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Wood Frame

Structural stud

Bearing wall and concrete plank

Steel and concrete plank

Steel and poured concrete deck

Precast concrete

"Beam & Slab" poured in place concrete

poured in place concrete

"Flat plate

Prestressed/post-tensioned concrete

O Notoften a significant issue

@ May be a problem or issue

Source: Perkins Eastman Architects PC.

X Oftena significant problem or issue
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CONSTRUCTION STAGES
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CONSTRUCTION STAGES
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CONSTRUCTION STAGES



Excavation Depth

|
— lest Hole No. 1
iT\\\\\\ El = 594
TOP SOIL
i 6(6") 8(6")
|
CLAY, =lity, brown, mois+:1£
:fﬁ 9(6") 12(6'
tHr L
SAND, tan, coarse, wet i
9 6(6") 10(6")

CLAY, red-brown, shaley, stiff
6(6") 10(6")

SNNN

50(5") 50(4")

50(5") 50(3")

] Test Holé/Boring Details |

—— LIMESTONE, gray-white, hard




CONSTRUCTION STAGES

7 CONSTRUCTION PROCEDURES

» Carrying aut Para Hola Test 79 sesure sstablichivg
tha Foaunziation on Solizd Soil Layars.

» Ensuring tha Safaty of Neighboaring Suildings and
Infrastrustures.

» Storing Construction Materials in Dry Rlacss.
» Tasting of Materials.



CONSTRUCTION STAGES
= CONSTRUCTION PROCEDURES

» Matching Column and Foundation Axes with
Engineering Plans.

» Ensuring Columns and Abutments are
Straight and Vertical.

» Checking Quantities and Distribution of
Reinforcing Steel.

» Ensuring Appropriate Casting of Concrete.
» Ensuring Safety of Sanitary System.
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CAUSE OF DETERIORATION
& DURABILITY ASPECTS




Faults in Concrete Structures

Non-structural Faults

((Materials

Poor Concrete
Quality

Improper
selection of
materials

Improper
Constructio
n Practices

Exposureto
sever
Conditions




Poor concrete Qualit
Easy Intrusion of
water or chemicals

Freeze-Thaw action

Steel corrosion

Sulfate attack

Acid Attack

Carbonation

Salt damage

il

Leakage of
water

Crystallization

Wetting ar

Florescence
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Impure
water

Reactive

Aggregate

cements




| Construction Faults |

Segregation

Honeycombing

Over compaction of concrete

Frame-work settlement

Insufficient concrete cover

Insufficient compaction

Bleeding

Segregation

High void ratio
| ‘ (%)

Improper wetting, curing or
covering of concrete

Concrete
settlement cracks

Poor concrete quality

Plastic shrinkage

Low strength
concrete

Non-homogenous
mixture

High water content

Miss-positioned reinforcing Low Prestressing Force (Girders)
steel (Tendons
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where %_‘t] is the rate of flow of water,

A is the cross-sectional area of the sample,

Ah is the drop in hydraulic head through the sample, and
L is the thickness of the sample. |
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Permeability and Durability

140

S

permeability

And capiliany

ROrOSItY Of
ement paste:

8

8

Coefficient of permeability-10~1¢ m/s
8 3

04 05 0.6 0.7 0.8
Water/cement ratio




Permeability and Durability
Y

Relation'between
permeability/and
\A/C ratio for
mature cement

12 m/s

paste:

Coefficient of permeability—-10~




None-Structural Faults

Parmeability and Purability
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Coefficient of permeability (log scale)-m/s




Tha strongly alkalinza natura 'of €a(OH)2 (pHI=13) pravants tha
703100 of tha stasl rainforcamant vy tha formsation of (hin
protactiva film of iron oxiidla on tha matal surfaca: this arataction
15 KnOwn 25 pAssivity.

To break passivity:
% Carbonation of concrete with contact of steel
% Penetration of soluble chlorides to reinforcement.

= worresion of steol cocurs because of electro-chemical acticn
whizh is usually ancountarazd whan by dissimilar m=atals ars i
alaztrical contact in tha prasanca of moistura and oxygsn. Tha
SAa™MAa pro2ass takas placa in stasl alana hacauss aof tha
Ziftaranca in tha ala t"’\-...h"‘”‘ll...al natantial on tha surfacs which
Torms anazlic anzl cathoazlic ragions; connactad hy tha slactralyts
intha farm o tha salt solution in tha hylratad camant.



Steel Corrosion: Chloride lnducad




anodic reactions:

Fe-Fett 42~

Fe* " +2(OH)” - Fe(OH), (ferrous hydroxide)
4Fe(OH), +2H,0+ 0, - 4Fe(OH), (ferric hydroxide)

cathodic reaction:

de” +0O,+2H,0 —4OH)".

For corrosion to be initiated, the passivity layer must be penetrated.
Chloride ions activate the surface of the steel to form an anode, the
passivated surface being the cathode. The reactions involved are as follows.

Fe** +2Cl~ —FeCl,
FeCl, + 2H,0 — Fe(OH), + 2HCI.




 Fe(OH);

Fe(OH) ;3H,0
I 2 3 4 5
Volume, cnt’

0 6 7

Diagram of the progression of rust over time during corvosion.
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Steel-Water Pourbaix Diagram




Carbonation of cogejete

Resinous

white-carbonation

crack in concrete
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Cracking
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Apparent diffusion coefficient = 8.61E-13 m?/s
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Cover depth (mm)

18 20

Chloride profile in concrete




------------ 80%

70% -

60%

50% 1

40% A

30%

Risk of corrosion (%)

20% 1

10% -

0%

<0.2%

0.2-0.35%

0.35-0.5% 0.5-1.0%

1.0-1.5%

Chloride content (wt% cement)

>1.5%

Risk of corrosion initiation as a function of the chloride content (Vassie, 1984




Reinforcement , Delamination
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Exposure condition Maximum water/  Minimum design
cement ratio, strength® in MPa
normal density (psi), low density

aggregate concrete aggregate

concrete
Concrete intended to be watertight:
(a) exposed to fresh water 0.50 25 (3630)
(b) exposed to brackish or sea water 0.45 30 (4350)
Concrete exposed to freezing and
thawing in a moist condition:
(a) kerbs, gutters, guardrails or thin
sections 0.45 30 (4350)
(b) other elements 0.50 25 (3630)
(c) in presence of de-icing chemicals 0.45 30 (4350)
For corrosion protection of reinforced
concrete exposed to de-icing salts,
brackish water, sea water or spray
from these sources 0.40t 33 (4790)t

* See page 330.

1 If minimum cover required by Table 14.7 is increased by 10 mm (3 in.), water/cement ratio
may be increased to 0.45 for normal density concrete or design strength reduced to 30 MPa
(4350 psi) for low density concrete.



| —Copper rod

Clear plastic tube — — Saturated copper
Sulphate solution

Voltmeter
=

Wooden plug o

Half cell

reinforcement




| —Copper rod

Clear plastic tube — — Saturated copper
Sulphate solution

Voltmeter
=

Wooden plug o

Half cell

reinforcement



According to ASTM C876, a potential that is more
negative than -350 mV (Cu/CuS0O,) indicates that

T there is 90% probability that active corrosion is
taking place.




None-Structural
Faults
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Linear Polarization Resistance (LPR)

] Cu/CuSO04 Electrode

A Sponge Saturated
with Salty water

Concrete Slab

| Voltage
y Difference is
Established &
| y Current is
| memnenee 4 measured

_________________________________

Current
Measurements

LPR Apparatus



The weight loss W, of the steel is calculated as

follows:
]

Wf — A;i} ZATI ave

Z.

where At_ is the atomic mass of the metal, z 1s its valency, F is Faraday’s constant (96487
C/mol), At the time step, and I_ is the average uniform current measured. For reinforcing

steel, which is primatily iron, the atomic mass is 55.85 ¢/mol and the valency is 2.



None-Structural Faults

P: Resistivity, ohm cm
E

Voltage Drop

= Current

Alternating supply

__@} ®7

Metal rods

H
U
5 5 l 8
I




Surface Resistivity - Permeability

Chloride lon Surface Resistivity Test
Permeability k(2-cm

High <12

Moderate 12 — 21

Low 21 =37

Very Low 37 — 254

Negligible > 254




None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM
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None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)

S 7 AbovetheSea
LH
CHz J Slash Zone
He = (High Water Level )
Tidal Zone
i LwiL
= (Low Water Level )
Under the Sea
| g 7T 27 220N
RS Al £ R SubmarineZon




None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)




None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)

Linear Polanzation Resistance




None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)

Concrete Resistivity

(ki am)

19-Dec  24-Dec  29-Dec FJan &-Jan 13- Jan 18- Jan 23 Jan 28~ Jan



None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)

-005
-01
-015
-02
-025

Chlonde Concentration

19Dec 4-Dec 2 Dec 3 8bn 130 18dan ZZ-bBn 2B-Jn

day



None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)

Open Circuit Potential

19-Dec  24-Dec  29-Dec F.Jan & Jan 18n 1&Jn  23-Jn  28-Jan



None-Structural Faults

Reinforced Concrete Corrosivity Monitor (RCCM)

PROBABILITY OF CORROSION FOR DIFFERENT Eorg VALUES"

Probability of Ecorr (Vs Cu/CuSOy) Eeazlvs SCE) E.orr MO,
corrosion
> 95 % <-350 mV <-276 mV <-430 mV
<5% >-200 mV >-126 mV > -280 mV
approx. 50% -200 to —350 mV -126 to 276 mV -280 to 430 mV

TYPICAL Ecorr VALUES OF THE DIFFERENT CORROSION STATES OF

STEEL IN CONCRETE
Corrosion state Range of possible Ecox /mV(SCE_) Converted to mV b
Passive state +200 to -200 40 to —360
Pitting corrosion -200 to -500 -360 to -510
General corrosion -450 to -600 -610 to —760
Corrosion with limited — 1160
OXygen access




None-Structural Faults

E T~
T : Decrease in anodic polarization/
=192 i ° passive film breakdown
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Steel Corrosion: Chloride Induced

TAactors \ifacting Gorrosion:

s Curing Period

4+ C3A content

4 Concrete cover thickness

2 Porosity and Pore size distiithwtion
*W/C ratio

»Pozzolan Addition

2Moisture Content

> Temperatwe



Steel Corrosion: Service Life

Thickness of Corrosion

/N

Service Life (Yrs)
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Free Chioride Content- per cent

o 70°C

-0
60}
40

20°C
20|
| | ] | 1 ] |
0 2 4 6 8 10 12 14

C3A Content in Cement - per cent

Factors Affe
C;A Content

Sring Garrosian:
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Crystallization of Salt

Repeated or continuing evaporation of salty water
from concretes in marine environments or from
concrete foundation resting on salt contaminated
soil cause salt deposits to build up in the concrete
pore system to the point where they cause concrete
cracking.

Remedy
Sealing the concrete, either to prevent ingress of moisture or
subsequent evaporation .
Concrete below ground may be surrounded by an impervious
clay fill to keep salts from coming in contact with the concrete
(reduce concrete permeability ).



Relative humidity in %

None-Structural Faults
Crystallization of Salt

— > damage Phase diagram of mirabilite
no damage
100 I 1 1 1 1 1 1 | | A
95 \\ -
J0- Mirabilite ]
(or solution supersaturated S
85 w.r.t. mirabilite) - ) S -
——————————— e
80F T 32,5°C IBERE
- 85% RH a |§
79 Mirabilite i
70 - t Thenardite 4
NﬂzSO4
60 1 1 1 1 1 1 ] 1 1 v
0 10 20 30 40 50

Temperature in "C



Start of
Crystallization

Efflorescence

Stages in the wetting of a porous system
water flow in 100%
salurated
medium

water flow in
unsaturated
medium

capillary flow
along pore
walls

capillary
condensation

Auprny ennjesy
uoneinjes jo esibec

vapour
transfer

adsorption




Crystallization of Salt
] T

i

weight/initial weight
S
O))

0.2 stage Il
0 . . . . .
0 5 10 15 20 25 30
Wetting /Drying Cycles

WETTING/DRYING CYCLES VS WEIGHT LOSS
OF CONCRETE



Alkali-Silica Reaction

None-Structural Faults

i ot A W S AP W S Wi
MEASURE SAFETY CAREFULLY
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/| Alkali-Silica Reaction

None-Structural Faults

/B
Alkali-Silica Reaction
Causes:

Reaction between alkalis, usually from cement
and certain siliceous aggregates

Reaction forms silica gel inside or round the
periphery of the aggregate

Silica gel absorbs water and swells

Swelling eventually bursts the concrete and
typical “map” cracks form




RTRVARAL

/ None-Structural Faults

| Alkali-Silica Reaction
> Alkali Content:

ASTM specifies the maximum alkalis content as 3
kg/m3or 0.6% of the cement composition.
Some concretes have alkalis in their aggregates.
Opinion is divided on the availability of these alkalis.
Cement replacements can contribute to alkalis

< B None-Structural Faults

Alkali-Silica Reaction
ASR

o The alkali - silica reaction occurs between the
alkalis in the cement paste and reactive
silica found in aggregates. The three
necessary ingredients of ASR expansion are
the following:

\

v Reactive forms of silica
v Sufficient alkali (usually from the cement)
v Sufficient moisture within the concrete

The expansion leading to deterioration can

be prevented if any one of these ingredients
is removed from the concrete.
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Alkali-Sili

ca Reaction

. Reactive Aggregate

» The reactivity of silica (silicon oxide)
in an aggregate depends on the type
and forms of silica that are present in
the aggregate.

» Completely crystalline silica is
chemically and mechanically stable;
although there are some exceptions.
Quartz is stable wunless it is
microcrystalline or highly strained.

7% |

Alkali-Silica Reaction

LY Completely amorphous silica is more porous and
very reactive. An aggregate that is poorly
crystalline, amorphous, glassy, and micro-
porous, and that has many lattice defects
presents a large surface area for reaction and is
susceptible to attack from alkali hydroxides.
Aggregates containing the following constituents
in thf- quantities listed are considered potentially
reactive:

Opal — more than 0.5% by mass

Chert or chalcedony — more than 3.0%
Tridymite or cristobalite — more than 1.0%
Optically strained or microcrystalline quartz —
more than 5.0%

Natural volcanic glasses — more than 3.0%
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\ Alkali-Silica Reaction

@
Crystalline Form of Silica
o © o - O -
1] ol L P [
108088810 80s 20
999-9090-0lo0-00 40 R
T TR
-9—0—9—0—6—0—6 @\@— oo
| | | | | | | |

'L‘ Alkali-Silica Reaction
\
~\ Idron and Roy (1986) explained the hydration of silica as being
catalyzed by the presence of hydroxide ions in the cement
| paste. The following reactions describe the formation process

of the alkali-silica gel:

| Si-O-Si+Na'+OH — Si— O~ Na*+H,0
| Si— O- Si+2NaOH— Si— O~ Na*+ Na® O — Si

HO Wi Off -
Tal
. ALl
. e
= Hix
K e N
oH. Ao
Gat s =
Nt : e T o &
Nea oL W = L5 i
SOLUTION ) & i . 1
3y P ] p . siD- ] 4
o6 42 o 090 o0 )
j\"/!,— e ol G
= a4
L :
z: f A10-0 .
OO o AGGREGATE St
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Alkali-Silica Reaction

\ Damage Mechanisms: Two Theories

Absorption Theory: Expansion depends on the volume
concentration, rate of growth and physical properties of the
complex alkali-cement gel. The more rapid the gel growth,the
more damage in the Portland cement concrete. A highgrowth
rate of the gel leads to stresses that build up, and when they
exceed the tension strength of Portland cement concrete,
cracking occurs.

Osmotic cell Pressure : Hansen (1944) suggested that the
cement paste acts as an impermeable membrane for the silicate
ions. The membrane, thus, allows water, hydroxyl ions, and alkali
metal ions to diffuse through it, but does not permit the diffusion
of silicate ions. Under these conditions, any reacting site would
exert an increasing pressure against the restrainingpaste.

\n
\

Vi |

Alkali-Silica Reaction

o

CEMENT K
PASTE H,0

HO Na+

K+

Na+ HO

CRACKING
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Alkali-Silica Reaction

Assessment of Damage

Expansion measurements
Compressive Strength of Concrete Cores
Non-destructive Testing

Full-scale loading

7% |

\‘\

Alkali-Silica Reaction

“Pessimum” Effect of ASR

Effect of % Reactive Aggregate

Pessimum

Expansion

\.\
e

10 20 30 40 50 60 70 80

% Reactive
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[ Forms of Sulfate Attack

CA + 26H +3CSH, —  C,AS3Hy,

TTlca'lcmm + Water + Gypsum — Calcium sulfoqlummcﬂ‘e
aluminate (Ettringite)




RTRVARAL

Forms of Sulfate Attack

In the presence of gypsum, C,A reacts
to form ettringite, which coats the C;A

grains and prevents rapid hydration a

nd
flash set. ol - Laa e

Forms of Sulfate Attack

,@‘

Expansion
& cracking

Not enough
space

\ Fate of sulfate and calcium aluminates in normal hydration
Initial Intermediate Final "Stable"
Compounds Hydrates Hydrates

ik Hydrati

= ydrarion - Depletion
C5H, CeAS;H;3, i

of gypsum
H

Expose concrete to

CaAésHaz

external sulfates




R TRVARL

For ms of Sulfate Attack

“blocking” ettringite
C;A3CaS0,.32H,0

2-3 h l

eltringite
in long needles

onee + remained
all gypsum <
has reacted

9-15h:

C,A.CaS0,.14H,0
hydrated
calcium monosulfoaluminate

N

[

Forms of Sulfate Attack

Sources of sullate?

Naturally occurring sulfates may be found in soils and groundwaters

anhydrite CaS0, thenardite Na,S0,
bassanite  CaSO,-%%H,0 mirabilite  Na,S0,-10H.O
gypsum  CaS0,2H,0 arcanite K,50,
kieserite ~ MgSO,-H,0 glauberite  Na,Ca(S0,),
epsomite  MgSO,-7H,0 langbeinite K, Mg,(80,);

Ammonium sulfate - (NH,),804 - found in agricultural soils and fertilizers

Various sulfates found in wastewaters, water-treatment and sewage-
treatment plants and other industrial processes

Organic waste can produce H2S which can be oxidized to bacteria to form
sulfuric acid — H,80,

Seawaler
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Forms of Sulfate Attack

Manifestation of sulfate attack

Cracking, expansion
Mass loss

Reduction in strength
Scaling of surface
Warping

7

Forms of Sulfate Attack

Sulphate Attack by Alkali Sulfates

CH + N,SH,, - CSH, + 2NH +8H

Calcium Sodium Sodium

Hydroxide Sulphate — Gypsum + Hydroxide +  Water

C,A(CS)H,, +2CSH, +16H - C,4(CS),H,,

Calcium

.+ Gysum + Water —  Ettringite
Monosulphoaluminate

2C,AH ( +3N,SH,, > CsA(CS ) Hy, +24H , + 6NH +5H

FreCalonn Sodium Aluminum Sodium
i + ‘ttringite + vy e o+ W
Alfll;ng:?lfge Sulphate — Ettringite Hydroxide = Hydroxide el
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Forms of Sulfate Attack

Sulphate Attack by Alkali Sulfates

Once the Ca(OH), has been consumed, the Ca®" ions required
may be provided by the decomposition of the C-S-H phase

This results in a gradual lowering of the Ca0/Si0, ratio of the
C-S-H and a gradual loss of its bonding properties

Calcium i Sodium
Silicate Sulphate

3Ca0 -28i0,+3N,SH,, —

3CSH, + 6NH +28i0, -aq +18H

Sodium Silica

Gypm: ¥ o povide Gel

+  Water

78

7

Forms of Sulfate Attack

C3A(C§)H12 —> C3A(CS_)3H32
312.7 - 714.9

130% volume increase

AR




RTRVARAL

| Forms of Sulfate Attack

Mechanisms of Expansion

* Increase in solid volume

» Expansion in a topochemical reaction Common
 Oriented crystal growth wisdom?
» Crystallization pressure

» Swelling phenomena

* Osmotic pressure

« Reversal of local desiccation

Forms of Sulfate Attack

Sulphate Attack by Magnesium Sulfate
Calcium Magnesium
Silicate Sulphate

3Ca0 -28i0, + MgSO , - TH ,0 —>

3(CaSO , - 2H,0)+3Mg (OH ), + 2Si0, -aq

Magnesium Silica

Oypsum g droide Gel

Low solubility of Mg(OH), — brucite — and low solubility of solution

in equilibrium with this phase result in rapid degradation of C-S-H

'Y
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None-Structural Faults

Forms o Sulfate Attack

Thaumasite Form of Sulfate Attack

30-year-old bridge column exposed Lo
wet Lower Lias clay in §.E. England

+COT +8SOF +15H,0 >
R P |
w? +3Ca0) -Si0,-CO, SO, - 15H,0

Clark et al. 1999

: | None-Structural Faults
| Forms of Sulfate Attack

Sulfates + Calcium Aluminates + Calcium Hydroxide

N— -
—

Ettringite
3Ca0- AL,0,-3CaSO, -32H,0

Sulfates + Calcium Silicates + Calcium Carbonate

N— __
——

Thaumasite

CaSiO, -CaCO, -CaSO, - 15H,0

'Y
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Forms of Sulfate Attack

Zones of Attack in Portland Cement Mortar
(modified from Gollop & Taylor, 1999)

Sulfate solution
Ng T Na Aol
S0 - Na * Na*
Gypsum formation & 8i0 , -aq _C-ST"' 1,
decalcification of C-S-H c,A(cS ) H,,
€SH,
Gypsum formation & reduced Ca(OH), C,A ((”S_), H.,
Ettringite formation c,4 (C.S_)J Hey
Unreacted Zone ;4 (C§]H12

Portland Cement Mortar

V¢
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Fire Attack

~— There are two principal effects of fires on
structural concrete:

Lossin strength of matrix by
degradation of hydrate structure. This
occurs at various stages from 300°C
upwards but the main losses are seen at
500°C plus.

Fire Attack

Spalling and ‘shelling’ of the outermost
concrete. This can occur with most concretes
but the extent and rate is influenced by
aggregate type, moisture content, concrete
quality, fire severity and imposed stress
condition.

The complexity of the interactions under fire
makes precise prediction of behavior of
concrete in structures extremely difficulit.




RTRVARAL

\

. Strength lossin the cement matrix

o |

S

Fire Attack

100 (=

=]
(=]

(=]
(=]

.
[=]

Strength raterton (%)

o L 1
400

BOO
Tempearatura {°C)

Fire Attack: Physical and

. Chemical Changes 5: géf_lratlon
s I
Loss of Loss of Dehydration | Dehydration
Free bound of CH and of CH and Friable &
Water Water from | Combination | Combination Loose
C-S-H and | with water with water Concrete
'CH 800-900°C
| | | |
100°C 150°C 300°C 400°C 500°C 600°C
10% Loss  Further Further Lossin 70-80%
in Strength | Lossin Loss in Strength Loss in
o | Strength | Strength (50%-75%) Strength
by Vapor
Pressure Swelling —
of Water | leading to Upper Limit
cracking for Useful
Strength
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\ Fire Attack: Spalling

Spalling of concrete in fires is the breaking-off of layers of the concrete surface in
response o the applied heat. Spalling can be either localized or widespread depending
upon the fire and/or concrete condition, particularly moisture content, and the susceptibility
to break-up of heat-unstable aggregate particles. On prolonged heating areas of concrete
cover can also just fall away, a process that is sometimes called “sloughing’. The processes
causing sloughing are not generally reported, although it is noted that it occurs from
corners of beams and slabs and seems to spread along a plane of weakness parallel to the
outer surface. Because ‘sloughing’ occurs late in a fire exposure it is considered by some
as being of less concern than explosive spalling that occurs earlier upon exposure to fire.
Understanding explosive spalling is important because of the potential for loss in section
of the concrete element, the depth of fire affected concrete and the reduced protection to

embedded steel.

Spalling is a frequently observed phenomenon in fire; more prominently on soffits of
slabs and on beams because of the greater exposure to heat and possibly heat ‘entrapment’.
It is not certain that this frequent observalion is fully anticipated by design codes and this
is discussed in more detail below, in the section on design codes.

s None-Structural Faults

There are mixed views and experiences expressed in the literature on the influence of
reinforcement bars and concrete cover depth on spalling. These are briefly discussed later
in the section on design codes. In general the presence of normal structural bars does not
seem to influence spalling of concrete until after the cover has spalled off, although the
greater the depth of cover (it is believed). the greater the risk of spalling. There is some
evidence that using a smaller non-structural mesh in the cover zone reduces the ability of

spalled concrete to fall away.
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None-Structural Faults

Fire Attack: Fire Source

\ 1400 4

1200

nn
L

o 800+
= I
5 00| I
I=Ir — Hydrocarbon (RWS standard)
400 1f —-—— Hydrocarbon
-————— Cellulosic BS 47§
200 e Cellulosic IS0 834

T T T T T T T T 1
0 10 20 30 40 &0 B0 VO BO 80 100 110 120
Tima (min})

Comparison of typical ‘cellulosic” and "hydrocarbon’ timeftemperature curves.

None-Structural Faults

Fire Attack
S

Many factors have an influence on the performance of concrete in hydrocarbon fire but
those with a primary influence are:

* the rate of temperature rise in the concrete
* the moisture conlent of the concrete
s the permeability of the concrete
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1\ Fire Attack: Evaluation of Fire
& Damage

The three principal concerns in evaluating the effect of the fire on a concrete structure
are:

* depth of damage (spalling) or loss in strength of the concrete matrix
# |oss in strength of steel reinforcement or embedded structural steel elements
# damage or distress to the structure from movement, settlement or imposed loads

—

Vi

Fire Attack: Concrete Status

0-290°C None Unaffected Unaffected
290-590°C  Pink tored Surface crazing- 300°C Sound but
Deep cracking-550°C Popouts strength

over Chertand Quatz  significantly

aggregate-575°C reduced

590-950°C Whitish  Spalling, exposing not more than Weak &
Grey  25% of reinforcing steel-800°C Friable

Powdered, light colored,
dehydrated paste-575°C
950+°C Buff Extensive spalling Weak &
Friable
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Fire Attack: Concrete Status

Concrare Calor

e »

Black
Through
Ciny

e Bl

Pink

L Heedd

Mormal

Tamparatura

L 950 7 40 F

800 C 1,100 F

300 C. 550 F

reintarcing bar surface

T00F 40 C Mane

L pepepe e e

rhar Passibla Physical Tffacts

1,450 800 C Spalling, sxposing not mars than 2

1,650 F, 900 C Powdered, light colored, debydrated paste

parcent of

1,070T, 575 C Puipoitaoverchertor dusrt sagageie particlis
1,000 F 550 € Dewpcraeking
S50 F 300 C

/’
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TABLE Il Metheds for Details Apprﬁisals of Condition of Fire-Damaged Concrete

Condition of Property Methods Notes
Actual temperature Examination of building contents See Tables
reached in building 1and?2
Actual temperature Visual examination of concrete, Petrographic.

reached in concrete DTA, and metallurgical studies of steel. See Fig. 1

Compressive strength

Tests on cores. |rr'|pact hammer studies.

Penetration resistance. Soniscope studies.
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Soundness at highly
stressed areas (upper
side at center of
beam; beam supports;
anchorages for
rainforcement near

support; frame corners)

Hammer and chisel. Visual examination.

Soniscope studies.

Modulus of elasticity

Tests on cores. Soniscope studies.

Dehydratiorl of

concrete

DTA. Petrographic analysis.

Chemical analysis.

Surface hardness

Do rry hardness or other tests

Abrasion resistance

Los Angeies abrasion test on concrete chips”

Depth of damage

Visual examination for spalling, cracking.
Color wvariation in cores., Chipping_

Petrographic analysis.

Detormation of beams,

Visual examination. Straightedge and scale.

Diat gages or theodolite if needed.

Gross ex pansion

Visual examination.

Checking of dimensions and levels.

Differantial thermal

movements

Visual check of cores for loss of bond to steal.

Color change in concrete next to steeal.

STEEL CONDITION
Reinforcing steal,
structural steel or

prestressing steel

Ph_\,fsic:al tasts, Metallurgica! studies.
Dimeansicnal changes, displacement

and distortion.

Load carrying capacity

Load tests on structure

* Of uncertain valua for this purposea.
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Poor bond to steel

Decomposed components in paste. Internally
shattered components in aggregate,
Fractures approximately parallel to surface
from thermal shock.

Fractures
perpendicular to
the surface

from differential
drying

Fine pattern cracking in mortar
from severe drying

Concrete at this level unaffected, except for
cracking from differential drying-
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STRUCTURAL FAULTS:
SOURCES AND TYPES



/ Structural Faults:

Sources
\

\ Over-Loading Excessive Deflection

Soil Problem Design Faults Construction Faults

Improper Foundation Loads
Design Estimation Honey-Combing
Over-Estimation: Concrete Insufficient
Bearing Capacity Dimensions Concrete Cover
: Desi Insufficient Compaction
Expansive esign Segregated Concrete
Soil & Safety Factors
Base Quantities Less than Required
Depth Details

Soil
Movement
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/ Structural
. Faults: Sources

\ Causes & Consequences
: ; Over-Loading Excessive Deflection
Cracking and Reduced

Structural Capacity
Construction Faults

Materials Faults

asign Faults

Differential Reduction In Reduction
Settlement Structural In Structural
Capacity Capacity

Cracking-Bursting
of Columns

» Cracking of Girders ‘

Cracking of

Failure of Foundation Slabs )




Common Design Faults

Underestimation of loads on columns {Using
Areas Methods Instead of Using Reactions}.

Insufficient Development Length of
Reinforcement in Concrete.

Termination of Steel in Zones of High Tension.

Constructing Stiffening Beams in Slabs
{Increasing Deflecting}.



Common Design Faults

Termination of Negative Steel in Zones of High
Tension.

Adjustments on Design with Consulting with
Engineers.

Reduce Concrete Cross Sections.

Reduce quantities of Steel by Number or Size.
Over-loading.

Lack of adequate number of expansion joints.
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DTHER SASUSS OF FULTS:
FOUREES AV TES




Other Causes of Materials &
Structural Faults

Fire Related Incidents SEEIE El2
Cavitations >

Wearing and loss of

strength

> .
materials
Cracked or > - rosmg 01; Erosion of
Spalled concrete ol Wing walls &

Underneath | | -1 iiized
Foundations

Surfaces

ielded & Damaged steel -




Shock Waves

: Milita
Cracking & Spalling
of Concrete






Common Construction Faults

m Use of improper Concrete Ingredients.

m Structural Members are Not Proportioned
According to Engineering Plans.

Insufficient Compaction of Members.

Use of Improper Cement in Casting Concrete.
Use of Contaminated Water.

Use Low quality Reinforcing Steel.

Improper Distribution of Reinforcing Steel.
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Classification of Intrinsic Cracks

Type of Letter (See  Subdivision Most Primary Secondary Remedy Time of
cracking Figure 6.13 common cause causes/ (assuming appearance
location (excluding factors basic redesign
restraint) 1s impossible)
In all cases
reduce restraint
Plastic A Over Deep Excess Rapid early Reduce bleeding 10 minutes to 3 hours
settlement Reinforcement sections bleeding drying conditions  (air entrainment)
or re-vibrate
B Arching Top of columns
C Change of Trough and
depth waffle slabs
Plastic D Diagonal Roads and Rapid early Low rate of Improve early 30 minutes to 6 hours
shrinkage slabs drying bleeding curing
Random Reinforced
concrete slabs
F Over- Reinforced Ditto plus steel
reinforcement concrete slabs near surface
Early thermal G External Thick walls Excess heat Rapid cooling Reduce heat and/or One day to two
contraction restraint generation insulate or three weeks
H Internal restraint  Thick slabs Excess temperature
gradienis
Long-term I Thin slabs Inefficient joints Excess shrinkage,  Reduce water content, Several weeks
drying shrinkage (and walls) inefficient curing improve curing or months
Crazing J Against Fair-faced Impermeable Rich mixes, Improve curing One to seven days,
formwork concrete formwork poor curing and finishing sometimes much later
K Floated concrete  Slabs Over-trowelling
Corrosion of L Natural Columns and Lack of cover Poor-quality Eliminate causes More than two years
reinforcement beams concrete listed
M Calcium chloride Pre-cast concrete Excess calcium
chloride
Alkali-silica N (Damp locations)  Reactive aggregate plus high-alkali Eliminate causes More than 5 years

reaction

cement

listed




Classification of Intiinsic Ciaclls

e, g

- Plastic

Ving f\e"
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Cracks Types : Causative Factor

Cracks Types :

— Shrinkable aggregates
_ Physical Drying shrinkage

Crazing

— Corrosion of reinforcement
After

— hardening Chemical

-— Alkail-aggregate reactions

. Cement carbonation
— Freeze/thaw cycles

— Thermal ‘ External seasonal temperature variations
| _[ External restraint

Early thermal contraction

Types of - |

_ Internal temperature
cracks : Accidental overload

gradients

— Structural Creep

t— Design loads
Early frost damage

Before Plastic Plastic shrinkage
~ hardening |

Plastic settlement

Constructional [ Formwork movement
~  movement |

—— Sub-grade movement




Materials and

Structural Cracks

Problematic Cracks

Aesthetically Unacceptable

Non-Water Tight of The Structure

Affect The Structure's Durability

Structural Significance




e off Craacik

Dormant Crack: Active Growing
Constant Widitin Crack Crack
Causes Width changes with Causes

Temperature change

Event in past Width changes with Foundation

loads Settlement

Shrinkage Reinforg:ed

‘ \ ‘ Corrosion \



Sources & Characterization of Cracks

1 Crack width is under 0.2 mm.
Cracks are small, mainly
surface cracks.

2 Crack width is 0.2 to 0.4 mm.
Cracks are small structural
cracks, generally due to
shrinkage.

3 Crack width is 0.3 to .0 mm.

Structural cracks are generally

due to deflection, exceeding of
the shear capacity, or creep.

4 Crack depth is over 1.0 mm.

Structural cracks are due to

uneven settlement or a large
deformation.




SURVEY &
ASSESSMENT METHODS
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Engineering Judgment is very fundamental in
directing the evaluation process of a deteriorated
buildings. Therefore the following fundamental
information must be well known:

History of the concrete structure: time constructed,
materials used and their properties, repair performed,
general problems.

»>History of construction practices.

»History of the surrounding region:
earthquakes, floods, aggregate quality in the
region.

»>Type of loads.

»Topography of the region.
»Climate and use of deicing agents.
»Accidents



Walk over survey of whole structure |

Y : , Decide on high risk
Undertake Research zones from structural
dimensional existing

survey | records

Initial general phase

v
Determine Examine those areas in
structural detail. Take samples.

form and action Undertake in situ tests

l

h 4
Laboratory testing

Choose critical
locations

Detailed phase

h 4
investigation Asses; presint
to determine Load test condition ©
reinforcement structure and

content and | future performance
concrete strength

Assess
structural
capacity

Capacity of structure Condition of structure




Visual Inspection Form for A concrete Building

Building Name: Location: Date Built: Occupancy: Owner:

Occupancy:

[ Residential [ Parking [ Public Services [ Industrial

J Commercial I School I Church [ Agricultural

[ Offices [ Hotel [I Storage Other.......

Type of Structure: Soft Story C Yes C No

[l Reinforced Concrete I Masonry bearing wall with I Mixed RC and Masonry Stories Below Ground T Yes T No
floor of RC, steel, or wood. vertical members. The building is in use T Yes T No

Sketch of the building Plan with distances.

Condition

Slab: S1 S2 S3 S4

wn
(6]

Beams: B1 B2 B3 B4 B5

Column: C1 C2 C3

(@]
~
(@]
8]

Wall: W1 W2 W3 W4 W5

1. Surface General

Good

Satisfactory

Poor

I
I |
I i
I |

I

e |
I |
I i

1
o

[
I |

I |

[ -

I

[
1 A
[
[
e |

El

2. Cracks: Frequency

Vertical

Horizontal

Random

(I -
[ |
[ |
[ |
[ |

[ 1
[ |
[ |

(i

{ S i [

[ |
[ |

I

i |

[ |

(i 51
[ |
[
[ |
(e

Size:

Fine (<1mm)
Medium (1-2 mm)
Wide (>2mm)

]

I o By |
oy |
0 |
i i |
[

[

[ A |
i |
) o

[}
Iy |

[ |

I B |

1 i
i O i

e

o |

[}
[ |
[ I
I A
)

El =

3. Scaling

Light (<5mm)
Medium (5-

10mm)

Severe (>10mm)
Extensive

Localized

[

I I o A
I I o I
I o
I I o I |

i i

I I I
I |
I A o
I o o I
I o I

I o I
([
Y I A

[

e e R e e

I o I

i 1
Y e O v |
I I B A
I o A

S o




4. Spalling
Small OO0 OO OO0 oo O Qoo O OO0 0O OO
Large O00 00 O 00O OO0 O oo oad OO O 0O 0O
Many 000 OO0 O 00 00 o O m oo O 0O O O O
Few OO0 0 OO0 O OO0 O34d O oo oao O oo oo
5. Previous Repair
Present 000 O 000 00 O00 O OO0 00
None OO0 OO0 OO0 OO OO0 O OO0 O0
Good OO0 OO O O [ O00 O OO0 OO0
Satisfactory OO0 OO0 o0 O o000 OO0 OO0
Poor a0 8 OO O OO0 O OO0 OO
6. Signs of:
Settlement B O B & OO0 OO O oo OO0 O O O
Expansion OO0 OO O OO O O O 100 O O
Deflection OO0 Oao O O O O oo OO0 0O O O
(Buckling)
Note Locations:

7. Building Usability
Classification

I Usable- Occupancy
Permitted.

"I Temporarily Unusable: Not to be used on continuous basis

until a second evaluation.

_ Unusable (Dangerous)

General Comments and Recommendations for NDT and other tests.

Date of Inspection:

Signature of Inspection Team Leader:
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.-”\Field & Laboratory Evaluation Methods



Useful Tools

HIUV Lamp

Gauges

Tamping Hammer |

Camera & Telescopic Lenses

Good
Quality Binoculars

Measuring Tape

Crack Width meter Steel Roller
1 >
Pocket magnifier Borehole TV
7 Camera




&
U None-Destructive Techniques |
L

\\'\Cuﬁaee Hardness Tests (Schmidt Hammer
— klmpact Hammer”). ,

~ Penetration Resistance (Windsor Probe Test))- >
~ Pull-off Test. »
~ Ultrasonic Plus Velocity Measurements. »

~ Resonant Frequency Method{suitableforr
Freezing and Thawing) »

> Impact -Echo Method. >
> Acoustic Emission..




<1
[

\ ___ 9- Corrosion activity test. >
>~ Radar. *>
N Covermeter (measures concrete
cover to reinforcing steel). »
Relative Humidity in Concrete »

13- Delaminating Detection. Tools:

-Tapping Hammer.
Electromechanical Devices.
Infrared Themography .

Chain Drag Techniques



Assessment
Methods









e

Historic index is a measure of the changes in Signal Strength throughout the test, defined by

Z SOI

H(t): i= K+
i Z Soi

where H(?) 1s the historic index at time ¢, N 1s the number of hits up to and including time ¢, So; 15

the signal strength of the i-th event, and K is an empirically derived factor that varies with the
number of hits. For N <50, K =0: for 50 <N <200, K =N —30: for 201<N <500, K = 0.85N:

and for 501 <N <2000, K =N - 35 [8]| The second parameter used for this analysis 1s known as

severity (S,) and 1s defined as the average signal strength for the 50 events having the largest

numerical value of signal strength and 1s defined by the following equation:

1150

S, = S
] 50 Oi

where S, 1s severity and Sp; 1s the signal strength of the i-th event as above.
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:Qtrength test, Density, Absorption , Void

ratio and Permeability determination. »
\“I;etrography's and Image analysis. >

Air voids system.

Chloride content determination. »

Condition of rebar.

Ultrasonic plus velocity determination. »

Determination of cement and aggregate
contents and aggregate size distribution.

Chemical analysis of cement paste.



aatnq Coras For Camaressive Strength:
/,\'\- -\/.l L,A:Z

Example:The data obtained from a compressive strength
test of three concrete 100 mm-diameter cores are listed in
the Table below. If the specified cylinder strength is 25
MPa, would the concrete pass or fail the test?!.

Tayi= 215 NIPa (3% of Snacifiad
S’trenq’:h) A53%, Vst ogaf car2 M is T1% X T3% ~f
S 1

sirangih. mmmmsmm

Core Load Ccore L(mm) L/D CF '

I 200 kN 25.6 MPa 150 1.5 0.96 24.6 MPa
Il 180 kN 23.0 MPa 175 1.75 0.96 22.5 MPa
] 155 kN 19.8 MPa 113 113 0.96 17.8 MPa
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| W Fulkscale Loading: AC1 318 |

\I'.oadmg Structures that failed to attain the
- required concrete core strength.

Loading Structures that had been repaired
for lack of bearing capacity of its major
components.

What should you measure under load effect?
v Deflection
v Induced strain
v Monitor crack formation and widening (if any)

v Regained deflection
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\GeneraI-Test Conditions:

m Slabs and beams of age (56 days and less).

m Loading in Field is carried out by a party of
recognized expertise.

m The structure should be loaded by design
superimposed dead loads (excluding own weight
of slabs & beams) before 48 hours of of loading
test.



\
\

Loading Procedure:

Slabs and beams are loaded with 0.85(1.4 DL+1.7LL) minus
the dead load that is already applied.

LVDTs of dial gauges are placed under the slabs and beams
at critical locations to measure deflection. These are
maintained at their specified positions through a special
frame work.

Before loading, the LVDTs or dial gages are set to zero
readings, then the load calculated is applied equally at four
stages. The loads are left above the slabs and beams for 24
hours, before deflection readings are taken.

The loads calculated are removed, and deflection readings
are taken after 24 hours. The difference between these
readings and those before lifting the loads represents Self-
Recovery.



~ EESSSSReeIE

\

\Specification Requirements:

The slabs and beams fail the test if extensive cracking or

failure signs appeared during loading or if it do not achieve
the following requirements:

A. Deflections measured < 50L2/h, where L is the span of
loading expressed as the center-center distance between
supports or the loading span+ the depth of the slab or
beam. In case of cantilevers, the span is the double distance
between the support and the free end.

B-If the deflection in A is violated, Self-Recovery should not
be less than 75% of ultimate deflection.
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\

xample: The core testing, obtained from the second floor- Prince Rashed
Hospital, failed the Jordanian Specifications regarding core
strength, although equivalent strength remained above 15 MPa.
Therefore, the contractor and the supervising team had agreed on
carrying out a loading test for the floor.

Loads Calculations:

Superimposed Dead Load: Tiles » 0.03 x 2000 = 60 kg/m?
Mortar » 0.02 x 2000 = 40 kg/m?
Sand » 0.10 x 1800 = 180kg/m?

Total » = 280 kg/m?
Dead Load of Ribs & Slabs: Rib» 0.24 x 0.15 x 2500 = 90 kg/m?
0.07 x 0.55 x 2500 = 96 kg/m?
Slab» 15x 5 = 75 kg/m?
Total » = 475kg/m?

Live Load: 400 kg/m?



The superimposed loads (280 kg/m2) are placed before
48 hours. These were achieved using 25 (100 voided
Bricks) on 1 m? {mass of each brick = 11.5 kg).

After 48 hours, six dial gages were placed at certain
points under the roof and were set at a reference
reading.

The the following load is placed directly at four stages:
= 0.85{1.4(475+280)+1.6(204)} - (475+280) = 421 kg/m?

This load was achieved by placing 28 100-mm Bricks + 2
(50-kg Bags) » 28 x 11.5 + 2 x 50 = 422 kg/m?2.

After 24 hours, dial gages reading were taken. Results
are summarized in the following Table.



79

Example:
Dial Gage # Deflection, mm Allowable
Deflection, mm
d 3.115 5.47
2 3.35 4.27
3 1.95 5.37
) 1.01 6.29
5 2.55 4.38
B 0.58 5.42

Conclusion: The floor showed no cracking, and deflection
are below allowable values. Therefore, the floor passes the
load test.
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Concrete Chemical & Physical Properties: Guide

e

Evaluation
Procedure

Chemical
Properties

And

Physical

Compressive strength

Air content
Alkali-Carbonate
Reaction
Alkali-Silica
Reaction
Cement content
Chemical
Composition
Chloride content
Contaminated
Aggregate
Contaminated
Mixing water
Corrosion
environment

Acidity
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Survey & Assessment Methods

Concrete Chemical & Physical Properties: Guide

Evaluation
Procedure
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Chemical
Properties

And
Physical

Creep

Density

Elongation

Frozen components

Modulus of elasticity
Modulus of rupture

Moisture Content
Permeability

Pullout strength

Quality of aggregate

Resistance to

Freezing and

Thawing

Soundness
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Concrete Chemical & Physical Properties: Guide

Evaluation
Procedure

Chemical
Properties

And

Physical

Sulfate resistance
Tensile strength

Splitting tensile

strength

Water cement ratio

Unifornuity
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Concrete Physical Condition

Evaluation
Procedure

\

2
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condition

Physical

Bleeding channels

Chemical Deterioration
Corrosion of steel

Cracking

=

Cross-sect. Properties and

thickness

Delamination

Discoloration

Disintegration

Distortion
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Evaluation
Procedure

condition

Physical

Efflorescence

Erosion

o

Freeze-Thaw damage

Honeycomb
Popouts

Scaling

Spalling

Stratification

Structural performance

Uniformity of concrete
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Adhesion of

epoxy coating

Anchorage
Bend test

Breaking strength

Carbon content

Chemical

composition

Coating Properties

Concrete cover

Continuity of

epoxy coating
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Reinforcing Steel Properties: Guide

Acoustic impact(table 1.3)

Chemical analysis(ASTM AS571)
Coating tests(ASTM A775,G12,14,20
Cover meters pachometer(table 1.3)
Electrical potential measurements(table
1.3)

Gamma radiography(table 1.3)
Physical measurements

Radar(table 1.3)

Tension tests(table 1.3)

Ultrasonic pulse echo(table 1.3)
Visual inspection

—r -y o

Corrosion

Cross sectional
properties and
thickness

Deformations

Elongation o

Exposure

Rebar location () @ )

Reduction of area [ )

Shape

Strength of
connections

Tensile strength o

Thickness of o
epoxy coating

Weld shear ®
strength

Yield strength o
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Stress-strain Diagram
Hardness Test
Corrosion Extent
Geometric Properties
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Method: ASTM A 370

Objective: Determine properties of Wrought &
Cast steel products used in Structures. These
include:

m TENSION TEST.
m BEND TEST.
m HARDNESS TEST.
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Objective: Determine properties of CHARACTERISINC
OF STRESS-STRAIN DIAGRAM FOR Steel
Specimens:
: i - A : a| | E - |
Round B I ey o acmrepest IS NN R N
Specimen Ef 6 ) Zj O {}
. | fged?g:ed 5, _ |
Flat or . N e Do B
curved ° —-—$A—r- | 1]
SPeCimen N Ggge' - ZF?Odlﬁm.Min
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[ Vi aboratory Testing o Seel
TENSION TEST

Procedure:

=The specimens are
subjected to axial an
increasing tensile force
along with length and
diameter changes
measurements are acquired.

. Rupture

l
I
|
|
I

S SV

*The stress and strains are A n— T
,I\wldl Strain-hardening Necking
computed as: . | .
b 0.02 :
T. S 0.0012
C = A’ and ¢ = L (@) Low-carbon steel




TENSION TEST

Characteristics of Stress-Strain Diagram

*Yield Point (Offset Method)
«Ultimate Strength

\
A\
A
i
J
J
N Mescsof

Facture Strength

«Strain At Failure

«Modulus of Elasticity {E}

«Area Under Stress-Strain Diagram

» Toughness of Steel
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TENSION:
YIELD POINT

Offset:Method:
— S

’

R

n
e
Ps ,’/
o 4
4
/
/
4
Slope
’I .
;= E Stroin
ol =

om=Specified Offset

Assessment Methods

Extension
Method:

Load Producing A
specified Extension:

n
»
.
\

)
o

'
'
I
'
'
'
|
}

" Stress

Strain

]
'
'
'
'
'
t
1
\
\
t
i
'
!
)
i

e e i e o —— e ——— - —

om=Specified Extension Under Lood
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“~_BEND TEST
Objective: Evaluate QUALITATIVELY the Ductility of Steel

Procedure: The chemical composition, tensile properties,
hardness type, and quality of steel specified, in addition
to the bar size and the inside diameter to which the
specimens is bend determine the severity of the bend.
Pre-heat or aging treatment of steel is usually done in
order to perform bending in field without major cracking
on the outside of the bent portion.

Standard Specifications:

m For wires of sizes <7 mm, bend around a pin of diameter
equal to that of the wire.

m For wires of sizes > 7 mm, bend around a pin of double
the diameter of that of the wire.
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"\HARDNESS TEST

~ Objective: Determine resistance to penetration & 1s
occasionally employed to obtain A quick
approximation of tensile strength

Specimens: Flat Surface Steel

Procedure: The hardness 1s evaluated by different scales; the
most known of which are: Rockwell & Brinell.

Rockwell: The hardness value is obtained by using a direct-
reading testing machine which measures hardness by
determining the depth of penetration of a diamond point or
a steel ball into the specimen under certain arbitrary fixed
conditions. A minor load is applied first, then a major load
is applied. The difference in dial gage reading indicates the
hardness. The number 1s proportional to hardness.
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\ Brinell:The hardness value is obtained by e
measuring the indentation resulting from
pressing standard steel ball against a steel flat
specimens. The smaller the indentation the
harder is the steel.




a Assessment Methods

| ViLaboratory Testing of Steel

CHARDNESS TEST

Steel Ball (1/16”)

P Load 10-100

Diamond-Brale
Load 10-100 kgf

Steel Ball (Diameter =10mm)
Load 1500 or 3000 kgf

HB =P/[(zD/2)(D — Vp. —d’)]

D: Ball Diameter (mm)

d: Indentation diameter (mm)




Assessment Methods

QIARDN ESS TEST

Rockwell C Brinelt
Scale, .150-kgf Vickers : Hardness. Approxumate
l.oad, Piamond Hardness Number 3000-kgf Load, Tensile
Penetrator 10-mm Ball  Strength,
- o | ksi (MPa)
68 - 940
67 ‘ - 900
66 865
65 | 832 739
64 800 . 722
63 772 708
62 | 746 688
61 .. 720 670
- 60 697 654
- 59 | 674 ' 634 - 3561 (2420)
- 58 : | 653 | 615 338 {2330)
57 633 595 325 (2240)
56 . 613 577 313 (2160)
55 - 595 560 301 (2070)
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TENSION TEST

Chemical Standard Specification - ASTM A 36
(Riveted, Bolted or Welded Constructions

Element Shapes Plates Bars
Carbon, max, % 0.25 0.25-0.25 0.26-0.26
Manganese, % = ............ 0.80-1.2 0.60-0.90
Phosphorus, max, % 0.04 0.04 0.04
Sulfur, max, % 0.04 0.04 0.04
Silicon, % 0.15-0.40 ... ..........

Copper, min, % 0.20 0.20 0.20



Property
Tensile Strength (MPa)

Elongation

Shapes

400-550
Yield Stress (MPa) 250

20-21%

Plates Bars
400-550 400-550
250 250
20-23%  20-23%

Property Wires <
y 16 mm

Tensile Strength, min, MPa 550
Yield Stress, min, MPa 485
20-23%

Reduction of Area, Min, %

Walidaidl

Fabric 1: Size <3 mm
4851-5152 2: Size >3 mm

385-450
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TENSION TEST: standard Specifications
\

Property Grade 460 Grade 66
Fensile Strength, min, MPa 483 621
Yield Stress, min, MPa 276 415
Elongation, min, % 11-9* 9-7*

l (Sizes Up to (=32 mm)



D (mm)

4.88
4.98
6.35
7.01

Tensile Strength,

min, MPa

Type BA Type WA Type BA

NA
1655
1655
1655

1725
1725
1655
1620

Yield Stress, min,

Extension at 1%, MPa

NA
1407
1407
1377

Type WA

1465
1465
1407
1377

Initial
Stress
(MPa)

200
200
200
200



