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SYNOPSIS
This dissertation presents details of the study of how
aggressive environments affect concrete durability with
particular reference to the structural concrete at the Federal
Superphosphate Fertilizer Company Limited, ¥Xaduna, and the anidic

(H,50,} @nvironment to which it is exposed by virtue o7 the

4
production procefses,

It has been established from available literature that there
exist three types of aggiessive environments in relation to
concrete durability. These are chemical, physical and biological
with the degree of aggressivity decreasing in that order. 7t has
furthesr been established that the durability of concrete is
affected more adversely under hot weather conditions than coid
weather conditions in a chemically aggressive environment., Thisg
ig by virtue of the fact that the devastation reaction like most
chemical reactions is accelerated by hich temperatures.

In the experimental investigation, chemical analysis aof soil

sampies from selected locations at the case study site together

with the observed nature of the devastation have diagnosed the

sulphuric acid rich environment as the main cause of the
devastation. Non - destructive testing using the pundit ifester
has ascertained the severe devastation the structure has
undergone with +the structural concr;te bhaving a residual
compreseive strength of ahout one - quarter the initial strength.

In simulating the site conditions, the ages of +#aitzl
immersion in sulphuric acid (46 .31% concentration) of concrete

cubes (40N{mmi) was varied for 7, 14, 21 and 28 days. T' wais

touid that the losses in weight, density and strength of boti “l=

xvi



uncoated and bitumen coated concretes took place rapidly
initially but at later ages diminished progressively as a resuit‘
of the reduced cement surface the acid can attack. I+ wa=s also
fouad that the loses in weight, density and compressive strernath
of a bitumen coated concrete subjected to sulphuric acid attack—
took place more sleowly in comparison with an uncoated concrete
ini-ially. However, this trend reversed at later ages as a rasult
of the dissolved bitumen incireasing the acidity of the attacking
medium. :

Overall, it was found that the structural concretes in the

tested areas at the case study site have become structually

unsafe.

xvii
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CHAPTER ONE

1.1 GENFERAL INTRODUCTION

Structural concrete is today, one of the principal
construction materials that has gained world wide wsaaes, 2s 23
construction material, it has done creditably well vet fnstancen
abound where it has failed to achieve the desired durahility
performance. Most of the works done by early researchers have .

always attributed this non attainment of desired performance to

poor workmanship, its constituent materials and the propartion

‘n which they are mixed without giving due consideration ta—+pe——0

tvpe of environment in which the concrete has beena mixed, placed,
curizd and is subsequently expected to function.

Perhaps not so obvious but of a more severe nature is the
deviastation rconcrete suffers when putito uge in an aguressjve
=nv.ronment. This is particularly so for concrete in acidic,
suluhate, chloride and marine polluted environments, Because of
the chemically biased nature of the devastation Ethese
environments make concrete underqgo, they are referred ta ar
chemically aggressive environments as far as concrete durability
is concerned. The devastation is a consequence of the reacticn
produced between the chemical radicals prevalent in =uch an
environment and the products of cement hydration in concrete.

The last three decades in Nigeria as indeed most of the
developing nations of the world has witnessed a proliferation of
industrial activities. Most of these industries are either wholly
chemically biased in their products or use one form of chemical

or the other in production. The fact that such chemicals verv



often come in contact with the structural concrete need not be
over - emphasized, It is & well known fact +too, that high
temperatures accelerate the rate of many chemical reactions, This
15 true for both the hydration reaction of cement in structural
concrete and for the reaction of the chemicals which attack
concrete.

The case study site of +this research; The %edaral
Superphosphate Fertilizer Company Limited, Kaduna, is one of such
industrial complexes in which the structural concrete is in
contact with an environment that is chemically polluted., Handling
of the constituents of the fertilizer and the fertilizer itself
within the factory premises often results in spillage. During
the rainy seasons, this spilled fertilizer gets dissolved and the
dissolved solution percolates into the ground and with time,
seeps into the structural concrete. A mere visual inspection of
the case study site reveals devastating attributes such as
cracks, discoloé}ations, di:placements, pop-outs, exudations,
dissolved cement etc that are usually associated with structural
concrete when put to use in an environment that is chemically
aggressive, Tt therefore, came as no surprise when some time
back, some newspapers reported that the Federal Superphosphate
Fertilizer Company Limited, Xaduna, was being confronted by

serious civil engineering (structural) problems.

1.2 LJUSTIFICATION OF RESEARCH
As stated above, Nigeria as indeed most of the developing
nations of the world fall into the hot - dry climate where the

climatic conditions make the devastation of structural concrete



in chemically aggressive environments most severe as a result of
the high temperatures which accelerate the devastation reaction.
Hot - dry climates are characterized by aridity, high day - time
summer btemperatures and frequently by high wind velocities. The
maximum summer temperatures are in the region of 40°c- 50°c,
while the minimum may be around 15°% - 25° ¢. The relative
humidity fluctuates with the air temperature ranging from
approximately 20% — 30% in the afternocon and from approximately
30% - 50% at night“. Hot -~ dry regions are found in the sub-
tropical regions of Africa, *he Middle East, Central and Western
Asia, North - Western and Southern Ameriica. However, despite the
severity of the problem in these regions, it is probably least
understood in +these i1egions which encompass most of the
dev:loping nations of the world with their characteristic lack
of resources and technical expertise., Therefore, a thorough
understanding of the problem with the aim of checking it in
Nigeria which by implication can be extended to any of the
nations in the hot dry climatic regions of the world becomes more
important than ever before. This has to be so if industrial
structural concrete that is prone to come into contact with a
chemically aggressive environment is to attain it's desired life

span.

1.2 OBJECTIVES OF RESEARCH

This.research has as its main objective, the assessment of
the durability of structural concrete in a chemically polluted
vnvironment.

The ancillary objectives include:
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(1) A chemical analysis of the so0il at the case study
site for possible identification of the corrosion
radicals present in the environment.

(ii) Examination by simulations in the laboratory of
equivalent aggressive environments. This will
facilitate comparison with the control specimens.

(iii) Assessing the probable future of the structural concrete
at the case study site.

(iv) Codification of results and publication in engineering

journals for knowledge dispensation.

1.4 SCOPE

It is a widely recognized fact that concrete compressive
strength is the singul «r most importa.t yardstick of concrete
durability. Concrete is also known to be weak in tension. To make
up ‘or this weakness, it is usual to reinforce the concrete in
the tension zone. Existing literatures have established that the
tensile strength of concrete is only about ten percent of its
compressive strength. From the above, the reason for *le
preference of concrete compressive strength and not concrete
tensile strength as an index of concrete durability need not be
over — emphasized. In the light of this therefore, the durability

assessment of concrete is restricted to concrete compressive

strength in this research.

1.5 METHODOLOGY
For the purpose of s'rength assessment as an index of

durability, non destructive testing techniques will be employed.
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The corrosion radicals present at the case study site will be

idertified using the quantitative technique of chemical analysis.



CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 THTRODUCTION

The durability of concrete is defined as' its resistance to
deteriorating influences which may through inadvertence or
inorance reside in the conrrete itself, or which are inhevent
in the environment to which it is exp?sed. Though strength is
=311y econsidered as *he yardstick ti judge concrete quality

when concrate is exposed to aggressive environments its

per "ormance is dependent to a greater extent on its durability

tixzinst the enpvironmental conditions than on its strenath
pronarty.

Lea’ and Neville” have identified three tvnes 3
environments as being potentially aggressive to concrete. These

are the chemical, physical and biological with the degrees of
agaressivity decreasing in that order.

It is known that aggressive eavironments are more common in
hot-arid regions than cold regions. Thus, concrete structures
exposed to such environments are liable to deterioration and may
never ful fil their designed life., High temperatures coupled with
these environments make conc.ete structures even more vinlnsrables

o deterioration with timen. Therefore, a lFknowledge of

)
durability is of great practical significance =0 that adequate
measures can he taken to minimize the deterioration of concrets

sty istures in such environments.

T+ has bheen observed that the deterioration of concrete i=

very rarely due to one isolated cause'’. Therefore it is




difficult to hold a single factor as being responsible for
cencrete deterioration in a given situation. It is however
possible to identify the factor that plays a domineering role in
the deterioration.

As stated above, the potentially aggressive environments to
ccnecrete are the chemical, physical and biological. This chapter
is devoted to the review of influences of +these varied
ervironments on concrete dvrability being the main theme of this
project. Some precautionary measures as well as methods of

maintaining designed durability are elso discussed.

2 2 CONCRETE IN CHEMICALLY AGGRESSIVE ENVIRONMENTS

The resistance of concrete to attack by chemical agents is
generally lower than to other forms of attack™, This is quite
fortunate since only a small proportion of the concrete used in
practice is exposed to serious chemical attack. Chemical attack
i« generally common only to industrial structural concrete where
as a result of negligence or inadvertence, potentially aggressive
ctemicals are bound to come 3in contact with the structural
concrete.

Dry concrete is generally immune +o attack by dry

chemicalsu'n.

It is also highly resistant to many chemicals in
solution. However, a coinsiderable number of chemicals in
solution will attack concrete!’. When concrete is attacked by a
chemical solution, th~ rate and extent of deterioration generally

depends on the nature and concentration of substance in the

sslution in contact with the concrete, the temperature and



pressure of the solution , and i~portantly, on the quality of the
cecncrete as measured primarily but not solely by its
permeability.

The more common forms of chemical attack are the action of
sulphates, chlorides, seawater, acids and gases on concrete. The
effect of these on concrete durability will be considered

hereafter.

2.2.1 SULPHATE ATTACK ON CONCRETE

Solid sulphates do not attack concrete but when present in
solution, they can react with the hardened cement pasten.
Sulphate solutions which have shown appreciable deterioration
effects on concrete are those of ammonia, aluminum, calcium,

cobalt, copper, iron, magnesium, nickel, potassium, sodium and
i

zinc*. However, of this lot, the calcium, sodium and magnesium
sulphates are the most common and occur naturally in many
warts of the world as alkali soils. Therefore, attack takes

place if concrete slabs, foundations and other structures are
laid in contact with such sulphate bearing soils and ground
water, Concrete is also prone to attack from sulphate in
industries where the use of sulphates is employed. The use of
ammonium sulphate 1n the ammonia fertilizer industry readily
comes to the mind.

The sulphate surrounding concrete reacts with the products
of cement hydration in the concrete and forms compounds which are

known to have a greater volume than the compounds they replaceL

8,19 5 This means that the reaction with sulphate lezas to

expansion and disruption of concrete.



Concrete attacked by sulphate has a characteristic whitish
appearance. The damage usually starts at edges and corners and
is followed by progressive cracking and spalling which reduces

the concrete o a friable or even soft state“.

Various investigators’ 16,19, 23, 28

have convergent views on
tht chemistry and mechanism behind the deterioration of concrete
in a sulphate infested environment. For brevity, the chemistry
and mechanism behind the deterioration of concrete in calcium,
sodium and magnesium sulphates will be presented. A
consideration of the influences these sulphate exert on concrete
is an almost exhaustive representation of the influence of
sulphates on concrete'! because all the other sulphates react
with concrete in very much the same way as one of these three.

Sodium sulphate can attack concrete by reacting with the
free calcium hydroxide and the hydrated calcium aluminate to form
gypsum and the caicium sulphoaluminate also called the ettringite
respectively. The reaction between sodium sulphate and the free
calcium hydroxide in set cement can he formulated as follows'®:
Ca(oH), + Na, §0,.10H,0 -> CaS0,.2H,0

+ 2NaOH + 8H,0 - (1)

Th ' extent to which the reaction (1) proceeds depends on the
condition, In flowing water with a constant supply of sodium
. sulphate and removal of sodium hydroxide, it will eventually
proceed to completion, If however, the sodium hydroxidz
accumulates, an equilibrium is reached depending on the sodium
sulphate concentration’’, = Test conducted by Lea'’ are in

agreement with the above assertion. The test results showed that

with 5 per cent sodium sulphate snlution, only about one - third
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of the sulphur trioxide is deposited as calcium sulphate when
equilibrium is reached and with 2 per cent sodium sulphate only
about one-fifth.

Sodium sulphate can also attack concrete by reacting with
the hydrated calcium aluminate. The chemistry of the attack is
thus'?:

:’.(3Ca0.ﬂ1203.12H20) + 3(N’a230‘.10H20) -D

3CaOAl1,0,.31H,0 + 2A1(OH), + 6NaOH + 17Hp0 = (2)

Jalcium sulphate however, does not react with the free calcium
hydroxide in set cement?’’, It attacks concrete by reacting with
the hydrated calcium aluminate in the set cement. The chemistry
of the reaction is as follows':

3Ca0.}\1103.12H:0 + S(Casoi.ZHIO) +* 13H10 -2

3Ca0.Al,0.3Cas0,.31H,0 - (3).

In the reaction (1) the conversion of calcium hydroxide to gypsum
more than doubles the solid volume, the respective molecular
volumes of calcium hydroxide and gypsum being 33.2 and 74.3 cc.
The combination of the hydrated calcium aluminate and gypsum to
form calcium sulphocalumina the ettringite is accompanied by a
rather smaller increase in solid volume., This reaction accounts
for the expansion and disruption of concrete and mortars when
attacked by these sulphates’ '*, |

The alkali sulphates do not attack the hydraﬁed calcium
silicate to any appreciable extent!’ because they are more
insoluble than the calcium sulphate and the alkali silicates that
would result, The calcium hydroxide liberated in the setting of
tri-and dicalcium silicates reacts according to the reaction (1)

above. Thus, in sodium sulphate snlution, crystals of gypsum are

10



soon formed from tricalcium silicate but with dicalcium silicate
the reaction proceeds much more slowly corresponding with the
very slow rate at which this compound svlits of calcium hydroxide
in water.

Magnesium sulphate has a far more reaching action than other
sulphates and decomposes the hydrated calcium silicates in
addition to reacting with the free calcium hydroxide and the
hydrated calcium aluminate in the set cement. The reaction of
magnesium sulphate and the calcium hydroxide occurs in exactly
the same way as the reaction of (1) above.

Magnesium sulphate has initially a similar action to that
of the other sulphates on the hydrated calcium aluminates, and
calcium sulphoaluminate (ettringite) is first formed together
with magnesium hydroxide. The calcium sulphoalminate is itself
however unstable in the presence of magnesium sulphate
solution'’, and by the continued action of this salt, it is
ultimately decomposed again to form gypsum, hydrated alumina and
magnesium hydroxide, Tﬂis action must be attributed to the PH
value of the saturated magnesium hydroxide solution being below
that required to stabilize calcium sulphoaluminate. It can be
seen to occur if calciumsulphoaluminate is placed in a magnesium
sulphate solution, when crystals of gypsum gradually form. The
external skin of cement mortars which have been exposed for a
fairly long period to the action of magnesium sulphate solution
sometimes appears quite free from calcium sulphoaluminate
crystals, while gypsum is present in large amounts. In the

interior of the mortar, where a<cess of the solution has heen

much slower, both calcium sulhoaluminate and gypsum are formed,

5 )



If tri- or dicalcium silicate is placed in a magnesium
sulphate solution, the formation of gypsum crystals occurs
rapidly. The reaction between the tricalcium silicate hydrat»

and magnesium sulphate can be formed as follows'’

3Ca0.25102.aq + HgSO‘.’ZH]O -3 Ca504.2H10 +Hg(0H):

+Sioraq - (4)
Because of the very low solubilfty of magnesium hydroxide, the
above reaction proceeds to cnmpletion” so that under certaiﬁ
conditions, the attack by magnesium sulphate is more severe than

by other sulphate. Lea'?

agrees with the above assertion but
says there is more to it chan Just the low solubility of the
magnesium hydroxide. According to him, the reasons why the above
action proceed comple’ely while with sodium sulphate, it does not
occur is to be found i the low solubility of magnesium hydroxide
a.d the resulting low PH value of its saturated solution, It is
soluble only to the extent of about 0.01lgm per litre and its
saturated solution has a.PH value of about 10.5. This is lower
than the PH required to stabilize the hydrated calcium silicate.
The silicate liberates lime to the solution to establish its
equilibrium PH but when magnesium sulphate is present, the lime
reacts with it forming magnesium hydroxide and calcium sulphate.
The former at once separates frrm solution reducing the PH value
to 10.5 again; more lime passes into solution by decomposition
of a further part of the hydrated calcium silicate to re-
establish the PH and so the action proceeds. The calcium sulphate
accumulates in solution u,til it becomes saturated and crystals
of gypsum then separate out.

There is eviden e that the abov. equation is not the end of

12



the above reaction (4), for Steopoe32 has found that magnesium
hydroxide and the silica gel can react very slowly tec form a
hydrated magnesium silicate, This seem to be confirmed by Cole’
by the finding in a deteriorated concrete seawall of a soft white
material which proved to have a composition approximating to
4Mg0.510,.8.5H,0. This hydrated magnesium silica appears to have
no binding power in contrast to the silica gell9, and its
formation represents therefore, a final stage in the detoriation
of concrete attacked by magnesium sulphate sclution.

An assessment of +the probable severity of attack of
sulphates on concrete is primarily Dbased either on a
determination of the percantége of sulphates (as $0,) present in
the soil, or a determination of the guantity of sulphates (as
$0,) present in the ground water. The analysis should also
indicate the metal radicals present in conjunction with the
sulphate and the PH value of the soil or ground water!®,

The best assessment of Sulphate influence on concrete is by
long time exposure. However situation arise in which results are
needed in weeks or even days. For this reason, a number of
accelerated test techniques have been advocated. This basically
involves increasing the concentration of the sulphate attacking
medium or/and lowering the quality of the concrete 1,19, 83, 1§

Tests conducted by Hcmillan.et al’! in canada on 1.6 sand
nortar, stored in sodium sulphate solution showed an expansion
of about 0,01 percent after four weeks. Tests on 1,3 mortar bars
immersed in a 0.15 mortar solution of sodium sulphate showed an
appreciable decrease in tensile strength as the time in the

solution increases as shown in figure 2.1, Neville®., It can be

13



seen from the graph that there is an initial increase in strength
which can be attribut.-d to the filliny of the concrete voids by
crystals which increase the density and hence the strength. But
tle growth and expansion of the crystals are limited by the sizes
of the voids, and this will lead to the formation of internal
stresses which ultimately leads to the reduction in strength.
van Aardt’’ who investigated dimensional changes of 1:3
mortar (Pertland Cement: sand) in an aggressive environment of
sulvhate rich brine solutions found that expansion takes place
as the time in the solution increases, as shown in figure 2.2.
From +this figure, it can be seen that different sulphate
solutions cause dimensional changes by +the same amount in
different times, ammonium sulphate causes appreciable expansion

after a very short period of the time.
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Fig 2.1: Btrength of 1:3 Mortar Bars Stored in a 0.15

Molar Solution of Na2804
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The rate of sulph.te attack increases as the strength of the

solution increases. However, Lea.Ig

found that beyond a
coxcentration of about 0,5 percent magnesium sulphate or 1
percent of sodium sulphate the rate of increase in the intensity
of the attack starts diminishing. It has also been establishea
that the rate of sulphate attack depends on the continuity of its
supply to concrete, Therefore, in designing structures
particularly, foundations in sulphate rich clays, the movement
o1 ground water has to be known so as to design the structure
accordingly.

The vulnerability of concrete to sulphate attack can be
reduced by the use of a cement low in tricalcium aluminate?
but with a higher tetracalcium aluminoferrite content,. This
would seem strange since tne tetracalcium aluminoferrite should
be capable of forming calcium sulphoaluminate and the
corresponding sulphoferrite, producing expansion. The reason for
this however, has been advanced by ciri11i® who found that when
cements containing C,A and C,AF are hydrated in the presence of
lime and calcium sulphate, the amount of calcium sulphate taken
up corresponds to the complete formation of 3Ca0.Al;0,.3CaS0,.aq
and 3Ca0.Fe,0,.3Cas0, .aq, whatever the A/F ratio of the cement,.
If however, the cement was hydrated before being exposed to the
calcium sulphate solution, the amount of sulphate taken up
steadily deceased with deceasing A/F ratio. In this case, a
solid soluticn can first be formed between tetracalcium aluminate
and ferrite, the rate of attack of which by calcium sulﬁhate

decreases with decreasing A/F ratio. The tetracalcium ferrite

is more resistant even than the solid solution and if any free
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calcium aluminate is formed, it may be protected by films of the
ferrite over it.

The resistance of concrete to sulphate attack can also be
improved by the addition of pozZﬂlanas”'zy Pozzolanas have the
effect of removing the free calcium hydroxide and rendering the
alumina bearing phase inactive®,

The resistance of concrete to sulphate attack is further
enhanced by curing in stesm under suitable conditions. Tests
conducted by Lea'’ showed that curing below 100'C does not
improve the resistance and may infac* decrease it. However at
100'c or at even lhigher temperature under pressure, the

rsistance of the concrete to sulphate attack 1is very

significantly improved.

222 ACID ATTACK ON CONCRETE

Concrete is chemically basic having a pH value of about 13,
and therefore is attacked by acids which have a pH value of less
than 7. Concrete is not resistant to strong solutions of acids
(organic or inorganic) and will definitely suffer some
deterioration by prolonged contact with acids'®, Tests conducted
by Neville® by exposing different types of portland cement to
the aggressive action of acids are in agreement with the above
assertion. The test resul's showed some deterioration within the
first three months of exposure.

Acids attack co crete or cement mortars by dissolving part
of the set cement. Acid attack on concrete or cement mortars

dgoes not lead to expansion as in sulphate solutions but

progressively weakens the material by removing the cementing:
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9.3 A soft and mushy mass is all that ultimately

constituents
reriins of a concrete or cement mortar that has been subjected
to the action of aggressive acidic media.

There are quite a goed number of acids which when in contact
with concrete will attack it. However, the more common inorganic
acids include sulphuric, hydrochloric and nitric acids. The more
common organic ones include acetic, lactic and formic acids.

In the case of the attack on concrete by an inorganic acid
such as sulphuric acids, the free calcium hydroxide is partly
leached from the concrete and partly converted to calcium
sulphate and calcium sulphoaluminatew. The chemistry for the
conversion of +the sulphuric acid to calcium sulphate for
instance, can do formulated as follow:!?

HISO“ + Ca(OH), —> CaSO, + 2H,0

When sulphuric arid attacks concrete, some of the sulphate
radicals remain in the concrete and serve to identify the acid
rcsponsible for the attack. The concrete also exhibits a
characteristic yellowish white colouration. Even with the acids
which form very soluble salts, such as hydrochloric acid with
which calcium chloride is formed, an appreciable amount of the
acid radical may be found in the concrete owing to the formation
of very complex salts like calcium chloroaluminate'?,

- Acetic acid is the principal acid in vinegar. Lactic acid
develops in sour milk and sour beer while formic acid develops
from formaldehyde., These three organic acids attack concrete
with a severity depending on cencentration and temperature.

Various physical and chemical tests on the resistance of

concrete to acids have hLee: develnped19 but there are no standard
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procedures. It is however, essential that tests are performed
under realistic conditions as when a concentrated acid is uced
the cement dissolves rapidly and no assessment of their relative
gquality is possible. For this reason, care is required in
interpreting the results of accelerated test. Tests conducted

" shows that a one percent

by Eisenbeck and reported by Lea
solution of sulphuric, hydrochloric or nitric acids will corrode
concrete deeply with a few months and much weaker soclutions
affect it more slowly.

In practice, attack or concrete by acids occurs at values
of-pH below about 6.5, For values of pH between 3 and 6, the
attack progresses at a rate approximately proportional to the
square root of time. This indicates that the governing factor
is diffusion through the residual layer of the low solubility
products of reaction which remain after calcium hydroxide has
been dissolved. Thus, it is not only pH but also the ability or
ions to be transported that influences the progress of the
attack?”. The rate of attack also decreases when aggregates have
become exposed because the vulnerable surface is smaller and the
attacking medium has to +travel around +the particles of
::u;;g1.'1t=.=.'gn?|.tt-:.:9

Artificial surface treatment of concrete with bituminous
paints, coal-tar pitch, rubber paints and epoxy resins to protect
concrete against acid attack has been used successfully.25 The
degree of protection rendered by the various treatments varies
but in all cases, it is essential that the protective coat
produced by the treatment adheres well +to the concrete and

remains undamaged.
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¢:2:3 GAS ATTACK ON CONCRETE

Gases on their own, have negligible inf}uence on the
hardened concrete, However, under moist conditions, certain
gases are dissolved in water and are then converted to acids
which corrode concrete when in contact with it., Most chemical
industrial operations involve one effluent or the other been
given off. The more common of these effluents include, sulphur
dioxide (SOI), hydrogen fluoride, (HF), hydrogen bromide (HB),
hydrogen iodide (HI) hydrouen chloride (Hcl), chlorine (cl) and
carbon dioxide (cop. .

Sulphur dioxide 1is converted to sulphurous acid by
dissolving in water which in turn, reacts with the atmospheric
oxygen to form sulphuric acid. Hydrogen fluoride dissolves in
water to form hydrofluoric acid, hydrogen bromide yields
hydrobromic acid, hydrogen iodide yields hydroiodic acid,
hydrogen chloride and chlorine yield hydrochloric acid =~uile
carbon dioxide yields carbonic acid. All these acids adversely

affect concrete.

2.2.4 CHLORINE/SEAWATER ATTACK ON CONCRETE

The main problem arising from the presence of chloride in
hardened concrete is +the increased risk of corrosion of
reinforcement and migration of chloride to the surface of the
concrete, spoiling the finished appearance. The most common
chloride salt 1is sodium chloride, which 1s the princiﬁal
constituent of seawater. Brackish waters can also be found well
inland because of the presence of soluble salts in the

surrounding rock and sand, and this is very common in arid
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When chloride salt solutions are in contact with concrete
structures, penetration of the salt solution into the concrete
through cracks results which leads to attack on thé concrete and
s5teel reinforcement, Carbon dioxide and moisture from the
atmosphere penetrates into the concrete through the cracks and
thereby starts carbonating the calcium hydroxide liberated during
the setting of cement'!, This results in a lowering of the
alkalinity of the concrete, and the reinforcing steel
consequently loses it's protection, 1In the presence of chloride
ind moisture, rusting of the steel cccurs. It has been found
that a volume increase of some four times occurs on rusting and
gserious spalling and disruption of the concrete results’®,

As has been pointed out, seawater contains chloride and
sulphate salts. The action of concrete immersed in seawater is
similar to that previously described for sulphate solutions (see
section 2.2.1), but +the reaction is not accompanied by
expansion“. Lea'’ found that calcium sulphate and calcium
sulphoaluminate (both products of cement.hydration) are more
soluble in a chloride solution than in water, and are +thus
leached out by seawater, while in the laboratory test they are

left insitu and consequently cause expansion. Leas'’

assumption
is based on the fact tha: the solubility of calcium sulphate in
water which is 0,12 percent rises to 1.0 percent in saturated
solutions of sodium chloride and calcium chloride. As a result
of +this, formation of calcium sulphoaluminate might be

inhibited‘. The concentration of c¢hlorides in seawater is

approximately. 3.5 percent and this is far from the value of a
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saturated solution'.

The introduction into concrete of salts such as chlorides
and sulphates may result in the production of a white
efflorescence on the surface of the concrete'!. Efflorescence is
unsightly, but is rarely harmful to concrete. However, under
repeated cycles of wetting and drying, crystallization of the
salts can occur near the surface, and disruptive forces caused

may disintegrate the concretel’.

2.3 CONCRETE IN PHYSICALLY AGGRFSSIVE ENVIRONMENTS

The main elements of physical aggression on concrete are the
effects of high and low temperature, abrasion and erosion.

In hot climate regions, large changes in temperature is one
of the major factors affect ng durability of concrete. Due to
the different coeffic%ents of thermal expansion of the
constituent materials of concrete, lirge temperature changes
cause substantial stresses which result in cracking and hence
de‘erioration of the concrete’. In hot arid areas diurnal
changes in temperature may be up to 40°c*. In arid areas where
evaporation of soluble salts in the soil which may affect buried
concrete, In the temperate zones, alternate freezing and thawiry
is considered to be amongst the most destructive of the natural
weathering conditions.

Abrasion of concrete results when the concrete surface is
worn away by a rubbing or fri<tion process e.g wheels on a
concrete road. Erosion of concrete is the deterioration brought
about by the abrasive action of fluids or solids in motion as in

concrete under flowing water.
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2.4 CONCRETE IN BIOLOGICALLY AGGRESSIVE ENVIRONMENTS

The main agents of biological aggression on concrete are the
effects of aggressive bacteria, fungi and rock borers.

Concrete pipes used in sewerage scheme are often severely
attacked by sulphuric acid produced by bacterial action in the
sewers, It has been established that organic and inorganic
sulphur compounds in the sewage are reduced by sulphur-reducing
orcanisms to hydrogen sulphiden. Under suitable conditions,
hydrogen sulphide is evolved from the sewage into the sewer
atmosphere where it is converted on the walls and roof of the
sewer to sulphuric acid by sulphuricoxidizing hactaria”. Thir
form of attack is more severe in warm climate that in cold.

The fungi constitute a group of plant organism which with
prolonged contact with concrete can destroy it. This is because
in order to get inside the concrete, they produce considerable
quantities of acids which dissolve the cement paste.

Several species of rock-boring mollusks, commeonly called
marine borers have been recognized. It has been reported that

they can drill into concret: and thus damage 1t'?,
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CHAPTER THREE
3.0 SITE ASSESSMENT
3.1 INTRODUCTION
This chapter presents details of the site inspection works
carried out at the case study site - the Federal superphosphate
Fertilizer company limited, Kaduna. This is however, preceded
by a presentation of the documented evidences available on the
case study site as they relate to this research. The chapter is
rounded up by presentation of details of the in-situ testings

carried out at the case study site.

3.2 BACKGROUND INFORMATION ON CASE STUDY SITE

The Federal Superphosphate Fertilizer company Limited was
established on April, 21st, 1973 as a limited liability company
by the Federal Government of Nigeria, through the Federal
Ministry of Industries, which is the sole owner of the company.
The company came upstream in 1976.

The company enjoys the monopoly of production of the
phosphatic type of fertilizer in the country. The superphosphate
fertilizer provides primarily phosphorous to the plants in the
form of phosphoric anhydride or phosphorous pentaoxide (P,0;).
Secondary nutrients provided to the plants include sulphur and
calcium .

As used in the fertilizer trade, the term superphosphate
refers to the material which result when either sulphuric or
phosphoric acid or a mixture of both is caused to commingle
intimately and thoroughly with phosphate rock. Common usage

designates the product containing 16 to 21% Phosphoric anhydride
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as single superphosphate, and the product containing 43 t- 48%
phosphoric anhydride as +triple superphosphate. The Federal
superphosphate Fertilizef company  produces the single
superphosphate type of fertilizer.

The factory comprises a 100,000 +tons per annum
superphosphate plant gnd a 42,000 ton's per year captive
sulphuric acid plant. For both; the raw materials are imported.
These are phosphate rock for the superphosphate production and

sulphur for the sulphuric acid production,
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The phosphate rock is imported from Togo while the sulphur comes
from Europe and U.S.A.

The company also operates a pilot plant that produces 100
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tons per day of filter alum and a captive lime kiln of 6 tons per

day capacity. The lime is used in effluent water treatment.

3.3 PRODUCTION PROCESSES
3.3.1 SUPERPHOSPHATE PRODUCTION

The production of +the single superphosphate +type of
fertilizer involves four »rocesses. These are the grinding,
acidulation, granulation and bagging processes, The phosphate
rock is ground at the grinding house so as to increase its
surface area for reacition. It is then acidulated with sulphuric
azid at the acidulation plant and then allowed to cure. The
cured superphosphate is then taken to the granulation house where
it is granulated to optimum sizes (1~4mm) for proper application
to the soil. The granules are then moved to the bagging house

where they are bagged and ready for transpertation.

3.3.2 CHEMISTRY OF THE SUPERPHOSPHATE PRODUCTION

Phosphate rock is a complex material; the principal
constituent is fluorapatite which contains phosphate, fluoride,
carbonate, aind other radicals bound together within a crystal
lattice., 1t is attacked by the sulphuric acid to produce the
single superphosphate. The reaction occurs in two stages as
follows:

1.(::151'-‘(1'304)3 3 H.SO‘ + Hio ~> HPO, + Ca50,.1/2 Hio + HF
2.Ca5F(P04)3 + Hbo3 —)Ca(HlPO{)I + HF (wal\t.er soluble)

The first reaction yields gypsum that easily crystallizes,
making the second diffusion ~ controlled, in which the HPO3 has
to diffuse through the crystallized gypsum. Thus, the second

reaction takes days.
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3.3.3 SULPHURIC ACID PRODUCTION

Sulphuric acid is produced at the case study site by the
contact process method of manufacture. It basically involves
four stages. Firstly, the solid sulphur or brimstone is heated
in the sulphur burning hlant to produce sulphur gas. The sulphur
gas reacts with atmospheric oxygen to produce sulphur dioxide.
Thy sulphur dioxide undergoes further combustion to produce
sulphite, Lastly, the sulphite is dissolved in water to produce

the sulphuric acid.

3.3.4 CHEMISTRY OF THE SULPHURIC ACID PRODUCTION

As stated above, the production of sulphuric acid from
sulphur or brimstone occurs in four stages. These stages can be
formulated as follows:

01) S(s) => S(s)

(2) S(g) + 0,(g) —-> S0,(g)

(3) S0,(g)+ 1/2 0,(g) —> S0,(qg)

(4) SONg)+ H,0(g) ~> HS0,(1)

3.4 SITE INSPECTION
3.4.1 DOCUMENTARY EVIDENCES

The documentary evidences presented in this section were
obtained from the Civil Engineering/Maintenance Unit of +the
Federal Superphosphate Fertilizer Company Limited, Kaduna.

The case study site ™ the Federal Superphosphate
Fertilizer Company, Kaduna, is located along the Nassarawa road
within the Kakuri industrial area of Kaduna State. It is about
300m from the main entrance of the United Nigeria Textile Limited
(UNTL) when Nassarawa bound. It is bounded to it's north by both

the United Nigeria Textile Limited and Pyramid Engineering
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Service Limited. To its east, it is bounded by both Ugo Foam and
Leman industries and +o its south by Nassarawa village.

The design and construction of the case study site was done
by a Japanese Firm - the Hitachi Ship Building and Engineering
Company Limited, Osaka, Japan. Construction work was started in
1973 and completed in 1976 the same year production started.

The foundations at the case study site are made up of
reinforced concrete. The brick walls are reinforced and
plastered with cement mortar. The roofing everywhere within the
factory was done with asbestos roofing sheets. Most of these
materials used in the construction viz the cement, brick, mortar,
base course treating material, asbestors and the pipe linings
were imported from Japan. The properties of thesa'materials as
supplied by Hitachi Ship Building and Engineering Company Limited
are as follows,

ACID PROOF BRICKS:

CHEMICAL ANALYSIS;

sio - more than 74%
Al,0, ~- more than 14%
Fe,0. - less than 2%
other = less than 10%
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PHYSICAL AND MECHANICAL PROPERTIES

Standard Miscellaneous Miscellaneous Large

Water absorption (%) < 0.2 ¢ .8 < 2.0
Porosity (%) < 0.5 < 2.0 ¢ 5.0
Apparant density > 2.2 > 2+2 > 2.2
Bending strength > 400 9 > 300 > 200
(kg/cm
Compression strength > 2000 . > 1500 > 1200
(kg/cm’
Test of corrossion < 0.2 < 0.2 < 0.2
(%)

(JIS Powder Method)

ACID PROOF MORTARS
PHYSICAL AND MECHANICAL PROPERTIES

Water absorption (%) < 0.6%
Porosity (%) < 1.0
Bulk density b > 1.8
Bending strength (kg/cm®) ) > 300
Compression Strength (kg/cm®) » 900

BASE COURSE TREATMENT MATERIAL

There was no dﬁcumented evidence to suggest whether bitumen
or asphalt or some other different material entirely was used as
the base course treatment material. However, the properties of

the material are as follows:

/ Softening Point (°C) > 100
Penetration (25°C,100q, 5,sec) 20 - 40
Penetration index » 5.0
Evaporation (%) < 1,0
Flash point (°C) > 280
Contents soluble in Ccl4 g%) > 97
Embrittling temperature (°C) < =15
Docping length (mm) < 8.0
Stability under heating Acceptable.

Although records showed that acid proof cement imported from
Japan was used for the entire construction, there was no
documented record of the properties of the cement. There was also

no documented evidence to suggest where the steel reinforcing
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bars were got from. However, it 1is suspected that the
reinforcements were procured locally in Nigeria. This suspicion
is given credence by tue fact that there is an abundance of steel
in Nigeria whereas in Japan, the situation is one of near
scarcity.

Documented evidence available has it tﬁat in 1980 when the
structure was barely four years old, the first signs of
deterioration were noticed. This occurred at the sulphuric acid
and acidulation plants. The first ever repair/maintenance work
to be carried out at the company as regards any structural
element was done in 1981. This was at the sulphuric acid plant.
The following year, repair/maintenance work was carried out at
the acidulation plant. It is pertinent *to mention +that the
sulphuric acid and acidulation plants are worst hit by the
devastation as between 1981 when the first ever
repair/maintenance work wis carried out and the date of this
research publication, no fewer than twelve major
repair/maintenance works have been carried out at these plants.
On the average, repair/maintenance works on these plants occur
annually and usually during the month of March.

Next in line in order of decreasing number of
repair/m;intenance works is the granulation plant. Documented
evidence has it that it has undergone four repair/maintenance
operations since the factory came upstream. No other part of the
company has undergone any significant repair/maintenance work as
far as the records show. However, the records show that these
parts have undergone some minor repair/maintenance as the need

Arises.
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Repair/maintenance works have only been undertaken for the
floors, walls and roofs. No repair/maintenance work has been
undertaken for foundations. The repair/maintenance work for the
flocrs and walls are carried out as follows.

For the floors, the concrete floor is dug and the soil
beneath is removed and refilled with new laterite. A new floor
is then recast to the level of the old floor.

For the walls, it is normal to chip the portion out and wash
with lime, A new wall is then rebuilt,

During these repair/maintenarce works, if a portion of a
reinforcing bar has to be removed, it is cut out and replaced by
a new one which is held in place by reinforcing links.

It is worth mentioning that a mixture of ordinary portland
cement, bitumen R115/15, fine sand and carbon black (finely
grounded charcoal) are used for the repair/maintenance works.
This is because this mixture is said to have some degree of acid

resistance.

3.4.2 EQUIPMENTS FOR SITE INSPECTION
The equipment wused for +the site inspection include
magnifying glass (%20 lens power), a camera loaded with colour

film and equipped with a flash gun and a record note book.

3.4.3 PROCEDURE FOR SITE INSPECTION

Site visits were undeitaken several times during the months
of February and March 1992. These site visits were all
undertaken during the daytime when visibility is best, The

mignifying glass was used to examine the deposits in cracks and
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fissures. The camera was used to make comprehensive photographic
records. A description of each photograph was recorded in the
record note book. A detailed description of the observations at

the site was also entered i to the record note book.

3.4.4 SITE OBSERVATICNS

These results are based purely on visual observations during
si e inspection visits to the case study site with respect to the
extent and severity of chemical devastation the structural
complex has undergone.

It was observed that the sulphuric acid and acidulatiruy
plants were the worst affected. At the sulphuric acid plant, the
extent anﬁ severity of devastation became so severe about five
yrars ago to the point that further production of sulphuric acid
had to be stopped. The sulphuri- acid used in the production of
the superphosphate fertilizer is now bheing procured from other
manufacturers.

At the sulphuric acid plant, it was observed that the cement
part of the foundations rf the tanks and machinery has been
seriously dissolved thus exposing £ha aggregates, What remained
of these foundations n most cases wa: a soft and mushy mass with
a vellowish colour. It was observed that this was particularly
s for the outside edges of the foundations. The walls at the
sulphuric acid plant also revealed cases of very serious cracking
and spalling to the extent that in very many areas, the wall
reinforcing rods were exposed. There were situations where Lne
walls had been cracked so seriously as +to result in

displacements. All the pipes within and around the sulphuric acid
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plant exhibited very serious rusting. The rusting was so severe
that most of the pipes were chserved to have been leaking while
the sulphuric acid plant was still functional. As a result of
this, it was observed that a lot more of the acid had come into
contact with the structural elements than would have been the
situation if the acid pipes were in good working condition. The
stark (the means by which the excess acid fumes formed during
acid production are channelled for safe disposal) was also fuund
to be in bad working condition. Thus, while the sulphuric acid
plant was still functional, quite a lot of these fumes got
released into the atmosphere and in combination with moisture,
resulted in the formation of sulphuric acid which attacks the
structural elements.

At the acidulation plant, most of the acid pipes were found
to be 1leaking as a result of the very serious corrossion
(rusting) they have undergone, Cases where acid drips directly
onto floors and walls were a common occurrence. Areas of floors
subjected to these acidic conditions revealed situations in which
the cement at such areas had been very seriously dissolved and
thus exposing the aggregates. Areas of the walls which are in
contact with the dripping acid water also revealed situations in
which the wall plaster had been completely dissolved and the wall
bricks beneath showing significant devastation. The leaking
sulphuric acid and the hydrogen fluoride gas given off during the
acidulation process and which in combination with moisture forms
hydrofluoric acid were observed to be responsible for the
devastation at the acidulation plant.

At the granulation plant, the devastation was observed to
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be not as severe as at either the sulphuric acid or acidulation
plants. It was observed that the cement part of the floor had
heen dissolved thus exposing the aggregates., The walls revealed
fine cracking in some areas. The pipes at the granulation plant
were observed to be also seriocusly corroded.

Other parts of the structural complex viz the administration
building, clinic, welfare unit etc revealed a far lesser degree
of devastation. In m>st of these areas, no devastation was
ohserved and in the few instances where devastation was observed,
it was just in the form of fine hair cracks.

The roofing everywhere within the structural complex was
observed to have resisted the aggressive environment to a very
high degree as the asbestos sheets were still in fairly ygood
condition. However, almost everywhere within the plant, some
corrossion of the roof has begun near the roofing nails about 1
cm radius around the nails.

See Plates 3, 4 and 5 showing conrete devastation within the
factory.

3.5 IN-SITU TESTINGS

As mentioned earlier, concrete compressive strength is the
singular most important yardstick of concrete durability. Thus,
these in-situ testings were geared towards determining the
residual strength of concrete elements within the structural
complex at the case study site.

As can be discerned from the documentary evidences and site
observations, the sulphuric and acidulation plants were worst hit
by the devastation. Thus, these two areas were selected for

these in-situ testings.
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3.5.1 EQUIPMENT FOR IN-SITU TESTING
The equipment used .or +the in-situ +testing was the
ultrasonic pulse velocity (pundit) instrument. The pundit tester
used derives its name from the initial letters of the full title
of "Portable Ultrasonic Non-destructive Digital Indicating
Te. ter". It is designed with site testing in mind so as to ensure
adequate portability and to give a high degree of accuracy. It
generates low frequency ultrasonic pulses and measures the time
taken for them to pass from one transducer (emitting transdv.er
Tx) to another (receiving transducer Rx) through the material.
The pundit tester used for this examination is the 1988 CNS
INSTRUMENT LONDON model with the following specifications.
Impedance : Approximate i1 micre - ohm.
Transmitter: Energising pulse 1000V peak, 1.5 microsec.
pulse repetition
frequency: Normal 100 pps and 3pps switch to 100 pps
when thLe instrument is used with the analogue
add-on unit,
Power supply: m ins 220 - 250V

Frequency range: 50 - 60 Hz

Display: 3 in line numerical indicator
Circuit: Integrated circuit and silicon
semiconductors.

Dimension: 180 x 110 x 160mm
Weight: 3kg

Ambient temperature

range: 0’°c to 40%c



3.5.2 PROCEDURE FOR IN-SITU TESTING

The indirect transmission mode was used in testing the
foundations and floor slabs., The direct and semi-direct modes
of transmission were not used anywhere during the course of the

research.



CHAPTER FOUR

4.0 LABORATORY ASSESSMENT

4.1 INTRODUCTION
As outlined in chapter one, this research has as one of i.s

objectives, the simulation as far as practicable, of an

equivalent aggressive environment in the laboratory of the
environment prevalent at the case study site with a view to:

i) Chemically examining soil camples for the radicals present
and in what percentage they occur so as to determine to what
extent these radicals might have contributed to the visible
damages (diagnosis). |

ii) Assisting in forecrsting the possibility of further
devastation in the structural concrete and the magnitude of
any such further devastation (P..ognosis).

To facilitate <the above, four samples each from the

s itlphuric acid and acidulation plants were collected and analysed

chemically. Based on the results obtained from these chemical

analysis, a mock aggressive environment was formulated in the
laboratory and concrete cubes (150mm3) were immersed in th.:se
media while monitoring the effect these environments had on the

concrete cubes,

4.2 SAMPLING

Almost inevitably, the limitation of access and economics
will be decidiug facto}s in the selection of sampling locations
and the number of samples to be taken. This was particularly so
for this research. Thus, four samples each from the sulphuric

acid and acidulation plants where the devastation was most severe
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were taken. The method employed in obtaining the samples
involved cleaning the *topsoil with a shovel and taking the soil
he \eath. The samples thus taken, were securely tied up in

polytene bags and taken to the laboratory fer analysis.

4.2.1 PREPARATION OF SAMPLES

The same method of preparatioi, was used for all eight

samples. The samples were very finely ground in a grinding
crucible and sieved through the 75 wm sieve. The portion which
passed through was made use of in the analysis. In order to

achieve a representative sample, the coning and quartering method

was employed.

4.2.2 ANALYTICAL TECHNIQVES.
In order to facilitate brevity, the analytical techniques
employed in the chemizal analysis of sample SA, together with the

inherent calculaticens involved will bhe outlined hereafter.

CHEMICAL ANALYSIS OF SAMPLE SA,
WEIGHINGS.

Weight of sample only = 1.00g

Weight of beaker only = 106.794qg

Weight of sample + beaker = 107.794g

PERCENTAGE SILICATE (SiOﬂ
TREATMENT

1g sample + 5ml each of nitric acid (HNO,) and hydrochloric

acid (Hel) + 20ml of water (H,0) were digested for 30 minutes.
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The solution was filtered through a w40 filter paper while the
filtrate was reserved for the determination of other radicals

while the residue containing Si0, was ashed and weighed

Weight of crucible + ash = 15.329qg

Weight of empty crucible = 14.9218g

Weight of ash only = 0.4072qg

% sio, = 0.4072 x 100
= 40.72%

PERCENTAGE IRON AND ALUMINUM OXIDES (Fe{% & Alﬁ%} Rf%
TREATMENT .

25ml stock solution + ammonium chloride and ammonium
hydroxide in small quantities were boiled and filtered. The
residue which contained iron and aluminum oxides (Rf%) was ashed
at 860°C.

Weight of crucible + ash = 17.9766g

Weight of empty crucible = 17.9267g

Weight of ash only = 0.,0099qg

% Rf% = 0.0099 x 250 x 100
= 9,9%

PERCENTAGE TIRON OXIDE (Fe,0,) TREATMENT

5ml stock solution + 5m1, 2m potasium tiocyanide (KSCN) was
diluted with water (}50) to 250ml in a flask. Absorbance of
solution was measured at 480mm.

Absorbance = 0.1 = 1.016 ppm FC

1.016/10 x 250/5 x 250/5 x 100/1 x 1.43 = 0.36%
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PERCENTAGE ALUMINIUM OXIDE (Al{h)
= 9,9 - 0.36-

= 9.54%

PERCENTAGE CALCIUM OXIDE (Ca0)
TREATMENT

Filtrate from R0, + 5ml ammonium okalate was boiled and
filtered through the W40 filter paper. After cooling, the
filtrate precipitated and the precipitate was dissolved in dilute
sulphuric acid and titratec with 0.1 N potassium permanganate 4.

Final titration reading = 0.35ml

Initial titratic reading = 0.0fml

Iml 0.1 M KMnC4 = G.002004qg Ca

% Ca = 0.002004 x 0.35 x 250/25 x 100/1 = 0.70%

PERCENTAGE SULPHATE (SOQ
TREATMENT

25ml stock solution + 10ml bharium chloride (Bacli) solution
was digested for 30 minutes and filtered through a W42 paper and

ashed at 860 degree Centigrade,

Weight of crucible + ash = 19.0520q9

Weight of empty Frucible = 17.9267qg

Haiéht of ash only = 1.1253¢g

% 50, = 1,1253 x 0.4115 x 100
= 0.4631
= 46.31%
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PERCENTAGE PHOSPHATE (PO,)
TREATMENT

25ml stock solution + dilute nitric acid (HHOE) + 20ml, 4%
ammonium molybholate solution was stirred and filtered through a
W42 filter paper. It was then allowed to settle and a precipitate
was formed. The precipitate was ashed at 86°C for one hour and
then allowed to cool and then weighed.

Weight of crucible + ash

17.9359g

Weight of empty crucible = 17.9396qg

Weight of ash only = 0.0053yg
% PO; = 0.0053 x 250/ x 100/1 x 0.05281
= 0.28%

DETERMINATION OF PH
PROCEDURFE

5g of the ground sample was taken in a 100ml volume flask
and filled to the mark with .istilled water. The suspension was
thoroughly shaken and filtered through a W40 filter paper. The
filtrate was collected and the electrades of a PH meter were
dipped into it and the FH value of the sample was read from the

cal brated scale.
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DETERMINATION OF BASICITY
;PROCEDURE
10ml portion of each sample that showed a low PH was
t.trated with 0.1M sodium hydroxide using phenolphthalein and
then repeated with methyl orange. The basicity was then

calculated from the volume of NaOH required to neutralize the low

PH sample,

4.3 LABORATORY SIMULATIONS
4.3.1 Discription of Materials Used

It is generally agreed that the quality and performance of
concrete depends to some extent on the type and properties of
it's constituent materials. Therefore, from the outset of this
research, care was exercised in selecting suitable materials
which were of the type and had the properties of the materials
used at the case study site. However, there were very many
instances where as a result of non availability or economics,
such materials could not be procured and alternative materials
had to be resorted to, Further care was exercised in ensuring
that the quality of materials used remained consistent throughout

the investigation,

CEMENT

In this research,; because of time constraint, only one type
of cement - the Ashaka brand ordinary portland cement produced
in Bauchi, Nigeria was used, although it was recognized that the
study would benefit from the use of other types of cement.

Details of the physical and chemical characteristics of the
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cement as supplied by the Assnciated Portland Cement

Manufacturers Limited, are given in tables 4,1 and 4.2

respectively.
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Table 4.1: Physical Properties of the Cement Employed

—— — i — T — — S — T — T T . T f— ——— — A — S — - T — - S ——— -

Property B.S. Test
Fineness: Specific Surface, nﬁjkg 331

Specific gravity 3.183

Setting time, min.

initial 200
final 290
water, percent 27.0
Expansion: Le Chaterlier, mm 1.50

Compressive strength, N/mm1

(mix 1:2:5: 10.60 concrete, 100mm cubes)

3 days 198
7 days 29.6
28 days 41.0
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Table 4.2: Chemical Composition of the Cement Employed, per cent

ClO 64.3

SiO! 20.3

Al,0, 8.3

Fe,0, 2.9

LR 0.22
M0, 0.Go
13‘3053 0.18
TioO, 0.26
Hgo 1.20
503 2.70
S 0
Free time 1.30
KIO 0.26
l'a,0 0.40
Alkali 0:57¢
Ratio A/F 1.80
S/A + F 2.50
LOI 2.00
LSF 95
LCF 93
CSS 54.4
C:S 14.8
C.A 9.1
C4AF 8.8
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AGGREGATE

The coarse aggregate that was used was irregular gravel
which was retained on the 4.76 mm sieve but passed through the
19.05mm sieve. *

The fine aggregate used was naturally occurring sand.
DITUMEN

The binder used was the penetration grade bitumen of
penetration class 80/120.
ACID

| The acid used was sulphuvic acid of 98% concentration

However, it was diluted to 46.31% before being employed for the
experimental study. This was done to simulate the 46.31%
concentration of sulphate for the worst case - sample Sh,
4.4 MIX DESIGN

As gtated above, the suspected grade of concrete at the case
study site was grad 40. In order to achieve this in the
laboratory, a mix design was formulated. An outline of the mix
design is as follows.

Characteristic cube strength = 40N/mmaat 28 days

Type of work = Simply reinforced section

with vibration

Cement Ordinary Portland Cement.

"

Coarse aggregate Irreqular gravel (19.05 -

4.76mm)

]

Fine aggregate Naturally occurring sand
Specific gravities for coarse,
aggreqgate, fine aggregate and

cement respectively = 2.7, 2.6 and 3.14
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DESIGN BY VOLUME

i) Durability (CP 110: PART 1) MINIMUM CEMENT CONTENT = 250Kg/m’

11)

iii) From fig 4.1,

Strength fcm = feu + BS

= 30 + 15

¢/w by volume =

45N /mm’

0.66

iv) From workability table 4.3, - low workability appropriate
From fig 4.2, basic volume fraction of cement c = 9.7%
Table 4.3: Workability requirements
Type of Work V - B | Compacting | Slump Workability
i (s) factor (mm)
Heavily reinforced
| sections with
| vibration. Simply (2) 0.92 (25-100) | Medium
{ reinforced sections
! without vibration.
: Simply reinforced
| sections with
| vibration. 'Mass 6 (D.86) (10-50) Low
concrete withouk I
vibration. !
Mass concrete and
large sections with
vibration. Road 12 (0.80) i Very low

slabs vibrated
using power-

! oprated machines.

49




v) Table 4.4: SIEVE ANALYSIS

Bbh 410 test
Sievqﬁmm) 3.1 19.05 9.52 4.76 2.00 1.18 0.60 0.30 0.15 0.063

% Passing

Irregular

gravel 100 79.81 20.19 4.12 ©

Natural occurring

sand 100 89.00 69.24 25.38 8.42 4.21
% _Retained

Irregular

grave 20.19 59.62 16.07 4.12

Natural occurring

sand 11.00 19.76 48.86 16.96 4.21 4.21

vi) Using Table 4.5

Gravel (Ga)
20.19 x %4 = 5.05

59.62 x 1/2 = 29.81

16.07 x 1 = 16.07
4.12 x 2 = B.24
59,17
Sand (Gh)
11.00 % 2 = 22.00
19.76 % 4 = 79.04
43.86 x 8 = 350.88

16.96 x 16 =" 271.36

4.21 x 32 = 134.72
4.21 ¥ 63 = 265.23
1123.23

Sand (Db)
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Sand (Db)

11.00 x 4 = 44.00
19.76 x 2 = 39.52
43.86 x 1 = 43.86
16.96 x 1/2 = B8.48
4.21 Xy, = 10585
4.21 x 1/8 = 0.53
137.44
Ga = 0.90 x 59.17 x 107 = 0.53 mm’’

Gb = 0.90 x 1123.23 x 107 = 10.11 mm’!

Db = 0.90 x 137.44 x 107% = 1.24 mm’’

vii) From fig 4.3

(a) -
(b) -
(c) 3.6(0.53 - 0.46) = + 0.25
Corrected volume fraction C = 9.7 + 0.25
= 9.95%
Durability requirement = 250 kg/m3
= 250 x 100

= 7.8% (ok)
Therefore, volume fraction of
Cement C = 0.0995
' 20.1
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viii From iv, ¢/w = 0.66
i.e 0.1 = 0.66
W
Therefore, volume fraction of water w = 0,152

Using (vi),

GaDb = 0.53 x 1.24

]

D.66
From table 4.6,

ab

i

0.58

From fig 4.4, volume fraction of coarse aggregate
a = 0.482

ix) a +c +w = 0.482 + 0,1 + 0,152

= 0,734

Therefore, volume fraction of fine aggregate

1.0 - 0.734

0.266

n

%) The batch quantities are thus -

Water = 0.152 x 10) = 152 Kgm°

Cement = 0.1 x 1000 x 3.14 = 312 Xgm™
band = 0.26f x 1000 x 2.6 = 691.6 Kgm"
Gravel = 0.482 x 1000 x 2.7 * 1301.4 Kgm™

2459 XKgm
In the mix design just outlined, the parameters represent the
following:
fcm ~ target mean strength
fcu - required characteristic strength
S - standard deviation

s - volume fraction of cement
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Ga
Gb

Db

volume fraction
volume fraction
grading modulus
grading modulus
equivalent mean
1.64

volume fraction

of water

of coarse aggregate
for coarse aggregate
for fine aggregate

diamecer of fine aggregate

>f fine aggregaie
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Table 4.5° hggregate Grading Parameters”

e e ________.__-—-——"..___-—--.._._--—-
ns 410

pest sieve (mm) 236 1.18 p60 030 0.15 0.075

3750 200 100 5.00

Crading modulus 4 B 1 2 4 g 16 32 63
(% 0.90 min—4)

Fquiv. mean 8 4 2 1 ..‘; L .‘i a
diameter (X 0.90 mn)

e

Table 4.6° solids Fraction of Loose Coarse Aggregate“

IS
Solids Nuction gy

e — — —

Aggregate size 2010 mm 20 -5 mm

O it I—————

Trregutay gravel 0.56 0.58

Cushed rock 046 048
e ——

e _._.—____,.____-—-—-',_...__—-—-....--___.—-—-—.-

———



Fig 4.1: Cube Compressive Strength Relationships for Concrete

Made with Ordinary Portland cement!’
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‘ig 4.2: Basic Volume of Cement for pifferent Workabilities,

Based on Hughes (1971)"
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Fig 4.3:

correcltions te Basic Volume Fractions of
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Fig 4.4; Recommended Volume Fractions of Coarse Aggregate,

Based on Hughes (1971)n
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4.5. PREPARATION OF TEST SPECIMEN

In preparing the test specimens, concrete mixing was carried
ou: in a horizontal rotating pan type mixer (Liner Ltd) of 0.03m’
cajracity. The dry materials were thoroughly mixed in the pan for
2 minutes before water was added, and after the addition of
water, mixing was carried out for a further 2 minutes. The
freshly mixed concrete was then transferred into concrete moulds
of 150mm’. Compaction was achieved by means of a hand compaction
mzchine. The test specimens wer- compacted in three layers, each
leyer being vibrated for 20 seconds. The test specimens were
tlen left overnight and demoulded the following day. They were

then labelled appropriately.

4.6 CURING CONDITIONS EMFLOYED

After demouldir3y, the test erecimens were immediately
transferred to a water bath where they were kept moist for 28
cays during which time they attained the designed strengfh of
40N/mm=. At the expiration of the 28 days, the test specimens
vere removed from the water bath and dried in air for one week,
The test specimens were finally immersed completely in *he
sulphuric acid bath with an acidic concentration of 46.21%. Since
+the concentration of acid procured at the outset had a
concentration of 98%, the reduction in concentration from 98% to

16.31% was achieved as follow-.

REDUCTION TN Hf“h CONCENTRATION
Density = 1.84 g/cm3

Molar mass = 98 g
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3

1 em” contains 1.84 g by weight of H,50,

1000 <:m3

contains 1.84 x 1000g = 1840qg
For a 98% concentration, tli.e content is
98 x 1840 = 1803.2g/dm’

100 1

Thus, a 1% concentration is equivalent to
18)3.2 x 0.01 = 18.4 g/dm’

0.95

andl a 46.31 concentration is equivalent to
1873.2 x 0.4631 = 852.104 g/dm’

0.238

i.2. final concentration = 852.104 g/d3

Final motarity, Mf

|
1”\
-
=]
e
e
2]
o
e |
Q
m
e |
rr
H
,ﬁl
-+
[
o
e}

motar mass
= B52.104
98
Suppose, a final volume of 50cm’ is desired,
i.e Mi - not known (the initial acid volume)
Mi - initial acid motarity = 18.4 mo/s/dm’

Vf - Final volun: of acid + dilution water = 50cm’
Mf - final acid motarity = B8.69 mo/s/dm3

Mivi = MfEVfE

Vi

MEVE

Mi

= 8,69 x 50
18.4

23.6cm’

I
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CHAPTER FIVE
5.0 PRESENTATION OF RESULTS
5.1 INTRODUCTION
This chapter presents the results of the laboratory testings
carcied out during the course of this research, This is however,
prezeded by a summary of the in-situ testing results using the

Punilit instrument at the case study site.

5.2 PUNDIT TEST RESULTS
For the purpose of clearity, the results presented hereafter

will be coded SA., SA.

5 Aca and ACE. The locations from which the

realings were obtained are .hown in fig 5.1
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g SITE PLAN SHOWING PUNDIT TEST LOCATIONS
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Pundit Test Result

F_ement: Foundation

Transmission Mode: Indirect
Correction Factors: Instrument Nil

Reinforcement 0.95

Table 5.1
Transmission
S/No Code No Distance Time Velocity Mean Velocity
{mm) (us) (km/s) (km/s)
1 saa 400 88.3 4,5300
2 400 108.7 3.6799
3 400 102.6 3.8986
4 400 124,.6 3.2103
5 400 119.8 3.3389
6 400 121.1 3.3031
T 400 109.8 3.6430
8 400 89,2 4.4843
9 400 91.7 4.,.3621
10 400 99.4 4.0241
Y § 400 98.2 4.0733 2,85
13 400 B6.3 4.6350
13 400 BB.8 4,5045
14 400 90,5 4.,4199
13 400 90.3 44,4297
ihn 400 125.0 3.2000
17 400 111.1 3.6004
13 400 110.0 3.6363
13 400 108.4 3.6900
23 400 120.7 3.3140
21 400 132.2 3.0257
22 400 128.1 3,1226
23 400 99 .4 4.0241
21 400 97.2 4.1152
23 400 98.8 4.0486

Standard Deviation = 0.51
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Pundit Test Result

Element: Foundaticn

Transmission Mcode: Indirect
Correction Factors: Instrument Nil

Reinforcement 0.95

Table 5.2
Transmission
S/No Code No Distance Time Velocity Mean Velocity
(mm) (ps) (km/s) (km/s)

1 SAb 400 1.36.7 3.4276

2 400 Y276 5.4014

3 400 114.5 3.4934

4 400 120.4 3.3223

5 400 $15. 5 3.4632

[ 400 119.5 3.3613

T 400 115.4 3.4662

8 400 s B Ji7 488 3.4014

9 400 13162 3.44213

10 400 120:1 3.3306

11 400 1218 3.2841

12 400 122.8 3.2573

13 400 114.7 J.4874

14 400 119.9 3.3361 3.40
¥5 400 114.0 3.5088

16 400 115.9 3.4513

17 400 116.4 3.4364

13 400 119.4 3.35031

19 400 120.5 3.31985

20 400 11%.9 3.3361

21 400 120.0 3.3333

22 400 120.6 3.3167

23 400 113.4 3.5273

24 400 115.4 3.4662

25 400 1152 3.4722

o i —— —— —— —— ——  —— —— — — —— — ——— — — — — — ———— — — - ————— T —— i ————
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Purdit Test Result

Element: Floor

Trensmission Mode: Indirect
Correction Factors: Instrument Nil

Reinforcement 0.95

Tahle 5.3
Transmission
S/io Code No Distance Time Velocity Mean Velocity
(mm) (i1s) (km/s) (km/s)
1 ACa 400 129.4 2.0912
2 400 119.6 3.3445
3 400 137.6 2.9070
4 400 146.6 2.72835
5 400 138.7 2.8840
6 400 129:3 3.0036
7 400 127.1 3.1171
8 400 127.8 3.1299
9 400 126.2 3.1696
10 400 118.8 3.3870
13 400 129.5 3.3473
12 400 122.6 3.2626
13 400 128.1 3.1226 317
14 400 128:]) 3.1226
15 400 128.0 3,1250
16 400 134.4 2.9762
) 400 121.9 3.2814
18 400 1255 3.1873
1¢< 400 123:2 3.2468
2C 400 124.7 3.2077
21 400 119.6 3.3445
27 400 i 122:.3 3.2706
] 400 114.8 3.4845
A 400 119,1 3.3585
25 400 126.7 4,1571
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Pundit Test Result

Elcment: Floor

Tr insmission Mode: Indirect
Corrrection Factors: Instrument Nil

Reinforcement 0,95

Table 5.4
Transmission
S/80 Code No Distance Time Velocity Mean Velocity
(mm) (j18) (km/s) (km/s)
1 ACh 400 1Z23.7 2.2336
2 400 127 3 3.1299
3 400 ¥23.7 3.23386
4 400 131.9 3.0326
5 400 125.1 3.1974
6 400 120.0 353333
7 400 120.1 J:' 3306
8 400 119.7 3,3417
G 400 124.2 3.2206
10 400 Y2422 3.2733
11 400 119.8 3.3389
12 400 116.4 3.4364
13 400 124,3 3.2180 3.28
14 400 123.9 . .2284
15 400 130.5 3.0651
16 400 120.6 3.3167
: 3 400 119.0 3.3613
1t 400 114.8 3.4843
1¢ 400 114.8 3.4843
2C 400 124.8 3.2051
21 400 1173 3.4101
22 400 ¥17.0 3.4188
5 400 117.8 3.39586
24 400 119.5 3.3473
2% 400 12Y.7 4.2868

o ———— ———— ————— —— —— —— — i ——— ——— — —— T ——————— T — T — —— T —— — — — ——— — — —
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5.3 RESULTS OF SOIL ANALYSIS

The results of the soil sample analysis are presented in
this section. Table 5.5 show: the chemical composition by weight
of :he soil samples while table 5.6 shows the PH value of the
soi! samples. For aaéy identification, these samples have been
cod2d SAI-SA‘and ACI— Acgrepresenting sample collected from
the sulphuric acid and acidulation plants respectively. The exact
locations from which these samples were collected are shown in

fig 5.2
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Fig 5.2

SITE PLAN SHOWING SAMPLING LOCATIONS
(not to scale)
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Table . .5: Chemical Composition By Weight of Soil Samples

S/No Szmp] 811, | Alum. I Iron Cal ASulp Phos. L '
As | As | As ! 4 }J s ]Ot ers’ Tot.]

Code (slc>,)|(;a1,n::'3)|(1-*e:1<::3 )L( 04)1( o‘ J& |

| 0% |
1 [sA | 40.72 | 9.54 | 0.36 'o.vo ’46.31 0.28 2.09 150
2 S}!1 43.88 (10.93 2.56 0.42 |29.98| 0,32 391 100
3 SPa 36,96 B.66 5.00 0.61 |45.75)] 1.02 2.00 100
4 SP‘ 36.14 [16.02 1.96 0.82 |42.96| 0,26 1.84 100
3 AC‘I 41,07 I 4 5,03 4.63 |33.66) 1.88 4,01 100
6 AC2 41.132 9.72 2.12 2.20 |41.24 0.94 2.65 100
T A..a 40,50 [12.11 1.01 2.70 |40.52| ©.53 2.63 100
8 A('4 45,45 [(10.39 1.00 2.31 38.13| 0.69 2.03 100

| 1 1 |
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Table 5.6: PH Results for Soil Samples

ES/”O Sample Code EPH value (-log H')
1. SA, | 2.30
| 2. SA, | 3.95
|3, SA, 1 2.70
54. SA, 3.45
is. AC, 4.60
| 6. AC, | 3.50
7. AC, | 3.85
8. AC, 4.70

5.4 RESULTS OF IMMERS ON TEST

The results of the immersion +test are presented in this
sec:ion. To facilitate easier identification of the specimens,
the control specimens are coded CN, - ., the bitumen coated
specimens Bckﬁ while the rest of the test specimens are coded Sk
p- Thus, CN, refers to the first control test specimen while Tiy
ref2rs to the eighth control specimen. BC, refers tc the first
of the two bitumen coated specimens removed after 14 days of
immersion while BC, refers to the second of the two bitumen
coated specimens removed after 2. days of immersion. S, refers
to the first of the four uncoated specimens removed after 7 days
of immersion while 5, refers to the third of the four uncoated

specimens removed after 28 days of immersion.

71



Tanle 5.7

Results of Control Specimens.

r=:/Nc Specimen | Weight | Density ICompressive Compressive
Cade (kg) (kg/m ) Load (KN) Stren?th
_ {N/mm")
1. CN, 8.2 2429.63 | 960 42.67
2. CNp 8.2 2429.63 280 39.11
B CN, 8.3 2.59.26 | 920 40.89
_E. CNj B.4 ‘2488 .8B9 960 42.67
5. Cly 8.1 2400.00 | 970 43,11
| 6. ClNp 8.1 2400.00 930 141,33
h?. CNG 8.3 2459.286 880 39.11
_i. CNy 8.4 2488.89 240 41.77
Mean = 8.25 2444, 45 930 41.38
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Table :£.8: 7 Days Immersion Test
8/No [SJecimen |Before Immersion XAfter Immersion| Compres| Compres._1
Load | Load Stren
]h’exght| Density | Height| Dens {KN) I (N/mnﬁ)
|(K9) (kg/m’) | (kg) kg/m [
| [ [ l I
1. |Ss1, 64 |24se.se [ 8.0 237037 [ 650 1 28.p
2. SlB 8.1 2400.89 B.0O 2,70.37 620 27.56
3. Slc 8.3 2459.26 8.1 2400,00 630 28.00
4. SIB 8.2 2429.63 8.1 2400,00 6590 30.867
l l { ! | ! 1 ]
Mean = "18.25 ' |2444.45 | 8.05 |2385.19 |647.500 | 28.78
| 1 ! 1 1 |
Table 5.9: 14 Days Immersion Test
S/No [Spacimen |Before Immersion lAfter Immer51on| Compreéf COmpres i
Load Load Stren
]We1ght| Density ] He1ghtl Dens&tyl (KN) (N/mé%
|(Kg) | (kg/m’) (kg) [| kg/m) J l| ‘
| | *
1. |82, |a 2  12429.63 | B.0  |2370.37 | 620 | 27.56
2. sza | 8. 2 2429.63 8.0 2370.37 600 26.67
3. 52, 8.2 2429.63 8.0 2370.37 640 28.44
4. S?D 8.1 2400.00 8.0 2270.37 645 28.67
1 l ; ! | l |
Mean = "|8.18 ' |2422.22 | 8.0 = |2370.37 |626.25 | 27.84
1 1 ! 1 ! |
Table 5.10: 21 Days Immersion Test
S/No ISpacimen |Befora Immersion Ihfter Immersion| Compre§| Compres._1
Load Load Strength
|Weight| Density | Weight | nens}tyl (XN) (N/mn;q
| (Kg) | (kg/m’) [ (kg) !1 kg/m”) | !|
| | ! !
1. |83, 8.2 12429.63 '| 8.0 |2370.37 | 440 | 19.56 -
2. 53y 8.4 2488.089 7.9 2340.74 650 28.89
3. S3c 8.3 2459,26 78 2311.11 590 26,22
4, SBD B.4 2488.89 7.9 2340.74 540 24.00
| | { 1 l l i |
Mean = * |2340.74 |555.00 | 24.67
1

"18.33  [2466.67 | 7.9
! | I
| | 1 [l

|
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) Table 5..1: 28 Days Immersion Test

S/No |Spvcimen |Before Immersion 'After Immersion| Compreé; COmpres.'

Load Load Strenq
]weight1 Density we1ght| Dens}ty] (KN) | (N/mm‘)
| (Rg) | (kg/m’) | (kg) ke/m’) |
1 1 | I 1 |
1. |s4 18.2 12429.€3 | 7.8 2311.11 660 "| 29.33
2. S4, 8.2 2429.63 7.8 2311.11 | 490 21.79
a, 54 8.2 2429.63 7.8 2311.11 | 500 22.22
4. 54, 8.2 2429.63 7.9 2340.74 | 440 19.56
i | 1 '[ '| i i ]
Mean = '18.20 '|z429 63 | 7.83" |2318.5b |522.5 | 23.22

I l l l )

Table 5.12: 7 Days Immersion Test

5/No [Spacimen |Before Immersion |After Immersion[ Compzeé[ Comprss.I

Load y Load | strenq
jWeightl Density | Weight| Dens ] (KN) | (N/mm')
|(Kg) | (kg/m7) (kg) | kg/m’) | |

1 | | 1 ]
1. BC1, 8.3 12459.26 | 8.1 |2400.00 | 690 | 30.67
2. )BC b Ia.4 |z4aa.39 ‘ 8.1 12400 00 | 740 | 32.89

1 ] T | ]

Hean = "18.35 ‘|z474.oaI | 8.1 |24oo ob | 715 ' | 31.78

L 1 1 | | | J

Table 5.13: 14 Days Immersion Test

S/No Sprcimen Before Immersion |After Immersion Compreé Compres._1
| i J

Load Load Strength
\weightj Density ﬁ weight Dens}tyl (KN) | (N/mm‘)
[{Kg) | (kg 'm’) [ (kg) ke /m”) |
I ! l J l !
f. BC2, 18.2 2429.863 || 8.0 2370.37 | 690 | 29.78
2. }ncz, 8.2 2429.63 ’ 8.1 iz4oo.oo | 620 | 27.56
| ! | l 1 1 | |
Mean = '18.2 '|2429 63 | B.05 |2385.19 | 645 | 28.67
! 1 1 | | }
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Table 5.14: 21 Days Immersion Test

S/No Specimen |Befora Immersion |AEter Immersion| Compres] Cnmprea
Load Load | Strenq
"Height'l Density weighﬂ Dens}tyl (XN) | (N/mm‘)
| |(Kg) | (kg/m’) | (kg) | kg/m’)
! I | l l | 1
1. BC3, 8.2 2429.63 | 7.9 2340.74 | 500 | 22.22
2. lscaa 8.2 2429.63 | 7.9 I2340.74 1 360 16.00
' l —1 i t i ’
Mean = [8.2  |2429.63 | 7.9 = |2340.74 | 430 | 19.11
) k= | 1 ! | N

Table 5.15: 28 Days Immersion Test

S/No |Specimen IBefore Immersion lnfter Immersioﬁ| Compraé Compresﬂ

Load | | Load Strenq
1Height| Censity 1 weight1 Dens}tyl (KN) | (N/mm)
|(KgJ | (kg/m*) | (kg) | kg/m)l | ;

1 ! |
1. BC4, 8.1 |2400.00 AT RTTTT 560 | 24.89
1 BC4B |B.4 2488.89 | 7.8 l2311.11 560 24 .89
. : | | | : i |
Mean = |B.25 |2444.45 | 7.8 [2311.11 [ 560 | 24.69
! ! ! 1 1 1 ]
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CHAPTER SIX

6.0 DISCUSSION OF RESULT
6.1. INTRODUCTION

A concise discussion of the results of this research
is presented in this :hapter. To fac.litate easy comprehension,
tie discussion will be presented in four parts. The first of
tiese is on the visual observation, the second is on the in-situ
ta2st results while the third is on the laboratory test results,
The last part of this chapter attempts to correlate the visual
observations, in-situ test results and the laboratory simulation
result with a view to predict the probable future of the

structural concrete at the case study site.

£.2 VISUAL ASSESSMENT

From the visual assessment carried out at the case study
csite, it was observed that the sulphuric acid and acidulation
rlants were worst hit by the devastation. Judging from the
nanner in which the c¢ementing component of the structural
concrete in these areas had been dissolved and by the yellowish
colouration of the resulting mass, the devastation must have been
caused by sulphuric acid (H,80,). This is not surprising when
vone considers the fact that large gquantities of sulphuric acid
itre made use in these areas in the production process. The fact
-hat most of the acid pipes in these areas were found to be
leaking only helps in futher substantiating the above claim.
dther areas within the factory were observed to have suffered

ievastation but to varied degrees (See fig. 6.1 and appendix 1).
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Fig 6.1
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6.3 1IN - SITU (PUNDIT) TEST

The ultrasonic pulse transmission readings for the acid tank
foundation, stark machinery foundation, continuous den floor and
the remaining floor portion of +the acidulation plant are
presented in tables 5.1,5.2,5.3 and 5.4. The mean ultrasonic
pulse transmission velocities are 3.85 km/s, 3.40 km/s, 3.17km/s
and 3.28km/s reJpectively. On the basis of the !u’hi..ts;-l'u.u':a'd:!5
classification (see apbendix'Z), a transmission velocity of 3.85
km,s suggests a concrete rf good quality while the remaining
transmission velocities.suggest a doubtful state as regards the

18 gives the lower limit

quiitlity of the concret=. However, Jores
of good quality concrete as one having an ultrasonic pulse
trainsmission velocity of between 4,1 km/s and 4.7 km/s. On the
basis of the Jones criterion therefore, the structural concrete
in all the four tested areas are of poor quality.

The corresponding coefficients of variation are 13, 3,5, ard
4 respectively. The last three values are relatively small and
svggest that the structural concretes in these areas even though
they might have suffered devastation, the devastation has been
r: ther uniform. The rather lage value of 13 is of practical
significance. It signifies that the structural concrete here has
undergone non-uniform devastation so that within +the same
structural concrete element, large variations in strength occur.
Tais is a most unwanted feature in structural concrete and thus,
the acid tank foundation must be of poor quality even though the
Whitehurst” classif cation classifizs it as belonging to the

class of good quality concrete. The large vafiation in strength

¢ 1so suggests that the quality of the concrete must have
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‘{nitially been good.

Table 5.1 shows velocity readings ranging from about 3km/s
to about 4.6 km/s. A trensmission velocity of 4.6 km/s is
equivalent to a cube strength of about 37.5N/mm{ This gives
sone credence to the suspected design strength of 40N/mm3used in

the course of this research for labeoratory simulations.

6.4 LABORATORY ASSESSMENT

Tables 5.5 and 5.6 show the results of the chemical analysis
for the soil samples carried out. Table 5.5 gives the chemical
conposition by weight while table 5.6 gives the corresponding PH
vaiues, From Table 5.5 it can be discerned that the principal
constituents by weight of the samples are the sulphate and
silicate components. Table 5.6 raveals that the areas from which
th: samples were collected viz the sulphuric acid and acidulation
plant are all acidic since all the pH values fall below the
neatral value of 7. A scrutiny of both tables 5.5 and 5.6 reveal
that generally, the higher :he sulphate content of a sample, the
greater the acidity. Thus, soil sample SA,, which has the
highest sulphate cont:' nt by weight ha' the lowest pH value while
soil sample AC,, with the lowest sulphate content by weight has
tle highest pH value. There however, appears o be no
discernible relationship between the silicate content and the pH
value. The rather large sulphate contents by weight of the soil
szmples together with the low pH values of the samples =~ie
symptomatic features in the diagnosis of sulphuric acid attack.
(see section 2.2.2.)

Table 5.7 gives the results of the control specimens. The
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values 8.25kqg, 2444.45kg/nﬁ and 41.33 N/mm1 for the mean weight,
density and compressive strength respectively are all in
conformity with the mix design (see section 4.3). Tables
5.3,5.9.5.10 and 5.11 on the one hand and tables 5.12,5.13,5.14
and 5.15 on the other show the results of the total immersion
test for the uncoated and bitumen coated +test specimens
respectively.

The graphical representations of the variation in weight,
density and compressive strength with age are shown in apper<dices
3,4 and 5 respectively for both the uncoated and bitumen coated
specimens. From these appendices it can be seen that the weight,
density and strength of both types of specimens decrease with
age. This can only be because with increased age, more of the
cement component of the concrete is dissolved by the acid. This
thus results in a decrease in weight, consequently a decrease in
density and ultimately, a decrease in compressive strength of the
ccnerete, This is in agreewent with an earlier work done by Leal’
(see chapter two).

Another important feature is also made manifest by the
graphical representations shown in the appendices. A survey of
tl ese appendices reveals that the first few days after immersion
witness very rapid decreases in weight, density and strength.
Hcwever, as the time of immersion increases, the decreases in
weéight, density and strength progressively diminishes, The
reason for this it would seem, is because initially, the acid can
attack the entire concrete face when the aggregates have not been
exposed. However, as the aggregates begin to be exposed, the

resultant surface area of the cement constituent gets
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increasingly smaller. Thus, the amount of cement that can be
dissolved reduces progressively resulting consequently in
increasingly smaller weight, density and compressive strength
reductions. .

A further survey of the appendices show that initially, the
bitumen cocated specimens undergo smaller reductions in weight,
density and strength relative to the uncocated specimens. However,
at later ages, the trend reverses with the bitumen cocated
specimens undergoing greater reductions in weight, density and
strength relative to the uncoated specimens. It was however,
noticed that the period preceding this trend reversal was the
period prior to which the hitumen coating had not dissolved and
the period followinag the trend reversal was the period after
which the bitumen coating had dissolved. It can only then mean
tha: this reversal in trend must defiritely be the consequence
of a reaction of some sort between the dissolved bitumen and the
attacking sulphuric acid yielding a mixture with a greater
devastating influence on the now exposed concrete., This is given
som2 credence when one considers the fact that bitumen is a waste
proiuct derived from the refining of crude oil. It 1is
essantially a hydrocarbon but also constitutes of other chemicals
whizh had been previously employed in the refining process,.
Sulphuric, nitric or hydrouchloric acids are the principal
chenicals employed to catalyse the refining process. Thus, when
the bitumen coating becomes dissolved, any of these acids that
hac been previously used as the catalyst will separate out and
in combination with the attacking sulphuric acid, produce a

mixture of higher acidity and hence, a higher devastating
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influence on the now exposed concrete as measured by the greater
redi ctions in weight, density ~.d strength relative to the

uncoated specimen.

6.5 COMMENT ON THE PROBABLE FUTURE OF THE STRUCTURE

The results of the visisal inspection and pundit test when
com>ined, show +that +the structural concretes at both +the
sulphuric acid and aci julation plants have become structurally
unsife. The results of the immersion tests on their own, show
thet the loss in strength of structural concrete subjected to
sulphuric acid attack occurs for as long as the cement component
of the concrete has not been completely dissolved. This strength
loes however, diminishes progressively in quantity with acc<.
Thi s, based on these results, it can safely be predicted that the
structural concrete at the tested areas of the case study site
wi'l most probably collapse in the near future. This should be
as a result aof the small loses «n strength which will continue

to occur and which with time will assume appreciable dimension.
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CHAPTER SEVEN
CONCLUSTION AND RECOMMENDATIONS
SUMMARY AND CONCLUSIONS
LITERATURE REVIEW

The main conclusions to emerge from the published

literatures reviewed are listed below and their ordering is not

necegssarily in the order of decreasing importance,.

1.,

Aggressive environments rel~cive to concrete durability are
more severe under hot weather conditions than under cold
weather conditions.

There exists three types of aggressive environments relative
to concrete durability. These are the chemically, physically
and biologically aggressive environments with the degree of.
aggressivity gene ally decreasing in that order.

Dry concrete is generally immune to attack by dry chemicals,
However, under moist conditions, a considerable number of
chemicals will attack concrete,.

No concrete is wholly acid resistant and therefore, any
concrete with prolenged contact with acid will definilely
suffer some deterioration.

When concrete is attacked by a chemical sclution, the rate
and extent of deterioration is generally dependent on the
nature and concentration of substances in the solution in
conctact with the concrete, the temperature and pressure of
the solution, and importantly on the quality of the concrete

as measured primarily but not solely by its premeability.
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7.1 2 VISUAL OBSERVATION AND EXPERIMENTAL STUDIES

.The following main conclusion were drawn from visual

obsirvations and experimental studies.

(1) The sulphuric acid and acidulation plants have both suffered

(2)

(4)

damages with a severity classification index of 5 based
purely on visual ohserrations. These structures are thus
structurally unsafe. Other areas within the factory have
suffered lesser dagrees of damages.

The mean ultrasoniz pulse transmission velocities of the
tested area and structural elements gave residual strength
readings that are all less than 12.5N/mm1 which is just
about a quarter of the initial suspected design strength.
Thus, these structures are unserviceable. (see tables 5.1,
5.2, 5.3, 5.4 and appendix 6).

The reductions in weight, density and strength of concrete
as a result of sulphuric acid attack take place rapidly
initially. However, at ‘later ages, these reductions
diminish in quantity progressively.

The reducti-ns in weight, density and strength of a bitumen
coated concrete take place at a slower rate in comparison
with an uncoated conc-ete initially. However, at later
ages, this trend reverses with the reductions in weight,
density and stre'gth of the bitunen coated concrete being
more. The severe adevastation manifested by the tested areas
which were once treated with bitumen as a base course must

have been as a result of this.
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The visual observations in conjuction with the experimental
studies have diagonised sulphuric acid attack as the main
cause of the danage to structural concrete at the case séudy

site.

RECOMMENDATTONS

Based on the findings of +his resaarchg the following

re:ommendations are herehby made;

(1)

(2)

(3)

The use of concrete structures at the sulphuric acid and
acidulation plants should be discontinued immediately.

New concrete structures should be put up to replace these
old ones. However, for any meaningful result to be achieved
by these new structures, the sulphuric acid rich soil
within the immediate vicinity of these structures has to be
thoroughly escavated and replaced by new soil.

During the course of this research, it was discovered that
plastics exhibit a highly degree of resistance to sulphuric
acid attack. On this premise therefore, an exploration into
the viability of encasing structural concrete in plastic at
the case study site, particularly the structural concretes
at the sulphuric acid and acidulation plants, and indeed any
structural concrete prone to sulphuric acid attack, is

suggested as an area of further research.
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APPENDICES

Structurally unsafe
le

Appendix 1: Visual Features - Severity Indices®
:Eeverity of Features Index
_Ensignificant 1
Minor features of a non-urgent or purely comestic 2
nature.
Unacceptable features requiring attention
Severe defects or problems requiriny immediate 4
_Ettention
5

Appendix 2: Classification of the'%ﬁality of Concrete on the

Basis of Pulse Veloclty

Iongitudinal Pulse Veloclity Km/s | Quality of Concrete
> 4.5 ' excellent
2.0 - 4.5 . o ' gcod
'___.
E.0 - 3.5 doubtful
2.0 - 3.0 paor
2.0 very poor
=
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Appendix

]

Weight (kq)

8.3

775

Bitumen coated specimens

Uncoated specimens

— Age (Days) 28

WEIGHT REDUCTION Vs ACGE



Appendix 4:

2:48

uction(kg/m3) X103

=
&

— Density Re

8

Bitumen coated specimens

— Uncoated specimens

—= Age (Days)
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Appendix 6:

PULSE VELOCITY ft/s
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Appendix 7:

Plate 1: Cube Before Imme*>sion (Left)

Cube After 28 Days of Immersion (Right)
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Appendix 8:

-, -

Plate 2: Bitumen Coated Cube After 28 Days of Immersiocon
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Appandix 9:

Plate 3: Devastation of Concrete Acid Tank Foundation at the
Sulphuric Acid Plants Alsc Showing Corroded Steel

Pipes.
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Apoendix 10:

Plate 4: Devastation of Concrete and Corrossion of Steel Pipes

Near the Stark Equipment at the Sulphuric Acid Plant.
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Appendix 11:

Plate 5. Devastation of Concrete Wall at the Acidulation Plant.
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