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Experimental Studies on the Properties of Epoxy Resin Mortars
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Summary

This study was performed to obtain the basic data which can be applied to the use
of epoxy resin mortars. The data was based on the properties of epoxy resin mortars
.depending upon various mixing ratios to compare those of cement mortar.

The resin which was used at this experiment was Epi-Bis type epoxy resin which
is extensively being used as concrete structures. In the case of epoxy resin mortar,
mixing ratios of resin to fine aggregate were 1:2, 1:4, 1:6, 1:8, 1:10, 1:12 and
1: 14, but the ratio of cement to fine aggregate in cement mortar was 1:2.5.

The results obtained are summarized as follows;

1, When the mixing ratio was 1:6, the highest density was 2,01 g/cm?, being lower
than 2.13 g/cm3 of that of cement mortar.

2. According to the water absorption and water permeability test, the watertightness
was shown very high at the mixing ratios of 1:2, 1:4 and 1:6. But then the
mixing ratio was less than 1: 6, the watertightness considerably decreased.

By this result, it was regarded that optimum mixing ratio of epoxy resin mortar
for watertight structures should be richer mixing ratio than 1: 86,

3. The hardening shrinkage was large as the mixing ratio became leaner, but the values
were remarkably small as compared with cement mortar.

And the influence of dryness and moisture was exerted little at richer mixing
ratio than 1:6, but its effect was obvious at the lean mixing ratio, 1:8, 1:10,
1:12 and 1:14. It was confirmed that the optimum mixing ratio for concrete
structures which would be influenced by the repeated dryness and moisture should be
rich mixing ratio higher than 1: 6,

4. The compressive, bending and splitting tensile strenghs were observed very high,
even the value at the mixing ratio of 1:14 was higher than that of cement mortar.

It showed that epoxy resin mortar especially was to have high strength in bending
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and splitting tensile strength.

Also, the initial strength within 24 hours gave rise to high value. Thus it was
clear that epoxy resin was rapid hardening material.

The multiple regression equations of strength were computed depending on a function
of mixing ratios and curing times.

5. The elastic moduli derived from the compressive stress-strain curve were slightly
smaller than the value of cement mortar, and the toughness of epoxy resin mortar
was larger than that of cement mortar.

6. The impact resistance was strong compared with cement mortar at all mixing ratios.
Especially, bending impact strength by the square pillar specimens was higher than
the impact resistance of flat specimens or cylinderic specimens.

7. The Brinell hardness was relatively larger than that of cement mortar, but it
gradually decreased with the decline of mixing ratio, and Brinell hardness at mixing
ratio of 1:14 was much the same as cement mortar.

8. The abrasion rate of epoxy resin mortar at all mixing ratio, when Losangeles abation
testing machine revolved 500 times, was very low. Even mixing ratio of 1: 14 was
no more than 31.41%, which was less than critical abrasion rate 40% of coarse
aggregate for cement concrete.

Consequently, the abrasion rate of epoxy resin mortar was superior to cement
mortar, and the relation between abrasion rate and Brinell hardness was highly signi-
ficant as exponential curve.

9. The highest bond strength of epoxy resin mortar was 12 9kg/cm? at the mixing
ratio of 1: 2.

The failure of bonded flat steel specimens occurred on the part of epoxy resin
mortar at the mixing ratio of 1:2 and 1:4, and that of bonded cement concrete
specimens was fond on the part of combained concrete at the mixing ratio of 1:2,
1:4 and 1:6. It was confirmed that the optimum mixing ratio for bonding of steel
plate, and of cement concrete should be rich mixing ratio above 1:4 and 1:6
respectively.

10. The variations of color tone by heating began to take place at about 60°C, and the
ultimate change occurred at 120°C. The compressive, bending and splitting tensile
strengths increased with rising temperature up to 80°C, but these rapidly decreased
when temperature was above 80°C.

Accordingly, it was evident that the resistance temperature of epoxy resin mortar
was about 80°C which was generally considered lower than that of the other concrete
materials. But it is likely that there is no problem in epoxy resin mortar when used
for unnecessary materials of high temperature resistance.

The multiple regression equations of strength were computed depending on a fun-
ction of mixing ratios and heating temperatures.

11. The susceptibility to chemical attack of cement mortar was easily affected by in-

organic and organic acid. and that of epoxy resin mortar with mixing ratio of 1:4
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was of great resistance.

On the other hand, when mixing ratio was lower than 1: &

epoxy resin mortar had very poor resistance, especially being poor resistant to organic

acid.

Therefore, for the structures requiring chemical resistance optimum mixing of epoxy
resin mortar should be rich mixing ratio higher than 1 : 4.
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Table-1. General properties of epoxy resin

used

Item Values

Type of compound Bisphenol A and

Epichlorohydrin
Appearance Citrine and trans-
parent
Viscosity (25°C, P) 110—140

Specific gravity(25°C) 1.17

Epoxy equivalent 184—194
Molecular weight 370—400
CH,
nHO-  S-c-  H-0H + mCI-CH,- CH-CHy —
CH,
CHJ
CH;-CH-CH,;-0-¢ S-o- \‘\’)-O-
\(\ N \mamne,
CH,

I CH,
i N A X
TCH,—C'H—CH,—O-«/ﬂ- c-d S o%cn,-c\ﬁdgn,

CH CH, a1

Fig. 1. Structural formula of Epi-Bis
type epoxy resin.
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Table-2. General properties of hardener
used

Item Values

Type of compound Amino polyamine

Appearance Deep brown and
transparent
Viscosity (25°C, P) 25—45

Specific gravity(25°C) 0.96

Table-3. Physical properties of fine
aggregate used

Percentage

Sample gravity tion No. 200 content
sieve

Jumunjin . o i

sand 2,63 0.07% 0.012% Nil

(2) Wik

o] BERl fEAE BE(LHIx Amino polyamine)R
24 —pey B Table-2¢)} ztc},

(3) ZHEA

o] HABel (A" FFAE KS L 51000 #HEd

TEGE AcRE B EA HEY EHEe Table

3 2+,
2. e RE

1 2269 BE
AYE B2 BEME 2% 284= AdE
(normal portland cement) & {FHslged, FT

Ache] MAkE 1:2.52 %z, & AMERES

%2 del Avuldg 3

<A Hiis ReHe FTAE HET G+ &
fesd WHE Mg BAZ] ey 3d =,
B&tks1:2, 1:4, 1:6, 1:8, 1:10, 1:12,

1:MZ shgon, BHE o 34 #F BES

20% 2 o},
(2) Ml 3 U 4
ZE R8s KS L 51059 RExEE wl5r] HE

of we} @fpelel, ANE REEHE 23:2°C2 §
) BT A 8EM(SRT 18 @A) &
EART, o %A Biff REHE HEBES LEE
2 obe At BemEONTI B 93k0°CR

sl REBEAF T ¥ THR(ERS 3RHE &

ke ASTM L 1574 w2l {BEEERTFAA 24
B BE{LA # o
3. BEAZE
(1) BE K5
WHEE bX5x5cm Ay 9] HAMBE HEdd R
Bk A R #RCcm®) g MiEstd &
ek ot

(2) Bok#E B8
BkEE o) FA Eis7T #821 3537 = E 65X

- 5x5cm 2719 #LAEE 70°C = HED EE%

A Ege] d wAA EEAD ERE)I 23°C K
kel 1, 3, 7, 12, 24, 48, T28:M BARAA %Y

Specific Absorp- finer than Organic -~ - HE(@E WESl Keksidh

(3) EXK 25
FK BRES BKES KR HEElded, KS

L F 24519 BOKRBES 3me At B, dAEe

70°Ce] iR A BRE] F #A7tA B ¢1b
Xd4cm #2719 HEEAEE BOA A HEE e
$16X30cm =7] 9] #5748 (impregnation vessel)
d Yz 2% A % 1M ¢ EHdkg/em?,
skg/cm®) & fpsted EhnE EEoE 3w

(4) Lo|wRx Rk

Z o] B S ASTM C 4904 #2779 Mould
(25x25x285mm 3E%) 9} Length comparator (&
B 0.0lmm) g {EA3t, ASTM C 1579 WEFH
ol wel REEdod, mHRE@RE 23°C, B
B 50£4%9 (EiEERSED Ao REREGEE

" 23°cel WEEAET A AA BB

(5) BE BH
qEA s 228 e HEEJA KSH #HE
A AdE 2289 BE RARBEoz: WE AE

- o] Z&alr) wiEell JIS R 52019 wel 4Xx4x16cm

a9 HREE RSt 2 2 BERE RRE
39 m, KS F 24239 RES FIMzte ¢5x10cm
2719 #tRE A HIRFREEE R,

(6) EH—RBEE RE

¢p3x6cm 2719 {EREY RS HEEIERE 10mm
ol B ~E#ql Alo]A & Cyano acrylic 9 £
FH(Kyowa it & [t#%A2 %  Crosshead
speedsE- (. 5mm/min. o & —%&A Iz (ERIBE

. 23°C), A& 10ton o EEEEERERE (Toyo Bal-

dwin it 2 BH#HE fiste]l X—Y ilsfkatel 4l &

. -BRE HHRE AU
&) |EAAS, zav, ABEE ARA HHR —

HREMR B(secant modulus)= ©] FES-BPE MR
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EHRRe 2 g
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Ak,

8) EE &%

WE RE2 3Ry AE% 10mm, FHEE 500
kg, HMESE nole BB 2522 3kd KS B 0805
2 Hkd we} ek

(9) Bt RE

KS F 2508¢] v}zl BAHFIZE 4X4X8m =]
o] $ERBE skgy #EfHcle], Los Angels BEREK
el 12(HS] MRGEER u,ooog)a Yol 32rpmo
SEZ 100, 300, 500 MiEAZ & w9 EiEAg
ot Ao,

(10) BERBRE K5

EEEE R&KS ASTM C 3219 #slg =0, 4
HE Zazled A3 EEEE AR #HAEE &
3 2t 6X9X1%cm 278 ZIAEE YPE (6=
250kg/cm®) & #RT=E 2 £5(t=3.2mm) A A
+FEBoz BifESIEa, MR HF EEEE R
B e 3mm 49 S 9x19cm 272
gl Lil £z E HEd o FA BEE &
EAZ ¥, BhY SiRES #R REHE #E
(t=3.2mm) A} A -+ERez BHESHA,

(11) fR#EH AR

HAMEE 40°C, 60°C, 80°C, 100°C ¥ 120°Cel
A B AR RE fiEd EEY MLt #

BE pIRE kEstded, BESLE MBBTRHR
2URBEIEE HiEAN A BHAL o flEET EER
B Akl ==t alEst A

(12) Mm% AR

o) 20 E 5X5x6em, FRS ERE #i
A (HCL 10% £9), H##H(CH,COOH 10% &4)
orste] (NaOH 10% 44), BEE(MeSO, #2EH)
2 dtgon, REHES ASTM C 267 a5t ek,

(13) EMnss 8%

4x4x16cm 2712 BEREE Aol Al 5X5X40mm
o] S chololE = YIEIEE MRS 2 Rk
e YEs KA Silver pasteZ Stub ¢l E&A
7]3, Eiko IR-3%l Ion coater & f#AA3le] 400 A
=2 Gold coating 3 o=, 15KV EEET
Eife (Hitach S-450 B) 2 2% %, & 559
AR & HwEstac

I. #% X £8

1. 92 5

neE E

A #iE 22HY BE AR BERE ANE
22 fhgets] Table-do] o) e} BiGH 116
o ) 2.01g/cm’e® 7HF Ax, o]Rw FEEGC]
A gEees 7 Fohde Aoz v

e, o EA fE 22HY BEs 1.80~2.01
g/em® 24 AsE 22H FE 2.13g/cmid i
el she SRR BENE FET AL d= BE
o MEE AR F 9oz Al

(2) BK=E

ool «wE #iiF 22HY BokiEs AR

Table-4. Comprison of bulk density between

cement mortar and epoxy resin

mortars
Item xit)j{éng Bu(lg/gsﬁ?ity Ratio
Cement 2.5 2.13 1.00
1:2 1.80 0.85
T4 1.83 0.86
Epoxy 1:6 2.01 0.94
resin 1:8 1.96 0.92
mortar 1:10 1.88 0.88
1:12 1.84 0. 86
1:14 1.82 0.85
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Fig. 2. Coefficient of water absorption
versus immersed time for epoxy
resin mortars.
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Fig. 3. Permeability versus mixing ratio
for epoxy resin mortars.

Table-5. Comparison of coefficient of
water absorption between cement
mortar and epoxy resin mortars

Coefficient of

Item Mixing water absorption Ratio
ratio (% of dry wt.)
Cement .55 4.75 1.00
1:2 0.12 0.03
1:4 0. 21 0.04
Epoxy 1:6 0.76 0.16
resin 1:8 2.01 0.42
mortar 1:10 6. 09 1.28
1:12 7.26 1.53
1:14 8.65 1.82
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Fig. 4. Storage period versus shrinkage of

epoxy resin mortars at air storage.

Table-6. Comparison of permeability het-
ween cement mortar and epoxy
resin mortars at pressure of

3kg/cm?
Mixing Amount of water .
Item ratio permeability (g) Ratio
Cement .

mortar 1:2.5 136.4 1.00
1:2 1.0 0.01

1:4 3.6 0.03

Epoxy 1:6 7.2 0.05
resin 1:8 36.7 0.27
mortar 1:10 73.6 0.54
1:12 108.9 0.80

0 0.93

1:14 127.
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Fig. 5. Storage period versus shrinkage of
epoxy resin mortars at moist sto-
rage.
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Table-7. Comparison of compressive strength between cement mortar and epoxy resin mortars

1 day 3 days 7 days

Item Mixing  —— v—

ratio GnnEh Ratio  peREIN Ratio  GUOER Ratio
Sne()‘;‘f;‘rt 1:2.5 246% 1.0 246% 1.0 246% Lo

1:2 828 3.4 878 3.6 914 3.7

1:4 769 3.1 831 3.4 865 3.5
Epoxy 1:6 535 2.2 603 2.5 650 2.6
resin 1:8 395 1.6 435 1.8 474 1.9
mortar 1:10 331 1.3 351 1.4 361 1.5

1:12 281 1.3 301 1.2 314 1.3

1:14 231 0.9 253 1.0 268 1.1

Note : * Compressive strength of cement mortar at age of 28 days.

Table-8. Comparison of bending strength between cement mortar and epoxy resin mortars

1 day 3 days 7 days
Item rang s h Strength Strength o
ratio (lir;/ré%ntz) Ratio (krge/rgnz) Ratio (k;’rﬁntz) Ratio
r‘fﬁ)’;‘t?r‘ e 1:2.5 59% 1.0 59% 1.0 59% 1.0
102 372 6.3 381 6.5 384 6.5
1:4 309 5.2 339 5.7 347 5.9
Epoxy 1:6 218 3.7 266 4.5 282 4.8
resin 1:8 192 3.3 215 3.6 229 3.9
mortar 1:10 163 2.3 176 3.0 180 3.1
1:12 133 2.3 143 2.4 146 2.5
1:14 108 1.8 117 2.0 2.0

19

7N0tei* Bending strength of cement mortar at age of 28 days.

Table-9. Comparison of splitting tensile strength between cement mortar and epoxy resin

mortars
1 day 3 days i 7 days

Item i Strength s h Strength o

ratio (lge/lclz%nz) Ratio (llélée/l‘l:ifz) Ratio (]E;e/%i}% Ratio
Cement 1:2.5 29% 1.0 25% 1.0 20% 1.0

1:2 152 5.2 168 5.8 175 6.0

1:4 135 4.7 147 5.1 150 5.2
Epoxy 1:6 105 3.6 120 4.1 128 4.4
resin 1:8 73 2.5 85 2.9 91 3.1
mortar 1:10 56 1.9 62 2.1 64 2.2

1:12 46 1.6 50 1.7 51 1.8

1:14 34 1.2 38 1.3 40 1.4

Note : * Splitting tensile strength of cement mortar at age of 28 days.
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Fig. 7. Relationship among the bending
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age on epoxy resin mortars.
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Fig. 8. Relationship among the splitting
tensile strength, mixing ratio and
curing age on epoxy resin mortars.
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Table-10. Multiple regression equations of strength as a function

curlng times

Item

Compressive strength
+2,2385M*—
Bending strength
+1.131EM?—

Splitting tensile

Equation

of mixing ratio and

0, =620, 7364, 116M411.393T—0. 71074MT
0. 05017 T240, 0031867 MT*
05=324.78—33. 065M 4-3. 4842T —0. 18978M T
0.015336T240. 0008441 SMT*
0, =117.81—11.245M+2.0215T —0. 12232MT

- -

C.920%*

O 9br**

C. 94C**

streng th +0.0357M?*—0. 0088523 T?40. 00054328 M T?
Notesrz M—Mixing ratio(wt.) 2 §M <14 v
T—Curing age(hrs.) 6T <168
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Table-11. Comparison of static elastic
modulus between cement mortar
and epoxy resin mortars
i Static elastic
Item x;’f&ng modulus Ratio
(X 10*%kg/cm?)
“Cement | ., . e T
mortar 1:2.5 19.5 1.00
18. .9
Epoxy 2 0.93
resin 1: 17.3 0.89%
ta
mortar 1:12 16. 4 0. 84
1000 —
S0C
J—
T 1:4

/’ /E
/ / /“12
302¢%
y/
2:‘37‘_ Cament mortar
100
0 . A N :
20 30 40 50 50
Strain (x1G)
Fig. 9. Compresive stress-strain curves
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Table-12, Comparison of toughness bet-
ween cement mortar and epoxy

Table-13. Comparison of hardness between
cement mortar and epoxy resin

resin mortars mortars
Mixing Toughness . Mixing  Brinell hard- :
Item ratio (x10*%kg-cm/cm?) Ratio Item ratio ness number Ratio
Cement . Cement .
mortar 1:2.5 7280 1.0 mortar 12,5 11.6 1.0
4 58500 8.0 1:2 31.2 2.7
Epoxy
resin 8 22795 3.1 14 28. 4 2.4
mortar .y 11730 1.6 1:6 2.4 2.1
Epoxy
resin 1:8 19.8 1.7
mortar .
2) By % 1:10 14.9 1.3
Fig. 99 WI-@E iRl A KT AFA i etz 12.3 B
g =289 #ke ANE =m2EHd gRg u 114 1.2 0.9
Table-12¢f 4 &t zro] wj - -3k HkE 7H1 A
7
LE L}'E]"/Tb:]' 30+ /
(3) HEBER /

< Z4 Mg =2 FEERI ARe Tk B
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Qe magel thate] kel A 7.56%, BT A
6. 059 3, RN AE 5358 AEBEIE B
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Fig. 10. Abrasion rate versus mixing ratio
for epoxy resin mortars.
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Fig. 14. Relationship among the splitting

Fig. 13. Relationship among the bending tensile strength, mixing ratio
strength, mixing ratio and he- and heating temperature on ep-
ating temperature on epoxy resin oxXy resin mortars under heat
mortars under heat exposure. exposure.

Table-14. Multiple regression equations of strength as a function of mixing ratio and
heating temperature

JE

Item Equation R?
Compressive strength 0,=929.12—105.73M+-12. 394H 0. 467MH+3. 9489M? 0.982%*
—0.11620H?—0. 019643M?H +0. 00468358 M H?
Bending strength 0,=358.37—31.511M+4.847H~0.17385MH4-0. 97068 M?* 0. 984 %%
—0.0469TH?*—0. 010051 M*H4-0. 0030261 MH?
Splitting tensile strength ¢,=167.70—16.219M--2,1975H—0. 10593MH-+0. 46974 M? 0. 987%x*

—0.020493H*—0. 003034 M*H 0. 0013716M H?

Notes : M—Mixing ratio(wt.) 2<Mg 14
H—Heating temp.(°C) W<HLI120
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= TFigs. 12, 13, 2 2E 7 #el Gl e AR =

i,

149} zkow, ‘cé?';t% pi "“LE.%E‘% o2 B 3, kA ?ét Bl v it £AMEDH #
lREZESY £ERESFERL Table-149) 2o}, 2 ol fivz s
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Fig. 15. Microscopic texture of epoxy Fig. 16. Microscopic texture of epoxy
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Table-15. Test results of susceptibility to chemical attack

Weight loss (%)

Classfi- Medicinal Mixing
cation fluid Item ratio Change of shape
2weeks 4weeks O6weeks 8weeks
Cement . Brown,
mortar |25 —29.35 —30.26 —32.59 —32.61 G0N o on
Ino-ganic HCI 1: . . . . —
al(;;)igamc 010%) Epoxy o4 + 0.24 4 0.21 + 0.18 <+ 0.17
’ resin 1:8 + 4,22 4 1.50 — 0.68 — 1.42 Rough surface
MOTtar — 3.45 9,91 — 864 —12.35 —12.86 Corrosion
Cement K . .
mortar 1:2.5 —15.33 —~19.03 —23.90 —26.92 Obvious corrosion
Organic CH,CO0H Ep 1:4 + 0.67 4 0.05 4+ 0.01 4 0.09 Rough surface
d 10¢ [0):4
adt GO%) resin’  1:8 2770 —100.0 —100.0 —100.0 Complete collapse
mortar a y
Complete collapse
1012 =100.0 —100.0 —100.0 —100.0 ~°7 days
Cement .
mortar | +25 4+ 0.15 — 0.64 — 0.80 — 0.95 Rough surface
Alkali I(ﬂ%gH) Epoxy |4 021 4021 4024 4027 —
’ resin 1:8 4 0.07 — 0.14 — 1.16 — 1.43 Rough surface
mMOrtar gy .43 1.02 — 1.60 — 5.68 — 6.98 Corrosion
Cement
mortar 2.5 +4 0.34 — 0.07 — 0.59 — 0.81 Rough surface
Salts (Slfgfngted) Epoxy ':4  +0.20 4020 4+ 0.21 4 0.34 -
resin 1:8 4+ 2,68 4+ 1.88 4+ 1.65 + 1.56 —
mortar ;.4 4 435 _ 4,97 1574 —23.03 Obvious corrosion
Fig. 15& 1:2, 1:4, 1:69 o1 &4 #iig »= H uldhe] EAH 1:49 oZFA Bl 2= =
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