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Influence of gradation and aggregate content on
mechanical behavior of concrete
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Abstract: [Objective] This paper investigated the influence of gradation and aggregate content on
physical and mechanical properties of concrete. [Method) Virtual experiment was conducted on granular
flow platform with different aggregate ratios (0% ,50% ,60% s70% ,and 80%) and gradations (first grade,
second grade, third grade,fourth grade) ,and the failure mode, crack propagation process, stress-strain curve
and evolution of breaking energy were analyzed. [Result] With same aggregate content (taking 70% as ex-
ample) , compared to first grade, second grade, third grade, fourth grade concrete strengths (the peak
stress) decreased by 6. 14%,24. 58% and 33. 61% , respectively. Crack number and various energies also
declined in different degrees,indicating that high gradation was easy to form open structure,cause local in-
stability and impact enhancement effect. With same gradation (taking second grade as example) ,increase of

aggregate content increased concrete strength (the peak stress) by 7.32%,62. 9% and 143 % ,respectively.
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The crack number reduced accordingly and various energies increased in different degrees. [ Conclusion])

The structure stability of concrete had significant effect on strength.

Key words: concrete; gradation;aggregate content;mechanical properties;stress-strain curve
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Fig.1 Mortar numerical model



220 ( ) 45

1
Table 1  Volume fractions of all gradation grain groups determined according to similar grading method %
Grain composition
Grade <0.15 mm =0. 15~ =0. 156~ =0. 313~ =0. 625~ =2.5~ =5~ =10~
' 0.156 mm 0.313 mm 0. 625 mm 2.5 mm 5 mm 10 mm 15 mm
First grade 33.18 0.42 6.3 2.1 58 0 0 0
Second grade 33.18 0.42 6.3 2.1 29 29 0 0
Third grade 33.18 0.42 6.3 2.1 20. 3 17.4 20. 3 0
Fourth grade 33.18 0.42 6.3 2.1 11.6 14.5 14.5 17.4
2 , 58. 7 GPa; 1. 78 MPa, 32°
, 26.9 GPa, 2 347 kg,
b b o

HE #60% Aggregate content 60%

HF#E70% Aggregate content 70% H B #E80% Aggregate content 80%
a. ;b. ;c. s d.

a. First grade;b. Second grade;c. Third grade;d. Fourth grade

2 N
Fig. 2 Distribution of random generated aggregates under different aggregate contents and gradations

1.2 , ;
, 2,

b

2

Table 2 Computing schemes of concrete under uniaxial compression numerical test

Gradation condition

/%
Mortar Aggregate content . .
First grade Second grade Third grade Fourth grade
50 J J J J
J 60 N N N, v
70 N/ J N N
80 J J J J
N “ 7 .
Notes:“/” represent numerical test has been completed.
1.3 . (1) .
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Table 3 Crack number of mortar with same aggregate content under different gradations at peak stress moment
50% Aggregate content 50 % 60% Aggregate content 60%
Condition Mortar First Second Third Fourth First Second Third Fourth
grade grade grade grade grade grade grade grade
Total crack number 11 345 17 478 15 158 16 222 10 722 20 296 17 196 13 005 11 556
Normal crack number 7 774 11 516 10 327 11 086 7 089 12 992 11 326 8 553 7 500
Tangent crack number 3 571 5962 4 831 5136 3633 7 304 5870 4452 4 056
70% Aggregate content 70 % 80% Aggregate content 80 %
Condition Mortar First Second Third Fourth First Second Third Fourth
grade grade grade grade grade grade grade grade
Total crack number 11 345 34 256 33 680 31 871 13 167 27 936 27 565 27 403 24 822
Normal crack number 7 774 23 787 24 448 23 066 8 762 18 227 18 799 18 757 17 471
Tangent crack number 3 571 10 469 9 232 8 805 4 405 9 709 8 766 8 646 7 351
s 3 ,
b b o

a. Mortar;b. First grade;c. Second grade;d. Third grade;e. Fourth grade

3 70%

Fig. 3 Crack distribution of mortar and 70 % aggregate content of all gradations at peak stress moment
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Table 4 Peak stress and peak strain of mortar with same aggregate content under different gradations

50% Aggregate content 50 % 60% Aggregate content 60 %
Index Mortar  girgt  Second  Third  Fourth First  Second  Third  Fourth
grade grade grade grade grade grade grade grade
/MPa Peak stress 5.182 6.877 6.325 6.367 6.453 7.674 6. 788 7.052 7.157
/(X10~*) Strain 1. 686 2.226 1. 958 2.110 1. 146 2.701 2.227 1. 394 1.173
70% Aggregate content 70 % 80% Aggregate content 80 %
Index Mortar First Second Third Fourth First Second Third Fourth
grade grade grade grade grade grade grade grade
/MPa Peak stress 5.182 10. 910 10. 240 8.228 7.243 20. 090 15. 370 15. 200 10. 840
/(X10~*) Strain 1. 686 42.112 35.938 28.964 1.323 55.028 41.996 39.030 16. 739
5 ’ b Y
b .
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5
Table 5 Energies of mortar at same aggregate content under different gradations at breakage stage J
50% Aggregate content 50 % 60% Aggregate content 60 %
Index Mortar First Second Third Fourth First Second Third Fourth
grade grade grade grade grade grade grade grade
Boundary energy 3.928 6.711 5.481 6.017 3.222 8.920 6.728 4.237 3.672
Adhesive energy 0.202 0.026 0.230 0.223 0.177 0.276 0.239 0.202 0.202
Friction energy 0.501 0.795 0.692 0. 820 0. 357 1.121 0. 876 0. 459 0.039
Kinetic energy 0.033 0.074 0.078 0.088 0.052 0.103 0.095 0.079 0.073
Strain energy 0.612 1.568 1. 183 1. 145 0.746 2.123 1.507 1.026 0.915
70% Aggregate content 70 % 80% Aggregate content 80 %
Index Mortar First Second Third Fourth First Second Third Fourth
grade grade grade grade grade grade grade grade
Boundary energy 3.928 193. 920 159. 130 105. 640 4,311 435. 970 273.230 261.520 79. 009
Adhesive energy 0.202 13.425 7.756 4. 348 0. 190 60.672 23.491 17.567 3.098
Friction energy 0.501 36. 143 29.637 19. 933 0.485 93.935 53. 249 47.201 15. 689
Kinetic energy 0.033 0.676 0.658 0.432 0.102 0.978 1.253 0.938 0.719
Strain energy 0.612 15. 169 13.984 6.861 1. 051 52.037 28.914 29.270 10. 583
2.2 , 7 o
2.2.1 , o

a. 50% ;b. 60% ;c. 70% ;d. 80 %
a.50% aggregate;b. 60% aggregate;c. 70% aggregate;d. 80% aggregate

7
Fig. 7 Failure mode of two-graded concrete with different aggregate contents
7 , s 2.2.2
50% < 60 % <
80 % < 70% s
s , 8, 8 s
. 80%

s 2.2.3



3 s 225
o ( ) ) 9,
5r 1.7
L
ot
£e
SE4F S 1
<8 ! = :
o ‘G @
ﬁg 3L Z 810
- E ==
S B3
el =
PN 1__:1; 6.8
Qé B
B 34
=
[}J} i i 1 '} {] 1 1 1 1
0 2.0 4.0 6.0 8.0 0 2.0 4.0 6.0 8.0

4 1 R 3E/(X 1077)

Axial stram

—W— 50%F Bl 3 50% aggregate; —O— 60%F ¥} F 60% aggregate.

—— T0%E B 70% aggregate; —A— 80%E F1Z 80% aggregate

8
Fig.8 Crack number changing trend of two-graded concrete

specimen under different aggregate contents

9 , 50%
, 60% 70% 2 .
2.2.4
5 ,

Bl FEAE(X 1077

Axaal strain

—— 50%H B 50% aggregate; —0— 60%E B 60% aggregate,
—A— T0%E FHE 70% aggregate: —— 80%E 1 80% aggregate

9
Fig. 9 Stress-strain curve of two-graded concrete specimen
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