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Physical Properties of the Hardened Loess Using Natural Binding Materials
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Abstract

In this study, hardened loess bodies, which did not compose of cement or any chemical binder, were made and tested
to evaluate the physical properties such as slump, air content, and compressive strength. Addition of a natural binding
material to mixture of loess and lime showed better performance in physical properties. However a lime among natural
binding materials is considered as a superior binder to improve the properties of the hardened bodies. According to the
experimental results, mixing proportion with 45% of W/B ratio, 285kg/m3 of water content, and 60% lime substitution
ratio was recommended to acquire the good performance of physical properties for the hardened loess bodies.
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Table 1 Flow Chart of Research Program

Table 2 Compressive Strength
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Research background Specimen Compressive strength (MPa) fe / feos day (%)
Introduction 3 day 7 day 28 day 3 day 7 day
Method and scope W/B-45% 15.7 19.3 235 67 82
U W/B-50% 14.3 18.4 22.2 64 83
] ) W/B—55% 13.0 16.7 20.7 63 80
Literature survey Properties for hardened loess W/B—60% 114 152 18.9 60 81
U W/B—65% 9.9 13.9 16.4 61 85
o . ] o ] A-0% 13.9 16.1 20.3 68 79
Preliminary test Mixing proportion for binding materials
A-0.5% 13.5 16.9 20.1 68 84
(2 A-1.0% 14.4 18.0 21.0 68 86
Ist Hardened loess for Natural Binder (Pine A1.5% 14.2 18.1 21.6 66 84
Experimental S resin, Gelidium, Lime, Kudzu fiber) A=2.0% 15.3 20.0 234 67 85
program ] ) A-2.5% 12.8 15.6 20.5 60 76
2nd Hardened loess for Lime Binder
HB-200 9.7 11.0 13.9 70 79
U HB-300 16.9 20.7 25.4 67 82
. . HB—-400 154 18.8 22.8 67 82
Result and Mix proportion
; Ivsi HB-500 11.5 12.9 16.9 68 77
analysis Physical properties
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Table 3 Compressive Strength

) Binder | W/B Compressive strength (MPa)
Speci—men 3

(kg/m’) | (%) 3day | 7day | 28day | 56day | 91day
HC1 45 139 | 188 | 242 | 275 | 28.8
HC2 300 50 106 | 158 | 204 | 21.0 | 22.2
HC3 55 104 | 119 | 148 | 159 | 19.2
HC4 35 18.2 | 246 | 30.1 | 329 | 350
HC5 400 40 137 | 176 | 231 | 259 | 28.3
HC6 45 120 | 146 | 21.1 | 229 | 239
HC7 25 231 | 289 | 334 | 363 | 39.9
HC8 500 30 10.8 | 152 | 183 | 21.2 | 225
HC9 35 11.8 | 147 | 184 | 21.3 | 21.2
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Table 4 Properties for Loess

Specific Chemical composition (%)

ar aVity Ca0 SiOg A1203 F6203 MgO Kzo

IE | 254 0.86 574 | 3031 | 6.78 0.86 3.36

Fig. 1 Binding Materials for Loess

Table 5 Properties for Lime

Specific Chemical composition (%)

gravity | Ca0 | SiO; | AlOs | FexOs | MgO | SOs

Lime | 3.37 | 89.48 | 3.87 1.52 1.27 2.53 1.03




Table 6 Properties for Sand

Table 8 Mixing Proportion in the 1st Experimentation

sa | W Unit Weight (kg/m®)

—\W/ _ T3
HL—W/B~Lime* @ | &2 [To T L = < S G

Max. size |Specific| Fineness | Absorptivity Ratio of | Unit \folumn
(mm) | gravity | modulus (%) absolute Welghgt
volume (%) | (kg/m’)
5 2.6 2.47 0.22 57.7 1.5

HL-45-35 45 | 170 | 200 | 132 | 30 | 15 | 733 | 895

Table 7 Properties for Gravel

HL-45-37 40 | 170 | 204 | 140 | 23 | 11 | 635|952

HL-50-40 40 | 200 | 175 | 146 | 22 | 11 | 627 | 940

* HL=3t=73H4, W/B = &2 3], Lime= 4337+

Table 9 Mixing Proportion in the 2nd Experimentation

Max. size |Specific| Fineness | Absorptivity Ratio of | Unit \'folumn
(mm) | gravity | modulus (%) absolute weight
volume (%) |  (kg/m’)
5 2.6 2.47 0.22 57.7 1.5
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Table 10 Compressive Strength of 1st Experiment (MPa)
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Table 11 Compressive Strength of 2nd Experiment (MPa)

Compressive

Unit water | .

. . Li tent Mean

HL-W/B-Lime | quantity ime (;(;n en strength
0,

(kg/m’) (MPa) (MPa)

9.8
HL—-40-60 200 60 8.9 9.4
9.6

HL-W/B—Lime at 7 day at 14 day at 28 day
HL-45-35 unmeasurable | unmeasurable | unmeasurable
HL-45-37 1.3 2.0 3.5
HL—-50—40 2.5 3.8 4.7

Fig. 2 Specimen of 1st Experimentation
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Fig. 3 Compressive Strength of 1st Experimentation
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9.1
HL—-40-50 200 50 8.4 8.8
8.8

7.5
HL-40-40 200 40 6.9 7.2
7.3

11.8
HL-45-60 285 60 12.6 12.3
12.5

12.2
HL—-45-50 285 50 11.4 11.8
10.8

10.8
HL—-45-40 285 40 9.8 10.3
10.2

Fig. 4 Failure for Hardened Loess Specimen
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Fig. 5 Compressive Strength at the 28—day Age
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Table 12 Slump of 2nd Experiment (mm)

Unit water Lime content Slump

HL-W/B~Lime quantity (kg/m’) (%) (mm)

10
HL—-40-60 200 60 15
10

15
HL-40-50 200 50 20
15

30
HL-40-40 200 40 20
20

50
HL—-45-60 285 60 60
55

60
HL-45-50 285 50 60
70

80
HL—-45-40 285 40 85
75

S W1sE ARE ek e ol AME 23
2Es] A9 B/ WB, 97l 252 o] e
U Ae Balt). GRS A9elE W} 25
= wo] Yehju], 4519 A7hgo] 4242 3]0l

Wby =4 Az} 4§u H74Eo] 40%Lul, W/BS]
Hlgo] 45%Ad, 7% %] A Hebskth A3
o] A7HEo] moldas IS AashaA UAg 4
o] o]F0ix]7] wgolatar gt wgk W/BS] vl&

90
BO
70
‘E‘ 60
£
a 50
£
=
w 40
30
20 S —
10 i —
Q
HL-40-60 HL-40-50 HL-40-40
(a) For W/B=40%
a0
80 —
70 —
‘E“ 60
£
o 50
E
2
s 40 —
30 —
20—
10 +——
Q
HL-45-60 HL-45-50 HL-45-40
(b) For W/B=45%

Fig. 6 Slump with Different Mix Proportion

SRR SRR Y| 2sts| =27 X163 M4z(2012. 7) 49



Table 13 Air Content of 2nd Experiment (%) 90 - 1
[ W/B Lime content Air content ] _c‘;m'“;ss've_ Slump s
HL W/B Lime (%) (%) (%) -~ i stren, g
3 s
15 £ 2
- g
HL—-40-60 40 60 1.0 £ ﬁ
. [ 2
1.0 2
1.7 g
o
HL-40-50 40 50 17 ¢
21 HL-40-60 HL-40-50 HL-40-40 HL-45-60 HL-45-50 HL-45-40
2.5 Compressive strenath and slump
HL—-40-40 40 40 2.0
2.0 Fig. 8 Relation of Compressive Strength and Slump
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