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An Experimental Study on the Mixing and Mechanical Properties
of Artificial Lightweight Aggregate{ALA) Concrete
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ABSTRACT

It is necessary to generalize the use for structural ALA Concrete in our country, as
increasing in the need for the development of ALA and the use of ALA Concrete which is
related with the diminution of the self load and foundation section of structure
responding to the realistic requirement against the decrease of natural aggregate and the
high-rising and large-sizing of structures.

This little study, therefore intended to help in the mixing design of concrete by
considering the fundamental properties of ALA Concrete used with expanded clay, which is
considered by adopting the experimental factors such as unit cement content, water cement
ratio and the rate of fine aggregate.

By considering the results of this experiment, it has difficulty in getting expected
slump with the unit water content of normal concrete because of the large absorption of
lightweight aggregate, and because the weight of unit volume and specific gravity ALA
Concrete are small it appears that the strength and Elastic Modulus of that are small too

and that it is more ductile than normal concrete.

1. ¥&

19174 Stephen J. Hayded] ol& RIER¥%
(expanded shale)o] 2§ ATERERHZ BB
A Lk, BE F3YEE A, BREK, &
BEHR, TAALE M L wWRBH €9 &
B Bgd #BH .

ALBRBREH F32Ec HE TLIAYEY
N EEA BES Doli MERKE R ®
BEGREI Fod 2o Ei#, wk, 28 B
Hitheol EF Y B otvel, MEEME (dead
load), Wim#H X# 3718 €¢ 4+ Ud.
oA olE HEAAM BEhe SEHY R
I HBEES Y 4 oY BEERWY 4 E
BR wsA B2 BEEERAS HEY
F e %9 g HEE I AT, ER
FHe BHEMEN A% w2 BRAEHR ¥
HE, BrAMER, 2232 R aM] BE
7} 5%y dEo BEREREH TIAYUEE A
Faged vy BEEEEZ 48 HoiAd.

1) EdLABE THAR BEIRH, BHESR
2) WIBARK BETEMN, 188

3) WX BETRE, Wt

4) pb kB BETER, HLB88

HE #ikd MEHoR FRHHCEYE
2 B pEe BEmes @ dolEd
BE T FEMER HEEA o 8o A
dow, WOE F2 E3UE] HEMS
#EhEAUS .

aY il RARHE HA /= 7
I e KEel BHd MEE A GEsta
AI, EF MEHol BE, AR g @
g Wy HERSS B\ % E@e AV

B U

BNE AT ATEBREH R LEES M

EBH AIREEH Zadeed gEELs 9
2 frsick. AT BERA AR visA
ATEERE# £3% 218 FHY fadE
ol thE BFFEst EARHI TEE KiEold.

ad A & HEdAe BRAY BEREE
£ 2%z sld ALREREH 3EY BS
it ol frREe MfF 9 B KRS T3 A
ITRERH TaEL] HEY, HBH ERE
e, 2EE or2e AFYUEHE ERY
HER ATERERH S3E9 BREHR®ES
EARHE Y EWEHE Bts g 9.



2. X%
2-1. EAHH

2-1-1. AP E

X KR FHAY AHES XS L 5201 #
Y BHE @ YEI= AHEY, XK
o g 19 HEM BES <E I Pg.

(2 1) 4dE WM KA

BXE | RERR G0 ERBE (o)
It & | weh
g | RE|BRE |38 TH| W
15 B i 2% 520 6% 127 197 w
2-1-2. F#

—HNes BRMEH B LeHE #H
3 WIKES WEREYd FH3EE X ®
Role ZEHEA Bt d3E I2RE Sm
o A2 AN B ZHmEERMREBE &
Asddg.

AL FHE 2 BANEC] 19am AR %
9] WHERH L (expanded clay)& BEEAIAAN
€ AIER HF#HAd, cREe BHARA
Kol B2 GEN BAEe ¥E@EHE] ¥
A 23 BHEY Wi & BARES FiEs
¥EE 71 o ga. g E3dE BEaE
REaKe FEBRAN 23 workabilitys] & X
T WALE BILEY 48 BN Eeky
—HE HEHA vE 29 AT BRWMEA
HEREHE EH3EY. a8z BEETE
R By ANERE A Y.

KS F 2502 25069 B|EA o KR F
el NESA HEN HES £4& <28 1>
T <® >9 ).

2-1-3. BAA
= KR EHRY BAMe @RE

STKAMENT]] HEH{LME By AAEfRo] of 8
A 0.5%v 8 BASAY.

28 D & HERE

) 1
1 't &
‘T W

M4 Neh M0 e1S w0 40 WS w80 W10 w300

S,

- Aak

T Ee B

LA TTT
- A

.
Y

S

\
AW

ey

I~

8.2 AL 12T 5T 4T 238 39 1.2 04 0397

09 0074

=100~

(2 7] HRA #R

SRER | A% | *HE | wE
B O# | RERE fing
kg/a H
3 & 2.81 62,0 | 2.2 e | st 33
FoEH | L1y .6 0 83 | 82 | 48 | 18
2-2. EE&HN

X XRAAME 239Ee wEY £ HED
HHA 713 BRE Wol nAdn HAHe
By NHER, BAWNEYK, 231 JIFHXR
59 3B KREAES g#Esidon, ££9
By de BE S30E9 HEES HE,
ERAAL 3.

agn BEES 0.5%2 sHPen, KRl
BEY AT KBS < >3 2u.
(29 ¥l 589 BTd K8
B AdEY pAdeg ¥ RH%
g/ 1
wo 3 0
LS 50 0 I
5% - -
Ktk 3 ? 2
2-3. XRHB

2-3-1. pLRAEES) MfE

azEY BAS B4R AL BEE 4
€ EAY &8y e Psidd. KA #R
= KS F 24039 wa 10x20cme] [HFE=
E (FAstol & 12 batcho] i3l £ batchi
3EY X5 6@ e NiEstded, ®
etk A 1285R) A YA 549 (capping) g 3}
3, 2 % 12850 sl BEsSI .

2-3-2. B4

Ks F 24049] g o BEY HAWE
WA wEyol fle 23 2 ‘col HEAKH
ol RERME mwiste ®4ESH.

2-3-3. BERBE 1 BUE XK

EEERE RWMe ks F 2405o] w2}l gsige
W, MWER MK $tA® T Load

Cell, Compressor Meter, L.V.D.T., Strain



Meter, 712]3l X - Y Plotter %2 HRIE &
A3 BUE HES A AAHBEIR 7
2F).

RS B EBE 840 #d RS W
ol Sl {4 WEHRS RES hid Q& ¥
oo FHES MEKo 1.3mm/mine] HES
RS T2 S5 E #uNos mEsd 3
e VA e BANES SRstten, &2
YE PEM Ml WM £4& 787 28R
BEE MESAY.

BhE - BEE @S T2 dde
g7 B en, 2 - 3E gEe RHE
HBBTTE KEe At

3. RMER R o

X WY EAHEA 0 BRe <& 0%
2.

(@ O 2azse] BATY 9 RERR

B BHER O | BRI £82 | ERTE (wa)
ket | AE | MRH (BRH| ¢ | o | TH | 8B
U s | s | mea) mesf was) s0 | 1% | 1

it

20| 1S MLy 203 I3 M| 45 ) 108 125

3010 | ML 2097 M93| 51 IS L4 115

E ] 180 ] L8[ 22| WS M| WS | 1Y 1

5 | 175 | 17 uSS| 98| 165 421 1M 5

b | 1 | 187 U3 M0f 165 | 69| I 111

Toj M0 p 18T 265 348 165 | 126 % 107

8 X0 | 1670 60| 32| 165 W6 | 18 1%

9 | 1925 16| @21 U7 N5 139 ) 12 143

10| 1925 16 ] 2623 3061 15[ 3.1 § 148 188

| 20 { 16| 2222 3821 145 [ 74 ] 109 110

8

14,6 ] 249.91 30557 1815( 150 1 11 10

3-1. 5@ X (slump)
3-1-1. g zTe kR

<Y > BAWERI 351U of AFHR
ol #& 40, 45%Q) WA FALES HKE
A g €HZIE e o2 WirkEo
WY o eYxgs @mstn Yew, Mar
KE 175kg/w'E EMO 2 B o DEFHE 40,
45% 7 S8 BT MfrkEel 175kg/m’ll kY

Wyl 2 BT SEEYG HEe inRel
E¥sA A deigd

<1 3> BAWELM 403 W] B KK
o g £HEFE YeEd AU plANAR
Hirkfe wig o €HZPE AN B
3 Nen, 2 WKL F AAEKI 358
Q HARY He oz JEnd.

e
wl
o S/A 46
wr v /a4
2}
£
Y sl
o °f
g of
7 3
(33
5r
s
3
. . .
1575 175 192.5
Unit Woter Content -

kg/m3)
<" 2> amER 29 47 (W/C 39

»
-

i
0D $/A 40
rE v /848
w§
2 st
U out
a B
g uf
D u}
w}
4
s}
7L
180 200 220
Unit Woter Content
(kg/m3)

<29 3> €I M W (W/C 40

3-1-2. &£ Yxe By AWER

<Y v BAWMELY 35Y W AEHE
o] 40, 45%, 18|01 BAWEH7 408¢ w 3
BHEo] 40, 4530 Hi@ol K AIERA
e eHEge] BEE Yeid ez Hf
AAER RBmY o eJZUs AN Him
B glow oY 1 HMEL e FRHE
3 My AHERS AN EARELT g
T& o 2A d&gda d4g.

-101-



3-1-3. ez} JIRHE

<3y 5>t ZEHE 40, 45t P &Y
& Ve AQd EHEKe) Bing o ¥
r ARERTY BAWER & HE¥ zIAe
O €dxgto] A2 stz glon, o
i —EY BRHER ] By AAER
Bhnd drcd BEAAEH7 Bimdic $5E
€¥=Ze 9 3ZA JeEud.

W O W/T 40 S/A 43

wh & V/C 4 s/A 40

T W/C X% S/ 43

b 0w/ 3s s/a s
L

T B R

Ccm D

Stump
W s ArN e e g [ R

S0 500 550
Unit Cement Content
kg/m?)>

<TF 4> a9t VY ANRAEF

&
g

Slump  (CM
w s a N e Y BEERDSEERY
r———r—r—rT T

S/
<2y 5> a9t TLTUR

3-2. BERBRE
3-2-1. BAWE 9 ERERE

<1¥ 6> EAWNERS BR EIAJEYY
280 EREES] MKEE ey Aoz, ¥
ANFMERT7 B+ & EREEE Risin
Rom A8 EAAELY o My AWNER
o ZREHE & Sl UNE ERBRE:
aA vdehta .

180
~ 170}
e b
Yose b
o)
XY 140
s
130 F
- @ C 500, S/A 45
W& 20y csso 5/m 45
1o o C 500, S/a 40
woo | © € 550 S/A 40
U C 450, S/A 40
1 1
335 40
w/C A

<2F 6> B AMTEER YR YT

3-2-2. By AAERS BREERE

<1y e KRR €3dEY By AWER
3 288 BRBEES MEE JEd AAH, —
ez Wi AJERC] BMYSFE KRR
Ex #stn oy KEERAM e By Al
WERE 500kg/w’of A 550kg/w'2 2 HhnAH
€ 8 BERERET ETsdd

ada By AVERES BEANIEL HE 8
ARER 23 AFHE E48 EHEEE
€ aA Jeva o

180 r O W/C 3% $/A 43
170 [: O V/C 35 S/A 40
~ T W/C 3% S/A 45
g 160F m w/C4q S/A 40
Y st
QD o}
™ o130}
o 120
o
e |
100 }
450 500 350
Unit Cement Content
tkg/m®>

<3F 7> T MY s A<

3-2-3. IEMERIL ERRE

<a¥ > BE ZAJE] AFHEN 28
H EfEEe] MFAE Yeld 2dd, = §#
Kol g E EREES Bsta den
ZE Rl 4080 A 4512 RinY W EERIREE
o BMELE EANWEK 351 HHlE 408
d g7 g & Rez gy,

- 102 -



® C S00, W/C 35
180 oy ¢ 550, W/C 35
~ 170 F O C 450, W/C 40
. jgo | ¥ € 550 wW/C 40
3] O € 500, W/C 40
150 |
's)
Y 140}
~/
130 |
Lg; 120 |+
oo b
100 L
yy Jd
40 45
S/7A )

<73 8> TATE YF IS

3-2-4. M BERBE

<ad 9> Hd B8 EREEY BLE
ved e Higel Rmds-sE EREBEE
wmea . I HMES #HE FSAYEY
vE A Beo] olAedH, I1RE ERRHY
e ERY BEA XFe Aoz BHAE

180

170 L
- 160 |-
s}
g 140 |
D 130 L

~ a0} /

@50 | N

[49]

b oo |
so |

7 28

Age  (day>
<78 9> MES U IS

3-3. ROE-RVE thig

<Y 10>3% <Y 1> ATEREH &3
HES Mg § REESENRY BhHE-
B digoltt. RBREAN st o g
S BEPHAE A BHEBE Holt) &
AHEY BAXEHERAR N7lold e 3
BEEES JeEl UL 3o, MEmERe &N
3 @instEA ftHle WMEAY.

283 ¥E F3YEV BAEORES B
BEel 0.298K A vHMN BE FAYEE

0.3 - 0.4%F TH/stx led, o224 ERF
#H ZaEE’ #@ FAYENY EEM &
He 7141 IE€ ¢ F Uy,

gralime] HEMY wWHBRozZAN BFEI
AdE Hol2E HMY EFWANEG
FE RHARAMN MO o)FojAm U},

200

- | s=Enim:
gm» et -t B S 1
= 2
E 100 r 3
4
0}
ol 02 0.3
Strain (1) 04
14 1 RA4N ERRARY EAE-00K ki
200
CEMENT 500
Veoou
.—;5150% S W
=
gwof
50
04 02 0.3 04 o5 ve
Strain (1)
‘“’“( (BT 30
WV B -
Tl Y6
=
g 100
s0
01 02 03 04 035 06 07 08
Strain (1)
20T rhm 4w
Ve oo
- 150} S
B
=2
g 100 |
s0 |
04 0.2 03 Y ) 06

Strain (1)

— 103~



200
(BT 5%
¥e 3%

1saf Vb8

100 |

Stress (kg/ca?)

S0+

0.3 0.4 05 06
Strain (X)

0.1 02

(g 1) RUERRARS BE-BEE £

1. B3R

ke X%t sesiy deny ge
HRE 48 &+ A,

1. BEAHE W 2ol Bold Bk
R/l 7] A BirkRE HYs) &
FatA o MBS workability
7 W BAYgD. o1& H#EsH 9
M EAKY —FE /1A 2L
Patu ARHE KR ZA2 REsA
BEBIT.

2. BE @32EY ¢HETE B3] Bk
B A ERFEEY B KRS i
T8 £Y9X Hinke JEHE 408
d ey 459d W o A, AEH
K3 By NAER —F¥ d9 &9
o HMEKL BANER AL48 O
aA Jveivdz 4.

3. BERBRET € ANHYERI #NY458
ETsn glon, BANERI —gY
o By ANERH FFHR] 2 5§
Bol, 22n By NAER —gY %
Bt BAWER Fa % BiHRol
845 EMBREE 3A deayd.

4. BRARAMY BR aE9 Hm
BEHS BURHAN BARHR7A
EHE-BUE #ige dAZ g
on, O LHKIZE S B o)Fo
Aa Ao,

t ok RS 05K HENBHEY SEH
MEE FREE olFol2 Ao oo Ml
=guUr.

=104~

. ACI Committee 213

. ACI Committee

<BEIR>

AT, ERREAAES] HRA K KR

B PR, B AR BERT, 1985
*Guide for Structural
Lightweight Aggregate Concrete®, ACI
JOURNAL, AUGUST 1967

211 "Standard Practice
for Selecting Proportions for structural
Lightweight Concrete® ,ACI Material
Journal, NOVEMBER-DECEMBER 1990

. Floyd 0. Slate, Arthur H. Nilson,

"Mechanical Properties of High -Strength

Lightweight Concrete*, ACI  JOURNAL,
JULY-AUGUST 1986
- ACI Committee 304, “Batching, Mixing,

and Job Control of Lightweight Concrete®

HEAHS 4 P TEEER A (ZH LMK
RERER), "AHTFLrasr )b o=
TN

- EAF, AT, ol 4A, "HEXBENE &

3ES] —REBERMES HEMY %
BRE MR ", SINEREGSE & 2%
358, 199048 95



