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Effects of multiple factors and wetting and
drying cycles on properties of brick powder foamed concrete
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Abstract; In order to explore the effects of foam content ( mass fraction, the same below), brick powder content, water—to—
material ratio ( mass ratio, the same below) , hydroxypropyl methylcellulose (HPMC) content, and dry—wet cycle on the proper-
ties of brick—doped foam concrete, orthogonal experiments of four factors and five levels were carried out, and the optimal mixing
ratio of brick—doped powder foam concrete was determined by combining the power coefficient method. The results show that the
optimal mixing ratio of brick—doped powder foam concrete is that foam, brick powder and HPMC content are 3% , 30%, 0.05%,
and the water—to—material ratio is 0.55. The compressive strength of foam concrete showes a downward trend with the increase of
foam and brick powder content, and a trend of first increasing and then decreasing with the increase of water—to—material ratio and
HPMC content. With the increase of the number of dry and wet cycles, the compressive strength of brick—doped powder foam con-
crete continues to decrease, because the complete pores inside the foam concrete will produce a phenomenon similar to stress con-
centration around after water absorption and dehydration, resulting in tiny cracks, resulting in the original closed holes becoming
harmful holes, and even through cracks, which greatly affects the durability of brick—doped powder foam concrete.

Keywords: foam concrete; brick powder; orthogonal test; water—material ratio; hydroxypropyl methylcellulose; wet and dry

cycle; power coefficient method
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Tab.1 Basic properties of cement

WH  WEENE]/min - ZEERTE]/min - 3 d PR/ MPa 28 d BUITIRIE/MPa 3 d HUEIREE/MPa 28 d HUiTiRE/MPa

B =60 <600 =35 =6.5 =17 =425
ZHR 176 310 4.2 7.1 22.3 48.2
H A A A i A i

&2 KEHLFAS

Tab.2 Chemical composition of cement

i Si0, Fe,0, AL 04 Ca0 MgO 50,

54 % 22 4.2 5.2 63 1.5 2.2

FENT . W Bt 2k 0% PR SR MR 8 AR 0 4.75 mm ZE A7 A B0RE , SR J5 FH BR S B B0k
YRZLORIE 2 10 ~80 wm HYHE UKL, H 32053 Si0, .

KW FFE TR R R AR R A N B A P 1) HT MR A R, HABEREie b g 3 Fs,

WRIBCHIR AT 2R TR AR MTE) U b A7 & i b AR, 45 18 B A & T I B 30 5
Kideb Uik,

R BN B LT 2 2 (HPMC) |, & SAF Afb A =], W BRI REFE bR A 35 4 TR,
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Tab.3 Physical properties of HT composite foaming agent

ShLEE W/ (kgem™)  BERKBE D % pH yoal0N S 1 h FIRERE S /mm 1 h KA/ %

gl 1.05 23.8 9.2 15~30 <50 <70

&4 HPMC KB HEREIEHR
Tab.4 Physical performance indicators of HPMC

ANIIE S FiE (MPa-s) pH Ik E/ %

EFEREN 15 6.5 2.1

1.1.2 BEEE
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Tab.5 Factor level of orthogonal experiment

K- Tt o %
— - - - AR H
HWikBE 3k 378 HPMC B
1 3 10 0.03 0.45
2 4 20 0.04 0.50
3 5 30 0.05 0.55
4 6 40 0.06 0.60

5 7 50 0.07 0.65
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Tab.6 Orthogonal experimental design protocol

% R
42 HYT
A B C D A B C D
1 1 1 1 1 14 3 4 1 3
2 1 2 2 2 15 3 5 2 4
3 1 3 3 3 16 4 1 4 2
4 1 4 4 4 17 4 2 5 3
5 1 5 5 5 18 4 3 1 4
6 2 1 2 3 19 4 4 2 5
7 2 2 3 4 20 4 5 3 1
8 2 3 4 5 21 5 1 5 4
9 2 4 5 1 22 5 2 1 5
10 2 5 1 2 23 5 3 2 1
11 3 1 3 5 24 5 4 3 2
12 3 2 4 1 25 5 5 4 3
13 3 3 5 2

2 R 5iHE

2.1 FiRBINEZ L
XA RS T PR SR B, I Oy 22 A5 (1) #4707 25530
S,=S,+S, , (1)
e S, .S, .S, R S SRR IR 22 1 22 -5 . J7 2203 BT H ROTE TR S8R 22
JIr 5 [ 45 SR 22 5 X 4 FF ok, AT A5 HH 45 TR 38 % S 2 SR A s i 21 Sk 2 s B4R T 5 3R 1 2R A5 1 530
S5 Origin JXAFMGE—20 A0 3], I H IR 5 B3R i A 61T SEM JESR40#T .

B 1 IR At 48 i X PR TR BE Ik Re R 16 2 S5 1, 25 iy SEM IR, 456 E 1,
2 AL, HELIR B RE e A v PR TR BE A U Sh M T YR FAL Ay 0 (45 10 PR TR 3 & DO A A AL Bk
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Fe,0, FI&h Sk > SR, PH RS 3 45 o A 14 0 2 (90 B8 RN sh MR 35 AR, 280 3. 7 d IR AG
WG IR EE 1 R F B A5 Wt — 2D IR B He o BE AR, mT D TRk 5 1 A 43 1 1 3 et o TR
5t T B SR FEREAIG, B i 4 R R e KAE S 5 75% | 42% , 4658 7 d TG G IIKIB &l 4% 1k ¥115
TN 20% 0 ORI BE L 3R B R R IR B T iR E 39.7%

Kl 3 S HPMC & AR L R IR BE - PERE 2, & 4 5 1, 25 4Ly SEM BI%, 456
3, 4 AT, Bl ARG 4B a RGN, I PR TREE 1 3R BEAST R AIG, HPMC $8-5 FKCR} L 3
fel A TR B = PN 7K AL S 7 1 3R A 7 BOR BB EC , TR BE 1 P B RS W 9 S5 ORI R, HPMC A 1
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B, TREE LB BRI = A 0 2 G 0855 1 B BER RS 6 8 SO AR R 2 8] B 6 46 i A 3
FLIRIBE N, VR ShMETH s mism BE AR, e HPMC FOZCRE G 3G I i v TR IR BE -+ A 38 BE A Bl e T &=
4.976 MPa FRfEfIKZ 2.793 MPa, £t 7 d THRIEIF)E , HPMC 854 0.04% , KK R 0.5 B, JIKIR
T R I R R KM 42.5%
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(a) MIKILHE (b) ki bt
B 1 kRIS BRI T AR B

Fig.1 Effect of foam and brick powder content on properties of foam concrete

()55 140 (b) 45 25 4

B2 1,25 Hikkp SEM B
Fig.2 SEM images of groups 1 and 25

(a)HPMC B & (b) 7KK
3 HPMC BE=F7KEHE X% R g - A R 20

Fig.3 Effect of HPMC content and water—to—material ratio on properties of foam concrete
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(a)f5241 (b))% 54
B4 g2, 25 Hikrp SEM B
Fig.4 SEM images of groups 2 and 25
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AR R

AR SO R DI AR BOE N SEBR A5 AT o0 A B YO TR TR BRE 10~ % 2 R T T 5 52 70 331 2 53
I EEd, . d, FRAINBLEREN S KA EIN R R AL

d=./d\d, , (2)
VE R 2% m i R TREE E Ll & 48 bR . B 6 ARG R 540t 7 d TG Rt bR TR 8 1+ 1) )
BUREE, B AT, 2 AN DI R B d, 7R IR AT #08 TRUE , M R B d, 76 TR AG IR T
JE AR AR 2 I TR AR PR R TR L R BE A R, 55 9 4l TIRAE IS | SR EE IR R KA
F] 68.79% , %A IR TR EE + 32 TIRAE I sZ i il .3, 2 B Rt K, 26 3 Al &l TR AE 3F
Je R B R SR P RN, G R 2l RAE IR, 56 3 il i S0 R 80 ok, B e DL i
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BIyik | ks . HPMC B85398 3% . 30% . 0.05% . /KA R 0.55,

PE 1 UK . HPMC B %0090 3% . 0.05% , KKHE H 0.55 HIMSTRIBEE + 0 XF BRZH, 235 A
XHAZH | 2 6 HHAUEE 3 4, 56 3 Lt 3 d A1 7 d HEIEIR G F B EBULST S 10 mmXx 10 mmx 10 mm
(KX L BE x5 B ) PIRFBREAT SEM 5255, &l 7 MORAEECK 500 B RRAL 556 3 4Lk SEM &
18 18 8 Jefs 3 Al TIRAEER 3. 7 d JRTHORRECH 500 B SEM K15,
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(a) Rz HRAEH (b) %33 7 d TIRAEER
6 REFTTFEB/AEEDT 7 d FRBIFMNEKARELHNIIUREH
Fig.6 Efficacy coefficient of foamed concrete without wet and

dry cycle and after the 7 d wet and dry cycle

(a) XFHRZ (b)5E 34
E7 »RASE 3 HiXRE SEM Ef%

Fig.7 SEM images of control versus and group 3

(a)3d (b)7d

B8 %3 AXRFTEMIA3 A7 d 58 SEM BER
Fig.8 SEM image of the third group of test blocks after 3 d, 7 d and dry and wet cycles
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BE - N IRSLBEANBOGH , BIFAG AN/ N, ELALIR ] BEA/ LB MR 8 (b) AT LA I, ot
7 d TRIEIG , WIRIREE L N ALRYFLEEMDRE B AR, AA7E WA A ALIR , M IRIREE T kK
Wb TR
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(e) WikBa (d) kB E

B9 ARRZE. KEEHRERENLSHURE
Fig.9 Effect diagram of fitting of each factor level and compressive strength
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M BERAR VO AR B i | KRG . HPMC B | i,
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HPMC B3I 2355 ETHE TR
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