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Experimental investigation on discreteness of quasi-static and dynamic compressive

strength of recycled aggregate concrete

WANG Xiaojuan', LI Runlin' , ZHOU Hongyuan™*, MU Chongyuan', QIAO Qiyun'

(1. Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education, Beijing University of Technology,

Beijing 100124, China; 2. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology,

Beijing 100081, China)

Abstract: To explore the influence of the substitute rate of recycled coarse aggregate (RCA) and strain rate on the

discreteness of the compressive strength of recycled aggregate concrete (RAC), RAC specimens with three different

RCA substitute rates were prepared for both quasi-static compression and split Hopkinson pressure bar (SHPB)

tests. The test results show that despite the limited change in the discreteness of compressive strength of RAC with

increasing RCA substitution rate, it still tends to initially increase and then decrease as the RCA substitution rate

increases. The results of the SHPB test indicate that both the RCA substitute rate and the strain rate exert a signi-

ficant influence on the variability of the dynamic compressive strength of RAC. The dynamic compressive strength

discreteness of RAC with the same RCA substitute rate gradually decreases with increasing strain rate, while it

increases with increasing RCA substitute rate under the same strain rate. In addition, the traditional Weibull

distribution model was modified by introducing the parameters of RCA substitute rate and strain rate, and a

dynamic compressive strength prediction formula for RAC with different RCA substitute rates at any given pro-

bability level was proposed.
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Table1 Mineral components of ordinary Portland cement P-O 42.5

ALO,/wt% Si0,/wt% Fe,0,/wt% CaO/wt% SO,/ wWt% R,0/wt% MgO/wt% Other/wt%
4.42 21.65 2.61 62.93 2.27 0.83 2.92 2.37
Note: R,0—Basic oxide ( Na,0, K,0).
F2 HERIEREER
Table 2 Performance index of coarse aggregates
Aggregate type Gradation/mm Apparent density/(kg-m™) Crush index/% Mortar content/% Water absorption/%
NCA 5-12.5 2814 8.8 0 0.40
RCA 5-12.5 2 640 17.7 34 3.85

Notes: NCA—Natural coarse aggregate; RCA—Recycled coarse aggregate.
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3 MIEALL (kg/m®)
Table 3 Mix design proportions of tests (kg/m®)
Specimen Cement Sand NCA RCA Water Extra water
RAC-0 462.5 596.09 1156.41 0 185 0
RAC-50 462.5 596.09 578.21 578.21 185 17.35
RAC-100 462.5 596.09 0 1156.41 185 34.69

Notes: RAC-0, RAC-50, RAC-100—Recycled aggregate concrete (RAC) with 0%, 50%, 100% substitute rate of recycled coarse aggregate,

respectively.
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Fig.1 Failure mode of recycled aggregate concrete (RAC) specimens

under quasi-static compression
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Fig.2 Compressive strength of RAC under quasi-static compression
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Table4 Weibull parameters for compressive strength of RAC under quasi-static compression
Li fitti ti K-S
ineat fithing equation Weibull parameter

Specimen ~ Y=aX+b E(0)/MPa  S/MPa C goodness-of-test

a b R2 m ,6' Dn Drm
RAC-0 22.80 79.43 0.92 22.80 32.58 31.817 1.737 0.054 0.103
RAC-50 21.47 73.41 0.93 21.47 30.54 29.783 1.723 0.058  0.104 0.215
RAC-100 22.61 74.55 0.98 22.61 27.06 26.415 1.454 0.055 0.069

Notes: E(o)—Mathematical expectation; S—Variance; C—Dispersion coefficient; K-S—Kolmogorov-Smirnov; a, b—Slope and intercept of
the linear fitting equation; D,—Maximum deviation; D,,,— Critical values for n data at a confidence level of a.

x5 ARERIEZETH RAC HERE
Table 5 Compressive strength of RAC at different levels of reliability

Specimen O mean/MPa 09.75/MPa 085/ MPa 0995/ MPa
RAC-0 31.82 30.85 30.09 28.60
RAC-50 29.78 28.82 28.06 25.47
RAC-100 26.42 25.61 24.97 22.77

Notes: 0 ean—Mean compressive strength; o7 75, 07 g5, 079 95— Compressive strength with a guarantee of 0.75, 0.85, 0.95, respectively.
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Fig.7 Modified Weibull distribution of RAC compressive strength in SHPB test
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Table 6 Modified Weibull parameters for compressive strength of RAC in SHPB test

. train o Modified Weibull parameter ) En(o)/  Sy/ K-S goodness-of-test
Specimen _, Fitting curve R Cu D D
rate/s m B n S MPa MPa n na
50.4 Y=10.62X-42.67 10.62 13.53 -3.79 0.92 52.20 0.74 0.014 0.099
RAC-0 68.0 Y=11.05X-45.18 11.05 13.89 -3.82 0.97 57.06 0.71 0.012 0.111
89.1 Y=11.46X-47.85 11.46 1437  -3.85 0.98 62.11 0.70  0.011 0.095
117.3 Y=12.08X-51.68 12.07 1548  -3.90 0.98 69.20 0.70 0.010 0.094
50.8 Y=8.34X-32.79 8.34 13.05 -2.94 0.94 49.23 0.85 0.018 0.135
68.7 ¥=10.15X-40.66 10.15 1336  -3.43 0.97 53.13 0.75 0.014 0.123
RAC-50 1.5 0.215
88.6 Y=10.88X-44.93 10.88 14.30 -3.62 0.92 60.70 0.73 0.012 0.087
118.2 Y=11.86X-50.07 11.86 15.43 -3.72 0.96 66.03 0.73 0.011 0.134
53.2 Y=7.19X-27.95 7.19 12.66 ~ -2.53 0.96 4537  0.96 0.022 0.119
70.5 Y=8.12X-32.24 8.12 13.99 -2.62 0.94 49.47 1.00 0.020 0.095
RAC-100

89.2 Y=10.55X-43.06 10.55 14.73 -3.35
121.3 Y=11.24X-47.02 11.24 15.84 -3.42

0.97 56.23 0.80 0.014 0.142
0.98 62.86 0.80 0.013 0.073

Notes: Ey(0), Sy, and Cyy—Mathematical expectation, variance, and dispersion coefficient based on the modified model; n—Strain rate

effect parameter; 5—Substitute rate parameter.

3.2.2 RAC 225 & 1 23 =X
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