MODULE 1
INTRODUCTION 1

; . . the use of
Time takes itz toll on concrete structures which creates a real problem for

i i - i inei for the
concrete in a country's infrastructure, Doing the right principles and procedures

repair, rehabilitation and retrofitting of concrete structures is a eritical: glement 1o
financizl success. Tearing down existing structures and rebuilding them up from the
ground can be cost prohibitive and also against green building concept where we want
to save epergy for the future peneration and even some time for our own generation
also. Learning and perfecting the ways to make the most of existing structure are key

elements when it comes to sustainable living and safe living conditions,

Many people look at concrete and see nothing but. But the knowledgeable mind sees
much more. Are there any stress cracks in the surface? Were expansion joints
provided properly? Does the colour of the concrete indicate a proper curing time? Is
the surface as huck class like finish or brushed finish? Is the material flaking away?

Can existing flaws be repaired in such a way to guarantee structural integrity?

Many people take concrete for granted. Yet, it is one of the stongest building
materials of many bridges, highways and other significant infrastructure, Working
with new structures of concrete is very different from repairing, rehabilitating and
retrofitting of existing concrete structures. Both types of wark have their rules o
thumb and their engineering elements. It often requires more experience 1o repair
concrete than it does to install it as a new construction. This is what will be learned in

this subject.

Basic definitions

 Repair: The process of reconstruction and renewal of the existing buildings,

either in whele or in part. Or in general worlds, restoration of a broken,

damaged, or failed structure, equipment or part. to an acceptable operating :_::Il

usable condition or state.
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7532)

« Retrofitting: The process of strengthening of structure along with the structural
svstem, if requirad so as to comply all relevant codal provisions in force during
that period. Or in gensral words. provide something with a componsnt or
accessory not fitied during manufacturing.

« Strengthening: The process of increasing the load-resistance capacity of a
strucrure or portion. Or in general worlds, to make something stronger or more
efiective.

« Rehabilitation: An upgrads required to meet the present nseds — being
sensitive to building features and a sympathetic matching of the original
construction or the process of repainng or modifying a structure to a desired
useful condition. Or in general worlds, the action of restoring something that
has been damaged 1o its former condition.

= Defects: These are the flaws that are inmroduced through poor design, poor
workmanship before a structure begins its design life or through inadequate
operation and mainteénance during its service life.

+ Renovation: Process of substantial repair or alieration that extends a building™s
useful hife.

« Remodeling: Essennally same as renovation — 2ppliad to residential structures.

« Restoration: The process of re-esizblishing the materials, form and appearance
of a structurs.

« Demolition: The process of pulling down of the strecture not d22med to be fit

for service.

Iﬁfurahﬂjt}' of Concrete

Concrete is sz2id to be durable if it withstands the conditions for which it has been
dasigned, without deterioration, over a peried of years. Or Durability of concrete mayv
bz defined as the ability of concrete to resist weathering action, chemical attack, and
2brasion while maintaining its desired engineering properties. The term durzbility of
concrets is used to characterize the resistance of a concrete to a varisty of physical or

chemiczl antacks dus to external or by internal causes.
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7232)

The external causes may be dus to weathering, occurrence of selreins WempeEtiuze,
abrasion, electrolytic zetion 2nd attack by matural or industris] liguids end gawes. The
internal causes include the alkali aggregate reaction, volume changs duz 19 differenoes
in thermal propenies of aggregate and cement paste and above 2ll the permezbility of

concrete,

Environmental penetrations which affect the durzbility of concrets are shows 1

figure.
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i Conerete will remain dorable if:

+ The cement paste structure is dense and of low permeability

« Under extreme condition, it has entrained air 1o resist frecze-thaw cvele,
= It is made with graded aggregate that are strong 2nd inen
« The ingredients in the mix contain minimum mmpunties such as a2lkalis,

Chlorides, sulphates and silt.

actors influencing the durability of concrete

» Water cement ratio and water content: Thes added water can help easy

workability and finish ability but concrete with addad water shows segregation
of aggregates and degradation of performance both in strength and durability. In
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REHABILITATION & RETROFITTING OF STRUCTURES (15Cv7537)

the concrete with the same unit cement content, hydration can be more activared
with larger unit water content,

Curing period: It is very important to permit proper strength development aid

moisture retention and to ensure hydration process occur completaly,

Cement content: Mix must be designed to ensure cohesion and prevent
segregation and bleeding. If cement is reduced, then at fixed wic rato the

workability will be reduced leading to inadequate compaction. However, i

water is added to improve workability, water / cement ratio increases and

resulting in highly permeable material,

Cover to reinforcement: Concrete cover, in reinforced concrete, is the least
distance between the surface of embedded reinforcement and the outer surface
of the concrete. The concrete cover must have a nummum thickness for three
main reasons.
l. To protect the steel reinforcement  bars (rebars) from  environmental
effects to prevent their corrasion.
2. To provide thermal insulation, which protects the reinforcement bars
from fire, and:
3. To give reinforcing bars sufficient embedding to enable them to be

stressed without slipping.

* Aggregates: Physical and mineralogical properties of ageregate must be known
before mixing concrete to obtain a desirable mixture. These properties include
shape and texture, size gradation, moisture content, specific gravity, reactivity,
soundness and bulk unit weight. These properties along with the
water/cementitious  material  ratio  determine  the strength, workability,
and durability of concrete.

* DMix design: Concrete mix design is process of preparation of concrete with

suitable proportion of ingredients to meet the required strength and durability o

concrete structure, Every ingredient of concrete consists of different properties
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JREHABILITATION & RETROFITTING OF STR

meny i1 B ol an easy lusk to get economical and good conerete mix. Wrong mix

desipn alfects the early strength as well as the durability of concrete.

* Waorkabllity: Waorkubility of conerete is the property of freshly mixed concrete !
which determines the euse and homogeneity with which it can be mixed, placed,
consolidnted and linished
The strength ol concrete decreases with increase in water cement ratio. The
Crenase N water cement ratio indicates increase in werkability of concrete.

Thus, the strength of concrele inversely proportional to the workability of|f

concrete so s the durnbility of concrete.

|

‘ *  Admixtures: admixtures are chemicals used to reduce the cost of concrete
. construction, to achieve certain properties in concrete more effectively than by
1 L . r :

| other means, 1o maintain the quality of concrele during the stages of mi};ing,
transperting, placing, and curing in adverse weather conditions and o overcome

CErtamn l.."l‘l'll.'l'l-.'_l..‘-llﬂi‘li:"l lﬁlll'llll-' LFL'II'IL'I‘LHH'IH {,lph'.'l'hl.iﬂl'l‘_i.

Compaetion: The copcrete as @ whole contain voids can be caused by
inadequate compaction. Usvally it is being governed by the compaction

equipments used, type of formworks, and density of the steelwork.

*  Permeability: [t 15 considered the most imponant factor for durability. [t can be
noticed that higher permeability is usually caused by higher porosity. Therefore,
a proper curing, sufficient cement, proper compaction and suitable concrete

cover could provide a low permeability concrete,
Protective measures for durable concrete

* Proper concrete composition including special additions of admixtures,

Proper reinforcement detailing including minimum concrele cover, |

Limiting or avoiding crack development,

1 = Provision of coatings as additional protective measures

= [nspection and proper montioring procedure.
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7531)

JDistress in Concrete Structures

Distress in concrete members oceurs with age due to corrosion in reinforcement,

loading, settlement of foundations etc. This distress in building can be found by
development of cracks in concrete members such as slabs, beams, columns etc.

The cracking of concrete in building i3 developed in three stages:

1. Stage — I: Volume of rust formed due to corrosion of reinforcement is inn:reased
about 2.5 times the volume of stesl. With the result of corroded reinforcement barf
presses the concrete outwards. Since concrete i$ poor in tension, longitudinal cracks

are deve loped along the reinforcement bar

2. Stage - II: Longitudinal cracks in RCC provide wide access 10 oxygen, carbon}
dioxide, and moisture with result excessive carbonation starts and structural damages |
starts. Fear in the mind of users starts,

3. Stage — [1I: In this stage cover comes oul and causes danger to the life of structure

and strueture bacomes unserviceshle,
auses of distress in concrete structures

» Structural deficiency arising out of faulty designing and detailing as well as
wrong assumption in the loading criteria.
» Structural deficiency dus to defects in construction, use of inferior and
substandard materials.
* Damages caused due to fire, floods, tsunami and earthquakes, etc.
| * Physical deterioranion and creep (continuous deformation of concrete with time
| under sustained load).
* Chemical deterioration and marine environments.
* Damages caused due to abrasion, wear and tear,

* Damages due to impact, vibration, fatigue.

* Settlement of foundation, thermal expansion.
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Rewedinl Measures Cor Distressed Conerete
oA dlestyn stage

*  Addequate cover to concrete should be planned,
o Addegquate tiekness ol straeturnl wembers pacticularly non-structural members

¢ chajias, parapets, pergolas and fins ete. should be provided,

* Proper detmiling of reinforcemem espeeinlly ot junctions should be designed to

avoid congestion amd o ensure simooth placenent of concrete,

AL the constructlon stape

o Concrete should be workable with minimun water cement ratio (<= 0.45), It
should be well compacted by vibrator, Thus we should try to achicve highest
dengity with mintimum void,

»  Ensure proper gradmg amd quality of aggregate free from deleterious material,

=  Use potable water only.

« Leak prool and properly designed from work shoulkl be used. Ensura proper

XA, |’I-|:.Il:!."11.‘|l.‘l'|l. compaction and curing ol conerele, No Segrepalion,

honeycombang s allowed

» LUse ol plashicizers and super-plasticizers (o achieve workability for controlled

wiler-coment rmtio m plocement ol conerele in congested conditions,

o Binding wires to be tarmed inside (should not touch formwork), G.l. wires to be

wsed in aggressive environment,

=  Proper cover wilh dense conerele / mortar 18 must,

= Provision of drip course for projections should be made,

«  Proper cement 1o be used to prevent sulphate and ehloride attack,

Cement not more than 3 months old should be used.

Prepared [y: Homanth J ;r_m:umr.f..p..mm. [hg_m.mﬂl.d!.:l]jﬂ';-;m]lﬂd_nmmn] F-'I-Et f

Go paperless! Save Tarth! Source: diginottes.in scanned by CamScanner




REHABILITATION & RETROFITTING OF STRUCTU

RES (15CV7531)

3. Protection of reinforcement bars
Protection to renforcement bars against corrasion can also be provided by

* Using corroslon resistanl steel: Copstituents of steel alloy are adjusied to

res1sl COrros ion

 Fusion bonded epoxy coating: This process has good results in prmrctmg
reinforcement bars from corrosion. Powder epoxy is fusion bonded to bar al
about 250"C temperature, This is being used in coastal areas.

» Passive coating with polymer based cement slurry: In this pm-;;::u.
reinforcement bars are eleaned for rust and freshly prepared polymer cement |
slurry is applied by brushes. |

* Protective epoxy coating: Cerlain epoxy coating is alse available i the
market. Firstly rust s removed by wire brush or sand blasting. Thereafter,
cpoxy as per manufaciurer’s specifications are applied by spray / brush, Loss of

bond may be up to 30%
Deterioration of Concrete Structures

Deterioration: The process of I1:-_'-.|rning progressively worse

Degrading or damaging of concrete due 1o external media 1s known a deterioration o
concrete.

Reinforced concrete is a very versatile construction material. Properly designed
concrele structurcs are both strong and dumable. However, concrete structures are
vilnerable to n number of factors that can couse detericration. Deterioration can result
fin loss of sirength and unsafe conditions. Therefore it is imporam 1o have an
funderstanding of the vulnerabilities of concrete structures i order to help minimize
]-uu.g-h:rm repair and maintennnce costs.

| A structure can be considered to have failed or damaged, not merely when it collapses,

Jbut also in cases when it fails to perform the functions for which it was designed.
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———— e ————————

Damaged to structures can be broadly classified as under:
= A wtal or partial collapse.
i +* Discolouration of materials.
= Cracking.
= Spalling of materials resulting in reduction in size of members.

| = Deformation such as deflection, buckling, twisting and distortion.

ﬁ&lﬂrmmnn canses for deterioration of concrete
-
£ +  Accidental loading

* Chemical reactions

—  Acid amack

- Aggressive water attack

= Miscellaneous chemical attack

Construction &rmors

Design errors

= Inadequate structural design

= Poor design detals

Freezing and thawing

Settlement and movement
Shrinkage
— Plastic
- Drving

Temperature changes

— Internally generated

— Externally generated

- Fire

weathenng

.. . d
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REHABILITATION & RETROFITTING OF STRUCTURES (15CY7532)
Physical causes of deterioration of concrete

{Shrinkage in Concrete

It may be defined as the volume changes in concrete due o loss of water or moisture]

caused by evaporation or hydration of cement. 1t may be divided into two general
categones, that which occurs before setting (plastic shrinkage) and that which oceur

after setiing (drying shrinkage). Shrinkape is caused by the loss of moisture from

cOncrete,

Factors Affecting Shrinkage:

| The shrinkage of concrere depends on several factors which are listed below.

1. Water-Cement Ratio: Shrinkage is mostly mfluenced by the water cement ratio o

concrete, It increases with the increases in the water-cement ratio

|
2. Environmental Condition: It is one of the mejor factors that affect the total

volume of shrinkage. Shrinkage is mostly occurred due to the drying condition of the

atmosphere. [t increases with the decrease in the humidity.

3. Time: The rate of shrinkage mpidly decreazes with time. It is found that 14-34% o
the 20 years shrinkage occurs in two weeks, 40-80% shrinkage ocours in three months

and the rest 66-85% shrinkage occurs in one vear,

4. Type of Aggregate: Aggregates with moisture movement and low elastic modulus
cause large shrinkage, The rate of shninkage generally decreases with the increase of

the size of aggregates. It is found that concrete made from sandstone shrinks twice

than the concrete of limestone.

|5- Admixtures: The shrinkage increases with the addition of accelerating admixtures

ldue 10 the presence of caleium chloride (CaCl2) in it and it can be reduced by lime

replacement.

—
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REHABILITATION & RETROFITTING OF STRUCTURES(ZC" 77%)

6. Other Factors:
» The type and quantity of cement.

Granular and microbiological compoesition of aggregates.

The strength of concrete.

* The method of curing.
L]

The dimension of elements etc. ‘

ypes of Shrinkage in Conerete

Plastic Shrinkage in concreie ‘

Drving Shnnkage in concrete
* Autogenous Shrinkage in concrete ‘

» Carbonation Shrinkage in concrete
Plastic Shrinkage in concrete

Mechanism: Shnnkage of this tvpe mamfests itself soon after the conerete s placed injf
!
the forms while the concrete is stll in the plastic state. Loss of water by evaporation|
from the surface of concrete or by the absorption by aggregate or subgrade is believed ‘

I:n be the reasons of plastuc shnnkage |

Drring the period between placing and setting, most concrete will exhibit bleeding to
sorme degree. Bleading is the appearance of moisture on the surface of concrete: i 18
caused by the setting of the heavier componsnis of the mixture, Usually the bl=ad

-ater evaporates slowly from the concrets surface. If environment2] conditions are

such that evaporation s occurring faster than water s being supplicd to the suriace by

leeding. high i=nsile stresses can develop. The swresses can lead to the development
af cracks on the concrete surface. Tvpically the cracks are wsolated rather than parmer,

these cracks are generaliy wide and shallow.

. . . J
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7532)

Figure: Plastic shrinkage cracks

The primary cause of plastic shrinkage cracks 15 the rapid evaporation of water from |
the surface. Plastic shrinkage cracks occur within few hours after placing the concrete
[Iwhile it is stll in plasuc siate. Cracks occur almost entirely on horizontal surface
I exposed 1o the atimosphere. They can be deep and width varying from 0.] mm to 3
fmm. The magnitude of cracks depends upon ambient temperature, relative humidity
.

ffand wind velocity.
IMeasures to reduce plastic shrinkage cracks
Moisten the subgrade and formworks.
Erect temporary wind breakers to reduce wind velocity over fresh concrete
Erect temporary roof to prolect green concrete from hot sun
Reduce the time between placing and finishing

Minimize the evaporation by using log spray and curing compound.
1Dryving Shrinkage in concrete

Mechanism: The shrinkage that appears after the setting and hardening of the
concrete mixture due to loss of capillary water 1s known as drying shrinkage. Drying

Ishrinkage generally occurs in the first few months and decreases with time. If this
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. guld be no damage to the

y restraint, there W
I

lshrinkage could ke place without an

concrete,
ead to cracking,

his shrinkage causes an increase in tensile stress, which may I !
internal warping, and external deflection, before the concrete is subjected to any kind

of Ipading. All Portland cement concrete undergoes drying shrinkage of hydral volume f
change as the concrete ages. Drying chrinkage can occur il slabs,

ndations.

heams, columns,

bearing walls, pre-stressed members, tanks, and fou

IDrving shrinkage is caused by the physical loss {evaporation) and chemical loss
(hydration) of water during the hardening process and exposure to unsaturated air. The
ays after concreting and around 80% ‘

drving shrinkage cracks appear at about ¥ 10 10 da
ge is influenced by 2

of drying shrinkage occwrs in about a year. Drying shrinka
hurmadity

number of factors such as cement content, waler content, aggregates, Curing,

and temperature

Prepared By: Hemanth J 1Lru:u'rru..mu

fo paperlessl Save Tarth! Source: diginottes.in scanned by CamScanner



Measures to reduce drying shrinkage cracks

Use of minimum water content.
Use of highest possible water content.
Provide adequate and early curing,
Eliminating the external restraints as much as possible.

Providing sufficient close spaced reinforcement.

Placing the concrete at as low a temperature as practical.

Damping the subgrade and the forms.

Damping the aggregates if they are dry and absorptive.

Providing adequate contraction joints,

Autogenous Shrinkage in concrete

Autogenous shrinkage occurs due ta no moisture movement from concrete paste under

constant temperature, This shrinkage is caused by loss of water consumed up in the

hydration of cement. The magnitude of this shrinkage is very small and is not much of

Ysignificance and 15 a minor problem of concrete and can be ignored.
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Carbonation Shrinkage in concrete

o - into the concrete |
Carbonation is a process by which carbon dioxide from air pepelraies in

land reacts with ealeium hydroxide to form calcium carbonates.

(Coz) with the

|Carbonation shrinkage occurs due to the reaction of carbon dioxide
| . to CaCo; in the presence of moisture.

thvdrated cement minerals, carbonating Ca {Oh)
The carbonation slowly penetrates the outer surface of the concrete. This type ©

shrinkage mainly occurs at medium humidity's and results increased strength and

reduced permeability. The simultaneous reaction of Co; with hydrated cement

minerals in concrete induces contraction of concrete

Figure: Carbonation shrinkage cracks

Freeze and Thaw in Concrete

Freezing: Freezing is a phase transition in which a liquid turns into a solid when its

|temperature is lowered below its freezing point.

Thawing: Make (something) warm enough to become liquid or soft,

o
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7532)

Freeze & Thaw cycle: When water freezes, it expands about 9 percent. As the waler

0 moist conerete lreezes il produces pressure in the pores of the concrete. Thel

accumulative effect of successive Mreeze-thaw cyeles and discuption of paste and
] CLTIL] T ] ' . H H 3 |
uggregale can eventually couse expansion and cracking, scaling, and crumbling of the

woncrete.

Concrete is porous, so if water gets in and freezes it breaks off small flakes from the
surface, This is typically called scaling and it can ocour during the first winter and get

worse over time. When severe, 1l can lead to complete destruetion of the concrete.

Freeze-thaw disintegration or deterioration takes place when the following conditions

are prescnt,

Freéezing and thawing temperature cyeles willin the concrete.

* Porous concrete that absorbs water

Figure: Cracked Stairs due to Freeze Thaw Cyeles

- — - -  ——
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Figure:

Damage of Bridge due tg Freeze Thaw

Cyeles
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|Mechanism: The freezing water contained in the pore structure expands as it converts
to ice. The expansion causes local tension forces that fracture the surrounding concrete |

|matrix. The fracturing oceurs in small pieces, working from outer surfaces inward,

Deterioration of concrete from freeze thaw actions may occur when the concrete isf

criﬂ:;ﬂ]l:.f saturated, which is when approximately 91% of its pores are filled with

water, When water freezes to ice it occupies 9% more volume than that of water. [

linere is no space for this volume expansion in a porous, water containing material like

concrete, freezing may cause distress in the concrete, Distress to ritically satrated

|concrete from freezing and thawing will commence with the first freeze-thaw cycle]
and will continue throughout successive winter seasons resulting in repeated loss o

concrate surface,

reventive measures

Use of lowest practical water cement ratio.
* Usage of adequate of 2ir entraining agent.
* Usage of durable aggregate.

Adenuate curing of concrete prior 1o exposure lo [Toczing and thawing

conditions

Providing positive drainage rather than flat surface,

Rate of freeze-thaw deterioration

Porosity {increases rate)
« Moistare saturation {increases rate)

« MNumber of freeze-thaw cycles {increases rate)

« Air entrainment (reduces rate}

Hortzontal surfeces that trap standing water {increases rate}

« Aggregate with small capillary structure and high absorption (increases rate)

& g . - _———-—-—_
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Figure: Freeze & Thaw mechanism

Symptoms

s Spalling and scaling of the surface

s Large chunks (cm size} are coming off

« Exposing of aggregate

s Usually exposed aggregate are un-craciked

= Surface parallel cracking

Gaps around aggregate - in the ideal case

= —
Qo paperless! Save Sarth! Source: diginottes.n Scanned by CamScanner




|Weathering: Wear away or change the appearance or texture ol (something) by long
expc:s.ure to the atmosphere,

The damage from freezing and thawing is the most common wenther related
physical deterioration.

If the volume changes due to these processes are excessive, cracks may develop

and give impression that the concrete is on verge of deterioration,

The damage due to these factors may appear in the form of general Macking and |
spaltling of concrete from the surface.
Conerete generally loses its strength with increase in temperature about 300%,

damage being greater with aggregate having high coefficient of thermal
EXPANSION.

Crazing of concrete

Crazing is the development of & network of fine random cracks or fissures on the

surface of conerete or mortar caused by shrinkage of the surface layer.

These cracks are ravely more than 3mm deep, and are more noticeable on over floated

or steel- troweled surfaces, The irregular hexagonal areas enclosed by the cracls ere
{typically no more than 40mm wide and may be as small as 10mm,

Geneﬁlh,r, craze cracks develop at an early age and are apparent the day after

placement or at least by the end of the first weak, Often they are not readily vigible
luntil the surface has been wetted and it is beginning to dry.
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They do not affeer the structural ntegniy of conerete and mrely do they

durability. However crazed surfaces can be unsightly,
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Causes of crazing in conerete

Poor or inadequate curing

Intermitient wet curing and drying

Finishing with float when bleed water is on the surface.

Spreading dry cement on a surface that is too wet to trowel and sprinkling water

on concrete that is too dry to trowel, both produce skin likely 10 suffer from

Crazing.

Use of highly absorptive agmesates.

reventive measures

* Avoid over finishing the surface,

* Delaying toweling until the surface moisture has disappeared.

* Avoud sprinkling of dry cement or water on the surface during finishing

operations.

Starting curing as seon as possible,

Avoiding higher temperature differemtials berween the concrete and curing

Wwater.

Use of curing compound on the surface prevents the rapid evaporation o

maoisture from concrete surface and crazing 15 prevented,

Hu neycombing on concrete

Honevecombing: When concrete 15 poured into the structural element forms it does not

just flow in like water and fill up the forms to the top. If it is not vibrated properly it

may leave wvoids called “honeycombing™ The exposed aggregate leaves

a honeycomb look and hence the name honeyeombing of concrete,

(Honeycombing is the term used to describe areas of the surface that are coarse and

stony. It may be caused by insufficient fine matenial in the nix, perhaps due 1o

lincomrect aggregate grading or poor mixing.
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This can be corrected by increasing the sand and cement content of the mix and by

proper mixing, placing and compaction. Alteratively, honeycombing may be caused
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Preventive Mmeagures

To follow good concrete construction practice.

To use workable conerete,
* Toprovide good and tight forms.
To give proper vibration.

Maintaining proper water cement ratio.

Pop-outs on concrete

Pop-outs are usually caused by the expansion of porous aggregate particles having o

high rate of absorption, As the offending aggregate absorbs moisture or freezes under

mo1st conditions, its swelling creates internal pressures sufficient 1o scale the concrete

surface.

A pop-out is a conical shaped hole in the surface with portion of coarse aggrepate
particle exposed. These occur outdoors on the horizontal and vertical surfaces. They
are caused by freezing of water in aggregate particles that have an internal pore

(structure which is causes them to expand unduly wpon freezing,

Pop-outs don't appear during construction but they start o appear during the first
[*inter and may continue to form for several vears, These do not harm the concrete but
they are unsightly. Rocks that preduce pop-outs include: Chert, Shale, Clay stone,

Mudstone, Argillaceous limestone, and Siltstone.

Preventive measures

Pop-outs can be prevented only by aveiding aggregates which cause them.

The use of air entraining admixtures, extra care in placement, consolidation,
fimishing, curing and sealing can all contribute to preventing moisture from
reaching these aggregates.
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Figurc: Pop-outs in concrete

{Creep on concrete

Concrete when subjected to sustained loads not only undergoes instantancous elastic

deformation but also exhibit a time-dependent deformation known as creep.

Concrete creep is defined as deformation of structure under sustained load, Basically,
long lerm pressure or SWéss on concrete can make it to change in shape. This
deformation usually occurs in the direction the force i being applied. Like a concrete

column getting more compressed, or a beam bending. Creep does not necessarily

cause concrete to fail or break apart.

In concrete, creep results in a sustained increase in elastic deformation, which
sometimes leads to formation of cracks n brick masonry of framed and load bearing

lstructures. When the sustained load 15 romoved, the strain decreases immediately by

reﬂ.rl:d }': Hmnrlh J gk roima s 'Fnhll‘ll. I F:E;! 26
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Figure: Creep in concrete

Factors Affecting Creep

Major factors

* InNuence of Aggregate: Aggregate undergoes very hitle creep. It »v really the

paste which is responsible for the creep. However, the aggregate influences the
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creep of concrete through a restraining effect on the magnitude of ereep, T,
paste which is ereeping under load is restrained by aggregate which dg no

. _ i |
creep. The stronger the aggregate the more is the restraining effect and henge

the less is the magnitude of creep. The modulus of elasticity of aggregate is ane

of the important factors influencing creep. It can be easily imagined that the .
higher the modulus of clasticity the less is the creep. Light weight aggrepate 1
show

§ substantially higher crecp than normal weight aggrepate.

Influence of Mix Proportions: The amount of paste content and its quality isf

one of the most impartant factors nfluencing creep. A poorer paste structure

undergoes higher creep. Therefore, it can be said that creep increases with
increase in water/cement ratio. [n ather words, it can also be said that creep is
inversely proportiona] to the strength of concrete. Broadly speaking, all other

factors which are affectin & the water/eement ratio are also affecting the creep.

* Influence of Ape: Age at which a concrete member s loaded will have

predominant effect on the ma enitude of cresp. This c

a
an be easily undarstood

from the fact that the quality of gel improves with time. Such gel creeps less,

whereas a young gel under load being net so stronger treeps more. What is said

above is not a very accurate staterment because of

the fact that the moisture

| content of the concrete being different at different age also influences the

magnitude of creep.

Major factors

* Type of cement and cement content
* Entrained air

= Mixing time

* Level of sustained stress

+ Ambient humidity

+ Temperature

» Size of the specimen

— - = — - = - a .
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o Unwanted deflections in reinforeed concrets beams

* Incolumny, creep in concrets will transfer greater losd on 1 the rinfursing
steel bary,

* Ineccentrically loaded columns, cresp ingremsss the deflsction aod can lssd o,
buckling,

o [nmass conerete structures, cresp acsampanisd by differential interioe
leinperature conditinns can canse cracking of the cnnorets.

* In pre-stressed concrete, creep redises the pre-stressing ragniiude,

Abrasion, Erosion & Cavitations on conerete

Progressive loss of mass from a conceete surface can coeur dus to shraion, srasion

land eavitations,

Abrasion refers to wearing away of the surface by friction,

Erosion refers to wearing away of surface by fruits

Cavitatlons refers to the damape dus to non Ensar fow of water 2= valoeDy i mmprs
2 X4

than 12 m/'s.

The concrete usad on roads, floors, pavements snd for hydmulic wrooerss Fonld

exhibit resistance against abrasion, corrosion and cavitations. Mors the compresive

strength of conerete, higher is the resistance against abrasion, agmdion and cavdetions

Abrasion: [t is weaning away of the surface by dry attrition, repested mEtmg il

sliding or frictional process. Surface sbration i mainly camsed by dov smitinm s &=

[lpavements and industrial floors due to heavy trucking and vebicles. [n Bydfrealie
[

structures, the abrasion oceurs dus to the cutting astisn of werer bome debri, fe

suspended solids in water ie., rolling, sliding and pinding of debris smpendes i

water against the concrete structures, The fzetors that affect the shresion regimmnes o

concrete include compressive strength, aggregate properties, fniibing methods, wee of

roppings and curing,
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Erotion: |1 refers 1o manilestation of wear on the concrete surtace by the

s of the suspended solsd particles in fluids. The impinging, sliding. rolling action

iapenacd sobid particles i water that come in contact with the concrete causes the

surisce wear The rate of erosion depends on porosity and strength of concrete,

“ration of exposure, flow velocity of the water and its direction, and the amount, size,

shape, density, hardness and velocity of the water barme debris

Cavitations: It is the damage that s caused 1o concrete by action of high velocity

walet Loncrete generally shows excellent resistance to the latter, however, cavitations

damage occurs when high velocity water-flows encounters discontinuities on &

Uriage nlhﬂﬂ'ﬂ“ﬂ.u.u:ﬁ_ m ||:'.C I'II.I.I.ITI af Suriace l"lli-!lhgll'lr'imhli or .i.bl'u]jl: -.'J'I.‘I.npf I

siope. m the flow path cause the water 1o lift off the flow surface, creanng negative

pressure Fopes and I!'I:‘-::[!ll!';g i the for mation of hubbles of water vapour These

bubbles flow downstream with the water (i ent

enng the regon of high pressure, they

collapse with grear impact. Such high impacts can remove the particles of concrets

forming  another discontinuity that creates more extensive damage. Cavitations

damage results im erosion of the cement matrix, leas ing harder ageregate 1n place

Temperature Changes

Temperature Varation leads to Volume Changes in concrete Hesulting stresses lead

0 cracking, spalling and excessive deflections.

|Basically, there are three temperature change phenomena that mav cause damage to

jconcrete.

Tempemture changes that are generated mtermally by the heat of hydration o

cement in large placements

*  Temperature changes generated by variations in climatic conditions.

* Special case of externally generated temperature change-fire damage.

—
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Internally generated temperature differences

The hydrat L . : ;
vdration of Portland cement is an exothermic chemical reaction. In large volume|

I ] 5 i
_mmm’ may be raised by more than 38" Celsius over the concrete temperature at

placement. Usually, this temperature rise is not uniform throughout the mass of the

placements, significant amounts of heat may be generated and the temperature of the
concrete and steep temperature gradients may develop.
|
|

Th&se temperature gradients give rise 10 a siuation known as internal restraint; the
louter portions of the concrete may be losing heat while the inner portions are gaining.

Lif the differential is great, cracking may occur. Simultaneously with the development]
of this internal restraint condition, as the concrete mass begins 1o cool, a reduction in
volume takes place. If the reduction in volume is prevented by external conditions
tsuch as by chemical bonding, by echanical interlock} the concrete is extremely
drestrained. 1f the strains induced by the external restraints are great enough, cracking |

may Geeur.
Internally generated temperature differences

fhe basic failure mechanism in this case 5 Sdme as for internally generated
Jtemperature differences; the tensile strength concrete 18 exceeded. In this case, the
{temperature change leading to the concrete volume change and is caused by external

factors usually change in climetic conditions.
This cause of detenioration 15 best described by the following examples. |

1. A pavement slab cast in summet. As the air and ground temperatures drops in
i winter, the slab may undergo a temperature drap. The slab would experience @
shortening (shrinkage), if the slab were restrained, such movement w-:uu.lu

| certainly lead to cracking. |

| 2 A foundation or retaining wall that is cast in summer, as weather cools, the

| concrete may cool at different rates- gxposed concrete will conl faster than thal |

B P Trc (s
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insulated by soil or other backfill. The restrain provided by this differer; _

cooling may lead to cracking if adequate construction joints are not provided,

3. Concrete that experienice significant expansion during the warmer portions of

the year, spalling may oceur if there are no adequate expansion joints provided.

In severe cases, pavement slabs may be lifted out of alignment, resulting in
blowups,

. Concrete that has been repaired or overlayed with materials that do not have the
#me coelficient of thern

14l expansion as the underlying material, annual
heating and cooling may lead

to cracking or de-bonding of the two materials,

Fire on concreta

\ fire in a concrete structurs “auses damage. The extent of damage depends upon the

intengity and duration of the concrete of the fire

he principal types of damages are

Reduction in strength of concrate.

* Cracking and spalling of conerete,

Deflection and defarmation of memhb 5.

Discolouration,

*  Other mizcellanspys functional failures,

Concrete has good fire resistant properties. Fire resistant properties of conerete i3

determined by three main factors

The capacity of concrete itself to withstand heat,

The conductivity of the concrete to heat

The coefficient of thermal expansion of concrete,

——
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vesult ot the surthee layers tend 1o separate pnd spall off from the cooler interior,

Phe effect of ncrense in temperature on the strength of concrete is nol much up to n

tewperature of about 250%¢ but nbove 300" ¢, definite loss of strangth takes place.

Thermal movement in concrete

Thermal movement takes place due to the considerable amount heat libernted during

hydration, and heat due amosphere temperature and maey also due to external fire. |

Becauge of thermal movement, the conerete undergoes changes in shape snd volume
ane the same resulie in cracking of concrete structure. The extent of temperature rise
depends on the properties of concrete and shape and size of the component. The heat
of hyvdration may not be significant in mass concrete works it is an important factor to

be contented with the contral of heat and avoidance of cracks to maintain the integrity.
Preventive Measures

o Lise of pozzolana,

« Llze of low heat cement.

# Pre cooling of aggregates and mixing water

e Popst cooling of concrete by circulating reitigerated water through pipes

embedded in the body of concrete.

&« Provide joints o relieve the restraints in the strocture.

« Providing adequaie reinforcement 1o distribute the siresses.

» Providing suitablc insulation cover.
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Figure: Thermal movement in concrete structure

Construction Errors

Construction emors dunng concreting at site may occur due to failure 1w follow

specified procedures and good practice or outright carelessness.

Most of these errors may not lead to failure or deterioration of concrete, but they may

have adverse impact on the structure with time.
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Figure: Construction errors

Adding water to concrefe

fwater is usuall v added ro concrete in one or both of the following circumstances:

{Fiest, water is added to the concrete i a delivery truck to mcrease slump and decrease|
fpouring or placement effort. This will lend to concrete with lowered strength and
mdu-n:d durability. As the water/cement ratio of the concrete increases, the strength ,

jand durability will decrease.

jIn the second case, water 15 commonly added during finishing of structurnl member,

This leads to scaling. cruzing, and dusting of the concrere.




Improper alignment of formwork

Improper alignment of the formwork will lead to discontinuities on the surface of thefll

mnc::te. While these discontinuities are unsightly in all circumstances, their

Jloccurrence may be more critical in areas that are subjected to high velocity flow o
|

[water, where cavitation-erosion may be induced, or in lock chambers where the

“rubbing” surfaces must be straight.

I mproper consolidation or compaction of concrete

[mproper compaction of concrete may result in 2 variety of defects, the most common

being bug holes, honeycombing, and cold Joints.

i Bugholes are formed when small pockets of air er water are trapped against the forms. |

A change in the mixture to make It less “sticky™ or the use of small vibrators worked

:'n the form has been vsed 1o help eliminats bug holes,

Honeycombing can be reduced by mserting the vibrator more frequently, inserting the|
Y E g

vihmtur as close as possible to the form face without touching the form, and slower

withdrawal of the vibrator. Obviously, any or all of these defects make it much easier

=

| for any damage-causing mechanism to initiate deterioration of the concrete.

of effort in

Frequently, a fear of over consolidation is used to justify a lack

surface. If this situation occurs, it is reasonable to conclude that there is problem of a

poorly proportioned concrete rather than too much consolidation,

| ed By: Hemanth J ne roo Page 35
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"D! develop the charasteristics that are expected and that are necessary to provide
durability. Symptoms of improperly cured concrete can include various types of

cracking and surface disintegration,

In extreme cases where poor curing leads to failure to achieve anticipated concrete

slrengths, structural cracking may eecur.

|
[Improper loeation of reinforcing stecl

This section refers to reinforcing steel that is improperly located or is not adequately
| dsccured in the proper location. |
Either of these faults may lead to two general types of problems. First, the steel may

not function structurally as intended, resulting in structural cracking or failure.

A particularly prevalent example iz the placement of welded wire meash in floor slabs,
In many cases, the mesh ends up on the bottom of the slab which will subsequently

crack because the steel is not in the proper location

The second type of problem stemming from improperly Jocated or tied reinforcing |
steel is one of durability, The tendency secms to be for the sieel to end up near thel
surface of the concrete. As the concrete cover over the steel is reduced, it is much -

easier for corrosion to begin

| Movement of formwork

Movement of formwork during the pericd while the concrete is going from a fluidto a

rigid material may induee cracking and separation within the concrete. A crack open

to the surface will allow aceess of water to the interior of the concrete. An internal |l '

void may give rise to freezing or corrosion problems if the void becomes saturated.
‘ .
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[Fremature removal of shores or re-shores

cted ma b
If shores or re-shores are removed too soon, the concrete affe Y btcmru;

overstressed and cracked, In extreme cases there may be major failures.

Settling of the concrete

During the period between placing and initial setting of the concrete, the heavier
tomponents of the concrete will settle under the influenca of gravity. This siluat[nu
may be agpravated by the use of highly fluid coneretes,

[ any restraint te nds 1o preven this settlin 2. eracking or separations may result. These

STACKS OF separations may also de velop problems af corrosion or freezing if saturated. ‘

Settling of the subgrade

If there is any settling of the subgrade during the period after the concrete begins to

become rigid but before jt gains enough strength to SUPPOTL its own weight, cracking

may also accur

Vibration of freshly placed concrete

Most construction Sites are subjected to vibration from Various sources, such gzl

blasting, pile driving, and from the operation o

f construction equipment.

Freshly placed concrete is vulnerable t weakening of g properties if subjected to

forces which disrupt the concrete matrix during setting,

Improper finishing of flat concrets surface

The most common improper finishing procedures which are detrimental to thel

[ |
durability of flat concrete surface are discussed below:

‘ » Adding water to the surface: Evidence that water ig being added 1o thel

surface is the presence of 5 large paint brush, along with other finishing tools.

| The brush is dipped in water and water is “slung” onto the surface beinp
finished.

Eo P.;P;r_féss-l Save Earth] Source: diginottes.in scanned by CamScanner



Fal finishing operations must be done after the I
concrete has taken its initial set and bleeding has stopped. The waiting period |

depends on the amounts of water, cement, and admixtures in the mixture but |

+ Timing of finishing;

primarily on the temperature of the concrete surface. On a partially shaded

slab, the part in the sun will usually be ready to finish before the part in the
shade,

Adding cement to the surface: This practice is often done to dry up bleed

water to allow finishing proceeding and will result in a thin cement-rich
coating which will craze or flake off easily.
Use of tamper: A tamper or “jitterbug” 15 unnecessarily used on many jobs. j
This tool forces the coarse aggregate away from the surface and can make
finishing easier. This practice, however, creatss a cement-rich mortar surface
layer which can scale or craze, A jitterbug should not be allowed with a well |
designed mixture. If a harsh mixture must be finished, the judicious use of a
jitterbug could be useful

« Jointing: The most frequent cause of eracking in flatwork is the incorrect

spacing and location of joints

Cracking due to construction overloads

The loads induced during construction can be far more severe that those experienced

in service. Unfortunately, these conditions in the early ages when the concrete is most

susceptible to demage and often results in permanent cracks. A COMMON ErTor HCCUTS

vhen the precast members ere not properly supported during trangportation and
r;m-::tinn. The use of arbitrary or convenient lifting points may cause severe damage. A

big element lowered too fast, and stopped suddenly carries significant momentum,

which 15 translated into an impact load that may be several times the dead weight o
l.he element,

Storage of matenals and equipment can easily result in loading conditions dunng

comstruction for more severe that any load for which the structure is designed. Damape

| Frr.-pu.rtd By: Hemanth J oo rcmg same, e
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from unintentional construction overloads can be prevented only if the desig

[Provide information on load limitations for the structure,

|
1Causes

* lnadequate provision of main steel reinforcement, or inadequate provision off
iemperature reinforcement or wrong spacing of bars, or absence of corner
remnforcement may cause unacceptable cracks in concrete.

One of the most common occurrences is the displacement of top bars in

cantilever chajjas, by the movement of concreting gang, causes cracks at the
Junction point of the cantilever chajjas.

Design errors

Design errors may be divided in to two genetal types

‘ * Those resulting from nadequate structural design |

* Those resulting from lack of attention to rel

atively minor design details, ‘

Inadequate Structural Desi gn

Failure mechanism: when the concrete is CXposed to greater stress than it is capable

of camrying or it sustains ETEater stramn than its capacity.

‘ Symptoms:

= First, errors in design resulting in excessively high compressive stress wall result

in spalling. Similarly high torsion or shear stress
cracking.

may also result in spalling or

‘ " Second, high tensile stresses will resul in cracking,

I Prevention: Through careful review ofall design ealeulations.

BT reh, [Fahi)
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Poor design detili |
gn detailing may allow water to pond on 4 structure, resulting in saturated
ECLCrEE.

Poor detaili wael ! : ;
ng does not lead directly to concrele failure; rather it contributes 1o the

action of one or the other causes of conerete delerioration.

Several specific type of poor detailing and their pussible effect on concrete are:

Abrupt changes in section

|Abrupt changes in section miy cause slress concentrations that may result in cracking

Typical examples would include the use of relatively thin sectins such as bridge

decks ngidly tied into massive abutments and re-placement concrete that are not

uniferm in plan dimensions,

Insufficient reinforcement at re-entrant corners and apenings

cause cracking. In this case, the best prevention is to provide additional reinforcement

in areas where stress concentrations are E?".]:IES[Ed [0 Decur.

Inadequate provision for deflection

sections beyond the capacities for which they were designed.

Inadequate provision for drainage

IPoar attention to the details of 2 structure may result in pounding of water. This}

ponding may result in leakage or saturation of concrete. Leakage may result in damage

o the inferior of the structure or in staining on the siructure, Saturation may result in

severely damaged concrete if the structure is in an arca that is subjected to freezing |

jand thawing.

{insufficient :xpans[&n joints
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Inadequately designed Expansion joints may result in spalling of concrete adjacen |,
the joints. The full range of possible temperature differential that a concrete may b,

eXpecled to experience should be taken into account in the specification for expansion

Incompatibility of materials

use of materials with different properties (modulus of elasticity or coefficient o

thermal expansion) adjacent to one another may result in cracking or spalling as the

structure is loaded or as it e subjected to daily or annual temperature variations,

Rigid joints between Precast units

Designs utilizing precast elements must provide for movement between adjacent

precast elements or between the precast elements on the supporting frame. Failure 1o

sult in liking our spalling,

provide for this moment can e

The design & detailing errors that m aY cause an acceptable cracking as follows

Improper selection and / or detailing of reinforcement,
*  Use of poor detailed re-entrant cormers in walls, precast members and slahs,

Restraint of members subjected to wvolume changes due 1o variation in

temperature and moistire

Lack of adequate contraction joints.

Improper design of foundations results in differential settlement within the
structure.

Re-entrant comers provide a location for stress concentration and these are main

locations for initial cracks, as in case of windows and doar Dpenings in concrete

walls and beams,
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Chemical causes of deterioration of concrete ‘

/ Chemical attack on the concrete ‘

Chemical attack is the reaction of chemical elements from exposure and moisture|

present in the concrete which results into deterioration of RCC Structure. ‘

Ingress of dissolved substances from the external environment may cause various
fﬂﬂ‘[‘lﬁ of EhETﬂiE&“}f induced deierioration by reaction with the cement paste or

ageregate constituents.

Chcmicai attack on concrele can be classified as

e —

« Carbonation

¢ Alkali attack

| = Acid attack ‘

¢  Chloride attack
* Leaching ‘
* Salt attack

* Sulphate attack

Ingress of dissolved substances from the external enovironment may cause various
forms of chemically induced deterioration by reaction with cement paste or aggregate

constituents.

Fezistance of concrete to chemical attack is directly influenced by:
« [ts porosity.

« The cement composition used in the concrete,

« Conditions under which the cement paste hardened.

« Properties of concrete,

o Ability to resist various effects of fluids in the environment. ‘ '
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The penetration may be influenced by the effects of

= Temperature gradient.

* Freezing. \
* Loading, | :
= Electric current & other factors. a

s = 'l,|,l 1
Most of the problems due to chemical attack arise from the aggressive fluid
penetrating into the interior pore space in the concrete. Therefore, damage 1s In many

Jcases dependent on the permeability of the surface Jayers and not on the body of the
concrete

T;-,rp&s of chemical reactions

| o v L . ' "
| Extensively five main types of chemical reactions can be recognized

Type 1: Simple leaching of free calcium hydroxide (Hydrated lime).

I'ype 2: Reaction between attacking solutions and cement compounds resulting}
in the formation of secondary compounds, which are either leached from the
concrele, or remain in a non bound form, resulfing in graduel swrength loss.

Type 3: Reaction similar to type 2, but resulting in the crystallization of the

Teaction products giving rises to expansive forces, which disrupt the concrete.

Type 4: Crystallization of salts directly from the attacking solution causing
disruption of the concrete, '

Type 5: Corrogion of the embedded steel reinforcement.

Carbonation on the concrete
Carbonation: Carbonation s the formation of caleium carbonate (CaC0y) by a
chemical reaction in the concrete.

The creation of calcium carbonate requires three equally important substances: carbon
dioxide (CCO;3), calcium phases (Ca), and water (H20). Carbon dioxide {CO2) is present
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" the surtounding ir, ealeium phases (mainly Ca (OH) and CSH) are present in the

conerete, nnd water (Hy0) is present in the pores of the conerate,
The fist renction is in (e pores where earbon dioxide (CO2) and water (H20) react to
form corbonic acid (H,Co 1)

CO:+H:0 3 HiCOy

The carbonic neid then rencts with the calcium phases:

HaCOs 4 Ca [OH); & CaCO3 + 20H:0

Unee the Ca (OH)2 has converted gnd is missing from the cement paste, hydrated
CSH (Caleium Silicate Hydrute - Ca0+8i02+H20) will liberate CaO which will then
also carbonate:

H;COy + Ca0 CaCO4 + H:0

Carbonation of concrete is one of the reasons for corrosion of reinforcement. Itisa
process by which carbon dioxide from air penetrates into the concrete and reacts with

calcium hydroxide to form caleium carbonates.

Mechanism

* The percentage of COz present is air vary from place to place. In case of rural) '

areas the conceniration of CO; in air may be about 0,03% by volume, where as
in urban areas it may vary from 0.3% to 1.0%. Thiz CO,, in presence o
moisture chenges mto dilute carbomic acid and attacks the concrete and reduces .

alkalinity of concrete.

* Due to reduction of alkalinity of concrete, the pH value of pore water in the
hardened cement paste reduces from 13 to 9.0. When all the Ca {OH); has
become carbonated, the pH value again reduces to about 8.3, And at this low pH

value, the protective layer gets destroyed and the steel is exposed to corrosion.

In good quality conerete, the carbonation process is slow. Lesser iz the porosity lesser

will be the penetration of CO;. The carbonation process requires constant change in
|
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]
the moisture Jevels (dry to damp to dry). The process does not occur when COncrey

pores are filled with water — or when concrete is constantly underwater,

BEEDRE CORROSOH, BUNDUPOF . FiSHTHER CONASION, EFERTINL LI
' LSP0H PRODUCTS: suu#fmm;m (ORRODEDBAR,

Figure: Corrosion of steal

The corroded steel occupies a much Ereater volume than the original meta] and thus

Sets up bursting forces in the surrounding concrete.
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lufluencing factors

{The rate at which carbonation reaches the reinforcement depends on the following

|factors. |

| Time: Rate decreases with increasing time of exposure to air.

Cover: Greater the cover better is the protection afforded to the steel.

| + Concentration of CO2 in the atmosphere; Rate increases with increasing
carbon dioxide in the air.

*  Permeability: This depends on concrete quality, carbonization depth increases
by four times when the water cement ration is increased from 0.4 to 0.8,

»  Alkali content in the concrete: this depends upon the cement content and type
of cement,

+ Condition of concrete cover: any imperfection in the cover such os
segregation, poor compaction or cracking enables carbonation to progress mon
rapidly.

+ Concrete of good quality catbonates wvery slowly, even after a period of 50

| years, carbonation is to penctrate to a depth of 3-10 mm. a permeable concrete

may carbonate to a depth of 25 mm in less than 10 years.
Sulphate attack on the concrefe

Sulphate attack on concrets is @ chemical breakdown meehanism where sulphate 1ons

attack components of the cement paste,

The compounds responsible for sulphate atack on concrete are water-soluble
sulphate-containing salts, such as alkali-earth (calcium, magnesium) and alkali
{sodium, potassium) sulphates that are capable of chemically reacting with

components of concrete,
Sulphate sources:

+ [nternal Sources
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« External sources

Internal Sources '
|

This is rarer but, originates from such concrete-making materials as h:r’drautia

cements, fly ash, aggregate, and admixtures,

» Portland cement might be over-sulphated.
* Presence of natural gypsum in the aggregate.

* Admixtures also can contain small amounts of sulphates.

|External Sources

External sources of sulphate sre mare common and usually are a result of high-

sulphate soils and ground waters, or can be the result of atmospheric or industrial

water pollution.

Soil may contain excessive amounts of gypsum or other sulphate,

* Ground water is transported to the enncrete foundations, retaining walls, and

other underground structures.

« Industrial waste waters.

* Atmosphere near the oceans may carry sulphate contents,

Solid sulphate salts do not attack concrete, but when present in solution they react with
hardened cement paste (HCF).
Sulphate attack occurs when pore system in concrete is occupled by solution of
sulphate.

[Water sulphates enter into the porous concrete and react with the HCP products
forming a whitish appearance, this indicates sulphate attack.

Sulphate attack results in form of expansion and cracking of concrete.

Sulphate reaction is dependent on the following parameters
« Concentration of sulphate ions
| =« Cations present in the sulphate solution

« The exposure conditions i.c., the amount of aggressive substance.
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Density & Permeability of concrete

Amount of water avatlable
Type of cement in concrete

Alternate wetting and drying cycles
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‘ Chemical Mechanism
|

R Eﬁcliqﬁﬁ:’ﬁ_n?ﬁaﬁ:fﬁﬁéd-ﬁlﬁ_ Nt paste

walfH20 o

The effect of sulphate on canerete cun be mainly chemical and physical and

they are closely related,

The sulphate amack o reaction is indicated by the characteristic whitish N
dppearmnce on the surfhee,

The chemical reactiog between sulphate and hydration products resulis In
changes in the MRCrOstIuCture and pore size distribution of the cenent paste,

Sulphate converts caleium hydroxide into large volume of calcium sulphate

(Livpsum),

Sodium sulphate atlacking Gé{hHh

EE{DH}#NE:EG#.‘IG HaO —CaS0.2 H.0 +2Na0H +8H:0

Reaclion with Calcium aluminata hydrate

2(3Ca0. AlOs.. 12 H:0) + 3(Na, SO, 10H,0)  ——s
EEED :‘E'szﬂg 3':1']5{:]‘.1 31H3D + EM{DHJ;{ “+
( ettringite) GNaQH +

——————al e L TR

aaaaa ——— R —h oy

The second hyvdration product, tricalcium aluminates hydrate reacts  with

sulphate solmion 1o form sulpho-aluminases hydrate | Enrignate), which has g

greater volume than that of the original compound,

Due 10 this, the reswlian mtemal expansive HATCSS Ly be great encugh to coyse
deformation, cracking and eventually loss of cohesjon,

When conerere criacks, s permeability increases and the agpressive wiler

pencirates more ensily in 1o the interior, thus accelernting the process of
deterioration,
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. In addition to the two chemical ceactions, there is a purely physical

phenomenon in which the growth of crystals of sulphate salt disrupis the

concrete.
. The damage is usually stans 3t ends and corners and is followed by DIOEressive

cracking and spalhing.

. The rate of sulphate attack increases with an increase in the strength of the

golution conceniration of f sulphide,
. The rate of sulphate attack can be reduced by using the cement having low

wicaleium aluminate content and by the addition of pozzolanic materials.

Preventive Measures

The quality of concrete, specifically a low permeability, is the best protection against

sulphate attack.

The concrete must have the following other characteristics:

Adequate concrete thickness

High cement content — with low iricalcium aluminate

Low wic ratio
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Proper compaction and curing

Proper proportions of admixtures such as sifica fume, fly ash and ground slag

improve resistance against sulphate attack.

Redueing the amount of reactive elements such as calcium that is necded for

expansive sulphate reactions.

Acid attack op concrete

L]

Portland cement i5 4 highlv alk;

line material and is not very resistant to attack
by acids.

Reaction between the acid and the calcium

hydroxide of the hydrated Portland
cement results in

caicivm compounds, which are leached awa Y.
lomite agpresates are yeed then the acid dissolves them,
rhonate mineral composed of calcium magn

water solubla

When limestone or do

Dolomite i g ¢a esium carbonate,
If the acid is able o feach the reinforcing stee through eracks or pores o
concrete, corrosion of the reinforcing stee] will re

deterioration of the concraie.

sull and will cause further

Agcids dlagolve
alllen omd cdolemita

agErsgoton. \l
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Scanned by CamScanner

Go paperlesst save carthl _ Source: diginottes.in



NG OF STRUCTURES (15CV7

Figure: Acid attack on concrefe
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Mechanism of acid attack

Concrete is susceptible to acid attack because of its alkaline nature. The
components of the cement paste break down during contact with acids.

The severity of the atiack depends on the type of acid and the porosity of the
Cement paste,

The action of acid on the concrete is to dissolve away the cement, and in case of

limestone aggregare. the aggregate also gets dissolved,

This results in the formation of water sajuble calcium compounds which are
then leached away by the aqueous solutia

05, the same leads to increase in

porosity and the permeability of the system,

*  Acids such as nitric

acid, hydrochloric acid and acetic acid are very agoressive
as their calcium salts are readily soluble and

removed from the attack front,

* Other acids such as phosph

oric acid and oxalic acid are less harmful as their
caleium salt, due to their low solubility

, inhibits the attack by blocking the
pathways within the concrete such as interconne

cted cracks, voids and porosity.

* Sulphuric acid is very damaging to concrete as it combines an acid attack and a

sulphate attack,

Symptoms

Visual examination will show disintegration of the concrets evidenced by loss

of cement paste and aggregate from the matrix.

* I reinforeing steel is reached by the acid, rust, slaining, cracking and spalling

may be present.

All cement except high Alumina cement are equally susceptible to acid attack.

Preventive Measures

* By increasing cement content and reducing W/C ratio,

= By improving quality of cover concrats,

* By treating the surface with sodium silicate known as water glass,

By surface treatment with coal, tar, biturninous paint, epoxy resins ate.

* By using pozzolanic materials like micro silica, slag to reduce the calcium

hydroxide content,
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Alkali aggregate reaction

Aggregates i
gregates in most of the Concrete are chemically inert. However, certain [ypes ©

SaI i i
d and aggregate such as opal, chert or volcanic aggregic with high silica content

are reactive with the alkalies like calcium, sodium and potassium hydroxide present in

|
Portland cement concrete. This phenomenon of chemical reaction is
of the altered aggregate, leading

peferred as alkali-

ageregate reaction, This reaction ean cause expansion

to spalling and loss of strength of the concrels.

| w 3 ;
| he alkali-aggregate reaction 153 gencral, but relatively vague EXpressior.

« Alkali-silica reaction (ASR)
o Alkali-silicate reaction and

s Alkali—carbonate praction

Alkali Silica Reaction

It is the reaction between the alkalies in cement and silica-containing AZ2gregakes. The

which is a2 simple acid-base

4 silicic acid (H45i04, ar

ASR reaction is the same 33 the ]J-:zzl:u':r.i: reaclion,

reaction between calcium hydroxide, {Ca{OH)2}, an
Si(OH)M).

This reaction can be
Ca(OH)2 + H45104 — caa+ + H15i042- + 2 HIO — CaH25i
'his reaction causes the expansion of the altered apgregate by the formation of af

of caleium silicate hydrate (C-5-H).
ite inside the material, causing spalling and loss of

schematically represented as following:

04+ 2 H20

swelling gel This gel increases in volume with
water and axerts an sxpansive press
Istreagth of the concretes, finally leading to its failure.

Mechanism

The mechanism of ASR causing the Jeterioration of concrele can be described in four|

steps as follows:

« The alkaline solution attacks the siliceous agoregate, converting it fo viscous

alkali silicate gel.

—
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s B . . 24 lons into
* Consumption of alkali by the reaction induces the dissolution of Ca ns int

St ert it to ha
the cement pore water. Caleium ions then react with the gel to convert it to hard
C-5-H.

The penetrated alkaline solution converts the remaining siliceous minerals into

bulky alkali silicate gel,
aggregate,

The resultant expansive pressure is stored in the

The accumulated pressure cracke the asgregate and the surrounding cement
Paste when the pressure

exceeds the 1lerance of the aggregate,

The alkali-aggremate reg

ction may go Hnrecognized for some period of time, possibly

vears, before associate severe distress develops.
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Heactive silica or
silicate in‘the aggragate
react with alkall in the
cament.

Agel formsan the
aggregate surface when
sutficientmoisture s
presanl

Whenoelis —
exposed 1o
moisture, sweling
takes place.

I Swelling of

gel causes
surrounding
concrete ID-Qrow,
causing lénsion

and comprassive
stresses., !

Figure: Alkali-Silica rea ction mechanism
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REHABILITATION ¢

Influencing Factors

Parosity of the aggreaate, |
Alkali content of the aggrepate,
Fineness of the cemen particles,

Availability of non-evaporable water in the paste, '

Alternative wetting and drying, |

Temperature in the range 10-40 degree C accelerates the reaction. |

Preventive measures ’

Avoiding the use of reactive aggregates,

Use of low alkali Portland cement, slag eement or pozzolanic admixtures, ’

The rate of expansion can be reduced by taking steps Lo maintain concrete in as |

dry state as possible by the use of surface eo

atings or impregnotion material.

| ‘The repar of the conerete underpoing AAR should be carried out only after the |

€Xpansion ceases becawse the continuin £ expansion will disrupt and destroy the |

repair material,

Alkali Silicate Reaction |

In the alkali-gilicate reaction, the layer of silicate minerals {clay minerals), sometimes

present as impurities, are attacked,

IPreventive measures |

ASR ean be controlled using certain supplementary cementitious materials. In proper
proportions, silica fume, fly ash, and ground granulated blast-furnace slag have
significantly reduced expansion due to alkali-silica reactivity, In addition. lithjum
compounds have been used to reduce ASR, ‘

|1t is also important to note that not all ASR gel reactions produce destruetive swelling,

—ad
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Alkali Carbonate Reaction

|
|
The alkali i, "
| ali-carbonate reaction is a process suspected for the degradation of concrete

| containing dolomite aggregate.

Alkali from the cement might react with the dolomite crystals present in the aggregate

! inducing the production of brugite, (MgOH)2, and ealcite (CaCO3).
This mechanism is as follows:

CaMg(CO3)2 + 2 NaOH —> CaC03 + Na2CO03 + Mg(OH)2
|Brucite (Mg(OH)2), could be responsible for the volumetric expansion after de-

dolomotisation of the aggregate, due to absorption of water.

ACR is relatively rare because aggregales susceptible to this phenomenon are less
le for use in concrete for other reasons. Aggregates

common and are usually unsuitab
tic texture that can be identified by

susceptible to ACE tend to have a characteris

petrographers.

Salt attack on the concrete / salt weathering

Solid salts do not attack concrete, but when present in solution they can react with

hardened concrete. It is a more general problem in masonry structures. Efflorescence

ic a whitish crystalline deposil on the surface. Efflorescence is the formation of

Ncalcium carbonate precipitation on the concrete surface owing to carbonation,

Salt-attack occurs when a surface made from stones or concrete is regularly

exposed to water that contains salL. While the water may evaporate, the salt
crystallizes and is left behind inside the pores of the coneréte. As time passes,

more salt is left behind each time the concrete is exposed to the salt water.

As more salt crystallizes, the pores in the concrete are forced to expand.
Eventually this can leave to serious damage. This damage is what’s referred to

as salt-attack.

.
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| Degrees of damage caused by salt attack

The level of damage caused by the salt-attack will depend on a number of} ‘11

factors including the type of masonry, the type of salt, and the period of time in
which the surface has been exposed.

Some of the signs of salt-attack include:
» Cracking, crumbling, and chipping. |

» The surface may appear as if it has been exfoliated, ‘
« Cavities may appear.

el

T, £ TN

Figure: Salt attack on concrete

freventive measures
« Using a material that's of the highest quality to ensure a very thick and
dense cement paste that will greatly reduce the chances of getting salt-

artack.

» Using salt-resistant chemicals.
« By applying sealers te a porous surface.
« By proper concrete proportioning. .

. Proper consalidation and curing:

« Preventing the access of moisture lo the structure.

-
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| DAMAGE ASSESSMENT
Purpose of assessment )

Damnge i
ge takes place due to natural or man-made causes. Even structures built in recent

past have shown extensive damage and distress due to various causes, giving rise 1o

problems both investigation and repair.

Diagnosis of the damage is of greatest imporiance, Before remedies can be comectly

prescribed, the illness must be properly diagnosed.

Damzig: Assessment is a preliminary onsite evaluation of damage or loss caused by
an aceident or natural event. Damape assessments records the extent of damage, what
can be replaced, restored or salvaged, It may also estimate the time required for repair,

replacement and recovery

Damage assessment is an integral part of facilitating effective and efficient response
by government agencies and other organizations. Good damage assessment would
start the ball rolling for effective responsc and relief operations such as evacuation,

sheltering, search anc rescus, mass casvalty management, elc.

Local damage assessment plays & eritical role in your community’s response and

recovery following a hazard eventl.

The information gathered by the damage assessment reSponse team provides a

_ snapshot of the situation detailing the extent and location of damages, |

This information is evaluated to determine the needs of the survivors and ihe

community as a whole. Thus, the damege assessment sets the tone for the entire
response operation and drives the recovery process.
« Damage assessment helps your community set priorities for response activities

such as search and rescue, as well as for recovery operations such as removal of|

storm debris and rebuilding or repair of infrastructure.
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* It also helps identify needs for additional resources from local, State, and
Federal agencies and provides jome of the documentation necessary for
2pplying for these avenues of assistance,

* Damage assessment can also help you identify mitigation opportunities and

CIe2ie @ mitigation plan that will maka your community more disaster-resistant
for the next hazard event,

].11 i t t 8 :
P kapid structural safety assessment -

The objective for the rapid structural safery assessment g

evaluate the concrate siructure and determine if the damaged structure s unsafe for
— = T S e e §l

o quickly inspect and

2T0E within the building and rescue personnel accessing the building. Two
: ‘ A _the buil

primary concerns need to be considered when performing this assessment of the

structure that has sustained structural dam: ge. This includes a quick evaluation of the

building “structural™ components (e.g., beams, eolumns, decking, etc)) and of the

building “nonstruciural” Components “(e.p., structural debris, partitions, ceilings,

|zlass, pipe anchoring, electrical/mechan

1cal equipment anchoring, ete.). If there are

any visual signs of structural and/or nonstructiural damage, then the specific bui]ding"

area needs (o he 15olated, secured, and marked as UNSAFE. The

On-5CEne commander
should be informed and the ares remained in this UNSAFE condition, until a structural

engineer proves otherwise,

The rapid structural damage assessment would note the major failures within the

structure including the major structural elements af beams,

celumns, roof and floar
decks. Typical failures would be found at the connections of the

majer structural
elements, or at clements that no longer have adequate vertical Support (e.g.,

unsupported roof and floor decks that are now cantilever elements.) Indications wauld
include cracking, spalling (i.e., loss of concrete from an exterior surface), andfor
complete loss of all or part of a struetural element. The on-5cene commander should

be notified immediately of the risk, and the area secured and marked UMNSAFE,
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The rapid nonstructural damoge_sssessment would note the major filures within the
building structure envelope including such items as structural debris, partitions,

ceilings, glass, piping, and electrical/mechanical equipment, Concrete 15 a britle

material and, therefore, has a tendency to fragment into small, dense, hard pieces with

rough edges. Many of these fragments may be precariously lying near or hanging frem

the exposed building edges and some fragments may be borely attached to exposed

dreinforcement steel. Settlement er shifting of the demaged structure may CRUSE

i

fragments to foll resulting in serious harm to personnel and/or additional demage ta the

remaining structure.

The issue of patential harm to personnel from concrete fragments and other building

materials (such as glass, and other items that may have been in and around the

structure) is exacerbated by activities that may be occurring in and around the

remaining structure by rescus personnel operating throughout the building, along with

Urescue and/or press rotary-wing airerafl operating arcund the building. These activities

lmay tend to cause accidental (2.2, physieal interaction with something causing debris

l i ibrati ' I ! tary-wi ircraft cavsin
to fall) or inadvertent {e.g., Vibration or rotor Wisi from rotary-wing aircr g

| i Tvoic ailures in other skT 1 would be
debris to fall) mishaps. Typical failures in other nonstructural clements wo

ariginally were attached andior secured. Failures would include

found where they

anchoring tensile or shear [ailore, norsiructural element damage, and potential of

|fzture damage due to gravity loads and/or inadequate support bracing. The on-site

cammander should be notified immediately of the risk, and the area secured and

marked UNSAFE.

The rapid structural assessment should be per formed in the following order:
« Review the entive gutside of the structure.
« Enter the building only if necessary to determine extent of damage.

« Determine what degree of damage found in the structural and non-structural

elements.
« Secure all arcas that need to be isolated and post UNSAFE signage.
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Investigation of damage

o ."'
bt ot
X i

]

AT ‘< larpely 2 maner Of g2l
The investigation of reasons for damaged to structure 15 largely 2

| | ' i ino questions, supple
information by observation, studying records and asking quesions, SUPP
sting the information 1AUS

mented If

necessary by a cermain amount of testing and then interpr
obtamed.

A syslematic investipation of concrete structures is highly important an essential m
order to:

» Find out the cause of damage.

*» Access the condition of the structure 2nd its damaged state.

» Formulate recommendations for repair and restoration.

« Documentation of damage.

» Wisual observation.

= Measurement on geometrical parameters such as deflections and deformations,
vartically and horizontally.

= Experiments for evaluating material properties and behaviour.

» [nterpretation and analysis of 1est resulls.

| = Analysis of the building in ils damaged state taking into zccount the test results

obtained during investigation.
« Formulation of repair measuces,

» Post-repair evaluation.

0

|’[‘|-.|: texture of a concrete surface may suggests the possibility of chemical attack by 2
general softening, leaching of the matrix or in the case of sulphate attack, and
whitening of the concrete,

IRust stains ofien indicate corrosion of reinforcement but they may be caused by

contamination of aggregates with iron pyrites. If cracked concrete it broken out, the

— ——

 m——— N
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encral flaking of an exposed

|
:ln fire ¢a .
|

|meximum (e .
Mperature reached. When conerete is cracked the crack pattern can be

informative, : : :
A mesh patiern suggest drving shrinkage, surface grazing, and frost

at i . .
tack or in a rare CAzes a]kah-aggre Eale roaction,

Cracks cauvsed by unidirectional bending will be widest in the zone of maximum
tensile stress and will taper along their length, while cracles caused by direet tension
will be of roughly uniform width. Continuing moment at a erack often produces
crumbling at the edges. Pop-cuts in concrete are usually associated with particles o
coarse aggrepate just below the surfice. Highly nhsorptive particles may expand if]
severe frost occurs while they are saturated. Ocecasionally, coarse fgerepales are

contaminated with particles of lime er clay that expand with weathering.

Records of mix proportions, sources of materials, cube test resulis, weather conditions
ete, imay be avalable particularly for recent h_u:irt siructures but even these r=liahle
information may be diffieull ta ebtain. It 15 glwayvs useful to ask questions as many as
possible to the people who are concerned with the desizgn or construction. Their
recollections may not be completely accurate and their aceounts of events mayv conflict
but, by questioning one can often find out what actually happened as distingt from
lwhat should have happened. This applics net only to work inside during construction

but also to subsequent use of our misuse of the structure,

Evaluation of surface and structural eracls

s 3 This type of cracking often oceurs in freshly placed concrete due 1o
rapid evaporation of moisture from the concrete surface and is commonly referred 10
as plastic-shrinkage cracking. This can oceur at any time dee te an unfaverable

r;mnbinu!iun of temperature, low humidity and wind.
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7532)

Two types of surface cracks occur in concrete.
Cracks that form prior to the stiffening of hardening o

concrete or while it is sl warkahle.

H Cracks that form after the concrete sets and hardens.

g C Structural cracks are caused by a variety of issues, like poor soil

[bearing, overloading, swollen so1l, and poor construction sites,
The structural eracks can be classified in to active or statle erack.

B 2 efaek where a movement iz observed to continue 15 termed as activel,
eracls,

s a crack where no movement occurs is termed as statie erack.

*  Whether the crack is new or ald,

* Type of crack, i.e., whether it is active or static,

« Pattern of the cracks

* Soil Condition, type of foundation used, sign of movement of ground if any.

+ Observations on similar structures in the same locality,

Study of specifications, methad of tonstruction used and the test results at the

site if any.

Views of the designer, builder, and oce upants of the building if any
*  Weather during which the structure has been consiructed.

Az in the case of 2 medical practitioner preseribing medicine without thoroughly

examiming the patient, it is difficult for a repair engineer to advocage iny repair

)|technelogy without making a thorough investigation. Before praceeding with repair,

the mvestigations should be made to determine the location and extent of cracking, the

causes of damage, and the objectives of repaie. Caloulation ean be made to determine

stresses due o applied loads. For detailed information, the history of the structure,

structural drawings and specifications, and construction and maintenance reeards

should be reviewed, The objectives of repair inelede restoration and enhancement o

durability, structural strength, functional requirements and aesthetics.
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|

T

» To identify the couse of eracking,

To assess the structure for its safety and serviceability,

« To establish the extent of cracking.

‘ » To establish the likely extent of the further deterioration.

‘ = To stady the suitability of various remedial measures,

for hollow areas may be one of the simplest methods of identifying the weak spots,

s To make a final assessment for serviceability after repair,

Apart from visual inspection, tapping the structure surface and listening to the sound

The suspected arcas are then opened up by chipping the weal: concrete for further
assestment. The comparative strength of concrete in the structure may be assessed 10 8
reasonable accuracy by non destructive testing and by tests on the cores extracted from

the concrete. The commonly used non destructive tests are the rebound hammer and

ultrasonic pulse veloeity test

Damage assessment procedure
‘ The first step of Invectigation is to make a diagnosis of the defect or the failure. It 13

basically an inductive procedure and it requires abundant caution.

s

Visual inspection

Study of available documentation

. Estimation of actual loads and Environmental effects
I
Diagnosis

I’rcpnrcd-ﬁ}': Hemanth J nero oo, sores o, {W‘Wﬁmr Page 67
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The flowehart indicates the damage assessment procedure,
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v

al ingpection followed

Any damaged structure, as a first step requires an extensive "
al of the documentation supported by

by decumentation of the details. A perus

fects and damages.

photographs will reveal all possible evidence of structural de

s

idea on the history of construction,

Study of available documentation will give some
cthads with ossumptio

ns made and the type of

original quality, analysis and design m

ant details are not readily available in

materials used. It is unfortunate that the reles
ings also helps ma proper diagnosis.

mAnY cases; a comparison of adjacent build

E ; E

ity of cases the load acting on a structurs

Therefore

It iz generally found that there is, in major

‘1 be much different from the loads assumed in design calculations.
may sometimes be attributed to the fact that these loads

the analysis and design.

W

eracking or any other damage

ar a certain Joad combinations were not considered in

fects are likely to be different from these assumed or not considered at

Environoment a

ffects of temperature changes, or a hostile atmosphere would

the design stage.
impose serviceability or durability problems. Environmental changes will result in

undesirable effects in foundations.

In any investigation, diagnosis of the cause or causes of damage is of prime

importance and is difficult too. A proper and reliable diagnosis can be made anly by

conducting a systematic investigation using proven test methods and experienced

personnel,

A

o paperlessl Save Tarth! Source: diginOtteS'in Scanned by CamScanner



REHABILITATION & RETROFITTING OF STRUCTURES (ISCV7532)

f,,..;T'lStillg system of hardened concrete
|Conerete as a material has high adaptability to satisfy many dspects m structure, such
as functional, eCOnOmY, maintenance, aesthetic seceptability, pmluuliﬂn C"!:l“ll“ﬂ

feerrosive environment, protection against fire, resistance to ovelie loading, explosion

[|resistance and comtrol over deflection ete. The cencrete structure that are 1w be
:Cﬂﬂshucled a5 per specifications during its execwtion needs testing of constituent
;11*.ated;1]s of concrete, tests on mixed concrete when it is fresh and tinally when it has
hardened. These tests on concrete are very important as their properties reflect
durability of concrete, The structures wihich have already been built do exhibit distress

alter lapse of some years dusnn g thetr service life. There are number of testing svstem

{aailable and they could be used on structures to sccess the quality of conerete and
steel.

T

Mon destrective testing svstem (NDTS)

Partially destructive testing system (PDTS)

Destructive testing system (DTS)

To assess the quality of conerete in its damage state
i‘-.h'ltl'tl:m!. any disturbance of surrounding concrete, Example: Rebound humaner,
|UE1msmﬁc pulse wvelocity method, Resomance frequency method, Dvnamic or
|Vibration method, Pulse attention methed, Pulse echo methed, Radioactive wmethod, ]
Nuclear method, Magneue method, Electromagnetic method, Eleetric wethod,

Acoustic emission method, Radar Technique, Radiogrmphy method,

3 To access the quality of concrete in its damaged
|state with partial disturbence of surrounding concrete. Example: Penctration
I1echniqu:5, Pull-out and Pull-off 1wests, Core sampling and testing, Break off ‘f‘Shl

Permeability test, Resistivity survey, Carbonation and pH value test, Chloride content

test, Abrasion resisiance test,
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To nccess the quality of concrete with complete
[disturbance of concrete (loaded up to fnilure), Example: Compression strength of

concrete, Flexural strenath oft beam, Split tensile strength of eylinder.
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REHABILITATION & RETR

|

Testing system of hardened concrete

Conerete as a material has high adapeability to satisfy many aspects in structure, such

a5 functional, economy, maintenance, zesthetic acceptability, protection against)

Corrosive environment, protection against fire, resistance to cvelic loading, explosion

resistance and control over deflection ete. The concrete structure that are to be

constructed as per specifications during its execution needs testing of constituent

materials of concrete, tests on mixed concrete when it is fresh and finally when it has

hardened. These tests on concrete are very important as their properties reflact

Jdurability of concrete, The structures which have already been builr o exhibit distress

after lapse of some vears during their service life. There are number of testing syvsiem

available and they could be used on structures to access the quality of concrete amt

Steal,

Testing system of hardened concrete can be divided into three categories

* Non destructive testing system (MNDTS)

o Partially destructive testing svstem (PDTS)

o Destructive testing system (DT5)

MNon destructive testing systems: To assess the quality of concrete in its damage state

without any disturbance of surrounding concrete.

Nun destructive evaluation is widely employed for inspecting the condition of

structures, as its less time consuiming and relatively inexpensive, can be used for the

fallowing purpose,

Test on actual concrefe,

Test at several locations.

Test at various stages.

o Assess the quality control of actual structures,

e Assess the oniformity of concrete,

e Assess the materials used and workmanship with specification,

s Assess the poor construction practices,

o Assessment of extent of cracks, w:nidsl and honeyeombs.
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* Conformation of suspected. distress due to poor design.

(A
ot

= Monitoring of progressive changes in structures,
The various non destructive tests conducted to evaluate the structure are:

« Surface hardness methad (Rebound hammer)

Ultrasonic pulse velocity method
Resonanee frequency method
Dvnamic or Vibmtion method
Pulse attention method

Pulse echo method
Radwoactive method

dMuclear method

Magnetic method
Electromagnetic method
Elecirie method

Acoustic emission method
Radar Technique

Radiography method,

Non destructive testing system (NDTS)

L. Surface hardness method (Rebound Hammer test):

The rebound hammer also ealled Sehwmidt hammer - g swiss hamnier s one of the

oldest & Dbest known methods for comparing the concrete in differen pas o

Istructure. A simple hand held deviee measures the hardness of concrete surfice

through a rebound of a spring loaded mags rebound measured on 4 graduated scale

giving a “Rebound Number™ Larger the rebound sumber - harder the surfice concrete.

Most hamimers come with a calibration chart relating the compressive strength of

concrete and rebound nmber.,
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ZDILITATION & RETROFITTING OF STRUCTURES (15CV7532)

Objective of Rebound Hammer Test

As per the Indian code I8 I3311{2)-1992, the rebound hammer test have the
following objectives:

* To determine the compressive strength of the concrete by relating the rebound |

index and the compressive strength

* To assess the uniformity of the concrete

* To assess the quality of the concrete based on the standard specifications

* To relate one concrete element with other in terms of quality

Principle of Rebound Hammer Test

Rebound hammer test method is based on the principle that the rebound of an elastic mass

depends on the hardness of the concrete surface against which the mass strikes, The

operation of the rebound hammer is shown in figure. When the plunger of rebound

| 1 B i J [ 3 5 -
hammer is pressed against the conerete surtace, the spring cortrolled mass in the hammer

rebounds. The amount of rebound of the mass depends on the hardness of concrete

surface. Thus, the hardness of concrete and rebound bammer reading can be correlated

with compressive steength of concrete, The rebound value is read off along a graduated

scale and is designated as the rebound mimber  or  rebound  index.

The compressive strength can be read directly from the graph provided on the body of the

hammer.

dProcedure for Rebound Hammer Test

Procedure for rebound hammer test on concrete structure starts with calibration of the

drebound hammer. For this, the rebound hammer is tested ageinst the test anvil made o

steel having Brinell hardness number of about 5000 N/mm?,

held at right angles to the surface of the concrete structure for taking the readings. The

test thus can be conducted horizontally on vertical surface and vertically upwards or

downwards on horizontal surfaces as shown in figures below,
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If the rebound hammer is held 8t intermediate angle, the rebound numoer will be differen:

fior the same concrete,
Steps to be followed

« All members 1o be marked with well defined erid points - spacing of 200 - 300
mm préfemred.

= Each grid point to be cleansed and surface smoothened.

* A minimum of 6 readings 1o he obtained at each point and average considered

omitting 100 low and oo high values.

|

‘ + Do not repeat impacis on same point.

| A hammer of 0.223 kg m impact energy used for normal concrete and structural
|

members of medium size.

LTI T CTTS TS
VERTICAL DOswwraceaszos
(S iig PocR
WEMTICAL SLIAFALCE =i

HMQEEONTAL MEEITHN

WERATIEAL WWPWSARD PROSiTis e

12.Rebound Hammer Positions for Testing Concrete Structure

The impact energy required for the rebound hammer iz different for differant applications.
Approximate [mpact energy levels are mentioned in the table below for different

applications.
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7332)
_—e e - == :

1
|| fable-1: Impact Energy for Rebound Hammers lor Dillerent Applications As per
1S: 13311(2)- 1993

S1.Na Applications Approximale impact Enargy for Baboamsd
Hasmr e Mimy
| 1 For Mormal Weight Concrate 335
" For ight weight concrete ! For smalt and 075
? mpact resisive concreta parts -
. For mass concrete lastng Fg Inroads 300

hydraulic strudtures. and pavemants

Interpretation of Rebound Hammer Test Results

After obtaining the comelation between compressive streagth snd rehound number, the stremgth of
structure can be assessed. In general, the rebound number increases as the strength iereases amd
also allected by o number of pammeters Le. type of cement, hpe of aggregate, surfioe condition and

moisture content of the concrere, curing and age of concrete, carbonation o f concrete surfice otc.
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Factors affecting rebound number readings |

* Mix Characteristics- Cement type and content and coarse agoregate content, :
= Angle of inclination of hammer

* Member Characteristics- Mass, compaction and surface type

* Age of concrete and Rate of hardening, curing tvpe

» Surface texture

* Concrete mix characteristics

= Carbonated concrete, and

* Moisture content

Application: This lest is used for estimating the uniformity & quality of concrete,
monitoring the strength development, in-situ strength estimation and assessing relative

quality of structural members,

Advantage: It is simple & quick method. A large number of measurements can be
rapidly taken so as to map large exposed areas of concrete.

Limitation: Results are affected by the angle of test, surface smoothness and mix
Iproportions of concrete. [t does not provide a reliable prediction of the strength o

concrete. The possible error may be up to + 25%.
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2. Ultrasonic pulse Velocity (USPV) test

11t is most widely used test in evaluation of in-situ conerete. The method is based on .
the principle that the velocity of an ultrasonic pulse through any material d’fﬂf"ds

upon the density, modulus of elasticity, the presence of the reinforcing steel -5':

Poisen’s ratio of the material, ’

Procedure for UPYV est |

* Divide the members into wel] defined grid points - spacing of 200 - 300 I‘ﬂm
' preferred identical to rebound hammer survey ||
* Each grid point is prepared to obtain smooth surface - 2 thorough cleaning. |

* Application of acoustical coupling - grease, thick oil, petraleum jelly.

* Transmitting the pulses by placing the transmitter and receiving at other end
(50-54 kHz),

» Recording the transit time displayed by the instrument - a reliable m:ady

reading 1o be recorded, |
* Measurement of length between transmitter and recejver,

* Caleulation of velocity, ¥ = L/ T { L - Path length, T-time) | '

Behaviour of ultrasonic pulses in 4 conerete medium under different conditions |

B R T S o g e —C,
Tx FR™ var :"1"‘? . de T BX Sound waves wholly reflecied
b Nosignal received
T el el e 1 Rx (b&€) Vaids and Micro Cragks |
r ik . Sound waves may travel around oy
T o T T I:l-'\ Rx across them (if water filled) wizh |

- increase of transit L |

(d) Sound Concroe

Tx f,_f:q_‘.".-...',.,_.:_._':-.__'_'j:_\ By Sound waves travel shortest |

Distance between Tx ang Rx |
Yo =FEF_"
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[nterpretation of UPY values

ITTING OF STRUCTURE
The principle of assessing the quality of concrete is that values of ultrasonic pulse
velocities are found to be higher when it encounters a dense, homogeneous and

uniform concrele along its path., Lower velocities are obtained in case of poorer

CTURES (15CY7532)

{¢) Neiaforcing Stecl
Sound woves ravelling through steel
Agrive Bbelore those throagh concrele

(01 Shallow Cruck
Eoond waves irnvel neound the corek
Tl=Te = VI<V¥a

Morrow Crack
Sound waves partiolly reflected and
pariially transmitted with lasge loss

ol amplitude bul ooly slight increase o To

(z

UPYV value km/sec. (V)

Concrete quality

Greater than 4.00

Very good

Berween 3530 and 4.00

Good, but porous

Berween 3.00 and 3.50

Paor

Between 2.50 and 3.00

Very poor

Between 2.00 anel 2.50

Very poor and low integrity

Less than 2.00

Mo integrity. large voids suspected

Prpan::l 13-.' Hemanth J eeroom siTos,mn,

Applications: The tests help to determine the homogeneity of concrete, changes in
structure of concrete with time, to assess the extent and severity of cracks in concrete,

Precisely describes the areas of deteriorated and poor quality concrete.

Advantage: The test equipment is portable, can be pl:rf'n:‘l:rm:ﬂ quickly and has

|<ufficient power to penetrate about | 1m in good continuous concrefe.
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: n
Limitations: The 1est does not give the precise strength of concrete. A large number

of factors affect the values of pulse velocity that include surface condition and

: . . concrete,
Moisture content, temperature of concrete, micro-cracks in concrete, age of e

. 3 te is
presence of steel reinforcement. aggregate type, content & size. When the concre

subjected to abnormally high stress, pulse velocity value is reduced due to

development of micro-cracks.

Semi / Partial destructive systems

This system of testing is employed to access the quality of concrete in its damaged

state with partial disturbance of surrounding concrete,

Partially destructive tesis are used for ASSESSINg the in-situ concrete strength. These

tests cause localised damage, which do ot cause any loss in the performance of the

structure, All Tests in this Eroup are surface zone tests which require assess to only

one exposed concrete fice compared to core test, The dECUTACY may not be as good but

estimation of strength is immediately available and tha testing is a less destructive and

damaging. Some of the testing methods are availahls to

access the quality of concrete
Junder partial disturbance of (e surmounding concrete:

the common methods in

construction industry are given below

* Penetration techniques (Windsor probe test)

*  Pull-out and Pull-off tests

® Core sampling and testing

Break off test

Permeability test

®  Resistivity survey

* Carbonation and pH value test

Chloride content test

Abrasion resistance test,

—-‘_.ﬂ
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1. Windsoyp Probe test

s one of . ' .
o the most well-know W penetration vesistanee methods, 1 is based on the
determination o

Fihe depth of the penetration of probes (steel rikls or pins) inte the

SONE Pete i et e o :
conerete. The apparatus used in this method is Windsor probe which 1= o specinl gun

that wses 2 0.32 Caliber blank with precise quantity of powder to fire o high strength
steel probe inte conerete, The principle underlying the technique is that penetration
depth is inversely propottional to the compressive strength of conerete, but the relation
depends on hardness of ageregate. The minbwum distance between the edges ol
]cmwn:h& mrember should be of the order of 130 o and that between the test positions
i@ 200 wm,

The Windsor probe is fired into o concrete surfice using o speeinl gun omd o
standardized explosive churge. The surface is cleared of loose materinl and a steel
[plate is pozitioned adjacent 1o the probe. A steel cap is screwed onte the probe and the
length of the probe protruding from the sueface is weasured using a depth gauge nnd
. . . u ]

flthe depth of penetration can be determined. As the tip of the probe ¢nlers the eoncrete,
it causes local erushing of the surface and ereates 8 shock wave, whicl results in local

spalling.

The penetration will be eftected by the presence of reinforcing bars within the zone of
infloenes of the |'I~:.‘I'|L"h:'ah'li;.; |'m_'-h-|_'. Thass the loeatioi of e reinforcing steel should be

determined prior to selecting test locations

Manufacturers provide ealibmtion charts of strength versus pepetration for the normal |

probe for aggregates with bardness between 3 and 7 on Mohr's scale, However, the

penetration resistance should be comelated with the compressive strength of 2 standard |

| test specimen of core of the actunl conerete ised,

r — T - |
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1 “E| puepe

Stael cap ﬁ '
-

3

—-__-F-—__
Tz'l:-::rntim Mesis

Fignre i1,

baficn best

Application: This rest 45 wsed fior eStimating the uniforminye & quality of concrete, An
M2 of poor concrate can be cagily deseribed b ¥ making 4 serjes of penetmtion tests g1
regular spaced loe ovides excellent MEans for detery

= S tupe

unation of
relative Concrege

L Strsclures wi thout

steength in the or in differe
extensive calibration
Advantage: The Wt Cquipment i simple, durble

Can be easily ysed w ith |

S rning given ¢
whers access is limiteg,
Limitation: 1 does not gjve reliable pasyrs

O Siren
affects

the penetration depth: hence 5 separate caliby
for each 1ype. This test damage the

for the depth of the probes

2th valugs, Type of y Berepates

tion chart needs to be prepanad

8 mm in diamere;

conenete leaving 3 hole of Al

« hence minor ercks of exposed surfage

becomes eCessary,
Damage in the tonm of eracking may

be cansed in cise of slender members,

2. Pullout and pull off test

Several tests are available whicl

meEasuring

ZIVES estig
the: force required 1o pull out embedded
the surface. Many of the pull

Wes of compressive strength by

wnchors or 10 pull off disc glued 1o

DUl tests use anchors, which are placed into the CONCree

an the time of construction,
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¥ ™ B i -
Pull out test: In this test, either an insert is cast in the concrete or fixed into a hole.
which is drilled into the concrete. Force required to pull out the insert is measured

1\.]“':“ 15 ':I:lrrﬂ]a,lfr] '||_||,'i_[]'|_ ThE cnjnpresshlc Srmngthl qr[hnugh the rESI.I“E rﬂ:l-i]trs (] thﬂ
umrm‘:* zone only, the advantage is that a more direct measure af strength and a

greater depth compared to the surface hardness test and is available.
! Pullout test measures the force required to pull out the special shaped rod inseried
are is the force required to pull out. The
in the

from the concrete, The stronger the concrete m
ideal way to use pullout test in the field would be to incorporate assemblies is
| structure. These standard specimens could then be pulled out at any point of time. The
| force required denotes the strength of concrete. Another way 10 USE pull out test in the
ﬁEIcI would be to cast one ar two large blocks of concrete incorporating pull out

| assemblies, Pull out test could then be performed to assess the strength of concrete.

i
i ' ]} —
‘..-"'JE‘ Applod load
Cenlratly ¥
oadad bar o
Corcrels
' Pulicert Tes!

fPull off test: is based on the measurement of the in-situ tensile strength of the concrete
lby applying a direct tensile force. The method is especially useful in measuring the
| bond between the overlays, in this test a metallic disk is glued to the concrete surface.
The force required to full of the disk, causing tensile failure of concrete is measured

and correlated to the strength of concrete. The test requires the care in prépanng

Ysurface and causes difficulty with damp surfaces,

|Prepared By: Hemanth J ax roos wres mo (hemanth.civil@cambridee, edu jn)
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|Destructive testing systems: To access the quality of concrete with comple
disturbance of concrete (loaded up to failure).

In destructive testing (or destruetive physical analysis, DPA) tests are carried cut o
the specimen’s failure, in order to undersiand & specimen's performance or material
behaviour under different loads. These tests are generally much easier to carry out,
| yield more information, and are easier to interpret than nondestructive testing.
Destructive testing is most suitable, and economic, for objects which will be mass-
jproduced, as the cost of destroying & small number of specimens is negligible. It is

I ; . ; RO
ffusually not economical to do destructive testing where only ore or very few items ars

to be produced (for example, in the case of a building). Analyvzing and documenting
the destructive failure mode is often accomplished wsing a high-speed
camera recording coatinuously (movie-loop) until the failure 15 detected. Detecting the

failure can be accomplished using a sound defector or siress gauge which produces a

signal 1o trigger the high-spﬁ:d camera, These high-speed cameras have advanced

recording modes 1o capture almost any type of destructive failure. After the failure the
high-speed camera will stop recording. The capture images can be played back in slow
motion showing precisely what happen before, during and after the destructive event,
image by image.

The various destructive tests are:

Compression strength of concrete, Flexural strength of beam, Split t2nsile strength o

cytindﬂr-
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MODULE 3 1 M

INFLUENCE ON SERVICEARILITY ¢ DURABILITY

Serviceability:  In civil engineering, serviceability refers o the conditions under
which a building is still considered useful. Should these limit states be exceeded, 2
structure that may still be strueturally sound would nevertheless be considered unfit. It

refers to conditions other than the building strength that render the buildings unusable.

The serviceability limit state identifies o civil engineering structure which fails to meet|l
technical requirements for use even though it may be stronp enough to remain
standing. A structure that fails serviceability has exceeded a defined limit for one of

the following properties;

s Excessive deflection
«  Vibration

« Local deformation (engineering)

(Durability: Concrete is said to be durable if it withstands the conditions for which it
has been designed, without deterioration, over a period of years. Or Durability o
concrete may be defined as the ability of concrete to resist weathering action, chemieal
attack, and abrasion while maintaining its desired engineering properties. The term
durability of conerete 15 used to characterize the resistance of a concrete to a vatiety o

physical or chemical attacks due to external or by internal causes.

_{Effects due to climate

-

The lack of durability of concrete on account of freezing and thawing action of frost is
not of great importance to Indian conditions. But it is of gre~test con derat w3 in
F
most part of the world. g " . I
. !
| B (" 1
Th m; HeVL~ elimatic attack on concrete ocowrs, wh- cowrr  conls aine
- - E=J

g Nosaale ted to eveie of dreczing and thawing. Tig CAPL ATV | TS G D :

) > w ol [

i S | ete e ol suely nogwee ol witer 0 Teem o will fieere, whon the smeiae BB i
| T ISR A | Eef a1 : - ! ]
e g R b i b = & = s rpameee) e at e e Eee T
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I™he gel pores are so smzll that water in them does freeze at normal winter |

lemperaiures. As water, when freezing expands by 9% of its volume, excess walter in

the capillaries has to move. Since the cement paste is relatively impermsable highl
||Pressures are necessary o move the excess water even over quite small distances. For

[normel strength concrete, it has been found that movement of the order of 0.2mm is

[sufficient to require pressures which approach the tensile strength of the paste.

Concrete can be protected from freeze-thaw damzge by the entrainment of lh:l
appropriale quantities of air distributed through the cement paste, with spacing
between bubbles of not mors than about 0.4mm. The air bubbles must remain panially
empty, so that they ean accommodate the excess water moved to them. This will
generally be the case, since the bubbles constitute the coarsest pore system, and are
therefore the first to, most moisture as the concrers dries, Fully saturated concrete, if]
permanently submerged, will not need protection against freezing, but concrete which
has been saturated and is exposed to freezing as for example in the tdal range, may

not be effectively protected by air entrainment.

For effective protection, an air entraining agent must be added 1o the mix, 10 enirain
the appropriate amount of air, and to induce a bubble system, with an appropriate

spacing. When AEA is used, it is only the amount of air entrained which can be

measured in the wet concrete, The amount of air required is between 4-8%, depending
{on the maximum size of aggregate. Air i5 entrained during the mixing action, even

when no AEA is added. The effect of AEA is to stabilize the air bubbles in the form

dezired,
More air is entrained with a larger dose of AEA but the effect is not linear and with
most agents levels off larger doses. For mixes with higher slump, more air is

entrained. It is difficult to entrain air is very stiff mixes; the grading and naturs of tle

article m the E: aggregates have a very marked effect, on the amount of air
mtmm . 1t has

en shown that the sand is the most impu?:l, single factor in air

id
F
L]

enfrajnment,
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It haz been suggested that o concrete can be so dense, that there are no inter-con nected

C-i’|."i.t[.:h1:.' paves, and then resistances w freeze- thaw deterioration will exist without the

tead for i eutrainment, i

The use of high cement content and low wie ratio will lead in this direction as will the
L'nhml:l.'.-.:tm-n of silica thume, but there is vet firm evidence to show that, it would be ;

wise to dispense with air entraimment, 1f freeze-thaw resistance is wanted.
AEeets due to temperature

Temperature variation will cause changes in the concrete volume, When the
temperature (ncreases the velume of the conerete increases and when the tempernture

falls the conerste Contracts.

{ the concrete is unrestrictsd then the volwme chongas will not create too many
conzequendes but generally the concrete abways restraed by foundations, i
Ireinforcement or connesting members, dus to this the change ih volume will produce

significant stress in concrete and that may cause erack.

At high temperature, the cement paste will shrink due to dehydration of calcium silicate

|hvdrate{C-3-H), while the aggregate will expand for normal aggregate concrete.

Exposurs 1 high temperature mainly to fire will result in crack in concrete but

the time of exposure should sufficiently high.

= When the tensile sirain of concrete exceeds its lensile strength capacity due to

differential volume, it will erack.

| * The liberation of the heat of hydration of cement causes the internal temperature

| of concrete 1o raise during the initial curing penod, se that & usually shzhily

warmer than its surroundings.

w Ay restroand o the free contraction dunme cooling wall pesuly i tensils <trosses
which uone prgedional e e wmpetatue change, coeffivient of thermal

exrnmien, elecivs wedunlos of elstiony am! Jegnee o resirain]
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gtructura] members; if
» Temperature gradients cause deflection and rotation in _

these are restrained senous stresses can result,

o ial for temperalure
+ The morc massive the structure, the greater is the potential P

differential and degree of restraint.

Mmaximum

» Thermally induced cracking can be reduced by controlling the kl
internal temperature, delaying the onset of cooling by insulating the formwor
and exposed surfaces, controlling the rate of eooling, and increasing the tensile

strain capacity of the concrete,

* A drop in temperature may result in the cracking of the exposed element while

increase in temperature may cause cracking in the prute-:‘tﬂd pl:l:"t:lﬂﬂ of ths
SIrCIene

The common effects of temperature on concrete are

¢ The removal of evaporable water

[ » The removeblie of combined water

e Alteration of cement paste
» Disruption from disparity of expansion and resulting thermal stress
e Alteration of aggregate

» Change of the bond berween ageregate and pasie
Effects due to Chemical

The most imporian: constituent of concrete namely cement is alkaline; 2o it will react
with acids or acidic compounds in presence of moisture, and in conscquence the
matrix becomes weakened and its constituents may be leached out, The concrete may
crack, a5 a result of expansive reactions between aggregate containing aclive silica and
alkalis derived from cement hydration, admixiure or external sources (e.g. curing
|water, ground water, alkaline solutions stored). The alkali — silica reaction resulis in

ihe formation of a swelling gzl, which tends 1o draw waler from other portions of

Fp:ﬁ By: |:[I.‘l'|l J J_r.i:h...u.r..l.m
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£0 W -
onerete. This causes local expansion and aceompanying tevile stresses which if large

ey eventually result in the complete deterloration of the sirueture. Control mensurey
include proper selection of aggregate, use of low-nlkali coment and use of pozzalonn.
Typical symptoms in wreinforced and highly reinforced conerete are map eracking,
usually in o rough hexagonal mesl pattern aned gel excluding from ercks.

* The alkali-carbonate renctions cccurs with certain limesione nggregate and
weually results in the formation of nlkali-silica product between aggregole
particles and the surrounding cement paste, The problem may be minimized by
avoiding reactive aggregate, use of smaller size aggregate and use of low-alkali

Ccemnent,

* When the sulphate bearing waters come in contoet with the cancrete, the
salphate penetrates the hvdrsted paste and reacts with lipdrated ealeivn
aluminate to forn caleium sulphe-aluminate with a subsequent large incrense in
volume, resulting in high tensile stresses causing the deterisration of concrete.

| The blended or pozzolana cements impart additional rezistance to sulphate

attacks,

| + The caleium hydroxide in hydrated cement paste will combine with carbon
| dioxide in the air to form caleium corbonate which eccupies smaller valume i
the caleium hydroxide resulting ealled earbonation shrinkage, This situation
may result in significant surface grazing and may be especially serious on

freshly placed concrete surfice kept wann during winter by improperly vented

combustion heaters,

Some of the factors, which increnses the vulnerability of concrete to external chemicnl
attack: _ g
« High porosity and hence high permeability.

+ Improper choice ol cement 1ype for the eonditions of exposure,

o Tinbequente. eanringt amE b C s,

T —— — o . e
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a ; i e T
* Expostire to alternate cycles of wetling mnd deying and to o lesser cxlend heating

il couling, with allowance for the fact that higher lemperalure HCrease

reactivity

o Inereased Muid velocities.
o Expunsive reanctions of any Sort which may cause cracking and any other
physical phenomena, which lead to greater exposure of reactant surfaces.

Suction forces,

Unsatisfoctory cheice of shape and surface 10 volume ratios of concrele section

Eftects due to wear and erosion
Fa

Wearis enused by two solids rubbing against each other, the resulting friction of

which causes domage 10 the surfuce. So erosion wnd wear is the same thing, but wear

i$ coused by-a fluid and in erosion is caused by a solid.

The concrete which has been damaged by erosion, it is almost certain that any
repaired section will again be damaged unless the cause of the erosion is

removed,

Any concrete made will not withstand the forces of eavitations or severs

abrasion for & prolonged perind.

* It may be more economical to replace the concrete periodically rather than o
reshape the structure to produce streamlined flow or to climinate the solids

which are causing abrasion.

» Abrasion-erosicn damage is caused by the action of debris rolling and grinding

against the concrete surface.

In hydraulic structures, the areas most likely to be damaged are spillway aprons
and basin slabs.
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The sources of the debris include construction tash left in the hydraulic

Structure, riprap brought back into the basin by eddy cuments and debris thrown
into a basin by the public,

The rate of erosion depends on strength of concrete, duration of exposure, flow
velocity of the water and its direction, and the amount, size, shape, density,
hardness and velocity of the water borne debris,

Symptoms

" " Concrete surfaces abraded by waterborne debris are generally smooth and may

contain localized depressions.

- . ] I
Mechanical abrasion is usually characterized by long shallow grooves in the

concrete surface and spelling aleng joints.

_' Design Errors and Construction Errors
{Design Errors
Design errors may be divided into two general types:
|, Those resulting from inadequate structueral design

2. Those resulting from lack of attention to relativaly minos design details, I

Each of the two Lypes of design errors is discussed below,

(1) Inadequate structural desipn.

(a) Mechanism. The failure mechanism is simgle ~ the eoncrete is exposed 1o Emut‘:r
{stress than it is capable of carrying or it sustains greater strain than its strein capucity,
(b) Symptoms, Visual examinations of failures resulting from inndequate structural
design will usually show one of two symptoms,

[, First, ervors in design resulting in excessively hjgh compressive stresses will result
in spalling. Similarly, high torsion or shear siresses may also result in spalling or

erneling |
]
1

2, Seconnd. high tenaoe sresses will result iy enack Tk,
4

58 @ TR L —rie e T P — e T 1 L R s e b
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To identify inadequate design as o cause of damage, the locations of the damage

should be compared 1o the types of stresses that should be present in the concrete. For
j|example, if spalls ‘are present on the underside of a simple-supported beam, high
|1:l::-|1'|.j1mssi*-'c siresses are not present and inadequate design may be eliminated as a
I"':“'-‘-E‘:- However, if the type and location of the damage ond the probable stress are in

. |ereement, a detailed stress analysis will be required to determine whether inadequare
design is the eause.

(e} Prevention,

Inadequate design in prevented by thoreugh and careful review of all design
calculations. Any rehabilitation method that makes use of existing concrete structural

members must be carefully reviewsd,

{(2) Poor design details
A structure may be adequately desipned to meet icadings and other overall
requireiments, poor detailing may result in localized concentrations of high stresses in

otherwise satisfactory concrete. These high stresses may result in cracking that allaws

water or chemicals, access to the concrete, In other cases, poor design detailing may

simply allow water to pond on 2 structure, resulling in satureted concrele. In general,

[poor detailing does not lead directly to concrete failure; rather, it contributes to (he

|action of one of the other causes of concrete deterioration described in this chapter.
Several specific types of poor detailing and their possible effects on a structure are
described in the following paragraphs. [n general, all of these problems can be

prevented by a thoreugh and careful review of plans and specifications for the project,
In the case of existing structures, problems resulting from poor detailing should be

handled by correcting the detailing and not by simply responding to the Symptoms,
|

{(a) Abrupt changes in section,
Abrupt changes n section may cause stress concentrations that may result in eracking.

Typical example. would include the use of relatively thin sestions such as bridpe |k

Preparcd By: Hemanth J we v o setab, i, (hemanth.chil@cambrides edu,in)
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82kE ratdly Had Jans raasaie.
ERHY Nad ity massive abutnents o patehes and e ioement woverete it are

2 uniform in plan dinvensio
i TR,

(0 Insufficient reinforcement at reentrant corners and openings,
Reentmam o w il "
i W comners and openings also reud 1o cause stress sosentrations that wmay cavse

L"l-t'h.":ng, 1“ Ih:ﬂ l‘;‘-ﬂﬁtﬂ. 111.{‘ !'_"C‘-H l"‘-?{"'.'i:‘l“iﬂ“ E,::: T !"'L"i""l.'i\.!i." q\t\ﬁﬁ“ﬂﬂl Wi“ﬂ"‘h.“ﬁ"“h“‘“t t“

areas whare sipes CORCTIMTALIONS dte expected 10 aooyr,

hin

[€) Inadequare provision for deflection,
Dreflection in excess of thags anticipated may result in wading of members or gectiony
ftevond the capacities for which they were designed. Uypically, these loadings will be

induced inwall: o partitions, resulting in cracking. X

(d) Inadequate provision for drainage.

Poor attention to the details of drainmg a stroctare may result in the ponding of water,
This ponding may result in leakage or saruration of conerete. Leakage mav pesult in
damage 10 the interior of the structure or in staiming and encrostations on the structure,
Sateration may result in severely dama ged concrete if the structure is in an avea that ia

Jsubjeated to freezing and thawing.

(&) Insufficient travel in expansion joints.

Inadequately designed expansion joints may result in spalling of concrete adjucent to
the joints. The full range of possible temperature differentials that & conerets iy be
expected 1o experience should be taken into account in the specification for EX[rnEON

joints. There is no single expansion joint that will work or all cases of temperature

differential. '

() Incompatibility of materials.
The use of materials with different properties (modulug of elasticity or coefMoient of
thermal expansion) adjacent 10 one another may result in eracking or gpalling us Lhe

structure is loaded or az it is subjected to daily o swmal tenperature v bations.

It PEpiT wil Il-:. $ Lleamaitly b by Pl By S sk g ull-'.;lmﬁ.u'u"- I-.'l:“r-m‘ullll..l'lli,";;utudhi g
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(g) Neglect of creep effect. ision for
: : visi
MNeglect of creep may have similar effects as noted eardier for inadequate provision

1 ; ay lead
deflections. Additionally, neglect of creep in prestressed concrete oATIDer Y

|to excessive prestress loss thal in wm results in cracking as loads are applied.

() Rigid joints between precast units.
Designs utilizing precast elements must provide for movement between adjacent

precast clements or between the pracast slements and the supponting frame, Failure to

provide for this mavement can result in crackin g or spalling.

(i) Unanticipated shear stresses in piers, columins, or abutments.

Through lack of mainienance, expansion bearing assembles are allowed to becoms

|frozen, horizantal loading may be transferred to the concrete elements supporting the

fbearngs. The result will be cracking in the cencretz, usually compounded by other

problems which will be caysed by the entry of water into the conerets,

Construction Errors:

Failure to follow specified procedures and good practice or culright carelessness may
lead to 2 number of eonditions that may be grouped together as eq

nstrection ermors,
Most of these errars do not l=ad

directly to failure or deteriaration of concrete. Instead,

they enhznce the adverse impacts of other mechanisms, Each emor will he brizfly

best preventive measure is
ge of what these construction errors are, plus an aggressive
inspection program. 1t should be noted that errors of the type described in this section
are equally as likely 1o oeeur during repair

described along with preventative methods. In general, the
a tharough knowlsd

or rehabiliation projects as they are likely
to poeur during new construction.

(n) Adding water to concrete. Water i usually added to concrete in one or bath o
the following circumstances: '
1

L. First, water is added 1o the concrete in a delivery truck to increase slump and
decrease emplacement effort, This

practice will generally lead to concrete with
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lowered sreagih and reduced diability, A the Wt 0 ¢ CUUTSte kg, Iy
Prrength and durabiliy will decrease,

2. In the Bl fase. weare: : i el I
el vk, Walel 13 commanly adidel) duling using o taiwoik kg

)
e o . = ~ ;
praciice leads to scalng, cramng, uwl dusiing of e congteiy m s e I '
|
\b) tmpraper alignment of formwor K |
w b ] - o il o 1 i I !
Impropes alignmemt of the Wi will lead to duscontinuites, oo the saulaco of ol

SR T . Bk . §
[Feociein While these dmcontinuities we ussiphdly m all clqumosiances, thes
QudUmensd MY 08 Mmddy CELLCRE 10y Abeds Wil e alibseled o, 'l,;;;_!g_ wirlion thew oM

L . - L L]
waer, where cavitations srogion mav be induzed, oc i el chambera, where,

Crubbing” surfaces must be straigh:

[(e} mproper consolidntion,

.II'I':I.."'T'I:"F"QI_ C.q%:'lif'l:-.lﬂ}l-\..'!:i of conerete [T resull 4 varlety ol -::-':-\.‘-'\E:.h i Tkl

common being bugholes, honeveombang, and cold s,
"Bugnales” are forimed when amall poscketd of air o wale, Ave Bapnad dgeinsd b
forms, A change in the mixiure 1o make it less, "SR 0r the uge of annll Xl
worked near the form has been used 10 help gliminate bugholes,

Honeveombing can be reduced by insesting the vibatos MRV Inequentiy, masating tae I8
vibrator as close a3 possible to the form fge withau! touchung the facs, i siotvcs

withdrawal of the vibrator. Ubvigusly, all of these defects makes it much QAR 0% by

ldamma ge-causing mechanism o initiate deterioration of the congrele.
IFIEQL:Ei:[i}-'. 1 fear of “over consolidation” & used to sty a lwck of elfoq _
[conselidating condrete. Over consahdation is usually delined aa a wtuatioy w i
the consolidation effort causes all of the coarse aggregate 1o settbe w the Sotieas whils
the paste rises te the surface, 1f this sitvation ooeurs, it is reazonable 10 come e th
there & 3 predlem of 4 poorly propertioed cousigte vather than mey mugh

leonsolidation.

[

L) Tmproprer Curing.

l:"un“g 5 wu-hﬁ';l Iy thve mnal abusld dapgl i the gty R G TR M |y kg

CONCTANe 15 GIvan adequate time (o cure at & propar Bunudity ds fempeiail o & i E
b =
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o Jeve)

1ECLSSATY 10 pro-vide
°P the characteristics that are expected and that are . e
include various 1ypes
Meabilivy, Symptoms of improperly cured concrete can includ % %
uring leads 1o
crecking and surface disintegration, In extreme cages wheré poor curing

wilure 1 achieve antie

. Ir,
'pated eoncrete sirengihs, struetural cracking may ocey

() Improper location of reinforcing stegl,

L R - : le
This section referg " reintorcing steel thay i ipropecly located or is not adequately

secured in the proper location, Either of (hege faults may lead to two general types of
problems,

L First, the gpaal may not functigy structurally as intended, resulting i structural
“racking or failure, 2, parti

eularly prevajens =5ample is the placement of welded wire
m2sh in Sloor slabe In s

Ny case,

e mesh ends Up on the bottom of the slab which
wil] 51:bsfq;1:::t!jn'cra-:,k Becauge the steel is not in tha proper lecation,
< The second e of problem stemming fram impreperly located or tied reinforcing
Stee] 15 ane of 4

vrability, The tendency

U

" Eeems to be for the slea]

12urface o 1he COTCPEte, Ae the concrete cove

o end up near the

Cover the stesl js reduced, it
easter far con

15 much
CITORI0N 1o begin

(1) Movenent of formwary;

Movemeny of fommwark during the peri

nigid material may induce crack;

1 the surfics will allow Bocess

od while the conersqe 15 poina
"Z and separation withi

(&) Premature removal of shores or reshores,

If shores of reshores ape remaved too soon,

the Conerage
overstressed and cracked, In SXITeme cases thers

affected may becomea
may be major Bailure;,
() Settling of the eonerete,

{During the periad between placing and initial Setting of the concrete

der the influence of Eravity,
be agpravate by the use of highly 1w

v the heavier
camponents of the congrete will settle un

This situating
may

i concreres, [f ANY restraint rengs [}
Frepared By
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REHABILITATION RETROFITTING OF STRUCTURES (3cvrsss

Prevent this sem; aler . . !
A8, cracking o separations may resull. These eracks or separations

may also develop problems of corrosion or freezing if saturated,

(i} Settling of subgrade,
If there is any settling of the subgrade during the period after the concrele begins 10

become rigid but before it £2ins enough strength to support its own weight, cracking
may also oceyr,

(i) Vibration of freshly placed conerete.
Most construction sites are subjected to vibration Fom VAFIOUS sources, such as
blasting, pile driving, and form the operation of construction equipment.

Freshly placed conerete is vulnerable to weakening of its properties if subjected to

forces which disrupt the concrete mateix during setting.

(k) Improper finishing of Mat worl.

The most common improper finishing procedures which are detrimental to the
durability of flat work are discussed halow

(1) Adding water to the surface. Evidence that water is being added to the surface is
the presence of a iarge paint brush, aleng with other finishirg tonls. The brush js
dipped in water and water is “slung” onto the surfaca being finished.

(2) Timing and finishing, Final finishing operations must be done aflter the concrete

has taken its initial set and blesding has stopped. The waiting pariod depends on the
amounts of water, cement, and admixtures in the mixture bt primarily on the
t:mp;:ramr:s of the concrete surface. On & pa:tfallj.-' shaded ilab, the part in the sun
will usually be ready to finish before the part in the shade,

(%) Adding cement to-the surface. This practice is often dons to dry up bleed water to
allow finishing te proceed and will result in a thin cement-rich coating which will

craze or flake off easily.

= i = e
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REHABILITATION & RETROFITTING

Effect of Cover Thickness

Concrete cover, in reinforced concrete,

iz the least distance between the surface of

crete cover
embedded reinforcement and the outer surface of the concrete. The £o8

depth can be measured with a cover meter.

The concrele cover must have a minimum thickness for three main re2sons.

- To protect the stez] reinforcement bars Fom environmental effects to prevent

from corrosion
» To provide thermal insulation, which protects the reinforcement bars from fire

1o give reinforcine bars sufficient embedding to enable them to be stressed
without slipping?

I The t‘n]lnw:’ng are the reinforcement thickness of covers for various levels Df EXpOSUrE.
|

* For mild exposure : At least 20mm thickness

* For moderate exposure @ At lzast 30mm thickness
For severs exposure : At least 45mm thickness
» For very severe exposire : At least 30mm thickness

* For very extreme exposure : At least 75 mm thickness

o
Significance of providing concrete cover

« A sufficient thickness ‘of concrete cover is required in order to slow down the
carbonation process towards the rebar. Carbonation of concrete is one of the
reasons for commosion of reinforcement. It is a process by which carbon di{:xide‘

from air penstrates into the concrele and reacts with ealeium hydroxide to form

caleiem carl_:afmr:ams.

« The percentage of CO; present is air vary from place to place, In case of rural

areas the concentration of COz in air may be abnutﬁm% by volume, where asg
in urban areas it may vary from 0.3% to 1.0%. This CO3 in presence of
moisture changes into dilute carbonic acid and attacks the concrete and reduces
alkalinity of concrete.

» Due to reduction of alkalinity of concrete, the pH value of pore water in the
hardened cement paste reduces from 13 to 9.0. When all the Cal(OH); has

— —_— e —
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becoms . _ %
oms carbonated, the pH value again reduces to 2baut 8.3, And at this low pH

value, the protective layer gets destroved and the stea] is exposad (0 COmOSION.
{Effect of cracks

| I [ "y . x = b

The formation of cracks is dangerous for protection against corresion. Once concrzte
1 : )

cracks, the external agents can penetrate deep into concrete and set off the process of]

|corrosion. Cracks running transversely to the reinforcement are less harmful than the

longitudinal cracks along the reinforcement.

Thus in the order to induce the process of corrosion and to keep it going, at least one

of the following conditions must exist in any RC structure.
+ Chloride ion concentration in excess of the threshold value at the ntermce ot

the reinforcement and concrete or sufficiant advancement of the carbonation

front to destroy the passivity of the faric oxide surface layer of the

reinforcement.

+  Adequate moisture in the concrete (@ facilitate the movement of chloride ions

and provide a conduction path to the steel.

. Sufficient oxvegen supply to the COrrosion areas.

. Difference in electrochemical potentials at the surface of the reinforcement.

. Low values of electrical resistivity of concrete.
) . Relative humidity in the range 50-70%.

v Higher nmbient temperature,

Corrosion

Corrosion is a natural process, which converts a refined metal to a more chemically-

stable form, such as its oxide, hydroxide, or sulfide. It is the gradual destruction of

materials (usually metals) by chemical and/or electrochemical reaction with their

epvironment.

1_‘.1[‘&‘[-";;"':"3‘ By: Hemnanth J we ramp e e (hemanth.civil@cambridoeediin) E‘I.E 15
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| IEEII,J';EETATIUH & RETROFITTING oF STRUCTURES (

Wasic principal of corrosion

ment. [t 15 2

; is © i inforce
|Carbonation of concrete is one of the reasons for corrosion of re .
a the concrete and reacts wild

process by which carhon dioxide from air penetrates int

caleium hydroxide 1o form calcium carbonates.

. Concrete is a high alkalinity material. The pH of newly produced concreic is usually
|between 12 and 13. In this range uf alkalinity, embedded steel I8 pmtcclﬂd from
corrosion by a passivating film bonded to the reinforcing bar surface. However, when

lthe passivating film is disrupted, corrosion may take placs,

| The percentage of CO, present is air vary from place to place. In case of rural areas the
concentration of COs in air mey be about 0.03% by velume, where a5 in urban areas it

Imn;.' va}}- from 0.1% te 1.0%. This CO;, in presence of moisture changes into dilutz

earbonic acid and attacks the concrete and reduces alkalinity of concrete,

Due to reduction of alkalinity of concrete, the pH value of pare water in the hardened
cement paste reduces from 13 to 9.0, When all the Ca{OH)z has become carbonated,

the pH value again reduces to about 8.3, And at this low pH value, the protective layer

etz destroved and the steel is cxposed to comosion.
E ) F

The passivation of steel 15 @ process performed to make a surfece passive, ie., 2
surfice film is created that causes the surfice w lose its chemical reactivity.
Pasgivation can vesult in the very much-desired low comrosion rate of the metal.
Corrosion Influencing factors
+ The coverthickness

Quality of concrete

Environmental conditions

pH value in concrete

Presence of cracks

—
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[REHABILITATION &

Causes of corrosion

Corrosion of reinforcement hars can be dus to; Smry of oomtee frovgh EEZ'!‘-‘:
availability of oxygen and moisture 2t reber Jevel, carborstion 2= exzy of acidi

|gascous pollutants that reduce the pH of cancrets, ingress of chlorids fons, r=hive

.

humidity & electrochemical action.

Corrosion mechanism of embedded steel

‘ e i e shemizal in pamure ey
The corrosion process that takes place in concrete is eleciroc ical @ pano® VR

s oty S o Fr gl
similar to a battery. The mechanism of corrosion iavolves foor basic elemenss

¥ i .
¥ | s ™ * = ion 05 i |.=|--T-
- Anode: Site where metal 2torms lose electrons ie., whers COmosIon 5 it

. Cathode: Sits where electrons flow to and combins with ather

matollic and noo-

metallic on.

a L e s e B =

« Electrolyte; A medium capable of conducting elecic cument DY IRQIC TEIRE
flow.

§ B oah, = o
. Metallic path: Connection between the anode and cathods et completes the

circuit. |

st apode the oxidation process releases Fe++ ions to concreis pore seiution which
: :

Aaws to cathode to combine with hydroxyl ions to form Ferrous hydroxide, F“{‘:’H:':-I

In highly alkaline solution and in absence of chloride fons. the snodic disselutian

eaction of iron is balanced by the cathodic reaction. Fe2+ ifons combine with OH-

ions to produce the stable passive film.

-

| —— e e . e =
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REHA 11.11".-11:{ & RETROFITTING OF STRUCTURES (15CV7332)

Eorrosion protection techniques

LY

Epoxy coating to reinforcement

Tha plaanrsy - EF RN 10, 114 : X o ]
| LS Doesiive o epoXy coating 10 steel rebar 15 to provide a suificiently durable barrier

W sgz=essive materials which caused cormosion.

T

" The #poxy coating i applizd in a factory 10 the steel prior to shipping 1o 2nsure
Comoston resisiancs. Epoxy-coated stesl reinforcing bars (rebar) may be used
in any concrere subjectsd 1o comosiva condifions,

* Inidally the rebar body is shot blasted 1 remove mill-scale; this ensures an

adeguziz bond between the epoxy and the steel.

i sVeRly ©m e swlace of the bar. Shorily afier spraving, the epoxy stans to
. praying 3
herdan sufSeienily oo the bars,

* .o coamng thickness nypically where iz Fom 130 microns 10 300 Micron,

Galvanized reinforcement

This procass forms 3 coaumg, which = metallurgically bonded to the surface of the

coating c3n Sorm and it I3 more expensive.
Improving metallurgy by adding certain elements

TZe bars can be improved for i corrosion resistance by adding cartain elements such

% zs chroztinm 2nd copper during the SHrmation process isell

——
Preparcd Bys Hemanth J wgroms, wven mee (hemanth civil @eambridee. edu )

Qo paperlesst—Save Carthi — SOUTCE. Jiginotes.m Scanned by CamScanner



v | 1

ncn ABILITATION & & RETROFITTING OF STRUCTURES (15CV7532)

Stainless steel veinforcement

Stainless steel is the name given to the family of corrosion resistant steels contalning &

minimum of 12% chromium. On contact with air, the chromium forms thin oxide

layer on the surface of steel. This resists corrosion.

Non ferrous reinforcement

oeed to aggressive enViranments,

1o conventional reinforced concrete stnuctlres exp
and corrosion can take

rbonation can OCGUT,,

where chloride ingress or concrele Ca
concrete and eventually the

place. This can lead to cracking and spalling of the

lapucture may become unservicesble or unsafe.

The application of non-ferrous bars in place of ctee] cun elimingie the susceptihli:ity af

the winfﬂr:em:n: to ool
[ives -nn-:l [gwer maintenanc
gmposie materinls contain

~osion and subsequently lead to significantly longer service |

e requirsments. Nonferrous re- _hars are manufactured from

polymer ¢ ing glass or carbon fibres gmbedded in 8 mghl:,-'

durable resto i to achigve bonding to concrete.

der with & taxtured surface

the product include high tensile strength but lower modulus than

7584 the weight of steel; highly corrosien

magnetic; electrically and thermally

Features of
ntional materais. The bars are

o acids, shlorides and alkalis, non
+ longer transfer

insulating. Limitations include the inability to bend the pro duet on sile;

lengths; poor shear

conve

regigtant 1t

strength and low strain to failure.

Costs for the bars are typically 3 times that of conventional reinforcement or 50% that

of stainless steel bars.

1
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STRUCTURES (I5CV7532)

orrosion Inhibitors

Inhibitor: A substance which slows down or prevents a particular chernical reaction

or other process or which reduces the activity of a particular reactant,

Corrasion inhibitors are substances which, when added (in small quantities) to an
aggressive environment, reduce the corrosion rete of embedded stesl in concrele in

that environment,

This can inhibit corrosinn when passivation would otherwise have been lost 25 a result
of chloride ingress or cerbonation. They are added to concrets during production and
lare referred to as ‘intezral’ comosion-inhibitors. So-called “migratory COMTDS 0=

inhibitors’ applied to hardensd concrete are not ad nixtures.

Corrasion inhibitocs are used o protect metals from corrosion in concrete as well as
B

| for temporary protéction during storage or transport.

Corrosion-inhibiting admixtures are effective after the concrete has hardened and give
a long-term increase in the passivation state af steel reinforcement and other

ernbedded steel in concrete struciures..
The three most common generic types af corresion inhibiting admixture are;
Caleium niteite (normally contains a residual emount of caleium nitrale)
Arino alechols

Amino aleshols blended with inocganic inhibitors

The dosage of corrosion inhibitors s usually dependent upon the client's expected
serviceable life of the structure and on a range of factors thal affect the durability of
concrete, These include cement type, watcr-lo-cément ratio, cover concrete to the

steel. ambient temperaturs and the expected level of exposure 1o chlorides.

. rr_ red By: Hemanth J or o nip s, s,
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ITTING OF STRUCTURES (15CV7532)

T-h.- t‘l- FIJ"I-HI"I a5 b Fy e I

mor &
& usually uged between |0 and 20 litres/ims

1Calcium njtyy
! nitrike comrosion inki i
' inhibitor comes in o liquid form, containing abow 30%

caleium nitrite solids by w

tight. The more corrosion inhibitor is added, the longer the
onset of corrosion will be delayed.

The dosa : ) : i ! "
ge of amino aleohol-based corosion inhibitors is usually between 3 and 4

volume per cent by weight of cement.

—e
— e

Mechanisms of actions of inhibitors

The inhibitor is chemically adsarbed on the surface of the metal and forms a p[ﬂll:tl'i‘:'*.‘.‘

thin film on the stzel which protects ngainst conasion,

Corresion-inhibiting admixtures have little effect on strength at either early or later
ages. The function of this type of admixture is to enhance the long term durability of

reinforced concrete by enhancing passivation te the cathodic and/er anodic areas of

ambedded sicel.

+  The addition of caleium nitrate extends the time to corrogion initiation.

Tatal corrosion of samples with caleium nitrate is subsiantially less. =

Use of Corrosion Inhibitors

Corrosion inhibitors can significantly reduce maintenance costs of reinforced

concrete structures throughout a typieal service life of 4ﬁ—ED YERATE,

« Structures especially at risk are those exposed to a marine environment or other
situations where chioride penetration of the concrete is likely. Such structures
include jetties, wharves, and sea walls. .

« Highway structures can be affected by the application of de-icing salts dwing

winter maniths, and also as ab multi-stovey car parks whine :"‘-El|l-|:%t|:_'11 witer drips

ol T ears and evuporates o the Hour slol.
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REHABILITATION & RETROFUFTING OF STRUCTURES (13CVTEA2)

Corrosion resistant steel

; | LOITOR 00 rosistant steel ale vatvely can be said ag Srafnlees Sreel or frav xteel, Am
[Jruetal to be made comosion bess, it has to bo mixed with certain metal and ba made

([t an alloy,

|
1
! Alley: & matal wade by combiuing two or mere wretallic elements, eepecially to give

[(Breater strength or resistance o comesion

([l case of staintass steol, it is an alloy of Mlekel, manganese and chrombnmn, added

[reconding to the propesty we desite o derive out of steal

Chrominm is added minmom of 10.5% of the mass of steel, from where steel detives

' fits property of being convsion less. not-staining, no nsting. However steel is sl

susceptible to stain wnder low oxygen, bigh salinity and poeor aiciraulation,

Generally, wnless coated steel will readily convde, However, when steel is placed imo
conerete it develops a passive oxide filwmy due to the high pH of the concrete, This
|passive film prevents further comusion of the steel, 17 steel comodes in concrete it iy

cange cracking or spalling of the conerte,
ICorrosion of reinforcing steel may occur i the pH of the concrete is decreased, either
Jfvom chenucal atack or from reaction of the conerete with CO2 in the atmogphers, It

may also occur it sullicient chloride tong veach the bar. These are tipically inoduced

by into the concrete, from either de-icing salis or sea watey,

Stainless steels do not suffer wniform comesion, like carbon steel, when exposed ta

wel 'l:TI.'-."i:I.'I;:TI1I1'I'L"|}t$-.

Unprotected carbon steel rusts readily when exposed o the combination of air and
meizture, The resulting iron oxide surface layver (the rust) is porous and fiagile,

Since won oxide vecupies a larger volume than the original steel this baver expands

and tends to flake and Bl away exposing the underlying steel 1o further nteack,

m
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2 comnars T332
arIson stapy;)
HUSES Srmel :
SPOntaneomsly forms: T Stonin suffciens chromivm o endergo passivation,
TIIng 3 - ; =
. = S HEL0stenically thin in g sttt e
TEALNON With the OX¥EeD in o FRLY tin fnert surface film of chromium oxide by
hE LN :III Eﬂ'

water, 4 evea e small amount of dissolved oxXygen in

e fil i
0 prevens furmher corrosion by bi

surface and thyg PTeVenss comozin

|

| ThmPﬂ-S-S
v

! acking oxygen diffusion to the sieel

n from spreading into the bulk of the metal,
Thiz film i

1T % #, ) -on g i

S selfrepairing if it is serached ar temporarily distrbed by am upset

condition | - .
N in the envirenment that excsads the inkerent corrosion resistance of that
grade, '

Reinforcing bars with improved comosion resistance over traditional carbon stee

reinforcing bars ars readily available. When selecting a particular type of corresion

resistant bar, issues such ag level of corrosion resistance, cozt, and availability should

Types of Rebar with Improved Corrosion Resistance:

«  EBtninless Steel Bars

Galvanized Steel Bars

be considered. |I

« Epoxy-Coated Reinforced Bars
Corrosion resistant Coating of steel

Corrosion resistant coatings protect metal components against degradation due to
moisture, salt, oxidation or exposure 10 a variety of environmental or industrial
chemicals,

Anti-corrosion coating allows for added protection of metal surfaces and acts as a

bacrier to inhibit the contact between ehemical compounds or corrosive materials,

e s —— : it PP
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REHABILITATION & RETROFITTING OF STRUCTURES (15CV7532)

The object of coating to steel bar is to provide a durable barrier to aggressive
materizls, such ag chlorides. The coatings should be robust to withstand fabrication of

ribeage, and pouring of concrete and compaction by vibrating needle.

Benefits of Coating of steel

|“oatings with anti-corrosive properties ensure metal components have the longest

|]Jﬂ-5$i'l:ll= lifespan and the metal coatings below provide corrosion protection against

I humidiry, saltwater, and chemicals.
| ;

|FProcess of Steel coating

|Simple cement slurry coating is 2 cheap method for temporary protection, against
rusting of reinforcement in storage.

|De-rusting

ITh: reinforcement is cleaned with 2 de-rusting solution. Thiz is fallawed without
|detay by leaning the rods, with wet waste clath and cleaning powder. The rods are

| . . r ST T
(Ithen rinsed in running water and air dried.

|Phosphating

The jelly is left for 43-60 minutes, and then removed by wet cloth an inhibitor

|

|

‘ * Phosphate jelly is applied to the bars, with fine brush.
| solutien is then brushed over the phosphated surface.

Shurry 15 made by mixing the inhibitor solution, with Portland cement and
applicd on the bar, A sealing solution is brushed after the rods are air cured, The
sealing solution hos an insite curing effect. The second coat of slurry is then
applied and the bars are air dried.

|sealing

-

Two coats of sealing solution are applied to the bars, in order to seal the micro-

pores of the cement coated and to make it impermeable to corrosive salts,
Other methods of steel coating are:

Scanned by CamScanner
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Epoxy coating of reinforcement steel,

Galvanization of steel.
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DAMAGE ASSESMENT
Introduction

»Primary objective of Construction is Safety, Durability of structure, Serviceability

of Structure

»Maintenance of building structure is required to ensure proper functioning of its

elemental as required by the users.

»Deterioration of materials is either by ageing / by action of other destructive forces,
poor selection of materials, occupational and human factors etc.. hence timely
investigation will facilitate effective remedial measure to prevent further

deterioration.
»Visual damages - crack, spalling of concrete.

»Primary task in investigation—- 1) Structural damage 2) Non- Structural damage.

UKN 2

Aim of the Investigation:

v"To find root cause

v To determine extent of damage either to Structural damage /Non- Structural
damage

v"To formulate recommendations for repair and restoration

Purpose of Investigation
1. Legal

2. Insurance surveys
3. Structural failures

Various steps involved In investigation
Preliminary investigation

Physical inspections

Material tests

Non destructive tests

Detailed diagnosis of defects
Estimation of loads

Check In error in design
Strengthening requirements

SO SR Y N =2

UKN 3
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valuati | )

Classification : 1)Superficial Cracks | l._
2) Structural cracks i
i) Active Crack ii) Dormant/static Crack [

4

———— |

The following information may help in diagnosing the crack?'?_ : b,
Crackis new/ old L_L e
Type of crack
Pattern of crack
Soil condition !
Observations on the similar structures in the same locali i

Weather condition which the structure has been construc
urpose of crack evaluation

To identify the cause of cracking.

To assess the structure for its safety and serviceability.
To know extent of cracking.

To know extent of deterioration.

To study suitability of remedial measures.

To make a final assessment for serviceability after
repairs.

b OpAOSO BoON

UKN ]
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4.5 DESTRUCTIVE TESTING SYSTEMS

The most common destructive test is load test and is used to nssess the strength of conered
structural elements. Load esting is somefimes used es an alternalive method of assessing

structural eapacity, Load tesis are wsually carrled out for one of the followlng reasons:
(3) Thete are still doubts about the satisfactory performance of tne struclure under loac

after a survey and local testing.
() It is diffieult or jimpossitle to determine &

{1s malerials. . ; L)
(c) Verification of strucmr analysis in cases where the complexity of the structural

farm does nat lend ftsell 1o rigorous analysis

Deficiencies in detail, material or construction are suspecied and such d=ficizncies would
mear that the narmal progedures of sssumgplions on which structure] analysis is based were
not apprapriate. After confirming that the reinforeement did not go in fo plastic, it was
decided to eonduet full scale jord tesis an the beams, so a3 to determine the load carrying
capacity of the cracked beams and compare it with eriginal design stengil before any
remedial measures are suggested. Accordingly load tests were conducted on most distressed
‘e set for during the testing programme.

beams. The following aspects wer
(a) To conduct the load test on beams up i@ 1.25 times the designed live load.

y Te monitor the defections and recovery of the beams during incrementz! loading and

unloading
(¢) To compare the act

dequate information abouot the structure anc

val deflections with that of theoretical deflections

4.5.1 Assessment of exlsting concrete struciures
It has been Jearnt that concrele structures require a closer inspection, not oaly immediately
afier construction but also periodically at 2 regular interval, The qualiry contro] measures
during censtruction, generally, consist of workebility tests on frech conmcretz and cube
eompressive strengrh of soncrete samples, after some specified days of curing. It is 2 well
enown fact that the results of the above lesis do not refieet the frue guality ol the conerete,
existing in Ihe concrele siruciure because the quality of a concrele STru;:l:urll depends on many
[“"F" sucli as msthod of miring, transpening, placing, compacling Bne curing of corereie.
While concreie members with cert2in amount of imperfections c2n satisfy the requirements
elatine tn strenath ard serviceability, such concrete may not satisfy durability requirements.
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DESTRUCTIVE TESTING SYSTEMS | : ¢

Assessment of quality of concrete is necessary to ensure that the QIl.ulit}' of execution i
catisfactory and to identify sny deficiencies so that they can be :J!cl[ﬁ:d, This esn b
achieved only by conducting some in-situ tests on the structures besides visual inspection
The in-situ tests are non-destructive tests and partially destructive tests, These lests measun
indirectly the strength of concrete =xcept in the case of core test, whers dirsct evidence ot
the condition of concrete and 2 measurement on compressive strength are possible. Thes
i=sting methods ace in use for evalusting existing concrete structures with regerd o thei
strenigth apart fram atsessment and quality conteol of hardened concrele.

45,1 Direct lond test ' '
This is & method of nsgessi th of the in-situ conerete member, In most cases thi:

test 1§ parformed for the proef of structure capacity, not for suspect or critical location. The
grincipal 8iry in this testing I8 1o demonstrate satisfactory performmnce under an over load
shave the design werking value. This is usually jodged by measursment of defizctions unde;
this lo2d which may be sustained for & specifie period, The selection of specific membzrs o1
portien af 2 structure to be tested will depend upon'the genen| [eatures of convenlence a
wal| 25 the relarive importance of strenpth and expected load effzct ot various locstions.
Selection of member may often be 2ssisted by non-destructive methods coupled with visual
intpection to locate the weakest zones or elements, . _
There are certain inherent problems in this test. This methed is very expensive and time
consuming. [n in-sity test whether the member under test is sctually subjected to the assumed
test load during fire Is difficult 1o predict to predict due to load shering effect. All the direc
methods of secassing residual sicength of concrele provide regarding average potentizl cube
compressive steength and are not indicative of sirength profile across IT: section, Direst lozd
testing again may not be possible where the Joading may damage the dtructure permanznily
or whare the structural system in lon sU{T 10 show any deflection. [

4.5.3 Load test on structural element -,

A live load of 1V/sqm was taken for imposed load caleulation. Fleor finishing loéd snd
partition wall load was also considered. Thus impased load was taken as 1.25 times live load
2s per 1S 456! 2000 Code recommendations. The load was imposed on the beam e ud]
spreadi over an area’of 55.5 sqm. Thus a total load of 84 t'was amived at and impased in 12
stages of Tt ench et an interval of 15 minutes. The loed of Tt was imposed with the help of
200 sand bags weighing 35 kg each as first step and Increased in':t:ps?p to 541, Dial gauges
and electrical strain gauges were fixed at different locations, Separate platform was provided
to read and record the deflections from the diel gauges, strain from sFmEn indicator during

loading and unloading.

Deflections for the above mentloned loading steps were recorded, Total time for reaching
maximum load was 26 hrs and the maximum load was kepl [or more than 43 hes during
which creep effect was monitored and the time taken for unloading was 32 hrs during which
deflection recovery was manitored, The recorded deflections and theorelical deflections were

compared.

R I
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| | @  CHAPTERS
i e &ﬂ‘ﬁan—ﬂeﬂrucrﬁve Testing Systems

1. INTRODUCTION ' .

Non-destructive ::‘Fl];uﬂtiﬂn is widely employed for Inspecting the conditlon of struchures.
Non destructive t=chniques, which are less time consuming and relatively inexpensive,
be used for the following purposes: |

(a) Test on aciual structures,
(b) Test &t several locations. .
(2) Test at various stages, ' i

(d) Assess the quality contro) of actual stroctures,

(£) Assess the uniformity of{he concrete, el T
() Assess the materials used aad workmaaship with
(3) Assess the poor construction practices.

(n) Assessment of the extent of cracks, voids, honeycom
(1) Coofirmation of suspezted distress due 19 poor design
(1) Assessment of partial durability ;

(%) Integrity testing of piles | .-

(1) Monioring of progressive changes in structure

The results of non-destructive tests are most useful when supplemenied by a limited number
of destructive test procedures. There are more testing techniques with different principles and
applications are available 1o evaluate the propenties of concrete, The concrete material is so
complicated that lﬂ: elficiency and quality caneol be established Just by one single test. Most

-ef the tests, which are used, for estimeting the parumeters of concrele provide an excellent
means of establishing and eveluating the uniformity of conerete. '

e | :

' 52 NON-DESTRUCTIVE TESTING METHODS
Potential and limiletions of various non-destructive techniques cited below and are briefly-
discussed in the following paragraphs (o apprise users of their relevance in field application,

B'Surfan: Hurdness Mqthed
Ultcasonic Puise Velocity Method
{c) Resonant Frequency Methed
(€) Dynamic or vibration method :
\e) Pulse Attenuation Method
() Pulse EchaMethod
iz) H.udin-:l.ivl Methad
() Nuclear Methads
(i) Megnetic M=thods

specifi cation,
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NOM-DESTRUCTIVE TESTING SYSTEMS

(i Electro magnetic methods -
(k) Electrical Methocs
(1) Acoustic Envission Technique

(m)Radar Technique .

(n) Radiography Methods

Ly

%21 Surface hardoess test

he surface hardness method consists of impacting the concrete surfoee in # stendard
manner. Aclivaling a mass-by - given :n:ﬁ??ﬂjrﬁﬁﬁn_iﬁ indentation or rebound
achleve this. The most commonly and widely used instrument is 8 “Rebound Hammer".
- There dre several types of hammers having varying impact energy from 0.07 kg m o 3 kg .

lhwh used for mass concrete, road pavements and airport runways, The
lgw impaclenergy hammers (0.07 1o 0.09 kg m) are used for small and low strength

malerizls, A typical rebound hammer is shown in figure 5.1.

& l'-_'_‘-_;f_-.'-:—:"-r 1
e o e B Y T e e =<
R AR T ”H,":; e

= '

IS
u ’ﬂ"-ﬁ.:':g!:ﬂ:

Tﬂ:::l‘ i

- ﬁFt:i"-;l-:Hll:q'-l;F...- : ": . -:-‘..Illl;""""
, Tt r-unl|=_| iprd ----JH ,ln..‘_:h ._r:_
}.gﬂ.l’?‘l!&". 7 hr.‘.‘?mi:r:;:‘.__irf'w

Flgure 5.1, A typical rebound hammer
Test procedure: N

The test procedure consists of applying the hemmer.on the concrete surface and uhs:nrin;'-,
the rebound reading indicated by a nder over a scale. Before epplying the hamnier, the
surface of the concrete is cleaned and smoothened. A minlmum of 10 readings Is Wmi:lud
and each reading should not differ by more than 7 units, The average of remaining readings
Is determined for evalualing the strength. If more than two reading differ from

: : : the average by
7 unils, than the entire szt of readings arc taken afresh. The testing procedure in hammer is a3
shown in figure 5.2 - '

The procedure [or determining the rebound values has been specified in ASTM C 805-85
BIS-13311 Part 2 and also in the |mtest ASTM specificatlon. Estimation of 'E'Uﬂﬂl.l-ll..'l-
compressive stength from rebound number is determined from standard calibration clrve
bused gn the laboratory results. The calibration curve should be established for each lype of

concrele, A typical calibratjon curve is skown In figure 5.3, The malo factors that affee
vne readings are: . . :
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|

(od Apposineste estimation of strength by wseig _n_:.._:_.__:u. calilaaned n_._.__..__..
() Abrasien icsavtanee classification

Ihie Bollvwiing table 3.1 slwows the quality of concrete cover Trom rebsaml pamber,

Tabte 5.1, OQuality of cover concrele from relsmnd number

1Y
REIABI YA TR OF CONCRETE S TR iy
—_— "
L .-IIIl-”-.ll

A- ﬂﬁuﬂﬂﬂﬂrﬂﬂﬂgﬁawﬂg_ﬁ!.ﬂ

a) Size and age of conerete Sl il

(®) Sufacetomupe -~ . . . : ,..

(<) Conerete mix charncteristies !

ﬁﬂ”- nﬁgunwﬁ_ﬂ_ mﬂ.._.ﬂ— E _U.E.E.ﬂnﬂ.m
() Moisrure content

At should

e fuaﬁhwrﬁ_..-ﬂ._ﬂeﬁiﬁ Hﬁﬂ.iﬁﬂqauﬁqaﬁsunﬂrigsﬂ
he membe: i tuation, the strength prediction ean be mad uracy

253%. The application of surface hardness Hu.;::m!ﬂ:? =1 HEE_"H__::-.E " o

Figure 5.3, Typical calibration curves
{a) Checking the uniformity of concrets
(b) Comparing a given concrele with a specified requirement

1

i

I....l.-llu.
I T —

Average rebound mumiber (hasdity of comondie

| ——

wery g laard layer

Grealer than 40
M to 40 g layer
Hito 30 fair

ez Eliain 20 ot concreic
0 delaminaied

5.2.2 Ultrasomic pubse velosity (UI'V) test o
The object of this method is basically to measure the velacity of the pulses __"_:E.E_E:..E
vibrations passing through concrefe, The first report of.the measurement of the velocity
appeared in USA in the mid of 1940s. It was foand thal the velocity depended upon thse
elastic property and peometry of the materisl. With the Eqn_...._ujn__._zm reliable meamaremeni
techniques., the ultrasonic metbods have become widely acoepted around the world and
commercially produced lightweight equipments. If propedy used by an experienced operater,
2 considerable amourt of information about the interioe of the concrets member can be
abtnined. Recommendations For the use of this method are given in B5-H08 Parn 5, ASTM
C 597-71, and BIS-13311 Part 1. .

Theary of pulse prapagatisn through conerets:

melyie—

i I fid mass. They are
Tluee nypes of waves are generated by an impulse applied 1o 2 50
lengitudinal (compression]), shesr {mansverse) and surface (Reyleigh) waves. Eﬁylﬁﬁ
waves are fastest and provide more useful informatien than others For an infAebe—
homogenais fzatropic elostic medium, the compression wave velocity is given by

V ="k Eyp,

Y = Compression wave velocily km/fee,
k= (-9}l + (1 -27))

E, = dymamic modules of elasticily, -

p = mass density, and

v = dymamic Poisson’s matio.

Whens,
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The pulse velocity measurcments may be used to establish:
{2} The homogeneity of the conerete
(b} The presence of cracks, voids and oiher imperfections
(e} Changes in the structure of the concrete which ccours with time
(d} The quality of the concrete in relation 1o sandard requirements
(=) The quality of one element of concrele in relution to anather
([} The valwes of elastic modulii of concreiz

There are three possible woys of messuring pilie veloeity are sliown in Ngure 5.5
{a) Direct transmission
(b) Indireet or Surface transmission
() Semi-direst transmission

HUH-DESTRUCTIVE TESTING SYSTEMS =

Trclarect or suel o
(TR RN PR TeT]

Figure 5.5, Mkl of Iranasissine sysbem >

The direct ranimission method is peeerally prefeared since the maximum eoengy of the pulse
s being directed atb lbe roceiving traniduces and this gives maximum sensitivity. The indirect
transmission arrangement is the lexst sensitive and for a given path lengih, produces a sipnal
which has anly show 3% oe W& of that prodisced by direct iransmission. This smanpgemen is

Scanned b_y C_amécanner
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umed when only one face of the comcrete is ncoessible, when the depth of the sucface erack 18

to be detennired or when the quality of the sarface concrets relative to the overall qualivy s
of inlerest. The semi direct transmissicn amangement has a senskivity irmermeodmbe between-
those of the ciber two amargements. [n this method, there is uncenainly regarding path
Engih. It i pencrally foand to be sulfickently accuraie, if the bength & measused from centre
af iranzsducer faces.

* Same of the Factors that inMuence palic valocity measmremcnts are:
(2] Surface condifion
{b) Moisiare conrem
{c} Tempemturs of consncie
{d] Path length
(e} Shape & size of specimen
i Reinforoement

”_.m-...__m miﬁﬁnﬁ 3.5 shenws. the behaviour of ultmsonic pulses in concrete medium under
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Figure 5.6. Nehnviour of wlirasonic pulses in different concrete mediven

he following table 5.2 gives the criteria are adopted for certification gqualitatively of
oncrete under UPY results, g o s &

Tahle 5.2, Quality of concrete from LUPY

o UFV valie kriftec (1) Conncrele gquality
preater than 4 Wery pood

V between 1.5 & 4 Croed

V between 3 & 1.5 Posr

V belween 2.5 & 3 Wery poor

¥ belween 2% 2.5 Very poor & low integrily
V less thin 2 Lorge voids suspected

dvanced ultrasonic festing equipmels:

iis category comprises the range of instruments that use sound or stress waves in order to
tennine the properiies of concrete and other materials non-desiructively, The Frst and most
alely used System & V-Meter, which utilizes the ulirasonic pulse velocity method for
alusting construction materials in the Geld. Transducers are availabibe for & variery of

g e arscemts ther-state-nilhe_ant in benelt WP TE0esron sl m varkcly
w_-nqnﬂ.muﬂ#u.. :._-_.“._ ._.EJ__. ”!m_ comes standand _.___i_“_.u uﬂ.n—ﬂﬂ.mﬂw.ﬂ._.__.aﬂrmu line of products
s ﬂu_a_“._q__:g..u: ncluding lengitudinal. rﬁ:.rﬂi_ _nu._._.anﬁan.n n.._.__ other materials in the
,ﬂ:ﬁa Eﬁa_”_“ .m._ﬁ:r,m_ effcstive and clficicnt way 10 EXBUTECRE L resus.
fieh E__L ilizes the latest i technology in ordar 0, gUar .

methid . HEqE:..EEH..Eu.nﬁ
e _.E__ﬂh._m.n_?nnn..-d:-ﬂﬂﬁ. the determination of the =_d=.___!_5uﬂe__”w_“.______.._ as SONOMETER
._..-__".ﬂ____““__ of a soccimen. The equipent uscd ._._.un ..__.____.nm _-”n___..__.li__ﬁ”___._“_ The size of specimens in
vibr f 4 specinc ! saly wsed in Abry,
R sty __._,nr.“,_ﬁ,ﬁ qmwm_“____..__, * 300 mm ...q__z__r.“ or 75 mm * 75 mm X AN
____”._u_r.. -nw.hu 45 .Bn_._.-l__ Irequency el is wsed .—T- ihe Tullavy -.-ﬂ.“_-.- _E_-n od ﬂuﬂ_“ of
m_:u_" ) m_.rﬂnh“.._..._._an he deterioration effects of concrels mbje _

a) Fo o

freezing and thawing. . . . .
() ._._.“M”._nq.__i efTects due to acidic and allkali reachions

Lo fire
¢} For determining the damags .En.E b i
E To calculate the dynamic young's modulus of clasticity —

m._.._,.__n“n_....qﬂ.-?-”.__.“ “ﬂeﬁﬂrﬁh,ﬁﬂu_ﬂ_mi .ﬂ&:ﬁ.ﬁ ”pu_ﬂnm_w“ ﬁ.._____“.ﬁn ”qnﬂ.n.ﬂn”m.w_._. i
ties. The fundamental principle of this mE ropagation of sound
ﬁﬁﬂﬁa:wﬁ i anlid materinl. A mathematical "F.“__F_wu___h_.”“_._qh.“.m.ﬂ
the velocity of sound through the specimEn e, Toe i
relatinnship, the modulus of clasnary ﬂ.__. the mal s il ity
relatiomhip the solsd prediums pre considersd 10 be homage i e
clastic. However these relations are u:m n__.._um_.i (1] ?nﬁ_.wﬂnﬁi.h.ﬁnﬂhﬁzﬁi v doginig e
The velacity of sound V in o solid material 15 8 funclion o :

modulus of elasticity E and s density p. Thus
V= tig pl .
Where g is ihe peceleration dus lo gravily

thm vl . -n_.n
T e o mabod o wih ot 3 DTS
1000 MHz are allowed to prOPgES© ugh 5
methodabogy is found 1o be wseful for EE?H m.zi.u:m.u:nu i n.,.“_ engineering straciures »
. . of the soled maserial

the electromagnetic waves are influenced by the . b determines the sigaal
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practical applications. Originally, pubte echo technique was developed for pile integrity
besting and mow it is popular for eoncrele Snsciured snd structural elements. An instnamen
system commercially known as DOCTER marked in Denmark is available with a Geld .
i computer, felated sofiware and wamsducers. The pulse echo and oscilloscope zignal
% Determination of major nﬂ.ﬂhﬂ._.ﬂuu_.i-._nﬂu s fivtedtetew; ———— J techniues are shown in figure 5.7

The system found to be useful for:
(2) Testing for thickness & flaws in concrete
ih) Testing of wave speed on the surface
(<) Testing fos depth of surface opening cracks

% Loeats voids, honey i X
= Locate nm—u.qm._nm:ﬂ_. EEEsh..ﬁEﬂrEﬂ

% Size of voids

+ Estimate chloride concent 4
“ Locate rebar cormosion oA

. 5.2.7 Radioactive method - + .
The use of X — rays and gamma rays as non — destructive methad for testing properties of
concrete is relatively new, X — rays and gamma rays both eomposents of the high-energy
region on the electromagnetic spectrum penetrale concrete but undergo atenuation in the

" process. The degree of anenuation depends on the kind of matter raversed. its thickness, and

; the wavelengih of the radiation. The intensity of the incidest gamma rays and the emerging

gamma rays after passing through the specimens are measured. These two values are made

use of for caleulsing the density of structural concrets members. Gamma — rys rARsmission

: method s been used tn measure the thickness of concrete slabs of known density. Gamma

1 radiafion source of known Intensity is made 1o pass and penstrzie through the concrete. The

L intensity a1 the other face is mensured. From this thickness of the conerte is caleulated.

5.2.8 Naclear methods ) :
Uze of muckear methads for non = destnactive measume ment umuﬂiﬂﬁdﬂaﬁﬂnﬂnﬁﬁ
of recent origin. Two principle techriques have been reporicd, nancly Newtron Scattering
Method, for determining the molsture content of coporete and Newtron Activation
Analysis for the determinafion of cement content. Thess methends are nof suitable for

finding out the strength of concrete.

5.1.9 Magnetic methods £ 54 L .

Bartery operated mapnetic devioes that can measure the depth of reinforcement cover 1
eomerete and detect the position of reinforcement bars is now available, The apparafus i
knowen as Cover meter/Pachameter. This can be used for measuning the cover m.__._.ﬂ__ in the
lighily reinforced sections. Pachometer or covermeter is an electromagnelic device used far
determining the location of reinforcing steel embedded in concrete, and 1o determing the
amount af eover over sieel, The instrument consists of o s=arch bead conpected by a cable i
a metering unit, which may have a digital or analogue read-out. The purpose of lecaling 1=
reinforcing steel, presiressing strand, cladding ties etc, in concrete, i o avoid them dunng

1 -
e . ) lnlemal £rack core sampling, direct pulse velocily surveys ete, and to make eonesciions __E&n.n_.._dn..____..Eﬂ
_E.ﬂun___uaﬂﬂnm_ﬂ._.ﬁ : measurementt. The knowledge of cover depth Fﬂﬁm&ﬁ;ﬁuﬂn-&E%EEﬂ-ﬂ
\he concrete st the level of the rebar for chioride jon analysis, pH measurements and the
Figure £7, Puls echo methad fisr erack locatiss “ presence of carbonation. ; i
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tially __”____.H___.__,.n_......n Test ane used for

s. Compared to core test the

: L = ACCuras
nediately available and the testing s
hads are available 1o Assens
wrbance of the surounding
' Elven below:

(a) Peneiration Techniques -
(b) Pull-oul and Pull-off Tests =

u__ may not be as pood
=28 disruptive and damap i
the quality of concrele—damage m_wmr“na-nﬁ“ a:”_ﬁh_ﬂ H—.ﬁ_ﬂ

comcreie, The ....___.Eamn methods in comstruction industry

() Core sampling and besting

{d) Break off st

() Permeability Test

() Half-cell potential FUrVEY o
{(g) Resistivily survey

(h} Carbonation and pH valus fes
(i} Chloride content tast

(i) Abrasion resistance test.

.___“__p___:n.r some of the tests are used 10 find the quantity and quality of concrete ingr Tenis
vare used 1o help in the damage assessment of existing concrete. These types of tey « are
en helow under chemfeal testing of concrete:

(2) Determination of cernent esntent

(b} Determination of water content

{c) Determination of water cement ratio

{d} Delermination of free chloride content

(£) Determination of pH value of concrete

EE.._“.__P some of the special 16515 are available 10 assess the quality of concrete and rebar
wrrosion-damaged siruciures and fire damaged structures. These are also discussed in this
pler.

<1 Pemetration Teclnigucs

= measurement of hardness by probing techaiques was first reported during 1954, two
hniques were used. In one case, o hammer known as Simbi was used 10 perforale concrete

m
4
- ihe test was found 1o be £ 25%. Simbi and Spit pins were maore affected by the arrangement

SEMI-DESTRUCTIVE TESTING SYSTEMS e

and depth of borehale was correlated fo compressive strength of concrete cubes. In the other
technicue, the probing of concrese was achicved by blasting with Spit Pins and the depth of
penetration of the ping was comelated with compressive strength of concrete. The accuracy of

of coarse aggregate, than the test using rebound hamers.

" T During 1964 and 1966, wechmiqhe ERTWT S the Windsor probes-was advanced for testing

¢oncrete in the labortory and in sitw, The Windsor probs wu.ru_ﬂ_ﬂnﬁﬁﬂﬂn—.#ﬁﬂ:._run
of the concrete, It is an eguipment consisting of a poweer activaled gun, hardened alloy
probes, loaded canridges, and depth gauge for measuring penetration of probes. The probe is

_ driven in to the concrete by fring of a precision powder charge carindges. The exposed

length is measured by calibrated depth gauge and this is comelated 1o the strength of concrete
cylinder, e B .. t

The penetration resistance method nmﬁﬂ.ﬂmun strength uses a hardened nu.n_ prote, which
is fired into a concrete surface using a special gun and a standardized explosive charge. The
susface is cleared of Ioose material and a stee] plate ....._quEan_ tm_r_ﬂi 1o the probe. A
steed cap is serewed onto the probe and the length of probe q..JHL!m from the surface is
measured using  spring-loaded depth gaugs shown in figure 6.1 and the depth of penetratin
can be determined. It is cléar that the forees scting on the probe and the proceides ocCuming
within the conerets are extremely complex. As the tip of the probe enters the concrete, it
canses local crushing of the surface and creates  shock wave, which resulis in local spalling.
As penctration continises, the forward muolion of the probe is resisted by fraction n___sn. its
gjides, concrete 15 crushed at the tip and the concrete shead of the probe s Eam«_ﬂuﬂ_ ina
zone of indeferminate shape and size. The initial kinctic energy of the probe is dizsipated by

_ Depth
guage

Figure &1 Penetration resistance st x
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afr EnErpEy le=weld By #..T..n an ﬂ“x __“_.".q_.“”_d.._—u_.._: _..._.n.n.nz..n_;. ._.uhﬂ _n_a_...__ﬂ. e g eemotdivtin b
zile velotily lolerance within +3%. The COTPrEA v

strenpth of the concrels b dircctly related
o the resista i
*ggregate and cement malsix; the distance required o ah sl o b

_u“-_.n.q_.u..__. il the prods ._.___..”_.n:_.__-_.n.__ s, T gih of the concrete i aricall

"ﬂuﬂ_”ﬁ*ﬂ -___M_a...___._n_n_.._:._ _.___.w..m waries with the heidncas of the aggregale, This qﬂ_hqﬁ“ﬂ__“w _.w__
¥ defermining ihe Moh®s scole . i

correction fackor to the ﬂ.n.:_n_uu_m::. g i N e 8

The combined commibutiong af bl e
4 ngkregate anal the comeit pasie i
“M.un__“"“ﬁ..__uﬂ“ e ___u... _.__.rm.. mecurncy of the inferred sirenpths !..ﬁa”. _"“_”.“_._M.H”._n .ﬂ.ﬁ“_“_u__
aenl frials. The Windsar [1 )

detemnninatinn alilmined Ly ﬂi:ﬂ_.:__.n”_uﬂ.._.___n-._.n_.ﬂ.!.___uﬂ._:._._n—:_.n ._..___u.__ i _.-.__n R e
Far mas necorale st pesilin
particular min design being o
expeiied. The proles mease
thal ol & saample cuimpinted o

?_.r._.?_.__ recomimends that nn..:...._n__rﬁ._ﬂ ..__...__._n_n.q__u__ for the
atedd, Fxmet duplication of eylinder test results sl not T
e strength of M el copereie o s sirugiore rallier e

Cured umler strct mned smewhod atificisl condiy it
T donot wecessarily represint Bhose of e strachre fedl, : o

B2 1l bonnt woned guoald ol f st

Sevetal tosts sie aviilabile. which-give. edtimales,

: ol compeessive streapth by micsmining ihe
foece reqiined (o puill amn cmbiedcle o

davwchors or o pofl o dises glued 1o gie surfoce, Many of
the paill it tests wse aclors, wiich ne pliced in o the coerele ol e time of comsrmeton,
Puall st dest-in this vest, eitler wa fngert is casl i i encrele oo Gxed inooon hole, sdich iy
..:..:E i 1o e coiwicte, Foree pegquired o pall oot the inser is mseisimed wideh is cridgfelated
with the compressive strength, Although the sesulis relates 1o the surfoce #ome only, e
pdvintape s Hinl & neoce direci measine of strengll unid @ prestor depth, compores] b fle
surlave, Bacdiess b, aad ks avnibabde, Pl ofl e s haseuld on the measurensent of the -
st tensile strength of concieie by ngplying o divest tensile force, The meitlusd i specially
wse Fal dm weasuring tie bonid ietween the averlays. I this west, o metallic disk is gloed eilier
to e coneicle surface to the surfoce of pantial core, The force roguired to pull of e disk,

causing __...._:.F_n Mibure al conerete, I8 mensused amd correlured b fhe sirenipils of concrete. The

test respuires the care in preparing surfiee ond conse difficably willi damp surfices.

A pulloul test imcasures he force required 1o palbout from the concrete o apocially shaped rod

whaose enlarged end has been enst imlo that concreie. ‘Thie stronger tle concret, the more ks

+ the force requited w pullow. The ideal way 10 use pullout test in the ekl would be b
incorparate assemblics in the structure. These stunbsnd specimens coudd than be pulled out at

v o initiad letors of the phrase "o

-blacks o
ﬁ__iﬁﬁm:?:amie_misahiaa?afmrﬂ
pallout assemnblics. Pullout test could than be

([

SEMI-DESTRUCTIVE TESTING S¥RTEMS

SE
 eoncrete. Another way to &
denotes the strength © [ concicte incorporating

_!._.EEEEEEE.._HEE_WE&_.. “

Internal fracture test: 1, 1t was first developed for

giwi.i“.%jﬂﬁﬁhmﬁﬂﬁﬂﬁ? ot
imgy hig i poncrcle com o
Ezn_u,_.“ #w_w”.“_“ﬂ_”un.ﬂjﬁi Portland cement concretes. To _E:.“ n:.:m..nﬁ””.ﬁ ”ﬂun_m
i ¢ depth of 30-35 mm and the hole ks Bown oul. Holes For | s
ﬁ:ﬂn.“_n: _.m_m___..sa apart, should not be clme to 20 edpe and ..,#E._._h_niuc“umn g g
R_“u_._nnaﬁ:n. I s wwual 1o carry Out iz fgsls on a ..un..:.Iq e B
maxinum readings i1 med to read ofF the mean COMIEASIvG eatio.ipinke o
n_..__._s_u..u_.____. curve, 1t is suppested thl thea an_.sE albows Eiqﬂﬂﬂ_ ot nqnnunﬂnnsn
writhy b k30 W st the B35 eonfidence level, The 1est ___1..__5...“ _=_I.. Y Esnﬂﬁﬂnnq gt
arad thelr ahould be linle damage 10 the aurfce, Afler the i3t

dhe surface made good.

. : i i ok
..“._qn- Hﬁ__..““.._ i & madification of the Lok et which was developed in Denmark. The'

test narmes based on the
byt wnes casts in inserts and ﬂ“ﬂhﬁ-ﬂ_”ﬂhmﬂm%:ﬂ!ﬁhﬁﬂﬂ”i Sy __1__”“.
ter an clegitly of 4% man. The bt is renared ol 0 fore a 2k mim m_..._:.nﬁq EE_...“._._.__I- ﬂ%ﬂu—.. #
3% mm, A ring inser B placed in the [ile an .....___—“_u_.____._..n_ e i __._.qn___.._._“_....n by
cornected i the hand -operated hydroulic jock and lexll -nelpcaiting; E_Fn.._._..!_ir.!m‘.n ack
tenl equipmicnl is maude by a tlyrenaderd eoupling md 7.2 mm in dinencie o ﬂ_._n._nn rpedlapi
produsces A tenile fosce b the rod il biesrs on n reaction ring of mcl rel dfia mdhipinire
the guncrete sarface. The failure surfice mﬂiEEp by the best i in thie “_EE i e an. THe
core [tam The ouler edige of the expanding, et to the s .n__ﬁnhn—___ ﬂ.__.n_.__n ._%E = :..__T.
test i be stoppad and the liad releasesd na soon o e _...E___...u reached. This res - s
fine crack on the surfuce, Aleeratively, the test can be continecd until o plug of concret
removed 30 thit the disc con be recovered and reisal

Sy iy i i i plued L ihe
[ i dise, Sthmm in dianseler 18 glue .
The limgpet test is a pull off jest }_.__ alum ._E_._,_ ..”u; A . Thi et

giscrete supfnee af the fesl posiion g an cpox . ) ;
__n_a copnected 15 o zﬁﬂﬁ._ﬁ.—ﬂura_._._.___,. devive by a dweaded rod. Lusnl is applicd by ...___.__ns_m.“
lallie o the side of e machine, Applisd laod measured by iyl :.E_._nn..__%r ﬁ._-__?.__
veith digital rend-out. The opplied farce _.__.__:._;. dise wway Fruom _._H ...E.n&hht”ni&iiﬂ:
thin lnyer of concrete. The concrete fuils principally in dircet tenaion. 1§ is nat idagsr o
e tests on a member and calculate o mcan pull-oll Riee. The nn_._—_a.uz_.__ﬁ.__n___ o e
e nusesssd using suilable calibralion cirves Since the Inyer al nn_ﬁ_“ﬁ" wﬂﬂ.!a_.uﬁ b
dise is usunlly only o few mm thick, the results can b stroagly influco ¥

such ns laitance, poor curleg or carbination. This difliculty ean be over come by core i

o Fiher Wk tias beomrearied-eub i, .
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using a 30 mm diameier barre] 1o b depth of 2 mm or
e u__n_..-....n.r_.__....... The eentral section is not broken off
befiore pulling in the nomial way. This technique is al

Brealer, 10 penetrale concrete helow
ol the _____.E.E_.E dise is attpched 1o il

L&ﬁ.ﬁ I ikis sy he o nE.._.__ﬂr._. _.._._._..u_.._mr_fu useful for _._H.-m_ﬁ._-._n._.#ﬁ.__.._..:mq.n—._:._mm.-

s pstls H_E. repain or overlay in o the pErea

- —
——
— e

&.1.3 Core sampling unil testing
The core tests are performed under the following situations:
(o) When the standasd 28 tdays cube stren
and the primary aim of the core testis @
adequate strength,
(b) When it is required o0 cstimate the load es
safety under change of loading conternplated for the Strachire,

(e} To detect the seprepation, honey combing and 1o check the cosiruction jo|
or lo verily the duickness of the pavement. .n - L

gth test gives Jower sirenpih than secept:
. ceplable
@ akcenain whether the structurl element i af

mying eapacity of the structure for jts

Core test serve as 3 good support test for any field investigati _ . :

driven core drilling machines have been E.._“._u_.ﬂ._ hﬂ:gmp,.unwwﬁﬁaﬁﬁwﬁarﬂuﬁ
Cores af 25 mm o 300 mm diameter can be cut including reinforcements, The ooy cun be
tested for compressive strength, chemical analysis, petrographic examination and evalusting
ﬂ.__..__.u.—ﬂ- parameiers. The strength testing of cores provide almost a direct evidence oa the
quality of concrete as it exits on the structure, The final results are influenced by the factors
- such as: diameter of the core, slendemess rtin, core location, presence of rinforcement and

curing condition
The general procedure Includes:
Core location and size = Cores for test should be normally taken sl points whers mindmim

... strength and makimum stress coincide, for example, from the top surface near mid span for

simple beams & slabs or any face near the top of lifis—for columas or walls. In peneral, the
ncouracy decreases as the ralio of size of apgrepate to core diameier increases, and 150 mm
is regarded as the prefermed size for aggregates of up o 40 mm, 100 mm cores most nol be
uscd il the maximum aggregate size exceeds 25 mm, and this should preferbly be lzss tan
20 mm for 75 mm diameler core.

Testing - Each core must be trimmed and capped before visual examinstion, assessment of
_ voidage, and density determinations,

Trimmiong-Trmming with a masonary of diamond saw, should give a core u.—_ a sujlabls
length with parallel ends, which are normal to the axis of the core. If possible. reinforcement
and unreprescntative concrete should be removed.

Capping-Cores should be capped with high alumina cement u.__u...unﬂ..h-_u—_irﬂnn ﬂmuﬂmﬂ
to provide paraliel end surfaces normal to the axis of the core. Capping shoubd be kept as thin

. as possible.

1 S A i _H PRl L

SEMLDESTRUCTIVE TESTING SYSTEMS 1

The honey combing, erscks, aggregaie Jistribution, dnllisg damages and other defocts are
easily socn on o dry surfoce. However, for the assessment of type of aggregate, size and then
characteristicd a wet swrface i3 prefemble. Vaids between 0.5 82 3 mm ore elassificd s small,

*3 1o 6 mm sized voids as medium ns and greater thon Gmm large voids, When the voids are
' inlereoniected, they ane called homey combing. The prezise locations of the rinforement

present in tue core must alsg b reconded.

Demsity ibefefavinathon: i
{n) Measure volume of inmmed core (Vu) by water displacement
{b) Establish density of capping material. (De)
{c) Before compression lesting, weigh soaked/surface dry capped core in air amd water o
determine pross weight W, and gross volume ¥,
(dy If reinforcement i5 present this should be removed from the concrete afler
compression testing and the weight W and Vs determined.
{€) Calculate saturaied density of concrete in the uncapped core from
D2 =W -De (VI-Yup-WaYu- Vs
if _qﬂuﬂimwﬂﬂﬂnmiuﬁnﬂnpﬂaﬂ;fug !
" Fﬂ:ﬂiﬂﬂﬂuﬂﬂ = the Tﬁﬁmﬂ.nmﬁ_q based on available vabues for 28 days old
cubes of the same mix. . 'S P
Da = the achsal density from core samples.

Faciors influencing the eare eompressive strength:
(0} Moistre and voids
(k) Lengthidiameter mtio of core
() Diameter of cors
(4} Position of cutowt concrele on sinuchune
{2} Direction of dnlling T s
() Effect ofage
(g} Concreie characlenstics
(h} Methad of capping
(1} Reinforcement

Compression tesfing: . .
Compression testing will be carried out ot & mie of | Shlimm fmin in a suitable testing
machine and the mode of failure noted. If there s cracking of the caps, or scparation of cape
and core, the result should be considered ag being of doubtful accurcy, [deally, emcking
should be similar all round the circumference of the core, but a diagonal shear _H-.n_n F.
consider=d satisfactory except in shoel cores or where reinforcement of honeyoambing is
presant. .

Estimation ef an equivalent cube streagth correspanding 1o a particular cors resull muwst
Enitially sccount for fwo main faciors, Thene are:

S ————
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6.1.4 Break off test

A test, which measures the force required to break of a core, has been developed in Norway.
The test was originally developed to monitor the ez -ly strength of concrete, and utilized a
plastic ﬂ}"[ndncal insert at the time of casting to from the cores. How ever, it can also be
used on drilled cores. A core of 55 mm diameter is diilled to d'depth of 70 mm. the annular
hole on the surface is enlarged to form a circular group 10 mm wide and 10 mm deep to
accept the loading device, as shown in figure 6.3. The loud is applied transversely at a depth
Hydraulic cell — - | of 5 mm from the surface. The
' : flexural, tensile stress developed
at the base of the core causes it to
rupture and the core breaks off,

' L] et | |

Figure 6.3. Breakoff test

6.1.5 Permeability test :

Several types of apparatus have been developed for site use in measuring properties related
to permeability. When the test is undertaken on a vertical surface, a means of keeping the cap
firmly in contact with the surface has to be provided. Water is introduced into the cap lo give
a pressure head of 200 mm using a filter funnel. A second port in the cap leads to a
horizontal capillary tube. The rate at which water is absorbed into the concrete surface is
determined by closing the connecting to the reservoir and measuring the movement of watcr
surface in the capillary tube during a fixed time period. On site the test is usually carmied out
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._n_:._._.:.Eﬁnmu after filling the cap with water. A diagram of the apgratus is piven

REHARBILITATION OF COMCRETE STRUCTLE £5

in Figure 6 4,

Figure &.4. initial surface absoeption test

The second test was developed at the building research establishment, UK in the carly 1970

Eisimen & £ Fipe"ts anparaius

1o enshle measurerments of either air permestion

imilex or water absorption of concrete to be made -

This s eommonly known as the modificd
Figg's methoal. In this test, a hole i dalled ino
the concrete surface and after through eleaning. It
15 plupped from outside surface by polyether foaem
and then sealed with o cotlyzed silicon mbber.

Ul R e hardening of rubber, o hypodermic needle is

pushed theough the silicon plug as showa in
fipure 6.5 For air permesion, o mercury filled
manometer amd & hand vacuum pump is attached
tor the peedle, The presguere with in the system is
firstly reduced {0 o standard valoe and then afier
isolating the pump, the time for the pressure 1o
raise a standard wvabee is recorded, This time is
taken a5 a measure of the alr permeation index
of concrete. For wnder .._—ﬁ_..___j-.___.._._n._. o walber head of
100 mm is used, Water is forced 1o tlie
me_n_.__u_a_. Em_.._ﬂ a uuﬂ._._m_n and one Adnube =_f.a
captact between wiater and concrote, the syeinge is
ghat off, The time for the meniscis in o capilliry
tube to trmvel 1530 mm s recorded amd is taken ns
o measure of the waler alsorpiion index of
COMCreLe.

—

L — —— s s
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p cmcular stesl rng bonded o e concrelc
surfce. The main body of the instrument 15
corstanl pressure s applied lo the surface
shovam in figure 6.6, The pressun: is maintainad
by means of o pision conlrollod by o micrameler
gerew pruge, Rendings on the prege ane notcd &
the beginning and end of a test, which allows
the volume of water, which has Bowed inte the
comcreie o Tr. -..d_ﬁ._._.dn_ﬂ_..-.._

dubvanced permeability fester:

‘Poroscope-Plus Concnebe .___L.._q._____.u__.nq. Permea-
hility Tester shvirwm in fgure 6.7, The field test
for air and water permeability of concrete wang

1he FIGG technigue

]

Pran el

I - o=
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R Features:

« Both air and the same instrument measures waler permeability of concrete.
+ Permeability both at the.concrete surface as well as within the concrete mass can be
determined. ~ . a

P TCTIREC v

e L .

" of the hypodermic needle. Connect the hand operated vacuum pump to the air connection on

and timer then automatically measured the time taken for the water meniscus to travel a

~ Porosity In sealants ard sirface mortars camberchecked:
« The test is non-destructive (only a small plugged hole required) and can be
completely carried out on site,
» Each test can be completed in-only a few minutes and gives reliable reproducible
results.
The test enables meaningful conerete durability prediction to be made.
Internal Test | = e _
A hole 10mm diameter * 40mm deep is drilled and plugged leaving a cylindrical test trmd
10mm diameter x 20mm high situated 20mm below the conerete surface. The time required
for air and water to permeate through the test material to the void is used as an index to
determine the quality of the.concrete under test. ' g
Air Permeability . *==-.-.. ' E3 v :
The air permeability test is always done first since Moisture has a large effect; on
permeability. Connect the air outlet tube on the instrument to the Luer Connector on the top

the top of the instrument and evacuate to greatér than 55KPa. The instrument tu'ner i".
seconds for the vacuum to fall from -55kPa to -50kPa. This time is the Figg nmnll:rcr and'isa

measure of the air permeability of the concrete. {

Water Permeability: ' T T T
Connect the water outlet tube to the Luer socket on the top of the hypodermic and ensure that
the fine plagtic:inner tube is of sufficient lengh to reach the bottom of the test cavitv. Afier
filling the syringe with distilled water connect it to the water inlet on top of the instrument.
The water is then forced into the cavity and the air displaced out through the outer tbc
the overflow tube which is 4 inches(100 mm) above the surface of the concrete, The
cavity is filled when water starts to flow out the overflow tube. The instrument flow sensor

distance of 50mm and this fime is seconds is displayed on the LCD display of the instrument.
The time in seconds is FIGG number for water permeability. S Lo

Surface Permeability Test: |
Measurements are carried out at the surface by clamping a Stained steel chamber on the

smooth surface of the concrete. ‘An.exactly dimensioned cup grinding wheel is, used to
smooth the sealing surface of the concrete if necessary. A measurement of the time _rﬂ;mmd
for related amounts of air and water to permeate through the concrete is used as an index of
the surface conditions. This time can then be used to determine the condition of any concrele

eealant or surface mortar.
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Permeability test results _E__nhs.__aﬁl..rnu. s i :
ratio and compeessive strength of the comese. 152 _m_n_n._m comalation with bath veater/cemen

YA

......

systemalic survey on well-defined grid points gf
probability of corrosion activity, The grid
repound hammer and TPV can be used for
standard clectrodes uyed are:

ves wieful information of the Presence o
points used for other Mgasurements, EM
making the data more menningful. The _E.Eu___-,

(#) Copper—Copper Sulphate Electrade
(b) Silver-Silver Chloride Electrode
(e} Standard Calome] Electrode -

.—-m- Hﬂﬂ-.nl.—.n_ the half-cell prodentil measuremenis, olectical canpnections have 1o be y

wiih reinforcement and with concrete swmrounding i1 Electrieal i i
v A 3 . connection with the
reinforcement is made simply by making a hole in the concrete 1o expoee pogt of “._ﬁ

reinforcement and connecting wire 1o it lectrical conmection with concrete § ;
electrolyle in the Cu/CuS0y meference nfﬁ..min which wets bath the concreis h”qm”nﬁh :
conductor 1o which another wire can -be attsched ; Thus for tsking half-cell potedtial -
readings, the half-cell i.¢. Cu/CuS0, reference elecfiode is contacted fo the surface of the

cancrete via a sponge soaked in contact fluid and the wires attached 1o the reinforcement and |

reference electrode are connected 1o a high impedance millivoltmeter which pives habf-cel]
poteniial reddings. The measurement consists of giving an electrical connection o ike rehar
nnd observing the polential difference between the nebar and a reference elecmode in contact
with concrete surface. A simple field aranpement 12 shown in figare 6.5,

D

—————

REFERENCE

. SPONGE
AR A e e TR
S R
077 7T Tereereb 7 7 7 b
] ....qw“.::uu_..___.nm.n . Eq.-.tﬁ..ﬂm-.m.......m __".nu_m... .“....r._.ﬂ

Figure 6.8 Typical scp for potential measurment in rebars
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Generally, the polential value become more and mare nnﬂ-:._.n st the corrasion bedomes

»} wmore and more setive. How ever, less negative potcniial values may also indicals the

presgnce of carmasion activity, if the pH valuwes of concrete are lese. The fallowing Table 6.1
shows the general guldelings for identifying the probability af corosion based on half—cell

with  }  potential valugs cavered by ASTM C 876-1991,

i

Figire 6.1; Corrosion risk based on potential seadings

| Patential readings Corrasion m
More negative than —350 mv > 0%
— 200 mv b =33 mv - e
Mare positive than ~200 mv < 10%

Heowever, these interpretaiion crileria dhould not be normally wtilized wnder the following
conditin: 3
{a} To evalumte reinforced sieel in concrete that has been carbonat=dfand have highly
variahle moisiare or oxygen conteat & the level of steek; and . )
{b) To evalmie galvanized reinforcements which have-a ranpe of aclive/passive
patentials completely different of that to bare ateel

| ed bextin -....H.I“ N B, e . .
ﬂhﬂﬁ!nﬂ Lm__nqﬂuu-uﬁfi represent more ceonomical methods &JEEW el
reinfareement corrosion, The Cormap Systems wse half-cell un___n_u.E mapping in order to
identify areas of pobably comasion. The Chacorm System is n__u.:_E_..__. used In E._‘.,._En._c.m___:
with the Cormap system in onder to verify the presence of steel reinforement commosion. TS
alder technology is still widety used in the fidd. .+
A simple -._nu_n_u__.._!_nnu method for En.n_.____q.ﬁun_..nnﬂn.__.ﬁ_ﬁw_nw_._w rehars cormosinn.

i msE : : N :
ﬁﬁfﬂu&ﬁﬂﬁﬂﬁhﬁiﬂﬂfmﬁﬂﬂhﬁhﬂiﬂﬂﬂrﬁu?&
locarions, - .
() High impedance digital meter s designed For 1ough field conditions
{d) Esopomical o

M:uqdﬂsn_aﬂ_.vnﬁusmmiuiﬂ eloctrochemical process, occurs in concects when oxygen and
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sern the resistivity valoes, are;
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(k) Chemical conlents of concreie
{c) Type of pore siructure of concrete

- _ {b) Exonomic and easy fo use.
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This fonic movemend will take place
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2.3 Durability:
Definition:

Durability of concrete may be defined as the ability of concrete to resist weathering
action, chemical attack, and abrasion while maintaining its desired engineering properties.
Different concretes require different degrees of durability depending on the exposures
environment and properties desired.

For example, concrete exposed to tidal seawater will have different requirements than an
indoor concrete floor. Concrete ingredients, their proportioning, interactions between them,
placing and curing practices, and the service environment determine the ultimate durability and
life of concrete.

Some important degradation mechanisms in concrete structures include the following:
1. Freeze-thaw damage (physical effects, weathering).

Alkali-aggregale reactions (chemical effects).

Sulphate attack{chemical effects).

Microbiological induced attack({chemical effects).

3o aom

Corrosion of reinforcing steel embedded in concrete (chemical effects).
ajcarbonation of concrele
b) chloride induced.
6. Abrasion (physical effects).
7. Mechanical loads(physical effects).
2.3.1 Effect of [reezing and thawing:
e The most severe climale attack on concrete occurs when concrete conlaining moisture is
subjected to cycles of freezing and thawing.
* The capillary pores in the cement are of such a size that water in them will freeze when

the ambient temperatures is below 0°C.

e The gel pores are so small that water in them does not freeze at normal winter
lemperatures.
s As water when freezing expands by 9% of its volume, excess water in the capillaries has
10 move.
e Since the cement paste is relatively impermeable, high pressures are necessary 1o move
the excess water even over quite small distance.
e For normal strength concrete it has been found that movement of the order of 0.2mm is
sufficient to require pressures which approach the tensile strength of the paste.
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* (Concrete can be protected from freeze — thaw damage, by the entruinment of appropriate
quantities of air distributed through the cemenlt paste with spacing between bubbles of
not more than about 0.4mm.

* ‘The air bubbles must remain partially empty so that they can accommodate the excess
water moved to them.

e This will generally be the case since the bubbles constitute the coarsest pore system and
are therefore the first to lost moisture as the concrete dries.

s Fully saturated concrete, il permanently submerged, will not need protection against
freczing, but concrete which as been saturated and is exposed to freezing, as for example
in the tidal range, may not be effectively protected by air-entrainment.

13,2 Effect of Temperature:

e The temperature difference within a concrete structure, resull in differential volume
change.

e« When the tensile strain due to differential volume change exceeds the tensile strain
capacity of concrete, it will crack.

e The temperature differentials associated with the hydration of cement, affect the mass
concrete such as in large columns, piers, footings, dams etc. Whereas the lemperature
differentials due to changes in the ambient temperature can affect the whole struclure.

e The liberation of the heat of hydration of cement causes the iniernal temperature of
concrele to rise during the initial curing period, so that is is usually slightly warmer than
its surroundings.

e In thick sections and with rich mixes the temperature differential may be considerable. As

the concrete cools it will try to contract.

e Any restraint on the free contraction during cooling will result in tensile stresscs which
are proportional to the temperature change, coefficient of thermal expansion, effective
modulus of elasticity and degree of restraint.

e The more massive the structure, the greater is the potential for lemperature differential
and degree of restraint.

¢ Thermally induced cracking can be reduced by controlling the maximum internal
temperature, delaying the onset of cooling by insulating the formwork and exposed
surfaces, controlling the rate of cooling, and increasing the tensile strain capacity of the
concrete.

e Special precautions need to be taken in the desing of structures in which some portions

are exposed to temperature changes while the other portions of structures are either
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partially or completely protected.

e A drop in temperature may result in the cracking of the exposed element while increase
in lemperature may cause cracking in the protected portion of the streture.

s Temperature gradients canse deflection and rotation in structural members; if these are
restrained serious stresses can result.

e  Allowing for movement by using properly designed contraction joints and correct
detailing will help alleviate these problems. If the cracks do form.

e Remedial measures are similar to those for cracks that form after a structure in service.

2.3.3 Effect of chemical:

# The most important constituent of concrete namely cement is alkaline; so it will react
with acids or acidic compounds in presence of moisture, and in consequence the matrix
becomes weakened and its constituents may be leached out. The concrete may crack, as a
result of expansive reactions between aggregate containing active silica and alkalies
derived [rom cement hydration, admixture or external sources(e.g. curing water, ground
waler, alkaline solutions stored). The alkali = silica reaction results in the formation of a
swelling gel, which tends to draw water from other portions of concrete. This causes local
expansion nd accompanying tensile stresses which if large may eventually result in the
complete deterioration of the structure. Control measures include proper selection of

aggregate, use of low-alkali cement and use of pozzolana. Typical symploms in

unreinforced and highly reinforced concrete are map cracking, usuvally in a rough
hexagonal mesh pattern and gel excluding from cracks.

e The alkali-carbonate reactions cccurs with certain limestone aggregate and usnally results
in the formation of alkali-silica product between aggregaie particiles and the surrounding
cement paste. The problem may be minimized by avoiding reactive aggregate, use of
smaller size aggregate and use of low-alkali cement.

* When the sulphate bearing waters come in contact with the concrete, the sulphate
penetrates the hydrated paste and reacts with hydrated calcium aluminate to form calcium
suphoaluminate with a subsequent large increase in volume, resulting in high tensile
stresses causing the delerioration of concrete. The blended or pozzolana cements impart
additional resistance to sulphate attacks.

e The calcium hydroxide in hydrated cement paste will combine with carbon dioxide in the
air to form calcium carbonate which occupies smaller volume tan the calcium hydroxide

resulting called carbonation shrinkage. This siluation may result in significant surface
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* The calcium hydroxide in hydraled cement paste will combine with carbon dioxide in the
air to form calcium carbonate which occupies smaller volume tan the calcium hydroxide
resulting called carbonation shrinkage. This situation may result in significant surface
grazing and ay be especially serious on freshly placed concrele surface kept warm during
winler by improperly vented combustion heaters.

Factors which increase concrete vulnerability to external chemical attacks are,

. High porosity

L

High permeability and absorption resulting from too high W/C ratio.
Unsatisfactory grading of aggregate,

Cement compaction,

Improper choice of cement type for condition of exposure.
Inadequate curing period.

N oAaew

Exposure (o alternate cycles of welting and drying and to the lesser extended of heating

and cooling.

8. Increased fluid velocity which may bring about both replenishment of the aggressive
species and increases in the rate of leaching.

9. Suction forces which may caused by drying on one or more faces of a section.

10. Unsatisfactory choice of shape and surface to volume ratio of concrete structure.

234 Effect of Corrosion:
2.3.4.1 Formation of white patches
CO, reacts with Ca(OH) in the cement paste to form CaCO; The free movement of water

carries the unstable CaCO; towards the surface and forms white patches. It indicates the
occurrences of carbonation.
23.4.2 Brown palches along reinforcement

When reinforcement starts corroding, a layer a ferric oxide is formed. This brown product
resulting from corrosion may permeate along with moisture to the concrete surface without
cracking of the concrete.
23.4.3 Occurrence of cracks

The increase in volume exerts considerable bursting pressure on the surrounding concrete
resulting in cracking. The hair line crack in the concrete surface lying directly abave the
reinforcement and running parallel to it is the positive visible indication that reinforcement is

corroding. These cracks indicate that the expanding rust had grown enough to split the concrete.
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reinforcement and running parallel to it is the positive visible indication that reinforcement is
corroding. These cracks indicate that the expanding rust had grown enough to split the concrete.
2.3.4.4 Formaiion of multiple cracks

As corrosion progresses, formation of multiple layers of rust on the reinforcement which in
turn exert considerable pressure on the surrounding concrete resulting in widening of hair cracks.
In addition, a number of new hair cracks are also formed. The bond between concrete and the
reinforcement is considerably reduced. There will be a hollow sound when the concrete is tapped
at the surface with a light hammer.
2.3.4.5 Snapping of bars

The continued reduction in the size of bars results in snapping of the bars, This will oceur in
ties/stirrups first. At this stage, size of the main bars is reduced.
2.3.4.6 Buckling of bars and bulging of concrete

The spalling of the cover concrete and snapping of ties causes the main bars 1o buckle,

This resulls in bulging of concrete in that region. This follows collapse of the structure. When
corrosion of reinforcement starts, the deterioration is usually slow but advances in geometrical
progression, Corrosion can also cause structural failure due to reduced C/S and hence reduced
load carrying capacity. It is possible to arrest the process of corrosion at any stage by altering the

comosive environment in the vicinity of the reinforcement,

2.4 Design Errors and Construction Errors:
2.4.1 Design Errors
Design errors may be divided into two general types:
I. Those resulting from inadequate structural design
2. Those resulting from lack of attention to relatively minor design details,
Each of the two types of design errors is discussed below,
(1) Inadequate structural design.
(a) Mechanism. The luilure mechanism is simple — the concrele is exposed lo greater stress than
it is capable of carrying or it sustains greater strain than its strain capacity.
(b) Symploms. Visual examinations of failures resulting from inadequate structural design will
usually show one of two symptoms.
1. First, errors in design resulting in excessively high compressive stresses will result in
spalling. Similarly, high torsion or shear stresses may also result in spalling or cracking.
2. Second, high tensile stresses will result in cracking.

To identify inadequate design as a cause of damage, the locations of the damage should
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spalling, Similarly, high torsion or shear stresses may also result in spalling or cracking,
2. Second, high tensile stresses will result in cracking.

To identify inadequate design as a cause of damage, the locations of the damage should
be compared to the types of stresses that should be present in the concrete. For example, if spalls
are present on the underside of a simple-supported beam, high compressive stresses are not
present and inadequate design may be eliminated as a cause. However, if the type and location of
the damage and the probable stress are in agreement, a detailed stress analysis will be required to
determine whether inadequate design is the cause. Laboratory analysis is generally not applicable
in the case of suspected inadequate design. However, for rehabilitation projects, thorough petro
graphic analysis and strength testing of concrete from elements to be reused will be necessary.
(c) Prevention.

Inadequate design in prevented by thorough and careful review of all desipn
calculations. Any rehabilitation method that makes use of existing concrete structural members
must be carefully reviewed.

(2) Poor design details

A structure may be adequately designed to meet loadings and other overall requirements,
poor detailing may result in localized concentrations of high stresses in otherwise satisfactory
concrete, These high stresses may result in cracking that allows water or chemicals access to the

concrete. In other cases, poor design detailing may simply allow water to pond on a structure,

resulting in saturated concrete. In general, poor detailing does not lead directly to concrete
failure; rather, it contributes to the action of one of the other causes of concrele deterioration
described in this chapter, Several specific types of poor detailing and their possible effects on a
structure are described in the following paragraphs. In general, all of these problems can be
prevented by a thorough and careful review of plans and specifications for the project. In the
case of existing structures, problems resulting from poor detailing should be handled by
correcting the detailing and not by simply responding to the symptoms.

(a) Abrupt changes in section.

Abrupt changes n seclion may cause stress concentrations that may result in cracking. Typical
examples would include the use of relatively thin sections such as bridge decks rigidly tied into
massive abutments or patches and replacement concrete that are not uniform in plan dimensions.
(b) InsulTicient reinforcement at reentrant corners and openings.

Reentrant corners and openings also tend to cause stress concentrations that may cause cracking.
In this case, the best prevention is to provide additional reinforcement in areas where stress

concentrations are expecied to occur.
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concentrations are expected 1o occur.

(c) Inadequate provision for deflection.

Deflection in excess of those anticipated may result in loading of members or sections beyond
the capacities for which they were designed. Typically, these loadings will be induced in walls or
partitions, resulting in cracking.

(d) Inadequate provision for drainage.

Poor attention to the details of draining a structure may result in the ponding of water. This
ponding may result in leakage or saturation of concrete. Leakage may resull in damage to the
interior of the structure or in staining and encrustations on the structure. Saturation may result in
severely damaged concrete if the structure is in an area that is subjected to freczing and thawing.
(e) Insufficient travel in expansion joints.

Inadequately designed expansion joinls may result in spalling of conerete adjacent to the joints.
The full range of possible temperature differentials that a concrete may be expected to
experience should be taken into account in the specification for expansion joints. There is no

single expansion joint that will work for all cases of temperature differential.

(M) Incompatibility of materials.

The use of materials with different properties (modulus of elasticity or coefficient of thermal
expansion) adjacent to one another may result in cracking or spalling as the structure is loaded or
as it is subjected to daily or annual temperature variations.

(g) Neglect of creep effect.

Neglect of creep may have similar effects as noted earlier for inadequate provision for
deflections. Additionally, neglect of creep in prestressed concrete members may lead to
excessive prestress loss that in turn results in cracking as loads are applied.

(h) Rigid joints between precast units.

Designs utilizing precast elements must provide for movement between adjacent precast
clements or between the precast elements and the supporting frame. Failure to provide for this
movement can result in eracking or spalling.

(i) Unanticipated shear stresses in piers, columns, or abutments,

Through lack of maintenance, expansion bearing assembles are allowed to become frozen,
horizon-tal loading may be transferred to the concrete elements supporting the bearings. The
result will be cracking in the concrete, usually compounded by other problems which will be

caused by the entry of water inlo the concrete.
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2.4.2 Construction Errors:

Failure to follow specified procedures and good practice or outright carelessness may lead
to a number of conditions that may be grouped together as construction errors. Most of these
errors do not lead directly 1o failure or detenoration of concrete. Instead. they enhance the
adverse impacts of other mechanisms. Each error will be briefly described along with
preventative methods. In general, the best preventive measure is a thorough knowledge of what
these construction errors are, plus an aggressive inspection program. It should be noted that
errors of the type described in this section are equally as likely to occur during repair or
rehabilitation projects as they are likely to occur during new construction.

(a) Adding water to concrete. Water is usually added 1o concrele in one or both of the
following circumsiances:
1. Frst, water is added to the concrete in a delivery truck to increase slump and decrease

emplacement effort. This practice will generally lead to concrete with lowered strength

and reduced durability. As the w/c of the concrete increases, the strength and durability

will decrease.

2. In the second case, water is commonly added during finishing of Matwork. This practice

leads to scaling, crazing, and dusting of the concrete in service.
(b) Improper alignment of formwork.
Improper alignment of the formwork will lead to discontinuities on the surface of the concrete.
While these discontinuities are unsightly in all circumstances, their occurrence may be more
critical in areas that are subjected to high-velocity flow of water, where cavilations erosion may
be induced, or in lock chambers where the “rubbing” surfaces must be straight.
(c) Improper consolidation.
Improper consolidation of concrete may result in a variety of defects, the most commaon being
bugholes, honeycombing, and cold joints.
“Bugholes™ are formed when small pockets of air or water are trapped against the forms.

A change in the mixture to make it less “sticky” or the use of small vibrators worked near the
form has been used to help eliminate bugholes.

Honeycombing can be reduced by inserting the vibrator more frequently, inserting the
vibrator as close as possible to the form face without touching the form, and slower withdrawal
of the vibrator. Obviously, all of these defects make it much easier for any damage-causing
mechanism to initiate deterioration of the concrete.

Frequently, a fear of “overconsolidation™ is used to justify a lack of effort in
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consolidating concrete. Overconsolidation is usually defined as a sitwation in which the
consolidation effort causes all of the coarse aggregale to settle to the bottom while the paste nses
to the surface. If this situation occurs, it is reasonable to conclude that there is a problem of a
poorly proportioned concrele rather than too much consolidation.

(d) Improper curing.

Curing is probably the most abused aspect of the concrete construction process. Unless concrete
is given adequate time to cure at a proper humidity and temperature, it will not develop the
characteristics that are expected and that are necessary to  pro-vide durability. Symptoms of
improperly cured concrele can include various types of cracking and surface disintegration. In
extreme cases where poor curing leads to failure to achieve anticipated concrete strengths,

structural cracking may occur.

(e) Improper location of reinforcing steel.
This section refers to reinforcing steel that is improperly located or is nol adequately secured in
the proper location. Either of these faults may lead to two general types of problems.

l. First, the steel may not function structurally as intended, resulting in structural
cracking or failure. A particularly prevalent example is the placement of welded wire mesh in
Noar slabs. In many case, the mesh ends up on the bottom of the slab which will subsequently
crack becanse the steel is not in the proper location.

2. The second type of problem stemming from improperly located or tied reinforcing
steel is one of durability. The tendency seems to be for the steel to end up near the surface of the
concrete. As the concrele cover over the steel is reduced, it is much easier for corrosion to begin.
(N Movement of formwork
Movement of formwork during the period while the concrete is going from fuid to a rigid
material may induce cracking and separation within the concrete. A crack open to the surface
will allow access of water to the interior of the concrete. An internal void may give rise to
freezing or corrosion problems if the void becomes satrated.

{g) Premature removal of shores or reshores.
If shores or reshores are removed too soon, the concrete affected may become overstressed and
cracked. In extreme cases there may be major failures.
(k) Settling of the concrete,

During the period between placing and initial setting of the concrete, the heavier components of
the concrete will settle under the influence of gravity. This situation may be aggravated by the
use of highly fluid concretes. If any restraint tends to prevent this settling, cracking or

separations may result. These cracks or separations may also develop problems of corrosion or
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freezing if saturated.

(i) Settling of subgrade.

If there is any settling of the subgrade during the period after the concrete begins to become rigid
but before it gains enough strength to support its own weight, cracking may also occur.

(j) Vibration of freshly placed concrete.

Maost construction sites are subjected to vibration from various sources, such as blasting, pile

driving, and form the operation of construction equipment.

Freshly placed concrete is vulnerable to weakening of its properties if subjected to forces which
disrupt the concrete matrix during setting.

(k) Improper linishing of Nat work.

The most common improper finishing procedures which are detrimental to the durability of fat
work are discussed below.

(1) Adding water to the surface. Evidence that water is being added to the surface is the
presence of a large paint brush, along with other finishing tools. The brush is dipped in water and
waler is “slung” onlto the surface being finished.

(2) Timing and finishing. Final finishing operations must be done after the concrete has
taken ils initial set and bleeding has stopped. The waiting period depends on the amouts of water,
cement, and admixtures in the mixture but primarily on the temperatures of the concrete surface.
On a partially shaded slab, the part in the sun will usually be ready to finish before the part in the
shade.

(3) Adding cement to the surface. This practice is ofien done to dry up bleed water 1o
allow finishing to proceed and will result in a thin cement-rich coating which will craze or ake
off easily.

2.5 Effect of Cover Thickness

There is o substantial experience which relates durability and the amount of water, The
thicker the cover over the steel is, the longer it will take the chloride ions to reach the steel and
reduce the pH and passivity provided by the cement. However, excessive cover can led to the
development of a few wide cracks under overstress, whereas a thinner cover results in many
small cracks.

As opposed to the above mentioned facts, which appear to justify the rigid rules on cover,
are the fallowing facts.

e Ships built during World War I and 11 had covers of only about 20mm, yet they

did not suffer corrosion steel.
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¢ [n the erstwhile USSR, many foating dry-docks have been built with covers of
15 and 20mm with highly successful durability over many years of adverse

CXpasUre.

It is confirmed opinion that the impermeability of the cover is of major importance. The
thickness should be related to the steel bar diameter and the maximum size of the coarse
aggregate.

The general factors affecting permeability, such as cement content, water/cement ratio,
compaction and consolidation of the concrete, and curing are important. While many lee that
prestressing steel should have o greater cover than non-stressed steel, because of the more
serious consequences of corrosion. Prestressed concrele pilling by hundreds of thousands are
rendering completely successful service with only 4-6¢cm of cover, Other factors afTecting cover
are the tolerances of placement of steel and forms, and the depths of honeycombs and bug holes
and other surface defects.

Lack of adequate cover contributes much to corrosion in an aggressive environment. A
well compacted and continuous, even if thin, cover of good quality concrete on reinforcement is
sufficient to protect it from corrosion. The following are the reinforcement thickness of covers

for various levels of exposure.

® For normal exposure - Al least 50mm thickness

* For moderate exposure : Al least 40mm thickness

* For mild exposure - Al least 30mm thickness

= For normal exposure - At least 20mm thickness
Cover Meter

When a metallic object is placed in the varying magnetic field of coil. the field induces eddy
currents in the object. These eddy currents in turn produce an additional magnetic field in the
vicinity of the magnetic object. A magnetic field gets superimposed and the magnetic field near
the coil also gets modified in the presence of metal. This modification has the same effect as
would be obtained if the characteristic of the coil itself had been changed. The change depends
upon the electrical conductivity, dimension, magnetic permeability, presence of discontinuity
such as crack, frequency of the field of the coil, size and shape of the coil, and the distance of the

coil from the metallic object.
It is possible to measure the cover thickness for a known diameter by keeping all other
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upon the electrical conductivity, dimension, magnetic permeability, presence of discontinuity
such as crack, frequency of the field of the coil, size and shape of the coil, and the distance of the
coil [rom the metallic ohject.

It is possible to measure the cover thickness for a known diameter by keeping all other
parameters constant. By placing the soil ot two different distances from the rebar, both the cover

thickness and the diameter of the rebar can be found.

2.6 Effect of Cracking
The formation of cracks is dangerous for protection against carrosion. Once concrete

cracks, the external depassivating agents can penetrate deep into concrete and set off the process
of corrosion. Cracks running transversely to the reinforcement are less harmful than the
longitudinal cracks along the reinforcement,

Thus in the arder 1o induce the process of corrosion and to keep it going, at least one of
the [ollowing condilions must exist in any RC structure.
Chloride ion concentration in excess of the threshold value at the interface of the reinforcement
and concrete or sufficient advancement of the carbonation front to destroy the passivity of the
ferric oxide surface layer of the reinforcement.
Adequate moisture in the concrete to facilitate the movement of chloride jons and provide a
conduction path between the anodic and the cathodic areas on the steel.
SufTicient oxygen supply to the cathodic areas in order to maintain such areas in a depolarized
condition.
Difference in electrochemical potentials at the surface of the reinforcement.
Low values of electrical resistivity of concrete.
Relative humidity in the range 50-70%.

Higher amhient temperature.
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36 REHA EjiLITATIE:IH OF CONCRETE $TRUCTURES

principal of cathodic protection have been used toiremove chlorides from contaminated
concrete.

3.6.9 Electrochemical chloride removal
This is another emerging area with lot of potentialities. This technique needs only a
temporary installation lasting few days. 20 to 50 % ofithe chloride present in concrete can be
removed. An electrical current in the range of | to § Ajm’ is needed.

*3.6.10 Improving the concrete
*Codes and standards aim to achieve good durability df reinforced and prestressed structures

in aggressive environments by specifying:
(a) High cement content
(b) Low water/cement ratio
(c) Suitable minimum thickness of cover to the reipforcement
/ (d) Careful curing,

-
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4.8.4.1 Methods of Corrosion Protection
The following are some of the methods for protecting steel from corrosion
* Protective coatings for reinforcement
e Cathodic protection
* Corrosion Resistant steel
¢ Corrosion inhibitors

4.8.5, Protective coatings for reinforcement

This is an effective means to combat corrosion in such environment where ordinary
concrete with surface coating is not able 1o protect reinforcement against corrosion. The surface
coating for the reinforcement will increase the protection against corrosion.

There are several methods of providing protective coating to the reinforcement. The
impartant ones are:

i. Cement Slurry Coating
* Cement Slurry Coating provides short-term protection until placement in
concrele,
e Several methods have been developed for an effective corrosion protection
using cement slurry.
e  One such coating is a mixture of cement, condensed silica and polymer
dispersion.
« This mixer found to be impermeable 1o water, chlorides and carbon-di-
oxide.
ii. Epoxy Coating
e Epoxy coating is formed by application of an epoxy resin with appropriate
curing agents catalysts, pigments and flow control agents,
= Fusion bonding using the electrostatic process is the recent development.
e TFusion bonded epoxy coating provides long-term prolection against
corrosion.
= Though the cost is relatively high, it is the one which is the most effective
in high alkaline and chloride contaminated environment,
iii. Plustic Coating
e Similar to epoxy coating, the plastic coatings are very effective in
preventing corrosion of reinforcement even in high alkaline or chloride
contaminated environment.
* However, the reduction in bond between plastic coated bar and the

concrete is quite suhstantial and hence plastic coating cannot be
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considered as a solution for prevention of corrosion which cannot be
solved by conventional methods.
iv. Galvanizing

e Galvanizing gives protection to the reinforcement against corrosion, by

means of metallic coating such as zinc.

* However, in case of corrosion due to excessive chlorides, the effect of
galvanizing protection is reduce and hence is not advisable in highly
chloride contaminated environments,

Cathodic protection

e Cathodic protection interferes with the natural action of the
electrochemical cells that are responsible for comrosion.

* Cathodic protection can be effectively applied to control corrosion of
surfaces that are immersed in water or exposed (o soil.

e Cathodic protection in its classical form cannot be used to protect surfaces
exposed to the atmosphere.

» 'The use of anodic metallic coatings such as zinc on steel(galvanizing) is,
however, a form of cathodic protection, which is effective in the

atmosphere.
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3.3 CORROSION PROCESS
The corrosion process of reinforce

t embedded in-cun:r;:tc hasrwa distinct periods

namely, initiation period and propdgation period. Figure 3.1 shows these periods schema--
tically as service life of a structure. The initiation period, during which the metal, have been
embedded in concrete remains passive whilst, with the concrete, environmental changes are
taking place that may ultimately t:rﬁninatc passively. The propagation period, during whieh
begins at the moment of depassivation and involves the propagation of corrosion at 2
significant rate, until a final state {s reached, when the structure is no longer considered
acceptablz on grounds of shuctural iptegrity, serviceability or appearance. ' e

FIMALSTATE
“ . . . O N N R R CER e o R -
¥ ' =
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ey TIME ——————p  SERVICE LIFE

Figure 3.1. Service life model for corrosion affected structures
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o REHABILITATION OF CONCRETE EI‘RLFETUR.E_!.
A moist concrete matrix forms an acceptable electrolyte and the steel remfurn:mmt provides
the anode and cathode. Electrical current flows between the cathode and anade, and the

reaction results in an increase in'metal volume as the Fe(lron) is ﬂ:ud:m:l into Ee{DH]i and
Fe(OH) and precipitates as Fe OH (rust).

The electrochemical eqilliuns as given below:
Fes==———"—2¢"+Fe™ (ANODE)
> Fe(OH)
120, + HyO +2¢”==2(0H) (CATHODE)

4Fe(OH): + 2H,0+0;  —> 4Fe(OH),
RED RUST

IFe+80H — Fe;0, +8¢™+4H,0
BLACK RUST.

Thdimmﬂmﬂtdpmisgmiﬂyinﬂmdbymeprjmufmmmemdme:
chloride. Water and oxygen must be present for the reaction of take place.
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1.0 Mainienance :

Maintenance is preventive in nature. Activities include inspection and works necessary to
fulfill the intended function or o sustain original standard of service. The maintenance of
structure is done to meet the following objective

* Prevention of damages due to natural agencies and to keep them in good appearance
and working condition.

* Repair of the defects occurred in the structure and strengthen them, if necessary.

1.0.1 The Mainlenance work is broadly classifies as
1) Preventive Maintenance
b) Remedial Mainlenance
c) Routine Mainlenance
d) Special Mainienance
a) Preventive Maintenance
* The maintenance work done before the defects occurred or damage developed in
the structure is called preventive maintenance.
e [t includes thorough inspection, planning the programs of maintenance and
execuling the work
# i depends upon the specifications, condition and use of structure.
b) Remedial Maintenance
s It is the maintenance done after the defects or damage occurs in the structure. It
invalves the following basic steps.
- Finding the deterioration

- Determining the causes

- Evaluating the strength of the existing structure
- Evaluating the need of the structure
- Selecting and implementing the repair procedure
c) Rontine Maintenance
® [t is the service maintenance attended to the structure periodically.
e  The nature of work done and interval of time at which it is done depends upon
specifications and materials of structure, purpose, intensity and condition of use.
e It includes white washing, parch repair to plaster, replacement of fittings and
fixtures, binding of road surface.
¢) Special Maintenance
» i is the work done under special condition and requires sanction and performed to
rectify heavy damage.
* [i may be done for strengthening and updating of the structure 1o meet the new

condition of usage or to increase its serviceability.
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1.0.3 Facets of maintenance:
Maintenance operations have many facets such as
a) Emergency maintenance: Necessitated by unforeseen breakdown drainage or damage
caused by natural calamity like fire, floods, cyclone earthquake etc.
b) Condition Based maintenance: Work initiated after due inspection
¢) Fixed time maintenance: Activitics repeated at predetermined intervals of time.
d) Preventive maintenance: This is intended to preserve by preventing failure and detecting
incipient faults (Waork is done before failure takes place)
e) Opportunity maintenance: Work did as and when possible within the limits of operation
demand.
f) Day-to-Day care and maintenance
g) Shut down maintenance: Thorough overhaul and maintenance after closing a facility.
h) Improvement plans: This is essentially maintenance operation wherein the weak links in
the onginal construction are either replaced by new parts or sirengthened.
1.0.4 Importance of Maintenance
e Improves the life of structure
* Improved life period gives better return on invesiment
e Better appearance and aesthetically appealing
» Belter serviceability of elements and components
e Leads to quicker detection of defects and hence remedial measures
= Prevents major deterioration and leading to collapse
* Ensures safety to occupants
s Ensures feeling of confidence on the user
* Maintenance is a continuous cycle involves every element of building science

namely

e Structural

e Electrical wiring

# Plumbing-water-supply-sanitation
e Finishes in floors and walls

e Roof terrace

& Service platform/verandah

e Lifts

& Doors windows and other elements
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12.1.1 Need for strengthening -~ ﬁf’iﬁﬂé—l#}rﬁ“
Concrete structures need to be strengthened for any of the Tollowing reasons: _
. Load increases due to higher live loads, increased wheel loads, installations of heavy

machinery, or vibrations,

2. Damage to structural parts due to aging of construction materials or fire damage,
corrosion of the steel reinforcement, and/or impact of vetiicles,

3. Improvements in suitability for use due to limitation of deflections, reduction of
stress in steel reinforcement andfor reduction of crack widths.

4. Moedification of structural system due to the elimination of walle/columns andior

openings cut through slabs.
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12.2 STRUCTURAL CONCRETE STRENGTHENING oy £aho 3i }}f»j

Many buildings that originally were constructed for a specific use now are. being renovated
or upgraded for a different application that may require higher load-carrying capacity. As a
result of these higher load- demands, existing structures:need to: be.reassessed' and may
require strengthening to meét heavier load requirements. In general; structural. strengthening
may become necessary because of code changes, seismic upgrade, deficiencies that develop
because of environmental cffects (such as corrosion), changes in use that increase service
loads, or deficiencies within the structure caused by errors in design or construction. The
structural upgrade of concrete structures can be achieved using one of many different
upgrading methods such as span shortening, external composites, externally bonded steel,
external or internal post-tensioning systems, section enldrgement, or a combination of these
techniques. Similar to concrete repair, strengthening systems must perform in a composite
manner with an existing structure to be effective and to share the applied loads. The _

strengthening is generally done by adopting (i) Jacketing Technique (ii) Externally Bonding
Technique. .

Strengthening or stiffening of members such as columns and girders is usuvally achieved
either by replacing poor quality or defective material by better quality material or by adding
additional materthl to the member. In either case, the new material will usually be reinforcing
steel, high quality concrete, thin steel plates and straps or various combinations of these
materials. The main difficulty in this type of operation is to achieve continuity of structural
action between the onginal material and the new material. The various techniques of bolting,

gluing, dowelling and keying have been developed to provide. positive force transfer and
composite action. ket

Column strengthening:
One of the simplest and most effective methods for strengthening a colemn in an existing

building is to partially loaded the column by jacketing between floors and then insert two or
more props to carry portion of the axial load. The props are usually rolled steel sections
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which may subscyuenily be encased in concrete to |

. ) e mprove e pratection asd nppenrnce,
The Eﬁ_..___. ______.Eﬂ......a ﬁ__‘. this :._.n;._n__n arc (hat considerable Noor space is lost, and ._._u"._“___“__.. props
iy ot b clViective in :ﬁuﬁlﬂ.m mement unless positive connection details sre introduced

_ i both endds, fus exanple in the form of end plates bolied through holes drilled in the Noors,

Strenpthening abd SRR of beams and girders:
ﬂn...n:ﬂ...... 1] methods for strengihening Nexural members inelude:

(2} Provision of sduditional eoncrete on (e compressive fuce

(b} Addition cf 1ensile 1w inforcement with a cass-in place or gunited cover

() Bolling or providing stecl plates or straps o the surface of e membes
The main protlem of strengihening, stiffening and repsi i
compas ite action between old ‘and new EEh_H..__ H.a:“.MWEn__nnﬂ_uﬂn..__.E_

on s o ensure gool

- . cancrede of sicel to the
exishing member s cffective but tme consuming and expensive. For this _.n..“_mM_”. mn__E.._m

procedures bave been developed which provide s andd Aurabie ; ;
concrete and surface siraps and plates, rong . nS:HH._n_E Berwien

Streagihening and stiffening of slaba:

The simplest and cheapest procedure of sirengthening and stilfening slabs is by providing

E.EEH._ prups either in epan or in the vicinity of existing colummns and wells. Flowever, this
solution will oflen be unacceptable for architecturs] reason, sven through props placed quite

close to existing columns may he sufficient 1o bring the structuré 15 an scceptable standard of
serviceability, i
12.2.1 Jacketing technigue: )

Jacketing is the process of fstening a durable material over concrets and filling the gap with
a groud that provides necded performance charcteristics. The materials used for jacker are
metals, rubber, plastics, fermocsifient SR conerele; 7 typical jackeling process is shown in

Copranig for
placing esncrela

Wirss pEin b DETEE cage
with cloged BEs

Fres S €98 EngApesTanl
fepntn o with W5 Boreds

I e

Fi~ure 1 2.2, Process of jacketing lechniques

21

STRURGTIER MG TECHMIGQUES | &
i3 the reinfarcements from cxposune o |

| values, protec T o .H.-n__n.ncnm -

g ol bolts, screws, nails or adhesives by bond with

: el Pl
the existing concrele, or by graviry. The method of securing employed, will depend up om €

pressune 0l uged. and. the. g%ﬁEBﬁFEi-
= q..-_.ﬁ...-_n_n_“_.ﬂﬂﬁnnu“u: and nﬁ-ﬂhauﬁu.-__m such as poly propylene can be used for

reinforced plastics,
jacketing. : o
fior increasing the punching shear .r__.n_..n_..hm... - of n_.”_E__.__E..H_H
lumn capital. When the jacket 15 provided around i
2rinhery of the column, it is termed a collar. In mast of the applications, Ennh_lﬂ” nﬂnﬁnn_.w__.
”n_.:_.m___... collar is to transfer veriieal load to _.”hnnn_n:ur n.ﬂ&ﬁrﬁhﬁﬁnHEEE uEEun %
land transfier. The practice of innsfemng 1 _..Fniﬁ_._ -_"_E__.n.._ bedded .uH..Hnﬂn
i [ drilling of hates for dowels or cutling
shear keys has a disadvantage in that they require s oot -
i i can damape exisiing  cofammn
keys which are costly and lane COnEUMIng. e oo fhop Hledlan,
Reinforcement encircling the column can be used to trans ;
The expansion of collar as it slides along the Eﬂ.ts_nunn.-._..!_.wﬁ.n.ﬂﬁn- the tensioning of
circilar reinforcement resulting in radial compression, which provides normal . m_ﬂ_u__... E.n__EE
for load transfer. The shear transfer sength is provided by both frictional resistance
dliding and dowel action of reinfarcement crossing the crack.

The collar can also be used os mid-column bearing surface, Bcling as nﬁnmﬂ.._.nnuﬂh _“_EP.H
distribute the concentrated |oad around the columa. The coliar is subjecied to shear
bending along the collar circumference as well as .&un— bearing stress under nnuanﬁﬂnh
load. Thus in addition 1o shear transfer reinforcement, the E_._E should be provided
reinforcement for shear and moment within the collas. The repair can be used as an alternate
boad path from the column to the collar and then to the connecling ﬂﬂn,nininn.ﬂnu..
nurﬁnnéﬂnEFEEFEEEumFuE!_HEEEEEEEEﬂ%
shear srength of the slabcolamn connection.

12.2.2 Externally bonding lechnigue : )
In this, suitable laminates are pasted extemally in the flexural zone to Improve Upon the
strength and deformation charaeteristies of distressed structara] members. The laminates may
be fabricated from any one of the following material: Sieel, Stainless steel, FRP, Femoce-
ment and SIFCON and SIMOON. The laminates are bonded to the distressed structural
clements using epoxy resin Design eriferia suggested by researchers warked in plate
bending lechnigues: ]

{2) The platelaminates width to thickness ratio should not be greater than 50.

{b) The central axis depth should not be greater than 0.4 times the effective depth of
member.

Strengihening with external .—iﬂ.“_mnﬂ of plates has the follawing Emitaticas:
(a) Difficulty in maripulating the plates in field condstions
(b} Deterioration of the bend steel concrete imerface
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ETREMGTHENNG TECHMIQUES

of the specified comosion protection
svstemn, i3 long-term durability propertics
ard maintenance requirements muast be
considered Fully. A mool was strenpthencd
with FRP ard steel plates extemally as

Hagh ten

Figure 113, Process af n__m_.__m.n bonding _nnr.._m__n_c.u by s3ee] u__w_..ﬂ
\M‘u..w.u Externally honded mild steel plates : _

The Hnsu__ﬂ.sn af gluing mild steel plaies 1o the soffit of reinforced concrete beams and slabs
can be applicd w improve the stroctural perfosmance of the existing structures. It increases
the u..uﬂ..n_—, and rigidity and also reduces the fexural crack widih in the concrese, The
.Hn_.,__-.nn__..n can be used 1o enhance the load camying capacity sither due to increase in load
requisements of design or construction deficiencics. This technique has many_sdvantapes
when agplied 10 bridges. The plates can be easily handled and placed, this alluwing the
procedure o be carried out relatively quickly with minimal dismuption to traffic. However,
this technique is not recommended for application to bridges with unformed conceete or
those affected by corrosion unbess the souree of the problem is rectified. The selution of an
approprate adhesive and surface preparation of the bonding surface is the most crilical
parameters for the successful implementation of this technique. The practical considerations
to facilitate the placement of plates include the temperature requirements for mixing,
applying end curing adbesive should be consistend with the existing conditions in the Geld
and the adhesive should develop its strength rapidiy.

Bonded stoel clements - Strengihening concrete fembers by using bonded steel plates was
developed in the 1960s. With this method, steel clements are glued 1o the concrete surfsce by
a two-component epoxy adhesive o create a compasite system and improve shear or flexural
strength. The sieel elements can be sieed plates, channels, angles, or built-up memibess. In
addition 1o epoxy adhesive, mechanical anchors 1ypleally are used to ensure that the stea]
clement will share extemnal Toads in case of adhesive failure. The exposed stee] elements
must be protected with 2 suitzble system immediately following instaliation. And regardless

fh i S AR

shown in figure 124,

The mof consisted of presiressed concrete,
hollow planks. Installation of the skylights
required culling openings in the planks that By
would reduce their Joad-carrving capacity. B
This issue was resolved by designing a
hybrid “strengthening system composed of
FRP fabric and steel clements. The
externally bonded FEP swengthened the
planks adjacent to the one 10 be cut, while the sieel elements tied the plank to the adjacent

Ones, thzs creating & new unil consisting of three planks with adequate capacity. In addation

E.Ennpﬂ nn_n_mnn._ma_:. aqﬁmuﬂﬂnﬁgsﬁuﬁbﬂnﬂna:ﬁﬁﬁiiﬁu.u_u__u ....f
aesthetically pleasing, T : . ;

; _uauw._.ﬂmwmnﬂ_.ﬁ_.._._!ﬂ WITH EXTERNAL REINFORCEMENT

Fibre composikes are becoming increasingly important in the constroction Industry with a
nurnber of applications i many areas. The fibres sich as glass, carbon and aramid can be
“introduced in g certain position; volume and direction in the matrix o obiain e maximuem
efficiency. Oiher advanlages olfered by the fibre reinforced and prester efficiency, -in
constrection when compared with the more conventional materials. Some important
applications of FRP arc as follows: - ]

._”w."__Eunn_:um__,__U.m;.._uu3nau:.._nﬂinniﬁﬂurﬂﬁ,wﬁﬁnu_sﬁﬂﬁﬂﬂnﬁwﬂ
beams in seismic area. :
(b) Development of presiressing tenders made of parallel alipament of continsous ftres.
{c) Suenglhening of concrete beams with upi-directional fibre reinforeed concrate shasls
banded on their tension faces by the uss of epoxy adhesives, .
Compasites;
Fiber reinforesd polymer (FIRF) systems are high-strength, lightweight reinforcement in the
form of paper thin fabric sheets, thin laminates, or bars that are bonded 10 conerete members
with cpoxy adhesive 1 increase their load earrying capacity. These sysiems have been used
nn.ﬁ_..._._.,._n._,. in the acrospace, awomotive, and spori-cquipment indusides, and now are
becoming a mainstream techrology for the structural uporade of concrete structures.
Important characteristics of FRPs for structural repair and strenpthening applications include
“v__._.unn.r_nnﬁ._nn.ﬂan?n properiies, spesd and ease of insiallation, lower cost, and acsthetic

As with any other externally bonded system, the bond between the FRP sysp E#_ﬂ_.n
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2.4. Strengthening Procedure

In the NSM-steel technique, strengthening bars were placed into grooves cut in the concrete cover
of the RC beams and bonded using epoxy adhesive groove filler. The installation of the strengthening
steel bars began with cutting groove with the dimensions 1.5 d;, * 1.5 d;, (where d;, is the diameter of
the tension reinforcement) into the concrete cover of the beam specimens at the tension face in the
longitudinal direction. The groove was made using a special concrete saw with a diamond blade.
A hammer and a hand chisel were used to remove any remaining concrete lugs and to roughen the
lower surface of the groove. The groove was cleaned with a wire brush and a high-pressure air jet.
The details of the groove are shown in Figure 1. The groove was half-filled with epoxy and then the
steel bar was placed inside the groove and lightly pressed. This forced the epoxy to flow around the
inserted steel bar. Epoxy was used to fill the groove and the surface leveled. The bonded length of the
NSM steel bars was 1900 mm. In ensuring the epoxy achieved full strength, the beam was allowed to
cure for one week.,

2.5. Test Setup

The instrumentation of the beams is presented in Figure 2. In measuring the deflection at beam
midspan, one TML linear variable differential transducer (LVDT) was used. A number of gauges were
used to measure strains. Two 5 mm strain gauges were attached to the middle of the internal tension
bars. A 30 mm strain gauge was placed on the top surface of the beam at midspan. Demec gauges
were attached along the depth of the beam at midspan. All beams were tested in four-point bending
using an Instron Universal Testing Machine at heavy structural lab. The experiments were carried out
using two controlling techniques. The first was load control, used for strain hardening. Commencing
from the strain softening region, displacement control loading was maintained until failure, All data
were recorded at 10 s intervals. The rate of the actuator was set to 5 kN/min during load control and

1.5 mm/min during displacement control. A Dino-Lite digital microscope was used to measure crack
widths on the beams during testing.

3. Resulls and Discussion

The flexural capacities of tested beams were evaluated by a static four point bending test, causing
the larger portion of the beams to take maximum stress. The key factors considered in this studies are
cracking load, ultimate load, crack width and spacing, concrete compressive strain, tensile strain in the
main steel reinforcement, sectional strain, and mode of failures. The experimental performance of all
tested beams in terms of flexural load capacities are shown in Table 4.
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__12.5 EXTERNAL POST-TENSIONING

i The extemal post-tensioning technique has been used effcctively to increase the flexural and -
RhFJI capacity of both reinforced and prestressed concrete members since the 1950s. With F.

! this type of upgrading, active external forces are applied to the structural member using post- -~ -4

tensioned (stressed) cables to resist new loads. Because of the minimal, additional weight of

the repair system, this technique is effective and economical, and has been employed with

. great success to correct excessive deflections and cracking in beams and slabs, parking

+ structures, and cantilevered members.

The post-tensioning forces are delivered by means of standard prestressing tendons or high-
strength steel rods, usually located outside the original section. The tendons are connected to
the structure at anchor points, typically located at the ends of the member. End-anchors can
be made of steel fixtures bolted to the struetural member, or reinforced concrete blocks that
are cast into place. The desired uplift force is provided by deviation blocks, fastened at the "
high or low points of the structural element. Prior to external prestressing, all existing cracks J
are epoxy-injected and spalls are patched to ensure that prestressing forces are distributed 1

uniformly across the section of the member.

Figure 12.7 illustrates an external post-tensioning system used to strengthen--prestressed—- ..\
double tees damaged by vehicular impact.
Four double tee stems on an oOverpass
located were damaged when the driver of an
over-height truck failed to observe the
posted height restriction. The four stems
suffered exdéessive concrete cracking and
spalling, and damage occurred to some of
the internal prestressing steel.

Proposed solutions included replacing the
damaged double tees with new ones and =
installing a steel frame undemeath for Figure 12.7. External post-tensioning
desired period. The option of an external post-
squired less time to complete, and allowed for a
ges. Therefore, it was more compatible with the g
ted, the sides of the stems were formed and -

a4 k]
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new 3 :

‘concrete was cast (o restore the integrity of the stems. The strengthening system then
g "“57-31_“‘1- and — afier the concrete cured — the external strands were stressed according
to the engineer-specified forces,

-

126 SECTION-ENEARGEMENT .
This method of strengthening invelves placing additional bonded reinforced concrete to an
existing structural member in the form of an overlay or a jacket. With section r:n!:nrgr.'.;l'ncn't.
columns, beams, slabs, and walls can be enlarged to increase their load-carrying capacity or
stiffness. A typical enlargement is approximately 2 to 3 inches for slabs and 3 to 5 inches for
beams and columns. -

Figure 12.8 depicts details of a section enlarpe. |[Fromsausl el
ment used to increase the capacity of a main
girder in a university parking parape. The girder
was re-cvaluated because of a change in the
required loading and found to be deficient in
flexure and shear. To comrect the deficiency, Bttt
additional flexural and shear steel were added, ERlEs e
The entire beam then was formed and a 44ach B it vested
jacket of concretc was cast to enlarge the selarppormser '.

: S Figure 12.8, Section enlargement
section. sschnione

S
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AL GUIDELINES FOR SEISMIC
: REHAB
Advances in canthquake-related tec sl

12.9.1 Seismic vuloerabiliny

The vulnerability of a buildin :

Sic g subjicted to an earthquake i - ;

of that building elsive 1 3 required performance Ohietve. The sabante Johcr
delined as o condition thar will - The seismic deficiency is

e prevent a builds 2 >
objective, Thus, a building evaluated 10 ng from meeting the required performance

may have significantly more deficiencies thas
Mﬂ_uw__.ﬂ- Dﬁu_n?_r_..m an n_.h. vulnerability assessment, & building can be condemned and
H__.nﬁ.ﬁ_“_n_ma, rehabilitated 1o increase its capacity, or modified so that the seismic demand o
s & ol = iﬁm_. Thus, structural rehabilitation of a building can be accomplished
ol wa i : T : - o
.unw_.”mn#n..nﬂ ¥5 cach with specific merits amd _.E.E.:_E_”u related i improving seismic

12.9.2 Common sebimic deliciencies
Regandless of the evaluation method used, failure to meet the stipulated performance
objective implics cenain seismic deficiencies, These deficiencies are described below:

Global strength: .

Global strengih typically refers o the (el sirength of the vertically oriented lateral foree-
resisting system. For degrading structural systems chamcterized by a negative post yicld
slope on the pushover curve, a minimum swength requirement may apply. In certain cases,
the strenpth will alee affect the total expecied inelastic displacement and ndded sirength may
- reduce nonlinear demands ints acceptable mnges A deficiency in global strength is common
in older buildings either due 1o a complete lack of stismic design or a design to an carly
building code with inadequate strength requirements. I prescriptive equivaleat lateral force
methods of linear static procedures have been wsed for evaluation, inadequate strengih will
direcily relate 1o unacceptable demand-to-capacity ratioz within elements of the lateral force-

fesisling System,

g
3

provide full sceupancy immedintely afler an cvent -
the same building evaluated 1o prevent .

[ 15
LT

L

Tl
Y

ETREMGTIENTHG TECHNIMIES HH

Global stiffness: ;
Clobal stiffness refers to the stiffness of the entire lateral Force-resisting system although the

lack of stiffness may not be critical st all levels. For example, in buildings with narmaw d___.-.__m_mT
critical drift levels aceir in the upper Noors. Conversely, critical drifts most ofien eceur in
the lowest levels in frame buildings. Siiflfness must be added E-Enr a waoy that drifis are
elficiently reduced in the n:ﬁ_ﬂiﬂﬂ_qﬁﬂﬂﬂﬂqﬁril#ﬂg%
by the same existing elements or the same retrofit techniques, the two deficiencies are
rypically considered scparately. Failure to meoed evalustion iﬁ_u iz often the result of a
buslding placing excess drift demands on existing poorly detatled components.

Configuration: 3 ! i :
This deficiency category covers configuration iregularities that ' adversely affect

performance, In codes for new buildings, these configusation feansres arc offen divided mio
plan imegularities and venical imegularities- Plan iregularitics are Features that may place
extrasrdinary demands on elements due to torsional response of the shape of the diaphragm.
Vertical iregularities arc ¢reated by univen wertical distribution of mass ar stiffness betwesn
Aoors that may resull in concentration of force or displacement at certain levels. In ..q_.nrn
existing buildings, swch iregulasities are seldom taken into eonsideration in the original
design and, therefase, normally requirs nehabilitation measures (o emitigale. :
L] 1
Load path: b o g . :
A discontirity in the load path, or inadequale strength in ihe Toad path, may-be .m_m.._.n__u___.n_
averarching because this deficiency will prevent the positive attributes’ of the seismic system
" from being effective. The Toad path is typically cansidered to extend from cach mass in the
buflding 10 the supporting soil, For example, for a panel of cladding. this path would include
its cannection 10 the suppartisg Moor or Moors, the diaphragm and collecions that deliver the
loidh 40 coamspanents o the primary lateral force resisting system (walls, braces, frames, etc.),
confmuity of these components 1o the foundation, and Minally the iransfer of laads between
foundation and soil, Many load path deficiencies are difficult 1o categorize bocause the
sirength deficiency may be considered 1o be part of another element Faor example, an—
inadequate construction joint in & shear wall could be considered a load-path deficiency or o
shear wall deficiency in the category of global strength. y

Inadequste componeni detailing:

Detailing, in this context, refers to design decisions that #lfect 2 component’s or system s
behavior beyond the strength determined by nominal demand, often in the nonlinear ange.
An example of o detailing deficieney is poor confinement in concrele gravity columns, Ofien
in oldér concrete buildings, the eepected drifie from he design event vall cxeeed the
deformation capacity of sach columns, potentially leading to degradation and collapse.
Although the primary pravity load design is odequate, the post elastic behavior is not, madt
often due 1o insdeguate conliguration ond spacing of ties. ldentificatica of detailing deficienciss is
significant i selection of miigation strategies becamse acceptable performance aflen mey be
schieved by local adjustment of detailing rather than by adding now latesal foree-cesisting o lemesis.

e =il
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Eﬁﬁﬂﬁnﬁna..hﬂ comcrele gol
. ! Uz, sccopiable perfirman i 3
deformatian capacity by adding confinement rather u._!].uu. anﬁﬂnﬂnﬂﬁq_ nﬂiﬂnﬂ.ﬂﬂ i

adding lateral faree-resisting clemenis,

The prinsary purpo . q P
B s¢ of disphragms in he overall seismic system is to act as a horizontal el
Suc i . gm deficiencies include S1E ;
sPhatiptielon inadcquate shear or bending strengih, stiffness, or Emu."..w.n_um -E_HM ek “hﬂﬂmﬂr.ﬂ“ﬂﬁﬁu.sw farger than construction costs. Thus, cost may be the only erterioy
% F E = . ek '
HI  srolied when choosing amang equivalent rehabilitation options.

OPENINES or reentmnl comers Inadequate local shear force-resisti
ree : : iransfer L -1
elements or missing or imaceguate eollectors are eategorized ns Eﬂmhrﬂmunﬁﬁwr b

or detailing of piles and piers, and weak and degrading connections betwesn piles, piers and .3

caps. Trnsfer deficiencies include excessive setilement or bearing fallure, execasive

fotation. inadequate tension capacity of deep foundations, o loss of beading capacity due 1o 4

lique faction,

Other deficiencics: e e

Deficiencies that do not it into one of {he categories descrnbed above Enclate:
{a) Genlogic harards 3 g g
{b) Adjacent buildings
{e) Deteriorated structural maserials

12.93 Strategies for rehabilitation schemes
Technical Considerations:
Selected techniques must eliminate deficiencies, preferably more than sae deficiency. First
one should consider enhancing existing clements such as shear walls, moment frames, and
bracing frames. The deformation compatibility between new elements and existing elements
must be considered. In some cases, the application of base isolators or damping devices s the
mast efficient way to eliminate deliciencies.

MNon-technical considerations:
The solution chosen for rehabilitation iz almost always dictated by building-user oriented
issues rther than by merely satisfying technical demands. There are five basic issues that are
af esncem o building owners or users:

{a) Consiruction cost,

{b) Seismic performance,

{c) Shor term disruption of occupants,

(d) Effects on leng-term functionality of building, and

{e) Aesthetics, including considerntion of kistorie preservation.

. e characteristics are always co
S ﬂ_uwh_mq them, either consciously of
NBEE  ciors will determine the scheme chasen.

L

psidered, but an importance wall eventually be py
.__._..__un_unmn.m____:u___.. and-a combination of eﬂ#:m...ﬁ

. %_EE%EEWE mose ﬂ_..__.q.n: S _

Cost
mtions deemed significant. However, -sometimes olber ecoromic considerations, mch as (i

to building users, or the value of conlents 1o be seismically protected, oy, :

~ Scanned by CamScanner

ﬁ&.——ﬂﬂn&ﬁ- -m “._-.-__M.H.h on _u..h.._...u._._._._nn.-_._..h based design, perceived ﬂ_.._m.-_._.um.”.n .E...Hﬂ.nu_nﬂ.
between the probable performance of difference schemes 15& be used 1o assist in choosing
a scheme. Specific performance objectives are often set prior to the development of 51
Objectives that require a limited armount af damage or continued occupancy will

limit the retrofit methods that can be used and may control the other issues, erehy

Shart-term disreption of occupants: T - s
When seismic rehabilftation is dooe at the time of major building remodeling, disnption

-l issue 13 minimized, However, in coses where the building is partially or complitsly ccoupied,

this parameter eommonly becomes domisant and controfs the design.

Effects on long-term functionality of building: )
Thig characteristic i3 often judped less important than others. The planning fexibaity is only
subtlety changed. Howswer, it can be significant in building occupancies that need open
spaces such as retnil spaces and parking garages.

Acsthetics:

In historic buildings, considerations of preservation of historie fabric wsually contml the
design. Performance objectives are controlled by limitations imposed by pressrvation. |n
non-historic buildings, scsthetics is commenly stated as @ criterion, but is often sscrificed,
particilarly 1n favor of mindmizing o5t and disruption io tenants,

12.9.4 Rehabilitation techniguoes

Different building types require different mitigation techniques for 8 specific ssismic
deficiency. Depend on building types ond nssociated scismic deficiencies, altemative
recommendations are made to satisfy the performance objective of rehabilitation=
Rekabilitation tachniques are being developed for common building types. They are:

Wood light-frames: One- and two-detached dwellings of one or moee storics in beight.

Multi-story, multi-unit residential wood frames: Large residential buildings with
commercial space al the ground foor,



SPECIAL REPAIR MATERIALS

TS
'Cl-_. !-ﬁ.ﬂ'.? —4= b‘r‘ﬂ'
corrosion resistnce, and it is uncommon for civil engineering application. OF the thees

fibers, the E-glass 1s the most common reinforcement material used in civil structures, Some

typical properties of the glasses are shown in table 9.1, It is produced from lime-alumins-

" borosilicate which can be casily obtained from abundance of raw materials like sand. The
fibers are drawh into véry fine filaments with diameters ranging from 2 to 13 «10* m. The

~glass fiber ‘strength dnd modulus can deprate-with- increasng 1EmpErmreAlthough the-—-——
glass material creeps under a sustained load, it can be designed to perform satisfactorily. The

fiber itself is regarded as an isotropic material and has a lower thermal expansion coefficient
than that of steel.

Table 9.1. Typical propertics of E & S glass

Typical Propertics E-Glass S-Glass
Density (glem”) '* - 2.60 2.50
Young's Modulus (GPa) T2 87
Tensile Strength (Gpa) 1.72 2.53
Tensile Elongation (%a) 2.4 w29

‘Glass fibres possess high tensile strength and modulus of elasticity, but serious concemn is
expressed regarding their durability in an alkaline environment. For low wic pastes,
compressive strength is reduced by about 20% and for higher w/c ratio the decrease can be as
high as 30%. Uniaxial tensile strength increases with age and amount of fibre. Aggregate
grading does not influence the strength. In spite of the enhanced mechanical properties,

question of the durability of alkaline resistant glass fibre concrete composite in alkaline
environment remain unresolved. -

h ¥
L lass fibre reinforeed concrete: & F ﬂp
For the precast concrete industrial sector; the use of light-weight-composite components (e.g.
60-80 kg/m? for main slab elemerits and 30-50 kg/m® for sccondary slab ¢lements), able to
withstand to structural loads, would represent a significative improvement with respect to the
current production. In fact the possibility to manufacture precast elements weighting about
ope third of the conventional concrete products (e.g. 250-300 kg/m? for main and 100-150
kg/m? for secondary slab elements), would allow to achieve some important objectives:

{a) A substantial reduction of overall costs;

(b) A major improvement in the safety of the structure with respect to thr: seismic nsk;
(c) The possibility to construct huildings also on low bearing capacity soils.

The reduction in weight and of.camriage costs also allows to think about exportation _t:-f
structural elements produced in an European factory to a foreign Country. An opportunity
has been recognized by the industrial proposes to realize thesc light weight structural
elements using Glass-fibre Reinforced Concrete (GFRC). Until now its main application hﬂi_
been in architectural cladding, in the form of panels 10-20 mm (b ck. D tnlht}’ 2 .

GRC to age, or loose ductility with time, |

applications. Although the estimated o
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(Le. 100.150 BCOVIm: for main shib elements)

i i s comparable ar lightly higher thas husk, sizal, sugar cane bagasse, bamboo, akam, plantain and musamba in cement paste,
_.ﬂ___nr“_m.sanﬂbnﬂ 2 reduction of overall cosis of about 30% could be foreseen due (o the © husk, sisal, sugar pAsES -

mortar, and concrete, These investipations have shown encouraging resulis. Flexural E..r.:.ﬂ_._..

SPECIAL REPAIR MATERIALS IxT

@ struct P 1 increases with fibee addition 10 a maximum and ther decreases. The decrease ot higher- fibre
.n._ud._ T e of the building (foundations, pillars, beams, etc) is content is due to incomplele compaction and inereased porosity. The decrease in the strength «

A complete aulomation of the whale peod +4-—fog lopger fibres was mainly due o bundling effects of the fibres. Impact strenpth depends on

(£} Carriage and assemnbly ensts are poi s a.___E_E cyele is allowed, curirg period and fibre voliiie Traction Tor bt fie-and-their-fibre-reinforced concretes.
(d) The surface findshing (e g n_...E.nEu__.:H bt : Durability is of major importance in evalusting the subtability of natural fihres for inelusion
clements can be cammied ow d; eaation, waterproofing, painting, ste.) of precast in cement matrix, Coir fibre exhibits ductibe filure characteristics while most of the other
required on site. reclly at the factory and no further aperntions are fibres exhibit beittle Bailure. Goir also shows the greater resistance 1o alkali atacks. Resin
coatings provide a reasonable measure of protection against alkali anack,
Applications: : 3 #

Potential applications of structural GRC - w124 Aramid fibers [ FRP .
consideration o the peecasy SSCLON 80 n_m.uan.uiﬁ__u e copows alse limiting our These are synthetic arganic fibers consisting of aromatic polyamides. The aramid fibers have
Rropasers and represent an Eﬂ-ﬂﬂm_._, 3 _“__U_ these have already been identified by the excellent fatigue and creep resistance. Although there are several commercial grades of
. {a) Main and secq o wnr.“rn Dpportuniy: aamid fibers avatlable, the IWir mOst commen ones .E_..m in stractural applications are
oyt ndary elements for stabs {ep in indusral sheds or in buikling Eevlar® 29 and Kevlar® 49, Typical properties of ammid fbees are shown in mbls 9.7 The

() Facade panels, wall panels and

Young's Modulus curve for Kevlor® 29 s lincar to a walus of B3 GPFa ba then becomes
for mobile phone repeaters and

q roof n__n.u_.ﬁ_n... (=g in stand-alone H..n?u"n.u_ shefbery slightly concave upward to 3 value of 100 GPa at J_nsnn.v.._._.&ﬂﬂ-m.; __.n_.q Koevlar® 45 the carve

in prefabricatsd houses). 15 linzar to a value of 124 GPa at ruphare. As an anlsatropic material, _n.uﬂrﬂ..ﬂ.ﬁimrﬂ!

- .._ T e e modulus are an order of magnitude less than those in the longiudinal direclion. The fbers
7% similar applications is estimated to require at can have difficulty achicving 3 chemical or mechanical bond with the resin.

production or to instal] new apes

standards for designing and testing of these components could represcn

The lack of specific
an obstacle 10 8 wide accepts

Table 9.2. Typical propertics of aramid fibres

: nec of new products. To aveid this risk. npe i “_.“__ﬂ._nnﬁ..__.ﬂ_uq:?n Keviar 29 Kevlar 48
Hﬁuﬂlﬂ-ﬂﬂ%ﬁﬂﬂﬂmﬂﬁ L members in the exploiiation phase will consist of & N wnﬂ_nﬂuﬁﬁhu “ : w.m.._qn._._g _.a.“.
issuing of _.u.ﬁ and intermational Siandardisation Bodies in order 1o ensure the e, us {Gifa) I 12

ng of a specific normative in the shonest possible time. | %ﬂ&% Strength (GPa) 27 22

; . ) [T i ensile Elongation (%6) 25 1.8
H-E Hiq%ﬁﬂ = -
Polypropylene fibres have high tensile stren

gth and low madulus of elasticity and they ae Experimentation was conducted on the use of 2 pew aramid fiber for the reinforcement of

Eaﬂnh_!_&h H.m_” EwEE:HMn%EE weight and other structural features of PP, The elastic Porlland cemeni-based concrete and slumy. The study showed tha symthetic fibers
at the interface and therefore d ¥ the extent to which calcium __"_._u_..n.:.nn imeracts with fibre mianufactured by cubing an epoxy-impeegnated, braided bundle made of aramid filaments act
it _"_Eh ependent on E.n fibre-type. The britleness of the compasite s | w_E"_.E.E to steel Gbers in reinforcing both postland cement-based conceete and slury
Further erystallisation E_.H__.u! ropprng nee .Eq the calsium hydroxide crystals present, matrices. The advantape of epony-coated aramid over steel is in the laek of comesion
weakening of the bond between the fibre and matri et problems, and aver polypropylene in the bigher performance.
i__a._wfuiﬁ;_ﬁi. E:;-miﬁaih?n_u:&_u?!ﬁn__

a o . W it
Weiloncd Mhancas. G Reinforcement of cement matrices with contimuous fibres, w125 Carbon fibres C FRC

eomar el p b T.-E___ films; tape or woven fabric penenally results In increased The gmphite or cabon fiber is made from theee types of polymer precarsors—
B! polyacrylonitrile (PAM) fiber, rayon fiber, and pitch. The tensile stress-sirain curve i3 lineas
fun&.uu.u MNatoral fibres . o the point of nupture. Although there are many carbon fibers available pn the open markes,

. i itrar ided i a. have 1
Some investipation have already been camied out they can be arbitrarily divided into three prades a3 shown in Table 93, They have lower

thermal expansion coeflicients than bath the glass and aramid fibers. The carbon fiber is an

on ithe wse of natural fibres from cocomu
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usolropic material, and

its transverse modulus
egitadinal modulizs. The 15 an order of magnitude less than its

matenal has a very high fatigue and creep resistance.

Table 9.3. Typical properties of carbon fibres

- T'ypical Properties ] High Modulus
* Density (g/em’) . 2.0-2.1
Young's Modulus (GPa) |- 230 370 520-620
Tensile Strength (GPa) 248 1.79 1.03-1.31
Tensile Elongation (%) . 1.1 0.5 0.2

ince its tensile strength decreases with | increasing modulus, its strain at rupture will also be
uch lower. Because of the material brittleness at higher modulus, it becomes critical in joint
'd connection details, which can have high stress concentrations. As a result of this
renomenon, carbon composite laminates are more effective with adhesive bonding that
iminates mechanical fasteners. Wide spread use of carbon fibre in cement has been limited
ie 1o cost consideration. Initially it was used in the pipe manufacturing nui}' Alternative
ies are now being exploited as a result of the development of less expensive discontinuous
bre. Although discontinuous randomly distributed carbon fibres are less efficient than
yntinuous aligned fibres, the properties of mmpusltﬁ containing these carbon fibres are
gnificantly improved. Tensile and flexural strengths increase with fibre content and they
e generally less than for those with continuous fibres. At low water-cement ratios, the *

reagths are similar. Compressive strength of carbon fibre mmﬁ:rn:f:d cements genera]ly
rcreases with fibre addition.
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9.6 ORGANIC POLYMERS

Organic polymers are complex chemical compounds derived
industry. These materials are often referred to as resins and
construction industry are epoxide, polyurethane, polyester, acrylic,
styrene- butadiene.

mainly from the petrochemical
the principal resins used in the
polyvinyl acetate and

9.6.1 Epoxide resins . : ] .
The formulators market epoxide resins and have the special properties ﬂnﬁmﬁ_ .n.c_.. the
specific use to which they will be put. The basic characteristics of epoxide resins include

the following:
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{a) Outstanding adhesive qualities to such materials as concrete and steel =

¥
B
I-\-'u.

"+« (b) Resistance to wide range of acids, atkalies and other chemicals mw
(¢) Rather vulnerable 1o organic solvents . -~ " . e .. 2

(d) Low shrinkage . L 4

(¢) High coefficient of thermal movement compared with coricrete. = N

....... B ‘High compressive, tensite-and-Flexurat-stremgth——————m ——=m Sl

(8) Appreciable loss of strength at high temperatures -
(h) High rate of gain of strength, which can be varied to suit the particular application :
(i) Rather poor resistance to fire compared with concrete and clay bricks - : z

. ()) To obtain satisfactory results, the site conditions under which the resin will be applied
must be stated to the formulator.

9.6.2 Polyurcthanes s

Polyurethanes, like epoxide resins, are products of the petrochemical industry, They can be

obtained as elastomers, solid and ngid materials and as flexible coatings. They are very
durable in external conditions and retain

formulated to meet specific site requirements. They can be combi

Em_:mnEﬁqn_m_?n_wEmr temperatures as well as sudden changes
shock ~

ned with epoxies and will
In temperature, i.e. thermal &

7

9.6.3 Polyester resins :
] Vi " e
Polyester resin can be divided into two classes: :

(a) The so-called salurated polyester resins such as polyethylene terepthalate or terylene |
(b) The unsaturated polyester resins which can be cross-linked

their gloss well.- Polyurethanes can be specially -
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3.1 Special Concretes:
Note: For more Special Coneretes please refer “Concrete Technology™ by M.S. Shetty.
From Page 444 with the topic “Special concrele and concreting methods.
3.2 Special Mortar:
The following are the different types of special mortars available, they are
s Cement-clay mortar
« Light-weight and heavy mortars
e Decorative mortar
*  Air-entrained mortar
¢ Gypsum mortar
* Fire-resistance mortar
+ Packing mortar
+ Sound absorbing mornar
» X-ray shielding mortar
3.2.1 Cement-clay mortar
s Here clay is introdoced as an effective finely ground additive in quantities ensuring a
cement-clay proportion of not over 1:1. The addition of clay improves the grain
composition, the water retaining ability and the workability of mortar and also increases
the density of mortar.

e This type of mortar has beiter covering power and can be used in thin layers.

3.2.2 Lightweight and Heavy mortars
Light weight mortars:

o These are prepared form light porous sands fro pumice and other fine aggregates. They
are also prepared by mixing wood powder, wood shavings or saw dust with cement
mortar or lime mortar.

e In such mortars, fibres of jute coir and hair, cut into pieces of suitable size, or asbhestos
fibres can also be used.

e These mortars have bulk density less than 15KN/m’.

Heavy weight mortars:
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Heavy weight mortars:
* These are prepared from heavy quartz or other sands.
# They have bulk density of 15 KN/m® or more,
* They are used in load bearing capacity.
3.2.3 Decoralive mortars:
These mortars are obtained by using-
* Colour cements or pigments and
» Fine aggregate of appropriate color, texture and surface.
3.2.4 Air-entrained Mortar
e The working qualities of lean cement-sand mortar can be improved by entraining air in
i{air serves as a plasticizer producing minute air bubbles which helps in flow
characteristics and workability)/
* The air bubbles increase the volume of the binder paste and help to fill the voids in the

sand.

# The air entraining also makes the mortar weight and a better heat and sound insulator.
3.2.5 Gypsum Mortar

* These mortars are prepared from gypsum binding materials such as building gypsum and

anhydrite binding materials.
3.2.6 Fire Resistant Mortar

It is prepared by adding aluminous cement to a finely crushed power of fire-

bricks(Usually proportion being one part of aluminous cement to two pans of powder of
fire-bricks).

# This mortar being fire resistance, is used with fire-bricks for lining fumaces, fire places,

ovens elc.
3.2.7 Sound Absorbing mortar
» These mortarts may have binging materials such as cement, lime, gypsum slag etc and
aggregate(light weight porous materials( such as pumice, cinders etc.
# The bulk density of such a mortar varies from 6 to 12KN/m’.
# Noise level can be reduced by using sound absorbing plaster formed with the help of

sound absorbing mortar,
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33 Concrete Chemicals
Admixtures are used to modify the properties of fresh and hardened concrete. They
are classified as chemical and mineral admixtures. Chemical admixtures are used in construction
industry for building strong, durable and waterproof structures. Depending on their use, chemical
admixtures are used for the following four main purposes.
. Some chemicals are mixed with concrete ingredients and spread throughout the body of
concrete to favorably modify the moulding and setting properties of the concrele mix.
Such chemicals are generally known as chemical admixtures Admixtures are added to
concrele lo give it certain desirable properties in either the fresh or the hardened state.
Maost admixtures result in modifying more than one intended property.
2. Some chemicals are applied on the surfaces of moulds used to form concrete to effect
easy mould-releasing operation.
3. Some chemicals are applied on the surfaces of concrete to protect it during or after its
setting.

4. Some chemicals are applied to bond or repair broken or chipped concrete.
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3.4 Special Cements for accelerated Strength Gain
In repairs of certain strucutures, particularly roadways and bridges, it may be desired that

early strength gain should be as rapid as possible. The engineer may, as a first approach, consider

admixtures so that ordinary types of Portland cement can be used. The chief chemical admixture

now used for this purpose is superplasticizer.
Formerly high doses of calcium chloride were advocated but this procedure has been

rejected on the basis of corrosion, problems associated with calcium chloride use. The time of
setting of Portland cement concrete and its strength gain may be shortened by the use of calcium
aluminate cement. Because of problems associated with the conversion, under hot humid
conditions, of the calcium aluminate hydrates from one form to another, and the resultant
strength losses, other types of cements have been preferred.

Regulated set cement is a modified Portland cement which contains a substantial amount

of calcium fluoro-aluminate. The cement meal contains a substantial amount of fluorite as a

substitute for limestone. The burning process has a problem due to the release of small amounts
of fluoro compounds. When prepared and ground the initial and final set of this type of cement

occurs almost simultancously and therefore the time between mixing and set is often referred to

as the handling time. As a rule, this varies between 2 to 45 minutes.
The strength level is adjusted by controlling the amount of calcium fluoro aluminaie in the

cement. The time of set is reduced and the compressive strength gain increased in regulated

cement mortars and concrete by an increase in the cement content of the mix, reduction of the

wiler/cement ratio, increases temperature of the mix and increase in curing temperature.
The chemical reactions of this type of cement are much more energetic than those of

Portland cements. For that reason retardation is necessary. Conventional retarders for Portland

cement are not effective in controlling the set of regulated set cement. However, citric acid is

used in the mix as a retarder. Where practical, the setting action can be effectively controlled by

reducing the mix temperafurc.
ydration is considerably higher than that of Portland cement

Such reductions in the temperature of the mix is also

advantageous, as the heat of h

concrele.

Special cements based on chemical reactions which are completely different from those of

normal Portland or similar cements are now part of the technology. These include fast-setting

magnesium phosphate and aluminium -phosphate cements, which when used for concrete

patching for pavements allow traffic fow after only 45 minutes.
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4.1 Rust Eliminators

Cement paste normally provides a highly alkaline environment that projects embedded
steel against corrosion. Concrete with a low water/cement ratio, well compacted and well cured,
has a low permeability and hence minimizes the penetration of atmospheric moisture as well as
other components such as oxygen, chloride ion, carbon dioxide and water, which encourage
corrosion of steel bar.

In very aggressive environments, the bars may be coated with special materials
developed for this purpose. Coating on reinforcing steel, therefore, serves as a means of isolating
the steel from the surrounding environment. Common metallic coatings contain galvanizing zinc.
High chloride concentration around the embedded steel corrodes the zine coating, followed by
corrosion of steel.

Hence, this treatment used for moderately aggressive environments. For high corrosive
atmospheres caused by chloride ions from the de-icing salts applied to protect against sodinm
chloride and calcium chloride, usually near seashores, epoxy coating is applied to protect steel
reinforcing bars from corrosion. Such bars have acceptable bond and creep characteristics. The
coal nommally applied is 150 um thick. The reinforcement is epoxicd in the factory itsell, where
the steel rods are manufactured. Such reinforcement are known as fusion-bonded epoxy coated
steel. Steel manufacturers also manufacture CTD bars with better corrosion resistance, lermed as
Corrosion Resistance Steel (CRS). The performuance of the CRS CTD bars is better in resisting
corrosion compared to plain CTD bars. However, the use of CRS CTD bars will only delay the
process of corrosion. It will not prevent corrosion once for all.

4.2 Polymer Resin hased Coating
These are generally of two types,

1. Resins blended with organic solvents and
2. Solvent free coating

Solvent-based coatings are subdivided into single and two component coatings. The
coalings on drying produce a smooth dense continuous film that provides a barrier to moisture
and mild chemical attack of the concrete. Because of the resistance to moisture penetration,
staining, and ease of cleaning, they are preferred for locations of high humidity and those in
which a lot of soiling occurs.

Most products are low solids content materials which require multiple coats to produce a
continuous film over concrete, since the materials are thermoplastic, and have a significant
degree of extensibility they are capable of bridging minor cracks which may develop in the
concrete surface if they are applied in sufficient thickness. The number of coals required depends
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on the surface texture, porosity and the targeted dry film thickness. Although some of the newer
products have some moisture lolerance, enabling them to be applied over damp surfaces, in
normal usage they should be applied over dry surfaces. Due to their relative in permeability to
waler vapor, they could blister When applied to concrete surfaces with high moisture content or
where the opposite surface of the concrete is in constant contact with moisture, Careful control of

wet film thickness is therefore necessary during application.

Two component polymer coatings consist of a solution of a compounded polymer with or
without solvent and a reactive chemical component called the curing agent hardener or catalyst.
The materials are wsually mixed just prior to use in accordance with the manufacturer’s
instructions. When using two components polymer based coatings the following items are of

importance to the application of the materials,

1. Most produces are supplied as a kit containing the two components in the required
proportions. Therefore, in order to realize the full potential of the product the correct mix ratio of

the two components must be used.

2. To ensure a complete reaction of the two components they must be mixed thoroughly.

3. Some two component material require an induction period of 15 to 40 min after
mixing. Therefore, such products cannot be used immediately afier mixing.

4. Viscosity reduction by the use of thinners should be resorted to only afier the

manufacturers are consulted.

5. The storage temperature of solvent based coatings is not critical. They should be stored

are a lemperature 16 to 32=¢ just prior to use.

43. Formed Concrete
If a sufficiently portion of concrete is removed, it can best be replaced with concrete

placed in forms. This concrete can be placed without a bonding agent and without grout on the
prepared surface of the old concrete. US burean of reclamation suggests that this method should
be used

(i) When the depth of the repair exceeds 150 mm,

(ii) For holes extending right though the concrete section

(iii) For holes in unreinforced concrete with area greater than 0.1 m* and over 100 mm deep, and
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(iv)For holes in reinforced concrete which have an area grealer than 0.05m" and which extend
deeper than the reinforcement.
There are some essential requirements that apply to the use of formed concrete as a
replacement material, regardless of its location in the structure.
(i) The concrete should be made from the best possible materials and with the lowest possible
water/cement ratio.
(ii)To keep shrinkage to a minimum, the aggregate size should be large as can be accommodated
and the water content as low as possible.
(iii)The mix should be designed so that no bleeding occurs in order to ensure that the
replacement malerial remains in intimate contact with old conerete located above it.
(iv)The hole 1o be filled must be shaped so that there are no feather edees and with a depth
normal to the finished seurface of atleast 40mm. It must also be shaped so that sir is not trapped.
(v)Forms must be robust and firmly fixed so that they withstand any applied pressure and do not
allow grout leakage.
(vi)Old concrete, against which new concrete is to be placed, must be sound, completely clean
and saturated and the surface must be free from moisture,
4.4. Mortar and Dry Pack
Dry packing is the hand placement if a low W/C ratio morar which is subsequently
rammed in to place to produce a dense mortar plug having tight contact to the existing concrete,
Because of the low W/C ratio, there is ¢ patch remains litle shrinkage and the paich

remains tight, with good durability, strength and water tightness. Dry pack should be used for

filling holes having a depth equal to, or greater than, the least surface dimension of the repair
area; for cone belt, she bolt, core holes and grout-insert holes; for holes left by the removal of
form ties; and for narrow slots cunt for repair of cracks. Dry pack should not be used for relatively
shallow depressions where lateralrestraint cannot be obiained, for filling behind reinforcement,
or for filling holes that extend completely through a concrete section. For the dry pack method of
concrete pair, holes should be sharp and square at the surface edges, but corners within the holes
should be rounded, especially when water tighiness is required. The interior surfaces of holes left
by cone bolts and she bolts sould be roughened to develop and effective bond; this can be done
with a rough stub of 7/8 inch steel wire rope, a noiched 1apered reamer, or a star drill. Other
holes should be undercut slightly in several places around the perimeter. Holes for dry pack
should have a minimum depth of | inch.

4.5. Vacoum Concrete:

It is well known that high water/cement ratio is harmful to the overall quality of concrete,

Scanned by CamScanner



whereas low water/cement ratio does not give enough workability for concrete to be compacted
hundred percentage. Generally, higher workability and higher sirength or very low workability

and higher strength do not go hand in hand. Vacuum process of concreting enables to meet this
conflicting demand. This process helps a high workable concrete to get high strength.

In this process, excess water used for higher workability, not required for hydration and
harmful in many ways to the hardened concrete is withdrawn by means of vacuum pump,
subsequent to the placing of the concrete. The process when properly applied produces concrete
of quality. I also permits removal of formwork at an early age to be used in other repetitive
work.

It essentially consists of a vacuum pump, water separator and filtering mat. The filtering
consists of a backing piece with a rubber seal all round the periphery. A sheet of expanded metal
and then a sheet of wire gauge also form part of the fillering mat. The top of the suction mat is
connected to the vacuum pump. When the vacuum pump operates, suction is created within the
boundary of the suction mat and the excess of water is sucked from the concrete through the fine
wire gauge or muslin cloth. At least one face of the concrete must be open to the atmosphere o
create difference of pressure. The contraction of concrete caused by loss of water must be

vibrated.

The vacuum processing can be carried out either from the top surface or from the side
surface. There will be only nominal difference in the efficiency of top processing or side
processing. It has been seen that the size of the mat should not be less than 20cm X 60cm.
smaller mat was not found to be effective

4.6. Rate of extraction of water:
The rate of extraction of water is dependent upon the workability of mix, maximum size

of aggregate, proportion of fines and aggregate, cement ratio. In general, the following general
tendencies are observed.

e The amount of water, which may be withdrawn, is governed by the initial workability or
the amount of free water. A great reduction in the water/cement ratio can, therefore, be
obtained with higher initial water/cement ratio.

e [f the initial water/cement ratio is kept the same the amount of water which can be
extracted is increased by increasing the maximum aggregate size or reducing the amount
of fines in the mix.

s Although the depression of the water/cement ratio is less, the lower the initial

water/cement ratio, the final water/cement ratio is also less, the lower the initial value.
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e The ability of the concrete to stand up immediately afier processing is improved if a fair
amounl of fine material is present, if the maximum aggregate size is restricted to 19mm
and if a continuous grading is employed.

» Little advantage is gained y prolonging the period of treatment beyond 15 to 20 minutes
and a period of 30 minutes is the maximum that should be used.

4.7. The Gunite or Concrete

Gunite can be defined as mortar conveyed through a hose and pneumatically projected at a
high velocity onto a surface. Recently this method has been further developed by the
introduction of small sized coarse aggregate into the mix deposited to obtain considerably greater
thickness in one operation and to make the process economical by reducing the cement content.

Normally fresh material with zero slump can support itself without sagging or peeling off. The

force of the jet impacting on the surface compact the material. Sometimes use of set accelerators
to assist overhead placing is practiced. The newly developed “Redi-set cement” can also be used
for shotcreting process.

There is not much difference between guniting and shotereting. Gunite was first used in
the early 1900 and this process is mostly used for pneumatical application of mortar of less
thickness, whereas shoterete is a recent development on the similar principle of guniting for
achieving greater thickness with small coarse aggregates.

There are two different processes in use, namely the “Wet-mix” process and the “dry-mix™
process. The dry mix process is more successful and generally used.
4.7.1 Dry-mix Process

The dry mix process consists of number of stages and calls for some specialized plan. A
typical small plant set-up is shown.

® This material is carried by compressed air through the delivery hose to a special nozzle.

The nozzle is fitted inside with a perforated manifold through which water is sprayed
under pressure and intimately mixed with the sand/cement jet.

* The wet mortar is jetted from the nozzle at high velocity onto the surface to gunited.

4.7.2 Wet-mix process
In the wet-mix process the concrete is mixed with water as for ordinary concrete before
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4.7.2 Wet-mix process

In the wet-mix process the concrete is mixed with water as for ordinary concrete before
conveying through the delivery pipe line to the nozzle, at which point it is jetted by a compressed
air, onto the work in the same way. as that of dry-mix process.

The wet-mix process has been generally discarded in favour of dry-mix process, owing lo
the greater success of the latter.

The dry-mix method makes use of high velocity or low velocity system fully. The high
velocity gunite is produced by using the small nozzle and a high air pressure to produce a high
nozzle velocity of about 90 to 120 meters/sec. This results in exceptional good compaction. The
lower velocity gunite is produced using large diameter hose for large output. The compaction
will not be very high.

General use of Shotcrete
1. Itis useful where considerable savings and peculiar adapiability is needed and it is more

suitable than conventional placing methods.

2. Shuttering and formwork need be erected only on side of the work and hence there will
be considerable saving in the shutiering costs.

3. Ttcan be conveyed over a considerable diameter pipe, makes this process suitable for
sites where access is difficult.

4. The maximum rate of deposition is about 15 m’ hr for the dry process but this can be
exceeded with the wel process.

5. The low water-cement ratio, the thinness of the section deposited and the fact that
normally only one side of the concrete is covered, necessitates careful attention to curing
more than with normal concrete.

6. The normal specifications with respect to cement, aggregate and water, also apply for
shoterete, but it is desirable that the aggregate should be harder to allow for attrition.

7. Admixiures can be used in shotcrete 1o produce the same effects as in ordinary concrete.

8. The drying shrinkage will depend on the water content and may, therefore, be expecied to
be fairly low for the dry process. The creep of the dry shocrete is similar (o that of high
quality normally placed concrete but shrinkage and creep of wet shocrete is likely to be
high.

9. The durability or resistance to frost action and other agencies of dry shocrele is good.

10. About half of the entrained air is likely to be lost while spraying.
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Epoxy Injection:

The Injection of polymer under pressure will ensure that the scalant penetrates to the full
depth of the crack. The technique in general consists of drilling hole at close intervals along the
length of eracks and injecting the epoxy under pressure in each hole in turn until it starts to flow
out of the next one. The hole in use is then sealed off and injection is started at the next hole and
so on until full length of the erack has been treated. Before injecting the sealant, it is necessary (o
seal the crack at surface between the holes with rapid curing resin.

For repairs of cracks in massive structures, a series of holes (Usually 20mm in dia and
20mm deep spaced at 150 to 300mm interval) intercepling the crack at a number of location are
drilled. Epoxy injection can be used to bond the cracks as narrow as 0.053mm. It has been
successfully used in the repair of cracks in buildings, bridges, dams and other similar stmctures.

However, unless the cause of cracking is removed, cracks will probably recur possibly

somewhere else in the structure. Moreover, in general this technique is not very effective if the
cracks are actively leaking and cannot be dried out.

Epoxy injection is a highly specialized job requiring a high degree of skill for satisfactory
execution. The general steps involved are as follows.

i.  Preparation of the surface: The contaminated cracks are cleaned by removing all oil,
grease, dirt and fine particles of concrete which prevent the epoxy penetration and
bonding. The contaminants should preferably be removed by flushing the surface with
water or a solvent. The solvent is then blown out using compressed air, or by air drying.
The surface cracks should be sealed to keep the epoxy from leaking out before it has
cured or gelled. A surface can be sealed by brushing an epoxy along, the surface of
cracks and allowing it to harden. IT extremely high injection pressures are needed, the
crack should be routed to a depth of about 12mm and width of about 20mm in V-shape,
filled with an epoxy, and stuck off flush with the surface.

ii. Installation of entry ports: The entry port or nipple is an opening to allow the injection
of adhesive directly into the crack without leaking. The spacing of injection poris
depends upon a number of factors such as depth of crack, width or erack and its variation
with depth, viscosity of epoxy, injection pressure etc. and choice must be based on
experience. In case of V-grooving of the cracks, a hole of 20mm dia and 12 1025mm
below the apex of V-grooved section, is drilled into the crack. A tire-calue stren is
bonded with an epoxy adhesive in the hole. In case the cracks are not V-grooved, the

entry port i5s provided by bonding a fimting, having a hat-like croos-section with an
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iv.

opening al the top for adhesive to enter, flush with the concrete face over the crack.
Mixing of epoxy: The mixing can he done either by batch or continuous methods. In
batch mixing, the adhesive components are premixed in specified proportions with a
mechanical stirrer, in amounts that can be used prior to the commencement of curing of
the material. With the curing of material, pressure injection becomes more and more
difficult. In the continuous mixing system, the two liguid adhesive components pass
through metering and driving pumps prior to passing through an automatic mixing head.
The continuous mixing system allows the use of fast-setting adhesives that have short
working life.

Injection of epoxy: In its simplest form, the injection equipment consists of a small
reservoir or [unnel attached to a length of flexible tubing, so as to provide a gravity head.
For small quantities of repair material small hand-held guns are usually the most
economical. They can maintain a steady pressure which reduces chances of damage to the
surface seal. For big jobs power-driven pumps are often used for injection. The pressure
used for injection must be carefully selected, as the use excessive pressure can propagate
the existing cracks, causing additional damage. The injection pressures are governed by
the width and depth of cracks and the viscosity of resin and seldom exceed 0. 10Mpa. It is
preferable to inject fine cracks under low pressure in order 1o allow the material to be
drawn into the concrete by capillary action and it is a common practice 1o increase the
injection pressure during the course of work to overcome the increase in resistance
against flow as crack is filled with material. For relatively wide cracks gravity head of
few hundred millimeters may be enough.

Removal of surface seal: After the injected epoxy has occurred: the surface seal may be

removed by grinding or other means as appropriate. Fittings and holes at the entry ports
should be painted with an epoxy patching compound.

Ll L] - -
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SHORING AND UNDERPINNING

SHORING is the term given to a method of temporarily
supporting buildings by a framing of timber acting
against the walls of the structure. If the frame con-
sists of maore than one shore, it is called a system ; if of
two or more systems, it becomes a series,

The forces that tend to render a building unstable
are due primarily to gravity, but owing to the various
resistances set up by the tying together of the building,
the force does not always exert itsell vertically down-
warcls,

This instability may arise from various causes, the
most common being the unequal settlement of materials
in new buildings, the pulling down of adjoining build-
ings, structural alterations and defects, and alterations
or disturbances of the adjacent ground which affect the
foundations. The pulling down of an adjoining building
would, by removing the corresponding resistance, allow
the weight of the internal structure of the building to
set up forces which at first would act in a horizontal
direction outwards. Structural defects, such as an in-
sufficiently tied roof truss, would have the same effect.
Structural alterations, such as the removal of the lower
portion of a wall in order to insert a shop front would
allow a force due to gravity to act vertically down-
wards.

E

80 SCAFFOLDING

To resist these forces, three different methods af
shoring are in general use, and they are known as
flying or horizontal shores, raking shores, and under-

pinning.
Scanned by CamScanner



Flying Shores.—Where the thrusts acting upon
the wall are in a horizontal direction, flying" or raking
shores are used to give temporary support. The most
direct resistance is gained by the first-named, the flying
or horizontal shore. There are, however, limits to its
application, as, owing to the difficulty of obtaining
sound timber of more than 50 to 60 feet in length, a
solid body is necessary within that distance, from which
the required purchase can be obtained.

It is a method of shoring generally used where one
house in a row is to be taken down, the timbers being
erected as demolition proceeds, and taken down again
as the new work takes its place.

Fig. 47 shows a half-elevation of two general sys-
tems of construction.

" The framing, as at A, may be used alone where the
wall to be supported is of moderate height and- the
opening narrow, but larger frames should be combined,
as at B.

The framework C is for wide openings and walls of
considerable height.

The wall plates, 9 in. by 2 in. or 9 in. by 3 in., are
first fixed vertically on the walls by wall hooks. Then,
in a line with the floors, rectangular holes 4 in. by 3 in.
are cut in the centre of wall plates. Into these holes,
and at least 44 inches into the brickwork, needles (also
known as tossles and joggles) of the same size are fitted,
leaving a projection out from the wall plate of 5 in. or
6 in., sufficient to carry the shore of about 7 in. by
7 in,
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The shore, prior to being fixed, has nailed on its top
and under sides straining pieces 2 inches thick, and of
the same width as the shore. To tighten, oak folding
wedges are driven at one end between the shore and
wall plate.

To stiffen the shore,and to further equalise the given
resistance over the defective wall, raking struts are fixed
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between the straining pieces, and cleats are nailed above
and below the shore. These raking struts are tightened
by driving wedges between their ends and the straining
pieces.

The cleats previous to, and in addition to being
nailed, should be slightly mortised into the wall plate,

This lessens the likelihood of the nails drawing under
the pressure.

L2
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‘A Raking Shore consists of a triangulated system
of timber framing, and is used to support defective
walls where the resistance to the threatened rupture has
to be derived from the ground surrounding the building.

In its simplest form a raking shore is a balk of timber

' ' - - of varying scantlings,
but as a rule of square
A section, inclined from
the ground to the de-
fectivewall. Theangle
of inclination is taken
from the horizon, and
should vary between
60 and 75 degrees.
In settling this the
space available at the
foot of the wall has
to be taken into con-
sideration, especially
in urban districts
where the wall abuts
Sele 1’““"% AR on the footpath.
K1G. 48 Fig. 48 shows a
raking shore in its
simplest form, but usually two or more shores are used
(sce fig. 49).

The following table from Mr, Stock’s book ' shows

the general rule and also the scantlings to be used :

hall ‘plate y

For walls from 15 to 30 feet high 2 shores are necessary In
each system

n SG n 40 n 3 n e
- 40 and upwards 4 "

'\ 4 Treatise on Shoring and Underpinning, and generally dea’ing
with Dangerous Structures. By Cecil Haden Stock. Third edition, revised
by F. R. Farrow, (B. T. Batsford.)
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Underpinning.—Underpinning is necessary to carry
the upper part of a wall, while the lower part is

58 SCAFFOLDING

rembved ; for instance, the insertion of a shop [ront, or
the repairing of a foundation. It is only kept in posi-
tion until a permanent resistance to the load is effected.
Underpinning is, as a rule, unnecessary when the open-
ing to be made is of less width than five feet. This
method of shoring is a simple operation, but yet requires
great care in its execution. i

The first thing to be done is to remove {rom the
wall all its attendant loads. This is accomplished by
strutting from the foundation floor upwards from floor
to floor until the roof is reached (see fig. 53).

Header and sole plates g in. by 2 in. are put in at
right angles to the joists in order to give bearing to the
struts.

The portion of the wall to be taken down having
been marked out, small openings are made, slightly
above the proposed removal, at from § to 7 fect apart,
and through these, at right angles to the face of the wall
itself, steel joists or balk timbers 13 in. by 13 in., called
needles, are placed, These are supported at each end
by vertical timbers 13 in. by 13 in,, called dead shores,
which again rest upon sleepers.

The sleepers serve as a bed to the dead shores to
which they are dogged, and by distributing the weight
over a larger area, they prevent the dead shores sinking
under the pressure. The dead shores, il well braced,
may be of smaller scantling.
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Where 1t is impossible to arrange for the dead
shores to be in one length, the lower pieces are first
fixed. They must be of uniform length, and across
their top end a transom is carried to support the upper
pieces, the bottom ends of which must stand directly
over the top ends of the lower pieces (see fig. 53).

Having placed all the timbers in position, and
before the tightening up takes place, the windows or

SHORING AND UNDERPINNING 50

other openings in the wall are strutted to prevent any
twisting which may take place. This is done as shown
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FIG. 2.—EXAMPLE OF UNDERPINNING
53

on fig. 54, but small windows do not require the
centering.
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