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A Study of Engineering Characteristics of
Air-trapped Soils Included Feldspar and Zeolite

by

Hoseong Choi

Department of Civil and Environment Engineering
Graduate School

Korea Maritime University

Abstract

This study is focused on feldspar and zeolite which have recently been attracting attention
as an extension research of air-trapped soil, which has been studied extensively. Feldspar
and zeolite are environmentally friendly minerals such as heat storage, antibacterial function
and heavy metal filtration. In addition, two different tests have been carried out for the
air-trapped soil by using feldspar and zeolite as aggregate instead of sand.

First, the unconfined compressive strength of the specimens prepared using feldspar and
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zeolite were analyzed and were compared with the results of the unconfined compressive
strength of the specimens prepared using sand based on axial strain and curing days.

Second, the thermal conductivity and heat storage performance were analyzed by
fabricating the bottom layer as the air-trapped soil with feldspar in actual size.

In the first test, the unconfined compressive strengths of the three specimens using the
feldspar, two specimens using the zeolite and standard specimen using sand were measured
at curing 7 days, 14 days, 21 days, and 28 days. The measured strength characteristics of
specimens were analyzed and compared with sand — feldspar, cement — feldspar mixture
ratio, No.6 feldspar(particle size 1mm) - feldspar powder (particle size 40um) mixing ratio,
sand — zeolite and cement — zeolite mixing ratios.

In the second test, three types of full-scale models were fabricated by using two types of
the air-trapped soil using feldspar and one standard sand. Each model was analyzed and

compared to the thermal conductivity and heat storage.
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AgFRe B FFooR FMujgle] slxste] @45 1.5-30 X 108/m2 £Ysty
! QAL SE G0 10008 3)4sto MBI R shake flaskol
st

AlgEe gal, AHLE/dA(Tween 80) 0.05%5 A7Ih & 24 Ald
S

/g e Ao ARESH FAHE = Gram G/dH(positive bacteria : Staphylococcus
aureus ATCC 6538)1} Gram 27J+H(negative bacteria : Klebsiella pneumoniac ATCC 4352)
= ARSsHT. Pat=o] Al SAES FEUAIO] o]Aste 35-37°C ZRII0A,
Staphylococcus aureus(Gram /Jwt)= 6-10A]7F, Klebsiella pneumoniae(Gram 578 vF)<
16-20417F A1 virslicy.

YL, =

NE

Table 2.2 Results of antibacterial test on feldspar

Item Result(%)

Staphylococcus aureus | Bacteria decreasing

ATCC 6538 ratio(%) 243

Concentration of .
1.1 <10°CFU/mL

inoculation bacteria
Klebsiella pneumoniae | Bacteria decreasing

ATCC 4352 ratio(%)
Concentration of

27.1

1.5 10°CFU/mL

moculation bacteria

Table 2.2 9] A1}t ZFo] Staphylococcus aureus ATCC 6538 (AR EALA)L 7]&9]
A8}t 34.3% 7445 A1, Klebsiella pneumoniae ATCC 4352 (HEH)S 27.1% T4
sf= Ho2 e,
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Table 2.3 Results of antibacterial test on zeolite

Halol Sleh el R 5

ZAyt= Table 2.33F 2

Item Result(%)
Staphylococcus aureus | Bacteria decreasing
ATCC 6538 ratio(%)
- 29.4

Concentration of .
, , , 1.1x10°CFU/mL
inoculation bacteria
Klebsiella pneumoniae | Bacteria decreasing
AT i0(°

CC 4352 ratio(%) 27 1

Concentration of

moculation bacteria

1.5<10°CFU/mL

Table 2.3 o] ZAute}

Zowrt 29.4% ZtAsta T

she Zlo@ Uepdth
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Table 3.1 Physical properties of portland cement

Specific Finenss Setting Stability compressive strength(MPa)
. 9 Initial Final |
gravity | (cm?/g) (%) 3day 7days 28days
(min) (min)
3.15 3,354 205 2775 0.09 28.8 39.1 52.2

Table 3.2 Chemical component of portland cement

) Ignition | pree
Ingredient | CaO | SiO, | AlO; | MgO | Fey,O3 SO, Ca0 Insolubleness
loss a
Content(%) | 61.3 | 21.1 52 2.73 2.8 1.81 1.62 0.6 0.2
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Table 3.3 Physical properties of sand

Specific gravity

2.65

16.86

Water absorption(%) | Unit weight(kN /m®)
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Particle size(mm)
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Table 3.4 Chemical constituents of animal foam agent(Unit : %)

H,0 Protein NaCl NH,C1 CaCl, MgCl, FeSO,4
36 32 10 1 6 5 2

Table 3.5 Physical properties of animal foam agent(H company)

Unit weight of a
Specific gravity Viscosity(cP) Soild content(%o) pH Foaming agent
(kN/m’)
1.18 37.3 39.1 6.29 0.541
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Table 3.6 Results of heavy metal detection(Unit : mg/kg)

Detection
Component o Result Test method Device
limit
Pb 5 Not-detected EPA 3050B
Cd 1 Not-detected EPA 3050B ICP-AES
Hg 1 Not-detected EPA 3052
UVv-VIS.
Cr® 1 Not-detected | USEPA 3060A
Spectrophotometer
3.1.6 &5
FE7I2E0 AMREE 22 Follst Eaed Zle AL €28, 2R AUl 52 =
oA 2 FAst Aojojof sttt dlag A = PCHAS FAIAZL d27f 9len
2 A2 £39EY

Q =

o = AN =W (0] o
2 o83 HY TAY, §812, BAld, SN ofd, PRl £A, Y 59 atag
ot ALY 59 $I1% Y Fp, Wmm, BAEA Sof 9rlZo] FeHo] UL 4
b Qlonz Ae goletm olet Ze AL Festt 2L BUSE AESHH AUE
o Aag=o] wd, AW}, Wakeffloresence), YW Sof UE JFL vjxE
27} olth @RtA oleh 2o oo deivt Jlx 22 A}% g Aot 22 FetEo
= $ysto] 9 %

3.1.7 9i&A =

Her|nEo] EQ 7 2 4R O “—/\l”ﬂE wlol, = ¥
Mz Zy7|Lo] 7|mepolnt. 2 2 F 4039(37 EHig 7]
= E32E)0] 7|5 S WEHo} st} wleby B A7olM AAMat HgelolEg o]8%

el
rr
P
rlo
N2
rE
=
HU

N
=]
m
uju
>,
ofo

9'[5
=)
rlr
(/)

(o] [SR T
ZY7|nES] BolR S me sty 54 L Prwdd FPL uAE 29053

Collection @ kmou



N, A3 AE Aol M8 93t AN Y £a5P] s 710l Hi A
EQt @

B2 AlRE Wi @Ko} vlae 9 S7pAl EiRele RStk A WA

ol
o
=
(')

U (CS)= ARE 25%<t 22l 75%2] vidS ofial, FAS A&t
E= A}83t ujgu] s Table 3.7 I} 7T}

_18_

Collection @ kmou



Table 3.7 Mixing ratio

RoE
Cement Sand SRR SIS Zeolite Water Foam
No. | Content Weight | Content | Weight | Content | Weight | Content | Weight | Content | Weight | Weight | Content
(%) (8) (%) (8) (%) (8) (%) (8) (%) (8) (8) (ml)
CS 25 708.8 75 1788.8 = E - - - - 524 200
CP1 25 748.1 - - 40 1014.6 35 491.6 - - 676 200
CP2 20 535.5 - - 40 907.8 40 901.0 - - 610 200
CP3 20 504.0 - - 50 1068.0 30 636.0 - - 663 200
Cz1 25 394.0 - - = = = - 75 825 853 200
Cz2 10 167.0 - - - - - - 90 1050 851 200
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Table 3.8 Shooting methods (Lee, 2004)

Component Kind of foam agent Characteristic
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Fig. 3.6 Failure shape of specimen
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hot water piping

Concrete slab @  210mm

500mm

Fig. 3.8 Construction standard of the bottom storage layer

(a) Construction of air-trapped soils (b) Construction of hot water pipes

Fig. 3.9 Construction of the bottom storage layer
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(a) Thermal imaging camera(FLIR A615) (b) Real-time shooting scenes(FLIR Tools)

Fig. 3.11 Photo of Infrared thermal imaging camera
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Table 4.1 Comparison results of unconfined compressive strength (28days cured)

Component Curing days(MPa)
No. 7days l4days 21days 28days
CS 11.17 13.07 13.34 13.72
CPI1 9.6 10.17 10.42 12.30
CP2 8.07 8.53 10.68 11.82
CP3 8.56 10.20 10.91 11.61
Cz1 2.38 4.00 5.71 6.24
Cz2 0.59 1.10 1.19 1.23
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Fig. 4.1 Results of unconfined compressive tests on specimens cured(CS and CP1)
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Fig. 4.3 Strength difference to cement content(CP1 and CP2)
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Fig. 4.9 Strength difference to zeolite content
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Fig. 4.11 Temperature changes during heating and cooling cycles of the heat
storage layer under supplying 55°C hot water
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