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BEAE w22 44 3R} E3 9 polyvinyl aleohol(PVA), styrene-butadiene rubber(SBR) 3 ethy-
lene-vinyl acetate copolymer(EVA)E A}8-3te] Ze|v] ¥} Zal%-EA(polymer reinforced grouts | PRG) A1#L-
Azslgch o] AlHe] tigk 4 A7 #AAAEE Aok PVA, SBR % EVAE zhz} 15 wth 3714
W57t 54 MPa, 63 MPa 2! 68 MPa. 71317} =% 11 MPa, 128 MPa % 13.6 MPa, Youngs modulus= 3.8 GPa,
44 GPa ¥ 46GPa, ¥ =F<elAAE= 0L73MNm™% 0.85 MNm™% @ Q9MNm'® AxXZ 7} *elgch PRG
Alfe ThmEkade 2 ]3’5’4 A7, grain bridging, frictional interlocking, polymer bridging®t & 7414
EAe] w4 ol Fes gidrh

ABSTRACT

A polymer reinlorced grouts using ordinary portland cement mortar and water soluble polymer{polyvinyl
alcahol(PVA), styrene-butadiene rubbre(SER), etylene-vinyl acetate copolymer(EVA)} were made. The mechani-
cal properties of the hardened specimens were investigated through the observaiion of the microstructure
and application of fracture mechanics. When the PYA, SBR and EVA was added with 1.5 wit% 1o the prouts,
the compressive strength were about 54 MPa, 63 MPa and 68 MPa respectively, and the flexural strength was
about 11 MPa, 12.8 MPa and 13.6 MPa respectively, and Young's modulus was about 3.8 GPa, 4.4 GPa and 4.6 GPa
respectively, and critical stress intensity was about 0.73 MNm ™%, 0.85 MNm™!° and 0.9 MNm !° respectively.
It can be considered that the strength improvement of polymer mortar grouts may be due to the removal
of macropores and the increase of various fracture toughness effects, such as grain bridging, frictional interloc-
king and polymer bridging.
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Table 1. Physical Properties of Starting Materials

AEE
o¢ . flexural strength
Ey | Young's modulus
P !load
d : depth
W ! wdth
L span
v . maximum deflection
Je2|x SENB(single edge notched heam)¥]!toz
FAe whe) A|He] FAdAEK)S 5455k
K[c:YG(al"z
Y=1.03—-3.07(a/w)+ 14.53(a/w)
—25.11(a/w»+ 25.80(a/w)*
1.5PL
o=
dEW
714 Y= afw E stEbde] & Agpolnt

w5k 53855 w4728 Paaly] $8 SEM #as
A Ered )

3.1, 7|22

28a17 kAl W/C=049) HEADE REEl2
Aldet Ze)rrl L5 wth HrhE W/C=0321 PRG 4]
Aol H#l, Fedtye HHY SFLEE Fig 1o
ebsich PRG Al9¢] 73] 2EAule maez
Asinct AYstel Tdwssl e slBsd f7%
2 o % gleh ol Zeyn] Artel o ANE SaE
CSHehe] AW 44 2% A=z A%k

3.2, ez, HYZT S Young’s modulus

Z 7l L5 wi% 37l W/C=0331 PRG Azl
falel obr|zlEE hE7kE SAF HTE Fig 24
ek 4 ek

Starting Materials Paolyvinyl Styrene-butadiens Ethylene-vinyl
Test item\ alcohol rubber acetate copolymer
Appearance white powder white liguid white liquid
Density (g/cm?) 1.2~~1.3 1.03 -
pH 5~7 (4%) 8.0 (257) 4.0~6.0
Viscosity (cp) 20~25(4%) 85 250750
Solded content (%) - 48 54.5~05.5
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Fig. 1. Pore size distribution of ordinary cement mor-
tar and PRG cement mortars added 1.5 wit%
PvA, SBR and EVA, cured for 28 days.
(a) ordinary cement mortar (W/C=04)
(b) PRG cement mortars added 1.5 wt% PVA,
SBR and EVA (W/C=0.3)
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Fig. 2. Compressive strength of PRG cement mortars
added to 1.5 wt% PVA, SBR and EVA at various

curing time.
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Fig. 3. Flexural strength of PRG cement mortars ad-
ded 1.5 wt% PVA, SBR and EVA at various cu-
ring time.

Aol 4= 86 MPa AT E oF7rel slmzrlE vehig]
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Fig. 4. Young's modulus of PRG cement mortars added

1.5 wt% PVA, SBR and EVA at various curing
time.
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Fig. 5. Flexural strength of PRG cement mortars ad-
ded 1.5 wi% PVA, SBR and EVA at various no-
tch length, cured for 28 days.
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Fig. 6. Critical stress intensity {Kio) of PRG cement
mortars with content of PVA, SBR and EVA,
cured for 28 days.
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Fig. 7. Scanming electron micrographs of fracture sur-
face of hardened cement mortar. cured for 28
days {(*P: pore).

{(a) ordinary cement mortar (W/C=10.4)
(b} plain cement martar (W/C=0.3)

o $1A sk gle YAl = 7 23 v)A-7<(secon-
dary crack)e] L& 97} @) o)AL 13 74
{(primary crack)®] FEzlgo] Fa=e] HA =
e F7RITIE 24FY shists Az
Polymer bridging #F}E Fig 10 etk
Eden¥ Baily?] ®.%%| ¢|std 44 mhal £3&
AzE AAFHoZE A AEE Add. & zia
Fde] vt BAE Hahsled CSH-polymer-CSH)
A3 F vl qlRg919) CSH gel F45 #
vl FoAaS zEa Eade] nlelsle] wiyelidg
Zlck. L ol CSH-polymer-CSH 2] 734
LAl T e slelE

AAE Frated sha)e SoTE AL A7t

il
L
M8
i~
T
o
L e
i~
o,
o
i)
=
U
e
T

34, HEHEo| CHBE A E A

-749-



{b)

Fig. 8. Scanning electron micrographs of schematic il-
lustrations of PRG cement mortars, showing
examples of grain bridging (W/C=0.3}, cured
for 28 days (*C: crack, GB: grain bridging).

(b}

Fig. 9. Scanning electron micrographs of schematic il-
lustrations of PRG cement mortars, showing
examples of fricitional interlocking at grain bri-
dging site (W/C=0.3), cured for 28 days (*C:
crack, GB: grain bridging, #: frictional interloc-
king),
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(b}

Fig. 10. Scanning electron micrographs of schematic il-
lustrations of PRG cement mortars, showing
examples of polymer bridging (W/C=10.3), cur-
ed for 28 days (*C; crack, PB; polymer brid-
gingh.
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Fig. 11. Chloride penetration depth of plain cement
mortar and PRG cement mortars added 1.5
wt% PVA, SER and EVA, cured for 28 days.
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Fig. 12. Specimen mass variation rate of plain cement
mortar and PRG cement mortars added 15
wt% PVA, SBR and EVA, cured for 28 days.

L stk B gdst Zeivg dArlel g
plain A|#H2] 7% 45MPa o 86MPa Axo|go}
99 15wt% ArH 71 58 48 ebdl EVAY
& 9l AYsEE 67MPa @ 133MPa A==
71 Z #FA4E Byl Young's modulusE plain 4] 2]
% 32GPa Axoe)gx, EVAEZ 15wth A7tslel-g
d 45GPa A== 7B £ 4S8 Jengqinh

2. Notch #e] WHEe w}2 2847k kg A)7] plain
Al PRG A1H2] FHY7lEE notch Heolr} Ae)al
T8 AY7rr) gejnl=d] | plain A H-e notche] zl
17} 2, 4, 6 mm3 A% 7Y} E7}L 64~4.2 MPaslglz,
EVAE 15wi% FH7}A PRG A|#-& notch |7} 2,
4, 6mmY 7A-¢ 12.0~6.2 MPa AE 2 7}4F 253 gk
vefu giek

2 3148 A7 Z(1994)

3. I dAKe 28Y7 44471 PRG AHFE
EVAZ 15wi% H7h4] 0.9 MNm 152 744 2 27718
el glek oAl o) vhel datal {rictional inte-
rlocking 3 polymer bridging=} 7|-£27]2] 34 28X
GAEe ZEEsE 2 Aes wwks

4. 37hel s 4 sal Balel Zeinle -2 EVA
Liwt%d a7} +78 5AL vepdsla, FE-E
digt A= $pabach

REFERENCES

1. 1.D. Birchall, AJ. Howard and K. Kendall, “Flexural
Strength and Porosity of Cement,” Natwre, 298, 388-
390 (1981).

2. K. Kendall, AJ]. Howard and J.D. Birchall, “The rela-
tion between porosity, microstructure and strength,
and the approach to advanced cement-hased mate-
rials,” Phil. Trans. R. Soc. Lond. A, 310, 139-153
{1983},

3. 2AE, HA4E, e, A E AdEL] S4dd A
e AL 9sKID" deagdErEa]l 278),
1034-1042 (1990},

4. M. Moukwa, D. Youn, M. Hassanali, “Effects of Deg-
ree of Polymerization of Water Soluble Polymers on
Cancrete Properties,” Cem, Comrc Res, 23, 122-130
(1953).

5. Q.Z. Tyler, R.S. Drake, “Superior Strength Properties
with Polymer-Modified Portland Cements,” Adhesives
Age, 9, 30-39 (1961).

6. FEFERk, "R w- EAL T RFLELY 322
Foo T a3z )- bR, 10id), 4, 1826
(1973).

7. RIEEE, P, ‘TR 28 X ESE K
-5 |BALAZ £X2 2 Lyrd HEEET NE
HBFFEsRE, 15, 4, 58, P. 242-258 (1963}

8. EHTER, EMELE, AFIFL PVA-E A b EH
B AT BEIC BIST RED BT A b
BER 39, 396-399 (1985).

9. Jacob M. Geist, Servo V. Amagna and Brian B. Meilor,
“Improved Portland Cement Mortars with Palyvinyl
Acetate Emulsions,” Industrigl and Engineering Che-
mistry, 45(4), 769-767 (1953).

10, KEEES, BB HREE “vF4 L REEE
B OED AFLITHVILTLFFYSA AuiE
et A PR NSO EEEELT A PETER
39, 400-403 (1985).

11. H. Osmani, D). Rouby, G. Fantozzi, “Toughness, Mic-
rostructure and Interface Characteristics for Ceramic-
Ceramic Composites,” Composiie Science and Techno-
logy, 37, 191-201 (1990).

-751-



12.

13.

14

Torben C. Hansen, “Influence of Aggregate and Voids
on Modulus of Elasticity of Concrete, Cement Mortar
and Cement Paste,” J Am. Concr. Inst, No. 62-11,
193-215 (1965).

N. McN. Alford, G.W. Groves and D.D. Couble, “Phy-
sical Properties of High Strength Cement Pastes,”
Cem. Conc. Res, 12, 349-358 (1982),

Peter L. Swanson, Carolyn ]. Fairbanks, Brian R
Lawn, Yiu-Wing Mai and Bernard ], Hockey,
“Crack-Interface Grain Bridging as a Fracture Resis-

15.

16.

-752~

tance Mechanism in Ceramics; I, Experimental Study
an Alumina,” J. Am. Ceram. Soc, 70(4), 279-289 (1987).
N.B. Eden and JE. Bailey, “The Mechanical Proper-
ties and Tensile Failure Mechanism of a High Stre-
ngth Polymer Modified Portland Cement,” [ Mater
Sci., 19, 2677-2690 (1984).

WEHEWFRERS, “H)e-tALFE LY BB
FHeEAE(FO 2, 2r7)-FTE, 258), 414
{1987,

2557



