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Abstract— A study on green concrete as well as its durability is essential to promote the sustainable development of the concrete
industry. Since the majority of concrete deterioration is connected to corrosion of reinforcement due to carbonation or chloride
penetration into concrete, the influence of pozzolan through them must be investigated for concrete durability. This paper mainly
focuses on the experimental study of the influence of Popa volcanic natural pozzolan on carbonation and chloride penetration process.
The experimental tests are made on replacement of natural pozzolan 10%, 20%, 30% instead of cement and analysis show that
optimized pozzolan replacement can promote on the mechanical strength of concrete along with time than reference concrete.
According to the results, in the CO2 chamber and the natural condition, it contributes negatively to carbonation because the rate of
carbonation increased as the amount of pozzolan increased. However, increasing the pozzolan content led to higher resistance of the
concrete in chloride ion penetration.
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concrete quality and external environment on carbonation
I. INTRODUCTION rate and chloride penetration rate. The objective of this study

In Myanmar, Popa volcanic soil has been used in someis to experimentally investigate by measuring rate of

construction projects such as dams and pavements to geqarbongtlor_w an(_j chloride penetration for different
high durability and to reduce construction cost. [1] The contamination ratios of pozzolan.

previous researchers said pozzolanic material has enough

strength and high durability[2]-[4]. However, the adequate
contamination ratio of Popa pozzolan for RC material is not o npaterial
established on theoretical basis. Carbonation is the result of . . . .
the dissolution of CO2 in ate hydrate to form calcium In this research, ingredients for sustainable concrete are
carbonate (CaCO3) [5]-{7] The precipitation of calcium used from natural resource except for cement. Ord|.nary
carbonate reduces the PH level of concrete [8]. When the p)—ﬁomand ceme_nt, naturgl pozquan, river sand, river shingle
of the solution decreased to 11.31, the surface became roug aving a ”Om'“?" maximum size of 19 mm and potable
and large pits appeared because of the occurrence opater are used in all mixe§:he Popa Volcanic pozzolan,

localized corrosion [9]. Chloride ions can penetrate from the u?e,\(/jl in this relfearﬁh IS OFtamed I_rom n tt:e [nl(;jdle gotrﬁon
exterior if concrete is in contact with sea water or road &' Myanmar. [tS chemical properties are tested, an ese

structure in contact with de-icing salts. They can also the comp_osition_s are shown in Table I. Th_e details of aggregates
present in concrete from the very beginning, e.g., when?'® I'St?q in Table I.I' The d_etalls of the chemical

calcium chloride is applied as an accelerator or when beac -ompositions and physical properties of Portland cement are
sand contaminated with salt is used as a fine aggregate [10]. isted in Table Il and IV. The properties of used cement are

Both carbonation and chlorides can lead to the breakdowns"’lEl'_Shﬂe;j Iolr type | F;orftlgnd A(je(r)nent. d FeO- i lan i
of steel passivity and thus present a risk of loss of rebar, . ;€ 0t& per(f:en of SIDAI:0s, and FgO; in pozzolan is
cross-section and spalling of concrete cover owing to higher than 70%. So, it is adequate for ASTM requirement

corrosion. This will affect both serviceability and safety of for class N.
the structure [11]. So, it is needed to investigate the
relationship among pozzolan content, water cement-ratio,

Il. MATERIAL AND METHOD
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TABLE | TABLE IV

CHEMICAL COMPOPOPASITION OFPOZZOLAN PHYSICAL PROPERTIES OFCEMENT
- Percentage | Requirements as per ASTM PP
Description Specification
(%) for Class N Name of test Results (ASTM)

CaO 16.224

- Specific Gravit 3.1 3.1-3.25
Sio, 31.639 P Y

i 0,

Fezos 20.594 Fineness 6.2%
K O Consistency 29%

. o> SI0+ A0, + Initial | Lhr 33mi > 60 mi

— 700, ; nitial r 33min min

CuO 0.062 Fe0s= 70% (min) Setting Time
SrO 0.489 Final 3hr 50min <10 hrs
Zf02 0.063 Compressive 3-day 12.2 Mpa > 11.034MPa
Tio strength of

| 2 1.445 cement mortar 7—day 22.5 Mpa >17.24MPa
Total 100
Available alkalies Nail Max. 1.5
Loss on ignition (%) 2.26 Max. 10.00

TABLE Il
PHYSICAL PROPERTIES OFAGGREGATE

Results

Name of Test -
Coarse Aggregatg Fine Aggregate

Specific gravity 2.6 25
Absorption 0.56 % 0.8%
Fineness Modulus 7.2 2.3
Dry-rodded Density of Coarse
Aggregate (kg/m3) 1621 1363 _ _
Abrasion (%) 40.5%. ] Fig 1. Carbonation Test Chamber
TABLE Il C. Mixture Proportion
CHEMICAL PROPERTIES OFCEMENT Four different concrete mixes have been prepared in this
— research: the first mix was made with 100% Portland cement
Description Percentage (%) (pozzolan 0%), the second mix was with 90% cement and
CaO 67.927 10% pozzolan (pozzolan 10%), the third mix was with 80%
Sio, 12.8 cement and 20% pozzolan (pozzolan 20%), and the final mix
| was with of 70% cement and 30% pozzolan (pozzolan 30%).
Al20s 23 All mixes are same water-cement ratio and equal fine and
FeO, 8.695 coarse aggregates. The details of mixture proportions are
K,0 7.534 listed in Table V [12], [13].
SO 0.228 D. Specimens Preparation and Test Methods
MnO 0.075 Hardened concrete specimens were tested for compressive
Other Total 0.441 strength (ASTM C 39) using 6 in® cubes. Make 4in x 4in x
All Total 100 12in specimens to measure the depth of carbonation without

Pozzolan and 10%, 20%, 30% cement replacement. The
specimens were kept in their molds for 24 hours, and then
B. Carbonation Chamber they were demoulded and cured for 7 days in water. After

To enable accelerated carbonation of concrete specimens<-Urind, some specimens were transferred to the carbonation
a CQ chamber was constructed. The G@mosphere was ~C¢hamber and some were placed in laboratory's et
created using compressed C@as supply. A fan was measurement of the depth of carbona_ltlor_1, a PH indicator
provided in the chamber to circulate the LC@ithin the solution (made of 1% phenolphthalein in a 70% ethyl
chamber. Specimen racks made of steel bars were provideg/coho! solution) was sprayed on the fractured surface of
on all four walls. In the chamber, air is conditioned to @ CO CONCréte specimens. After spraying this solution, the area

content of 3%, relative humidity (RH) of 65 to 95 % and that turned pink was considered non-carbonated, and the
temperature of 25 to 35 °C. area that did not show discoloration was considered

carbonated [5].
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For chloride penetration test, 12in x 12in x 3.5in plain  According to experimental results, the compressive
concrete slabs were prepared without Pozzolan and 10%strength significantly developed when cement replacement
20%, 30% cement replacement by Pozzolan according toby 0% to 20% pozzolan. Moreover, then, the compressive
ASTM C 1543. After slabs were moist cured for 14 days and strength also increased when the age of concrete with
stored in a drying room for 28 daythe sides of the slabs pozzolan increased. In 30% pozzolan replacement, the
were coated with epoxy. And then slabs are ponding with 3compressive strength of concrete is slightly decreased than
percent by mass NaCl solution. After the ponding period, 20 % replacement. So, 20% of pozzolan replacement is
samples are taken at four depths between 10mm and 65mnfptimized value for the highest strength of concrete than
These samples can be either cores or powder obtained aftegoncrete without pozzolan.
drilling with a rotary hammer-drill. Testing chloride TABLE VI
percentage in concrete powder samples follows according to . AVERAGE COMPRESSIONTESTRESULTS OFPOZZOLAN 0% TO 30%

ASTM C 1152.

7 Day 28 Day 56 Day

TABLE V Pozzolan | Average Average | Average | 90 Day Average
. MATERIAL COMPONENTS ANDAMOUNTS USED TOPRODUCE % Strength | Strength | Strength | Strength (MPa)
CONCRETESAMPLES (MPa) (MPa) (MPa)
Pozzolan replacement of cement i
Component P Specific 0 23.7 32.8 33.6 355
0% | 10% | 20%| 30%| Gravity
10 21.8 34.2 36.6 39.2
Cement (kg/r) 384 | 3456/ 307.7 2688 3.1 20 26.7 35.2 37.9 42,7
Pozzolan (kg/i) | O | 384 | 76.8| 1152 28 30 17.9 30.7 34.2 37.4
Fine Aggregate
(kg/m?) 641 641 641 641 25 % 50
Coarse g 8 7-days
Aggregate 1113 | 1113| 1113 1113 2.6 3 M
(kg/m) 0T Q i 28-days
=0 \
Water (kg/m) 180 | 180 180 180| 1 é = ;: 0 56-days
g Q ™ 90-days
o )
o .

PozzolaPozzola®ozzolafPozzolan
0% 10% 20% 30%

Fig 4. Comparison of Compressive Strength Test Results of Pozzolan
0% to 30%.

B. Carbonation Test Resultsin Natural Condition

At the end of the conditioning period, three concrete
beams per each mix were split open and tested with
phenolphthalein indicators to determine the area of
carbonation. Specimens in the chamber were tested about 28
days, 56 days and 90 days interval. Carbonation area
measurements of samples in the chamber at age 28 days, 56
days and 90 days are shown in Figure 5, Figure 6 and Figure
7 respectively. Figure 8 show comparison of carbonation
area percentage

Concrete made without pozzolan did not appear in
carbonation at all age. Figure 8 indicated that the area of

Fig 3. Preparation of Samples for Chloride Penetration Testing, (a) Slabs

are Coated with Epoxy; (b) Slabs are Ponding with 3% NaCl Solution Ca_‘rbonat'_on was significantly increased when concrete

mixed with pozzolan 10%, 20%, and 30%. The area of
ll. RESULT AND DISCUSSION carbonation increased as the amount of pozzolan increased.

The rate of carbonation was highest in concrete made with

A. Compressive Srength Test Results 30% cement replacement by pozzolan at all age. Therefore,

In this research, we choose conventional concrete gradecarbonation depends on pozzolan percentage and age of
25 and then mix with cement replacement material asconcrete.
pozzolan (10%, 20%, and 30%). Figure 4 shows
compressive strength test results of pozzolan 0% to 30%.
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(a) Pozzolan 0% (b) Pozzolan 10% (c) Pozzolan20% (d) Pozzolan30%

Fig. 5. Carbonation Area Measurement of Samples in Chamber at Age 28 Days

(b) Pozzolan 10% (c) Pozzolan20% (d) Pozzolan30

(a) Pozzolan 0%

Fig. 6. Carbonation Area Measurement of Samples in Chamber at Age 56 Days

(a) Pozzolan 0% (b) Pozzolan 10% (c) Pozzolan20% (d) Pozzolan30

Fig 7. Carbonation Area Measurement of Samples in Chamber at Age 90 Days

C. Carbonation Test Resultsin Chamber

After 3 months and 6 months in the natural condition,
samples were also split open for reading carbonation areas.
The dry surfaces of samples were sprayed with 1% solution
of phenolphthalein in alcohol. Moreover, then, the areas of
carbonation were measured and numerically averaged.
Figure 9 and Figure 10 show carbonation area measurement
of samples in natural condition at age 3-month and 6-month.
Figure 11 show comparison of carbonation area percentage
26 Day 56 Day % Day in natural condition.

@ n0zZO0lan 0% e=fi== P0zz0lan 10 %
e Pozz0lan 20% eyt P0zZ0laN 30%

Carbonation Area (%)
o
o

Fig. 8. Comparison of Carbonation Area Percentage

(a) Pozzolan 0% (b) Pozzolan 10% (d) Pozzolan30

Fig 9. Carbonation Area Measurement of Samples in Natural Condition at Age 3-Months

(a) Pozzolan 0% (b) Pozzolan 10% (c) Pozzolan20% (d) Pozzolan30

Fig 10. Carbonation Area Measurement of Samples in Natural Condition at Age 6-Months

At age 3 months, concrete made without pozzolan did notfound to be more than that of 10% and 20% replacement
show carbonation. Samples made with pozzolan 10% andevel. After 6 months period, pozzolan 0% samples were
20% did not appear too much difference in carbonation. Thestarted to carbonation. The carbonation area increased when
carbonation area for 30% pozzolan instead of cement waghe amount of pozzolan increased.

1052



TABLE VIII

lg_ﬁ' o CHLORIDE CONTENT, % BY MASS OFCONCRETE AFTERPONDING PERIOD
20
&5 . Pozzolan | Pozzolan| Pozzolan
3 I—? Age Depth Plain 10% 20% 30%
- ;9 0.5in 0.12 0.18 0.18 0.18
2 & 331
3 E‘S 2.6 1.0in 0.12 0.12 0.12 0.12
E 5 28
" 15in 0.12 0.12 0.12 0.12
E 4 384 3 Days _
E £ Ll R 2.0in 0.12 0.12 0.12 0.12
g 2 — .
= :lu.g ” 25in 0.12 0.12 0.12 0.12
1'5_13' i 0.5in 0.24 0.24 0.2 0.23
Rt Kt 56 1.0in 0.24 0.21 0.17 0.17
pozzolan 0% B T Days 1.5in 0.21 0.21 0.18 0.15
Pozzolan 208 s=tde Porzzorlan 30%% 2.0in 0.21 0.19 0.18 0.15
Fig 11. Comparison of Carbonation Area Percentage in Natural Condition 25in 0.19 0.17 0.14 0.12
0.5in 0.36 0.32 0.29 0.26
D. Compressive Strength Results after Carbonation N 5T o3 o2 039 03
After carbonation, samples from carbonation chamber are | P®° =559 FE 036 518
cut and tested compressive strength. Compressive strength

results after carbonation of pozzolan 0% to 30% are shown

in Table 7 and comparison of compressive test results aftel Oié

carbonation of pozzolan 0% to 30% as shown in Figure 12.

According to these results, the more substantial pozzolan
contents, the more carbonation increased and the less th

compressive strength along with time.

E. Chloride Penetration Test Results

After 28 days, 56 days, 90 days ponding period, samples  0.04
are taken at five depths between 0.5 in and 2.5 in. The 002
chloride data results after 28 days, 56 days and 90 days 0
ponding periods are shown in Table 8. Chloride contents in
different pozzolan replacement are compared in Figure 13,

Figure 14 and Figure 15 respectively

40
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20
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10

Clompressive Strength (MPa)

|
e

o

o

o

% 7

TS

0 28-davs
B56-davs
B90-davs

Fig 12. Comparison of Compressive Test Results after Carbonation

Pozzolan Pozzolan Pozzolan

0% 10%

of Pozzolan 0% to 30%.

Pozzolan

20% 30%

TABLE VII
COMPRESSIVESTRENGTHRESULTS AFTERCARBONATION OF POZZOLAN
0%T10 30%

Pozzolan| 28 Day Average| 56 Day Average| 90 Day Average
(%) Strength (MPa) | Strength (MPa)| Strength (MPa)
0% 35.1 34.6 31.8
10% 33.3 31.5 28.9
20% 325 28.9 26
30% 29.2 27.1 24.4
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Fig. 13. Chloride Content after 28 Days Ponding Period
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Pozzolan 0%  Pozzolan Pozzolan  Pozzolan 30
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Fig. 14. Chloride Content after 56 Days Ponding Period

After 28 days ponding period, chloride contents of the
conventional concrete without pozzolan are same for all
depths. In cement replacement by pozzolan (10%, 20%, and
30%), the chloride contents at 0.5 in depth are higher than
the other depths. It can be initial absorption effect of
pozzolana concrete. After 56 days and 90 days ponding
period, the chloride contents for all concrete decreased when
the depths increased. Chloride ion penetration slightly
decreased when the amount of pozzolan increased.
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Fig. 15. Chloride Content after 90 Days Ponding Period (3]
[4]

IV. CONCLUSIONS

According to the results of this investigation which have g
been discussed above, the following conclusions can be
drawn. The compressive strength developed at age 28 daysl]
when the replacement percentage of cement by pozzolan
increased to 20% instead of cement than without pozzolan. (7]
So, 20% of pozzolan replacement is optimized value for the
highest strength of concrete than concrete without pozzolan.

The compressive strength also increased when the age oft®l
concrete with pozzolan increased till 90 days, the
experimental time. The chloride ion penetration slightly
decreased when the amount of pozzolan increased. The rate]
of carbonation increased as cement replacement by pozzolan
increased from O to 30%.

The compressive strength of concrete has been reduced
because of carbonation process. The compressive strength[lo]
more decreased when the time of carbonation longed. For
considering long-term durability, the larger amount of

supplementary cementing materials such as pozzolan should[11]

not be used in RC structures without the testing rate of
reinforced steel corrosion because it can be increased the
area of carbonation, although pozzolan is suitable for plain 12]
concrete structures such as dam, pavement. However, used[
pozzolan instead of cement is suitable for marine
environment structures because it can reduce the chloride
penetration.

(23]
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