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Abstract: Concrete members used for protecting seadike slope have to be suffered from a severe
attack caused by both chemical composition of seawater and mechanical action of wave and
current, leading to the decrease in durability and lifetime rapidly. In order to address this problem,
this paper presents the method by using a combination of various types of admixtures to improve
both corrosion and abrasion resistance for concrete, thus producing the product with higher
durability and extending longer lifetime. Based on the obtained results, the paper also provides the
suitable rate of fly ash, silica fume and water reducer admixture in concrete used not only for
seadike slope protection members but also for all types of concrete and reinforced concrete

structures in marine environment.
coming projects.

This result may be a reference to the producers for the next
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1. INTRODUCTION

Vietnam has about 3260km of coastline and
that is seriously affected by climate change and
sea level raise. At present, most of the marine
structures in general and sea dike, in particular, are
made of concrete and reinforced concrete. Due to
the serious corrosion and deterioration of the
environment, marine concrete structures normally
show lower durability and lifetime than similar
structures in the river. The losses caused by these
deteriorations are considerable and serious.

In order to reduce the loss of life and property,
to enhance the marine economic development and
to ensure security and national defense, it is
essential to have stable seadike systems and
coastline protection works with long-term
durability and lifetime. These facts lend the

foundation for this study is “Research on using

" Thuyloi University

KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 60 (3/2018)

admixture to improve the durability of concrete of
structures used for protecting seadike slope in

Vietnam”.

2. EXISTENCE, CAUSES OF DAMAGE
AND SOLUTION TO IMPROVE THE
DURABILITY OF CONCRETE STRUCTURES
USED FOR PROTECTING SEADIKE SLOPE
IN VIETNAM

2.1. Existence of damage

In Vietnam, due to its geographical location
and tropical climate conditions, high humidity,
combined with the sea environment, the damage
to concrete and reinforced concrete works in
general, as well as the structures used for the
protection of seadike slope in particular, is very
of the

degradation of the concrete structures used for

serious. The pictures damage and
protecting seadike slope in Cat Hai - Hai Phong
and Giao Thuy - Nam Dinh can be seen in Figure

1 and 2.
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Figure 2. Corrosion and mechanical abrasion of 2D structure with cap

2.2. Causes of damage

The works built in the coastal area are under
the direct influence of the composition of the
marine environment and climate, including
chemical composition of seawater;
Temperature; Hydrostatic pressure; Tide; Wave;
Mist and droplets; Floating ice and marine life.
With these factors, the marine environment is
highly inhospitable for commonly used
materials of construction, including concrete
and reinforced concrete.

The concrete and reinforced concrete
structures in the marine environment can be
damaged in the following ways: Concrete
damaged by mechanical and physical actions;
Concrete damaged by chemical and biological
actions; Reinforcing steel damaged by chemical
actions.

Protective structures of seadike slope - the
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main research object are located in the tide area,
which is under the most dangerous impact of the
marine environment due to enormous
destructive power as the simultaneous influence
of reinforcing steel corrosion, mechanical
abrasion, chemical and microbial corrosion of
concrete.

2.3. Solutions to improve the durability of
concrete and reinforced concrete in marine
environment

2.3.1. Improve the corrosion durability

To ensure long-term durability for concrete
and reinforced concrete impacted of corrosion
of the marine environment, the following
solutions can be considered: (1) Change the
mineral composition of cement; (2) Transform
hydration product of cement; (3) Increase the
density of concrete; (4) Separate concrete from
corrosion environment; (5) Protect concrete
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from the penetration of CI'.

2.3..2. Improve the abrasion durability

Solutions for improving the abrasion
resistance is actually enhanced strength and
hardness to the concrete. The following
solutions can be considered: (1) Increase the
strength of hardened cement; (2) Increase the
strength of transition area between aggregate
and hardened cement.

2.4. Analysis to select appropriate
solutions for concrete and reinforced
concrete structures used for protecting

seadike slope in Vietnam
After reviewing the solutions mentioned
above, it can be seen that the effective solution

is to use several types of admixture available in
the market to meet following demands: (1)
Transform hydration product to disable the
harmful components of concrete; (2) Produce
hydration products with high degree of
crystallinity and close arrangements; (3) Limit
the chloride ion diffusion; (4) Improve the
density of concrete, especially in the transition
zone of aggregate and harden cement.

After analyzing, the final admixture
combination used in the study includes: Fly ash
+ Silica fume + Plasticizer (Water reducer).
Summary of the effects of additive components
is in Figure 3.
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Figure 3. Diagram summarizing the role of admixtures used in the study

3. RESEARCHED RESULTS AND
DISCUSSION

3.1. Materials
proportion

3.1.1. Materials

The main kinds of materials are used in
this research contain: Butson cement PC40
(TCVN 2682); Phalai Fly ash (TCVN 10302);
Silica fume of Castech (TCVN 8827); Songlo
Sand (TCVN 7570); Standard-sand of VIBM
(TCVN 6227); Kienkhe crushed stone (TCVN

and concrete mix
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7570); High water reducer HWR 100 of Castech;
Water (TCVN 4506).

3.1.2. Concrete mix proportion

Determine the concrete proportion based on
the guideline of Ministry of Construction
“Technical instruction to determine the concrete
mix proportion” with additional consideration of
the typical characteristic for concrete containing
admixture to obtain more accurate results for the
experimental stage. The result of concrete mix
is in Table 1.
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Table 1. Concrete proportion based on theoretical calculation

No Code of Mix proportions of concrete (kg/m”) wW/C
sample CM C F S Sand | CA W M

1 FoSoPo 339 339 0 0 706 1224 185 0,545

2 FySoPy | 374 | 262 112 0 661 | 1203| 185 | 0495

3 FySsPy | 388 | 272 97 19 650 | 1199 | 185 | 0477

4 | PSP, | 361 253 7 36 666 | 1206 | 185 | 0512

5| FisSisPy | 388 | 272 58 58 647 | 1198 | 185 | 0477

Remark:CM-Cementitious Material; C-Cement; F-Fly Ash; S-Silica Fume; CA-Coarse
Aggregate; P-Plasticizer; W-Water.

Carry out slump test to determine actual required water content. The results of concrete mix
proportion after determining actual water content are in Table 2.

Table 2. Concrete proportion after conducting the test to determine required water

No Code of Mix proportions of concrete (kg/m3) W/
sample CM C F S Sand CA p w CM

1 | FoSoPo 339 339 0 0 706 1224 0 184 | 0,54

2 | FoSoPos 339 339 0 0 706 1224 | 1,02 | 156 | 0,46

3 | F30S0Po3 374 262 112 0 661 1203 | 1,12 | 161 0,43

4 | Fa5SsPo3 388 272 97 19 650 1199 | 1,16 | 175 | 045

5 | F2S10Pos 361 253 72 36 666 1206 | 1,08 173 0,48

6 | Fi5S15Po3 388 272 58 58 647 1198 | 1,16 | 186 | 048

7 | FoSoPo3s 339 339 0 0 706 1224 | 1,19 149 | 0,44

8 | F30SoPoss 374 262 112 0 661 1203 | 1,31 157 0,42

9 | Fa5S5Py3s 388 272 97 19 650 1199 | 1,36 171 0,44

10 | F2S10Poss 361 253 72 36 666 1206 | 1,26 | 166 | 0,46
11 | Fi5S15Po3s 388 272 58 58 647 1198 | 1,36 182 | 0,47
12 | FySoPoa4 339 339 0 0 706 1224 | 1,36 | 146 | 043
13 F30S0Po 4 374 262 112 0 661 1203 | 1,50 | 150 | 0,40
14 F25S5Po.4 388 272 97 19 650 1199 | 1,55 163 | 042
15 F20S10Po4 361 253 72 36 666 1206 | 1,45 155 | 0,43
16 | Fi5S15Po4 388 272 58 58 647 1198 | 1,55 171 0,44
17 FoSoPo 45 339 339 0 0 706 1224 | 1,53 153 | 0,45

18 |  F30S0Pous 374 262 112 0 661 1203 | 1,68 157 | 0,42

19 | F25S5Po4s 388 272 97 19 650 1199 | 1,75 167 | 0,43

20 | F20S10Poss 361 253 72 36 666 1206 | 1,62 | 159 | 0,44
21 | Fi5S15Po4s 388 272 58 58 647 1198 | 1,75 175 0,45
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3.2. Results and discussions
3.2.1. Compressive strength, absorption,
and density

Experimental results of compressive strength,
absorption, and density of harden concrete of 21
mixtures at different ages as in Table 3.

Table 3. Results of compressive strength, absorption, density of harden concrete

Compressive strength | Properties at Properties at

No Code of | at (MPa) 28-day age 60-day age
sample 3 7 14 p Abs f’c p Abs f’c

days |days |days |kegdm® | % MPa | kgidm® | % MPa
1 FoSoPo 20,3 258 (304 246 |697 [338 247 |729 354
2 FoSoPos 18,7 27,5 [351 |250 [630 [386 [251 [6,28 |40)5
3 F30SoPo 3 18,5 [29,0 [356 [246 |626 [399 [246 |625 |432
4 F»5S5P 3 19,1 |284 |36,1 |244 |620 |40,2 |245 |6,18 |43]3
5 F20S10Po.3 21,0 30,2 [39,1 |244 16,16 [44,6 [244 |6,17 |46,8
6 Fi5S15Po3 19,7 1290 [36,5 [242 |6,18 |[41,6 |242 |6,18 |44.8
7 FoSoPo3s 222 29,0 [36,2 |2,51 [594 [40,5 2,52 |595 |424
8 F30S0Po 35 21,0 30,5 [372 246 [592 [42,0 [246 |594 |452
9 F»5S5P0 35 20,6 1302 (369 244 |576 [41,8 245 |576 |44,6
10 | F20S10Po3s 22,8 32,2 40,5 |[245 |573 457 245 |52 |49,1
11 | Fi5S15Poss 214 30,8 |38,0 |242 |580 |43,6 |243 |581 |474
12 | FoSoPo4 243 325 (40,2 251 |550 [44,0 [2,51 |551 |454
13 | F30SoPo4 239 33,7 40,1 |247 |545 |459 247 [543 |49,0
14 | Fp5SsPo4 23,7 1329 (39,7 245 [526 [450 [246 |530 |485
15 | F20S10Poa 25,8 34,7 |43,2 |246 |523 |499 |247 |527 |5273
16 | Fi5Si5Po4 24,5 334 1405 |244 530 [469 [244 |531 |50,1
17 | FoSoPo 45 23,5 32,0 (392 250 [5,55 [43,0 [251 |556 |444
18 | F30SoPoas 23,0 32,7 (393 246 |554 [44,1 246 |553 |46.0
19 | F5S5Pgus 22,77 1323 (39,6 |246 |535 |[448 [247 |540 |46.8
20 | F20S10Pous 249 33,7 [426 |250 531 [485 [251 [536 |50.8
21 | Fi5Si15Po4s 23,8 [33,5 [40,5 [246 |541 |458 247 |542 494

The development of concrete compressive
strength with time of the tested sample is shown in
Figure 4 and Figure 5.

The experimental results show that:
Compressive strength follows the logarithm rule
but compressive strength of sample with the use
of admixture is higher than the one without
admixture especially after 14 days. When the
content of plasticizer change in 0,3; 0,35; 0,4 or
0,45%, sample F»0S1o (with 20% fly ash and 10%
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silica fume) has the highest compressive strength
among samples with different mineral admixture
content, then the samples with lower compressive
strength are FisS;s, F»5Ss, and F3So. When the
content of mineral admixture change, the sample
with a plasticizer of 0,4% (Pp4) has the highest
compressive strength among all samples with the
same mineral admixture content. Among 21
samples, the sample F»SoPy4 obtain the highest
compressive strength of 52,3MPa.
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Figure 4. Concrete compressive strength with time when using different amount of mineral
admixture; with a) P=0,3%; b) P=0,35%; c) P=0,4%; d)P=0,45%

(d) 50 (b)

50
45 45
40 —4—FOPOSD 40 —4+—FOP030

/,._ —® _mF3050F0,3 3 /_ —# —B-F2555F0,
30 —4—F3050P0,35 0 —k—F2585P0,
= —<—F3050P0 4 2 —+—F2555P0,
20 20

—#—F3050P0,45 —#—F2555P0,

Strength (MPa)
]
Strength {(MPa)

15 15
o 10 20 30 20 50 50 Ageof sampie (day] 0 10 20 30 40 50 go Ageof sampie(d:
55 55
50 (C) 59 (d)
45 45
§ 40 —e—FOFO50 § 29 —+—FpOsD
= =
g 35 —-F20510F0,3 AEE] —B-F15515P4,
& 2
£ 30 —4—F20510P0,35 Ex F15515PD,
5 —+—F20810P0,4 5 ——F15515P2,
20 29
—#—F20510P0,45 F15515P,
15 15
" 10 20 20 20 50 50 Ageof sample (day) 3 12 k) 32 5] N go Ageof sample (de

Figure 5. Concrete compressive strength with time when using different amount of plasticizer
with a) F30So; b) F25Ss; ¢) F20S10; d) Fi15515

KHOA HQC KY THUAT THUY LO1 VA MOI TRUONG - SO 60 (3/2018)



3.2.2. Permeability
Determine the permeability coefficient at
60-days age for 9 samples of which there are

one control sample and 8 samples containing
admixture. The results are in Table 4 and
Figure 6.

Table 4. Results of permeability coefficient

No | Code of sample | W/CM K (cm/s) Ij Code of sample | W/CM K (cm/s)
1 | FoSoPo 0,54 5,3%107™°
2 | F3SoPoss 0,42 45410 | 6 | F3SoPo4 0,40 | 2,8*10™"
3 | F2585P3s 0,44 3,8410"" | 7 | Fa5SsPo4 0,42 2,5%10™"
4 | Fr0S10Poss 0,46 3,010 | 8 | FaSi0Po4 0,43 2,1*10™"
5 | FisSisPoss 0,47 3,710 | 9 | Fi5SisPo4 0,44 | 2,3*10™"
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Figure 6. Results of permeability coefficient

Results show that permeability coefficient of
the sample groups with and without additives
consistent with the theoretical rules of the
change of this indicator with the ratio W/CM
and the particle size of the material component
changes. Eight samples using water reducer
decrease permeability coefficient than that of
the control samples without additives. The
samples with 0,4% plasticizer have a smaller
value of permeability coefficient than the
sample with 0,3% plasticizer. This result fully
justified because samples using more plasticizer
result in a lower ratio of W/CM, excess water
evaporates leaving voids will cause less
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absorbent.

The sample use only fly ash for cement
replacement (sample 2,6), although the ratio
W/CM smaller than the other additives sample
still permeability coefficient slightly larger than
the sample used both fly ash and silica fume
(sample 3,4,5,7,8,9). This result can be
explained that the sample group using silica
fume promote insert fully into the small voids
between cement particles, thus increasing the
denseness in microstructure thereby improving
permeability  resistance  ability, reduces
permeability coefficient. The samples with
admixture obtain the values of permeability
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coefficient in the range of 2#10 em/s -
4,5*10’“cmls, so 1s lower than the normal
concrete permeability coefficient within 1,5%10°

3.2.3. Abrasion
Determine the abrasion degree at 60-days age
for 9 sample groups, using the same method as

‘em/s  (concrete M30)-:-7,1 * 10"'cm/s in the permeability test. The results are shown in
(concrete M40). Table 5 and Figure 7.
Table 5. Results of abrasion
No Code of sample Abrasion (%) No Code of sample Abrasion(%)
1 FoSoPo 6,08
2 F30S0Po 35 5,25 6 F30S0Po 4 4,80
3 F25S5P0 35 5,28 7 F25S5Po 4 4,82
4 F20S10Po 35 5,18 8 F20S10Po4 4,75
5 F15S15Po 35 5,25 9 F15S15Po4 4,79
P=04% WP=135% P=0%
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Figure 7. Results of abrasion
The experimental results showed that, theory; that is the higher compressive strength,

compared to the sample without admixture, the
degree of abrasion in the sample with admixture
decreased, but abrasion of all samples did not
differ much. In theory, the sample using silica
fume tend to improve abrasion resistance better,
but the real measurements show that this
difference is not clearly shown. The degree of
abrasion of the sample group using silica
(sample 3,4,5,7,8,9) is close to samples without
silica fume (sample 2,6). The tendency of
changing abrasion degree is similar to changing
compressive strength, consistent with the
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the higher the abrasion resistance as possible.
Sample F»0S;oPy 4 is least abrasive.

4. CONCLUSION

The research has clarified the causes,
mechanisms for destruction of structures used
for protecting seadike slope, which results from
the impact of multiple factors on the marine
environment, with two key factors of chemical
and mechanical actions.

In the range of the research with the
replacement of Portland cement by 10-:-30% fly
ash, 5-:-15% silica fume and with the use of 0,3-
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:-0,45% of plasticizer. The laboratory test
results show that blending admixture in any
proportion will improve the properties of
concrete compared with the samples without
admixture and with the replacement of Portland

cement by 20% fly ash, 10% silica fume and use
0,4% plasticizer concrete obtain the optimum
characteristics, meeting the requirements of
structure used for protecting seadike slope and it
is strongly proposed to use.
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Tém tit:
NGHIEN CUU SU DUNG PHU GIA PE NANG CAO PO BEN CHO
BE TONG CAC CAU KIEN BAO VE MAI BE BIEN VIET NAM

Cdc cdu kién bé tong ding dé bao vé mdi dé bién thuong phdi chiu tdc dong phd hoai manh liét
cua cdc thanh phdn dan mon trong nuoc bién ciing nhw tdc déng co hoc cua song va dong chay dan
dén giam dg bén va tudi tho mét cdch nhanh chong. Pé gidi quyet sw han ché nay, bai bdo dé cdp
dén hiémg nghién ciru sir dung két hop mét sé loai phu gia nham ndng cao kha néng chong an mon
do tdc déng héa hoc, ciing nhw mai mon do tdc déng co hoc cho bé tong tir @6 cé thé nang cao do
bén va kéo dai tuéi tho cho céng trinh. Tu" cdc két qua nghién ciru, bai bdo ciing dwa ra khuyén cdo
vé tylé pha tron phu gia thich hop gom tro bay, mudi silic va phu gia héa deéo giam nudc trong
thanh phan bé téng khong nhiing dung cho cdc cdu kién bao vé mdi dé bién bang ma con cé thé
dung cho cdc logi ket cdu bé tong va bé tong cot thép lam viéc trong moi truong bién. Két quad ndy
gitip cdc nha sdn xudt ¢é thé tham khdo cho cdc cong trinh cé cing vmg dung trong thoi gian toi.

Tiwr khéa: Bé tong; mai d€; phu gia; d0 bén; tudi tho; an mon; mai mon.
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