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“Sustainability— MDPI”.

The need for durable concrete in marine environments such as areas prone to tidal flooding is
important due to its ability to deteriorate the structures. This led to the design of a durable and
strong Polymer-Modified Concrete (PMC) using natural or bio-polymer modified concrete.
However, the use of biopolymer-modified concrete is very limited. Therefore, this research
developed a bio-polymer modified concrete using Gracilaria Sp., Moringa oleifera, and honey for
column retrofitting.

In our article, we retrofitted and improved the compressive strength and durability of broken
columns submerged by tidal flooding by applying bio-polymer modified concrete with Gracilaria
Sp., Moringa oleifera, and honey. A field application of column retrofitting was conducted in areas
prone to tidal flooding. The retrofitted columns performance was observed for 14 months and
validated by non-destructive and destructive tests. The result showed that the compressive
strength of the retrofitted column achieved 32.37 MPa, which is a 92.34% increase compared to the
baseline. This research provides answers to the challenge of concrete materials sustainability by
promoting bio-polymer modified concrete that significantly increased its performance and
long-term durability using Gracilaria Sp., Moringa oleifera, and honey.
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Abstract: The marine environment and tidal flooding prone have responsible to the deteriora-
tion of concrete structures. Hence, it is necessary to assure that concrete structures must have good
performance and durability. The need of durable concrete in aggressive environment such as tidal
flooding prone area has been fulfilled by Polymer-Modified Concrete (PMC) which has advantage
to increase concrete durability and bond strength. However, the use of natural or bio-polymer mod-
ified concrete was very limited. Hence, this study had developed the bio-polymer modified concrete
using Gracilaria Sp., Moringa oleifera, and honey use for column retrofitting. The research aimed to
retrofit and improve the compressive strength and durability of broken column which submerged
by tidal flooding by appliying bio-polymer modified concrete with Gracilaria Sp., Moringa oleifera,
and honey. A field application of columns retrofitting was conducted in tidal flooding prone and
the retrofitted columns performance were observed for 14 months and validated by non-destructive
and destructive test. It was found that the compressive strength of retrofitted column achieved 32.37
MPa as it was increased of 92.34% compared to the baseline. This research answer the challenge of
concrete materials sustainability by promoting bio-polymer modified concrete which used
Gracilaria Sp., Moringa oleifera, and honey that significantly increase its performance and long-
term durability of concrete structures.

Keywords: durability; bio-polymer; concrete; tidal flooding sustainable.

1. Introduction

The deterioration of concrete structures caused by tidal flooding have become a con-
sideration in issue of coastal infrastructure damage. Hence, it is important to assure the
durability of concrete structure in aggressive environment such as tidal flooding prone
area. It is obvious that the concrete deterioration may be caused by several aspects for
example chemical attack of seawater constituents during the hydration process of cement,
alkali-aggregate expansion, crystallization pressure of salts in concrete, frost action in cold
climates, corrosion of reinforced steel embedded in concrete structures, and physical ero-
sion such as wave and floating objects contacted to the concrete structures, and also the
carbonic acid attack that leaching away the calcium from hydrated cement [1,2]. There-
fore, it is necessary to assure that materials of concrete must have good performance and
durability.

Several studies have reported the durability of concrete structures in marine envi-
ronment, included long-term investigation of concrete performance that exposed to sea-
water [3-6]. There were several findings that the concrete which mixed by seawater such
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as by [7-9] achieved a good performance of mechanical properties even though it was
slightly lower than the ones using plain water. It was also reported by those studies that
concrete that mixed by seawater had provided more resistant product against deteriora-
tion and higher compressive strength at early-age. Others investigations also reported the
concrete materials innovation have improved its durability in marine environment. Pro-
gressive development of concrete materials also conducted by the development of Poly-
mer-Modified Concrete (PMC) which has advantage to increase concrete durability and
bond strength by mixing a polymer material into Portland Cement concrete mix [10]. Sev-
eral thermoplastics were used in PMC for examples epoxy resins, elastomers or rubbers,
naturals polymers cellulose, lignin proteins, latex, re-dispersible polymer powder, water
soluble powder, and liquid resins, SF (Silica Fume), RHA (Rice Husk Ash), and also SF
with nano-silica [11,12]. However, the use of natural or bio-polymer modified concrete
and mortar still very rare. Previous studies of authors have revealed the advantages of
several bio-polymer that added into concrete mix which increased compressive strength
and concrete durability [13-17].

It is important to implement sustainable concrete materials which are strong, dura-
ble, and sustainable. Hence, this research purposed to implement column retrofitting in
tidal flooding area with bio-polymer modified concrete using Gracilaria Sp., Moringa
oleifera, and honey. This research conducted by field application of columns retrofitting
in tidal flooding prone area which its performance was observed for 14 months and vali-
dated by non-destructive and destructive test. It was found that the bio-polymer modified
concrete which used Gracilaria Sp., Moringa oleifera, and honey has increased the perfor-
mance and long-term durability of concrete columns.

2. Materials and Methods

This research was conducted by field application and also non-destructive and de-
structive tests in a site which is tidal flooding prone area as explained. The methods and
stages of the research will be explained in the next paragraphs.

¢ On site column retrofitting and control column construction
Two broken columns have been retrofitted in the site and a control column was
constructed in the same site as defined by Table 1. Each specimen identity was
represented by one column.

Table 1. Detail of Column Experiment

Specimen Mix
No Status
Identity Composition
1 K1 retrofitted column Mix I
2 K3 retrofitted column Mix III
3 K control column Mix-Normal

The column retrofitting and construction was conducted by grouting it with bio-
polymer modified concrete which added by Gracilaria Sp. powder (which is an
agar-agar product sold in marketplace), Moringa oleifera powder (made by
grinding the Moringa oleifera seeds) and honey (which is also natural honey
product sold in marketplace) as presented by Figure 1 and Table 2. The concrete
mix composition of Mix I and Mix III I Table 2 were implemented in producing
concrete bricks [16] in previous research of authors. All concrete columns were
designed for compressive strength of f'c = 30 MPa with dimension of 15 cm x 15
cm x 100 cm that described by Figure 5. The concrete mixture was calculated by
Indonesian National Standard for Procedure of Concrete Mixing Design (SNI 03-
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2834-2000). It should be noted that the Mix-Normal in Table 4 wasn’t added by 92
bio-polymers. 93
94

py S
N delly & Dot/

95

Figure 1. The materials used in columns production as bio-polymers modified concrete: (a) 96
and (b) Gracilaria Sp. powder which agar-agar product sold in marketplace; (c) raw 97
Moringa oleifera seeds with skin; (d) raw Moringa oleifera seeds without skin; and (e) 98
honey which is which is also honey product sold in marketplace. 99

e Non-destructive test for retrofitted and control columns 100
This stage was taken on site after the broken columns were retrofitted and control 101
columns were constructed. The Rebound Hammer test conducted as a non-de- 102
structive test that aimed to study the columns compressive strength with Matest 103
2H1Q17. All columns were tested at age of 7, 14, and 28 days, and some of them 104
tested again at ages 12, 13, and 14 months with mix K3 which contains Moringa 105
oleifera and mix normal. 106

In this research, the procedure of non-destructive test followed ASTM C 805 - 107
Standard Test Method for Rebound Number of Hardened Concrete. Figure 2 de- 108
scribes the equipment of Rebound Hammer. Several shootings were applied onto 109
the columns surface that was prepared as clean and flat surface (zone A, B, C). 110
Each zone was shot ten times as shown by Figure 3. 111

112

113

Figure 2. Hammer Test Matest 2H1Q17 used in this research as non-destructive test equip- 114
ment 115
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Zona A

Zona B

Zona C

Figure 3. The zones for shooting at column surface for Rebound Hammer Test

The Rebound Value was read by the equipment and then correction for inclina-
tion can be applied by Table 3. After the corrected Rebound Value was calculated
as R, then the strength of concrete (Wm) that referred to concrete cubes can be
calculated by using Table 4 depends on the age of concrete.

Tabel 3. Correction of the Test Hammer Indications for Non-Horisontal Impacts (Manual

Book Hammer Test Matest 2H1Q17)

Correction for inclination angle

Rebound fod

Value Ra Upwards Downwards

+90° +45° -45° -90°

10 24 3.2
20 -5.4 -3.5 2.5 3.4
30 -4.7 -3.1 2.3 3.1
40 -3.9 -2.6 2 2.7
50 -3.1 -2.1 1.6 2.2
60 -2.3 -1.6 1.3 1.7

Tabel 4. Cube Compressive Strength (W, in kg/cm?) as a function of the Rebound

Number R Type N
Age of Concrete
R 14 to 56 days 7 days
W Winin W Wmin

20 101 54 121 74
21 113 64 132 83
22 126 75 145 94
23 139 86 157 104
24 152 98 169 115
25 166 110 183 127
26 180 122 196 138
27 195 135 210 150
28 210 149 225 164
29 225 163 239 177
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30 241 178 254 191
31 257 193 269 205
32 274 209 285 220
33 291 225 300 234
34 307 240 315 248
35 324 256 331 263
36 342 273 348 279
37 360 290 365 295
38 370 307 381 311
39 395 324 398 327
40 413 341 416 344
41 432 359 434 361
42 450 377 451 378
43 469 395 470 396
44 488 414 488 414
45 507 432 507 432
46 526 450 526 451
47 546 470 546 570
48 565 489 565 489
49 584 508 584 508
50 604 527 604 527
51 623 546 623 546
52 643 565 643 565
53 663 584 663 584
54 683 603 683 603
55 703 622 703 622

Destructive test for retrofitted and control columns

After Rebound Hammer test had been conducted, the next stage was to investi-
gate the inner concrete’s compressive strength by Core Drill method. This method
was purposed to obtain compressive strength of the drilled core of concrete which
followed ASTM C 42/C 42M - 04 and SNI 03-2492-2002 about Standard test
Method for Obtaining and Testing Drilled Cores and Sawed Beams of Concrete.
A versatile diamond drilling system with diameter of 3 mm used in HILTI DD
150-U machine (Figure 4). The Core Drill method was applied only to columns K3
at age 14 months. The samples had been drilled from the inner columns at point
A, B, and C, as described by Figure 5. As a compliance to the ASTM code, the
drilled concrete cylinder had diameter of 70 mm and height of 140 mm and tested
for compressive strength. In this research, the Computer Control Servo Hydraulic
Concrete Compression Testing Machine, Hung-Ta serial HT 8391PC used to ob-
tain compressive strength of concrete cylinder as shown by Figure 6.
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100 cm

<
./15 cm
15 cm

Figure 4. The Core Drill method Figure 5. Column dimension and
was using HILTI DD 150-U machine The zones A, B, C, for drilling concrete cores
with versatile diamond drilling

Calculation of compressive test followed the expression of Equation (1).

o ={(3)-fiy, faiafo} M)

where o is characteristic compressive strength (MPa), P is compressive load (N),
A is compressive area (mm?2), [ is height of sample (mm), d is diameter of sample
(mm), fi /, is correction factor of core diameter, f; is correction factor of damage

caused by drilling. The correction factor of core diameter referred to ASTM C 42/C
42M - 04 and ACI 214.4R-03 while correction factor of damage caused by drilling
referred to ACI 214.4R-03.

Figure 6. The Computer Control Servo Hydraulic Concrete Compression Testing Machine,
Hung-Ta serial HT 8391PC

3. Results

3.1. On site column retrofitting and construction

This reseserach had been retrofitted 2 (two) broken columns which marked by red
circle as presented by Figure 7-(a) chosen to be retrofitted. Those two columns seemed
previously pinning the masonry wall that also broken. It was observed that the concrete’s
cover and even most parts of columns were peeled off while the steel reinforcement had
been corroded. Later, in the next few months, the left column had almost collapsed and
left the half part of column as shown by Figure 7-(b).
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Figure 7. The broken columns which were determined to be retrofitted by applying bio-polymer
modified concrete; (a) Situation at the time the left column still existed; and (b) Situation in the next
few months that the left column had been almost collapsed.

First step of colum retrofitting as shown by Figure 8-(a) had been done by peeling the
cover of old concrete and unnecessary debris and then followed by applying the
formwork of 1 m from the base floor. The next step of the activities was grouting the
column with bio-polymer modified concrete consisted of Gracilaria, Sp., Moringa oleifera,
and honey. After the retrofitted column was getting harder (the next day after
construction), it was wrapped by jute sack and then curing was applied for about a week
by watering it as described by Figure 8-(b).
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181
(b) 182

Figure 8. The column retrofitting activities: (a) Peeling, formwork, grouting with bio-polymer 183
modified concrete consisted of Gracilaria, Sp., Moringa oleifera, and honey; (b) Curing by watering 184
the column for a week. 185

Another work have been done in conjuction with columns retrofitting. There wasa 186
control colomn which constructed as shown by Figure 9. The procedure of column 187
construction included: mixing the concrete materials (cement, split, sand, and water) 188
reffered to Mix Normal in Table 2, doing steel reinforcement and framework work, and 189
curing. 190

191
Figure 9. Construction of control column. 192
3.2. Non-destructive test for retrofitted and control columns 193

The retrofitted and control columns were tested by non-destructive test to investigate 194
its compressive strength. A Rebound Hammer Test was conducted as shown by Figure 195
10-12. Figure 10 describes the test was conducted by shooting at the necessary points (A, 196
B, C) in condition of the house submerged by tidal flooding at age 28 days. A year later, 197
the retrofitted and control columns were tested at age of 12, 13, and 14 months as shown 198
by Figure 11 and Figure 12. 199
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Figure 10. Rebound Hammer Test that was conducted to retrofitted columns at age of 7, 14, and 28
days

14 months

Figure 12. Rebound Hammer Test that was conducted to control column at age of 14 months
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The baseline of the Rebound Hammer Test was conducted by shooting the old broken
column at point A, B, C, to obtain the baseline of compressive strength before columns
retrofitting procedures as presented by Figure 13 and Figure 14. It was found that the
baseline compressive strength of the old broken columns were 17.3 MPa at poin A, 18.63

MPa at point B, and 16.6 at point C MPa.

Figure 13. The Rebound Hammer Test was
at conducted at the points that marked

17

Compressive Strength (MPa)

162

——K-BASELINE

ZONEA ZONE B

ZONE C

Figure 14. Compressive strength of old column
broken column that become baseline value

by red circles

The results of Rebound Hammer Test observed that the retrofitted column of K1 had
performed lower compressive strength to K3 at point A, but higher at point B and C at
age 7, 14, and 28 days as described by Figure 15. It is interesting that Figure 16 presented
a very high compressive strength value at point B at age 14 months despite of other ages
that has a little bit lower compressive strength compared to retrofitted column. The
research also found that compressive strength of K1 at point C have been decreased at all
ages as shown by Figure 17. Rebound Hammer Test results also noted that at age of 14
months, the compressive strength values of retrofitted and control columns were
decreased as explained by Figure 18.
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Figure 15. Compressive strength of retrofitted
columns of K1 and K3 at age of 7, 14, 28 days

Figure 16. Compressive strength of control
column at age of 7, 14, 28 days, and also 12, 13,
14 months
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Figure 17. Compressive strength of retrofitted Figure 18. Compressive strength of control
columns of K1 at age of 7, 14, 28 days, and K3 column at age of 12, 13, 14 months
atage 7, 14, 28 days, and also 12, 13, 14 months

3.3. Destructive Test for column specimens

The research applied a Destructive Test to investigate the compressive strength of
retrofitted and control columns by the Core Drill method. Figure 19 and Figure 20
describe the Core Drill implementation to obtain the core’s concrete sample of all columns
which were concrete cylinders. Those drilled concrete cylinders then being tested for
compressive strength. Figure 21 describes the results that the retrofitted column of K3 has
about stable compressive strength at all points (A, B, C) of about 30 MPa. As a note, point
B has a slightly higher value of compressive strength. The phenomenon did not happen
to the control column. The research found that the compressive strength at point A was
very high (52.44 MPa) while at points B and C were lower (42.76 MPa and 45.98 MPa).
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245

Figure 19. Core Drill method of retrofitted and control columns that was conducted to obtain 246
samples which used for compressive strength test. 247
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Figure 20. A drilled concrete cylinder Figure 21. Compressive strength of drilled concrete 249
that was tested for compressive stress cylinders of retrofitted and control columns at age 14 250

months 251
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It was found by the destructive test result that the compressive strength at age 14 252
months control column surface by Rebound Hammer Test (K-14M-RH-S) was higher than 253
the retrofitted one (K3-14M-RH-S), especially in the middle of the column height at point 254
B. However, the retrofitted column has shown the averaged compressive strength along 255
the column height (at point A, B, and C) as presented by Figure 22. The inner columns 256
compressive strength of Core Drill Test (K-14M-CD-S and K3-14M-CD-S) had been found 257
lower than the results of Rebound Hammer Test The baseline value of compressive test of 258
column before it was retrofitted (K-Baseline) was the lowest (16.91 MPa) compared to the 259
test results of Rebound Hammer and Core Drill. Figure 23 desribes that the increase of 260
compressive strength at point B of retrofitted column of Core Drill Test (K3-14M-CD-S) 261
was found of 92.34% higher (32.37 MPa to 16.83 MPa) at point B than the baseline column 262

(K-Baseline). 263
264
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265
Figure 22. Compressive strength of retrofitted Figure 23. Compressive strength of baseline 266
and control columns that were obtained from column compared to the retrofitted column that 267
Rebound Hammer Test and Core Drill method  was obtained from Core Drill method 268
4. Discussion 269

Since the PMC (Polymer Modified Concrete) has been developed to increase concrete 270
durability and bond strength [10], new innovation of PMC will be advantages in reducing 271
the damage of concrete structures in tidal flooding prone area. A report by [11] found that 272
Styrene Butadiene Rubber (SBR) latex that is applied into PMC had increased the concrete 273
compressive strength about 72% as well as fiber reinforced polymers (FRP) of 86.64% to 274
become high strength concrete. The experiment conducted by [12] about the addition of 275
SF, RHA, and SF with nano silica into concrete as polymer had proven the increase of 276
compressive strength of the PMC had increased of 82.9 MPa. 277

There is no doubt that the durability of concrete in tidal prone area takes an important 278
role in achieving sustainable concrete. As a reference, a study conducted by [4] found that 279
Indonesia’s climate has relative humidity of 70-90% where the corrosion in carbonated 280
concrete had become serious problem in concrete sustainability in marine environment as 281
well as tidal flooding prone area. Hence, according to BS 6349-1, the concrete designed 282
with 50 years of service life that subjected to a marine environment need to be stronger 283
and durable with compressive strength of 25-40 MPa [4]. Previous studies of authors re- 284
ported the concrete structure’s elements retrofitting using polymer modified concrete 285
bonding of adhesive agent for columns [14], premixed mortar additive for brick-wall [13], 286
and concrete-bricks production with concrete mix of K1 and K3 [16] which explained by 287
Table 1. Those studies found that the columns which was using premixed mortar additive 288
as polymer had achieved compressive strength at age 28 days of 60.69 MPa. The compres- 289
sive strength was 34.87% higher than the control ones (45 MPa). It was also reported by = 290
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References

that the compressive strength at age 14 months of the center of brick-wall surface tested
by Rebound Hammer found as 42.3 MPa [13] while in the same age, the compressive
strength of inner brick-wall (concrete brick with mix-K3) tested by Core Drill found as
58.60 MPa [16].

It is obvious that the using of natural or bio-polymer into concrete mix, especially
PMC mix, is still rare especially when it is applied to aggressive environment such as tidal
flooding prone area. In this research, the innovation of biopolymer modified concrete us-
ing Gracilaria Sp., Moringa oleifera, and honey, were applied to the old-broken columns
retrofitting to get more durable and resistant concrete structure. The result of field appli-
cation and column tests found that the compressive strength of retrofitted column
achieved 32.37 MPa and the increase of concrete compressive strength of 92.34% com-
pared to the baseline (the old broken column before being retrofitted).

All columns in the research were submerged by tidal flooding intensively for 14
months. Hence, the aggressive environment must contribute the concrete’s structure deg-
radation. A useful lesson learnt of [3] has reported that concrete compressive strength
with ordinary normal Portland Cement exposed to marine environment for 20 years will
significantly dropped in the 10t year from about 50 MPa to 30 MPa. Hence, it confirmed
the fact that sea water will attack the performance of concrete by catastrophic damage.
The columns retrofitting biopolymer modified concrete using Gracilaria Sp., Moringa
oleifera, and honey had increase its compressive strength in tidal flooding prone area of
about 100% from the baseline after 14 months as shown by Figure 23. As an end-note, it
seemed that the need of strong and durable concrete for aggressive environment such as
tidal flooding prone area had been fulfilled by the innovation of bio-polymer modified
concrete using Gracilaria Sp., Moringa oleifera, and honey which has ability to increase
the concrete compressive strength and durability in aggressive environment.

5. Conclusions

It is necessary to develop concrete material which are good in performance and also
best in durability. This research has proven that the bio-polymer modified concrete which
used Gracilaria Sp., Moringa oleifera, and honey can significantly increase the perfor-
mance and long-term durability of concrete columns. The findings reported that the com-
pressive strength of retrofitted column achieved 32.37 MPa as it was increased of 92.34%
compared to the baseline. A challenge to get sustainable concrete materials for tidal flood-
ing prone area could be fulfilled by the bio-polymer modified concrete with Gracilaria Sp.,
Moringa oleifera, and honey.
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Abstract: The need for durable concrete in marine environments such as areas prone to tidal
flooding is important due to its ability to deteriorate the structures. This led to the design of a
durable and strong Polymer-Modified Concrete (PMC) using bio-polymer modified concrete.
However, the use of biopolymer-modified concrete is very limited. Therefore, this research
developed a bio-polymer modified concrete for column retrofitting. The research aimed to retrofit
and improve the compressive strength and durability of broken columns submerged by tidal
flooding by applying bio-polymer modified concrete with Gracilaria Sp., Moringa oleifera, and honey.
A field application of column retrofitting was conducted in areas prone to tidal flooding. The
retrofitted columns performance was observed for 14 months and validated by non-destructive and
destructive tests. The result showed that the compressive strength of the retrofitted column
achieved 32.37 MPa, which is a 92.34% increase compared to the baseline. This research provides
answers to the challenge of concrete materials sustainability by promoting bio-polymer modified
concrete that significantly increased its performance and long-term durability.

Keywords: durability; bio-polymer; concrete; materials; tidal; flooding; sustainable.

1. Introduction

The deterioration of concrete structures caused by tidal flooding is one of the major
causes of coastal infrastructure damage. Therefore, it is important to ensure concrete
structures' durability in an aggressive environment, such as areas prone to tidal flooding.
Some of the major causes of concrete deterioration are chemical attack of seawater
constituents during the hydration process of cement, alkali-aggregate expansion,
crystallization pressure of salts, frost action in cold climates, and corrosion of reinforced
steel embedded in concrete structures. Others include physical erosion, such as wave and
floating objects contacted to the concrete structures, as well as the carbonic acid attack
that leaches away the calcium from hydrated cement [1,2]. Hence, it is necessary to ensure
that concrete materials have good performance and durability.

Several research have reported the durability of concrete structures in the marine
environment, including long-term investigation of concrete performance exposed to
seawater [3-6]. Research by [3] reported that concrete compressive strength with
ordinary, normal Portland Cement exposed to the marine environment for 20 years is
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likely to significantly drop in the 10% year from approximately 50 MPa to 30 MPa.
Furthermore, concrete mixed with seawater achieved a good mechanical properties
performance even though it was slightly lower than those using plain water [7-9]. It is
also reported to provide a more resistant product against deterioration and higher
compressive strength at an early age.

Preliminary reasearch also conveyed the improved durability and bond strength of
concrete structures in the marine environment was achieved due to the development of
Polymer-Modified Concrete (PMC) by mixing a polymer material into Portland Cement
[10-13]. According to Bohtra, et.al. and Hirde, et.al. [11,12], thermoplastics, such as epoxy
resins, elastomers or rubbers, natural polymers cellulose, lignin proteins, latex, re-
dispersible polymer powder, water-soluble powder, liquid resins, Silica Fume (SF), Rice
Husk Ash (RHA), and SF with nano-silica were used in PMC. There were also several
studies reported the advantage of PMC for marine environment as reported by Zhao,
et.al.,, Madhani, et.al., Seyed, et.al., Binti Noruman, et.al., Wang, et.al., and Kantharia, et.al.
[14-19]. Previous research also reported the retrofitting of concrete structure elements
using polymer-modified concrete with adhesive bonding agents [20], premixed mortar
additive [21], and concrete-bricks production. However, research on the utilization of
natural or bio-polymer modified concrete and mortar are still very rare irrespective of the
advantages such as increased compressive strength and durability [20-24].

One of the most effective ways to increase concrete durability and bond strength in
areas prone to tidal flooding is using PMC (Polymer Modified Concrete) [10]. Research by
[11] found that the application of Styrene-Butadiene Rubber (SBR) latex into PMC and
fiber-reinforced polymers (FRP) increased the concrete compressive strength by 72% and
86.64%, respectively. The experiment conducted by [13] on the addition of SF, RHA, and
SF with nano-silica into concrete as polymer proved an increase in the compressive
strength of the PMC by 82.9 MPa. It was also found by previous studies [21,23] that the
columns designed with premixed mortar additive as polymer achieved compressive
strength 34.87% higher than the control.

Subsequently, concrete durability in tidal-prone areas plays an important role in
achieving sustainable concrete. According to research conducted by [4], Indonesia's
climate has relative humidity ranging from 70-90%. The corrosion in carbonated concrete
has become a serious problem in concrete sustainability in the marine environment and
areas prone to tidal flooding. Therefore, concretes designed with a life span of 50 years
when subjected to a marine environment, such as BS 6349-1, need to be stronger and
durable with compressive strength of 25-40 MPa [4].

This research aims to implement column retrofitting in tidal flooding areas with bio-
polymer modified concrete using Gracilaria Sp., Moringa oleifera, and honey. It was
conducted by field application of columns retrofitting in areas prone to tidal flooding for
14 months and validated by non-destructive and destructive tests. The result showed that
the bio-polymer modified concrete using Gracilaria Sp., Moringa oleifera, and honey
increased concrete columns' performance and long-term durability.

2. Materials and Methods
This research was conducted by field application as well as non-destructive and

destructive tests in sites prone to tidal flooding. The materials, methods and stages are
outlined in subsequent sub-sections.

2.1. On-site column retrofitting and control column construction

The materials and mix-composition of bio-polymer modified concrete used in this
study has presented by Table 1 and Table 2. The concrete mixture was calculated by SNI
03-2834-2000 Method for Normal Concrete Mix-Design [25] as shown in Table 2. Two
broken columns were retrofitted in the site, and a control column was constructed with
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94 bio-polymer modified concrete as described in Table 3. Each specimen code was
95 represented by one column.
96 Table 1. Mix composition of bio-polymer

Mix Gracilaria Sp. honey Moringa oleifera

Specimen Code

Composition % of cement weight
Mix I* K1* 0.05 0.03 0
Mix IIT* K3* 0.025 0 0.075
Mix-Normal K - -—- -—-
97 *the mix composition and specimen code referred to author’s previous study of [23]
98 Table 2. Mix composition of concrete for 1 column production
Cement Sand Crushed Stone Water Bio-Polymer
(kg) (kg) (kg) (1)) (% of cement weight)
8 8 8 3.6 see Table 1
99 Table 3. Detail of Column Retrofitting and Construction
No Specimen Code Status MIX, .
Composition
1 K1* retrofitted column Mix I*
2 K3* retrofitted column Mix IIT*
3 K control column Mix-Normal
100 *the mix composition and specimen code referred to author’s previous study of [23]
101
102 The column retrofitting and construction was carried out by grouting it with bio-
103 polymer modified concrete. The materials used as described by Table 1 were Gracilaria Sp.
104 powder, which is an agar-agar product sold in the market, Moringa oleifera powder from
105 its seeds, and honey. Those materials have advantages that will be explained as follow.
106 The Gracilaria Sp. contains agarans, carrageenans, agarose, and agaropectin, that will form
107 hard gel and also has rheological properties as thickening and gelling agents [26,27]. It
108 was reported that Moringa oleifera had some advantages such as: performs as coagulant
109 and also clarifying agent for water and also contains glyceride which known as esters
110 formed by glycerol (or glycerine) and fatty acids that whenever it is combined with
111 litharge it will generate quick setting in the fresh mortar to become stronger and harder
112 [28-30]. The honey also used in the concrete mixture because of its advantages. Honey
113 compounds mainly consist of fructose (38.4%), glucose (30.3%), some acids, and minerals.
114 Since honey characteristic is sticky and viscous, that could improve bonding mechanism
115 when it is added into other materials [31-33].
116 In this study, Gracilaria Sp., Moringa oleifera, and honey were added together into the
117 mixture, as shown in Figure 1 and Table 1. The concrete mix composition of Mix I and Mix
118 III were previously implemented in producing concrete bricks [23]. It should be noted that
119 the specimen’s code of “K1” and “K3” and also mix-composition of “Mix I” and “Mix III”
120 were the original code in the previous research of author [23] which is maintained in this
121 current research. All concrete columns were designed for compressive strength of f'c = 30
122 MPa with a dimension of 15 cm x 15 cm x 100 ¢m and zones of A, B, C, for Rebound
123 Hammer Test and Core Drill as shown in Figure 2.

124
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Figure 1. The materials used in this study: (a) and (b) Gracilaria Sp. powder; (c) raw Moringa
oleifera seeds with skin; (d) raw Moringa oleifera seeds without skin; and (e) honey.

50 cm

100 cm

*
/15 cm

15 cm

Figure 2. Column dimension and the zones for Rebound Hammer Test and Core Drill

2.2. Non-destructive test for retrofitted and control columns

This stage was conducted on-site, which led to the construction of the control
columns after the broken sections were retrofitted. The Rebound Hammer test was carried
out as a non-destructive test to analyze the columns compressive strength with Matest
2H1Q17. All columns were tested at 7, 14, and 28 days, while K3 and K were also tested
at 12, 13, and 14 months.

The non-destructive procedure used in this test followed ASTM C 805 - Standard Test
Method for Rebound Number of Hardened Concrete. Several shootings were applied to
the clean and flat surfaces of zone A, B, and C described by Figure 2. Each zone was shot
ten times by Matest 2H1Q17 as shown by Figure 3.
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Figure 3. Matest 2H1Q17 equipment for Rebound Hammer Test

The Rebound Value was read by the equipment and then corrected for inclination as
indicated in Table 3. After the corrected Rebound Value was calculated as R, the concrete
strength (Wm) that referred to the cubes was calculated in accordance with the age, as
shown in Table 4. The concrete strength (Wm) written as a function of Rebound Number

(R type N).

Table 3: Correction of the Test Hammer Indications for Non-Horizontal Impacts*

Correction for inclination angle

Rebound
Value Ra Upwards Downwards
+90° +45° -45° -90°
10 24 3.2
20 -5.4 -3.5 25 34
30 -4.7 -3.1 2.3 3.1
40 -3.9 -2.6 2 2.7
50 -3.1 2.1 1.6 2.2
60 -2.3 -1.6 1.3 1.7

* Manual Book Hammer Test Matest 2H1Q17

Table 4. Rebound Number based on age of concrete

Age of Concrete

14 to 56 days 7 days
K W Winin W Wmin
(kg/cm?)
20 101 54 121 74
21 113 64 132 83
22 126 75 145 94
23 139 86 157 104
24 152 98 169 115
25 166 110 183 127
26 180 122 196 138
27 195 135 210 150
28 210 149 225 164
29 225 163 239 177
30 241 178 254 191
31 257 193 269 205
32 274 209 285 220
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33 291 225 300 234

34 307 240 315 248

35 324 256 331 263

36 342 273 348 279

37 360 290 365 295

38 370 307 381 311

39 395 324 398 327

40 413 341 416 344

41 432 359 434 361

42 450 377 451 378

43 469 395 470 396

44 488 414 488 414

45 507 432 507 432

46 526 450 526 451

47 546 470 546 570

48 565 489 565 489

49 584 508 584 508

50 604 527 604 527

51 623 546 623 546

52 643 565 643 565

53 663 584 663 584

54 683 603 683 603

55 703 622 703 622
152
153 2.3. Destructive test for retrofitted and control columns
154 After the Rebound Hammer test, the inner concrete's was taken out by core drilling
155 the column and then the core drilled specimens were tested for compressive strength. This
156 technique of core drill followed the ASTM C 42/C 42M - 04 Standard test Method for
157 Obtaining and Testing Drilled Cores and Sawed Beams of Concrete [34] and SNI 03-2492-
158 2002 [35] Standard test Method for Obtaining and Testing Drilled Cores. The machine
159 used for core drill was HILTI DD 150-U with a diameter of 3 mm, as shown in Figure 4.
160 The Core Drill method was applied only to columns K3 and K at 14 months since column
161 K1 had broken because of the high tide disaster attack in the 13t month and it was
162 impossible to conduct core drill to column K1.
163 The drilled concrete cylinder specimen with a diameter and height of 70 mm and 140
164 mm being tested for compressive strength which followed the ASTM C 42/C 42M - 04
165 Standard test Method for Obtaining and Testing Drilled Cores and Sawed Beams of
166 Concrete to test for compressive strength. A Computer Control Servo Hydraulic Concrete
167 Compression Testing Machine and Hung-Ta serial HT 8391PC used to obtain compressive
168 strength of concrete cylinder as shown in Figure 5.

169
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170
171 Figure 4. The Core Drill machine with versatile diamond drilling system
172
173 Calculation of compressive test followed the expression of Equation (1).
P

o ={(%) fy - fuia fa} ()
174 where o is characteristic compressive strength (MPa), P is compressive load (N), A is
175 compressive area (mm?2), [ is the height of sample (mm), d is the diameter of the sample
176 (mm), fi /s is correction factor of core diameter, and f; is correction factor of damage
177 caused by drilling. The correction factor of core diameter referred to ASTM C 42/C 42M -
178 04 and ACI 214.4R-03, while the correction factor of damage caused by drilling is referred
179 to ACI 214.4R-03.
180
181
182 Figure 5. The Computer Control Servo Hydraulic Concrete Compression Testing Machine, Hung-
183 Ta serial HT 8391PC
184 3. Results
185 3.1. On-site column retrofitting and construction
186 This research retrofitted 2 broken columns marked by a red circle, as shown in Figure
187 6-(a). Those two columns were used to pin the broken masonry wall and observed that
188 the concrete's cover, as well as most parts of the columns were peeled off while the steel
189 reinforcement was corroded. After several months, almost half of the left column
190 collapsed, as shown by Figure 6-(b).
191

192
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193

194 Figure 6. The broken columns at situation of (a) The initial work when the two broken columns still
195 existed, and (b) The next few months after initial work when the half part of left column had been
196 collapsed.

197 Figure 7-(a) shows that the first step in column retrofitting is conducted by peeling
198 the cover of old concrete and unnecessary debris and applying the formwork of 1 m from
199 the base floor. The next step of the activities was grouting the column with bio-polymer
200 modified concrete consisting of Gracilaria, Sp., Moringa oleifera, and honey. After the
201 retrofitted column hardness increased, it was wrapped by jute sack, and curing was
202 applied for about a week by watering it as shown in Figure 7-(b).

203

204
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205

206 (b)

207 Figure 7. The column retrofitting activities: (a) Peeling, formwork, grouting with bio-polymer
208 modified concrete consisting of Gracilaria, Sp., Moringa oleifera, and honey; (b) Curing by watering
209 the column for a week.

210 Figure 8 shows a control column constructed in conjunction with columns
211 retrofitting. The procedure included: mixing the concrete materials consisting of cement,
212 split, sand, and water referred to Mix Normal as shown in Table 3. The steel reinforcement
213 placed in the formwork and the concrete mix was poured into the formwork. After the
214 column hardened, the curing was conducted. When the concrete was tough enough, the
215 formwork was opened.

216

217 Figure 8. Construction of control column.

218 3.2. Non-destructive test for retrofitted and control columns

219 The non-destructive test examined the retrofitted and control columns to investigate
220 their compressive strength. A Rebound Hammer Test was also used by shooting at the
221 necessary points (A, B, C) in the house submerged by tidal flooding at 28 days, as shown
222 in Figures 9-11. About a year later, the retrofitted and control columns were tested at 12,

223 13, and 14 months as shown by Figures 10 and 11.
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Figure 10. Rebound Hammer Test that was conducted to retrofitted columns at 12, 13, and 14
months

Figure 11. Rebound Hammer Test that was conducted to control column at 14 months
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The baseline of the Rebound Hammer Test was conducted by shooting the old broken
column at points A, B, C to obtain the baseline of compressive strength before column
retrofitting procedures, as shown in Figures 12 and 13. It was found that the baseline
compressive strength of the old broken columns was 18.63 MPa, 17.3 MPa, and 16.6 MPa
at points A, B, and C.

.
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Compressive Strength (MPa)

=
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16.2

ZONEA ZONEB ZONEC

Figure 12. The Rebound Hammer Test was  Figure 13. Compressive strength of old
column at conducted at the points that marked = broken column that become baseline value
by red circles

The Rebound Hammer Test result observed that the retrofitted column of K1
performed lower compressive strength to K3 at point A, which was higher at B and C
within 7, 14, and 28 days as indicated in Figure 14. Furthermore, a very high compressive
strength value was obtained at point B within 14 months compared to the lower value in
the retrofitted column, as shown in Figure 15. The research also found that the
compressive strength of K1 at point C was decreased at all ages, as shown in Figure 16.
Rebound Hammer Test results also noted that at 14 months, the compressive strength
values of retrofitted and control columns decreased, as shown in Figure 17.
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Figure 14. Compressive strength of retrofitted Figure 15. Compressive strength of control
columns of K1 and K3 at 7, 14, 28 days column at 7, 14, 28 days, and also 12, 13, 14
months
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Figure 16. Compressive strength of retrofitted Figure 17. Compressive strength of control
columns of K1 at 7, 14, 28 days, and K3 columns columns at at 12, 13, 14 months
at 12, 13, 14 months

3.3. Destructive Test for column specimens

The research applied a Destructive Test to investigate the compressive strength of
retrofitted and control columns by testing the core drilled specimens for compressive
strength. Figures 18 and 19 describe the Core Drill implementation process needed to
obtain the core's concrete sample using concrete cylinders. Figure 20 illustrates that the
retrofitted column of K3 has stable compressive strength at all points (A, B, C) with 30
MPa. Point B has a slightly higher compressive strength value, which did not occur on the
control column. The research found that the compressive strength at point A was very
high (52.44 MPa) and low (42.76 MPa and 45.98 MPa) at points B and C.
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A

Figure 18. Core Drill method of retrofitted and control columns conducted to obtain samples used

for the compressive strength test.
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Figure 19. A drilled concrete cylinder Figure 20. Compressive strength of drilled concrete

tested for compressive stress
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cylinders of retrofitted and control columns at 14
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4. Discussion

This research found that the non-destructive and destructive test results of the
compressive strength at 14 months of control columns (K-14M-RH-S and K-14M-CD-S)
were higher than the retrofitted columns (K3-14M-RH-S and K3-14M-CD-S), especially in
the middle of point B as described by Figure 21. However, the retrofitted column has
shown the averaged compressive strength along with the column height (at points A, B,
and C), as shown in Figure 21. The compressive strength of core drilled specimens K-14M-
CD-S and K3-14M-CD-S were found lower than the ones tested by Rebound Hammer at
the same age. The baseline value of the compressive test of the column before it was
retrofitted (K-Baseline) was the lowest (16.91 MPa) compared to the test results of
Rebound Hammer and Core Drill. Figure 22 illustrates an increase in compressive
strength at point B of the retrofitted column which were core drilled specimen (K3-14M-
CD-S) was 92.34% higher (32.37 MPa to 16.83 MPa) at point B than K-Baseline.
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Figure 21. Compressive strength of retrofitted Figure 22. Compressive strength of baseline
and control columns were obtained from column was obtained from Core Drill method
Rebound Hammer Test and Core Drill method

It is obvious that the research on the use of natural or bio-polymer to mix concrete,
such as PMC is still rare, especially when applied to areas prone to tidal flooding. In this
research, the innovation of biopolymer modified concrete using Gracilaria Sp., Moringa
oleifera, and honey were applied to the old-broken columns retrofitting to get a more
durable and resistant concrete structure. The field application results and column tests
found that the compressive strength of the retrofitted column achieved 32.37 MPa,
increasing 92.34% compared to the baseline.

All columns in the research were submerged by tidal flooding intensively for 14
months because the aggressive environment contributes to the concrete’s structure
degradation. Hence, it confirmed that seawater has the ability to attack the performance
of concrete by catastrophic damage. The columns retrofitting biopolymer, which modified
concrete using Gracilaria Sp., Moringa oleifera, and honey, increased its compressive
strength by 100% from the baseline after 14 months, as shown in Figure 22. Therefore, the
concrete structure with the addition of Gracilaria Sp., Moringa oleifera, and honey has strong
and durable characteristics to be used in aggressive environments such as areas prone to
tidal flooding.

5. Conclusions

In conclusion, it is necessary to develop concrete materials that are strong and
durable in a marine environment prone to trial flooding. This research proved that the
bio-polymer modified concrete that used Gracilaria Sp., Moringa oleifera, and honey
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significantly increased concrete columns' performance and long-term durability. The
findings also showed that the compressive strength of the retrofitted column achieved
32.37 MPa, a 92.34% increase compared to the baseline. Therefore, the challenges of
getting sustainable concrete materials for areas prone to tidal flooding can be fulfilled by
using bio-polymer modified concrete with Gracilaria Sp., Moringa oleifera, and honey.
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Page 9: Line 191: 18.63 MPa is not matched properly in Figure 14. Also since the
statement is given already Figure 14 (It is a very simple graphical representation) is not
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Section 4: Discussion: First two paragraphs discussed on the others’ works. When the
heading is given as discussion authors should discuss their research results only. It is
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Section 4: Third and fourth graphs talked about durability without any sound technical
results from this research. The same in the conclusion section also.

More self-citations are found.

Testing only rebound hammer test and compressive strength tests on core cutting
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Response to Reviewer 2 Comments
(Round 2)

We appreciate and thank to the comments and advises of the Reviewer 2. In spite of the revision and or
response we made based on the Reviewer 2’s comments in Round 1 and Round 2, there are some comments
from our side which will be explained as follow.

Authors' responses are not incorporated in the revised manuscript. However, the authors' responses are not
convincing. Most of the responses are thrown just like that and have no ethics. For the information of the authors
revised review is commented against each points given originally (Refer to the attachment)

Response:

1.

We strongly emphasize that we, as academician, have made revision, response, and also
comments with full ethical manner without anger and unnecessary accusations. Hence, we also
expect that the review process also implemented in full ethical manner from both sides, authors
and also Reviewers which is called mutual understanding in polite discussion and we believe it
definitely also expected by the Editorial Office.

We have made substantial revision on our manuscript that were submitted as the revised version
of manuscript for Round 1 which fulfilled the requests of Reviewer 2 in Round 1. Reviewer 2 may
carefully see and compare the original manuscript and the revised version of manuscript for
Round 1 to see before and after Round 1 Review.

In the attachment of Reviewer’s comments in Round 2 (it is comments for revised manuscript for
Round 1), there are 43 items of requests and one part about English Language. For all 43 items,
we have already responded and revised some of them and also sustained some parts with clear
argument and discussion in the revised manuscript for Round 1, which were presented with full
ethical manner. We expect that Reviewer 2 can carefully checked the original manuscript and the
revised version of manuscript for Round 1, because 35 items have not been accepted by Reviewer
2. The 35 items have already responded and some of them have been revised but it have been
commented by Reviewer 2 as not responded or responded but not corrected as per the response.
For English editing, we also have explained in the revised manuscript for Round 1.

We remain our response to Reviewer 2’s comments in Round 2 as the same as the revised
manuscript for Round 1. Some of them have been revised already, but some of them we sustained
with explanations and arguments.

Response to Reviewer #2 | 1



Response to Reviewer 3 Comments
(Round 2)

We appreciate and thank to the constructive comments and advises of the Reviewer 3 for Round 2. The
manuscript has been already revised as the Reviewer’s requests which will be explained as follow.

I understand that the aim of this article is applying bio-polymer modified concrete with Gracilaria Sp., Moringa
oleifera, and honey but these words, only in the abstract, are repeated 3 times (Lines 19, 22, 28). The same is
repeated below in the text. It doesn't fit the scientific style of the article. I recommend using synonyms or
abbreviations.
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Revision of the whole text is necessary e.g. On page 14, the text Gracilaria Sp., Moringa oleifera, and honey. was
used 5 times
Response: The revision has been made for the words “Gracilaria Sp., Moringa oleifera, and honey” that
shortened to be “GMH”

Figure 4: The Core Drill method. Not informative. It's just a tool.
Figure 4: Not informative
Response (Round 1): The caption of Figure 4 has been revised. The explanation written in the paragraph.
In my opinion, the photos in the worktools are not suitable for scientific text
Response: Figure 4 has been deleted. Hence, all the figures were reordered.

Figures 8-12 Not informative, and it is not clear what the authors wanted to show them.
Response: Since this research was conducted also by field application that made retrofitting of real
column s in site, it is necessary to give real description of situation during the work that it must be very
different to any research that had been done only in laboratory. Figure 8-12 had been already give clear
information about the procedure of field application in this research. Figure 8-12 has reorder to Figure 7-
11.

All References are styled in different styles.
Response (Round 1): The reference style is conducted automatically by system of Reference Manager of Mendeley
for Sustainability-MDPL
The Mendeley tool is not working properly e.g.
1. Akshat Dimri; Jay Kr. Varshney; V. K. Verma; Sandeep Gupta A Review on Strength of Concrete in Seawater.
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2. Chandrasekaran, S.; Jain, A. Materials for Ocean Structures; 2016; ISBN 9781315366692.
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requirement of Sustainability-Template.
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‘ Page 1: [8] Commented Asus 1/19/2022 11:57:00 AM |
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removed from References in Round 2
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Figure 3 has been revised as per Reviewer’s request in Round 1
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| Page 1: [28] Commented Asus 1/21/2022 7:03:00 PM |

The title caption of Figure 3 has been shortened in Round 1 as per Reviewer’s request
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‘ Page 1: [31] Commented Admin 1/16/2022 8:16:00 PM |
Responded but not corrected as per the response

| Page 1: [32] Commented Asus 1/21/2022 8:02:00 PM |

Notation in Table 4 have been explained in Round 1.

| Page 1: [33] Commented Admin 1/16/2022 8:17:00 PM |
Responded but not corrected as per the response

‘ Page 2: [34] Commented Admin 1/16/2022 8:21:00 PM |

Responded but it was not convincing. Authors responded that the Figure 4 aimed to present the machine while
the core cutting was presented already by Figure 19. In this case why authors have not given this for the
previous comment. Also Figure 19 comes after some pages, but authors used the word ‘already’.

‘ Page 2: [35] Commented Asus 1/21/2022 8:05:00 PM |

Figure 4 has been removed in Round 2. The explanation related to Figure 19 has been revised, that it
placed chronologically.

‘ Page 2: [36] Commented Admin 1/16/2022 8:26:00 PM |
Responded but not corrected as per the response

‘ Page 2: [37] Commented Asus 1/21/2022 8:12:00 PM |

This point has been revised as per Reviewer’s request in Round 1 that an explanation has been
added, “The Core Drill method was applied only to columns K3 at 14 months since K1 had
broken because of the high tide disaster attack and it was impossible to core drill the K1”.

‘ Page 2: [38] Commented Admin 1/16/2022 8:28:00 PM |
Responded but not corrected as per the response

| Page 2: [39] Commented Asus 1/21/2022 8:13:00 PM |

This point has been revised as per Reviewer’s request in Round 1. Figure 5 has been revised and
an explanation of the procedure of core drill has already existed in the initial of paragraph of sub-
section 2.3.

Figure 5 has been reordered to Figure 4.

‘ Page 2: [40] Commented Admin 1/16/2022 8:29:00 PM |
Responded but not corrected as per the response

| Page 2: [41] Commented Asus 1/21/2022 8:14:00 PM |
The sentence has been revised in Round 1 as per Reviewer’s request to become “The drilled
concrete cylinder with a diameter and height of 70 mm and 140 mm being tested for compressive
strength which followed the ASTM C 42/C 42M - 04 Standard test Method for Obtaining and
Testing Drilled Cores and Sawed Beams of Concrete to test for compressive strength”.

‘ Page 2: [42] Commented Admin 1/16/2022 8:29:00 PM |
Responded but not corrected as per the response

| Page 2: [43] Commented Asus 1/21/2022 8:16:00 PM |




The sentence has been revised as per Reviewer’s request in Round 1 to become “A Computer Control
Servo Hydraulic Concrete Compression Testing Machine and Hung-Ta serial HT 8391PC used to obtain
compressive strength of concrete cylinder as shown in Figure 6”.

| Page 2: [44] Commented Admin 1/16/2022 8:32:00 PM |

Responded but not corrected as per the response (See Table 4 caption)

‘ Page 2: [45] Commented Asus 1/21/2022 8:18:00 PM |

There was uniform unit of SI System for compressive strength, MPa, which had been clearly
stated in the whole manuscript (see Section 3, 4, and 4; Figure 14-18, 21-23). Table 4 performed
original list of conversion from “Manual Book Hammer Test Matest 2H1Q17”. In calculation, it
should be converted to MPa.

| Page 2: [46] Commented Asus 1/21/2022 8:26:00 PM |

mm? has been revised to become mm?

| Page 2: [47] Commented Admin 1/16/2022 8:35:00 PM |

Responded but not corrected as per the response

‘ Page 2: [48] Commented Asus 1/21/2022 8:28:00 PM |

Figure 6 has been revised in Round 1 as per Reviewer’s request

| Page 2: [49] Commented Admin 1/16/2022 8:36:00 PM |

Responded but it was not convincing. Authors do not understand what is asked? They responded just like that.

‘ Page 2: [50] Commented Asus 1/21/2022 8:30:00 PM |

Some Sections (Section 2 and 3) have been divided into sub-sections depended on the need of the
Sections. Following the template of this journal it didn’t have to write sentences between
subsections.

| Page 2: [51] Commented Admin 1/16/2022 8:38:00 PM |

Responded but not corrected as per the response

‘ Page 2: [52] Commented Asus 1/21/2022 8:34:00 PM |

The caption of Figure 7 didn’'t mean to perform innovation but the progress of column’s

deterioration. Hence, the caption of Figure 7 (that reordered to be Figure 6) has been revised to be
clearer as “The broken columns at situation of (a) The initial work when the two broken columns
still existed, and (b) The next few months after initial work when the half part of left column had
been collapsed”.

| Page 2: [53] Commented Admin 1/16/2022 8:43:00 PM |

Responded but the response seems to be harsh and no ethics are found in the authors response.

‘ Page 2: [54] Commented Asus 1/21/2022 8:36:00 PM |
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the initial of Section 2, “This research was conducted by field application as well as non-destructive and
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“2.1. On-site column retrofitting and control column construction”, which were field activities.
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| Page 2: [56] Commented Asus 1/21/2022 8:39:00 PM |

These points have been responded as per Reviewer’s request in Round 1.

Response to Figure 8: Figure 8 had already been cited properly in the paragraph of “Figure 8-(a)
shows that the first step in column retrofitting is conducted by peeling the cover of old concrete
and unnecessary debris and applying the formwork of 1 m from the base floor. The next step of
the activities was grouting the column with bio-polymer modified concrete consisting of
Gracilaria, Sp., Moringa oleifera, and honey. After the retrofitted column stiffness increased, it
was wrapped by jute sack, and curing was applied for about a week by watering it as shown in
Figure 8-(b)”.

Response to Figure 9: Figure 9 also had been cited properly in the paragraph of “Figure 9 shows
a control column constructed in conjunction with columns retrofitting. The procedure included:
mixing the concrete materials consisting of cement, split, sand, and water referred to Mix Normal
as shown in Table 3. The steel reinforcement placed in the formwork and the concrete mix was
poured into the formwork. After the column hardened, the curing was conducted. When the
concrete was tough enough, the formwork was opened”.

Figure 8 has been reordered to Figure 7.

Figure 9 has been reordered to Figure 8.
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Responded but not corrected as per the response

‘ Page 2: [58] Commented Asus 1/21/2022 8:42:00 PM |
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curing implemented to column by watering them for about 7 days”.
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| Page 2: [60] Commented Asus 1/21/2022 8:51:00 PM |

The reason of not implementing on-site permeability has been stated in Round 1. It can also be noted that
in Indonesia, there is National Standard for on-site permeability test as well as the reference code, ASTM.
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Page 2: [63] Commented Asus 1/21/2022 8:56:00 PM

This point has been revised as per Reviewer’s request in Round 1 that the paragraphs have been
moved to Section 1 (Introduction).

Page 2: [64] Commented Admin 1/16/2022 9:12:00 PM

Responded but the response seems to be thrown on the face of the reviewer just like that and no ethics are found
in the authors response. The details given in the responses were gone through by the reviewer without going
through them this comment was not given earlier.

Page 2: [65] Commented Asus 1/21/2022 8:57:00 PM

This points have been responded and revise as per Reviewer’s request with strong argument dan obvious
explanation in Round 1, which were deliver with full ethical manner. There had been already clear
explanation of technical results of the research.
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As our response in Round 1, there are several studies of long-term durability of concrete in sea
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mentioned above, the Rebound Hammer test and compressive strength tests of core drilled
specimens are reliable approach to evaluate the existing concrete element in field.
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Abstract: The need for durable concrete in marine environments such as areas prone to tidal
flooding is important due to its ability to deteriorate the structures. This led to the design of a
durable and strong Polymer-Modified Concrete (PMC) using natural or bio-polymer modified
concrete. However, the use of biopolymer-modified concrete is very limited. Therefore, this research
developed a bio-polymer modified concrete using Gracilaria Sp., Moringa oleifera, and honey for
column retrofitting. The research aimed to retrofit and improve the compressive strength and
durability of broken columns submerged by tidal flooding by applying bio-polymer modified
concrete with Gracilaria Sp., Moringa oleifera, and honey. A field application of column retrofitting
was conducted in areas prone to tidal flooding. The retrofitted columns performance was observed
for 14 months and validated by non-destructive and destructive tests. The result showed that the
compressive strength of the retrofitted column achieved 32.37 MPa, which is a 92.34% increase
compared to the baseline. This research provides answers to the challenge of concrete materials
sustainability by promoting bio-polymer modified concrete that significantly increased its
performance and long-term durability using Gracilaria Sp., Moringa oleifera, and honey.

Keywords: durability; bio-polymer; concrete; tidal flooding sustainable.

1. Introduction

The deterioration of concrete structures caused by tidal flooding is one of the major
causes of coastal infrastructure damage. Therefore, it is important to ensure concrete
structures' durability in an aggressive environment, such as areas prone to tidal flooding.
Some of the major causes of concrete deterioration are chemical attack of seawater
constituents during the hydration process of cement, alkali-aggregate expansion,
crystallization pressure of salts, frost action in cold climates, and corrosion of reinforced
steel embedded in concrete structures. Others include physical erosion, such as wave and
floating objects contacted to the concrete structures, as well as the carbonic acid attack
that leaches away the calcium from hydrated cement [1,2]. Hence, it is necessary to ensure
that concrete materials have good performance and durability.

Several research have reported the durability of concrete structures in the marine
environment, including long-term investigation of concrete performance exposed to
seawater [3-6]. Furthermore, concrete mixed with seawater achieved a good mechanical
properties performance even though it was slightly lower than those using plain water
[7-9]. It is also reported to provide a more resistant product against deterioration and
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higher compressive strength at an early age. Preliminary reasearch also conveyed the
improved durability and bond strength of concrete structures in the marine environment
was achieved due to the development of Polymer-Modified Concrete (PMC) by mixing a
polymer material into Portland Cement [10]. According to [11-12], thermoplastics, such as
epoxy resins, elastomers or rubbers, natural polymers cellulose, lignin proteins, latex, re-
dispersible polymer powder, water-soluble powder, liquid resins, SF (Silica Fume), RHA
(Rice Husk Ash), and SF with nano-silica were used in PMC. However, research on the
utilization of natural or bio-polymer modified concrete and mortar are still very rare
irrespective of the advantages such as increased compressive strength and durability [13—
17].

This research aims to implement column retrofitting in tidal flooding areas with bio-
polymer modified concrete using Gracilaria Sp., Moringa oleifera, and honey. It was
conducted by field application of columns retrofitting in areas prone to tidal flooding for
14 months and validated by non-destructive and destructive tests. The result showed that
the bio-polymer modified concrete using Gracilaria Sp., Moringa oleifera, and honey
increased concrete columns' performance and long-term durability.

2. Materials and Methods

This research was conducted by field application as well as non-destructive and
destructive tests in sites prone to tidal flooding. The methods and stages are outlined in
subsequent sub-sections.

¢  On-site column retrofitting and control column construction
Two broken columns were retrofitted in the site, and a control column was
constructed, as shown in Table 1. Each specimen identity was represented by one
column.

Table 1: Detail of Column Experiment

No SII:ieeCrifilt;n Status Comll\)/l(i:ition
1 K1 retrofitted column Mix I
2 K3 retrofitted column Mix III
3 K control column Mix-Normal

The column retrofitting and construction was carried out by grouting it with
bio-polymer modified concrete. Furthermore, Gracilaria Sp. powder, an agar-agar
product sold in the marketplace, Moringa oleifera powder from its seeds and honey
were added to the mixture, as shown in Figure 1 and Table 2. The concrete mix
composition of Mix I and Mix III were implemented in producing concrete bricks
[16]. All concrete columns were designed for compressive strength of f'c =30 MPa
with a dimension of 15 cm x 15 cm x 100 cm as shown in Figure 5. The concrete
mixture was calculated by Indonesian National Standard for Procedure of
Concrete Mixing Design (SNI 03-2834-2000). However, bio-polymers did not add
the Mix-Normal process shown in Table 4.
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Figure 1: The materials used in columns production as bio-polymers modified concrete: (a)
and (b) Gracilaria Sp. powder which agar-agar product sold in marketplace; (c) raw Moringa
oleifera seeds with skin; (d) raw Moringa oleifera seeds without skin; and (e) honey which is
also honey product sold in the marketplace.

Non-destructive test for retrofitted and control columns

This stage was conducted on-site, which led to the construction of the control
columns after the broken sections were retrofitted. The Rebound Hammer test
was carried out as a non-destructive test to analyze the columns compressive
strength with Matest 2H1Q17. All columns were tested at 7, 14, and 28 days, while
some were retested at 12, 13, and 14 months with mix K3, which contains Moringa
oleifera and mix-normal.

The non-destructive procedure used in this test followed ASTM C 805 -
Standard Test Method for Rebound Number of Hardened Concrete, as shown in
Figure 2. Several shootings were applied to the clean and flat surfaces of zone A,
B, and C. Each zone was shot ten times, as shown by Figure 3.

s

Figure 2: Hammer Test Matest 2H1Q17 used in this research as non-destructive test
equipment
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Figure 3: The zones for shooting at column surface for Rebound Hammer Test

Zona A

Zona B

Zona C

The Rebound Value was read by the equipment and then corrected for
inclination as indicated in Table 3. After the corrected Rebound Value was
calculated as R, the concrete (Wm) strength that referred to the cubes was
calculated in accordance with the age, as shown in Table 4.

Table 3: Correction of the Test Hammer Indications for Non-Horizontal Impacts (Manual
Book Hammer Test Matest 2H1Q17)

Correction for inclination angle

Rebound
Value Ra Upwards Downwards
+90° +45° -45° -90°
10 2.4 32
20 -5.4 -3.5 25 34
30 -4.7 -3.1 2.3 3.1
40 -3.9 -2.6 2 2.7
50 -3.1 2.1 1.6 2.2
60 -2.3 -1.6 1.3 1.7

Table 4: Cube Compressive Strength (W, in kg/cm?) as a function of the Rebound

Number R Type N
Age of Concrete
R 14 to 56 days 7 days
W Winin W Wmin

20 101 54 121 74
21 113 64 132 83
22 126 75 145 94
23 139 86 157 104
24 152 98 169 115
25 166 110 183 127
26 180 122 196 138
27 195 135 210 150
28 210 149 225 164
29 225 163 239 177
30 241 178 254 191
31 257 193 269 205
32 274 209 285 220
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33 291 225 300 234
34 307 240 315 248
35 324 256 331 263
36 342 273 348 279
37 360 290 365 295
38 370 307 381 311
39 395 324 398 327
40 413 341 416 344
41 432 359 434 361
42 450 377 451 378
43 469 395 470 396
44 488 414 488 414
45 507 432 507 432
46 526 450 526 451
47 546 470 546 570
48 565 489 565 489
49 584 508 584 508
50 604 527 604 527
51 623 546 623 546
52 643 565 643 565
53 663 584 663 584
54 683 603 683 603
55 703 622 703 622

Destructive test for retrofitted and control columns

After the Rebound Hammer test, the inner concrete's compressive strength
was conducted using the Core Drill method. This technique was purposed to
obtain compressive strength of the drilled core of concrete using the ASTM C 42/C
42M - 04 and SNI 03-2492-2002 Standard test Method for Obtaining and Testing
Drilled Cores and Sawed Beams of Concrete. A versatile diamond drilling system
with a diameter of 3 mm and a HILTI DD 150-U machine was also used, as shown
in Figure 4. The Core Drill method was applied only to columns K3 at 14 months.
The samples were drilled from the inner columns at points A, B, and C, as shown
in Figure 5. The drilled concrete cylinder with a diameter and height of 70 mm
and 140 mm used the ASTM code to test for compressive strength. This is in
addition to the use of Computer Control Servo Hydraulic Concrete Compression
Testing Machine and Hung-Ta serial HT 8391PC to obtain compressive strength
of concrete cylinder as shown in Figure 6.
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100 cm

L
/15 cm

15 em
Figure 4: The Core Drill method Figure 5: Column dimension and
using HILTI DD 150-U machine The zones A, B, C, for drilling concrete cores

with versatile diamond drilling

Calculation of compressive test followed the expression of Equation (1).
o ={(2) fy,: fuafa} (1)

where o is characteristic compressive strength (MPa), P is compressive load (N),
A is compressive area (mm?2), [ is the height of sample (mm), d is the diameter of
the sample (mm), fi /4 is correction factor of core diameter, and f; is correction

factor of damage caused by drilling. The correction factor of core diameter
referred to ASTM C 42/C 42M - 04 and ACI 214.4R-03, while the correction factor
of damage caused by drilling is referred to ACI 214.4R-03.

Figure 6: The Computer Control Servo Hydraulic Concrete Compression Testing Machine,
Hung-Ta serial HT 8391PC

3. Results

3.1. On-site column retrofitting and construction

This research retrofitted 2 broken columns marked by a red circle, as shown in Figure
7-(a). Those two columns were used to pin the broken masonry wall and observed that
the concrete's cover, as well as most parts of the columns were peeled off while the steel
reinforcement was corroded. After some months, almost half of the left column collapsed,
as shown by Figure 7-(b).
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Figure 7: The broken columns which were retrofitted by applying bio-polymer modified concrete,
(a) Situation at the time the left column still existed, and (b) Situation in the next few months after
the left column had almost collapsed.

Figure 8-(a) shows that the first step in column retrofitting is conducted by peeling
the cover of old concrete and unnecessary debris and applying the formwork of 1 m from
the base floor. The next step of the activities was grouting the column with bio-polymer
modified concrete consisting of Gracilaria, Sp., Moringa oleifera, and honey. After the
retrofitted column stiffness increased, it was wrapped by jute sack, and curing was
applied for about a week by watering it as shown in Figure 8-(b).
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174

175 (b)

176 Figure 8: The column retrofitting activities: (a) Peeling, formwork, grouting with bio-polymer
177 modified concrete consisting of Gracilaria, Sp., Moringa oleifera, and honey; (b) Curing by watering
178 the column for a week.

179 Figure 9 shows a control column constructed in conjunction with columns
180 retrofitting. The procedure included: mixing the concrete materials consisting of cement,
181 split, sand, and water referred to Mix Normal as shown in Table 2. This is in addition to
182 conducting steel reinforcement and framework curing.

183

184 Figure 9: Construction of control column.

185 3.2. Non-destructive test for retrofitted and control columns

186 The non-destructive test examined the retrofitted and control columns to investigate
187 their compressive strength. A Rebound Hammer Test was also used by shooting at the
188 necessary points (A, B, C) in the house submerged by tidal flooding at 28 days, as shown
189 in Figures 10-12. A year later, the retrofitted and control columns were tested at 12, 13,

190 and 14 months as shown by Figures 11 and 12.
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191

192

193

194 Figure 11: Rebound Hammer Test that was conducted to retrofitted columns at 12, 13, and 14
195 months

196

197 Figure 12: Rebound Hammer Test that was conducted to control column at 14 months
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The baseline of the Rebound Hammer Test was conducted by shooting the old broken
column at points A, B, C to obtain the baseline of compressive strength before column
retrofitting procedures, as shown in Figures 13 and 14. It was found that the baseline
compressive strength of the old broken columns was 17.3 MPa, 18.63 MPa, and 16.6 MPa
at points A, B, and C.

Figure 13: The Rebound Hammer Test was
column at conducted at the points that marked
by red circles

Compressive Strength (MPa)

.
N
i
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) A - ~
o » J [®)

Compressive Strength (MPa)

=
o
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16.2

——K-BASELINE
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Figure 14: Compressive strength of old
broken column that become baseline value

The Rebound Hammer Test result observed that the retrofitted column of Kl
performed lower compressive strength to K3 at point A, which was higher at B and C
within 7, 14, and 28 days as indicated in Figure 15. Furthermore, a very high compressive
strength value was obtained at point B within 14 months compared to the lower value in
the retrofitted column, as shown in Figure 16. The research also found that the
compressive strength of K1 at point C was decreased at all ages, as shown in Figure 17.
Rebound Hammer Test results also noted that at 14 months, the compressive strength
values of retrofitted and control columns decreased, as shown in Figure 18.
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Figure 15: Compressive strength of retrofitted Figure 16: Compressive strength of control
column at 7, 14, 28 days, and also 12, 13, 14

columns of K1 and K3 at 7, 14, 28
days

months
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Figure 17: Compressive strength of retrofitted Figure 18: Compressive strength of control
columns of K1 at 7, 14, 28 days, and K3 column at
12, 13, 14 months

215

216 3.3. Destructive Test for column specimens

217 The research applied a Destructive Test to investigate the compressive strength of
218 retrofitted and control columns by the Core Drill method. Figures 19 and 20 describe the
219 Core Dirill implementation process needed to obtain the core's concrete sample using
220 concrete cylinders. Figure 21 illustrates that the retrofitted column of K3 has stable
221 compressive strength at all points (A, B, C) with 30 MPa. Point B has a slightly higher
222 compressive strength value, which did not occur on the control column. The research
223 found that the compressive strength at point A was very high (52.44 MPa) and low (42.76

224 MPa and 45.98 MPa) at points B and C.
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A

Figure 19: Core Drill method of retrofitted and control columns conducted to obtain samples used

for the compressive strength test.
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Figure 20: A drilled concrete cylinder Figure 21: Compressive strength of drilled concrete

tested for compressive stress
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cylinders of retrofitted and control columns at 14
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This research found that the destructive test result of the compressive strength at 14
months has the ability to control column surface by Rebound Hammer Test (K-14M-RH-
S). The values were higher than the retrofitted column (K3-14M-RH-S), especially in the
middle of point B. However, the retrofitted column has shown the averaged compressive
strength along with the column height (at points A, B, and C), as shown in Figure 22. The
inner columns compressive strength of the Core Drill Test (K-14M-CD-S and K3-14M-CD-
S) had lower results than Rebound Hammer Test. The baseline value of the compressive
test of the column before it was retrofitted (K-Baseline) was the lowest (16.91 MPa)
compared to the test results of Rebound Hammer and Core Drill. Figure 23 illustrates an
increase in compressive strength at point B of the retrofitted column of Core Drill Test
(K3-14M-CD-S) was 92.34% higher (32.37 MPa to 16.83 MPa) at point B than K-Baseline.

60 35

50 ~a 30 | - -~

(3%
a1

[55)
(=]
L

ju—
7]
L

-
o
L

Compressive Strength (MPa)
=
\
\
\
I
1
I
I
Compressive Stren gth (MPa)

10 K314M-RH-5 - - K-14M-RH-5 5 |
- = =K314M-CDS - - = K-14M-CD-5 - - = = K3-4M-CD-5 —— K-BASELINE
K-BASELINE
0 0 T T
ZONE A ZONEB ZONE C ZONE A ZONEB ZONEC

Figure 22: Compressive strength of retrofitted Figure 23. Compressive strength of baseline
and control columns were obtained from column was obtained from Core Drill method
Rebound Hammer Test and Core Drill method

4. Discussion

One of the most effective ways to increase concrete durability and bond strength in
areas prone to tidal flooding is using PMC (Polymer Modified Concrete) [10]. Research by
[11] found that the application of Styrene-Butadiene Rubber (SBR) latex into PMC and
fiber-reinforced polymers (FRP) increased the concrete compressive strength by 72% and
86.64%, respectively. The experiment conducted by [12] on the addition of SF, RHA, and
SF with nano-silica into concrete as polymer proved an increase in the compressive
strength of the PMC by 82.9 MPa.

Subsequently, concrete durability in tidal-prone areas plays an important role in
achieving sustainable concrete. According to research conducted by [4], Indonesia's
climate has relative humidity ranging from 70-90%. The corrosion in carbonated concrete
has become a serious problem in concrete sustainability in the marine environment and
areas prone to tidal flooding. Therefore, concretes designed with a life span of 50 years
when subjected to a marine environment, such as BS 6349-1, need to be stronger and
durable with compressive strength of 25-40 MPa [4]. Previous research reported the
retrofitting of concrete structure elements using polymer-modified concrete bonding with
adhesive agents [14], premixed mortar additive [13], and concrete-bricks production with
amix of K1 and K3 [16], as shown in Table 1. It was found that the columns designed with
premixed mortar additive as polymer achieved compressive strength at age 28 days of
60.69 MPa. The compressive strength was 34.87% higher than the control (45 MPa). It was
also reported that the compressive strength of the center of brick-wall surface tested by
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Rebound Hammer and Core drill had a compressive strength of 42.3 MPa [13] and 58.60
MPa at 14 months [16].

Research on the use of natural or bio-polymer to mix concrete, such as PMC is still
rare, especially when applied to areas prone to tidal flooding. In this research, the
innovation of biopolymer modified concrete using Gracilaria Sp., Moringa oleifera, and
honey were applied to the old-broken columns retrofitting to get a more durable and
resistant concrete structure. The field application results and column tests found that the
compressive strength of the retrofitted column achieved 32.37 MPa, increasing 92.34%
compared to the baseline.

All columns in the research were submerged by tidal flooding intensively for 14
months because the aggressive environment contributes to the concrete’s structure
degradation. Research by [3] reported that concrete compressive strength with ordinary,
normal Portland Cement exposed to the marine environment for 20 years is likely to
significantly drop in the 10* year from approximately 50 MPa to 30 MPa. Hence, it
confirmed that seawater has the ability to attack the performance of concrete by
catastrophic damage. The columns retrofitting biopolymer, which modified concrete
using Gracilaria Sp., Moringa oleifera, and honey, increased its compressive strength by
100% from the baseline after 14 months, as shown in Figure 23. Therefore, the concrete
structure with the addition of Gracilaria Sp., Moringa oleifera, and honey has strong and
durable characteristics to be used in aggressive environments such as areas prone to tidal
flooding.

5. Conclusions

In conclusion, it is necessary to develop concrete materials that are strong and
durable in a marine environment prone to trial flooding. This research proved that the
bio-polymer modified concrete that used Gracilaria Sp., Moringa oleifera, and honey
significantly increased concrete columns' performance and long-term durability. The
findings also showed that the compressive strength of the retrofitted column achieved
32.37 MPa, a 92.34% increase compared to the baseline. Therefore, the challenges of
getting sustainable concrete materials for areas prone to tidal flooding can be fulfilled by
using bio-polymer modified concrete with Gracilaria Sp., Moringa oleifera, and honey.
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Abstract: The need for durable concrete in marine environments such as areas prone to tidal flooding
is important due to its ability to deteriorate the structures. This led to the design of a durable
and strong Polymer-Modified Concrete (PMC) using natural or bio-polymer modified concrete.
However, the use of biopolymer-modified concrete is very limited. Therefore, this research developed
a bio-polymer modified concrete using Gracilaria sp., Moringa oleifera, and honey (GMH) for column
retrofitting. The research aimed to retrofit and improve the compressive strength and durability
of broken columns submerged by tidal flooding by applying bio-polymer modified concrete with
GMH. A field application of column retrofitting was conducted in areas prone to tidal flooding. The
retrofitted columns performance was observed for 14 months and validated by non-destructive and
destructive tests. The result showed that the compressive strength of the retrofitted column achieved
32.37 MPa, which is a 92.34% increase compared to the baseline. This research provides answers to
the challenge of concrete materials sustainability by promoting bio-polymer modified concrete that
significantly increased its performance and long-term durability using GMH.

Keywords: durability; bio-polymer; concrete; tidal flooding; sustainability

1. Introduction

The deterioration of concrete structures caused by tidal flooding is one of the major
causes of coastal infrastructure damage. Therefore, it is important to ensure concrete struc-
tures” durability in an aggressive environment, such as areas prone to tidal flooding. Some
of the major causes of concrete deterioration are chemical attack of seawater constituents
during the hydration process of cement, alkali-aggregate expansion, crystallization pressure
of salts, frost action in cold climates, and corrosion of reinforced steel embedded in concrete
structures. Others include physical erosion, such as wave and floating objects contacted to
the concrete structures, as well as the carbonic acid attack that leaches away the calcium
from hydrated cement [1,2]. Hence, it is necessary to ensure that concrete materials have
good performance and durability.

Several research have reported the durability of concrete structures in the marine
environment, including long-term investigation of concrete performance exposed to sea-
water [3-6]. Furthermore, concrete mixed with seawater achieved a good mechanical
properties performance even though it was slightly lower than those using plain wa-
ter [7-9]. It is also reported to provide a more resistant product against deterioration and
higher compressive strength at an early age. Preliminary reasearch also conveyed the
improved durability and bond strength of concrete structures in the marine environment
was achieved due to the development of Polymer-Modified Concrete (PMC) by mixing
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a polymer material into Portland Cement [10-13]. According to [11,12], thermoplastics,
such as epoxy resins, elastomers or rubbers, natural polymers cellulose, lignin proteins,
latex, re-dispersible polymer powder, water-soluble powder, liquid resins, SF (Silica Fume),
RHA (Rice Husk Ash), and SF with nano-silica were used in PMC. There were also several
studies reported the advantage of PMC for marine environment i.e., [14-19]. However,
research on the utilization of natural or bio-polymer modified concrete and mortar are
still very rare irrespective of the advantages such as increased compressive strength and
durability [20-24].

This research aims to implement column retrofitting in tidal flooding areas with bio-
polymer modified concrete using Gracilaria sp., Moringa oleifera, and honey (GMH). It was
conducted by field application of columns retrofitting in areas prone to tidal flooding for 14
months and validated by non-destructive and destructive tests. The result showed that the
bio-polymer modified concrete using GMH increased concrete columns’ performance and
long-term durability.

2. Materials and Methods

This research was conducted by field application as well as non-destructive and
destructive tests in sites prone to tidal flooding. The methods and stages are outlined in
subsequent sub-sections.

e  Ons-site column retrofitting and control column construction

Two broken columns were retrofitted in the site, and a control column was constructed,
as shown in Table 1. Each specimen identity was represented by one column.

The column retrofitting and construction was carried out by grouting it with bio-
polymer modified concrete. Furthermore, Gracilaria sp. powder, an agar-agar product
sold in the marketplace, Moringa oleifera powder from its seeds and honey were added
to the mixture, as shown in Figure 1, Tables 2 and 3. The concrete mix composition
of Mix I and Mix III were implemented in producing concrete bricks [23]. All concrete
columns were designed for compressive strength of f’c = 30 MPa with a dimension of
15cm x 15 cm x 100 cm. The concrete mixture was calculated by Indonesian National
Standard for Procedure of Concrete Mixing Design (SNI 03-2834-2000). However, bio-
polymers did not add the Mix-Normal process shown in Table 2.

Table 1. Detail of Column Retrofitting and Construction.

No Specimen Code Status Mix Composition
1 K1* retrofitted column Mix I*
2 K3 * retrofitted column Mix III *
3 K control column Mix-Normal

* the mix composition and specimen code referred to author’s previous study of [23].

Table 2. Mix composition of bio-polymer.

Mix Gracilaria sp. Honey Moringa Oleifera
ops Specimen Code
Composition % of Cement Weight
Mix I * K1~ 0.05 0.03 0
Mix IIT * K3 * 0.025 0 0.075
Mix-Normal K — — —

* the mix composition and specimen code referred to author’s previous study of [23].

Table 3. Mix composition of concrete for 1 column production.

Cement Sand Crushed Stone Water Bio-Polymer
(kg) (kg) (kg) (1)) (% of Cement Weight)
8 8 8 3.6 see Table 1
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Figure 1. The materials used in columns production as bio-polymers modified concrete:
(a,b) Gracilaria sp. Powder, which is an agar-agar product sold in marketplace; (c) raw Moringa
oleifera seeds with skin; (d) raw Moringa oleifera seeds without skin; and (e) honey which is also honey
product sold in the marketplace.

e Non-destructive test for retrofitted and control columns

This stage was conducted on-site, which led to the construction of the control columns
after the broken sections were retrofitted. The Rebound Hammer test was carried out as
a non-destructive test to analyze the columns compressive strength with Matest 2H1Q17.
All columns were tested at 7, 14, and 28 days, while some were retested at 12, 13, and
14 months with mix K3, which contains Moringa oleifera and mix-normal.

The non-destructive procedure used in this test followed ASTM C 805-Standard Test
Method for Rebound Number of Hardened Concrete, as shown in Figure 2. Several
shootings were applied to the clean and flat surfaces of zone A, B, and C. Each zone was
shot ten times, as shown by Figure 3.

Zona A

Zona B

Zona C

Figure 3. The zones for shooting at column surface for Rebound Hammer Test.
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The Rebound Value was read by the equipment and then corrected for inclination as indicated
in Table 4. After the corrected Rebound Value was calculated as R, the concrete (Wy,) strength
that referred to the cubes was calculated in accordance with the age, as shown in Table 5.

Table 4. Correction of the Test Hammer Indications for Non-Horizontal Impacts (Manual Book
Hammer Test Matest 2H1Q17).

Correction for Inclination Angle &

Rebound Value R Upwards Downwards
+90° +45° —45° —90°
10 24 3.2
20 —54 —-35 25 3.4
30 —4.7 -3.1 2.3 3.1
40 -39 —2.6 2 2.7
50 —3.1 -2.1 1.6 2.2
60 —-2.3 —-1.6 1.3 1.7

Table 5. Cube Compressive Strength (W, in kg/cm?) as a function of the Rebound Number R Type N.

Age of Concrete

R 14 to 56 Days 7 Days
Wm Whin Wm Whnin

20 101 54 121 74
21 113 64 132 83
22 126 75 145 94
23 139 86 157 104
24 152 98 169 115
25 166 110 183 127
26 180 122 196 138
27 195 135 210 150
28 210 149 225 164
29 225 163 239 177
30 241 178 254 191
31 257 193 269 205
32 274 209 285 220
33 291 225 300 234
34 307 240 315 248
35 324 256 331 263
36 342 273 348 279
37 360 290 365 295
38 370 307 381 311
39 395 324 398 327
40 413 341 416 344
41 432 359 434 361
42 450 377 451 378
43 469 395 470 396
44 488 414 488 414
45 507 432 507 432
46 526 450 526 451
47 546 470 546 570
48 565 489 565 489
49 584 508 584 508
50 604 527 604 527
51 623 546 623 546
52 643 565 643 565
53 663 584 663 584
54 683 603 683 603

55 703 622 703 622
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e  Destructive test for retrofitted and control columns

After the Rebound Hammer test, the inner concrete’s compressive strength was ob-
tained using the Core Drill method. This technique was purposed to obtain compressive
strength of the drilled core of concrete using the ASTM C 42/C 42M-04 and SNI 03-2492-
2002 Standard test Method for Obtaining and Testing Drilled Cores and Sawed Beams
of Concrete. A versatile diamond drilling system with a diameter of 3 mm and a HILTI
DD 150-U machine was also used to obtain the core of concrete specimens. The Core
Drill method was applied only to columns K3 at 14 months. The samples were drilled
from the inner columns at points A, B, and C, as shown in Figure 4. The drilled concrete
cylinder with a diameter and height of 70 mm and 140 mm used the ASTM code to test
for compressive strength. This is in addition to the use of Computer Control Servo Hy-
draulic Concrete Compression Testing Machine and Hung-Ta serial HT 8391PC to obtain
compressive strength of concrete cylinder as shown in Figure 5.

>

100 cm

<*
/15 cm

Figure 4. Column dimension and using HILTT DD 150-U machine.

15 cm

Figure 5. The Computer Control Servo Hydraulic Concrete Compression Testing Machine, Hung-Ta
serial HT 8391PC.

The zones A, B, and C are for drilling concrete cores with versatile diamond drilling.
Calculation of compressive test followed the expression of Equation (1).

o= {(Z> f1-faia fa} @)

where ¢ is characteristic compressive strength (MPa), P is compressive load (N), A is compres-
sive area (mm?),  is the height of sample (mm), d is the diameter of the sample (mm), f; is
d
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correction factor of core diameter, and f; is correction factor of damage caused by drilling. The
correction factor of core diameter referred to as ASTM C 42 /C 42M-04 and ACI 214.4R-03, while
the correction factor of damage caused by drilling is referred to as ACI 214.4R-03.

3. Results
3.1. On-Site Column Retrofitting and Construction

This research retrofitted two broken columns marked by red rectangles, as shown in
Figure 6a. Those two columns were used to pin the broken masonry wall and observed that
the concrete’s cover as well as most parts of the columns were peeled off, while the steel
reinforcement was corroded. After some months, almost half of the left column collapsed,
as shown by Figure 6b.

(b)

Figure 6. The broken columns which were retrofitted by applying bio-polymer modified concrete,

(a) Situation at the time the left column still existed, and (b) Situation in the next few months after
the left column had almost collapsed.

Figure 7a shows that the first step in column retrofitting is conducted by peeling
the cover of old concrete and unnecessary debris and applying the formwork of 1 m
from the base floor. The next step of the activities was grouting the column with bio-
polymer modified concrete consisting of Gracilaria sp., Moringa oleifera, and honey. After the
retrofitted column stiffness increased, it was wrapped by jute sack, and curing was applied
for about a week by watering it, as shown in Figure 7b.

Figure 8 shows a control column constructed in conjunction with columns retrofitting.
The procedure included: mixing the concrete materials consisting of cement, split (crushed
stone), sand, and water referred to as Mix-Normal. This is in addition to conducting steel
reinforcement and framework curing.

3.2. Non-Destructive Test for Retrofitted and Control Columns

The non-destructive test examined the retrofitted and control columns to investigate
their compressive strength. A Rebound Hammer Test was also used by shooting at the
necessary points (A, B, C) in the house submerged by tidal flooding at 28 days, as shown in
Figures 9-11. A year later, the retrofitted and control columns were tested at 12, 13, and
14 months as shown by Figures 10 and 11.
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Figure 7. The column retrofitting activities: (a) Peeling, formwork, grouting with bio-polymer
modified concrete consisting of Gracilaria sp., Moringa oleifera, and honey (GMH); (b) Curing by
watering the column for a week.

The baseline of the Rebound Hammer Test was conducted by shooting the old broken
column at points A, B, C to obtain the baseline of compressive strength before column
retrofitting procedures, as shown in Figures 12 and 13. It was found that the baseline
compressive strength of the old broken columns was 17.3 MPa, 18.63 MPa, and 16.6 MPa at
points A, B, and C, respectively.
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Figure 10. Rebound Hammer Test that was conducted on the retrofitted columns at 12, 13, and 14 months.
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Figure 12. The Rebound Hammer Test was conducted on the points marked by red circles.

17.4

Compressive Strength (MPa)
& & o 5
[« o] e | 5]

ot
o
=

——K-BASELINE

.._.
o
(3%

ZONE A ZONEB ZONEC

Figure 13. Compressive strength of the old broken column that became the baseline value.

The Rebound Hammer Test result observed that the retrofitted column of K1 had
lower compressive strength compared to K3 at point A, but was higher at Band C at 7, 14,
and 28 days as indicated in Figure 14. Furthermore, a very high compressive strength value
was obtained at point B within 14 months compared to the lower value in the retrofitted
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column, as shown in Figure 15. The research also found that the compressive strength of K1
at point C was decreased at all ages, as shown in Figure 16. Rebound Hammer Test results
also noted that at 14 months, the compressive strength values of retrofitted and control
columns decreased, as shown in Figure 17.

Compressive Strength (MPa)
S

48 4
46 4
44 4 K1-7D-S K1-14D-S K1-28D-S
= = =K37DS == =K34DS = - —K328D-S
42 T T
ZONE A ZONE B ZONE C

Figure 14. Compressive strength of retrofitted columns of K1 and K3 at 7, 14, 28 days.

60
50 - L Sy
G TTa G rrrea s tease o8 ot
< 40
2
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& 30 1
£
w
£ 0
2
o
14
£ 01 _ _xms K-14D-5  ———K-28D-5
v - = =K-12M-S  eeeesK-IM-S = = —K-14M-S
0 r T
ZONE A ZONE B ZONEC

Figure 15. Compressive strength of control column at 7, 14, 28 days, and at 12, 13, 14 months.

60
& 50 -
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[ o
= 40
=
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2 30 4
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£ 20 -
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10 4 - = =K3/D-S == =K3U4DS - — —K328DS
——K3DM-S ——K313M:S ——— K3-14M-S
0 T T
ZONE A ZONEB ZONEC

Figure 16. Compressive strength of retrofitted columns of K1 at 7, 14, 28 days, and K3 column at 12,
13, 14 months.
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Figure 17. Compressive strength of control.

3.3. Destructive Test for Column Specimens

The research applied a Destructive Test to investigate the compressive strength of
retrofitted and control columns by the Core Drill method. Figures 18 and 19 describe the
Core Drill implementation process needed to obtain the core’s concrete sample using con-
crete cylinders. Figure 20 illustrates that the retrofitted column of K3 has stable compressive
strength at all points (A, B, C) with 30 MPa. Point B has a slightly higher compressive
strength value, which did not occur on the control column. The research found that the
compressive strength at point A was very high (52.44 MPa) but low at points B and C

(42.76 MPa and 45.98 MPa).

Figure 18. Core Drill method of retrofitted and control columns conducted to obtain samples used

for the compressive strength test.
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Figure 19. A drilled concrete cylinder tested for compressive stress.
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Figure 20. Compressive strength of drilled concrete cylinders of retrofitted and control columns at 14 month.

This research found that the destructive test result of the compressive strength at
14 months has the ability to control column surface by Rebound Hammer Test (K-14M-
RH-S). The values were higher than the retrofitted column (K3-14M-RH-S), especially in
the middle of point B. However, the retrofitted column has shown average compressive
strength along with the column height (at points A, B, and C), as shown in Figure 21. The
inner columns compressive strength of the Core Drill Test (K-14M-CD-S and K3-14M-CD-S)
had lower results than Rebound Hammer Test. The baseline value of the compressive test
of the column before it was retrofitted (K-Baseline) was the lowest (16.91 MPa) compared
to the test results of Rebound Hammer and Core Drill. Figure 22 illustrates an increase in
compressive strength at point B of the retrofitted column of Core Drill Test (K3-14M-CD-S),
where it was was 92.34% higher (32.37 MPa to 16.83 MPa) at point B than at K-Baseline.
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Figure 21. Compressive strength of retrofitted and control columns were obtained from Rebound
Hammer Test and Core Drill method.
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Figure 22. Compressive strength of baseline column was obtained from Core Drill method.

4. Discussion

One of the most effective ways to increase concrete durability and bond strength in
areas prone to tidal flooding is using PMC (Polymer Modified Concrete) [10]. Research
by [11] found that the application of Styrene-Butadiene Rubber (SBR) latex into PMC and
fiber-reinforced polymers (FRP) increased the concrete compressive strength by 72% and
86.64%, respectively. The experiment conducted by [13] on the addition of SF, RHA, and SF
with nano-silica into concrete as polymer proved an increase in the compressive strength of
the PMC by 82.9 MPa.

Subsequently, concrete durability in tidal-prone areas plays an important role in
achieving sustainable concrete. According to research conducted by [4], Indonesia’s climate
has relative humidity ranging from 70% to 90%. The corrosion in carbonated concrete has
become a serious problem in concrete sustainability in the marine environment and areas
prone to tidal flooding. Therefore, concretes designed with a life span of 50 years when
subjected to a marine environment, such as BS 6349-1, need to be stronger and durable
with compressive strength of 25-40 MPa [4]. Previous research reported the retrofitting
of concrete structure elements using polymer-modified concrete bonding with adhesive
agents [21], premixed mortar additive [20], and concrete-bricks production with a mix of
K1 and K3 [23]. It was found that the columns designed with premixed mortar additive
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as polymer achieved compressive strength at age 28 days of 60.69 MPa. The compressive
strength was 34.87% higher than the control (45 MPa). It was also reported that the
compressive strength of the center of brick-wall surface tested by Rebound Hammer and
Core drill had a compressive strength of 42.3 MPa [20] and 58.60 MPa at 14 months [23].

Research on the use of natural or bio-polymer to mix concrete, such as PMC is still rare,
especially when applied to areas prone to tidal flooding. In this research, the innovation
of biopolymer modified concrete using GMH were applied to the old-broken columns
retrofitting to get a more durable and resistant concrete structure. The field application
results and column tests found that the compressive strength of the retrofitted column
achieved 32.37 MPa, increasing 92.34% compared to the baseline.

All columns in the research were submerged by tidal flooding intensively for 14 months
because the aggressive environment contributes to the concrete’s structure degradation.
Research by [3] reported that concrete compressive strength with ordinary, normal Portland
Cement exposed to the marine environment for 20 years is likely to significantly drop in
the 10th year from approximately 50 MPa to 30 MPa.

5. Conclusions

In conclusion, it is necessary to develop concrete materials that are strong and durable
in a marine environment prone to trial flooding. This research proved that the bio-polymer
modified concrete using GMH significantly increased concrete columns’ performance
and long-term durability. The findings also showed that the compressive strength of
the retrofitted column achieved 32.37 MPa, a 92.34% increase compared to the baseline.
Therefore, the challenges of getting sustainable concrete materials for areas prone to tidal
flooding can be fulfilled by using bio-polymer modified concrete with Gracilaria sp., Moringa
oleifera, and honey (GMH).
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