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Abstract

In order to explore the effect of foamed ceramic lightweight aggregate on the compressive strength
and microscopic properties of concrete, this paper replaces ordinary crushed stone aggregate
with equal volume of 0%, 10%, 20%, 30% foamed ceramic lightweight aggregate. The apparent
density, failure morphology, compressive strength and SEM of concrete at 3 d, 7 d, 14 d, and 28 d
were examined, and the effects of the substitution rate and age of foamed ceramic light aggregate
on the compressive strength and microstructure of concrete were investigated. The results show
that: the apparent density decreases linearly with the increase of the substitution rate of foamed
ceramics; as the substitution rate increases, the amount of foamed ceramic lightweight aggregate
at the interface of concrete failure increases; the compressive strength of concrete increases with
age; with the substitution rate increases, the compressive strength increases first and then de-
creases. According to SEM observation, the foamed ceramic lightweight aggregate enhances the
adhesion between the interfaces and increases the hydration of the cement.
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KB RS AR ERA TR TR, 3. 7. 14. 28 dAIBBR T WENETE . AR EHE
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AR, BEE AL = 7 s PR R e, ATRFSE R B L4 By 4 N RS R DG . FRE
I FE AL, PR TR R R T D I SR B KR JR R o TN BEUR . R YRR AR ), A A )
VAR SE IR SRk £ RV B L ) E R AR, T DLVE BRGNS IR AN R, RN T ORI R AR R
JEI1][2]o HAT, Ak EFAE R IX OOk @ 50 W & B R AR 3L R L R, [ P oh 2 S T
AL SR [3] o VA PR B — ol B 1 R Ak 22 S ALAE 2% (D P 7 SCHEZ T R — 284k g B d kL, e
FHAE R APERE, BAERE/N. SRS, R A LSRRI S, £ 2053
TTZ MR H[4] [S]e AR FFEN T X6 8 100K P B P A R HEAT SCAR AN R T, [ B 28 e £k R 8 5 4K
g, 7 LE R VAR e S AR ARG Y, kD AR A B TER, R E BEUR AN T R ARk R
CEVN-9'8

ARICLL C50 AR g oy B, 8 IE B A K M B R RS AR AR B A R R TR L
PRI I PR R B R R BN 0% 10%. 20%LL K2 30%, SRS [ U 3R T VR 4 1) R 0238 R
PURBRELE 3. 7. 14, 28 d BEESIARR R, DAERSR—Fh CRAUEVOHA M & 42 B R B L R RT IR T,
& 1 I 3T VLR B B R 2 K& A2 (6] [7] [8]

2. #iEiAe

AR I 1L 7 2 SRR A B A 7 AR PP TR P S K AR R R 8 FH A B WL e 5 3o 7, JE 4% 5~20
mm JE SRR AR A JER N 1) RFTRE MR SRS, RINE B Z I DFLIRE 2), R
RGN, K T /K53 1) P S B A B B0 SR EE[9] [10] [11], HIBURL R AR, MR FaE. (R
REIFSFRE Rl ARYE GB/T 17431.2-2010 (RAERL L HARIR T8 2 #i5r: BRERNAR L) , Eill—a =
(I R R R, X E B RTINS . AT, P IER P R R R R N 151 kg/m®s K
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M 5 R 400 kg/m’s R EGRE N 0.18 MPa; 1 h IR/KZHA 35.4%.

Figure 1. Foam ceramic light aggregate
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Figure 2. Foam ceramic light aggregate
surface holes

E 2. AREREHREL

3. BN RECALEE
3.1. BHR

(1) /K¥E: SREFHAN P-042.5 @ rERR Eh/KYE, FL 28 d IIPLEHEIE N 48.7 MPa.

(2) 4NSERL: ANEERECN 2.65 MR BRNLEIRS, FWHE N 2620 kg/m’, 'EHEHEREE N 1630 kg/m’.
(3) AL KIAR A 5~20 mm HESE T IR AT s LUK BE B2 IS 07 43 1 BUREAR 2 5~20 mm JELLEE .
(4) BBl HERRSEE A 151 kg/m®, FWEEE N 400 kg/m?, 4[5 58 4 0.18 MPa, 1 h /KN 35.4%.
(5) FEAK: RHBERK, 54 IG) 63-2006 (IR FHKbRUE) HIER,

(6) AT R BRI i R AK T o

3.2. EE& it

16 FH YA P B e R C VR L, JLIC A BB TR OR AR B i 0 2250 AR SR AN 22 Va0 i AT A
AARI S 2 SRR PR A B PR M S B RO R B RE, SR et RNR T Wit T SRR M R
B rbEEE LI A . — 2Tt 4 dREEL, Hob S AN IR B R, B EE L AL B,
C =53 ) 2 WA B i i B AR AU A (e B R B B SRR I B 20 %) N 10% 20%H11 30%,
Wi MR R, AARAILE 1.
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Table 1. Proportion of foamed ceramic lightweight aggregate concrete

=1 RARERERRRLEALL

AT AR s N4

Ap M5 Kikgm® Wikgm? /kgm K/kg'm™ Jkgm Jkgm (W/C) /%
0% S 400 724 1086 133 0 13.6 036 40
10% A 400 657 977 133 10.86 10.0 036 40
20% B 400 580 869 133 21.72 9.58 036 40
30% C 400 507 760 133 32.58 10.0 036 40

3.3. REHIE

ABIE IO ST 100 mm x 100 mm x 100 mm F 327 iR, SR A s il OB FE LR AT R . 9B ki
KPR E R B, Jel kb R B R S A B B BSR40 s, AR IR ALBR R
RN, BEEEIKIE R 1 min, M HAEE R A5, BRI K AT, S —
PR EBATHRE, NG RKER SESIMAREE YA 2 min 7247 . (E3RZ) G HR3) 0.5 min %525
FHEI TGS B3R, VK HIAE(110~150 mm)VuE A, JREE - H-5 W3R 1Sk e & 72w B
AN, TR AR, §E 24 h RS, RS SLRIBONRIE (20 £ 2) CAGRBh K, 430l 3%
13, 7, 14 128 d B AT IRE

3.4. WEWHE

SRS 2 GB/T 50081-2002 (@R &E - 75 MERE RIS T VAR HE ) « 3 FRYT 3, 7, 14 A28
d ZJa, BUHAE, WA AR A L R BRI, HHEH ARIRE TR . RE L
PR SR IRIGTE WAW-1000 KN 142 il FE AR Al 3 RERBG ML LadEAT, BR56 NOE S ¥ S s i far, et
WE Y 0.5 MPa/s. 4R R 1T T Aa R AR TR, 5 RG], BENRE R, FRid Sk
WAk o FEASEAREE, YT 3 A RO, B 3 AMRAE IR 10 S AP EAE iz 4R 1 s B
FRIE R, 4R SR /N T C60 B, X RSFA 100 mm x 100 mm x 100 mm ffAERR1HE 7 7 fA ik B
DNAS RS2 7 e H i P A 3R LAAH B2 1) RO 46 55 22 %5 095 IR TS 80 L3k 2.

Table 2. Compressive strength and apparent density of foamed ceramic lightweight aggregate concrete cubes

2. WARERERERLLFHRMERERENEE

fe/MPa
H5 W/B R kg/m®
3d 7d 14d 28d
S 0.36 453 522 56.2 59.5 2412
A 0.36 46.9 54.2 58.5 63.5 2389
B 0.36 39.2 46.3 51.8 53.9 2348
C 0.36 34.7 40.2 44.6 48.8 2222

4. RIE 47
4.1. RNBEE

T FE R FEARH T 5 R AR AR (SRR P LB AR AT LR 2 Bl o R 2 2 9 Hedls v]
K1, S ARSI G R RhIREE LR N 2412 kg/m® . M S 41, A 4LIRHE LR WEE N
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2389 kg/m’, FEIKT 0.9%; B 4LiREE LRI N 2348 kg/m®, FFIKT 2.7%, C 4LiRE: 1R E
2222 kg/m®, BEAR T 7.9%. SISRUL, BTHkM E R RR R, BB BRI, kN
BB A RHR R L RN RS, IF BB EOR R R B 2. X R, B
TR M B AR T DUA R8s A e VR e - B B R AR 1

4.2. WA

HPUEBIR IR 3 v, R A B M B R E RS 4Di, wnl#] 3(a) i Sr 7 Al Rk A T
IR, W Y AN, G R BV AT S 7K U SR T e, AR B Rh 2 AT R 7K e A0 S Ak o
MR A BRI R T IS IR R R R B R 10% (A AN, 1] 3(b) Y 288 T AH X A0
5 e Ve L W R B T AR ], R R I A R B B B T 5, W 28T H D VR P B e
Bl R MR R T RN 20% (B 4H). 30% (C 4D, & 3(c)s B 3(d) BRI AL 2B RS K
PeRAEZ (B SR A5 RR, G IR &R BB A S (TR R, BB Z R 3Gm, B A shr
AR SRR R L .

(a)S 4l (b) A 41

()B4l @c4l

Figure 3. Compressive failure morphology of concrete

& 3. SRR ERIRR
Xk S Hel PR, @i WEIRE L 7 BRI, MR R R RIBRR IR &R, BT iE
W 5 B Rk O R T R P AR, VTR R B R B B IR B T VR M e e B BRI PR 9 &
4.3. HiEBRE
PiESRE R TRE H A 2 ae . —, REASHARE L EEFHWHEM. 5T E&F FLIE Rk
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PR R, UM 2 > 2 5mm HH T R 58 5 1 R
4 A R R 1 ok M e A2 i B HR B L AE A S I PR 38 . rTLAEH, B KYE KAk =8
MIIEAT , VUK M B AR R s b BT o B 5 W B R 3 kB . b1 S 4, BRI 3, 7, 14,
28 d KB K, iZ4LIREE T PURSREE D I 15%, 8%, 6%, HISKGEFKIZFWFEIK. BT sS4, A4
TREE YU SRR TR 3, 7, 14, 28 d K, iZZHIREE PR IRE 2 HI3E I 16%, 8%, 8%
HMKHERS S AR N—. BAHRELMPURREREEFRI N3, 7, 14, 28d MIGK, ZAH
JERREE TGN 18%, 12%, 4%, RICNIEFFIHTATT R KR, FIAMKEREHNgE. C H
R PIPUEREREE TR 3, 7, 14, 28 d P3G, ZAIREELPURERE A 16%, 1%, 9%,
HKdE#% 5 B 5. 4 LR, 4 ARG BEARRICNETY W 3~7 d iF, FHPH s B o
TV, B IR I A LA R 0 P A BB PR AIG, (HE AP R SRS B B . XU, B
T R R KGR KA F T LA Y K A it FE R SRR L3R B K, RERS A RLAH s TR B H 9 3k
TRFERE, s KV KAk
Vel 5 AR )8 SIS S [R) B R R ik B e e i BHR B PR SR B . W LAE Y, BEE IR B e
BHACH BORHEL I 3 0, VRS L PUE SR B2 I T — A9 DL S B PR A, 0T b & 2V e e 2 B RN
EEEPUESRE AL, LRy 3 d i, BT S, A iR PURREZR S 3%, B 4K 13%, C
HBFK 23%. JiREFRY 7d 0, MT S 4, A RETPUEREIRS 4%, B AFK 1%, C ARFK
23%. MIRILIEY 14 d B, FHECT S 4, A 4R LPURSRER & 4%, B AR 8%, C AR 21%.
M ITRY 28 A I, AHACT S, A AIREELPUR RIS 7%, B AHIEC 9%, C HFFK 18%. Zi EFl
B, IR E R R 10%5 AR B P R, TR PR R BURR KT 10%)5, ik
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Figure 4. Compressive strength of concrete at
different ages
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Figure 5. Compressive strength of concrete
with different substitution rates
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58 It FL B s I B o X, TR P e AR e /N O AR Vi [ A AT DL S8 R JRE B v VR st
PR PUR SR, (HEEE BRI s, 2 RGPS R R .

4.4. FEXFEHRFH(SEM)

KH SEM i 28 d 38 B RFR B RN R M B R RHR B R B R - KU A S RO 3 AT W
FZ[12] [13] [14], FEF S IX i — 2D ROKR ZE 3000 £%, DUE T W82 5 X FLIR AL K46 = 9, 4550 LK 6.
K 7.

(a) (b) (©

Figure 6. Morphology of interface area between ordinary aggregate and cement stone. (a) Interface area-1; (b)
Interface area-2; (¢) Hydration products
6. ZEER - ]RAFRBEXESR. () FERX-1; (b) FEEX-2; (o) KK~

(a) (b) (©

Figure 7. Morphology of foam ceramic light aggregate-cement stone interface area. (a) Interface area-1; (b) In-
terface area-2; (¢) Hydration products
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i SEM WLEE, Wil 6(a)al ki, fEERHS KA A TLIEIX, 252 B B AE A, R e/
e o(b)ar A, AR - KA S X AR LU g R, FLAREBOR, X U B S I X A R
RS X A o)A, AEXAHKRAEE, HEEMHS], SET X RN AL
) SEM WLEE, WURM R EORL - KU A S S5 AR AE I A ) Tl R - KR SR . ]
T(a) AT AL, TR EE R BRI LR 2, kR Rl R R A A KB ATT DAL, S BUKTES
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BEBIE R BRI SLER TR IR E I 454, = a & HOVERE, Rk 7 H R RR
T ALIIRIAG R, 3R T IRIRP SR AR AN T E SEE . s 7(b) IR RS KYE KL P LB 5
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IR IRPE R R RHR R A ARRME L . BOATRA . DU, SEM SERIGHedE /04540 T 4
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B L TR S L I A L R A L SO R 2, R el TR M R AR R B B R 55 TR ARE R
AR UG 1 (1 T 9 EE I 2 P A1

(3) BEFE VR M i BRI I, AAL T AN ok i R i RO AR v IR ot -, YRR R e A kLR
et AP 9 S NS U, R AE 10%/E I, VR 50 5 BE 1K 3 55 K

(4) MRAE SEM WIS, AT BRI A R bR ARG 1, IR P R iR SRR £ A
H 5K e 2 18 FH i ARG 45 730, JF B 7 KT KRR .
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