Hans Journal of Civil Engineering =R T#Z, 2020, 9(3), 212-219 Hans X
Published Online March 2020 in Hans. http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2020.93024

Properties of Recycled Concrete Permeable
Bricks Prepared with Different Aggregates
Designed with Orthogonal Test

Xuanyi Wang’*, Ruizhen Yan*, Hangyu Li

College of Civil Engineering, Taiyuan University of Technology, Taiyuan Shanxi
Email: wxuanyil2@126.com, “yanruizhen2266@163.com

Received: Feb. 25th, 2020; accepted: Mar. 12"’, 2020; published: Mar. 19th, 2020

Abstract

Based on the orthogonal test design, the influence of recycled aggregate type, water to cement ratio,
aggregate to cement ratio and aggregate-grade on properties of permeable bricks was respectively
investigated, including compressive strength, open porosity and permeability coefficient. The me-
thod of range analysis and variance analysis was used to analyze the influence degree and influence
law of various factors on the performance of permeable bricks. The results show that the aggregate
type has the significant influence on the compressive strength of permeable bricks; the ratio of wa-
ter to cement and the ratio of aggregate to cement are the key factors of open porosity and the water
to cement ratio has a greater influence. The aggregate type and the aggregate to cement ratio have a
greater influence on the permeability coefficient, nevertheless there is no significant connection at
the 0.1 level. Under the testing condition, the best properties of permeable bricks reached with the
recycled concrete as aggregate, at 0.3 of water-cement ratio and 4 of aggregate to cement ratio.
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2. EMHERLGR
2.1. BEMH
KU LI 2 BEL 1T BEAR K R R0 TR A 0 A2 0 M RERR K V8 P-042.5. JLREREILAE 1.
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Table 1. Performance index of ordinary portland cement P-042.5
= 1. EREEEREL /KGR P-042.5 M REtE#HR

= BEE5 I [E])/Min PidsaEE/MPa YUE 8 /MPa
aipgroe  LCRID e = = = A%
/(m"kg ™) Ik Rkt 3d 284 3d 284
2 339 150 216 52 6.6 26 54.3 2.24

LA R 5 B S A P R L SRR DL L PSR LR T =T, e
45 RiAE 5~10 mm JORLEPEL, i 2.5-5 mm IERL, BLUPEPERE WA 20 SN, KJRITIEE
AT PR BRI, WKy 35%: KKK Bk

Table 2. Physical properties of recycled aggregate
2. BEERYIEMRE

HE A FRAE AR+
R (kg-m3) 1750 1710 2216
WK 2/% 2.56 14.42 454
HEFA 2 ) (kg-m3) 1133 846 1186

22. EXRWH R

ARIGHNI FEA 5] [ PR AE S BRI g KA U S« D FLBR AR AN K PEAE M B s, K27
B, FUME KRG R IR R E BRI R LE AR BHRIE . R o b AN ] TR 306 358 7K R 2 i PO 5
MFERE, RAIEASRIG ik, Hi gkl ol et a . RIHREE IHRE +; KK =/KTFH 0.25,
0.3+ 0.35; ‘H A LU (B RH 5 b4 RHR B HE) R ER 3. 4. 5 =ANKCOF s B R ECE I =K F, kL E BHE~10 mm)
AZHEFH2.5~5 mm)2 L 10:0. 8:2. 7:3. RXIGEHRMAFAIE 3, HARIEARIG BT R W& 4 Pk

Table 3. Factors and levels

%3 A&ESkTEE

N IR H B B R R (AL 4 GEEZiES
KT 1 0.25 3 10:0 AT
K 2 0.30 4 8:2 IR IH %
K3 0.35 5 7:3 JR IR et

Table 4. Orthogonal experimental design
< 4. B3R

G A (KK ER) B (B kLk) C (HRHID) D (HRHFE)

1 1(0.25) 1(3) 1 (10:0) 1 (JERTA)

2 2 2 1 2

3 3 3 1 3

4 1 2 (4) 2 3

5 2 (0.30) 3 2(8:2) 1

6 3 1 2 2 (JRIA%E)

7 1 3(5) 3 2

8 2 1 3 3 (RIHEEE L)
9 3(0.35) 2 3(7:3) 1
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Figure 1. Flow chart of permeable brick manufacturing process
B 1. EkEFMELZRIZEE

2.4. MRERL

AR HE R A R SF 200 mm x 100 mm x 60 mm 3% /K #% B P 58 036, 250 mm x 250 mm x 60
mm % 7K G FEAT B S EURE F I D FLER SRR A K R EGRSS,  BGE R R SF R @75mm x 60 mm.

KRG BT 50 R 56 4% IR JC/T95-2005 (iE/KAE) , 7E STYE-3000C A4 H shiist + & /R 56l bk
17, SE3S = H RS 120 mm x 60 mm x 30 mm X H AR, E KT HB200; I HFLBR KRG AR 4R
ASTM C1688/C1688M-2011 CHiHiis /K IRk 2 B FNFLBR & bR i 772 Bl b, ol id i 4 HE
T H A S R AR Vo, BB 28T 3% /KA IR 0 i J T S RO 5 B s R4 20 14 34T 30 min I
ZSREFRAT 20 min WK ALER, W H 5E AR KR B Wy IR K 2 G 7RSS R E Wy, BLA(1)
THEIT LR P

P= {1—“} x100% (1)
VO

B KRG B K R BRI RN BB AR A= i /K R BN B kAT, L F 3 S R SOk 14],

FKZE Ke tHEA L= (2) s .

QL

K:
T AH

O]

A Ke——KIEN TCRAEIIEK 2B om/s;
Q— A t W IEH/KE, ml;
L—— i ERE, om;

A——RPEI BRI, om?;
H—KAr %, cm;
T——HfE, so
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3. BR 5118
3.1 IEXRABERSIREST

TEASIRG () E A MRS A D T 2RI R B, 75 5 ARG T B+ 0 DU H 22 =P S b 2
GERL, A OKRE)EEES | AT TR EURAE AT 50N Ka  SUECHR 925 0 1T DA AR A I
TEAR KT R OHZ RS R BB 4 5L TR Ry (B A IR W A 12 A B IR TS %
IR E SRS FL /N, Ra AR LR A R MR

Table 5. Orthogonal test results of permeable bricks
< 5. BKHEIERREER

PR EEIMPa FFEFLBE A% #EK R (em-s™)

LES K1 K; Ks R K1 K, Ks R K1 K, Ks R
A 16.8 27.9 26.4 111 5.8 2.7 5.2 3.1 0.036 0.021 0.022 0.015
B 25.6 17.9 27.6 9.7 3.3 4.7 5.7 24 0.018 0.041 0.020 0.023
C 23.3 20.0 27.9 7.9 5.6 4.3 3.7 1.9 0.022 0.039 0.017 0.022
D 16.7 15.8 38.7 22.9 4.8 47 4.2 0.6 0.013 0.022 0.043 0.031

i AL By CAHID AL E . BRI B RIS KONER | K R IZ R P sl 0 Ao 2 AR~ 2%, 22 R A KRk
65 mMERZEE .

B2 5 A1, FEPURSRERIG T, BRI ZE R, Ul I R R O AR I K G B 5 R
PR RR, Horh R R 7V Bt LA o B RN P SR B K (BN 38.7 MPa, & & I & VR R HE 7K i 1 He 5
FE KA 15.8 MPa 1] 2.45 £, X5 i S [ 15N B A 70 25 RAR R, e 33 /K A% Pt s 5t P 5 i 3% DAL 3R A
A ARAKIKEE . B I ANE BEREC, B 2 AARBEREAR K FhuEsmEEA A, HE 2 afs, ME
IKIK L R3EN, U 580 B S 38 K5 U0y, Bl B M LU (0 3 I b R i B e o/ e K. AR RIS 45 1, &%
AKIKEE A 0.3, BHSEEA S, BRMHANELG N 7:3, B RN R [H IR R R e
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Figure 2. Compressive strength of permeable bricks under different factors
2. FRIBETEKENINERE

MY 5, 2 TR AKRETT I FLEAR I S B R B YO : AOKEE > BRELE > ERIRAC > HRRE.
P 3 AR R M KT DAL, A 3 W LR, @/KAE 1T EFLRRZR Bl A B 5 L AR KT
BEK, BEAE RO L] 8 NN E BRI AR AT B e S50, B RERRSTT L ALBR R AR /)N o
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Figure 3. Openings porosity of permeable bricks under different factors
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Figure 4. Permeability coefficient of permeable bricks under different factors

E 4. FEIEZETIEKERIEKEREH

3.2. HMERSHT

DU 58 L ANIE K R HOE B K AE £ B RESR bR, HrP RSO PR S R ok, LR P R R
IIF R g - A T PR 1 B K Ve b e 2 TR B B2 S ks, 0 ELB KR I 9% AT e & S1E IR K Je b 37 28
WKL, 38 e B ARk ) 0 PR 4 i P 1 48 v VR ek - O 0 R B2, /KR A B G b 2 0d B e 2 [
LRI SR RN, IR PR AR TR K B B 5 B S R K YRR SR £ R R RS

M 3 AE 4 AT RAE Y, EARES T B FLRR AR 5K REOA RIS, mTRER 9T H ALER
R AAREAKEE N EEIF L2, Wik, JFOFL2 BRI R I LI R 3 . X2 RUAE
PR AR MG OL T, R R K TR RS 5 R 455 P i S R 2R T AR, IR Rz 1A
] F R R 1L R YR D R AT R ARG 45 4 e il o n F Rt 2, ZE B TS B, AT s 1 T LR
o TMERALATLL IR 1SR AIERN2.5-5 mm) BT B, PR T B R A
B, IR ELE BRI AR 20 I U 2 R R b T 422 o T A R 88 o DA R K e b S (3R 7e T 22 D4 AT 1D AL o
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Ayt — D S AR 2E BT P 4% R N K RS 25 TP B B R 2 15 B 2, RIS EE AT T E 00T,
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Table 6. Analysis of variance of permeable brick performance

6. BKFEMREHFENT

SN A (KK L) B (B L) C (B kHHIAD) D (& kH) W% E

SEJRS 217.6 157.4 108.7 1023.5 109.0

% ] FH I f 2 2 2 2 2

% HI5RV 108.8 78.7 54.3 511.7 54.5
F 2.0 1.4 1.0 9.4

IR S 162.0 8.7 2.9 0.6 0.6

g H e f 2 2 2 2 2

% HI5 RV 8.1 4.4 15 0.3 0.3
F Lt 27.0 145 4.9 1.0

SFJ7 A S1107° 42.2 97.4 64.1 126.5 42.2

% P f 2 2 2 2 2

fﬁ )75 K1 V10 211 48.7 32.1 63.3 211
F 1.0 2.3 15 3.0

HH# 6 "5, BEKIEPUERRE S F IERKME Fo=9.4, FOFLBEFRE T F R KME FAa=27, 58
FE KPR A Fz010 = 9.0 F1 Foz00s = 19.0 AHEL, HUESRFEIRIE T Fp = 9.4 > Fpo010 = 9.0, BEAI7E 0.10
(117KF F(90% AT 15 ) B RH R Kot Bt e 5 B2 IR0 AR RS 22 s 7E T LHFLBR RIS Fa = 27.0 > Fp2)010 = 9.0
H Fa=27.0>Fp005 =19.0, FHILAI UL, AKAKLERTFF F LB FI2 M0 018 7E 0.10 /K Fid 2 0.05 7/KF |
(95% Pl 5 ) B A 2, T Fg = 14.5 HKT Fgo0r AT EAIHE KK EE AT FIFLBE 3R 1) 2 E R MR R 3
FEZ K RBORIS T, BRHPE o K N 2, (AR 311 F EEEN T Fogoior B FEAE 0.10 /K F
HARA RE.

4, 4Eip

1) SRR B KRS USSR 1 E Z R FONE RS, H S8 RRUK e b SR 45 98 N R,
ANEE R A RS R I (R RS S R AN R o D /KRG 1L 1) R4 TR a8, BRI R IR
gty E R, BRI EN, RUKKHEN 0.3, HAZHN 5, BRI 7:3.

2) TF LR MR RSN R 3R AR KK L, BRSO iR K R BRI R, TR AL R KNS
BKBZBICEHL R F . BRI KR BRI E B b R F e i A TR e 0 KA s . T LB R 5id
KRB BN ER, HPUksRE 55K R B A

SO Fi A TRl 37 A A P ) S R AR S U SR LB K R E, AW FUA5 B R R 2 S i P A4
PRIGSCHEIN ZR, FLARE S = KT (R IR TR B AR Bkl IE 2R ORE, R, B IR IR e AR D iRk %
BARHE, XML RE R E B S HEATIRA T
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