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Abstract

A lightweight permeable concrete was prepared using lightweight and porous Yunnan Tengchong
CERAER .
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volcanic rock as aggregate, and the mix design was carried out using the volume method. Through
the orthogonal test method, the influence of many factors, such as Water-cement ratio, effective
porosity, volcanic stone particle size, silica fume ratio, and so on, on the pressure resistance and
water permeability coefficient of concrete at the age of 28 days was studied. The experimental re-
sults indicate that using volcanic stone as a lightweight aggregate can prepare lightweight con-
crete with good performance. When the porosity is 17%, the water-cement ratio is 0.30, the ag-
gregate particle size is 5 mm~8 mm, the silica fume content is about 5%, and the reinforcing agent
content is between 10% and 15%, the compressive strength of the test block reaches the maxi-
mum value of 25 MPa, and the permeability coefficient is greater than 3 mm/s. It can basically
meet the pressure standards and permeability characteristics indicators of permeable concrete
pavement, and has good economic and ecological benefits.
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1. 518

AR, #ha GG e B 2 28 I T AL E R A T B2 A T b, g4 IR T 9 HH Re % A AR R
IUARIR T HEZK 0], H A i KR EE E M Rl B R Ry Rz —, HWE ST A AR 1) SR S A (B AR 5T
B BEAREE LRI PC, & — Pl EL AT MR RE VR e AL, FLFLRR &S F B fH ) 55 e B 0k TEL A R
ghimp, MR 17 2 fLa58[1] [2] [3].

LRSS DI 7K TR L 1T 78 58 270 T AL G lic & be v th 77 58 DL B oMl R v S5 A sk R0 FH A IR K
KB AR 7KUY B 53 Rt £ K IR B o SRTT B AT RS /K LA R B TSl 5 R R i DL
Ol AE S K S T AE RS TREE L, T KOS KR EE L A S AN BB D, RRE 70 kI K LA
&M . BT AEEFEERN X LARE, HAaMBEGIR2Z . MER BTG 3. RO ESRE,
AR SR EAESR . BT, ASCRAB MK LAEAEE R, SEEKRE LIRS, fERE L
FOIIAEEA, SEEAET BER, fEEiRELmT A, X R A T, X PC BRRBEEAT)
SRR BT RN AAR T . ST A RERE S PR B B, INFLER R, RN AR AR B RIF AT
s A AR ER

2. Wit
2.1. [F#H

Table 1. Chemical composition of cement and silica fume (unit: %)
1K BERUFERMERA: %)

—

” %E% Sio, ALO;  Fe,0; Ca0 MgO SO, K,0 Na,0O  Jelki
KU 20.65 5.60 4.13 61.87 2.60 2.79 0.83 0.14 1.39
TR 81.40 4.47 1.40 0.82 1.48 1.35 / / 7.26
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RN %

AR URARIE R FH B 7K S g i 7K 8 4 1A BR BT F1IE 30 0 8 5 AR 72 PR 3 % 42.5 MPa )8 ik
2 5K JE(P.0.42.5), LLHE Ny 3.15, FHIKLLEMEF N 3140 cm®lg; FEAK ARG RGBT R4 77, Lh S AN
BB N 2.32 F 245 kgim®, 45 um J7 FLIT AR BN 4.8%; SR AT AR BL A8 B ARG B 747,
WEH RN 1. 38 2 . KILARAF BB ik ilf, KA B R SorBic b i 3.
x4,

Table 2. Chemical composition of enhancer (unit: %)

2. HEFICFEMRFEZYIBMRE (R %)

5% Sio2 Ca0 BIKE Ealifaes R Na,SO,
i 64.68 0.92 3.17 16.87 6.46 4.83

Table 3. Physical index of volcanic aggregate
= 3. KLABRHIIRIEFR

B2 742 YU [l (mm) HERIEEE (glom?) T ¥ (glem?) FrIKH (%)
NFRRLAL KA A 3~6 0.56 1.56 0.73
PRI A kLA B 5~8 0.57 1.36 1.03
KRtk lAH C 10~30 1.67 2.63 0.00

Table 4. Volcanic stone grading
F 4 NLARECEBE (B %)

T— LR

e T 0~2.36 mm 2.36~4.75 mm 4.75~9.5 mm 9.5~16 mm 16~19 mm >19 mm
CRETLES —
INBRLAL kL A 5 74 21 0 0 0
AR 4T 6 kLA B 2 12 81 5 0 0
KBRLLL k1A C 1 1 8 29 42 19

22, REHE
221 IERZRERITHE

Table 5. Test factors and level table

%5 RBERSKER

K H brfLER 2% KL BRI HEKIB = B A5 P75
1 \ 0.11 0.29 A 0.025 5% — L
2 0.17 0.33 B 0.05 10% THEE K Ve H Ak
3 0.23 0.37 C 0.075 15% IKVEEANE

ELRRHERTREEE. £RTPAAM—MRIE, € RFHELRKARIH TR, Wb
TR G B R TTRG, RIREA R ER M AT G T HOBIE R, A IRRIER ST R0, i
FRAPEN B4 T “ BB 5B, BEFEATLE” R, 50 PG S B o A 2RI PR Y
AR MRR A TS OB “BEFFATLE” PEREIRISAE SRR T T4, FTLAS T BB AR08
U, AL TR R SRR, IEAS AR — RO IR 2 R 5 R T
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AT FUR A ISR I 7 30 KA ATE AR L AT T, B0E 1R LRI, SLERER . REACELG, 3
SRR PR FH R DA R 4 7 R A = AP A G o B KRB L& 07 R FARNE, a0 a
RERAAKT, 2/ PC HBUEIZHI &7 R, ki Zisitd, A7 =2 RN H
RMIERZ BT R, 18 AR A LT SR (K 5. 4 6). 4 6 s xS Tl 7 prie £ 10 /K1« 3K
TREE L IR IHZ = FN R BRI RHATILED, Wk 6 Fron, AWTFUIERT DONE KRB R & LR
THEH S 4] [5]

Table 6. Orthogonal test design table
6. EXRIRITER

;%;}g%\f H brfLER 2 KL BRI RIS & a5 i IT 5
W 1 1 1 1 1 1 1
e 2 1 2 2 2 2 2
5 3 1 3 3 3 3 3
G 4 2 1 1 2 2 3
RIS 5 2 2 2 3 3 1
R 6 2 3 3 1 1 2
R 7 3 1 2 1 3 2
K5 8 3 2 3 2 1 3
K5 9 3 3 1 3 2 1
54 10 1 1 3 3 2 2
e 11 1 2 1 1 3 3
A5 12 1 3 2 2 1 1
A5 13 2 1 2 3 1 3
AL 14 2 2 3 1 2 1
5 15 2 3 1 2 3 2
R4 16 3 1 3 2 3 1
R 17 3 2 1 3 1 2
R 18 3 3 2 1 2 3

22.2. BEEEIAZE

KR T — PP @ VR e T AT 5 2 FLBR IR e L ATRL, BB MR IR AU R
BOR, B TEAR - C SR TE LA BB R, IR TR SN RS, EREEL A
BRI % T2 DL R IR R A fR AR R LR 2 . VBB MR B B ), JKVB, /KSR, FEAMH R
— Bl AL AR B R S B 48 . T LA L T D7 v R S e B AR A5 1) . ARHE 2009 4E i1 52 1)
3 K TRBE BT 1 AR bR CIITL35 MsE, 3B /KRG 0 AME KN i ik 3 i RS N3 Sl B e vk
WRFITE TS BRI B3 K RS 1, 15 B ok i e 5 B ARILBR R . E/KIREE L V = FrasMEfA e
TR+ FLBUARRR, AL VTR BRI AR B A S ST KRR N &, AR TT S
2 R BTR[6]:

—S 4 _Cy W,z I p=1 =)
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b Mg AR 1 m? IR B R E R ER kg/m®s M AREACER 1 m? IREE L KB (50 &, Bl kg/m®;
M,, 8% 1 m*IEE LK E, kg/m®; M, AR 1 m® IR A BT PR skl %, B kg/im®, M, fR%E 1m®
TR FTA YNNI R B, B kg/m®s po ARFHLE RHIALE E, B kg/m®;s p. AR KIR IR E , B kg/m?®;
oy TREAKIRLEE, B kgim®; p, ORISR O, B kg/m®; p, ARESMINFI AL, B kg/m®;
P RFIRLEXT RALBRIART =,

WAL, LR M RE AR R & T 3@ KR B LR A L Rl B k. b, R BUEDLE
FrRALBRZAE A a8, o] DLUSE ITORG b 2 i /K Pt 22K, TTT SE N Rkt Sl 1 v H bk 0k RSt
FORILCEE, AR SCR AR BZESR AR AE /K TR I EC & LU, DOR BRI ERE AR, VE L 7 [2] [3] [7].

Table 7. Concrete mix ratio of orthogonal test group (unit: kg/m®)
F7. EXRIBRERLAR (BN kg/md)

FPe o KKE HARLEEER Ride HIERHE KR GV K G5 VSR
1 0.29 11% A 750 517 13 155 31 1
2 0.33 11% B 618 622 39 218 44 2
3 0.37 11% o 490 735 51 294 66 3
4 0.29 17% A 750 426 11 128 26 3
5 0.33 17% B 618 539 28 189 38 1
6 0.37 17% Cc 490 655 53 262 59 2
7 0.29 23% B 618 483 25 150 34 2
8 0.33 23% Cc 490 376 125 165 41 3
9 0.37 23% A 750 109 3 41 7 1
10 0.29 11% C 490 568 46 176 51 2
11 0.33 11% A 450 316 8 107 19 3
12 0.37 11% B 875 567 30 238 40 1
13 0.29 17% B 800 547 29 186 38 3
14 0.33 17% o 490 704 49 246 63 1
15 0.37 17% A 750 380 10 144 23 2
16 0.29 23% Cc 490 660 50 206 57 1
17 0.33 23% A 750 316 8 19 19 2
18 0.37 23% B 642 416 22 175 29 3

2.2.3. JLERE MR
WA S KK EE g 0.3 BIZKVBIRARTRTN, R T RNV, 0 T8 R S A 87 HHis AR 40 A S
HAT, AR T4 R [2] [4] [8]-

fcc = X (ﬁ 2)

X f, -PUERGREE, MPa: F-BAGE, N: A-ZEMAL, mm.

2.2.4. FLBEIEM) N
MFLRR R N R [2] [4] [8]-
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p= (1-@}100% (X 3)

X P-ALEEE, %:; m-KPlhiE, g0 me-RE2 S TERE, g V-REER, cm’.
2.2.5. iEK ZHUMR

KR e Kk, R =EE KRB e E (K 1), B HEEKRE2].
3 QxL
~ AxH xt
X K, 7K T"CNE’JLK%%&- 1E Qq-t B [AJ B, i%i;Lﬂ@E‘;i%‘éiﬁ#ﬂ’]%%T%@i;iﬂlJ%ﬂé*ﬁ’%,
T FL B v LE G P k3RS, AR n] DUE I I &R RS, K Sk 22 AT DA I &k 3RS .

(L4

T

..............................................................

(A-fK %, 2-HIRETE, 3-M/AKMEOMEEHEK ), 4-3028, 5-B/KBEEEMIE, 6-iFERE, 7-KA & EZE,
8-i% /K A& E)

Figure 1. Schematic diagram of fixed head method test device
1. BERERERETEE

3. MIELERI

3.1 MUAEKERLAWIEFRZER
18 AR EE i i F ERIG S5 R 8 B .
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Table 8. Table of orthogonal results of pervious concrete test
= 8. EACERLI KM ERERE

R LIRS E(VP) ST (%) Kk H ()
4 1 . 25.00 12.67 3.47
R 2 24.45 12.04 3.14
K5 3 16.52 1453 6.57
5 4 15.30 20.41 10.31
i35 5 11.54 22.00 12.12
I 6 9.29 22.70 10.99
e 7 7.05 31.07 22,51
4 8 8.62 29.65 21.98
R4 9 9.90 30.77 18.87
5% 10 16.54 14.98 5.67
A% 11 22.70 12.92 3.91
A5 12 17.86 13.91 4.10
e 13 12.78 22.04 13.53
R 14 12.39 24.5 16.45
R4 15 14.04 20.7 11.72
A5 16 6.86 32.57 25.44
G 17 10.88 27.16 17.14
A4 18 11.01 29.99 19.83

3.2. IBKRELIERZRERFLBEER ST

35.00%
B
30.00%  FTTee-- N e -
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Figure 2. Porosity analysis diagram

B 2. LR HE

Wik 2 pos, AR EG = B ARFLER R AN SIS 2 (A7 A LBR R 45 R AT Gt X L, R HARL
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B, UMIFAER M R GREBEZME AL, (BRI S AL R B s, P kilaZ
FLERRIR Y, PP A2 A 22 AE — E AR L R AE AT SR VFTE I IR, SRR AL R AR 2 5 06 0 S LR A
PR KBRS, RS AT SR H AR LIRS AT HC & L Bt I 7 2 AT Y

3.3. BARBRLIERZAE ST

RUEEHAILBR R A — NS, (BRI NE KRS B R R M — g B brvE, Rk, NHf R
ARG 25 SEHER 1 A rT 4R, 50 OB B R 3 B 5 3 7K R AR N A B B 2448 bR (3] [5] [6] [8]-

R4E 1 3 Bete B, BT HARFLBRR AW IE R, ORI s 2 W3 T, AR ISR R 3
W FHN IR, EP AR MAS AL, 7T CARfE H— AN RSB AE, BIfEDT R 58 B 535 /K 2 500 ]
FrE, Wl BARSLERAE N 17% [5].
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Figure 3. Relation of pore volume ratio with pressure resistance index value and permeability parameter

3. LERREHmENIEREFE KSR X R
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Figure 4. Relation between water cement ratio and pressure resistance index value and water permeability parameter

4. IRIRLE SHE DEREFIE KRS X HR
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FEE 4 hReBARE], B KIRICHITHS, PIOUERESRIERSBENE, b, iR R
B NS S, MBI K R R & LR RIS XA LT, KK EAE 0.30 /247, ATEL
AT IPERE -
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PIok I 2 A XAk, FRATAT DA E B MR EES B bR, DASRISTE & itk ae.
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Figure 5. Relation between aggregate type and pressure resistance index value and pervious parameter
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Figure 6. Relation between silica fume ratio and pressure resistance index value and water permeability parameter
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Figure 7. The relationship between reinforcement content and compressive strength and permeability coefficient
7. BRI ESMEREMBEKREXER
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Figure 8. Relationship between stirring mode and compressive strength and permeability coefficient
8. M AFREMEBREMEKRY KR
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THIAS S RT3 L NEK RBOE B = P s, TR 3 IR B TP SR 1 = i
PN

4, 4Eip

“Urgnyi” R RKESIT A . R R R, B KRR R T OB AN .
R TR AR m e Ak A @R, TR Atk @i, Hish Mg MRk R,
RIS [ b R HE AR B R FRRY, IFEE & 2 i Kl a s sUOT BT . BE TR Iz Kl
i 7K VR e 32 K A AL B R IR TG K, BEK B LI K/l B RERL AR (08 TR O, Bl
ST KA s M 55 RE AL B R SN TR/, B A LS KT S I s B RERLAR 3 KT D
I8 98 55 7 2 SR G N T S 1 K a5 R P8 B o e K 35 A M NS 2 S G 12 /I Ja SR s ad s 4
P73 BR R BONGTR 38 S R S/ MEL, B B 52—, @K R BIUS R K, @y =,
PUEGRE A I KAl 456 00T, MEALBRE N 17%, JKIRH 0.30, H kK4S H 5 mm~8 mm, fEKE
5%, HIERIB Ry 10%3] 15% 2 7], )7 SO KYe BAT IR BENE 15 2 BT He 55 B AIE 7K 1 # A
I AR B R K LA B KRt o T TS5 RAEW 25 B K L A 7K TR it ot R S B I FH 3R B A} 2 AR 4 A5

R
HE&mHE
7 KR A B 6L I 25 [ K 2000 H (202210673082) ;= B K S HUE ok o R 0 AT I H
(2021Y37).
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