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The primary goal of the construction team is to produce as-cast
concrete surfaces that meet project specifications and expectations.
Although various descriptions, interpretations, and methods exist
to achieve an as-cast concrete surface, no unified definitions of
different concrete surfaces exist.

This document defines four quality levels of formed concrete
surfaces and provides methods to achieve and evaluate them. These
quality levels are identified by three surface finish categories: 1)
form facing; 2) concrete surface void ratio; and 3) characteris-
tics of form-facing materials. The basic procedures for classifi-
cation are defined using tables derived from recommendations of
the German Concrete Association (DBV) (Merkblatt Sichtbeton
Deutscher Beton- und Bautechnik-Verein e.V. 2004).

This guide assists the project owner, design team, contractor,
formwork and concrete suppliers, and all other parties in reaching
a more specific understanding of how to produce a more clearly
defined as-cast concrete surface. All other parties should under-
stand the procedures, processes, and costs for producing defined
surfaces of formed concrete. The guide also discusses all phases of
construction relating to concrete surfaces from planning, descrip-
tion of work, and construction through acceptance of a concrete
surface.

This guide can be used by both specifier (architect/licensed design
professional) and contractor as a supplemental tool for defining,
specifying, and evaluating concrete surfaces and offers guidance
to the development of concrete surface specifications and expecta-

ACI Committee Reports, Guides, and Commentaries are
intended for guidance in planning, designing, executing, and
inspecting construction. This document is intended for the use
of individuals who are competent to evaluate the significance
and limitations of its content and recommendations and who
will accept responsibility for the application of the material it
contains. The American Concrete Institute disclaims any and
all responsibility for the stated principles. The Institute shall
not be liable for any loss or damage arising therefrom.

Reference to this document shall not be made in contract
documents. If items found in this document are desired by
the Architect/Engineer to be a part of the contract documents,
they shall be restated in mandatory language for incorporation
by the Architect/Engineer.
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tions. Please refer to ACI 303R-12 for information regarding post-
construction treatment of formed concrete surfaces.

This guide also describes an entire process for comprehensive
use, including the creation of a concrete surface team and its
defined roles and responsibilities in the construction process.

Keywords: color uniformity; exposed to view; form facing; job-built form-
work; mockup; offsets; panelized formwork; reference area; surface finish;
surface void ratio; texture; tolerances.
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CHAPTER 1—INTRODUCTION

The scope of this guide is to solve a lack of uniformity in
the appearance criteria of concrete surfaces, provide defini-
tions for the various levels of formed concrete surfaces, and
give objective evaluations of them.

Although there are various reference sources for
constructing and evaluating concrete surfaces, none exist
that offer a comprehensive guidance and understanding to
its production and evaluation. Several ACI and ASCC docu-
ments, however, do provide partial guidance:

1) ACI 347-04 provides terms for classes of formed
concrete surfaces, discusses irregularities in formed
surfaces, and gives general guidance for the use of formwork
for concrete;

2) ACI 309R-05 provides terms about visible effects of
consolidation on formed concrete surfaces, why they occur,
and how to avoid them;

3) ACI 303R-12 discusses architectural concrete, applica-
tions, and details of production including formwork, release
agents, repair, and economics;

4) ACI 301-10 specifies concrete surfaces (Section
5.3.3.3);

5) The ASCC Education and Training Committee (1999)
guide uses samples of concrete surfaces to illustrate appear-
ance expectations.

These references, which exclude uniform appearance
criteria or a process for evaluating formed concrete surfaces,
make it difficult to achieve a wide range of expectations.

The ultimate authority on a project is the contract docu-
ment. The contract document is a guide for the:

a) Designer to specify the desired surface finish;

b) Owner to understand what the final product will approx-
imately look like;

¢) Contractor to select facing materials, concrete mixture,
release agents, and construction methods to achieve the

CHAPTER 2—DEFINITIONS

ACI provides a comprehensive list of definitions through
an online resource, “ACI Concrete Terminology,” http://
www.concrete.org/Tools/ConcreteTerminology.aspx. Defi-
nitions provided herein complement that source.

area exposed to view—portion of structure that can be
observed by the public during normal use.

blushing—slight pink or rose color on concrete surface.

flatness—deviation of a surface from a plane.

form facing—the form material that comes in direct
contact with the concrete.

gap—space between abutting edges of the form-facing
materials measured on the plane of the form surface.

mockup—a sample of a component of the building as
specified in the contract documents that is used to establish
the expected surface finish.

reference area—a significantly large area of a completed
concrete surface serving as a basis of comparison for the
acceptance of a surface category of work at a specified loca-
tion of a given project.

surface void ratio—the ratio of the total surface void
area to the total concrete surface area after stripping with no
subsequent surface treatment.

CHAPTER 3—FORMED CONCRETE SURFACE
DESCRIPTIONS

3.1—General

Tables 3.1a through 3.1d define the various measurable
properties pertaining to formed concrete surface texture,
surface void ratio, color, flatness, and joints. Four concrete
surface categories (CSCs) are defined in Table 3.1a. CSC1
has the lowest classifications and CSC4 the highest for a
finished surface. The individual constituents used to define
each CSC are further described in Table 3.1b. The classifica-
tion for form-facing materials is described in Table 3.1c. The
surface void ratio is defined and categorized according to net
pore area in Table 3.1d.

Concrete surface levels are specified for individual parts
of the structure to reflect the owner’s needs, desires, and
budget. Possible examples include:

a) Basement walls: CSC1;

b) Industrial structures: CSC1 or CSC2;

¢) Electrical and mechanical rooms: CSC1 or CSC2;

d) Stairwells: CSC1, CSC2, or CSC3;

e) Commercial building exteriors: CSC3;

f) High-end commercial building exteriors: CSC3 or
CSC4;

g) Religious structures or museums: CSC3 or CSC4;

h) Monumental or landmark structures: CSC4.

These examples are only provided to illustrate the various
classifications of concrete surfaces and are not recommenda-
tions of the committee.

Concrete surface finish schedules should be designated as
part of the contract documents in drawings or by designa-
tions on exterior/interior views of the structure.

specified surface finish.
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Table 3.1a—Description of formed concrete surface categories (CSC)

CSC requirements’™ Additional requirements
Surface void Color Surface Construc-
Formed concrete ratio* uniformity! | jrrequ- tion and Form-facing | Relative
surface category” Description Texture a na a na | larities | facing-joint | Mockup# | category™ costs
Concrete surfaces in
areas with low visibility
or of limited impor-
tance with regard to
formed concrete surface
requirements, used or
covered with subse-
quent finish materials.

CSCl1 T1 SVR1 | SVR1 | CUI | CUI SI1 ClJ1 Optional FC1 Low

Basic requirements

Concrete surfaces
where visual appear-
ance is of moderate
importance.

Concrete surfaces that
are in public view or
where appearance is
important, such as exte-
rior or interior exposed
building elements.

CSC2 T2 SVR2 | SVR1 | CU1 | CUL S12 CJ2 Optional FC1 Average

Normal
require-
ments

Highly
T3 SVR3 | SVR2 | CU2 | CU2 SI3 CJ3 recom- FC2 High
mended

CSC3

Concrete surface finish with

Concrete surfaces
where the exposed
concrete is a prominent T4 SVR4 | SVR3 | cu2 | cus Si4 Cl4 Shoul'd be FC3 Vgry
feature of the completed required high
structure or visual

appearance is important.

“For matching requirements of formed concrete surface categories, please refer to the following notes and tables.

Special requirements

CSC4

"The appearance of the formed concrete surface should only be judged in its entirety, not by looking at separate criteria only. The failure of one agreed criterion according to this guide
should not result in the obligation to repair deviations if the overall positive image of the structure or the building is not disturbed.

*These requirements/features are described in detail in Table 3.1b.
$\oid area of pores of surface. Refer to Table 3.1d; legend: a = absorbent form facing; and na = nonabsorbent form facing.

IThe general impression of existing or not existing discolorations can usually be seen only after a longer period of time and for at least 8 weeks. The uniformity of coloring should be
judged from the common viewing distance (Chapter 7).

#If required, additional mockups should be prepared.
**Refer to Table 3.1c.
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Table 3.1b—Description of visible effects on as-cast formed surface

Criterion

Classification

Characteristics

Texture,
panel-joint”

T1
(Table 4.6.4)

- Acceptable gaps in adjacent formwork components < 3/4 in. (19 mm) (6.1 h).

- Acceptable depth of mortar loss < 1/2 in. (13 mm).

- Acceptable surface offsets of panel joints up to 1 in. (25 mm). (ACI 117-10, Section 4.8.3, Class D).
- Allowable projections 1 in. (25 mm) from adjacent surface. (ACI 301-10, Section 5.3.3.3.a).

- Form-facing material examples: Rough sawn lumber, CDX plywood, and particle board.

- Imprints of modular panel frames are acceptable.

T2
(Table 4.6.4)

- Acceptable gaps in adjacent formwork components < 1/2 in. (13 mm) (6.1 j).

- Acceptable depth of mortar loss < 3/8 in. (10 mm).

- Acceptable surface offsets of panel joints up to 1/2 in. (13 mm) (ACI 117-10, Section 4.8.3, Class C).
- Allowable projections 1/2 in. (13 mm) from adjacent surface.

- Form-facing material examples: Class BBOES plywood, MDO plywood.

- Imprints of modular panel frames are acceptable.

T3
(Table 4.6.4)

- Acceptable gaps in adjacent formwork components < 1/4 in. (6 mm) (6.1 j).

- Acceptable depth of mortar loss < 1/4 in. (6 mm).

- Acceptable surface offsets of panel joints up to 1/4 in. (6 mm) (ACI 117-10, Section 4.8.3, Class B).
- Allowable projections 1/4 in. (6 mm) from adjacent surface (ACI 301-10, Section 5.3.3.3.b).

- Form-facing material examples: HDO plywood, phenolic surface film, plastic, or steel.

- Imprints of modular panel frames are acceptable.

T4
(Table 4.6.4)

- Formwork should be grout tight. Avoid grout/mortar leakage and correct where occurs.

- Permissible surface offsets of panel joints up to 1/8 in. (3 mm) (ACI 117-10, Section 4.8.3, Class A).
- Form-facing material examples: HDO plywood, PSF plywood, full plastic, steel, and fiberglass.
-Imprints of modular panel frames are unacceptable unless demonstrated and approved in the mockup.

Surface void
ratio (SVR)

SVR1-SVR4

- Refer to Table 3.1d.

Color
uniformity®

CUl1

- Light and dark color variations are acceptable.
- Color variations between adjacent placements and layer lines are acceptable.
- Rust and dirt stains are acceptable.

Ccu2

- Gradual light and dark discolorations are acceptable.

- Color consistency between adjacent placements and layer lines should be mostly uniform.*

- Concrete source materials and form-facing material should be of consistent type, grade, and source to avoid causing
deviations in appearance.

- Rust and dirt stains are unacceptable.

Cu3

- Discolorations caused by concrete source material of different type and origin; different types or treatments of facing
materials; or inconsistent treatment of concrete surfaces are unacceptable.®
- Rust stains, dirt stains and visible pouring layers are unacceptable.

Surface
irregularities!

SI1

- ACI 117-10, Section 4.8.3, Class D-Surface.

- Maximum gradual deviation over a distance of 5 ft (152 cm), or abrupt deviation is 1 in. (25 mm).
- Limit deflection of formwork structure to L/240.

- ACI 117-10, Section 4.8.2 does not apply.

SI2

- ACI 117-10, Section 4.8.3, Class C-Surface.

- Maximum gradual deviation over a distance of 5 ft (152 cm), or abrupt deviation is 1/2 in. (13 mm).
- Limit deflection of formwork structure to L/360.

- ACI 117-10, Section 4.8.2 does not apply.

SI13

- ACI 117-10, Section 4.8.3, Class B-Surface.

- Maximum gradual deviation over a distance of 5 ft (152 cm), or abrupt deviation is 1/4 in. (6 mm).
- Limit deflection of formwork structure to L/360.

- ACI 117-10, Section 4.8.2 does not apply.

S14

- ACI 117-10, Section 4.8.3, Class A-Surface.

- Maximum gradual deviation over a distance of 5 ft. (152 cm), or abrupt deviation is 1/8 in. (3 mm).
- Limit deflection of formwork structure to L/400.

- ACI 117-10, Section 4.8.2 does apply.

Construction
and facing
joints”

CJ1

- Acceptable offset of surfaces between two adjacent placements < 1 in. (25 mm).

CJ2

- Acceptable offset of surfaces between two adjacent placements < 1/2 in. (13 mm).
- The use of chamfer strips or similar reveals are recommended at construction joints.

CJ3

- Acceptable offset of surfaces between two adjacent placements < 1/4 in. (6 mm).
- The use of chamfer strips or similar reveals are recommended at construction joints.
- Construction joint locations should be coordinated with architectural design.

Cl4

- Acceptable offset of surfaces between two adjacent placements < 1/8 in. (3 mm). Offsets less than 1/8 in. (3 mm) should
be specified in design documents.

- The use of chamfer strips or similar reveals are recommended at construction joints.

- Construction joint locations should be coordinated with architectural design and approved by architect or engineer.

- The mockup should contain all features representative to the finished product.

“Refer also to Chapters 5 and 7.

TColor uniformity is subjective and expectations for uniformity should be addressed before construction.

*Concrete color deviations and discolorations cannot be completely eliminated, even using the best practices. If this is a concern, in addition to a mockup use a reference structure
of similar size and finish.

5An approved mockup of the surface is required; even the best practices and quality control may result in minor color deviations and discolorations.

ISurface irregularities do not apply for worked or textured areas.

# Construction joints that remain visible.
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Table 3.1c—Form-facing categories

Form-facing category

Criterion FC1 FC2 FC3
Plug or disk covers Acceptable if patched sanded and sealed or

Holes, greater than 3/16 in. (5 mm) Visible filling is unacceptable

are acceptable ground to match adjacent form surface
Holes, 3/16 in. (5 mm) or less Acceptable Acceptgble without patching, provided form Acceptable if patched, §anded, and sealed or
surface is not damaged or torn around hole(s) grounded to match adjacent form surface
Vibrator burns Acceptable Unacceptable Unacceptable

Acceptable if patched, sanded, and sealed or

Scratches/dents Acceptable arounded to match adjacent form surface Unacceptable unless otherwise approved
Concrete remnants” Acceptable Unacceptable Unacceptable
Cement residue’ Acceptable Acceptable Should not affect finished concrete surface
Swelling of facing at fastener or Acceptable Unacceptable Unacceptable
tie holes
Patching® Acceptable Acceptable Should not affect finished concrete surface

“Concrete remnant is hardened concrete on the form face.
TCement residue is a thin film remaining on the form face.

*Perform and inspect repairs of form facing and make acceptable for the intended formed concrete surface.

Table 3.1d—Concrete surface void ratio (SVR) on as-cast formed surfaces
Surface void ratio SVR1 SVR2 SVR3 SVR4

\Void area of pores of
surface”™ occurring

within a 6.9 in.2 (4452 mm?); D,,,,, = 5.8in.2 (3742 mm?); D,,,, = 3.5in.2 (2258 mm?); D, = 1.7 in.2 (1095 mm?); D, =
24in. x 24 in. square 3/4 in. (19 mm) 5/8 in. (16 mm) 3/8 in. (9.5 mm) 1/4 in. (6 mm)
(610 x 610 mm)”
- Void area not to exceed 1.2 | - Void area not to exceed 1 - Void area not to exceed 0.6 | - Void area not to exceed 0.3
percent of the test area. percent of the test area. percent of the test area. percent of the test area.

- In addition to the efforts
described for the SVR2 and

In addition to the efforts SVR3 categories:
- Release agent should be described for the SVR2 - Concrete design and form-
- Standard formwork and compatible with the form- category: work should eliminate surfaces
Suggested concrete p%acement practices §hould facing material. - Adéquate Vibr.ation should be | that inhibit the upwe?rd move-
placement practices to ylelq these results without any | - Formwork should be cleaned prow_ded especially at features, | ment of entrapped air.
yield desired results special effort. before the application of openings, and embeds. - Placement rate should
- This surface void ratio release agent. - Concrete mixture consis- consider vertical ascent
category limitation should - Apply release agent thinly tency is important in achieving | rate of entrapped air during
not apply to permanently and uniformly. reproducible results. consolidation.
concealed concrete surfaces. - A mockup might be - Use revibration method at - Use methods of deposition
beneficial. top lift. that minimize agitation at

- Mockups are recommended. | the surface that introduces
entrapped air.
- Mockups are required.

“Void area is the summation of the areas of all voids within the sample space of 24 in. x 24 in. (610 x 610 mm). Voids with an average diameter of d < 3/32 in. (2.4 mm) are
excluded from the calculation of the void area.

Note: If these criteria are made applicable to the project, then the mockup should demonstrate the ability of the contractor to meet the surface void ratio expected for these surfaces.
The general appearance of the final structure should be compared with the general visual appearance of the mockup.

Wall views from distance Fig. 3.2a(a) and at measurement
areas Fig. 3.2a(b) and Fig. 3.2a(c) with void area as single
criterion.

The images in Fig. 3.2a(a), (b), and (¢) through 3.2c only
show examples of surfaces with void areas, also called
“bugholes,” that conform to SVRI to SVR4 (Table 3.1d).
They are not intended to show all aspects of CSC categories
as noted in Table 3.1a.

1) Framed area with void count of 215 and maximum D =
1/4 in. (6.3 mm).

The method of measurement of void dimensions is shown
in Fig. 3.2d. Using this method for t umen&s

3.2d, the total void area fun ‘up to[)%dﬁ'rznélrﬁo@h@ﬁﬁb Hub
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3.2—Examples and determination of surface void
ratio

Figures 3.2a(a),(b), and (c) through 3.2e provide views of
concrete surfaces to aid in the understanding of the concrete
surface void ratio determined in accordance with Tables
3.1laand 3.1d. These images are only provided as examples.
Refer to 5.2.1, 5.2.2, and Chapter 7 for detailed descriptions
for evaluating single criteria and the overall impression of a
given concrete surface.

The surface void ratio is only required to be determined
if the entire impression of the surface does not meet the
contract expectation.
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