CHAPTER VI
CONCLUSIONS

6.1 Summary:

The current study consists of two major parts. The first involves studying the
effects of pozzolan (.fI%/ ash and rice husk ash) on the resistance of concrete structure to
chloride ingress, which in turn the chloride diffusion coefficient. The second relates to
the .ar)phcatmn of the proposed expressions of chloride diffusion coefficient. In order to
fulfill these two tasks, the modified Nordtest NT Build 492 is employed. The reason why
the test set up of Nordtest NT Build 492 has to modify is due to the occurring of leaking
and short circuit. About total 123 concrete specimens are test at 28 days with different
water binder ratio, percent of fly ash and percent of rice husk ash:

v Water binder ratio: 0.4, 0.5 and 0.6

v Ordinary Portland cement: 100%

v Partially replacement of Portland cement by fly ash: 15%, 25% and 35%

v Partially replacement of Portland cement by rice husk ash: 5%, 10% and 15%

v Ternary blend: 15% fly ash + 5% rice husk ash, 15% fly ash + 10% rice husk ash,
25% fly ash + 5% rice husk ash and 25% fly ash + 10% rice husk ash

~In-addition, four different expressions of chloride diffusion coefficient for each
particular case are proposed as follows:

1) Forordinary Portland cement case:

Dl = 25.28 - 71.98x(w/b) + 172.5x(w/b)z

2) Forcase ofadding fly ash:

-3.02xFA + 5.53*FA2 - 3.24*FA3)

DFA= Dope x e(
3) Forcase of adding rice husk ash:

-20.1XRHA+ 100.88XRHA2 - 127.54*RHA3)

(
Drha= D(p:xe
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4) For case of triple blend:

93.7*RHAxFA-255.8xRHAXFA2 -550.6xRHA2 xFA+1091.9xRHA2 *FA2

"Triple  0pOx kpAxk RHA X0'

Where: R N

D = Chloride diffusion coefficient.

wib = Water binder ratio.

FA = Percent of partial replacement of Portland cement by fly ash,

RHA = Percent of partial replacement of Portland cement’by rice husk ash.

ktA = Factor that takes in account the influgnce of fly ash and sand content,
- e(-3.02xFA+5.53xFA2-3.24XFA31

KRHA = Fac%ortthat takes in account the influence of rice husk ash and sand
content,

- e(-20.1XRHA+100.88XRHA2- 127.54XRHAL)

Unintentionally, the factor kra and krHA also take in account the influence of
sand content due to vary of sand content in mix proportion. However, hecause as it is said
earlier, the objective ofthe current study is only about the impact of fly ash and rice husk
ash, the effect’of sand content in factor kfa and'kruA is not considered.

 Finally, two_study cases of concrete structure in Thailand and Vietnam
environment aré investigated and the results are presented as follows:

Water ~ Cover Rebar Initial Total

Case stud Binder  thickness ~ dimension fime  FrOPA%alON - qoriice e
Lserm Ph ké' o (om) (om) (ear) M &ear) (vear)
agm Phak Bia
%Oje%’] Tga.iéand 0.42 50 32 43.6 1.66 45.30
an Tho bridge,

Vo 055 0 2 21 302 3.1

6.2 Conclusions:;

~ Undoubtedly, chloride diffusion coefficient is the most important characteristic
determining the long; term d,urab|l|t¥ of concrete exposed to sea water, especially to the
chloride ingress. This coefficient ror]gly d,e()ends on water binder ratio. The smaller
water binder ratio is, the lower chloride” diffusion coefficient is, therefore the higher
chloride resistance of concrete structure,

~ Furthermore, chloride diffusion coefficient also decreases with the IarEe amount
of FarUaIIy replacement of Portland c,ement_bY pozzolan, especially by rice husk ash. The
influgnce 'of rice husk ash on chloride resistance is very sHmflcant even though with
small amount of rice husk ash, about 5 percent for instance. However, with [arge amount
of rice husk ash, for example 15 percent in the current study, the chloride  diffusion
coefficient seems not to decrease much in compared with 10 percent, or sometimes even
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increase the chloride diffusion coefficient, for example with high water binder ratio 0.6,
Thte,ref?re,“t is recommended that 10 percent of replacement by rice husk ash is the
optimal value.

Similarly, fly ash has huge impact on decrease chloride diffusion coefficient as
well. For instance, increase fly ash from 15 percent to 25 percent will reduce chloride
ﬁenetrathn about 25 percent, However, the influence of fly ash in compared with rice

usk ash is not strong due to its low pozzolanic reactivity at the early age,

- Like two previous cases, ternary blend have also significant effect on reducing
chloride diffysion coefficient. With maximum 35 ﬁercent of replacement of fly ash an
15 percent of replacement of rice husk ash and with water binder ratio 0.4, the minimum
chloride diffusion coefficient can be achieved. In addition, due to the flexibility in
adJustm% the amount of fly ash and rice husk ash in ternary blend in order to obtain the
same chloride diffusion coefficient, different mix proportion can be introduced when
consider another phenomenon hesides chloride ingress. For example, when consider the
freezmg and thawing attack besides the chloride ingress, the amount of fly ash should be
reduced as much as possible if the carbon content in fly ash is high. Similarly, the amount
of fly ash should be adjusted at reasonable level when Include the sulfate attack due to the
high” amount of aluminum oxide content. Conversely, if strength is also one of the
important criteria, the amount of rice husk ash should not be more than 10 percent,
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In addition, in ternary blend case, it can also concluded that at the early age
days, the decrease of chloride diffusion coefficient is only due to the effect of nee™h
ash and fly ash has no significant influence, However, at the later age 91 days
instance, both fly ash and rice husk ash affect the reduce of chloride diffusion coeffici

8
k
[
ent.

Regarding to the proposed expressions, we should pay attention when applying
the expression in flﬁ ash case with high water binder ratio 0f 0.6 and high partially

replaced amount of fly ash of up to 25% and 35%. And in ternary hlend case, we should
also be careful when using the expression with high water binder ratio 0 0.6,

_ Finally, from the results of application of proposed expression of chloride
diffusion coefficient for two case studies in Thailand and Vietnam, obviously the local
maring environment, particularly the chloride concentration in sea water has Significant
influence on the service life “of concrete structures. Generally speaking, concrete
structures submerged in Vietnam marine environment has the shorter service life than
that with the same design properties submerged in Thailand marine environment due to
the higher chloride concentration in sea water

6.3 Limitations:
Due to the time restraint of the current work and the complicated mechanism of

chloride diffusion process, there are some limitations in the proposed expressions as well
as their application.
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Firstof all, the current experiment is conducted only at the early age 28 days
which does not show the effect of fly ash on chloride diffusion coefficient significantly.

Secondly, the chloride binding isotherm is skipped which in turn ignoring the
cement content parameter,

Thirdly, th,eéJroposed expressions of chloride diffusion coefficient for pozzolan
case are only applied with the case of partially replacement of Portland cement by
egulvalent mass ofgozzolan (fly ash and rice husk in the current study), not the case of
adding pozzolan to Portland cement,

Next, unintentionally, the factor kpA and krra also take in account the influence
of sand content due to vary of sand content in mix proportion. However, because as it is
said earlier, the ob{ectlve of the current dy is only about the impact of fly ash, the
effect of sand content in factor xkpa Will n0t be considered and investigated in the

proposed expressions of chloride diffusion coefficient.

o Fmallr,_re?ar_dmg the application, the proposed expressions of chloride
diffusion coefficient is only valid for concrete structee submer%}ed_ N marine
environment. If the structure™is investigated in the other zone, the chloride diffusion
coefficient may be lower than in submerged zone because in completely sateated
condition, the cthloride ions can move easier and faster than in unsatoated condition.
Therefore, in that case, an adjust factor is required.

6.4 Recommendations:

_ Based on the application of theJ)roposed expressions of chloride diffusion
coefficient, some recommendations can be arawn out for a certain concrete structures in
local environment. First of all, if the service life of a certain concrete structures
submerged completely in Thailand marine environment is expected 50 years, the water
binder ratio should not be more than 0.41 with the cover thickness 50 mm and without
Earnallg replacement by pozzolan. Similarly, the water binder ratio should not be more
han 0.38 for a certain concrete strucmre with the same design properties submerged in
Vietnam marine environment,

, In addition, because the current work only investigated the effect of fly ash and
rice husk ash on chloride diffusion coefficient at the early age 28 days, it is not sufficient
for consider the application of the proposed GX{JTGSSIOHS in“long term, for example after
91 days. Therefore, another  dy conducted with the same approach but after 91 days is
necessary in order to  !fill the whole application of proposed expressions of chloride
diffusion coefficient in practice.

~ Finally, due to the limitations described earlier, the proposed expressions of
chloride diffusion coefficient as well as the application need more developments in the
re, particularly taking in account the chloride binding isotherm or the cement content,
Moreover, the current ~ dy also recommends a separate investigation of sand content
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and percent of partial replacement of ordinary Portland cement by pozzolan in proposed
expressions of chloride diffusion coefficient. Furthermore, chloride ingress governed br
the diffusion process is a complex phenomenon which is related to manY parameters, [t
means that more parameters such as humidity, the volume and shape ot aggregate, the
temperature or the execution of concrete structure should be considered in order to
understand fully about the chloride diffusion mechanism and to achieve the complete
expression for predicting chloride diffusion coefficient,
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