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An Experimental Study for the Strength Variations of High-strength Lightweight Concrete
According to Grain-size of Artificial Lightweight Aggregate

%1 1)*
IRCRS

Kim, Sung Chil

-2 - =
ut 7] & 5 8 29

Park, Ki Chan Choi, Hyoung Wook

Abstract

In recent days, while taller and more massive structures such as huge bridges and super skyscrapers have been
welcomed, the structural stabilization in design and construction have been gradually limited due to the major weakness of
current concrete which is relatively heavier when compared with its strength. To improve the weakness of the current
concrete, The lightweight concrete with light weight and high strength should be used; however, not many researchers in

Korea have studied on the lightweight concrete.

Generally, artificial lightweight aggregate produced through high—temperature—plasticization has a possibility of its
body—expansion with many bubbles. Therefore, depending on the size of aggregate, the effects of bubbles on the specific
weight and strength of the lightweight concrete should be studied.

In this study, considering grain—size, the mix design of the artificial lightweight aggregate produced through the
high—temperature—plasticization and the body—expansion of waste and clay from the fire power plant in Korea was
conducted. The experiment to analyze the variation in specific weight and strength of the lightweight concrete was
followed. From these experiments, the optimized grain—size ratio of the artificial lightweight aggregate for the
enhancement of high—strength from the lightweight concrete was revealed.

Keywords : Artificial lightweight aggregate, High—strength lightweight concrete
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(b) Stalite aggregate

(a) Eco aggregate

Photo 1 Artificial lightweight aggregate

Table 1 Chemical composition of lightweight aggregate

Chemical S0y | ALOs | FesOs| K0 | NasO Other chemical
component component

Measured value of

45.54118.59| 8.07 | 0.51 | 1.18 26.13
average (%)

Table 2 Physical properties of lightweight aggregate

Saturated Water
Absolute density surface—dry .
. absorption (%)
Size condition
Eco. Stalite | Eco. Stalite | Eco. Stalite
age. age. age. age. agg. agg.

18.0 mm 1.48 1.47 1.75 1.62 18.34 | 9.71

12.5 mm 1.51 1.56 1.75 1.68 15.54 | 6.80

9.5 mm 1.61 1.62 1.82 1.70 | 13.28 | 5.07

Below 5.0mm | 1.87 - 2.00 - 6.99 -
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Table 5 Case—1(Mixture proportions of concrete)

Table 3 Physical properties of Silica—Fume

. . Unit Below Avg.
Fineness | Specific . - .
Type (cm? /) aradient we1ght 45¢m diameter
(kg/m”) (%) (em)
Domestic | 150,00~
SF 300,00 2.2 480 ~ 720| avg. 97 0.1

Table 4 Physical properties of ADVA 128

Type Color Ingredient Specific gravity

Liquid Dark brown | Sulfonated naphthalene 1.21 £ 0.02

L 95%0)d0] 1mo)3te] 1 F#l A 0.1m =0},
Si09] &k 85~97%0|EE ZAYE 141 A B9%
7t “HT s ARZE AR ok,
W” & E-AgAguloIN Peradts) f
= AlRsl71918) GARe) ADVA 1288
—‘g— 71—";(1] ] T'_E_Q;q] [e=Roi N N E./\] ] —3HT

i E=S=re)
ot} Eu]F] A4S Table 49 %t}

ITE
a-=

2.2 HiEHAA U AlSEH

2 2 1 HH%L/HI”

Z} Case™ #jgdAl= 715 AZA2] g8 ARC]=F
4E120MPa) S ACI 211-91, 213R—874 #|A]3k
AsE FuE FAYHE o838t Table 58 63} o]
é;g]a_giu]_'s)e).u)

Table 5, 6ollX ZH==A(S) & 72 =A (G 9] &24% 7l
Ak 29 (SH9F () #ell 7t nlsS Fato] AkEsisith

71 ARESE ZHEAN(S) &) HlF2 Case—19] 75 Al

B
Miix. Type W/B S/a W c - Sk G ADVA 128
(size) (%) (%) (kg/m") . . (0) (0) (%)
’ ’ (kg/m') (kg/m’) ’
20 35 140 630 70 211.8 - -
Mortar
20 35 140 595 105 211.8 - -
20 35 140 630 70 211.8 393.0 1.169
18mm
20 35 140 595 105 211.8 393.0 1.364
20 35 140 630 70 211.8 393.0 1.103
12.5mm
20 35 140 595 105 211.8 393.0 1.298
20 35 140 630 70 211.8 393.0 1.038
9.5mm
20 35 140 595 105 211.8 393.0 1.104
) 20 35 140 630 70 211.8 393.0 0.91
mix
20 35 140 595 105 211.8 393.0 1.038
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Table 6 Cases—2 and 3(Mixture proportions of concrete)

Miix. Type W/B S/a W b S SHO) ADVA
(size ratio) | (%) @) (kg/m) C SF 0 9.5 125 18 128
(kg/m”) (kg/m”) (mm) (mm) (mm) (%)

Mortar 17 35 119 595 105 211.8 - - - -
G(1:1:1) 17 35 119 595 105 211.8 131.03 131.03 131.03 1.36
G@1:2:3) 17 35 119 595 105 211.8 65.51 131.03 196.54 1.36
G@3:2:1) 17 35 119 595 105 211.8 196.54 131.03 65.51 1.36
G(2:3:1) 17 35 119 595 105 211.8 131.03 196.54 65.51 1.36
G(1:3:2) 17 35 119 595 105 211.8 65.51 196.54 131.03 1.36

48t g (25 4:2.7,81%12.62), Case—2 :%AHH]
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Table 7 Slump and unit weight of case—1 (W/B=20%)

A(12),289(32) 919104 AZsty, AH7170 M || o | s | A et /)
« = Type ' Hardening
s Al g AI87)| (UTM) 2 o]435t0] & aa)A)ale 2] (size) | Name | (@) | () | (%) - .
=103
AlSF3AT 10 | 92 | 84 | 200495 | 2000.82
Mortar -
15 | 89 | 7.8 | 1998.79 1987.24
3 AlBiZET 9 HmEA Stalite | 10 | 87 | 7.2 | 191271 1893.36
18 age. | 15 | 82 | 7.7 | 1865.44 1851.36
sl RIS AISIZAL A mm Feo | 10 | 80 | 81 | 1907.26 1877.63
=3 =y =
31 gt t= daizn 1 agg. | 15 | 82 | 79 | 185995 | 1835.64
Stalite | 10 | 7.8 | 60 | 192218 1897.29
< 3L 5
311 &9 A1 Y 125 | a2 [ 15 | 81 | 79| 188311 | 185529
KS F 24022] AJgiHell 9J8f] Photo 2(a) &} 0] & mm | gy | 10 | 80 | 67 | 193130 | 190515
‘:T'j_‘——i— A]gﬂq% _/Fgg?l_ gﬂ} Table 7, 834' 7]-01 ZZ—] E]o‘h:]- agg. 15 7.8 8.6 1892.38 1863.15
: 10 | 86 | 45 | 1930.79 1924.80
Case—1(W/B=20%) 2] 79+ 8m~ lOcmi =Zx & Stalite
" ] 95 agg. | 15 | 84 | 64 | 1892.21 1882.80
~8.1cmE Case—1 XU} 22 7212 W/BH| 2] Zfo|= A age. | 15 | 80 | 70 | 190012 | 1890.67
Fars|= N Stalite | 10 | 85 | 7.6 | 196271 1907.12
_ _ age. | 1 , 4 | 194544 1865.12
58] 7 Case'd S gho] HlaA #2223l ] mix 12 22 jl 126? 26 122i 76
- - - Eco . . . -
OLZ—,7]_EH]_—59_0—- H]=
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Table 8 Slumps and unit weights of cases—2 and 3 (W/B=17%)

Miix. Type . SF | Slump | Air

(size ratio) | "€ %8 | (@) | (em) | @) Hardening

Unit weight (kg/m’)

before after

S—Mortar S.sand 15 7.3 5.1 1998.2 1993.2

L—Mortar L.Agg. 15 6.5 6.3 | 19134 | 1908.8

S-G(1:1:1) 15 7.6 7.1 | 1839.9 | 1826.8
S—G(1:2:3) 15 8.1 7.9 | 18384 | 1826.1
S-G(3:2:1) | St. sand 15 7.9 7.2 | 1856.2 | 1844.1
S-G(2:3:1) 15 8.0 74 | 18475 | 1837.2
S-G(1:3:2) 15 8.1 74 | 1841.0 | 1830.5
L-G(1:1:1) 15 7.2 7.9 | 1798.0 | 1789.6

L—G(1:2:3) | Lightweight | 15 7.3 8.2 | 17814 1773.9

L-G@2) | 28eesate oo T | 17949 | 17821

— "7 | (below

L—-G(2:3:1) 5mm) 15 6.9 8.0 1797.0 1786.4
L-G(1:3:2) 15 6.9 7.8 1789.1 1777.7
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Photo 3 Failure mode of test specimens

Table 9 Compressive strength of case—1 considering aging
effects (W/B=20%)

W\ agg | SF | 7-Day | 28-Day | 91-Day
P Name | (%) (MPa) (MPa) (MPa)
(size)
10 57.65 64.55 66.25
Mortar -
15 65.72 70.18 73.05
Stalite | 10 44.66 53.29 59.29
18 age. | 15 48.82 54.77 60.43
mm Eeo | 10 36.06 43.38 48.38
age. | 15 37.20 45.32 51.00
Stalite | 10 56.71 62.36 65.65
125 agg. | 15 57.85 64.99 71.79
mm Eeo | 10 37.78 45.46 51.05
age. | 15 38.81 47.89 54.07
Stalite | 10 63.74 70.65 74.28
95 agg. | 15 66.42 72.42 76.18
mm Eeo | 10 44,92 51.98 58.35
agg. | 15 47.60 53.60 60.30
Stalite | 10 62.80 66.73 70.72
. age. | 15 64.46 67.83 72.10
mix
Eeo | 10 38.98 47.20 54.93
age. | 15 42.98 50.23 56.57
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Table 10 Compressive strengths of cases—2 and 3 considering
aging effects (W/B=17%)

Mix. Type Fine agg. SF 7—Day 28—Day | 91-Day
(size ratio) (%) (MPa) (MPa) (MPa)
S—Mortar 15 72.65 83.73 86.71
S-G(1:1:1) 15 57.30 64.15 65.98
S-G(1:2:3) <t 15 49.70 54.56 56.33
S-G(3:2:1) sand 15 58.83 65.95 67.12
S-G(2:3:1) 15 58.10 64.62 66.58
S-G(1:3:2) 15 53.09 58.37 60.68
L—Mortar 15 54.91 63.31 67.50
L-G(1:1:1) Lightweight 15 51.85 56.01 58.22
L-G(1:2:3) | aggregate | 10 43.94 48.24 50.98
L-G(3:2:D) (below | 15 | 5259 57.64 60.40
L-G(2:3:1) Sm) 15 51.22 56.12 59.10
L-G(1:3:2) 15 47.02 51.62 55.17
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(b) Stalite aggregate

Fig. 1 Percentage changes in unit weight for case—1 (SF=10%,
15%)
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Fig. 2 Percentage changes in unit weight for case—2 (SF=15%)
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Fig. 3 Mortar compressive strength of case—1 (SF=10%, 15%)
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Fig. 4 Mortar compressive strengths of cases—2 and 3 (SF=15%)
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Fig. 5 Compressive strength according to grain—size for case—1
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