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3D numerical simulation on splitting tensile strength of early-age
concrete with random aggregates

ZHAO Weiping' , LIU Yingjian', HE Huafei’, HAN Xuegang”, YAO Yang’

(1. School of Mechanics and Civil Engineering, China University of Mining and Technology (Beijing) , Beijing 100083, China;
2. Beijing Municipal Construction Co., Ltd., Beijing 100048, China)

Abstract; In order to study the splitting tensile properties of early-age concrete, a 3D meso-concrete model with a
35% coarse aggregate volume content was established using Python scripting language for secondary development
based on ABAQUS software platform. 3D zero-thickness cohesive elements were embedded in the mortar elements
interface and the mortar-aggregate interface transition zone (ITZ). The splitting tensile strength of concrete
cylinders with three mesh sizes of 4, 5 and 6 mm and different ages were simulated. The results show that the
combination of 3D random polyhedral aggregates meso-concrete model and cohesive elements is suitable for the
fracture simulation of early-age concrete cylinders, which can not only accurately show the geometric shape and
spatial distribution of actual aggregates, but also predict the mechanical properties and failure state of concrete with
a high degree of visualization. The three different mesh sizes have minimal influence on the splitting tensile
strength, but they do have some influence on the descending section of load-displacement curves. The maximum
error between the calculated value of the formula, the simulated average value and the test value is 17.65% and
16.18% at the first day, and the errors are less than 5% in other ages, which validates the applicability and
reliability of the model. The failure processes and final failure states of models at different ages are similar.
Microcracks initiate and propagate in the ITZ, and localized areas of concrete experience crushing, ultimately
resulting in vertical main cracks that traverse the cross-section of the concrete cylinder.

Keywords: early-age concrete; parametric modeling; cohesive model; random aggregate
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Tab.1 Aggregate particle size distribution

i LR/ mm St R/ % FIHABUM L %
10 0 0
16 45.6 16.0
20 71.3 24.9
25 100.0 35.0
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IR 210 7.8 0.30 — — — —
NGk S 8 0.8 0.30 — —
HHE R 70 2.8 0.16 — — _ _
%4 25 1.8 0.20 — — — —
(54 S adin) — 1.8 — 2.70 9.450 0.040 50 1.012 50
117 — 1.8 — 1.35 4.725 0.020 25 0.506 25
£3 FEAMERTERNATSIT 250
Tab.3 Statistics of model elements in different mesh sizes _._: 22
PIRERSE/mm SRBOE O AERAFIT FUCRE BN K 200 —*6mm
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6 492 955 680 336 1173 291 71 g /
™ N . Z 100
10 AN [E] XA RS A AR 1 ey 2 — 1 BB 2k /
MR A% RT3 R T 4.5 .6 mm B, BF 2445 50
P AR T 2045 W0 244. 59 241.52 237.43 kN, i34
A (13) AT P TR BE 1 [ AE 1A 1% B S0 P75 5 43 531 0.5 1.0 15 2.0
3.46 3.42 3.36 MPa, BF 24H0 58 B 1Y FL(E M1, 01: R /mm

1:0. 98, A [7] PO At RO~ A5 28 8y B SR8 45 437 5 3 i) ) 5%
FETE 2% VAN o TR BE L IR0 B2 I Tk T 9355 37

Fig. 10

BRI ERERES RS BT R R R — A A

PR A T B0 3 RS2 R, B RT3 4
5.6 mm 3 BhRIRE T BRI AN, Y45 Y )
A NSH AR RATAT AR 14 P9 3R 7 BRI el TR
PR RS X i 280 T o B A 7 — S B2, O EL A%

RSB, i 28T A B Bk

(2) BHRE

(e) B

Fig. 11

Tavav

R
RoRR

JAVAVAY)
5

i
SR

(f) #i o

v
ORS00
IR

OOSPRAORG
A

SRR
O TAY

S VAVAVAVA
oY

0
VA ATAVAVAY
7 Vs AVAYA
YaVan
A
T D)
SRRSO
KRS
VaAVAV: avaTATA 2y 0 >
SYavava YA o g
s

4V vz ) Sy YAVAY

(g) BE
11 REEEITESERREEET

Extract elements with different sections of concrete cylinder specimen

AN
VAV vavy e
B SNAVAY %Y,y AVav,

KL
oK)
a

RIS
ORISR
20 R R ATAYAVAVA
5 SRS
oy SRS
N LK o/
K X
5 7 QR
S SOREARIRK] 2
A Q
5K SRRRSRIRERIKER,
SRKY SRIEPKIRIKIKIK
oy SSRERRISERPERT)
S ORI
P, PO
X 5 TAVAVAN b Vi S
s TAYiavy RVAVAYAT i 0
VavA) N AAVAY VAVAVAVAV,VAVAY ), )
Tavay K] A AN STAVAvAY, VAVAVAs
RIS
7 KRN AV AVAVAV)
R PSRRI
DORISRRISKK)
ORRERIOSIRK]
SRD
RO
PRREDOSS
%

5
o

o
)

(h) &£

10 REIMERTHEBE R - [ &

Load-displacement curves of models in different mesh sizes

B R 300 mm (TRBE - B A (AR 7R 46 1]
HC7 A0, BB R 50 mm, K] 11 (a) MR EE
BB R R R B B 11 (b) ~ (h) FIREUR
3t R FE A 7 AN [F)57 B A T A 7 8 ) AR T
] (1 50T




. 120 - R

wOL Wk K

»e

»e
7

=

Eild 57 %

P 12 S AN [a] A% RS A58 8 A B B 4T 17 (i
Ay 42 HRAT 11 4RI 7 AN RIS OT R 1 g
A i, 353503138 [a] 1 A RS A6 R AT 32 40 X

S XA R R FT , AR A R SF 43 31K FH 4.5 .6 mm
RS T EARS A I SEVA AR SO (=Rl IR VN
3.35.3.24 MPa, JF7ER 12 L SELR AR T .

160¢ 160 ¢ 160¢
140f 140} 140F
120} 120} 120}
g 100] g 100} £ 100f
£ go} £ gof £ gof
E 60F g 60} g 60f
40t 40} 40}
20} 20 20}

Of mrrmr—pe MRS 0f Fmremeete SRR of s

-90-80 70 -60-50 40-3020-10 0 10 20 -90-80 70 -60-50 40-3020-10 0 10 20 -90-80 70 -60-50 40 -30-20-10 0 10 20

N F1/MPa N /71/MPa N F1/MPa
(a) M# R ~F4 mm (b) M#% R ~}'5 mm (c) Mg R~F6 mm

E12 ARMERTTRE L B 55 th 2k

Fig. 12 Stress distribution curves of concrete cylinders at different mesh sizes
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Tab.4  Comparison of splitting tensile strength results at
different mesh sizes
H R </ ﬁ(l?)%%*ﬁ?ﬁ?ifﬁ ﬁ@jj}qzﬂ‘] s 0
5B/ MPa {H/MPa
4 3.46 3.40 1.73
5 3.42 3.35 2.05
6 3.36 3.24 3.57

2.3 BEREIRSRTERHTRER
5 MRS R RS 525 4y ST

SR I, R S mm BRI ROT R RIS i 1 3 .5 7 14 28 d AR EE 1 [RIA: 1 BE 2045 $ir
RIS 73 A AL
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Tab.5 Material parameters at different ages
oo AR R/ :%EJ;%:‘/ ] " BibismE, PR/ }fi@liﬁ%%/ Wﬂ%ﬁ%%’aﬁ/
GPa (10 %t+mm 3) MPa MPa (Nemm™") (N-mm™")
(I 1 d) 14.6 1.8 0.20 — — — —
W (3 d) 19.3 1.8 0.20 — — — —
WIS d) 21.1 1.8 0.20 — — — —
WA T d) 22.1 1.8 0.20 — — — —
WA (I 14 d) 23.7 1.8 0.20 — — — —
WA (R 28 d) 25.0 1.8 0.20 — — — —
W BITFE (B 1 d) — 1.8 — 0.50 1.750 0.007 50 0.187 50
I BT R (A 3 d) — 1.8 — 1.20 4.200 0.018 00 0.450 00
WK PRITFE (B S d) — 1.8 — 1.50 5.250 0.022 50 0.562 50
WM TT R E (R 7 d) — 1.8 — 1.80 6.300 0.027 00 0.675 00
PIK BRI HE (WA 14 d) — 1.8 — 2.30 8.050 0.034 50 0.862 50
OIS (#3301 28 d) — 1.8 — 2.70 9.450 0.040 50 1.012 50
ITZ(#E 1 d) — 1.8 — 0.25 0.875 0.003 75 0.093 75
ITZ(#3 3 d) — 1.8 — 0.60 2.100 0.009 00 0.225 00
ITZ( #3415 d) — 1.8 — 0.75 2.625 0.011 25 0.281 25
ITZ(#41 7 d) — 1.8 — 0.90 3.150 0.013 50 0.337 50
ITZ (53] 14 d) — 1.8 — 1.15 4.025 0.017 25 0.431 25
ITZ( #1928 d) — 1.8 — 1.35 4.725 0.020 25 0.506 25
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