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UNDERSTANDING THE MANUAL
ON MASS CONCRETE ACI 207: A
COMPREHENSIVE GUIDE

In  the  world  of  civil  engineering  and
large-scale  construction,  few  resources
command as much respect and authority
as the Manual on Mass Concrete ACI
207 .  Publ ished  by  the  American
Concrete Institute, this document is the
definitive  reference  for  engineers,
contractors, and material scientists who

work  on  massive  concrete  structures.
Whether you are involved in building a
gravity  dam,  a  massive  bridge pier,  a
thick  foundation  mat,  or  a  nuclear
containment  vessel,  understanding  the
principles outlined in the ACI 207 series
is not just beneficial—it is often essential
for project success.
Mass  concrete  presents  unique
challenges that are not encountered in
typical  structural  concrete  work.  The
primary  issue  revolves  around  heat
generation.  As  Port land  cement
hydrates,  it  releases  heat.  In  large
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volumes, this heat cannot escape easily,
leading  to  significant  temperature  rises
within  the  core  of  the  pour.  If  not
properly managed, the resulting thermal
grad ients  can  cause  c rack ing ,
compromising  the  structural  integrity
and  durability  of  the  element.  The
Manual on Mass Concrete ACI 207
provides  the  methodologies,  design
procedures,  and  construction  practices
to mitigate these risks. This article will
explore  the  key  components  of  this
manual,  its  practical  applications,  and
why it remains an indispensable tool for
modern heavy civil construction.

WHAT IS THE ACI 207 SERIES?

The term "Manual on Mass Concrete ACI
207" generally refers to a collection of
committee  reports,  with  ACI  207.1R

(Guide  to  Mass  Concrete)  being  the
flagship  document.  This  report  is  a
comprehensive  state-of-the-art  guide
that covers the entire lifecycle of a mass
concrete project.  It  is  not a code or a
specification  in  itself,  but  rather  a
detailed  technical  reference  that
explains the underlying science and best
practices.  Other  related  reports  in  the
207  series  address  specific  topics  like
thermal control planning and the use of
pozzolans in mass concrete.
For  professionals  new  to  the  field,  the
manual  can  seem daunting  due to  its
depth. However, its structure is logical,
moving  from  fundamental  material
properties through design considerations
and  into  deta i led  construct ion
techniques. The core philosophy of the
m a n u a l  i s  p r o a c t i v e  t h e r m a l
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m a n a g e m e n t :  d e s i g n i n g  a n d
constructing the concrete in such a way
that the heat of hydration is controlled,
and the potential for thermal cracking is
minimized.

THE CORE PROBLEM: THERMAL
CRACKING IN MASS CONCRETE

To  truly  appreciate  the  Manual  on
Mass Concrete ACI 207, one must first
understand the problem it solves. When
a large volume of concrete is placed, the
interior  temperature  rises  significantly
due  to  the  exothermic  hydration
reaction. Meanwhile, the surface of the
concrete  cools  more  rapidly  due  to
exposure to ambient air. This creates a
temperature differential between the hot
interior and the cooler exterior.

Internal Restraint: The cooler
exterior tries to contract as it
cools, but the hot core restrains it.
This places the surface in tension.
When the tensile stress exceeds
the concrete's early-age tensile
strength, surface cracks form.
External Restraint: After the
peak temperature is reached, the
entire mass begins to cool. As it
contracts, it is restrained by the
foundation or previously placed
concrete lifts. This overall
contraction can lead to through-
cracks.

The ACI  207 manual  provides  detailed
methods for predicting temperature rise,
estimating  thermal  stresses,  and
evaluating  the  risk  of  cracking.  It
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emphasizes  that  the  goal  is  not
necessarily  to  eliminate  cracking
entirely—which is often impossible—but
to  control  crack  width  and  spacing  to
acceptable  levels  for  durability  and
serviceability.

KEY TOPICS COVERED IN THE
MANUAL

Material
Selection and
Mixture

Proportioning
The first line of  defense against thermal
cracking is  the concrete mixture itself.
The  Manual  on  Mass  Concrete  ACI
207  dedicates  significant  attention  to
m a t e r i a l  s e l e c t i o n .  K e y
recommendations  include:

Cement Type and Content:1.
Using a low-heat cement (Type II
or Type IV) is a standard strategy.
Reducing the total cementitious
content as much as possible, while
still meeting strength and
durability requirements, is critical.
Supplementary Cementitious2.
Materials (SCMs): The manual
strongly advocates for the use of
fly ash, slag cement, and silica
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fume. These materials not only
replace a portion of the Portland
cement, reducing the peak heat
generated, but they also improve
long-term strength and reduce
permeability.
Aggregate Considerations:3.
Using the largest possible
maximum aggregate size and
optimizing the aggregate
gradation reduces the paste
(cement and water) content
needed, which directly lowers heat
generation. The manual also
discusses the use of cooled
aggregates to lower the initial
placing temperature.
Water-Reducing Admixtures:4.
High-range water reducers
(superplasticizers) allow for a

lower water-to-cement ratio while
maintaining workability, further
reducing cement content.

Thermal Control
Planning
Perhaps the most practical section of the
Manual on Mass Concrete ACI 207
concerns thermal control plans (TCPs). A
TCP  is  a  project-specific  document  that
defines  the  maximum  allowable  placing
temperature,  the  target  temperature
rise,  and  the  allowable  temperature
differential  between  the  core  and  the
surface.  A  typical  specification  might
limit  the  differential  to  35°F  (20°C).
The manual outlines various methods for
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achieving these targets:

Pre-Cooling: Chilling the mixing
water, using ice as part of the
mixing water, or injecting liquid
nitrogen into the concrete to lower
the as-placed temperature.
Post-Cooling: Circulating chilled
water through a network of
embedded pipes (cooling pipes)
within the concrete mass after
placement. This is a common
practice in dam construction.
Insulation: Using insulating
blankets or foam boards on the
exposed surfaces to slow the rate
of heat loss, reducing the
temperature differential. This
allows the surface to "cure" at a
higher temperature, closer to the

core temperature.

Construction and
Curing Practices
The  Manual  on  Mass  Concrete  ACI
207 is not just about design; it is heavily
focused  on  practical  construction.  It
covers  aspects  such  as:

Placement Sequence: Pouring
the concrete in lifts of a specific
thickness, often dictated by the
cooling pipe layout or the ability to
dissipate heat. The timing between
lifts (lift interval) is also critical.
Consolidation: Ensuring thorough
vibration to eliminate
honeycombing and voids, which
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can act as stress risers.
Curing: The importance of
extended moist curing for mass
concrete is emphasized. Since the
interior remains warm and moist,
long-term strength gain is
excellent, but the surface must be
kept moist to prevent plastic
shrinkage cracking and to ensure
proper hydration at the exposed
face.
Formwork Removal: The manual
provides guidance on when to
remove forms, as early removal
can cause a rapid drop in surface
temperature, potentially leading to
thermal shock and cracking.

WHY THE MANUAL IS CRITICAL

FOR LARGE INFRASTRUCTURE
PROJECTS

The relevance of the Manual on Mass
Concrete  ACI  207  extends  across
mul t ip le  sectors  o f  heavy  c iv i l
construction. For dam construction, it
is  the  go-to  guide  for  ensuring  that
massive gravity and arch dams remain
monolithic and watertight over decades
of  service.  In  foundations  for  high-
rise  buildings,  thick  mat  foundations
act  as  mass  concrete  elements,  and
failure to control  thermal  cracking can
lead to water ingress and corrosion of
reinforcing steel. For bridge piers and
abutments, thermal control is vital for
l ong - te rm  du rab i l i t y  i n  ha r sh
environments.
Furthermore, the manual is increasingly
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important  for  nuclear  containment
structures, where concrete integrity is
paramount  for  safety,  and  for  large
wind  turbine  foundations,  which
experience high cyclic loads and must be
free of significant structural cracks.
The  economic  implications  are  also
significant.  A  well-designed  mass
concrete plan, following the guidance of
ACI  207,  can  prevent  costly  repairs,
delays,  and  potential  litigation.  While
pre-cooling  and  post-cooling  systems
have an upfront cost, they are negligible
compared to the cost of demolishing and
replacing  a  cracked  foundation  or
repairing  a  leaking  dam.

MODERN UPDATES AND
SUSTAINABILITY

The  Manual  on  Mass  Concrete  ACI

207  is  not  a  static  document.  The
American Concrete Institute periodically
updates  the  reports  to  reflect  new
research,  materials,  and  construction
technologies.  Recent  editions  have
p laced  a  g rea te r  emphas i s  on
sustainability.  By promoting the use of
SCMs  like  fly  ash  and  slag,  the  manual
directly  contributes  to  reducing  the
carbon  footprint  of  large  concrete
placements.  Lower  cement  content
means  lower  CO2  emissions,  making
mass  concrete  construction  more
environmentally  friendly.
Additionally,  modern  updates  include
more sophisticated modeling techniques.
Today,  engineers  use  finite  element
analysis  software  to  simulate  the
temperature  evolution  and  stress
development  within  a  mass  concrete
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pour.  The  manual  provides  the  input
parameters  and  boundary  conditions
necessary for these models, bridging the
gap  between  theoretical  research  and
practical engineering.

PRACTICAL STEPS FOR
IMPLEMENTING ACI 207
GUIDELINES

For  a  project  engineer  or  contractor
looking to apply the Manual on Mass
Concrete ACI 207, the following steps
are a practical roadmap:

Define the Project1.
Requirements: Identify the
dimensions of the pour, the
ambient environmental conditions,
and the performance criteria (e.g.,
crack width limits).

Conduct a Pre-Construction2.
Analysis: Use the manual's
equations or modeling software to
predict the peak temperature and
temperature differential.
Develop a Thermal Control3.
Plan: Specify the target
temperature differential, the
methods for achieving it (pre-
cooling, post-cooling, insulation),
and the monitoring system.
Select and Test the Mixture:4.
Work with a ready-mix supplier to
develop a low-heat mixture that
meets strength requirements.
Perform adiabatic calorimetry or
semi-adiabatic tests to verify the
heat generation.
Implement Monitoring: Install5.
thermocouples at various depths
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and locations within the pour.
Monitor temperatures in real-time
to ensure the plan is working.
Adjust as Needed: Be prepared6.
to adjust the insulation or cooling
flow rate based on real-time data.
The manual emphasizes that
flexibility and field observation are
key.

COMMON MISTAKES AND HOW
THE MANUAL HELPS AVOID THEM

Even with the best intentions,  projects
can go awry  if  the  Manual  on Mass
Concrete  ACI  207  is  not  followed
carefully.  Some  common  mistakes
include:

Underestimating Peak
Temperature: Only considering

the cement content and ignoring
the contribution of SCMs to overall
heat generation. The manual
provides correction factors for this.
Ignoring Solar Radiation:
During summer placements, the
ambient temperature and direct
sunlight can drastically affect
surface temperatures. The manual
addresses environmental effects.
Inadequate Surface Insulation:
Removing insulation too early, or
using the wrong thickness, can
cause a rapid surface cool-down
and cracking.
Poor Cooling Pipe Layout:
Spacing cooling pipes too far apart
or failing to ensure adequate flow
rate reduces their effectiveness.
The manual provides specific
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design guidance for pipe systems.

By  adhering  to  the  methodology
presented  in  ACI  207,  engineers  can
avoid  these  pitfalls  and  deliver  a
structure that performs as intended for
its entire service life.

SOURCING AND UNDERSTANDING
THE ACI 207 DOCUMENT

For those seeking to purchase or study
the  Manual  on  Mass  Concrete  ACI
207,  it  is  available  directly  from  the
American  Concrete  Institute's  website
(concrete.org).  The  primary  document,
ACI 207.1R, is typically priced for non-
members, but ACI members can access
it  at  a  significant  discount.  It  is  also
common  for  university  libraries  and
corporate  engineering  departments  to

have copies. When reading the manual,
it  is  helpful  to  have  a  background  in
concrete  materials  and  structural
analysis, but the writing is clear enough
for  a  senior  engineering  student  or  a
motivated  construction  manager  to
follow.
The  manual  is  packed  with  tables,
charts,  and  example  calculations.  For
instance,  it  provides  nomographs  for
estimating  the  peak  temperature  rise
based on cement content  and type.  It
also  includes  standard  criteria  for
evaluating the risk of cracking, such as
the  crack-indicating  factor  (CIF).
Understanding  these  tools  is  essential
for practical application.

CONCLUSION

The  Manual  on  Mass  Concrete  ACI
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207 remains the most authoritative and
practical  guide  available  for  designing
and  constructing  large  concrete
elements that are vulnerable to thermal
cracking.  It  combines  fundamental
material  science  with  proven  field
practices,  offering  a  comprehensive
framework  for  managing  heat  of
hydrat ion .  Whether  you  are  an
exper ienced  dam  engineer  or  a
contractor  tackling  your  first  thick
foundation  mat,  this  manual  provides

the  knowledge  needed  to  achieve
durable,  crack-controlled structures.  By
emphasizing proactive thermal planning,
material  optimization,  and  careful
construction  monitoring,  the  ACI  207
series helps engineers turn the challenge
of  mass  concrete  into  a  manageable,
predictable  process.  In  an  era  where
infrastructure  projects  are  becoming
larger and more complex, the principles
enshrined  in  this  manual  are  more
relevant than


