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- A Study on the Strengths of Epoxy Resin Mortar under Heat Exposure
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Summary

The major objective of this study was to investigate the heat resistance of epoxy resin
mortar. For this purpose, these tests of compressive and bending strength were accomp-
~olished with various heating temperature (40°C, 60°C, 80°C, 100°C, 120°C), and with
various mixing ratio (1:2, 1:4, 1:6, 1:8, 1:10, 1:12, 1:14),

The exprimental resin was to be Epi-Bis type epoxy resin, which is widely used as
construction materials.

The results obtained are summarized as follows;

1. The variations of color tone started to begin at 60°C, and it has come out very heavy
at 120°C. It was assumed that the decrement of weight resulted from carbonization
were about 0, 222 at 100°C, and about 0.34¢ at 120°C,

2. The compressive and bending strength were increased with temperature rise up to
80°C, but these were made rapid decrease when the given temperature was over. And
so, the mean decrement of compressive and bending strength at 120°C reached up to
35.5% and 26.4%, respectively.

3. The regression equation between compressive and bending strength for epoxy resin
mortar under heat exposure were obtained as follows;

03=0, 3710:+ 39, 23 (r=0, 986)
And the estimated value of bending strength was corresponded to about 37 percent in
comparing with that of the compressive strength.

4. Consquently, the heat resistance temperature of epoxy resin mortar was to be around
80°C, and it was generally very low values. But it was regarded that the epoxy resin
mortar will not be difficult with materials of civil engineering works and agricultural
structures.
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Table-1. Types of epoxy resin

Type Components

Type ] | Bisphenol A and epichlorohydrin

Type [ | Reaction prcduct of phenol ard form-
aldehyde(novolac resin) and epichl-

orohydrin
Type [ | Cycloaliphatic and peracid epoxies
Type ¥ | Glycidyl esters
Type ¥ | Reaction prcduct of epichlorohydrin:
and p-aminophenol
Type V[ | Reaction product of epichlorohydrin.

and glyoxal tetraphenol

Table-2. Grades of epoxy resin

Grade [ Components
Grade 1 | Resins containing no diluent
Grade 2 | Resins mecdified with a reactive dilu~

ent

Table-3. Requirements for type I,
grade 2, epoxy resin

Class ‘ Viscosity, cP at 25°C
I 100 to 500
I 500 to 200
I 900 to 4,000
v 4,000 to 10,000
Lt A
&4 #iEe TR RE FHoekt B
#T A, B KEL 389 K2 KA
#.®
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)
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Alcohol ¥, Phenol ¥ 47%)
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Table-4. Physical properties of fine
aggregate used

Percentage |
Absorp- | finer than lOrgdmc

tion | No. 200 lcontent
sieve |

Specific

Sample gravity

Jumunjin
sand

2.63’0.07% 0.01% t Nil
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Table-5. Details of mix proportion.
(Unit; wt. %)

Vixipg rato | Bpoxy | Sandard | pgrgencrs
1:2 33 67 (20
1:4 20 80 (20)
1:6 14 86 (20)
1:8 1 89 (20)
1:10 9 91 (20)
1:12 8 92 (20)
1:14 7 93 (20)

* Percent by weight of epoxy resin.
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Table-6. Variations ¢f color tone of epoxy
resin mortar under heat exposure

\\ Heating
temp. (°C)
‘ 23—40°C 160--100°C | 120°C
Mixing ™
ratio(wt.)
1:2 Transpar-| Fawn Brown
ent gray
1:4 i " ‘ "
1:6 " " Reddish
brown
1:8 1" ” Dark reddish
brown
1:10 7 I Dark brown
1:12 it " 1
1:14 I " Light reddi-
sh brown
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Table-7. Variations of weight of epoxy
resin mortar under heat exposure

Heating temp. (°C)‘Decrement of weight(wt. %)

40 1 0.233
60 0.239
80 0.285
100 0.520
120 0. 640
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Table-8. Results of compressive strength

test of epoxy resin mortar under
heat exposure (Unit: kg/cm?)

Temp.

Mixi- -,
ng ratio ‘\\

(wt.)

9]

N

1

12 14| 936 | 967 | 976 | 879 | 54

(%) (100)[(102. 4)(105. 7)(106. 7) (96.1)] (59.1)
1:4 | 865 8821 902 | 916 793 | 512
(%) |(100)|(101. 9)(104. 2){105. 8) (91. 6)| (59.1)
1:6 | 650 653| 675 | 688 | 633 | 438
(%) 1(100)[(100. 4)(103. 8)(105. 8) (97. 4)| (67. 3)

1:8 474| 486 1 513 | 534 | 465 | 325

(%) |(100)(102. 5)(108. 2/(112. &) (98.1) (68. 5)
1:10 | 361 374 377 391! 305| 252
(%) (100)|(103. 6)(104. 4)(108. 3)| (84. 4) (59. 8)
1012 | 314 318 | 349 | 352 274 198
(%) |T00)101. 2611 1. 1112, 1) (87. 2)] (63.0)
1:14 | 268 272 293 | 302 231 | 173
(%) |100)10Y. 4)(109.3)(112.6) (86.1) (64.5

(Mean /)}(100 I( : | (64 5
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Fig. 2. Relation between mixing ratio and
compressive strength of epoxy resin
mortar under heat exposure.
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Table-9. Results of bending strength test

of epoxy resin mortar under heat.
exposure. (Unit: kg/cm?)

Temp.
o

!

23 1 40 60 80 100 | 120

Mixi-
ng ratio

wt) N\

1;2 | 384 387 391 | 400 | 360 | 224
(%) {100){100.7)(101.8)(104. 1) (93.7) (58. 3):

1:4 347| 348 ; 353 ‘ 363 | 331 208
(%) {(100)(100. 2)(101 7)(104. 6); (95. 3)| (59.9)-

1:6 282} 298 310' 320 | 270 | 201
(%) [(100)(105.6)(109.9)(113.4) (95.7) (71.2)

1:8 229‘ 230 | 233 | 253 | 213 | 184
(%)  |(100)(100. 4)(101.7)(110. 4) (93.0)! (80. 3)-

1:10 180’ 181 | 191 ] 214 | 177 | 154
(%) [100)(100.5)(106.1)(118. 8)| (98. 3)| (85. 5)-

1;12 146’ 148 | 152 | 154 | 137 | 121
(%) [(100)(101.3)(104. 1){(105. 4 (93.8) (82.8)

T:14 | 119 120 125 182| M2| 92
(%) |(100)(100.8)(105.0)(110.9) (94.1)] (77.3)

(Mean %){(100)[(101.4)"(104. 3)7(109. 7)[ (94. 8)[ (73. 6)
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Fig. 3. Relation between heating tempera-
ture and bending strength of epoxy
resin mortar.
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Fig. 4 Relation between mixing ratio and
bending strength of epoxy resin mo-
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Fig. 5. Compressive strength vs. bending
strength of epoxy resin mortar und-
er heat exposure.

TR EE r=0.986°) 3t}

28z, BEEE H I BES LE(%/d)
< 7% EA ARESE X gL d%A #ig 2=
B8 4% Boh 7% %A vEd A #2 deo
W oEH 2 ol o KTHE ¢ & 9k

V. & &

o] WEE ol FA #HE =z dS kS
7] T AezA, BE BEYHez 713 B
Flf= & Epi-Bis B o) 4 #5232 #RlE st M
B (40°C, 60°C, 80°C, 100°C, 120°C)&}+ B4
H(:2 1:4, 1:6, 1:8, 1:10, 1:14)¢) w2
B 2 3 \E #tE: AR ogd vl = B
RE Eshd o8 2ok

1 @fEe] #{te 60°Col A #4F =0} 120°Ce|
AE w4 AstA velnes, Rivs Hi H&Y
BAHEL 100°Ce} 120°Co A &4 0.22%, 0.34%
2 #E Aot

2. B#E - UBE ¥ 80°C/A= @EE L&
uwtet i@insty, o] A& dew &As ET Pded
120°Cell A o 53y BE KTEES Big 2 3 me
7} &4 35.5%, 26.49% Sk

3. #(40~120°C) & & A ZFA g ==
HE BeEEd 3 BEY RHERS 0,=0.370+
39.2302 fE HAoH, I BE: EFREEY

-9 7 —



HERTSEETE B2k 458 19824 12

37%<Q Aoz ek, Repaired Concrete Walls under Fire Exposure,
4, FERNeR, JEFA Bk 2zE9 HEE Journal of the Structural Division, 108 (ST8)
£ 80°C FIRZE %2 Holgleh, LAkMEYo 1 pp.1894~1908.

BEEMSRA MR ofF" ARl g Aoz 8. 2487 BAWY) © oI FA BE, FEHH, P05

R, ~67.

9. M. Sawaide and N. Arai (1981) : Development
2 E B of High Temperature Risistant and Room
Temperature Curable Epoxy Resin, Proceedi-

1. ACI (1980) : Use of Epoxy Compounds with ngs of Third International Congress on Pol-
Concrete, ACI Manual of Concrete Practice, ymer in Concrete, pp.1248~1261.

Part 5, pp.503-1~32. 10. AARLARBEFE1974) : 2RTEBA Y ¥ 7y 7,

2. Alexander M. Houston (1972) : Epoxies Offer HIRE, pP.817~825.

Improved Toughness, Heat Resistance, Mate- 1. REFE Q973) 1 73 Ry v s avy )—t+H
rials Engineering, 82(2), pp.24~26. ez oVT, av 7 ¥ — by ¥ —+a,11(4),

3. American Society for Testing Materials (197 Pp.72~179.

7) : 1977 Annual Book of ASTM Standareds, 12 KEFEEA8LD) : Ky =—arvr1—1t, +K
Part 36, D 1763-76. #H45, 36(12), pp.89~95.

4. A. Rio and S, Biagini (1981) : Influence of 13. FHWE, kil (1980) v vvr =2 V— b
High Temperature on Mechanical Characte- VO FJERVEYE, ML 29(318), pp.66~72.
ristics of Polymer-Impregnated Concrete, Pr- 14. R.N. Swamy and T.A. Jurgees (1981) : Pro-
oceedings of Third International Congress on perties and Temperature Stability of Sulphur
Polymers in Concrete, pp.888~903. Concrete, Proceedings of Third International

5. HELI(1981) @ & » v PEE{LEBOWMEME, =v Congress on Polymer in Concrete, pp.1155~
7 ¥— T2, 19(11) pp.43~49. 1169.

6. Josep M. Plecnik, Boris Bresler, James D. 15. EELR(1974) : GBS ve ZasE
Cunningham, and Robert Iding (1980) : Tem- S FRgE, REgEEEesk, 18(58), pp.18~
perature Effects on Epoxy Adhesives, Journal 20.
of the Structural Division, 106 (ST1) pp.99~ 16. WIE-H(1981) @ => 7 ¥ — F LEHEOEBEHEM,
113. +ARE#, 36(12), Pp.24~28.

7. Josep M. Plecnik, Boris Bresler, Hon M. Chan, 17. LS5, FEE(1982) 1 N4 #ifs » 28
M. Pham, and James Chao (1982) : Epoxy- SR AR, BEETEeRE, 24(3), pp.92~99.

— 9 8 —



