B WIS ; 76 CAC KIWIRI BB FiLLR),
AR IEHE TR RIS R, RIAIAE
T ZL G K0 RN 58 FEANBT I I, e & S B0 Kk 2E
HINC F D f). H—HHEMSERRZE, XT
bk, MR 1 s 3R E R 100 s B, B
R IR B R e, g L 58 A R f B[]
(300 pus)tB4a% 7 1 MUEH. K CAC KA HE
FE R SRR FEE 35 LA W 5 (1 B AR R R A, X
WA FE T+ BB R A #AE N CAC B3 6E 142
H TR R,

3.3



. 2526 ¢ (HERR Sh22 400

J Chin Ceram Soc, 2021, 49(11): 2518-2528

2021 4

Stress/MPa
- w
98
'
a

2 4
Strain/10°

1 000 ps 1500 ps

: ) Is!
5 D

2 000 ps 4000 ps Ss!

@ 10057

T8 12 16 20 24 28 30 ps 50 ps

Strain/10°* i )
Stress-strain curve Point A Point B

50
g A
40
530 C
20
10 D

150 ps

300 ps
Point D

Point C

Failure pattern®?!

B 13 ARENARE CAC N2 4 i ik f2

Fig. 13 Dynamic compressive failure process of CAC under different strain rates
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