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MECHANICAL PROPERTIES

e Tensile strength

 Bond strength

e Elasticity
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REHABILITATION

e Damage Assessment
e Rehabilitation and Strengthen
Techniques
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DURABILITY OF CONCRETE

e The influencing factors:
e (a) External factors
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DAMAGES TO STRUCTURES

e Cracking (includes  pattern
cracks)

e Spalling of materials

e A total or partial collapse
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COMMON CAUSES

= Chemical Reactions
= Construction Errors
= Corrosion of Reinforcement

" Freezing and Thawing
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e Settlement and Movement
e Shrinkage

e Temperature Changes

e Weathering

e Effect of cover thickness

e Effect of cracking
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SHRINKAGE

Shrinkage In concrete means
moisture movement in concrete.

m Plastic shrinkage
m Drying shrinkage
m Autogenous shrinkage

m Carbonation shrinkaie



PLASTIC SHRINKAGE
CRACKS




FREEZE AND THAW

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

present:

] Temperature cycles within the
concrete

m ioious Coiciete



Mechanism of Deterioration

Small flakes break away from concrete.

' Capiilaries (Exaggerated) Tension Micro-cracking 6 Water penetrates capillaries

6 and upon freezing, swells,
6 causing tension and small
surface dissintegration.

Zone of Saturation

Capllay Cavly |-+ e
Swelling

Pore and Capillary swelling causes tension cracking.




CRAZING

s EXcessive floating and
traveling

e Spreading dry cement on a
surface and sprinkling water
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HONEY COMBING

* It may be caused by inadequate
consolidation, presence  of
excess water in concrete or by

eaky forms, whicr OW. the

mortar to escape. |




SWELLING

e Continuously In water from
the time of casting exhibits a
net Increase in volume

e Due to the absorption of wate
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POPOUTS

e A conical-shaped hole In the
surface

e Occur outdoors on the hl & vl
surfaces.

o Start to appear during the first
winter following construction




e Do not harm the concrete
but unsightly.



« Concrete, Dbrickwork and
timber when subjected to
sustained loads not only
undergoes Instaneous
elastic deformation but also
exhibit a time-dependent
deformation Known as

Poreen N



ABRASION, EROSION AND
CAVITATIONS

« Abrasion refers to wearing away
of the surface by friction.

e The cavitations refer to the
damage due to non-linear flow of
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TEMPERATURE CHANGES

Changes In temperature cause a
corresponding change In the
volume of concrete.

e Internally generated temperature
differences

o Externally generated temperature
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A fire In a concrete structure
causes damage.

The extent of which depends
upon the Intensity and
duration of the fire.



Cracking In top
most storey of a
load bearing

structure

Cracking in cladding and
cross walls of a framed
structure



CONSTRUCTION ERRORS
e Adding water to concrete
 Improper alignment of formwork
 Improper curing

 Improper location of reinforcing
steel

e Premature. remoyval. of. shores /
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e Settling of the sub-grade

e Vibration of freshly placed
concrete

 Adding water to the surface
e TIming of finishing
e Adding cement to the surface




LOADING ERRORS

* CRACKING DUE T0
CONSTRUCTION OVERLOADS

« CRACKS DUE TO EXTERNALLY
APPLIED LOADS
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DESIGN ERRORS
e Poor design details
e Abrupt changes in section

e |Inadequate  provision  for
deflection

f

~ ~
Cil=C|l]clls

(A
7675.' ol ‘




 Incompatibility of materials
 Neglect of creep effect

 Rigid Joints between precast
units

e Unanticipated shear Stresses In
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 Acid attack

e Alkall attack

e« Carbonation

e Chloride attack
e Leaching




INFLUENCING FACTORS
e TiIme

e Cover to reinforcement

e Concentration of carbon-dioxide
In the atmosphere

« Permeability of concrete




Absorption of

,  sulphate solution

Constituent materials
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ACID ATTACK

Absorption of ) Corrosion -
sulphate solution f “.32
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Sulphate :
- Cracking
mechanism

(sulphuric acid)




CHLORIDE ATTACK

 Chlorides can be introduced
Into concrete by coming Into
contact with environments
containing chlorides, such as
seawater or deicing salts.
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e Penetration takes time,
depending upon:

—The permeablility of the
concrete
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BIOLOGICAL ATTACK

 EXistence of vegetation, such
as fast growing trees In the
vicinity of compound walls



CORROSION PROCESS

FINAL STATE

INITIATION PERIOD CORROSION PERIO,

DERASSIVATION
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CHANGE OF PROPAGATION
CONCRETE PROPERTIES OF CORROSION

SERVICE LIFE




INFLUENCING FACTORS

e The cover thickness

 The type of steel




SLAP AS CAST CORROSION STAINS AND RADICAL
INITIATION CRACKS FRACTURE

N —

POP-OUTS LONGITUDINAL DELIMINATION SPALLING
CRACK




INITIATION STAINS AND CRACKS RADIAL
AS CAST FRACTURE

POP-OUTS LONGITUDINAL CRACK DELAMINATION SPALLING




CORROSION PROTECTION
TECHNIQUES

Coating to reinforcement
Galvanized reinforcement
Improving metallurgically
Using stainless steel

Coating to concrete
Cathodic protection

Electrochemical chloride remova
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« Documentation of damage
* Visual observation

e Measurements on geometrical
parameters

e Experiments for evaluating material
properties

e Interpretation and analysis of test
results

» Analysis of ° J Its damagec




(@) Non — Destructive Testing
System (NDTS)

 (b) Partially Destructive Testing
System (PDTS)

e (c) Destructive Testing System
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Surface Hardness Method
Ultrasonic Pulse Velocity Method
Resonant Frequency Method
Dynamic or vibration method
Pulse Attenuation Method

Pulse Echo Method

Radioactive Method

Nuclear Methods

Magnetic Methods

Electro magnetic methods
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Surface Hardness Test

A Typical Rebound Hammer




Typical Calibration Curves

Conversion Curves, Concrete Test Hammer Model NWR  Conversion Curves, Concrete Test Hammer Model LILR
Concrefe pressure resistance of a cylinder after 14 - 56 days  Concrete pressure resistance of a cylinder after 14 - 56 day
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Quality of Cover Concrete from
Rebound Number

AVRLAYL FELLLINL Quality of concrete
number
Greater than 40 very good hard layer
30 to 40 good layer
20 to 30 fair
less than 20 POOr concrete
0 delaminated
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Ultrasonic Pulse Velocity (UPV) Test




Direct
(rans-
IMI1ISS1ION

Indirect or surface
transmission




Quality of Concrete from UPV

UPV value km/sec (V) Concrete quality
V greater than 4 Very good
V between 3.5 & 4 Good
V between 3 & 3.5 Poor
V between 2.5 & 3 \Very poor
V between 2 & 2.5 Very poor & low integrity
V less than 2 Large voids suspected




Electro Magnetic Method




 Penetration Techniques

* Pull-out and Pull-off Tests
e Core sampling and testing
e Break off test
 Permeability Test
 Half—cell potential survey




Core Sampling and Testing

e Testing

e Trimming

e Capping

e Density determination



Advanced Permeability Tester







Resistivity onm cm

Corrosion probability

Greater than 20,000
10,000 to 20,000
5,000 to 10,000

less than 5,000

Negligible
Low
High

Very high




e Patch Repair Materials

 Injection Grouts

e Bonding Aids
 Resurfacing Materials
 Other Repair Materials
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ADMIXTURES FOR REHABILITATION

 Polymer dispersions or
lattices

o Latex modified system
e Epoxy resins
 Polymeric materials
 Organic polymers
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The repair of cracks can be achieved
with the following techniques:

 Resin injection e heall
 Routing and Sealina HTO9ENOUS healing

m Flexible sealing

e Stitching Orill 4 Pluaai
e External stressing itk mg_an H9gIng
. m Bandaging
« Bonding Coat
 Blanketing . O? |rTg
m Grinding
 Overlays

+ Dry pack m Sand blasting




(a) INJECTION POINTS FOR (b) ALTERNATIVE ORDER FOR INJECTION
HORIZONTAL MEMBERS

VERTICAL MEMBERS POINTS IN




CRACK IN CONCRETE
OPEN AND ACCESSIBLE

EPOXY MORTAR

IF CONTACT SURFACES
DAMP, USE WATER

RESISTANT EPOXY GEL
T-INJECTION PORTS RESIN TO SEAL CONCRETE

PLACED DIRECTLY SPILLOVER SURFACE
ON CLEAN CONCRETE
SURFACE AND GROUTED INJECT EPOXY UNTIL GROUT

IN PLACE USING FLOWS OUT VENT IMMEDIATELY
EPOXY MORTAR ADJACENT TO INJECTION INJET

BINDING WIRE - TO INJECTION
(OR OTHER MEANS) EQUIPMENT
FOR SEALING




HOLES DRILLED IN
CONTAMINATED —

CRACKS USING DRILL SR aT AP T SE U PIPE FROM INJECTION
WITH ATTACHMENT o P it EQUIPMENT
FOR FLUSHING

CRACKS OR VACUUMING

TUBE
EPOXY MORTAR

EPOXY MORTAR AND
PIPE ARE NOT TO BE
INSERTED FULLY IN
HOLES

ALLOW FOR EPOXY RESERVOIR
FLOOR /" BELOW PART

SRR
INJECTION PORTS INSERTED ﬁ \EI'O}EY MORTAR

INTO DRILL HOLES AND I
CROUTED IN PLACE USING ' INJECT EPOXY UNTIL

AN EPOXY MORTAR GROUT FLOWS OUT
VENT IMMEDIATELY

BINDING WIRE ADJACENT TO
) INJECTION INLET

PLASTIC TUBING USED
TO CONNECT INJECTION
PORTS TO INJECTION
EQUIPMENT

TO INJECTION
EQUIPMENT




~ GROOVE CUT WITH saw
OR CHIPPING TOOLS

6 mn
MINIMUM

(a) ORIGINAL CRACK




NOTE VARIABLE LENGTH, LOCATION AND
ORIENTATION OF DOGS SO THAT TENSION
ACROSS CRACK IS DISTRIBUTED IN THE
CONCRETE RATHER THAN CONCENTRATED
ON A SINGLE PLANE

HOLES DRILLED IN CONCRETE TO
RECEIVE DOGS. FILL HOLES WITH
NON SHRINK GROUT OR EPOXY




Tension rod or tie

(a) For correcting the cracking of slab

Through bolts

Tension rod or tie

(b) For correcting the cracking of beam




— Sealant
Bond breaker
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h = Depth of sealant
W, = Width of joint/crack
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Crack filled
with grout

Precast concrete or mortar
plug set in bitumen

Hole 50 to 60 mm minimum

diameter drilled in the stem

of wall centred and following
down the crack

Retaining wall




EXISTING CONCRETE

SLOPE TO VENT

TIE BOLTS

PRESSURE ON NEW CONCRETE
EXERTED BY TIGHTENING BOLT

MOVEMENT OF PRESSURE BLOCK

-

‘:.‘\

\ PRESSURE BLOCK

il *9.4

‘1 NEW CONCRETE

FORM

EXISTING CONCRETE




CEMENT GROUT IS PUMPED
IN THROUGH THE INJECTION
TUBES '

WALL FORMWORK
WITH RAKING SUPPORTS

COARSE AGGREGATE
PLACED DRY

EXISTING RETAING WALL ————




WATER SUPPLY

GUNITE
MACHINE

WATER!
TANK

: AIR CGMPR?ESGR)

_*
AIR CONVEYED DRY MIX

PRESSURISED WATER

WATER CONTROL
VALVE

WET CONCRETE MIX
SPRAYED FROM NOZZLE

—




PROVISION OF HOLES IN
SLAB FOR VERTICAL CONTINUOUS

STEEL WHERE NECESSARY NEW VERTICAL

REINFORCING STEEL
AND BINDERS

GUNITE COVER
TO NEW STEEL

QIR

/ S| NEW STEEL LAPPING
ON TO BEAM EXISTING CONCRETE,

2272 1B TIED TO BEAM STEEL AND STEEL AFTER
OR ANCHORED PREPARATION

PLAN

ELEVATION
(a) COLUMN

HOLE AND RECESS FORMED
— STIRRUP LAPPED OR WELDED
[ |

JEW STIRRUP - . - .t "_ E N |_NEW STIRRUP EX I I l p | eS O f
HOOKED uuu:m/ﬂ O = 11| PpASSED ROUND BEAM

ot |l by grouting Proces:s

MEW STEEL AT SIDE — NEW REINFORCING
STEEL

OR BELOW EXISTING
(b) BEAM

—

1
STEFL HANGARS WELDED L ﬁ:ﬁ COVER TO
EXISTING STEEL TO FROVIDE |_ STEEL REINFORCEMENT TIED TO THE
SUPPORT FOR NEW FABRIC ST R R AND THEN RESTORE
STEEL MAT TO THE REQUIRED PROFILE

{c) SOFFIT OF SLAB




Need for Strengthening

« Damage to structural parts

e Improvements In suitability for
use

 Modification of structural system
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STRUCTURAL CONCRETE
STRENGTHENING

e Column strengthening

e Strengthening and stiffening of
slabs
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Jacketing Technique

GPENINGS FOR
PLACING CONCRETE

EXISTING SLAB/BEAM

NEW REINFORCEMENT CAGE
REMOVE DEFECTIVE T WITH CLOSED TIES
CONCRETE DOWN TO
SOUND CONCRETE

NEW CONCRETE ENCASEMENT
FESTENED WITH M.S. BONDS




L x STEEL ELATE

HIGH-TEXSILE TUROUCH BOLTS

y— EXISTING FLOOR SLAE ANT

INTERFACE BETWEEN STEEL FLATE

N OO E BE :
Lec b TESNSNLE THRDOGH !I}L‘I"-/ H _ﬁﬁ TOBE FILLED will

SECTION X-X

Plate Bonding Yechnique ——







Walkway slab Carbon FRP bars epoxy
bonded in surface grooves

Carbon FRP bonded to the
under side of the slab

Strengthening with carbon FRP sheets

——



Short Spanning Technigue

T —



External Post-Tensioning Technigue
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Section Enlargement Technigue







Routine Building Maintenance

e Distempering
e Plaster and roof repairs

 Roof repair for leakages

e Replacement of fittings and
fixtures



TYPES OF DEMOLITION

e Marine Demolition

e Underwater Demolition




FERROCEMENT DOMES
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FERROCEMENT ROOFING
PANELS & DOORS




FERROCEMENT IN BUILDING
INDUSTRY




Crashed Balcony




Closed view of new ferrocement
Balcony




FIBERS IN CONCRETE




FIBERS IN CONCRETE
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