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Mechanical Properties of Repair Mortar Incorporated with Bio Polymer

Sun-Mok Lee', Jung-hwan Hyun’, Ki-Seong Kwon’, Yun-Yong Kim"

Abstract: In recent years, more than 5,000 tons of sargassum honeri have been infested in the southern coast and the coast of Jeju Island, causing
serious damage to the farms and fisheries, and environmental problems. The alginate contained in the sargassum honeri is a natural polymeric substance
mainly used for medicines and foods. However, since there is no way to utilize it in large quantities, a study was carried out to utilize bio polymer obtained
from sargassum honeri in producing polymer mortar for repairing deteriorated infrastructures. From the tests of setting time, it was found that the
LOBP12 mixture containing 12% of bio polymer increased the setting time by 20% as compared with the L12BP0 mixture using only synthetic polymer.
From the tests of water absorbtion, the LOBP12 combination decreased by 0.36% compared to Plain-URHC using ultra rapid hardening cement.
This indicated that the watertightness of the mortar was increased by the incorporation of the bio polymer. In the compressive and flexural strength
tests, the strength decreased as the amount of bio polymer increased. The incorporation rate of the maximum bio polymer satisfying the KS F 4042
standard was determined to be 12%. In addition, the bond strength of the mortar produced with biopolymer was higher than that of Plain-URHC
specimens, and it was confirmed that incorporation of bio polymer improves bond strength of mortar.
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Photo 1 Sargassum honeri in Jeju seashore
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Table 1 Chemical composition of URHC

Chemical composition (%)

Type
P CaO SIOZ A1203 S03 Fezog MgO TIOZ K20 Ig.lOSS
URHC 514 119 129 135 24 1.7 06 05 24
- URHC: ultra rapid hardening cement
Table 2 Physical properties of URHC
Tvpe I .S:ttlmg ti:le ! Stability ~ Fineness  Density
P ) (emly)  (gem)
(min)  (min)
OPC 59 399 0.07 3,302 3.15
URHC 30 45 0.06 5,722 2.94

- OPC: ordinary portland cement
- URHC: ultra rapid hardening cement
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Table 3 Physical and chemical properties of sand

Particle-size distribution

Color |Appearance] l()ge/zzl?)] Ingredients Size of Residue of
sieve (mm) | the sieve (%)
2 0
1.6 7£5
. SiO, 1 3345
White Powder 2.62 > 08% 05 6745
0.16 87+5
0.08 99+1
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Table 4 Physical and chemical properties of SBR

Ratio
. . . Surface tension
Density P Viscocity (dynes /em at
250 (eps 25C) 25C) Styren Butadien

1.01 8.1 24 32 66+1.5% 34+1.5%
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Table 5 Physical properties of bio polymer powder

Table 7 Physical and chemical properties of super plastisizer

density .
Appearance H Ingredients
Brown powder 0.5 5.5 Polycarboxylate

Table 8 Mixture proportions of mortar

Weight (g)
. wi/iC C Ad
Mix. i i
@) | w S Synethic | Bio (wt.
OPC | URHC Polymer | Polymer %)
(V)
Plain
OPC 50 225 450 - 1350 - - -
Plain
_URHC 50 225 - 450 1350 - - -
L12
BPO 50 225 - 450 1350 54 - -
L8 50 225 - 450 1350 36 18 0.1
BP4 ’
L4 50 225 - 450 1350 18 36 0.2
BPS ’
LO
BPI2 50 225 - 450 1350 - 54 0.3
LO
BP16 50 225 - 450 1350 - 72 0.4

Pulveriz Aver'age Apparent
. particle .
Item  ation size density pH Appearance
hour cm’
() (g/em’)
Green
BP* 2hr <60 0.85 6.5
powder
* B.P. : bio polymer
Table 6 Chemical composition of bio polymer
Element (i)?liiﬁrrl;t k Ratio Wt Atomic Standard
. (%) (%) Label
ion
0.17 0.00170 9.60 15.97 C Vit
(¢} 2.96 0.00995  45.55 56.89 SiO,
Mg 0.27 0.00182 2.68 2.20 MgO
Al 0.46 0.00331 4.30 3.18 AlLO;s
Si 1.42 0.01129 13.10 9.32 SiO,
S 0.07 0.00057 0.67 0.42 FeS,
K 0.06 0.00053 0.55 0.28 KBr
Ca 2.52 0.02250  23.54 11.73  Wollastonite
Total: 100 100
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Photo 2 View of flow test
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Photo 3 View of air contents test Photo 4 View of vicat Test
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Photo 5 Specimen praperations of compressive and flexural
strength
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Photo 6 Test of bond strength
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Fig. 1 Result of flow and air content test

Table 9 Result of flow and air content test
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Fig. 2 Results of vicat test

Table 10 Result of vicat test

Plain- Plain- L12 L8 L4 LO LO

Plain- Plain- LI12 L8 L4 Lo LO

OPC URHC BP0 BP4 BPS BPI2 BPI6 OPC URHC BP0 BP4 BPS BPI2 BPI6
Flow 120 170 280 250 230 170 150 Initialset =~ e 45 19 15 17 15 15
(mm) (min)
Aircontent 5\ 59 g 33 35 48 51 Finalset ) 25 25 26 27 35 45
(%) (min)

J. Korea Inst. Struct. Maint. Insp. 101



o

=]

Absorbtion ratio(%)
w

= Absorbtion ratio (%) ‘

Plain-OPC Plain-URHC L12BHD LEBHA LOBH12 LOBH16

Fig. 3 Results of water absorbtion

Table 11 Measured water absorbtion ratio

Table 12 Measured compressive strength and flexural strength

Compressive Flexural
strength(MPa) strength(MPa)
Mixture
rate*® rate* rate* rate* rate* rate*
oo | en | o | Moo | e | en
Plain
opC T ) 399 () 514 (- - () 78 () 82 (v
Plain 21.1 (100) 39.2 (100) 48.0 (100) 5.7 (100) 7.9 (100) 8.2 (100)
UrRpC 2t . . . . .

LI2BP0 27.0 (128) 43.3 (110) 46.5 (97) 8.7 (151) 11.9 (151) 13.8 (168)
L8BP4 242 (115) 388 (99) 41.5 (86) 6.1 (106) 9.6 (122) 102 (124)
L4BP8 225 (107) 37.5 (96) 42.9 (89) 52 (90) 7.6 (96) 8.9 (109)
LOBPI2 213 (101) 31.4 (80) 39.5 (82) 49 (86) 6.9 (87) 8.9 (109)

LOBP16 149 (71) 22.0 (56) 27.7 (58) 3.5 (62) 5.1 (65 6.5 (79)

Plain- Plain- L12 L8 L4 LO LO

OPC URHC BP0 BP4 BP§ BPI2 BPI6
Absorption o S0 134 273 320 466 556
(%)
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* Rate is the percentage of the ratio to the strength of plain-URHC
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Fig. 6 Results of bond strength test

Table 13 Results of bond strength

Bond Strength(MPa)
My r(‘ff/‘:; 7d rg;:; 28d r(‘ff/j;
Plain-OPC - - 1.0 - 1.3 -

Plain-URHC 0.5 (100) 1.4 (100) 1.6 (100)
L12BHO 1.4 (280) 2.4 (171) 2.7 (169)
L8BH4 1.9 (380) 2.3 (164) 2.1 (131)
L4BH8 1.7 (340) 2.5 (179) 2.7 (169)
LOBH12 1.4 (280) 2.3 (164) 2.5 (156)
LOBH16 1.1 (220) 1.6 (114) 1.5 (94)

* Rate is the percentage of the ratio to the bond strength of plain-URHC
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