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Shear crack at corner of
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Pillar due to expansion
Of R.C.C. beam
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SHEAR CRACK IN MASONARY PILLAR
AT BEAM SUPPORT
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(1) ASTM C42-87,

(2) ASTM C85 - 66,

(3) ASTM C457 - 80,
(4) ASTM C823 - 75,
(5) ASTM C779- 76,
(6) ASTM C944 -80,

(7) ASTM C856 -77,
(8) ASTM D4788 - 88

(9) ASTM D6087 - 97
(10) ASTM D4580 - 86

(11) ASTM D2950 - 91
(12) ASTM C1383-98

(13) ASTM C1150-96
(14) ASTM C1040- 93

(15) ASTM C900- 94
(16) ASTM C876 -91
(17) ASTM C805 - 97
(18) ASTM C 803 - 82,
(19) ASTM C801-98

(20) ASTM C597- 97
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Standard Test Method (STM) for obtaining and testing Drilled Cores and
Sawed Beams of Concrete, Annual Book of ASTM Standards, 1988, ASTM,
Philadelphia, USA

“Cement content of hardened Portland cement concrete” ASTM,
Philadelphia, USA

“Air void content in hardened concrete”, ASTM, Philadelphia, USA
“Examining and sampling of hardened concrete in constructions”
“Abrasion resistance of horizontal concrete surfaces”

“Abrasion resistance of concrete or mortar surfaces by the rotating cutter
method”

“Petrographic examination of hardened concrete”

Standard Test Method for detecting Delamination in Bridge Decks using
Infrared Thermography

STM for Evaluating Asphalt covered Concrete Bridge Decks using Ground
Penetrating Radar

(1997) Standard Practice for measuring Delamination in Concrete Bridge
Decks by Sounding

(1997) STM for Density of Bituminous Concrete in place by Nuclear Methods

a STM for measuring P wave Speed and the Thickness of Concrete Plates
using the Impact-Echo Method

STM for the Break off Number of Concrete

STM for Density of Unhardened and Hardened Concrete in place by Nuclear
Methods

STM for Pullout Strength of Hardened Concrete

STM for Half-cell Potentials of Uncoated Reinforcing Steel in Concrete
STM for Rebound Number of Hardened Concrete

STM for Penetration Resistance of Hardened Concrete

STM for Determining the Mechanical Properties of Hardened Concrete under
Triaxial Load

STM for the Pulse Velocity through Concrete
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BS 1881: Part 102: 1983 - Method for Determination of Slump

BS 1881 Part 5:1970 - Testing Concrete. Methods of testing hardened concrete for other than
strength. Determination of dynamic modulus of elasticity by electromagnetic method

BS 1881 Part 205:1970 - Testing Concrete. Recommendations for radiography of concrete

BS 1881 Part 206:1986 - Testing Concrete. Recommendations for determination of strain in
concrete. Advice on the use of mechanical, electrical resistance and vibrating wire gauges
and electrical displacement gauges

BS 1881 Part 202:1986 - Testing Concrete. Recommendations for surface hardness testing by
rebound hammer

BS 1881: Part 114: 1983 - Methods for Determination of Density of Hardened Concrete

BS 1881: Part 116: 1983 - Method for Determination of Compressive Strength of Concrete Cubes
BS 1881: Part 117: 1983 - Method for Determination of Tensile Splitting Strength

BS 1881: Part 118: 1983 - Method for Determination of Flexural Strength

BS 1881: Part 120: 1983 - Method for Determination of Compressive Strength of Concrete Cores

BS 1881: Part 121: 1983 - Method for Determination of Static Modulus of Elasticity in
Compression

BS 1881: Part 122: 1983 - Method for Determination of Water Absorption

BS 1881: Part 201: 1986 - Guide to the Use of Non-Destructive Methods of Test for Hardened
Concrete

BS 1881:Part 202: 1986 - Recommendations for Surface Hardness Testing by Rebound Hammer
BS 1881: Part 203: 1986 - Measurement of the Velocity of Ultrasonic Pulses in Concrete
BS 1881: Part 204: 1986 - Recommendations on the Use of Electromagnetic Covermeters

BS 1881: Part 207 1992 - Recommendations for the Assessment of Concrete Strength by Near-to-
Surface Tests

BS8110:Part 1: 1985 - Structural Use of Concrete: Code of Practice for Design and Construction
BS 8110: part 2: 1985 - Structural Use of Concrete: Code of Practice for Special Circumstances

BS 4408: pt. 4, “Non-destructive methods of test for concrete - surface hardness methods”
British Standards Institution, London

BS 1881: pt. 4,“Methods of testing concrete for strength’, British Standards Institution, London

BS 4408: pt. 5, “Non-destructive methods of test for concrete - Measurement of the velocity
of ultrasonic pulses in concrete”, British Standards Institution, London

BS 4408: pt. 2, “Recommendations for non-destructive methods of test for concrete - strain
gauges for concrete investigations”, British Standards Institution, London, 1969,(83)

BS 4408: pt. 1, “Non-destructive methods of test for concrete-electromagnetic cover
measuring devices’, British Standards Institution, London

BS 4408: pt. 3, 1970 “Non-destructive methods of test for concrete-gamma radiography of
concrete”, British Standards Institution, London

BS 1881: pt. 6,"Methods of testing concrete: analysis of hardened concrete’, British Standards Institution, London

BS4551, “Methods of testing mortars, screeds and plasters”, British Standards Institution, London

BS 812: pt. 1, “Methods for sampling and testing of mineral aggregates, sands and fillers’,
British Standards Institution, London.
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Syringe

Surface seal to contain epoxy adhesive
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Groove cut with saw,

grinder, or chipping tools Joint sealer
114 in. ,
(6 mm)
mininum

(a) Original crack (b) Routing (c) Sealing
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Tension Tie ——

(a) To correct cracking of slab

Anchoroge = Both Sides

Through Bolted
Tension Tie

Craock

(b) To correct cracking of beam
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~————— Form key with precast concrete or mortar plugs
set In bltumen. The bitumen is to break the bond

between plugs and hole so that plugs will not be
cracked by subsequent movement of the opening.
If a particularly good seal is required, drill a

second hole and plug with bitumen alone, using

”rSt hole as a key and the second as a seal.

I
: - ﬁ Hole drilled in stem of wall, Centered
| s on and following down crack. Size of

If --7’B  hole depends on width of crack, Use
| L
1

I

Crack
2" to 2-1/2" minimum diameter.

‘ 1 ;",;"""-—-—-._._“u]]
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« ACI 201.1R Guide for Making a Condition Survey of Concrete in Service
« ACI201.2R Guide to Durable Concrete

ACI 201.3R Guide for Making a Condition Survey of Concrete Pavements
« ACI 207.1R Guide to Mass Concrete

« ACI 207.2R Effect of Restraint, Volume Change, and Reinforcement on Cracking of Mass
Concrete

ACI 207.3R Practices for Evaluation of Concrete in Existing Massive Structures for Service
Conditions

+ ACl 207.4R Cooling and Insulating Systems for Mass Concrete
« ACl 222R Protection in Metals in Concrete Against Corrosion
ACI 224R Control of Cracking in Concrete Structures
« ACl 224.2R Cracking of Concrete Members in Direct Tension
« ACl 224.3R Joints in Concrete Construction
ACl 228.2R Nondestructive Test Methods for Evaluation of Concrete in Structures
« ACI 302.1R Guide for Concrete Floor and Slab Construction
« ACI 304R Guide for Measuring, Mixing, Transporting, and Placing Concrete
ACI 305R Hot Weather Concreting
« ACI 308R Guide to Curing Concrete
« ACI 309R Guide for Consolidation of Concrete

ACI 309.2R Identification and Control of Visual Effects of Consolidation Formed
Concrete Surfaces

+ ACI 318 Building Code Requirements for Structural Concrete 343R Analysis and Design
of Reinforced Concrete Bridge Structures

+ ACI 345R Guide for Concrete Highway Bridge Deck Construction
ACI 345.1R Guide for Maintenance of Concrete Bridge Members
+ ACl 347 Guide to Formwork for Concrete

« ACl 446.1R Fracture Mechanics of Concrete: Concepts, Models, and Determination of
Material Properties

ACI 503R Use of Epoxy Compounds with Concrete
« ACl 504R Guide to Sealing Joints in Concrete Structures

« ACl 517.2R Accelerated Curing of Concrete at Atmospheric Pressure

ACI 546R Concrete Repair Guide
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ACl 546.1R Guide for Repair of Concrete Bridge Superstructures

ACl 546.2R Guide to Underwater Repair of Concrete548.1RGuide for the Use of
Polymers in Concrete

ACI RAP-1 Structural Crack Repair by Epoxy Injection, http://www.concrete.org/general/
RAP-1.pdf

ACI RAP-2 Crack Repair by Gravity Feed by Resin, http://www.concrete.org/general/RAP-
2.pdf

Concrete RepairManual, 3rd edition, ACI.
Emmons, P. H, 1993, Concrete Repair and Maintenance lllustrated, R.S. Means CMD Group.

Johnson, S. M., 1965, Deterioration, Maintenance, and Repair of Structures, McGraw-Hill Book Co.,
New York,373 pp.

Stratton, F. W.; Alexander, R.; and Nolting, W., 1978, “Cracked Structural Concrete Repair through
Epoxy Injection and Rebar Insertion,” ReportNo. FHWA-KS-RD.783-Kansas Department of
Transportation, Topeka, Kans., Nov.,56 pp.



http://www.concrete.org/general/RAP
http://www.concrete.org/general
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Table 1. Effects of Slag and Fly Ash on Diffusion Coefficients

m D2s D1oy Dazsy
(<=0.60) (x 107 m%s) (x 10" m%s) (x 10™ m%s)

PC 0.20 79 30 25
30 percent SG  0.37 79 13 9.3
40 percent FA  0.52 79 6.3 3.9
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Table 2. Effects of CNI on Threshold

CNI Dose Threshold, C;

% wt. conc.
litres/m® gallcy (% )

0 0 0.05
10 2 0.15
15 3 0.24
20 4 0.32
25 5 0.37
30 6 0.40
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Environment Exposure conditions

Anld Concrete surfaces protected against weather or aggressive conditions

Moderate Exposed concrete surfaces but sheltered from severe rain or freezing whilst wet
Concrete surfaces continuously under non-aggressive water
Concrete in contact with non-aggressive soil (see sulfate class 1 of Table Vain
BS 5328-1:1897)
Concrete subject to condensation

Severe Concrete surfaces exposed to severe rain, alternate wetting and drying or oceasional

freezing or severe condensation

Very severe

Concrete surfaces occasionally exposed to sea water spray or de-icing salts (directly or
indirectly)
Concrete surfaces exposed to corrosive fumes or severe freezing conditions whilst wet

Most severe

Concrete surfaces frequently exposed to sea water spray or de-leing salts (directly or
indirectly)
Concrete in sea water tidal zone down to 1 m below lowest low water

Abrasive?

Concrete surfaces exposed to abrasive action, e g machinery, metal tyred vehicles or
water carrying solids

NOTE 1 For aggrezcive zoil and warer conditions zee 5.3.4 of BS 5328-1:1997.
NOTE 2 For marine conditions see also BS 6349,

2 For flooring cee BS 8204
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Condition of Type of concrete Maximum free w/c | Minimum cement |Minimum grade
faxposure ratio content
MMila Unreinforced non-structural | — - -
Unreinforced structural® (.80 220 20
Reinforced (.65 275 Ccan
Prestressed 0.60 300 C3h
Moderate Unreinforced non-structural | — - -
Unreinforced structural®) (.65 275 ca0
Reinforced and prestressed 060 300 C3h
Severe Unreinforeed 0.60 300 C3b
Reinforced and prestressed 055 325 C40
Very severe Al 053 325 C40
Most severe Unreinforced® 0.30 3al Cda
Reinforced and prestressed® 045 400 a0
Abrazive AlY .50 350 Cdo

Il Adustments to minimum cement content chowld be made for aggrerates of nominal madimum zize other then 20 mm n accordance
with table &

2 For concrete made with normal-weight aggrepate and uzed n foundations and clabs to low rize structures in non-aggressive 2oil
conditions (see class 1 of table 7a), a mivimum grads of Cl0 may be uvzed provided the minimum cement content is not less tham
175 kgim3 for designated muxes and 210 kgim3 for other types of concrete.

3, Where concrete 15 subject to freezing whilst wet, air entraimment zhould be uzed. In the case of air entramed comcrete the crade
may be reduced by 3.

WOTE. For concrete contaming embedded metal the values represent the mmimum gquality recommended and depend upon the
provision of adequate cover. The relafionships betwesn quality of concrste and cover are given in relevant codes of practice. Concrete
guality alone may not provids sufficlent protection for long-term durability m the presence of delong zalts.

(CIRIA C577 - 2002)  ays5)\ &d\a i« (3)edy Jganl

Exposure
c:ﬁiﬂm Locallon

] Superstructure inland with na sk of
windbome slats
b Superstructures in areas of salt flats, inland
or near fhe coasl, exposed ko windbome
salts

c Parts of structures in contact with soil, well
above capillary fise zone, with na risk of
waler introduced af the surface by imgation,
faulty drainage systerms, washing down ate.
d Parts of struclures in contact with the sail,
within the: capilary rise zane, below
groundwaber level, or whare waler may be
introduced &t the surface by imgation,
discharge of wastes, washing down etc.
These situations all lzad o & potential for
the concentration of aggressive salls by
evaparation
i} Sigrificant sulfate contamination only
(i) Sigrificant chioride contamination only
(iif) Sigrificant contamination with beth
suifates and chiordes
Maring struclures (splash zone)
f Water-rataining structures (inchiding
sewang Ireatment planks)
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Ex c titi Minimum cementitious Maximum free- Minimum cover to
:uﬁ:istll“nr: ;r:t‘:"rilallrs?s content for 20mm aggregates water/cement reinforcement
(kg/m®) ratio** (mm)
Portland cement or
a additions 300-320 0.52 30
b 320 0.5 40
c* 320-350 0.45 40-50
d(i), (i) or {iii} 320-400 0.42 40-50
Portland cement
eand f blends with additions 370-400 0.40 100-150

* When concrete is cast directly in contact with soil the minimum cover should be increased to 75mm.
** On well supervised projects free-water/cement ratios down to 0.35 have been successfully achieved using the latest
generation of superplasticizer.

(ACI 318M - 05)an\a)\ Ay =il dgya wldnio : (5) Jgaall

Maximum water-
m;ﬁ%‘}ﬁ-‘:j”,f;,‘t'ﬁ,‘-‘-sby Minimum f', normal-
weight, normalweight| Wweight and light-
Exposure condition concrete weight concrete, MPa

Concrete intended to
have low permeabil-
ity when exposed to
water 0.50 28

Concrete exposed to
freezing and thawing
in & moist condition or
to deicing chemicals 0.45 31

For corrosion protec-
tion of reinforcement
in concrete exposed
to chlerides from de-
icing chemicals, salt,
salt water, brackish
water, seawater or
spray from these
sOurces. 0.40 35

(ACI 318M - 05)au3\ A\ auiluoa Al algold days o)l aluall wlaio « (6) Jgan

Maximum percent of
total cementitious mate-
Cementitious materials rials by weight”

Flg ash or other pozzolans conforming to

ASTM C 618 25

Slag conforming to ASTM C 989 50

Silica fume conforming to ASTM C 1240 10

Total of fly ash or other pozzolans, slag,

and silica fume sof

Total of fly ash or other pozzolans and sil-

ica fume ast

“ The total cementitious matenal also includes ASTM C 150, C 595, C 845,
and C 1157 cement.
The maximum percentages above shall include:
{a) Fly ash or othar pozzolans pressnt in Typa IP or |{PM) blended cement,
éITM C 595, or ASTM C 11
{b) Slag used in the nunufa::tura of a 1S or I{SM) blended cement, ASTM C
595, or ASTM C A
ic) Silica fume, ASTM C ‘1240 prasent in a blended cement.
Fly ash or other pozzolans and silica fume shall constitute no more than 25
and 10 percent, respectively, of the total weight of the cementitious matenals.
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Maui ter- it o
Water soluble sul- _ Hlous material ratio, by | Minimum £, normal-
Sulfate | fate (S0y) in soil, | Sullate (SOy4) in water, weight, normalweight | Weight and lightweight
exposure | percent by weight PRm Cement type concrete” concrete, MPa
Negligible | 0.00 <S504<0.10 0< 504< 150 —_ — —
Il IP(FI:IS , IS(MS), P(MS),
Moderate? | 0.10250,<0.20 | 150 = S0y < 1500 I(PM)MS), T{SM)(MS) 0.50 28
Savera 0.20 < 50, <2.00 | 1500< SO, < 10,000 v 0.45 a3t
Very severe 50,>2.00 S0, > 10,000 V plus pozzalan® 0.45 a3t
" Whan both Table 43,1 and Table 4.2 2 are considered, tha lowest applicable maximum water-cemantitious matenal ratio and highast applicable minimum £ shall
b used.
t Seawater.

* Pozzolan that has been deteminad by test or service record to improve sulfate resistance when usad in concrete containing Type V cement.

(ACI 318M - 05)aa\all =il dgylal day ol syl 5aga) (9ol aall abliaio : (8) Jgan

Exposure Condition

Maxw/c Min. Strength (MPa)

Concrete intended to be watertight:

*Exposed to fresh water 0.50 25
*Exposed to sea water 0.45 30
Concrete exposed to F/T in moist

conditions:

*Thin sections 0.45 30
*Other elements 0.50 25
*Presence of de-icing salt 0.45 30
For corrosion protection of RC

structures exposed to de-icing salts, 0.40 33

or seawater

(ACI 318M-05)au)uss3) &iloa) gilusyall lal) gashl aall - (9) Jgaal

Min. Cover (mm)

Exposure Condition Cast Precast Prestressed
in Situ

Concrete cast against or permanently 70 . 70
exposed to earth
Concrete exposed to earth or weather:
*Wall panels 40-50 20-40 30
+Slabs 40-50 30
*Other members 40-50 30-50 40
Concrete NOT exposed to weather or
in contact with earth:
*Slabs 20-40  15-30 20
*Beams, columns 40 10-40 20-40
+Shells, folded plates 15-20 10-15 10
*Non prestressed reinforcement — — 20
Concrete exposed to de-icing salt or
seawater:
*Walls and slabs 50 40 —
*Other elements 60 50 —
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Maximum water soluble
chloride ion (CF) in
concrete, percent by

Type of member weight o?cemenl

Prestressed concrete 0.06

Reinforced concrete exposed to chloride
in service 0.15

Reinforced concrete that will be dry or pro-
tected from moisture in service 1.00

Other reinforced concrete construction 0.30
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Severity of chenmical | Total nomunal thickness Typical but not exclusive uses of protective systems
environment range Tvpical protective barmer systems in order of severity

Protection against deieing salts

Improve freezing-thawing resistance

Polyvayl butyral, polyurethane, epoxy, acrylic, sty- Prevent staining of concrete
Mild Under 40 mil (1 ) |ree-acrylic copolymer asphalt, coal tar, chlonnated |, 700 g pigh ourity water service

mumb? » vinyl, neoprene, coal-tar epoxy, coal-far ure- Protect conerete in contact with chemical solu-

tions having a pH as low as 4, depending on
the chemical

Protect concrete from abrasion and mternmt-
tent exposure to dilute acids i chemical. dairy.
and food-processing plants

Protect concrete tanks and floors during con-
tnwous exposure to didute matenial (pH 15

Sand-filled epoxy, sand-filled polvester, sand-filled

5 o a
Intermediate 125 to 375 mil (3 to 9 mm) ool " bifusminous materials

Glass-reinforced epoxy, glass-remnforced polyester,

_ - T e o i e 10 .
Severe 20 to 250 nul (1/2 to 6 mm) ]r::ir.'umd neoprene sheet, plasticized polyvinyl chlo below 3). c acids, salt sofulins, sirong
akalies

[ R — Protect concrete tanks duting continuous of
20 to 280 mil (1/2 to 7 mm) |(a) Sand-filled epoxy system topcoated with a wfermittent immersion. exposure fo water,

Severe pigmented but unfilled epoxy dilute acids, strong alkalies, and salt solutions
Over 250 mil (6 mm)  |(b) Asphalt membrane covered with acid-proofbnck |« Protect concrete from concentrated acids or

using chemical-resistant mortar combinations of acids and solvenrs.
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ACI 201.2R-01, «Guide to Durable Concrete», AClI Manual of Concrete Practice 2008.

ACI 222R-01, «Protection of Metals in Concrete against Corrosion», ACl Manual of Concrete
Practice 2008.

ACI 222.2R-01, «Corrosion of Prestressing Steel», ACl Manual of Concrete Practice 2008.
ACI 224R-01, “Control of Cracking in Concrete Structures”, ACI Manual of Concrete Practice 2008.
ACI 301M-05, «Specifications for Structural Concrete», ACl Manual of Concrete Practice 2008.

ACI 318M-05, “Building Code Requirements for Structural Concrete & Commentary”, ACl Manual
of Concrete Practice 2008.

ACI 362.1R-00, «Guide for the Design of Durable Parking Structures», ACI Manual of Concrete
Practice 2008.

ACI 365.1R-00, «Service-Life Prediction — State-of-the-Art Report», ACl Manual of Concrete Practice
2008.

ACl 440R-07, «State-of-the-Art Report on Fiber Reinforced Plastic (FRP) Reinforcement for
Concrete», ACI Manual of Concrete Practice 2008.

ACI 440.1R-06, «Guide for the Design and Construction of Concrete Reinforced with FRP Bars», ACI
Manual of Concrete Practice 2008.

BS 53281:1997-, “Concrete-Part 1: Guide to Specifying Concrete”.
BS 81101:1997-, “Structural Use of Concrete-Part 1: Code Practice for Design and Construction”.
BS 81102:1997-, “Structural Use of Concrete-Part 1: Code Practice for Special Circumstances”.

BS-EN 2061:2000-, “Concrete-Part 1: Specification, Performance, Production and Conformity”.

CIRIA C5772002-,"Guide to the Construction of Reinforced Concrete in the Arabian Peninsula”, the
Concrete Society Special Publication CS 136, Editor Mike Walker.
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