Journal of the Korean Society of Agricultural Engineers
Vol. 53, No. 2, pp. 35~43, March, 2011
DOI: 10.5389/KSAE.2011.53.2.035

PVA NHIE BYHEC] T84 B4 AT

A Study on the Engineering Characteristics of PVA (Polyvinyl Alcohol) Fiber-Cement-Soil Mixtures

A9 - AN AT - HAYT - Aed
Kim, Young Ik - Yeon, Kyu Seok - Kim, Ki Sung - Yoo, Kyeong Wan - Kim, Yong Seong

ABSTRACT

This study aimed to investigate the engineering characteristics of PVA fiber-cement-soil mixture used to prevent or reduce brittle
failure of cement-soil mixtures due to the tensile strength increase from the addition of a synthetic fiber. The engineering characteristics
of PVA fiber-cement-soil mixtures composed of PVA fiber, soil, and a small amount of cement was analysed on the basis of the
compaction test, the unconfined compression test, the tensile strength test, the freezing and thawing test, and the wetting and drying
test. The specimens were manufactured with soil, cement and PVA fiber. The cement contents was 2, 4, 6, 8, and 10%, and the
fiber contents was 0.4, 0.6, 0.8, and 1.0% by the weight of total dry soil. To investigate the strength characteristics depending on
age, each specimen was manufactured after curing at constant temperature and humidity room for 3, 7 and 28 days, after which the
engineering characteristics of PVA fiber-cement-soil mixtures were investigated using the unconfined compression test, the tensile
strength test, the freezing and thawing test, and the wetting and drying test. The basic data were presented for the application of
PVA fiber-cement-soil mixtures as construction materials.
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Table 1 Physical properties of coarse aggregates
Tye Size Specific | Absorption M Bulk density
P (mm) gravity (%) ' (kg/n?)
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Fig. 1 Grain size distribution curve
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Table 2 Mechanical properties of normal portland cement
(After Yeon et al., 2010)

G Setting time (h-min) Compressive strength (MPa)
' Initial Final 3 days 7 days 28 days
3.15 5-7 7-20 19.4 21.6 32.3

Table 3 Chemical compositions of nomal portland cement
(After Yeon et al., 2010)

SiOQ Ales Ca0 MgO SOs Kzo NaQO F6203
21.09% | 4.84 % [63.85%| 3.32% | 3.09% | 1.13% | 0.29% | 2.39 %

Table 4 Physical properties of homopolymer Polyvinyl Alcohol

Color Spem'ﬁc Length Diameter Tensile MOdUI‘U.S of
gravity strength elasticity
off white 1.3 12 mm 100 micron | 1,100 MPa 25 GPa

Photo 1 Shape of PVA
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Table 5 Mix designs of PVA—cement—soil mixtures (Unit: g) T AWES 248 (%)= A x 100 (1)
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80 16
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AR 2 Hol= HAE AsS ok ACE dEA St
(Kong et al., 2001). BHHof| AMIE Z3E (Cemented sand
and gravel, CSG) 5ol 38-83 As2 vy As B
the B34 Aol SAISHA Uehtr] wiiZe CSG Azl o
o AA 2 A A sdsiAS 7Igte® o]Fo] Zitt

(Kim et al., 2005).
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Fig. 2 Unconfined compressive strength vs., axial strain
(curing 28 days)
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Fig. 3 Tensile strength vs. axial strain (curing 28 days)
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Table 6 The list of peak strength and elastic modulus

Specimen (%) |Compressive peak strength | Strain at peak stress | Strength | Secant elastic modulus | Tensile peak strength| Strength reduction modulus at 0.1 %
Cement| PVA (MPa) (%) ratio (MPa) (MPa) (MPa)
0 2.809 2.802 1.00 1.09E+ 02 - -
0.4 4.054 2.783 1.44 2.43E+ 02 0.561 16
4 0.6 4.211 0.650 1.50 4.37E+02 0.601 13
0.8 4.345 1.023 1.55 4.08E+ 02 0.633 16
1 4.586 1.958 1.63 3.97E+02 0.757 20
0 4.116 2.013 1.00 2.18E+02 - -
0.4 5.468 0.507 1.33 1.15E+03 0.893 87
6 0.6 6.021 2.036 1.46 4.63E+ 02 1.004 5
0.8 6.131 0.722 1.49 8.20E+ 02 1.064 34
1 7.297 0.507 1.77 1.05E+ 03 1.144 13
0 5.333 2.113 1.00 217E+02 - -
0.4 7.167 3.932 1.34 L64E+02 0.929 22
8 0.6 7.537 3490 1.41 L71E+02 1.091 13
0.8 8.112 0.740 1.52 7.12E+02 1.123 16
1 8.346 1.413 1.56 6.07E+ 02 1.319 38
0 6.129 2.919 1.00 1.72E+02 - -
0.4 8.846 5.339 1.44 1.23E+02 1.112 16
10 0.6 9.772 0.556 1.59 1.13E+03 1.188 13
0.8 10.513 1.371 1.72 7.93E+ 02 1.301 152
1 12.334 1.486 2.01 7.13E+02 1.437 38
et al. (2008)9] 97+ Aotz frAlSI A 59 " Ado] Sle 4 ey FF e T &
S, Kim et al. (2010)& Eejz=234 Af EUE o o HESfoF FekelA gefdt 4 gle Aoz AlrEh
€ CSGAIRS d57ms APl #Afle] AF EUE 06 FolM ERHG-AME SJFES HighlE 24T Adle
%OILHOML RS EQJekA] o2 CSGAIRe] BIste] F7Fst olget Az W & WA TheRt AV FH ool 4%
£ AT Uehlie, 44 EUE 0.8%00Me A AU & tAAE REAE HES] e g 2de 24
(e 7S et W Zast ol
Table 64 7Z3=H] strength ratio)q= Zt Aol wE Fig. 32 PVA-AHIE S3ES] SHFET el A
AZAEE A7 02 A0 YEws eglS weo] gt E WEH, A= w2 A ‘H%%EE = =79
& on)ahn, Hom—apﬂqngwv}mqagjg%na o & dold =" Table 69 J=gdaAlT (strength
% A 2 % 9tk Agu] 7o) U= Ev= AMENZE 4 reduction modulus)ls SAEARS A1 AHHOR T
A uf 14~16M, 6 %Y u 1.3~ 184, 8 % wj 1.3~ I Eol Bk
16HH 10 %Y w 1.4~2¥) 522 Yyeht 1 ave= o
& 5 9t BEeAR (MPa)= 2% " <100 2)
chh Fig, 204 & 5 9l vl o] Sel-Ag Aol B0 Speat
Bt dtehs ve2A 9 SEASHl =2 H AR d
Aro] UERITl AR Al7ko] Ad & Az Lelo] ARsaie oA7oM 1,0 H IR, S, A e Al SH
AAo] ekt 8 (@), 5 A AR F 9 AT 5 WFE 7,
ofefdt Aole EHES FF, TAA /|, A Sol e solMe] A=
Aol 5 o7 Qelo] H3tE Zlow woEy, T WA
ARe] ZaH dordhel 17 AW WEAl Ao BF @4 ARAASE A 4w F $o] 343 gisheA E
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Table 7 The list of compressive and tensile strength ratio

Specimen Compressive strength Compressive Strength Tensile strength Tensile Strength Strength
P (MPa) ratio (MPa) ratio ratio
Cement | PVA 3days | T7days | 28days | 3/28 7/28 3days | Tdays | 28days | 3/28 708 | Temsile/
(%) (%) compressive
04 1.72 191 2.03 0.85 0.94 0.15 0.27 0.27 0.57 0.99 0.13
) 0.6 1.96 2.05 2.20 0.89 0.93 0.15 0.28 0.31 0.50 091 0.14
0.8 2.02 2.14 2.25 0.90 0.95 0.16 0.30 0.34 0.49 0.90 0.15
1.0 2.18 2.45 2.46 0.89 1.00 0.19 0.33 0.38 0.50 0.87 0.15
04 2.44 3.38 4.05 0.60 0.83 0.32 0.40 0.56 0.57 0.70 0.14
A 0.6 3.03 344 4.21 0.72 0.82 0.33 047 0.60 0.55 0.77 0.14
0.8 3.17 3.46 4.35 0.73 0.80 0.33 0.52 0.63 0.53 0.83 0.14
1.0 3.33 3.69 4.59 0.73 0.80 0.34 0.53 0.76 0.45 0.70 0.17
04 3.52 371 5.47 0.64 0.68 041 0.68 0.89 0.45 0.76 0.16
6 0.6 3.73 4.44 6.02 0.62 0.74 0.46 0.74 1.00 0.45 0.73 0.17
0.8 4.21 4.61 6.13 0.69 0.75 0.48 0.74 1.06 0.45 0.70 0.17
1.0 4.47 5.51 7.30 0.61 0.75 0.49 0.83 1.14 0.43 0.72 0.16
0.4 4.41 5.77 7.17 0.62 0.80 0.52 0.87 0.93 0.56 0.94 0.13
" 0.6 4.74 6.42 7.54 0.63 0.85 0.59 0.88 1.09 0.54 0.81 0.14
0.8 5.15 7.23 811 0.63 0.89 0.61 0.98 112 0.54 0.87 0.14
1.0 6.12 7.83 8.35 0.73 0.94 0.63 1.10 1.32 0.48 0.83 0.16
0.4 6.35 6.68 8.85 0.72 0.76 0.68 1.04 111 0.61 0.94 0.13
10 0.6 6.50 7.37 9.77 0.66 0.75 0.75 1.14 1.19 0.63 0.96 0.12
0.8 6.95 7.72 10.51 0.66 0.73 0.78 1.28 1.30 0.60 0.99 0.12
1.0 7.42 8.90 12.33 0.60 0.72 0.80 1.35 144 0.55 0.94 0.12
30 30
C1C-2% CI1C-2% -
C-4% 22 C-4%
Y C-6% R C-6%
(I C-8% (MM C-8%
-109 w -109
;\320_@010& ;\_0\20_ C10A)
» )
) 1]
(@] (]
2 : [ 2 -
2 % 2 % % %
10} o S ol o / o
% % | % %
N | L | %
N % % . %
\ . Ng |\ |
= / / / /
0 é& H H N\l é\ m. 0 Z é i és. ]
0.2 0. 0. 0.8 1.0 1.2 0.2 . 0.6 0.8
Fiber ratio (%) Fiber ratio (%)
Fig. 5 The results of freeze—thaw test Fig, 6 The results of wet—dry test
HhE BeE Eoivh AER| Afu7E S7F D A Zaimoglu (2010) 123]9] 52483 #olES ESHRF &2
2] SoRE 9 4R0) B Bl BYHOR UehbAwt o o 5289 AR A7 4% 0, 025, 05, 075,
AHEH]7E 8 % ool W ulage] kol B AA At 1 %ol gt A& 747F 39, 20, 22, 15, 20 %= e
Holes 34 93 e g 2oz dEn FEAL B 40%°0 7R Edee Held Hls) 0.75 %4
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