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What would be the conditions of work and demands for design and construction of the
concrete at each area identified above? Same, or not? Why?
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SPECIFICATIONS’ CHALLENGES

“The contractor shall submit the combination of
materials that will produce concrete to meet the
requirements of the structure with respect to
workability, dimensional stability and freedom from
cracking, low temperature rise, adequate strength,
durability and low permeability to the...”

Clear Goals, Undefined Requirements

Minimum Volume of Coarse Aggregate: The minimum requirements detailed
herein apply to all methods of placement, including pump mixes. All mixes shall
contain a minimum of 39% coarse aggregate by volume...

Hidden Goals, Defined Requirements 1) ...,

2) ...,

3) Bridge decks; bridge deck concrete mixes shall contain a minimum
of 41% coarse aggregate and total minimum aggregate volume of

67%,
. ﬂglb/: . ‘TH cnﬂ U.S. Depariment of .Tronsponaﬁon 'ﬂ ﬁ \\;\‘*5..._.46;"‘;/

INTERNATIONAL Administration
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WHAT ABOUT CONCRETE S.M.A.R.T REQUIREMENTS?

S M A R T

Specific Measurable  Achievable Relevant  Time-Bound

 Clear expectations
 Defined requirements
 Consistent with design goals
- Aligned with construction
» Qualify performance

» Ensure quality is met

- Be Safe

Can Requirements be S.M.A.R.T?
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FUNDAMENTALS OF CONCRETE

STRENGTH DURABILITY WORKABILITY ECONOMICS
« w/cm ratio * Freeze/Thaw » Slump Retention * Mix Costs
« Materials « Sulfate Resistance » Placing « Consistency
* Quality « Permeability « Consolidation « Rework

« Service Life  Finishing

Meet design criteria and construction demands!
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ACl 301-20 MIX DESIGN PROPORTIONS

4.1—General

4.1.1 Scope—This Section covers requirements for mate-
rials, proportioning, production, and delivery of concrete.

4.1.2 Submittals

4.1.2.1 Mixture proportions—Concrete mixture propor-
tions and characteristics.

4.1.2.1(a) Indicate proposed ranges of mixture propor-
tions and changes in concrete materials to adjust concrete
mixtures to accommodate changes in project conditions and
comply with Contract Documents.
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. FHWA NHI Course No. 132014
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SLUMP RETENTION

ACI 2023 Fall Convention

Slump, inches

Ideal Range
for Placement Inadequate
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-

Desirable (Obtained
with admixtures)

Time, Hours After Batching




ACl 301-20 SLUMP

4.2.2.1 Slump—Unless otherwise specified, select a
target slump at the point of delivery for concrete mixtures
used for Work. Selected target slump shall not exceed 9 in.
Concrete shall not show visible signs of segregation. The
target slump indicated on the submittal shall be used as the
basis for acceptance during the project. Determine the slump
by ASTM C143/C143M. Slump tolerances shall be in accor-
dance with ACI 117.
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CSA A23.1-19, CLAUSE 4.3.2.3 - SLUMP OR SLUMP FLOW

4.3.2.3 Slump or slump flow

4.3.2.3.1 General

Slump or slump flow shall be consistent with the placement and consolidation methods, equipment,

and site conditions. Slump requirements shall be identified and reviewed by the contractor and

concrete supplier prior to construction. When the slump is specified, the acceptance of the concrete in

the field shall be subject to the tolerances specified in Clause 4.3.2.3.2.

Notes:

1} Flowing concretes, such as self-consolidating concrete mixtures, require slump flow methods of measurement
for testing consistency. For more information, see Clause 8.6.3.1.

2)  Alternative devices and methods to measure workability are available. For more information on this subject,
see ASTM C1362.

3)  For general guidance in mix proportioning, see ACl 211.1 and ACI 302.1R.

4)  For guidance on selecting appropriate slumps, see ACl 211.1 and ACI 302.1R; ASTM STP 169D; Neville {1995);
and CAC EB101.
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NMX C155-14 — SLUMP

5.2.2. S@

The maxim@er content should be limited in a way that the maximum nominal slump does not exceed 10 cm. If it
is required toiacrease the slump, this increase should be obtained through the use of the additives mentioned in section
2.1.4. a%ﬂandanﬂ,

In case the slump is lower than the specified limit, the concrete can be accepted if there are no difficulties for its
placement, under the responsibility of the user.
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MASS CONCRETE

« Traditional mass concrete: Use for
structures such as dams, typically
lightly reinforced, where the majority
of the structure is mostly mass
concrete and is constructed of
sequential placements.

 Thermally-controlled concrete: Use
for structures such as high-rise
building foundations or bridges,
typically heavily reinforced, where the
majority of the structures are
individual placements
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ACIl 301-20 DEFINING MASS CONCRETE

Mass concrete

8.1.1 Designate portions of Work to be constructed as mass concrete. Concrete placements where maximum temperatures
and temperature differences must be controlled due to factors including the content and type of cementitious materials,
environment surrounding placement, and minimum dimension of placement should be designated as mass concrete.
Evaluate the requirements for each portion of project. In general, a placement of concrete with a minimum dimen-
sion equal to or greater than 4 ft should be considered mass concrete. Similar considerations should be given to other
concrete placements that do not meet this minimum dimension but generate high heat at early ages such as concretes
that contain Type III cement, accelerating admixtures, or have high cementitious materials contents. Consideration
should also be given to placements that trap heat such as where heat in soil does not allow placement to cool or in
stacked placements with too little time provided for adequate heat dissipation. Refer to ACI 207.1R for further guid-
ance on mass concrete construction, and Gajda et al. (2018) for information regarding mass concrete behavior based on
member thickness and concrete mixture proportions.
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CSA A23.1-19, CLAUSE 7.6.3 —= MASS CONCRETE

7.6.3.1 General

Concrete placements having dimensions large enough (typically having a minimum dimension equal or

greater than 1 m) to require measures be taken to minimize cracking resulting from the generation of

heat from hydration of cement and attendant volume change shall be considered mass concrete unless

otherwise specified or approved by the owner.

Notes:

1) See Annex T on mass concrete for further guidance and considerations to define mass placements.

2)  Some non-structural concrete applications that meet the typical dimensions of mass concrete might not
require thermal control measures to be taken to minimize risk of thermal cracking.

3) Some structural concrete applications that do not meet the typical dimensions of mass concrete might require
thermal control measures to be taken to minimize the risk of thermal cracking.
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ACl 207.1R-21 DEFINING RISK OF MASS CONCRETE

Typical
Minimum Dimension, ft
05| 1 | 15 [ 2 [25] 3 | 35| 4 |a5| 5 |55] 6 [es| 7 |75] 8 | 85| 9 [95] 10
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Ref. ACI 207.1-21
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ACI 301-20 MAXIMUM CONCRETE TEMPERATURE (TMAX)

SECTION 8—MASS CONCRETE

8.1—General

8.1.1 Scope—This Section covers construction require-
ments for concrete designated as mass concrete in Contract
Documents.

8.1.2 General requirements—Unless otherwise specified
in this Section or in Contract Documents, requirements of
Sections 1 through 5 are applicable for mass concrete.

8.1.3 Temperature limits—Unless otherwise specified, the
following temperature limits shall apply for mass concrete

lacements:

OPTIONAL REQUIREMENTS CHECKLIST

Section/Part/
Article

Motes to Specifier

Mass concrete

8.1.2

(a) Maximum temperature in concrete after placement
shall not exceed 160°F.

(b) Maximum temperature difference between center and
surface of placement shall not exceed 35°F.

ACI 2023 Fall Convention

8.1.3

Specify alternative maximum temperature limit. Maximum temperature is limited to minimize future durability
concerns due to delayed ettringite formation (DEF), restraint cracking, and potential reductions in ultimate strength.
ACT 201.2R suggests that the potential for DEF in concrete at temperatures between 160 and 185°F may be reduced by
Jusing cementitious materials that consist of at least one of the following:

{a) 25 percent Class F fly ash

(b} 35 percent slag cement

{c) 35 percent Class C fly ash

(d) 5 percent silica fume with either 20 percent Class F fly ash or 30 percent slag cement

{e) 10 percent metakaolin

— SPeCT Ty T TR (epeTaiure aiference NI 1T CONCTele aTieT praceIenl Ca e Oiier Ul 53 &, 1he parpose
of limiting the temperature difference is to minimize thermal cracking. A higher temperature difference limit may be
acceptable depending on concrete properties, placement dimensions, and reinforcement configuration. The temperature
difference limit for a specific conerete mixture and placement conditions can be determined through numerical simula-
tions and comparing calculated thermally induced tensile stresses with the developing tensile strength at the surface of
the concrete placement. Refer to ACI 207.2R for additional guidance.




CSA A23.1-19, CLAUSE 7.6.3 — MASS CONCRETE (TMAX)

7.6.3.2.4 Maximum concrete temperature

The maximum concrete temperature in mass placements shall not be greater than

a) 70 °C for non-HVSCM concrete;

b) 75 °C for HVSCM-2 concrete; and

c) 85 °C for HVSCM-1 concrete.

Note: The maximum concrete temperature is mainly influenced by the temperature rise of concrete and fresh
concrete placing temperature at time of placement. Information and references in Annex T are provided for
guidance into the considerations to the applicable maximum concrete temperature for different conditions and
concrete properties.
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ACI 301-20 MAXIMUM CONCRETE TEMPERATURE DIFFERENCE (TDIFF)

SECTION 8—MASS CONCRETE

8.1—General

8.1.1 Scope—This Section covers construction require-
ments for concrete designated as mass concrete in Contract
Documents.

8.1.2 General requirements—Unless otherwise specified
in this Section or in Contract Documents, requirements of
Sections 1 through 5 are applicable for mass concrete.

8.1.3 Temperature limits—Unless otherwise specified, the
following temperature limits shall apply for mass concrete
placements:

(a) Maximum temperature in concrete after placement

shall not exceed 160°F.

OPTIONAL REQUIREMENTS CHECKLIST

Section/Part/
Article

Notes to Specifier

Mass concrete

8.1.2

Review Sections | through 5 and specify requirements to be omitted or made mandatory for mass conerete in Work.

(b) Maximum temperature difference between center and
surface of placement shall not exceed 35°F.

ACI 2023 Fall Convention

8.1.3

Specify alternative maximum temperature limit. Maximum temperature 1s limited to minimize future durability
concerns due to delayed ettringite formation (DEF), restraint cracking, and potential reductions in ultimate strength.
ACT 201.2R suggesis that the potential for DEF in concrete at temperatures between 160 and 185°F may be reduced by
using cementitious materials that consist of at least one of the following:

{a) 25 percent Class F fly ash

i{b) 35 percent slag cement

{c) 35 percent Class C fly ash

{d) 5 percent silica fume with either 20 percent Class F fly ash or 30 percent slag cement
{1 10 percent metakaolin

Specify if maximum temperature difference limit in conerete after placement can be other than 35°F. The purpose
of limiting the temperature difference is to minimize thermal cracking. A higher temperature difference limit may be
acceptable depending on concrete properties, placement dimensions, and reinforecement configuration. The temperature
difference limit for a specific conerete mixture and placement conditions can be determined through numerical simula-
tions and comparing calculated thermally induced tensile stresses with the developing tensile strength at the surface of
the concrete placement. Refer to ACI 207.2R for additional guidance.




CSA A23.1-19, CLAUSE 7.6.3 — MASS CONCRETE (TDIFF)

7.6.3.2.5 Maximum concrete temperature difference

7.6.3.2.5.1

The maximum concrete temperature difference in mass placement shall not be greater than 20 °C,
specified as a fixed limit, except where higher temperature difference limits are permitted as provided
for in Clauses 7.6.3.2.5.2 10 7.6.3.2.5.4.

Note: The maximum temperature difference in mass concrete can be specified in different ways based on the
concrete properties and placement attributes. Refer to Annex T for further information and guidance.

7.6.3.2.5.2

A maximum concrete temperature difference fixed limit shall be specified not to exceed 25 °C when the
coefficient of thermal expansion of the concrete is less than 10 millionths/°C, except as provided for in
Clause 7.6.3.2.5.4.

7.6.3.2.5.3

An incremental maximum temperature difference limit shall be specified not to exceed 25 °C, except as
provided for in Clause 7.6.3.2.5.4.
Note: Refer to Clause T.4.3.3 for information on incremental temperature difference limits.

7.6.3.2.5.4

A performance based approach based on numerical analysis and modeling with a project specific testing
program shall be specified when a maximum concrete temperature difference limit higher than 25 °C is
permitted.
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MAXIMUM CONCRETE TEMPERATURE DIFFERENCE LIMIT (OPTIONS)
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QUALIFY PERFORMANCE BASED TEMPERATURE DIFFERENCE LIMIT

100
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IMPROVING CONCRETE DURABILITY PERFORMANCE

Key Aspects to Achieve Concrete Service Life
v' Ensuring concrete properties are met
v Avoiding degradation mechanisms

v" Improving resistance to chloride induced corrosion

Stage 1 e Stage 2 e Stage 3 e Stage 4
Initiation Propagation Repair Renewal

T

Potential End of -
Economic Service Life

Economic Limit

Potential End of
Operational Service Life

Initial N

Damage (Cost)

Repair
Barrier physical — event
system ) damage reduces
life: Corrosion damage

Transport of initiation
chlondes
\\

Time
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TYPICAL ALTERNATIVES TO IMPROVE SERVICE LIFE & DURABILITY
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Table 19.3.1.1—Exposure categories and classes

Category Class Condition
ACI 318 EXPOSURE CLASSES / REQS T oo
thawing cycles
Table 19.3.2.1—Requirements for concrete by exposure class - Concrete exposed to freezing-and-thawing
Additional requirements Limits on . cycles with limited exposure to water
Maxinum Minimum cementitious Freezing and - — -
Exposure class wien!'- St psi Air content materials thawing (F) F2 Concrete exposed to freezing-and-thawing
- - -
Fo N/ 2500 N/A NIA cycles with frequent exposure to water
Fl 0.55 3500 Table 19.3.3.1 for concrete or Table 19.3.3.3 for shoterete N/A Concrete exposed to freezing-and-thawing
F2 045 4500 Table 19.3.3.1 for concrete or Table 19.3.3.3 for shoterete N/A F3 cycles with frequent exposure to water and
exposure to deicing chemicals
F3 00,4007 SO0 Table 19.3,3,1 for concrete or Table 19.3,3.3 for shoterete 20.4.2.2(b) P =
Cementitious materials'¥ — Types Water-soluble sulfate | Dissolved sulfate
- - : — Calcium chloride (S0.*) in soil (SO, ) in water
ASTM C150 ASTM €595 ASTM C1157 admixture 4 i 3 A :
— — — — percent by mass!'] ppm®
S0 N/A 2500 No type restriction MNo type restriction No type restriction MNo restriction ;
2 o Tl
. - ] Types with (MS) - . . 50,7 <0.10 S04 150
g1 0.50 4000 i QL] . M3 No restriction Sulfate (S) - Hp— -
doxlpnation S1 | 010802 <020 | 1205807 <1500
P . = 4 =
pes with (HS . or scawater
52 045 4500 el T}':“.I“I:q':“[]'l: ) HS Not permitted
designs . . .
= 52 0.20 = SO <2.00 | 1500 = SO,* = 10,000
Types with (HS) ) )
v plus an ¢ signation plus HS plus I 53 S0, =200 SO, =10,000
Opion 1 | 045 ssoo | Vriwpomolamor | desgnationplus | HS plus porsolamor | g
slag - )
3 g eme s Lrn{.nt'-l B £ ceme W0 Conerete dry in service
CCme
Tvnes with (LS In contact . Concrete in contact with water where low
Chpption 2 (.40 5000 VKl }Ftl’_“m_[ S) HS Mot permitted " Wi T :
designation with water permeability is not required
] Sl wa | Conerete in contact with water where low
wo N/A 2500 None - permeability is required
Wl N/A 2504 26.4.2.3(d) Co Concrete dry or protected from moisture
w2 5 i} 4.2 . :
U0 00§ 264224) Corrosi Cl Concrete exposed to moisture but not to an
Maximum water-soluble chloride ion (C) . ot O_smn external source of chlorides
content in concrete, percent by mass of protection of -
cementitious materials®"l reinforcement Concrete exposed to moisture and an
Nonprestressed (C) C2 external source of chlorides from deicing
conerete Prestressed concrete Additional provisions chemicals, salt, brackish water, seawater, or
co N/A 2500 1.00 0.06 None spray from these sources
Cl MNiA 2500 0.30 0.06 MPercent sulfate by mass in soil shall be determined by ASTM C1580.
c2 0.40 2000 0.15 0.06 Concrete coverl!! PlConcentration of dissolved sulfates in water, in ppm, shall be determined by ASTM
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CSA A23.1-19 EXPOSURE CLASSES

ACI 2023 Fall Convention

Table 1
Definitions of C, F, N, A, S and R classes of exposure

(See Clauses 3, 4.1.1.1.1, 4.1.1.1.3, 4.1.1.5, +.1.1.8.1, 4.1.2.3, 6.1.4, 6.6.7.6.1, 7.1.2.1, 9.1, L.3, and R.1,

Tables 2, 3, and 17, and Annex L.)

Table 1 (Concluded)

C-XL

1

c-2

3

c4

F2

N-CF

A-XL

Al

a3

Structurally reinforced concrete expased ta chlorides or other severe environments with or without freezing
and thawing conditions, with higher durability performance expectations than the C-1 classes,

Structurally reinforced concrete exposed to chlarides with or without freezing and thawing conditions.
Examples: bridge decks, parking decks and ramps, portions of structures exposed to seawater located within
the tidal and splash zones, concrete exposed to seawater spray, and salt water pools. For seawater or seawater-
spray exposures the requirements for %3 exposure also have to be met.

Mon-structurally reinfarced (i.e., plain) concrete exposed to chlorides and freezing and thawing.
Examples: garage floors, porches, steps, pavements, sidewalks, curbs, and gutters.

Continuously submerged concrete exposed to chlorides, but not to freezing and thawing.
Examples: underwater portions of structures exposed to seawater. For seawater or seawater-spray exposures
the requirements for 5-3 exposure also have te be met.

Mon-structurally reinfarced concrete exposed to chlorides, but not to freezing and thawing.
Examples: underground parking slabs on grade.

Concrete exposed to freezing and thawing in a saturated condition, but not to chlorides.
Examples: pool decks, patios, tennis courts, freshwater pools, and freshwater control structures.

Conerete in an unsaturated condition exposed to freezing and thawing, but not to chlorides.
Exarmples: exterior walls and calumns.

Concrete that when in service is neither exposed to chlerides nor to freezing and thawing nor to sulphates,
either in a wet or dry enviranment.
Examples: footings, walls, and columns,

Interior concrete floors with a steel-trowel finish that are not exposed to chlorides, nor to sulphates either in a
wet or dry environment.

Examples: interlor floars, surface covered applications (carpet, vinyl tile) and surface exposed applications (with
ar without floor hardener), ice-hockey rinks, freezer warehouse floors.

Structurally reinforced concrete exposed to severe manure and/or silage gases, with or without freeze-thaw
exposure, Concrete exposed to the vapour above municipal sewage or industrial effluent, where hydrogen
sulphide gas might be generated, with higher durability performance expectations than A-1 class.

Structurally reinforced concrete exposed to severe manure and/or silage gases, with or without freeze-thaw
exposure, Concrete exposed ta the vapour above municipal sewage or industrial effluent, where hydrogen
sulphide gas might be generated.

Examples: reinforced beams, slabs, and columns over manure pits and silos, canals, and pig slats; and access
holes, enclosed chambers, and pipes that are partially filled with effluents,

Structurally reinforced concrete expased to moderate to severe manure and/or silage gases and liquids, with or
without freeze-thaw exposure,
Examples: reinforced walls in exterior manure tanks, silos and feed bunkers, and exterior slabs.

Structurally reinforced concrete exposed to moderate to severe manure and/or silage gases and liquids, with or
without freeze-thaw exposure in a continuously submerged condition. Concrete continuously submerged in
municipal or industrial effluents,

Examples: interior gutter walls, beams, slabs, and columns; sewage pipes that are continuously full (e.g.,
forcemains); and submerged partions of sewage treatment structures,

Nen-structurally reinfarced conerete exposed ta moderate manure and/or silage gases and liguids, without
freeze-thaw exposure,
Examples: interior slabs on grade,

Concrete subjected to very severe sulphate exposures (Tables 2 and 3.

5-2 Concrete subjected to severe sulphate expaosura (Tables 2 and 3).
53 Concrete subjected to moderate sulphate exposure and to seawater or seawater spray (Tables 2 and 3).
R-1 Residential concrete for footings for walls, eolumns, fireplaces and chimneys.
R-2 Residential cancrete for foundation walls, grade beams, piers, etc,
R-3 Residential concrete for interior slabs on ground not exposed to freezing and thawing or deicing salts.
Notes:
1)  “C” classes pertain to chloride exposure,
2} "F"classes pertain to freezing and thowing exposure without chlorides.
3)  “N"class is exposed to neither chlorides nor freezing and thawing.
4)  All classes of concrete exposed to sulphates shall comply with the minimum requirements of 5 class noted in

5)

&)

Tables 2 and 3. In particular, Classes A-1 to A-4 and A-XL in municipal sewage elements could be subjected to
sulphate exposure.

No hydraulic cement concrete will be entirely resistant in severe acid exposures. The resistance of hydraulic
cement concrete in such expasures is largely dependent on its resistance to penetration of fluids.

Decision of exposure class should be based upon the service conditions of the structure or structural element,
and not upon the conditions during construction.




CSA A23.1-19 EXPOSURE REQS

Table 2
Requirements for C, F, N, A, and S classes of exposure
(See Clauses 4.1.1.1.1,4.1.1.1.3, 4.1.1.3, 4. 1.1.4, 4.1.1.5, 41162, 4.1.1.8.1, 41.1.11, 4.1.2.1, 4.3.1, 4.3.7.1, 4.3.7.2,, 7.1.2.1, 7.5.1.1, 8.7 4.1,
9.4,9.5, L1, L3, and R.3 and Table 1.)

Air content

category as per Table 44 Curing type [see Table 19)
Not

Maximum water- Minimum specified exposed to Chloride ion

to- COmpressive Exposed to cycles of penetrability
Class of cementitious strength (MPa) and  cycles of freeze/ Normal requirements and
exposure? materials ratio® age (d) at testh.! freeze/thaw thaw concrete HVSCM-1 HVSCM-2 age at test*
C-XL or A-XL 0.40 50 within 56 d 1 o 3 3 3 < 1000 coulombs

within 91 d
C-1or A1 0.40 35 within 56 d 1 ¢ 2 3 2 < 1500 coulombs
within 91 d

C-2 0.45h 32at28d 1 nfa 2 2 2 —
C-3 0.50 I0at28 d nfa o 1 2 2 —
C-4# 0.55 25at 28 d n/fa * 1 2 2 -
A-2 0.45 32at28d 1 e 2 2 2 -
A-3 0.50 Dat28d 2 a 1 2 2 -
A-4 0.55 25at 28 d 2 & i 2 2 -
F-1 0.50i I0at28d 1 nfa 2 3 2 -
F-2 or R-1 or R-2 0.55 25at28d rad nfa 1 2 2 —
N As per the mix For structural design n/a # 1 2 -

design for the

strength required
N-CFe ar R-3 0.55 25at 28 d nfa = 1 2 2 =
51 0.40 35 within 56 d 1 ¢ 2 3 2 -
5-2 0.45! 32 within 56 d 1 @ 2 3 2 -
5-3 0.500 30 within 56 d 1 ® 1 2 2 -
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NMX C155-14 EXPOSURE CLASSIFICATIONS

TABLE 9.-Exposure classifi n to concr@&terloratlon actions
- b 4d Marine Environment Splashing Zone l |
Classification | Exposure conditions - -
P + \ Salts rich area with water contact, and sea water, water contact cycles.
1 Dry environment: g% Ie‘ Structures in contact with moistening and drying air.
&
o Interior of habit uildings 52 Environment of light chemical aggressiveness (by gases, liquids or solids): -
[u] Interior co nts not bei y exposed to wind nor soils or water -
o In contact with water
i
O Regi@relative humidity greater than 60 % for a period not longer than three months per pH @‘5
< year‘ : - . Aggressive COz (in mg/l as COz) 15-30
2 Humid ironment withou ing: A - - Tas NH4* 1530
mmonium (in mg/l as -
ior of buildings With relative humidity greater than 60% for more than three months per year _ (‘ 9 o ) 5 b
xterior eleme sed to wind but not to freezing MagneSI}Jm (in mg/l as :ﬂg ) *{ 100-300
o Elements in n@én- tive or non-aggressive soils, andfor in water without freezing possibility Sulfate (in mg/l as SO4*) e | 200-600
2b Humid environ ith freezing ol In contact with soil
o  Exteria ents exposed to wind and freezing Degree of acidity according to Baumann — Gully Qf G‘ higher than 20
o El n non-reactive or non-aggressive soils, and /or water with possibility of freezing Sulfates (in mg of SO4#/kg air dried soil) 2 000 -6 000
3 Humid envirenment with freezing and de-icing agents %
0 jor elements exposed to wind, with possibility of freezing and/or exposure to de-icing b E&T’é’:’)“'mem of moderate chemical 399"955'\" s (by gases, or
nts
lements in non-reactive non-aggressive soils and/or in water with possibility of freezing and o In contact with water F .
de-icing chemical agents pH 'ﬁ‘ 55-45
43 i rine Environment Totally Submerged
i . . Aggressive COz (in mg CO2/l) 31-60
Totally submerged structures without partial or total air exposure.
- - Ammonium (in mg NHa*/l) 31 -60
4b Marine Environment Moderate Grade 5 \_
+
Salts rich or coastal area, without water contact. Structures with marine air influence in moderate grade, Magnesium (in mg Mg*/l) "% 301-1500
located between 3 km and 300m of the coastal line. Sulfate (in mg SO /1) ! 601 -3 000
4c Marine Environment Severe Grade o] In contact with s
Salts rich or coastal area, without water contact. Structures with marine air influence in severe grade, - 5 o
located between the coastal line and 300 meters. Sulfates (in mg Soh.;kl air dned_s 6 000-12 000
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NMX C155-14 EXPOSURE CLASSIFICATIONS

ACI 2023 Fall Convention

5c Environment wit hemical ag@eness (by gases, liquids or solids):
oll Incon water
pH 45-40
Aggressj Q02 (in mg COy/l) 61— 100
Ammo (in mg NHa*/| 61-100
Makium (inmg M 1501 - 3 000
Sulfate (in mg SO« 3001-6000
oll  In contact w il
Sulfates (in 2/kg of air dried soil) » 12 000
5d Environme ith high chemical aggressiveness (by gases, liquids or solids):
pPH & <4,0
Aggr CO2z(in mg CO2/l) > 100
A m (in mg NH4*/l) =100
esium (in mg Mg?*/1) >3 000
Ifate (in mg SO+%/l) > 6000
6 Erosion or cavitation actions
6° Light Grade. Road with scarce circulation. Light vehicles and pedestrian traffic. Without freezing risk
(SRC).
6b Medium Grade. Highways and secondary network roads. Industrial floors with circulation of forklifts with
rubber tires with less than 12 t of load. Surfaces with light freight maneuvers in interiors.
6c High Degree. Highways with intense load. Forklifts fitted with rubber or metallic wheels with loads
greater than 12 t. Hydraulic flow below 12 m/s.
6d Severe Degree. Highways with very intense load. Forklifts fitted with rubber, met%‘caterpillar

tracked wheels. Switchyards with high traffic and dragging of heavy objects. Hydraulic reater than

12 m/s with a risk of cavitation. &




NMX C155-14 DURABILITY REQS

;ﬂ&e class to coﬂete deterioration actions

TABLE 10.- Durability requirements according to the ex
sure class according to :Eble 7
DURABLITY REQINREMENTS 1 2a 2b 3 da 4b dc 4d ﬁq sl 56 5d Ga 6 [l Bd
With ithout With ot With Without With Without
Sulf; Sulfates Sul Ifates Sulfates Sulfates Sulfates Sulfates
Minimum CWE;?:;:? Strength, 250 350 250 250 300 300 350 350 5 250 30 300 350 350 400 400 250 300 350 400
Ratio Water/Cement 0,60 0,60 0,55 0,55 0,45 0,45 0,40 0,40 \ 0,50 0,50 045 045 0,40 0,40 0,50 0,50 0,45 045
= 4%
far
40
mm =
Air content in accordance with the 5%
maximum size of the aggregate in far 8 L 4 ]
percent 20
mm =
6%
for
w 10 mm
[ - o -
Wl Maximum permeability to chioride 3500 3500 | 3500 3500 | 3000 | 23 o 1000 3500 2300 2300 1 800 1 800 1000 1 000
O ion, Coulombs
g Content of soluble chlorineg lons in i
o water (% of the cement weight)
Pre-stressed concrete
Reinforcad concrete
0,06 0,08 0,06 0,06 0,06 0,06 0,06 0,08 0,08 0,06 0,06 0,06 0.06 0,06 0,06 0.06 0,06 0,06
0,30 0,30 0,30 0,30 m 0.15 0,30 0,30 0,30 0,30 0,30 0,30 0,30 0,30 0,30 0,30 0,30 0,30
*Density, absorption and voids in
hardened concrate
*Capillary Absorption
Additional protection of the concrete i yes yes yes Yes yes YES yes yes
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NMX C155-14 DURABILITY REQS

TABLE 10.- Durability requirements according to the type of expos g concrete detaation actions (Continued)

Twpe of crment according to ‘
WM -C-3 14-0MNECE (see 3
RHelerences) [7]
fthereis chemical atack of . = = a P . =
HE I B} RS HE 15 Hi 15
B0YrRESIVE B0ENS ~ i i i e I I
If the aggregates ane reactve or o . " i - - = = -
putentzlly reactie ERL ERA BRL SHA BRA SRA ER SRA BRA BRA ERA BRA ERA EFR& EFA
ol Aooregates ACCOrCing
?‘ MM 211 1-ONNCCE
i =12
1 149 Gravel
K Health, NA2, e <12 gravel <10 sand
= S04 pMasimum = < | <
E loss (%) Sand
ir <h, <3, =3
E Fines content i sand (% that goe L] natur nalur nalur
= onntznt o ssnd (8 nnes ) e
= through #3200 mesh)| al =7 al < al <5
b5 crushed | crushed | crushed
il’ o do do
-
Fines tent i el (M thal goes
w nes content i gra A il ;i R .
i through £200 mesh) r =1 =1 =1
E o
m b g .
i reeactiviby with cement alkalis T Mar -rsactwé;% Mon-resctive Maon-reactive
i lon-rzache <
= ] i
2 o
& Gravel zorasion resistance anod imgpsct ,E? £ 0 <50
¥ I::'ﬁi i-.h i-.'l‘ . __) u
=
Eur': Light particles in grawvel (%) @ #v =05 =0 h =05
Friable particlesin sand [%3] <30 <30 <A
Friable particles in gravel [%2] 4 %
-i
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A PERSPECTIVE ABOUT IMPROVING CONCRETE REQUIREMENTS

Accelerated Schedule / Fast-Track Emergencies
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IMPROVING CONCRETE SPECIFICATIONS

S M A R T

Specific Measurable  Achievable Relevant  Time-Bound

A simple way to improve specifications for construction Is
using the S.M.A.R.T goals fundamentals as part of the review
process to ensure the specifications are constructable.
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IMPROVING CONCRETE REQUIREMENTS FOR PERFORMANCE

* Technically sound

* Relevant to work

- Clear, concise and specific
- Alignment with demands

- Achievable and executable
» Performance driven

* Flexible to fit for purpose

Oscar Antommattei, MS, PE, FACI
* No “one size fits all” Chief Concrete Engineer

concrete@kiewit.com

Thank you!


mailto:concrete@kiewit.com

QUESTIONS

For more information, contact me
at concrete@kiewit.com

THANKS!!!
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