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APÉNDICE 1 

Organigrama BILCO Costa Rica S.A. 
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APÉNDICE 2 

Encuestas a Gerentes de Proyecto y 
Directores 

  



Proyecto Responsable de todos los proyectos
Nombre: Ing. Jose Pablo de Mezerville M
Puesto en el proyecto Director de Construcción

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

Entrepisos prefabricados, los niveles finales obtenidos

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

Los pisos de porcelanato, en especial los de formato rectangular

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

Muros de concreto en fachadas, siempre los inspectores solicitan mejoras en el concreto expuesto

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

Los sistemas de ventaneria de aluminio, hemos tenido problemas en proyectos anteriores

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

Importacion de materiales para pisos marmol

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias 
con los inspectores? Cual actividad?

En ninguna

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

Entrepisos postensados, esto es nueco en el pais, las especificaciones no son claras

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

El acabado del concreto expuesto en general, siempre hacemos mas de lo presupuestado

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

Muros de concreto en fachadas, para evitar quejas
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Proyecto Torre Universal (TUN)
Nombre: Ing. Arturo Monge J
Puesto en el proyecto Gerente de Proyecto 

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

Los niveles finales que se van a obtener de las losas de concreto postensado, en entrepisos

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

Los niveles de los contrapisos en parqueos

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

En entrepisos prefabricados hemos tenido que hacer nivelaciones para lograr que nos acepten la obra

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

Relleno de juntas de contrapiso

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

En los plomos obtenidos en columnas y muros internos

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias con 
los inspectores? Cual actividad?

Excavaciones en roca, cuando aparecen rocas en los movimientos de tierra

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

Ventaneria, tipo muro cortina

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

Los resanes y acabados del conreto expuesto

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

Los resanes y acabados del conreto expuesto

Entrevista : Evaluacion y lecciones aprendidas sobre Tolerancias de construcción en los proyectos de BILCO Costa 
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Proyecto Escazu Village , Torre B
Nombre: Ing. Fabrizio Coronado D
Puesto en el proyecto Gerente de Proyecto 

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

Cielos de madera especiales que van en las areas comunes

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

El acabado en los pasamanos de metal en escaleras de emergencia

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

En la ventaneria siempre hay que pimtar rayones o incluso cambiar piezas aluminio o vidrios por rayones pequeños

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

Los acabados que se le aplican al concreto expuesto siempre son un tema en el que los inspectores se enfocan

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

Ninguna

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias con 
los inspectores? Cual actividad?

Ninguna

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

En los contrapisos no se indica cuales deben ser los niveles finales para que sea recibida la calidad.

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

La formaleta que se esta utilizando para los muros internos, para lograr una mejor calidad 

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

En los entrepisos prefabricados se ha tenigo que hacer nivelacioens 
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Proyecto Residencial Solaris, Torre Fuego 
Nombre: Ing. Adrian Vasquez
Puesto en el proyecto Gerente de Proyecto 

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

Los acabados en el concreto expuesto, por el tipo de formaleta seleccioada y el diseño especial solicitado

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

Por el nivel de acabado de las paredes de gypsum,

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

A los repellos por problemas de desprendimiento

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

En otros proyectos he tenido que nivelar las losas de los entrepisos prefabricados

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

Ninguna

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias con 
los inspectores? Cual actividad?

Ninguna

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

Los niveles de los contrapisos en los parqueos no se indican claramente

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

Los enchapes de muro tipo guanacaste

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

En los muros internos, cambiando la fornaleta por una mejor

Entrevista : Evaluacion y lecciones aprendidas sobre Tolerancias de construcción en los proyectos de BILCO Costa 
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Proyecto Oficinas WeWork
Nombre: Ing. Nefery Acon 
Puesto en el proyecto Gerente de Proyecto 

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

Por las deflexiones que nos da la formaleta en las columnas y muros internos

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

Por las uniones y contraflechas en las vigas prefabricadas

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

hubo que hacer nivelaciones a los entrepisos prefabricados para mejorar los niveles

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

La ventanieria siempre es revisada en forma mas estricta de lo permitido

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

Ninguna

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias con 
los inspectores? Cual actividad?

Ninguna

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

En los entrepisos postensados no se indica cuales nivel de planicidad es el apto para instalar porcelnato 

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

Los acabados del concreto expuesto siempre salen mas caro de lo presupuestado

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

Aumentado la resistencia del concreto para acelerar la fragua
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Proyecto Torre Medica AE104
Nombre: Ing. Gabriel Madrigal 
Puesto en el proyecto Gerente de Proyecto 

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

El acabado final en los cielos y paredes de gypsum

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

Verticalidad de los muros de fachada, siempre tenemos desplomes

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

A las juntas mecanicas que van dentro de los contrapisos

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

la ventaneria de aluminio siempre es revisada estrictamente

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

Ninguno

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias con 
los inspectores? Cual actividad?

Ninguno

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

En los entrepisos postensados no se indica cuales debe ser la planicidad esperados

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

La pintura de parqueos, estamos excediendo el presupuesto

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

Aumentando los espesores de lamina , y  asde la cubierta te techo.

Entrevista : Evaluacion y lecciones aprendidas sobre Tolerancias de construcción en los proyectos de BILCO Costa 
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Proyecto Responsable proyectos remodelaciones
Nombre: Ing. Luis Barrantes Z
Puesto en el proyecto Director de Remodelaciones

1
En su proyecto, Cuales actividades considera usted tendrán problemas para la entrega con los inspectores al final del proyecto? 
Desde el punto de vista de tolerancias

Ventaneria, debido a las exgencias de los inspectores

2
En algun caso, los inspectores han anticipado problemas de recepcion por considerar que lo construido no cumple con las 
expectativa? Cual actividad?

Por diferencias en la instalacion de los pisos de porcelanato

3
En su proyecto anterior, Cuales actividades hubo que hacerle reparaciones o retrabajos para que fuera aceptado por los 
inspectores?

Hacer el acabado de los cielos de gypsum

4 Historiacamente en otros proyectos, ha tenido otras actividades que han presentado problemas de entrega? Cuales?

Niveles de entrepisos prefabricados, normalmente tenemos que 

5 En su proyecto se ha utilizado el contrato como proteccion ante una discusion con los inspectores? Cual actividad especifica?

Ninguna

6
En su proyecto se ha utilizado las especificaciones tecnicas y los planos como proteccion ante una discrepancia de tolerancias con 
los inspectores? Cual actividad?

Ninguna

7 En cuales actividades no se indican tolerancias o criterios de aceptacion, en las especificaciones tecnicas o planos? 

NO se indica niveles o planicidad para el contrapiso 

8 Hay actividades en su proyecto que no estan alineado entre el costo de presupuesto y tolerancia de construcción?

Niveles de entrepisos postensados

9
Hay actividades en las cuales se ha tenido que aumentar la calidad, superando el presupuesto para cumplir con las expectativas 
del cliente. Cuales?

Ninguna

Entrevista : Evaluacion y lecciones aprendidas sobre Tolerancias de construcción en los proyectos de BILCO Costa 
Rica S.A.
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ELABORACION DE CATALOGO DE TOLERANCIAS PARA CONTRATOS 
PROPOSITO 

Este instructivo sirve como una guía para la elaboración de las tablas de tolerancias y criterios de aceptación de aquellas 
actividades que deben ser respaldas en el contrato, para que sirvan como referencia durante la recepción definitiva de la 
obra. Esta tabla se convierte en una herramienta de trabajo que permita definir en el Contrato las Tolerancias de 
Construcción del proyecto, aclarándolo con los Inspectores y el Propietario, como fueron consideradas dichas actividades 
en el presupuesto y el cronograma, las actividades críticas identificadas del proyecto.  
Esto para poder definir en conjunto cualquier cambio que sea necesario antes de iniciar con la ejecución de dichas 
actividades. 
 

ALCANCE 

Este instructivo debería aplicarse para todos los proyectos constructivos de Bilco Costa Rica SA, enfocándose en aquellas 
actividades que, a criterio del Gerente del Proyecto – Director del Proyecto, van a convertirse en un tema de conversación 
y/o negociación con el Propietario y los Inspectores a la hora de la entrega del proyecto.  
Informar el Propietario y la Inspección cuales fueron las tolerancias y criterios seleccionados para el proyecto mediante la 
presentación de La tabla de Tolerancias en la Oferta y el Contrato es el principal objetivo de este proceso. 
En caso de que los Inspectores hayan incluido en los planos y/o en las especificaciones técnicas del proyecto algunas 
tolerancias que consideremos no corresponde, El departamento de Pre – Construcción de consultar por escrito para definir 
si debe cambiarse la tolerancia considerada. 
 

ROLES Y RESPONSABILIDADES 

Roles Responsabilidades 

Gerente de Proyecto 

 Responsable de llevar a cabo una sesión de análisis para definir cuales 
actividades deben tener tolerancias de construcción en el contrato 
como respaldo para la entrega. Esto basado en los planos y 
especificaciones técnicas vigentes del proyecto. 

 Revisar el alcance del proyecto para indentificar si debe investigarse 
alguna actividad crítica que no se encuentre en la base de datos. 
Investigar la normativa existente para indicar esa tolerancia. 

Director de Proyecto 

 Responsable de aprobar la tabla de tolerancias y los costos finales del 
proyecto. 

 Facilitar los recursos necesarios para desarrollar el proyecto y la Tabla 
como anexo al contrato 

 Si es posible asignará el Gerente de proyecto, en su defecto ocupará 
las responsabilidades de éste, hasta su nombramiento. 

Director Pre – Construcción 

 Responsable de llevar a cabo una sesión de análisis para asignar los 
costos que corresponden a las tolerancias asignadas  

 En caso de alguna contradicción, coordinar con los inspectores y el 
Propietario para definir una tolerancia y su debido costo asociado, 
antes de presentar la oferta y firmar el contrato. 
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DEFICINICIONES  

Termino o frase Descripción 

Tolerancia  El rango de conformidad para una actividad constructiva, esta debe ser medible, 
debe tener unidades de medida y debe ser medida en campo. 

Criterio de 
aceptación 

 Criterio cuantificable emitido por un inspector, que determina si una actividad se 
da por aceptada o rechazada. Esto puede darse en conjunto con o sin una 
tolerancia. 

Tabla   El producto final que se incorpora en la oferta y por lo tanto en el contrato 

Base de datos   Grupo de normas internacionales y su interpretación para las actividades críticas 
– básicas que normalmente afectan los proyectos 

Actividad Crítica 
 Actividad o línea de presupuesto en donde el Propietario y los Inspectores 

emiten criterios aleatorios (no acorde con el contrato y el presupuesto) para dar 
por recibida o rechazada dicha actividad. 

 

PROCEDIMIENTO 

 

IDENTIFICACIÓN DE TOLERANCIAS 
El departamento de Pre-Construcción debe estudiar los planos y las especificaciones técnicas para identificar las tolerancias 
de construcción asociadas a las actividades que se consideran críticas. En caso de que el proyecto no tenga especificaciones 
técnicas (proyecto IPD por ejemplo), las tolerancias y criterios deben de ser definidas por el Departamento de Pre-
Construcción de acuerdo con las expectativas  
CONSULTA A DISEÑADORES  
Habiendo identificado carencias o incongruencias entre las Tolerancias indicadas por los diseñadores, El departamento de 
Pre-Construcción debe consultarles como proceder. Los Diseñadores van a preparar un documento de aclaración que será 
incorporado en el proceso siguiente 
PROPUESTA DE TOLERANCIAS 
El Gerente de Proyecto comparte la responsabilidad con el Departamento de Pre – Construcción para revisar y proponer 
Tolerancias. 
El Gerente de Proyecto asignado debe participar en el proceso de investigación y consulta a diseñadores, de forma que se 
mantenga estudiando las implicaciones que los cambios en las tolerancias van a tener sobre el proyecto. 
PREPARAR LA TABLA DE TOLERANCIAS      
El Gerente de Proyecto o Director asignado prepara la tabla de Tolerancias revisando que no haya ninguna actividad crítica 
sin respaldar y al mismo tiempo asegurándose que las tolerancias indicadas sean alcanzables constructivamente. 
INCORPORAR A LA OFERTA Y CONTRATO 
El Director de Pre Construcción prepara la oferta e incorpora la Tabla de Tolerancias para que el documento completo sea 
revisado por El Director del proyecto antes de enviarse al Cliente. 
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ANEXO 1 

ACI 117. Capítulo 4.1.2 

  



117-32 ACI STANDARD/COMMENTARY

SPECIFICATION COMMENTARY

4.1.2 For heights greater than 83 ft 4 in.

For lines, surfaces corners, arrises, and elements:
the lesser of 0.1% times the height above the top of
foundations or lowest support level as shown on
Project Drawings or ±6 in. This section shall not be
used to evaluate local departure from a specified
plane or form irregularities. Refer to Section 4.8.2
and 4.8.3, respectively.

For the outside corner of an exposed corner columns
and contraction joint grooves in concrete exposed to
view: the lesser of 0.05% times the height above the top
of foundations or lowest support level as shown on
Project Drawings or 3 in. This section shall not be used
to evaluate local departure from a specified plane or
form irregularities. Refer to Section 4.8.2 and 4.8.3,
respectively.

R4.1.2 From 83 ft 4 in. to 500 ft above the top of foundation,
the tolerance for plumb is 1/1000 (0.1%) times the height.
The maximum tolerance is 6 in. at heights more than 500 ft
above the top of foundation of the structure. The structure
and exterior cladding should not extend beyond legal
boundaries established by the Contract Documents. Refer to
Fig. R4.1.2(a) and (b).

Fig. R4.1.2—Deviation from plumb.

4.1.3 Vertical edges of openings larger than 12 in.,
measured over the full height of the opening....... ±1/2 in.

R4.1.3 The plumb tolerance for edges of openings larger than
12 in. is established by this section. Refer to Fig. R4.1.3.

Fig. R4.1.3—Deviation from plumb.
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ANEXO 2 

ACI 117. Capítulo 4.8.3 

  



117-38 ACI STANDARD/COMMENTARY

SPECIFICATION COMMENTARY

4.8.2 Formed surfaces over distances of 10 ft
All conditions, unless noted otherwise in this section
...........................................................................±0.3%

Outside corner of exposed corner column .........±0.2%

Contraction joint grooves in exposed concrete...±0.2%

R4.8.2 This is one of several paragraphs that address the
proper location of formed surfaces. Local departure of the
formed surface from the specified slope or plane is
addressed in this section. A departure of 0.3% is approxi-
mately 3/8 in. over a distance of 10 ft. Tolerances are based
on a 10 ft measured length. Interpolation or extrapolation of
tolerances for dimensions greater than or less than 10 ft are
not permitted. Other sections, such as Sections 4.1 and
4.4.2, establish a global tolerance for elements.

R4.8.3 Specifiers should anticipate local irregularities in
formed surfaces. The purpose of establishing different
classes of surface is to define the magnitude of irregularities
in a manner that is consistent with the exposure of the
concrete when in service. As stated in Section R4.4.3, the
term “exposed concrete” is used as defined in ACI Concrete
Terminology. Exposed Concrete is addressed in the Manda-
tory Requirements Checklist, Section 1.1.2. The Specifier
should also anticipate abrupt transitions at the surface of
members where segmental steel void forms are used to form
floor framing members. The Specifier should refer to the
Mandatory Requirements Checklist.

R4.8.4 The purpose of establishing floor surface tolerances
is to define surface characteristics that are of importance to
those who will be using the surface. The two surface charac-
teristics thought to be of greatest importance for concrete
floors are flatness and levelness. Flatness can be described
as bumpiness of the floor, and is the degree to which a floor
surface is smooth or plane. Levelness is the degree to which
a floor surface parallels the slope established on the project
drawings. Two methods are identified for use in the evalua-
tion of floor surface finish tolerances. The F-Number
System uses data taken at regular intervals along lines
located in random locations on the test surface. The
described methods use different criteria to evaluate the as-
constructed data. Therefore, it is important that the Specifier
select the method most applicable to the end user of the
floor. The Waviness Index may be used instead of the two
methods identified in Sections 4.8.5 and 4.8.6 by specifying
parameters established in the Optional Checklist. Before
contracting to build to any floor tolerance specification, it is
suggested the constructor evaluate data from tests of its own
floors. Data should be processed using the proposed floor
tolerance specification to confirm an understanding of the
specific approach and its implications on proposed
construction means and methods. Specifiers may require the
constructor to demonstrate proven ability by testing an
existing floor slab installed by the constructor.

Each of the methods described herein will yield a slightly
different result. Each of the described approaches uses a
different method to evaluate flatness. The F-Number System

4.8.3 Formed surface irregularities (gradual or abrupt)

Abrupt irregularities shall be measured within 1 in. of
the irregularity. Gradual surface irregularities shall be
measured by determining the gap between concrete
and near surface of a 5 ft straightedge, measured
between contact points.
Class A Surface................................................ +1/8 in.

Class B Surface................................................ +1/4 in.

Class C Surface................................................ +1/2 in.

Class D Surface................................................... +1 in.

4.8.4 Random traffic floor surface finish tolerances
shall meet the requirements of Section 4.8.5 or 4.8.6,
as specified in the Contract Documents.

4.8.4.1 A specified overall area is the entire floor
surface specified to conform to a particular surface
classification.

4.8.4.2 The surface classification of all floors shall
be specified in the Contract Documents.

4.8.4.3 Each individual slab placement shall constitute
a separate test surface.
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5.1.3 Pilasters, pedestals, and columns ........... +1/4 in.
......................................................................... –3/4 in.

5.1.4 Individual corbels..................................... +1/4 in.
......................................................................... –1/2 in.

5.1.5 Continuous ledges................................... +1/4 in.
......................................................................... –1/2 in.

5.1.6 Walls........................................................ +1/4 in.
......................................................................... –3/4 in.

5.1.7 Embedded fabricated bearing surface
assemblies ....................................................... +1/4 in.
......................................................................... –1/2 in.

5.1.8 Grout-filled steel sleeve splice ................. ±1/2 in.

5.1.8.1 Top of embedded dowel .................... ±1/2 in.

5.1.8.2 Top of embedded sleeve ...................... +1 in.
...................................................................... –1/4 in.

5.1.9 Anchor bolts .......................refer to Section 2.3.4

5.1.10 Embedded plates ..................................... ±1 in.

5.1.11 Inserts and assemblies with inserts ...... ±1/2 in.

5.1.12 Embedded items flush with unformed
concrete surface except grout-filled sleeves..... ±1/2 in.

R5.1.3 Pilasters, pedestals, and columns—Refer to Fig.
R5.1.3.

R5.1.4 and R5.1.5 Individual corbels and continuous
ledges—Refer to Fig. R5.1.4 and R5.1.5.

Fig. R5.1.3—Pilasters, pedestals, and columns: elevation view.

Fig. R5.1.4 and R5.1.5—Individual corbels or continuous
ledges: elevation view.

marta
Resaltado

marta
Resaltado



 

 

 

ANEXO 4 

ACI 117. Capítulo 5.3.1 

  



117-36 ACI STANDARD/COMMENTARY

SPECIFICATION COMMENTARY

R4.5.3 Suspended (elevated) slabs require only that a tolerance
for elevation and cross-sectional dimension be established.
Thickness of suspended slabs is of primary concern because
insurance carriers establish a fire rating of the structure,
depending on the occupancy. The fire rating is derived in
part from the insulating properties of concrete and the thick-
ness of the concrete slab. Achieving the minimum period of
fire separation between floors depends in part on achieving
a minimum thickness. Variations in the elevation of erected
steel or precast concrete and in deflections of the supporting
metal deck and frame under weight of concrete often make
it necessary to provide additional slab thickness in local
areas where the intent is to produce a relatively level slab.
Care should be taken to ensure that providing additional
concrete in local areas does not overload the supporting
formwork or metal deck. Significant increase to slab thick-
ness can have a negative impact on structural performance.

R4.5.4 Specifiers should anticipate localized occurrences of
reduced thickness for slabs-on-ground. The slab-on-ground
thickness tolerance has been set with respect to both average
thickness for all the samples measured and a minimum
thickness for individual samples.

Where the Specifier determines requirements of this section
are inadequate for a particular application, the Specifier
should incorporate within the Project Specifications specific
sampling procedures and acceptance criteria for all elements
impacting thickness of slabs-on-ground (Sections R4.4.1,
R4.4.5, and R4.5.4). In such an instance, consideration
might be given to statistical control of the subgrade, elevation
of the concrete surface, and slab thickness.

R4.5.4.1 Thickness samples are sometimes taken in
combination with other testing, and the information gathered
from that testing is valid for information purposes. Thick-
ness samples taken for purposes of evaluating the slab with
respect to tolerances in this specification, however, must
meet the requirements of this section.

R4.5.4.2 Sampling after the specified 7-day period will
not adversely affect the measured values; however, it may
affect the ability to take corrective action.

R4.5.4.3 ACI 228.2R contains a discussion of the
advantages and limitations of the various test methods. A
short-pulse radar device can also provide slab thickness
data. The precision of this method may require that a larger
number of samples be taken to provide the same degree of
reliability as the methods identified in this section. Proper
use of the equipment requires calibration as established in
ASTM D4748 and data collection in accordance with the
provisions of ASTM D4748 using a non-contact horn antenna.

4.5.3 Thickness of suspended slabs ................ –1/4 in.

4.5.3.1 Samples for slab thickness, when taken,
shall conform to the requirements of Sections 4.5.4.1
through 4.5.4.6.

4.5.4 Thickness of slabs-on-ground
Average of all samples ..................................... –3/8 in.

Individual sample.............................................. –3/4 in.

4.5.4.1 Minimum number of slab thickness samples,
when taken, shall be four (4) for each 5000 ft2 or part
thereof.

4.5.4.2 Samples shall be taken within seven (7) days
of placement.

4.5.4.3 Samples shall be randomly located over the
test area and shall be taken by coring of the slab or by
using an impact-echo device.

4.5.4.3.1 Where concrete core samples are taken,
the length of each core sample shall be determined
using ASTM C174/C174M.

4.5.4.3.2 An impact-echo device, when used, shall
be calibrated using a minimum of three random locations
within the test area where the actual concrete thickness
is known. The impact-echo test shall be conducted in
accordance with ASTM C1383.
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5.3—Deviation from dimension—
cast-in-place concrete

5.3.1 Specified length

5.3.1.1 Projection of individual corbels and
continuous ledges from face of support ........ ±3/8 in.

5.3.1.2 Walls or beams where precast members
abut both ends ................................................. –1 in.
...................................................................... +1/2 in.

5.3.1.3 Steel sleeve for grout-filled steel sleeve
splice ............................................................. –1/4 in.

5.3.2 Specified width

5.3.2.1 Individual corbels .............................. ±3/8 in.

5.3.2.2 Walls, where specified width is 12 in. or less
...................................................................... +3/8 in.
...................................................................... –1/4 in.

More than 12 in. but not more than 36 in.
...................................................................... +1/2 in.
...................................................................... –3/8 in.

More than 36 in. ............................................... +1 in.
...................................................................... –3/4 in.

5.3.2.3 Exposed vertical exterior joint with a precast
panel

5.3.2.3.1 Up to ±1/3 of the joint width and not to
exceed ±1/2 in.

5.3.2.3.2 Variation in width over any 10 ft portion of
the joint length or the full length if less than 10 ft
.................................................................... ±1/2 in.

5.3—Deviation from dimension—
cast-in-place concrete

R5.3.1.1 Projection of individual corbels and continuous
ledges from face of support—Refer to Fig. R5.3.1.1(a) and (b).

R5.3.2.1 Individual corbels—Refer to Fig. R5.3.2.1.

Fig. R5.3.1.1—Projection of individual corbel and continuous
ledges: plan view.

Fig. R5.3.2.1—Width of individual corbel: plan view.
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4.2.2 Vertical deviation
Elements ............................................................. ±1 in.

Edge location of all openings ........................... ±1/2 in.

R4.2.2 Vertical deviation is also defined in Section 1.3. The
tolerance for vertical deviation would apply to the location
of items such as the horizontal edges of a wall or column
opening. The tolerance for vertical deviation would also
apply to items such as the horizontal edges of openings in
walls, beams, or columns. Refer to Fig. R4.2.2(a) and (b).

Fig. R4.2.2—Vertical deviation.

4.3—Not used

4.4—Deviation from elevation

4.4.1 Top surface of slabs
Slabs-on-ground............................................... ±3/4 in.

Formed suspended slabs, before removal of supporting
shores............................................................... ±3/4 in.

Slabs on structural steel or precast concrete
............................................................  no requirement

R4.4—Deviation from elevation

R4.4.1 The top elevation for slabs on structural steel or
precast concrete will be determined by elevation of the
supporting steel or precast concrete, plus or minus variations in
slab thickness, as specified in Section 4.5.3. In situations
where this procedure may result in unsatisfactory slab eleva-
tions (for example, unshored beams that deflect or
supporting steel or precast set with large deviations from
specified elevation), the Architect/Engineer should specify,
or the contractors involved should agree on, a satisfactory
procedure. The concrete flooring contractor cannot control
elevations of steel or precast concrete members upon which
concrete slabs are cast. In the instance of slabs cast on metal
deck, there is also a practical limitation on the increase of
slab thickness to accommodate differential elevations or
deflections. If the Specifier requires the concrete slab to be
placed level on deflecting or cambered supporting steel or
precast, the plus tolerance is likely to be exceeded.
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4.2—Deviation from location

4.2.1 Horizontal deviation

Vertical elements, measured at the top of element
foundation or lowest support level .......................±1 in.

Other elements ....................................................±1 in.

Edge location of all openings............................±1/2 in.

Sawcuts, joints, and weakened plane embedments in
slabs .................................................................±3/4 in.

R4.2—Deviation from location

R4.2.1 Horizontal deviation is defined in Section 1.3. The
tolerance for horizontal deviation would apply to the plan
location of items such as the vertical edge of a floor opening
or of a wall, beam, or column. The tolerance for horizontal
deviation would also apply to items such as the vertical
edges of openings in walls, beams, or columns. Refer to
Fig. R4.2.1(a) to (c). The tolerance on sawcut location is
driven by aesthetic concerns. Research (Martinez and
Davenport 2005) suggests that for an 18 in. dowel the
sawcut can be offset from the center as much as 3 in.
without impacting joint performance.

Fig. R4.2.1—Horizontal deviation.
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4.8.2 Formed surfaces over distances of 10 ft
All conditions, unless noted otherwise in this section
...........................................................................±0.3%

Outside corner of exposed corner column .........±0.2%

Contraction joint grooves in exposed concrete...±0.2%

R4.8.2 This is one of several paragraphs that address the
proper location of formed surfaces. Local departure of the
formed surface from the specified slope or plane is
addressed in this section. A departure of 0.3% is approxi-
mately 3/8 in. over a distance of 10 ft. Tolerances are based
on a 10 ft measured length. Interpolation or extrapolation of
tolerances for dimensions greater than or less than 10 ft are
not permitted. Other sections, such as Sections 4.1 and
4.4.2, establish a global tolerance for elements.

R4.8.3 Specifiers should anticipate local irregularities in
formed surfaces. The purpose of establishing different
classes of surface is to define the magnitude of irregularities
in a manner that is consistent with the exposure of the
concrete when in service. As stated in Section R4.4.3, the
term “exposed concrete” is used as defined in ACI Concrete
Terminology. Exposed Concrete is addressed in the Manda-
tory Requirements Checklist, Section 1.1.2. The Specifier
should also anticipate abrupt transitions at the surface of
members where segmental steel void forms are used to form
floor framing members. The Specifier should refer to the
Mandatory Requirements Checklist.

R4.8.4 The purpose of establishing floor surface tolerances
is to define surface characteristics that are of importance to
those who will be using the surface. The two surface charac-
teristics thought to be of greatest importance for concrete
floors are flatness and levelness. Flatness can be described
as bumpiness of the floor, and is the degree to which a floor
surface is smooth or plane. Levelness is the degree to which
a floor surface parallels the slope established on the project
drawings. Two methods are identified for use in the evalua-
tion of floor surface finish tolerances. The F-Number
System uses data taken at regular intervals along lines
located in random locations on the test surface. The
described methods use different criteria to evaluate the as-
constructed data. Therefore, it is important that the Specifier
select the method most applicable to the end user of the
floor. The Waviness Index may be used instead of the two
methods identified in Sections 4.8.5 and 4.8.6 by specifying
parameters established in the Optional Checklist. Before
contracting to build to any floor tolerance specification, it is
suggested the constructor evaluate data from tests of its own
floors. Data should be processed using the proposed floor
tolerance specification to confirm an understanding of the
specific approach and its implications on proposed
construction means and methods. Specifiers may require the
constructor to demonstrate proven ability by testing an
existing floor slab installed by the constructor.

Each of the methods described herein will yield a slightly
different result. Each of the described approaches uses a
different method to evaluate flatness. The F-Number System

4.8.3 Formed surface irregularities (gradual or abrupt)

Abrupt irregularities shall be measured within 1 in. of
the irregularity. Gradual surface irregularities shall be
measured by determining the gap between concrete
and near surface of a 5 ft straightedge, measured
between contact points.
Class A Surface................................................ +1/8 in.

Class B Surface................................................ +1/4 in.

Class C Surface................................................ +1/2 in.

Class D Surface................................................... +1 in.

4.8.4 Random traffic floor surface finish tolerances
shall meet the requirements of Section 4.8.5 or 4.8.6,
as specified in the Contract Documents.

4.8.4.1 A specified overall area is the entire floor
surface specified to conform to a particular surface
classification.

4.8.4.2 The surface classification of all floors shall
be specified in the Contract Documents.

4.8.4.3 Each individual slab placement shall constitute
a separate test surface.
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uses only 2 ft slope changes (center offset from a 2 ft chord).
The manual straightedge and computerized simulation of
the manual straightedge methods both use maximum offsets
from chords of varying lengths up to 10 ft.

To develop an understanding of the relationship among
these approaches, the committee undertook a study of six
groups of 100 individual profiles each (600 total). The
profiles included all quality levels likely to be produced
using current construction techniques; each of the profiles
was 100 ft long. Table R4.8.4 shows partial results of that
study. Evaluation of the results resulted in the tolerance
values contained in Sections 4.8.5 and 4.8.6.

Floor surface classifications shown in Sections 4.8.5 and
4.8.6 vary from conventional at the low end to super flat at
the high end of the flatness/levelness spectrum. Although
there is no direct correlation among the described tolerancing
methods, similarly classified floors in Sections 4.8.5 and
4.8.6 should provide the user with floor surfaces of
approximately the same flatness and levelness.

Floor surfaces in the conventional category can be routinely
produced using strikeoff and finishing techniques that include
no restraightening operations after initial strikeoff. This
classification of floor surface is generally not compatible
with floor coverings such as carpeting and vinyl flooring.
Conventional floor surface tolerances are appropriately
applied to areas such as mechanical rooms, nonpublic areas,
or surfaces under raised computer flooring or thick-set tile.

The moderately flat classification of surface tolerances will
routinely require the use of float dish attachments to the
power float machines or some restraightening of the
concrete surface during finishing operations to consistently
achieve flatness requirements. The moderately flat surface
can routinely be produced by using a wide bull float (8 to 10 ft)
to smooth the concrete and a modified highway straightedge

Table R4.8.4—Methods to evaluate flatness

Floor classification FF flatness (SOFF) 
10 ft manual straightedge 

maximum gap, in.

Conventional 20 0.628 to 0.284

Moderately flat 25 0.569 to 0.254

Flat 35 0.359 to 0.163

Very flat 45 0.282 to 0.144

Super flat 60 0.253 to 0.135

Floor classification
10 ft manual straightedge 

maximum gap, in. SOFF range

Conventional 1/2 17.4 to 27.7

Moderately flat 3/8 20.3 to 34.9

Flat 1/4 24.0 to 45.9

Very flat 3/16 31.7 to 64.3

Super flat 1/8 37.7 to 109.3
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to restraighten the surface after completion of the initial
power float pass. The use of a rider with float dishes attached to
the trowel blades can reduce the amount of restraightening
required by the modified highway straightedge. An appropriate
use of floor surfaces with this classification would be carpeted
areas of commercial office buildings or industrial buildings
with low-speed vehicular traffic.

Flat floor tolerances are appropriate for concrete floors
under thin-set ceramic, vinyl tile, or similar coverings. Flat
floor tolerances are also appropriate for use in warehouses
employing conventional lift trucks and racks. The flat
classification requires restraightening after floating and is
the highest feasible tolerance level for suspended slabs.

Very flat floor tolerances are generally restricted to high-end
industrial applications, such as might be required for
successful operation of high-speed lift trucks, air pallets, or
similar equipment. Multiple restraightenings in multiple
directions following both the floating and initial finishing
phases are required to produce floors conforming to very flat
tolerances. The use of a laser screed or rigid edge forms up to
30 ft apart can achieve the required degree of levelness.

The super-flat category is the highest quality random traffic
floor surface classification that can be routinely produced
using current technology. Only skilled contractors, using
sophisticated equipment, will be able to achieve this level of
quality. Restraightening operations for this floor category are
more rigorous than that described for the very flat category.
The super-flat random traffic category is only appropriate for
limited applications, such as TV production studios.

Another type of super-flat floor surface, one that falls
outside the scope of random traffic specifications, is that
which is required for defined traffic applications, such as
narrow aisle industrial warehouse floors. The aisle width in
these installations is typically about 5 ft wide, and the
narrow clearance between the vehicles and racks requires
construction of an extremely smooth and level surface. The
tolerance requirements normally dictate strip placement of
concrete using closely spaced rigid forms (approximately
15 ft on center), but they can occasionally be achieved
without narrow strip placement by skilled contractors using
sophisticated equipment.

The evaluation of the super-flat defined traffic surface
classification requires specialized techniques that should be
agreed on by all parties before construction. The test
method should measure:

1. The maximum transverse elevation difference
between wheel tracks;

2. The maximum elevation difference between
front and rear axle; and

3. The maximum rate of change per foot for 1 and
2 as the vehicle travels down the aisle.
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Flatness of defined traffic wheel tracks can also be specified
by reference to ASTM E1486, Section 4.9.

The remedy for noncompliance with specified defined flat-
ness tolerances should be included in specification
language. For random traffic slabs-on-grade, the remedy can
range from liquidated damages, to localized grinding, to
application of a topping, to removal and replacement,
depending on the purpose for which the slab is being
installed. The remedy for defined traffic installations is
generally grinding of high spots.

R4.8.4.4 The purpose for establishing a default 72-hour
time limit on the measurement of floor surfaces is to avoid
any possible conflict over the acceptability of the floor and
to alert the Contractor of the need to modify finishing
techniques on subsequent placements, if necessary, to
achieve compliance. All slabs will shrink; joints and cracks
in slabs-on-ground will curl with time, resulting in a surface
that is less flat with the passage of time. If the needs of the user
are such that a delay in testing is necessary to allow successful
installation of subsequent Work, this requirement for delayed
testing should be clearly stated in the specifications.

4.8.4.4 Floor test surfaces shall be measured and
reported within 72 hours after completion of slab
concrete finishing operations and before removal of
any supporting shores.

4.8.4.5 Test reports shall be distributed to the
Owner, the Architect, the General Contractor, and the
flatwork contractor.

4.8.4.6 Test surface measurements shall not cross
planned changes in floor surface slope.

R4.8.4.6 Ramped (sloped) surfaces can be toleranced by
reference to ASTM E1486 or the average slope of 15 ft least
squares fit of each survey line calculated in accordance with
ASTM E1486, Section 4.11 and Eq. (21), (22), and (23).
Survey lines should be parallel to the direction of slope. In
instances where the Specifier chooses to provide a tolerance
at construction joints, specific provisions for data collection
should be included in the Project Specifications.

4.8.4.7 Test results shall be reported in a manner
that will allow the data to be verified or the tests to be
replicated.

4.8.5 Random traffic floor finish tolerances as
measured in accordance with ASTM E1155 shall
conform to the following requirements:

4.8.5.1 Specified overall values for flatness (SOFF)
and levelness (SOFL) shall conform to the specified
Floor Surface Classifications, as listed in Table 4.8.5.1.

R4.8.5 The F-Number System evaluates the flatness of a
floor surface by measuring slope changes over a distance of
2 ft. Specifics of the test procedure are dictated by ASTM
E1155. The 2 ft slope change data are evaluated to develop
an estimate of the floor’s flatness. The system evaluates the
levelness of a floor surface by measuring elevation changes
relative to a horizontal plane and between points separated
by a distance of 10 ft. These 10 ft elevation differences are
evaluated to develop an estimate of the floor’s levelness.
Higher numbers indicate better quality in the surface
characteristic being reported.
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TOLERANCES for Concrete Surfaces
INTRODUCTION 

Tolerances are provided to ensure the finished 

concrete surface is acceptable for the application 

and the intended function. Setting tolerances also 

demonstrate that some degree of variation is 

inherent in all building work.  

 

The position of the concrete element, its function, 

appearance and the influence of these on the total 

project would, in many cases, define the 

appropriate tolerances. On the other hand, 

tolerances must also be reasonable, i.e. both 

achievable and able to be checked in the field using 

the available techniques and at acceptable cost. 

The importance of specifying appropriate tolerances 

becomes apparent when the outcome fails to meet 

the original expectations.  

 

 

 

 

 

 

 

 

 

 

 

 

Some Australian Standards specify tolerances for 

concrete surfaces and it is important to understand 

their relevance or limitation for particular 

applications. This Datasheet reviews the tolerance 

requirements in various codes and standards, 

provides guidance on appropriate tolerances 

(particularly for unformed surfaces) and discusses 

the issues involved in achieving the specified 

tolerances.  

 

DEFINITIONS 

 Formed Surface: A Surface requiring 

formwork to provide shape and texture/finish to the 
concrete. 

 Unformed Surface: A surface that does 

not require formwork to provide either shape or 
finish to the surface, e.g. the top surface of slabs or 
pavements.  

These surfaces generally have to meet two 
independent tolerance criteria: the ‘flatness’ of the 
surface and variation from the designed elevation 
(levelness). 

 Flatness: The deviation of the surface 

from a straight line joining two points on the surface. 

 Levelness (elevation tolerance): The 

permitted vertical variation of the surface from a 
fixed external reference point or datum.  

 Assessing Tolerances: It should be 

noted that measurement for assessment of “as-
constructed tolerances must be made within 24 
hours to 72 hours of construction.  

The reason for this is that factors, outside of the 
construction process may influence measurements 
made outside of this time period (e.g. release of 
propping on suspended slabs and beams, ground 
movement under slabs cast on ground, shrinkage 
and curling effects etc.). In the case of columns and 
walls, measurement should take place as soon as is 
possible after formwork removal.  

MEASURING TOLERANCES 

As the specification of tolerances is dependent on 
the method of measurement, this is usually 
determined first. While the two common methods 
used in Australia are the optical and straightedge, 
methods include: 
 

Optical 

Optical survey instruments can be used to 

measure the levelness, flatness, position or 

plumb of an element. For pavement or slab 

levelness and flatness, spot checks on a grid 

TOLERANCS can be defined 

as the allowable variations 

from the specified values or 

performance levels.  
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pattern are often made. If relying entirely on spot 

measurements, the grid size may be quite small, 

say 0.5m. Combined with a straightedge, 

readings may be taken on, say, a 3m grid, with a 

straightedge used to check the variation 

between measured points. Instruments can 

have an accuracy of 0.1mm, and computer 

topographical maps drawn indicating slab 

contours to assist with the evaluation. Since 

small grid sizes may be required, the cost of this 

method should be evaluated, particularly when 

used over large areas. 

Straightedge 

Tolerances can be determined by placing a 

straightedge anywhere on a concrete surface in 

any direction and measuring the maximum 

deviation of the surface from the straightedge 

(see Figure 1). The use of a 3m straightedge 

has been found to be a simple and generally 

satisfactory method of measurement in 

Australia. A shorter length (0.3m to 15m) 

straightedge is one of the methods for 

measuring surface tolerances of formed 

concrete prescribed by AS 3610.1
1
. The 

variation from the straightedge is typically 

expressed as a maximum deviation value over 

the straightedge length but can be assessed by 

the method provided in ACI 117
4
. 

 
Figure 1: Testing the surface for compliance using a straightedge.  

While the 3m straightedge technique is simple, 
inexpensive and widely used, one of the 
deficiencies of the method includes the difficulty 
in testing large pavement areas. Other 
deficiencies include inability to reproduce test 
results and failure of the method to assess the 
acceptability of irregularities such as steps and 
surface undulations (often referred to as 
waviness – see Figure 2).  

 
The length of the undulations in an unformed 
slab surface is an important consideration when 
choosing the length of a straight edge. 

 
Shorter (300mm and1500mm) straightedges as 
specified in AS 2610.1

1
 for formed surfaces 

could be used provided the length of the 
straightedge exceeds the maximum length of 
undulations. It is common for the length of 
undulations n the unformed surface of slabs to 

vary from 600mm to 3m, so care should be 
taken when selecting a straightedge less than 
3m for this assessment (see Figure 2). 

 
 

Figure 2: 3m straightedge tolerances fail to assess surface 
undulations (waviness). 

 
A better method of using a 3m straightedge and 
assessing its resulting test data is provided in 
ACI 117

4
. This standard recognises the 

difficulties is assessing straightedge data and 
recommends that two limits are applied for 
flatness tolerance. These are based on a 
standard approach to measuring the slab 
surface and the proposed deviation limits that 
are the limit at which 90% of the test 
measurements are less than and also the limit 
which 100% of the test measurements are less 
than. This approach to assessment is reflected 
in Table 1 overleaf, and used here to compare 
straightedge data with that from instruments 
used to measure flatness numbers and 
levelness numbers. 

String-lines 

String-lines re suitable for assessing large 

elements but should be used only in still air 

conditions. They are more suited to vertical 

surfaces, as the deflection or ‘sag’ over long 

distances could introduce errs for horizontal 

surfaces. They are typically held away from the 

surface on suitable spacers to ensure the string-

line is straight and the deviation of the surface 

from the string-line can be measured. 

F-Meter and Dipstick Instruments 

The F-Meter and Dipstick instruments were 

developed by the Face Company in the United 

States. These instruments are used to assess 

the flatness and levelness of floors by 

measuring the Face floor-profile numbers, call 

F-numbers. The Flatness F-number (FF) is 

related to the maximum allowable floor 

marta
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curvature over 600mm computed on the basis of 

successive 30mm elevations differentials
2
. 

The Levelness F-number (FL) is related to the 

relative conformity of the surface to a horizontal 

plane as measured over a 3m length. 

Generally, the two F-numbers are expressed as 

FF and FL. Further information on this measuring 

system can be found in ACI 302.1
3
 and ASTM 

E1155M
2
. 

Large areas can be assessed easily for 

compliance using this method, as the instrument 

can be quickly moved across the surface (see 

Figure 3).  

It is important that measurements are taken as 

soon as possible, since subsequent procedures, 

such as saw cutting joints, will affect results. 

These instruments are available in Australia but 

their use is still relatively rare with the Dipstick 

instrument more commonly used. To allow a 

contractor to assess the work (and cost) 

involved in delivering the required finish, a 

correlation between the F-numbers and an 

existing familiar method such as the 

straightedge may initially be required. While 

these is no direct equivalence between F-

numbers and 3m straightedge tolerances, Table 

1 gives an approximate correlation between the 

two systems assess by the method of ACI 117
4
. 

Figure 3: F-Meter 

Profilograph 

This instrument is a variation of the F-Meter and 

was developed by the Australian Road 

Research Board – Transport Research (ARRB 

TR). It is a height-measuring device for checking 

the longitudinal profile of both new and existing 

road pavements.  

Table 1: Approximate correlation between F-numbers and 
straightedge tolerances (after ACI 117

4
) 

*Refers to a finishing process in which a long straightedge (3m to 4m) is 
drawn across the surface transverse to the direction of screeding to remove 
undulations in the transverse direction. 

 

STANDARDS AND SPECIFICATIONS 

When specifying tolerances for concrete work, 

reference is often made to the Australian 

Standards/Specifications AS 360.1
1
, AS 3600

5
 and 

NATSPEC
6
. The relevant contents of these are 

outlined below. 

AS 3610.1
1
 – Formwork for concrete 

This Standard deals with the visual quality 

(appearance) of formed concrete surfaces, for 

both in-situ and precast concrete elements. The 

surface finish quality is specified as one of five 

classes. 

Classes 1, 2 and 3 are typical architectural 

applications where the concrete surface visual 

quality is important. Tolerances for each class 

are specified for various aspects of the surface 

finish (see Table 2). If concrete elements have 

non-critical faces and/or some of the surface 

finish tolerances are less important, these can 

relaxed and are designated by the suffix ‘X’ after 

the class of finish, (e.g. Class 2X). The limits of 

any less stringent tolerances should be include 

in the project documentation but should not be 

less stringent than the tolerances given in AS 

3600
5
 for structural adequacy. Classes 4 and 5 

   
3m Straightedge 

   Tolerance 

   (90% less than 

– 100% less 

than) 

Floor profile quality FF FL (mm) 

 
Conventional Surface 

   

Bull-floated 15 13 16 - 23 

Straight-edged* 20 15 13 - 19 

 
Flat 

 
25 

 
20 

 
10 - 16 

Very flat 50 30 3 - 7 

Super flat 100 50-100 2 - 3 

Typical warehouse 25-35  6 - 12 



PAGE 4 OF 10  >  TOLERANCES FOR CONCRETE SURFACES 

 

 

are for typical structural applications where the 

concrete surface is either not visible, or the 

surface finish quality is no critical (e.g. footings, 

concrete frames covered by other finishes). 

While specifications for “Face step” and 

“Undulations” for Class 4 finishes are included in 

AS 3610.1
1
, the tolerances for Class 4 and 5 

finishes are generally governed by the 

requirements of AS 3600
5
, (i.e. structural design 

rather than appearance of the surface).  

AS 3600
5
 – Concrete Structures 

The tolerances specified in AS 3600
5
 relate to 

the size and position of concrete elements to 

ensure that the safety factors for the structural 

design of the elements are maintained. The 

standard notes that ‘more stringent tolerances 

may be required for reasons of serviceability, fit 

of components, or aesthetics of the structure’. 

Specifying tolerance in accordance with AS 

3600
5
 may not be adequate to satisfy other 

requirements, (e.g. where precast components 

are installed into a building frame - see Figure 4 

below). Note that As 3610.1
1
 is of little use in 

this regard as it deals with the surface finish 

rather than the actual position of the element. 

As an example, consider a mezzanine floor in a 

factory supported by 3m high columns. AS 

3600
5
 states that for a point on the top surface 

of a floor or the soffit of a beam or slab adjacent 

to a column or wall, the deviation from the 

specified elevation shall not exceed 40mm 

vertically i.e. ±40mm from the designed level. 

The actual variation may be smaller as the 

deviation from any specified height or 5mm, 

whichever is greater. For the mezzanine floor, 

the variation in the column height could thus be 

±15mm (height/200). While this is within the 

±40mm allowed, in the worst case there could 

be a 30mm fall across the slab, and the floor 

levels still comply with tolerances given in AS 

3600
5
. This could make the fit of components or 

construction of walls difficult. 

NATSPEC
6 

NATSPEC
6
 nominated a flatness tolerance for 

each of three classes of unformed surfaces, viz: 

 Class A Maximum deviation from a 2m 

straightedge is 4mm. 

 Class B Maximum deviation from a 3m 

straightedge is 6mm. 
 

 Class C Maximum deviation from a 

600mm straightedge is 6mm.  
 

NATSPEC is not clear on the method of 

assessment and could be interpreted as a 

maximum deviation for 100% of tests. Class A 

should not be automatically specified for all flor 

applications. Achieving a maximum deviation of 

4mm under a 3m straightedge may require very 

special construction techniques at increased 

cost. Table 1 shows a reasonable tolerance for 

a conventional finish would be a maximum 

deviation of 13mm under a 3m straightedge for 

90% of tests.  

With careful level control and re-screeding 

where required, it may be possible to achieve a 

maximum deviation of 10mm under a 3m 

straightedge for 90% of test results carried out 

on the majority of a pavement area. 

More stringent tolerances should be specified 

only if required for the application, (e.g. a 

television studio floor or operating theatre, both 

of which require sensitive equipment to be 

moved across the floor). In these cases Class A 

may be the appropriate flatness to specify but 

will require specialist finishing to achieve a 

maximum 4mm on 90% of test let alone 100% of 

tests suggested here. 

Consideration needs to be given to achieving 

the specified tolerance on site. The specification 

of a less stringent tolerance and use of a self-

levelling topping (after construction) may also be 

an option to achieve more stringent tolerances, 

particularly if suspended and/or post tensioned 

floors are involved. Deflections after formwork 

removal or stressing can easily exceed the 

‘flatness’ tolerance specified. Note that the 

waviness of the floor may be more critical than 

having a Class A finish. Fewer ‘waves’ will 

effectively increase the flatness and allow 

smoother movement of equipment over the floor 

surface (see Figure 2).  

 

SPECIFYING TOLERANCES 

Specified tolerances should realistically reflect the 

requirements for the appearance and function of the 

concrete element. The practice of specifying more 

stringent tolerances than required to cover 

unforeseen circumstances should be avoided. The 

more stringent the tolerances, the more 

sophisticated (and therefore costly) are the 
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construction and measurement methods needed to 

achieve and check them. The recommended 

tolerances for various elements are discussed 

below and summarised in Table 3.  

Footings 

If no requirements are specified, footings would 

be deemed to require only Class 5 finish for 

which no provisions for the surface appearance 

are included in the Standards. 

Figure 4: Concrete frame may require tolerances appropriate 

for the fitting of components such as precast units.  

Slabs 

In addition to the unformed top surface, formed 

slab edges may also need to be considered – 

particularly in residential work. For the latter, 

both are covered by AS 2870
7
. 

The formed edges/sides of the concrete slab are 

generally acceptable if in accordance with the 

tolerances of AS 3600
5
, as the edge is either 

below ground level or concealed by the external 

skin of brickwork and therefore surface 

appearance is not critical. Note that AS 2870
7
 

generally requires concrete work to be in 

accordance with AS 3600
5
. 

Where the edge remains exposed after 

construction (clad frame construction or as part 

of the termite barrier system), a Class 3 finish to 

the formed surface should be specified in 

accordance with AS 3610.1
1
. This will provide 

satisfactory surface appearance and satisfy the 

requirement of As 3600.1
8
 that states ‘the 

exposed face of the perimeter of the slab shall 

be off-the-form and shall not exhibit areas of 

rough surface, honeycombing or ripples’.  

 

Quality of Surface Finish 

 

Class 1 

  

Class 2 

  

Class 3 

  

Class 4 

 

Class 5 

1. Blowholes Refer to AS3610.1 for examples 
 

N/A 
 

N/A 

2. Formed Face Deflection Lesser of 2mm 

or Span/360 

Lesser of 

3mm or 

Span/270 

Lesser of 

3mm or 

Span/270 

Lesser of 

3mm or 

Span/270 

N/A 

3. Face Step 

 
 
 

Within the element 

At in-situ construction joint 

Tolerance for straight elements with smooth surface in mm 
 

   
% of Readings 

   

95 100 90 100 80 100 70 100 * 

1 2 2 3 3 5 5 8 * 

2 3 2 3 3 5 5 8 * 

4. Surface Undulations** 

300mm Straightedge (a-b)< 1500mm Straightedge 

(a-b)< 

 

 
1 

 

 
2 

 

 
2 

 

 
4 

 

 
3 

 

 
4 

 

 
5 

 

 
7 

 

 
* 

2 4 3 6 5 7 8 10 * 

5. Flatness 1.25m Grid 

At 5m over 10m (N/A to Precast) 

 

 
4 

 

 
5 

 

 
6 

 

 
7 

 

 
7 

 

 
10 

 

 
* 

 

 
* 

 

 
* 

5 7 7 10 10 15 * * * 

6. Out of plumb. Height less than 3m 

3m < Height < 8m (N/A to 
Precast) 

 

 
3 

 

 
5 

 

 
4 

 

 
6 

 

 
5 

 

 
7 

 

 
* 

 

 
* 

 

 
* 

6 8 8 10 10 12 * * * 

Table 2: Acceptable quality of formed surfaces (AS 3610
1
) 

*Limited by AS36005
5
 

** “a” and “b” are respectively the maximum and minimum distance from the straightedge 
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A more stringent flatness tolerance that 13mm 

on 90% of test shown in Table 3 may be 

required for particular floor finishes such as 

polished concrete or vinyl, where light reflecting 

from the surface tends to highlight any 

undulations. 

A maximum variation of 6mm from a 3m 

straightedge on 90% of tests would be a 

reasonable tolerance for small areas, and 8mm 

for larger areas. Reducing the waviness would 

also assist in achieving a flatter finish. 

Tolerances should be measured within 72 hours 

of placement and not be used to assess the 

performance over a period of time, as ground 

movement in excess of the tolerances may 

occur.  

 

 

 

 

 
TOLERANCE ON: 

   

 

MEMBER Position/Size Surface quality 
  

 

Footings Concealed 
 
 
 
 

Exposed 

 

Maximum deviation from any specified 

height, plan or cross-sectional dimension to 

be the greater of 1/200 times specified 

dimensions or 5mma 

 

Maximum deviation of any point of the surface from a 

straight line joining the two points on the surface to be the 

greater of 1/250 times the 

length of the line or 10mma 

As for “Concealed” above plus –Maximum 

deviation from plumb to be the greater of 

1/200 times specified dimensions or 5mm1,b. 

Absolute position to be within +15mm 
horizontally. 

Class 4b or higher. 
  

 

Slabs Maximum deviation from any specified 

height, plan or cross-sectional dimension to 

be the greater of 1/200 times specified 

dimensions or 5mma. 

Surface level – To within +10mm of 
specified level. 

Exposed edges to be Class 3c or 2 maximum. 

Flatness – Maximum from a 3m straightedge placed 

anywhere on the surface 13mm for 90% of tests. This 

tolerance is also consistent with AS3600 section 17a 

which satisfies structural 
requirements. 

 

Columns and Walls 
 

Position - +15mm of specified position. 

Plumb - +10mm of plumb. 

Concealed elements – Class4c. 

Elements with applied finishes – Classc to be specified 

to provide appropriate substrate. 
 

Elements viewed as a whole – Class 3c. 

Elements viewed in detail – Class 2c. 

 

Architectural Elements 
 

As appropriate for type of member. Class 1, 2 or 3c,d 
  

 

External Pavements 
 

(driveways, footpaths, patio’s and other 

pedestrian pavements) 

 

Surface level – 
 

 Non-graded pavement: 

+10mm of specified level. 

 

Flatness – Maximum from a 3m straightedge placed 

anywhere on the surface 16mm for 90% of tests. 

 
 Graded pavement: +10mm 

of a straight line between 

control points. 

 

 
 Control points at top and 

bottom of graded pavement: 

+10mm of specified level. 

 

 
Thickness – Maximum deviation to be the 

greater of 1/200 times the specified 
thickness or 5mma. 

 

 

Industrial Pavements 
 

Surface level to be within +10mm of 

specified level. 
 

Thickness – Maximum deviation to be the 
greater of 1/200 times the specified 
thickness or 5mme. 

Flatness and levelness – To have the following F- 

numberse: 

  

Finishing method/ 

   pavement type  

 

F F  

 

F L  

  Bullfloated 15 13 

Straightedged 
f
 20 15 

Flat 25 20 

Very Flat 50 30 

Table 3: Recommended Tolerances 

Notes (table reference numbers refer to note numbers below): 

A. In accordance with AS 3600
5
. 

B. If class 2 or 3 finish in accordance with AS 3610.1
1
 is specified, the associated plumb tolerances apply. 

C. In accordance with AS 3610.1
1
. 

D. A tighter tolerance may be required for some floor finishes (e.g. tiled, vinyl, polished) – see page 5 “Slabs”. 
E. As measured by the F-Meter – see page 2 for method and Table 1 for 3m straightedge deviation equivalent. 
F. Refers to a finish process using a long straightedge tool (refer to ACI-117

4
). 
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Columns and Walls 

Tolerances for the location and plumb of these 

members are usually specified in accordance 

with AS 3600
5
. As surface appearance is 

generally not critical (i.e. members concealed 

from view by other finishes) a Class 4 surface 

finish in accordance with AS 3610.1
5
 should 

typically be specified. This will ensure good 

general alignment of the surface. 

There are less common cases where columns 

and walls are constructed to a finish that is to be 

viewed without any further applied finish. In this 

case Class 1, 2 or 3 finish may be specified in 

accordance with AS 3610.1
1
. 

If the location of these elements is important and 

they cannot be allowed to ‘drift’ out of position 

by the 40mm allowed in As 3600
5
, then an 

appropriate, more stringent tolerance, needs to 

be specified. Again the project documentation 

may limit the deviation from the specified plan 

position to say 15mm. While this allows some 

tolerance for dimension and plumb, it may 

require each level to be set out to ensure the 

adequate location of columns and walls.  

Regarding the plumb, it is recommended that 

the 10mm variation allowed in AS 3600
5
 be 

regarded as a maximum, rather than minimum 

value. This makes the requirements for plumb, 

approximately consistent with a Class 3 finish in 

As 3610.1
1
. 

Architectural Elements 

In addition to specifying tolerances for the 

position of concrete elements, where the visual 

appearance is important, tolerances for the 

surface finish must also be specified. A group of 

tolerances which define the surface finish are 

usually specified as either a Class 1, 2 or 3 

finish in accordance with As 3610.1
1
. A specifier 

should take particular note of the advice 

regarding visual assessment of concrete 

surfaces provided by AS 3610.1
1
. The Standard 

advises that surfaces should be viewed from a 

distance reflecting the viewing distance 

expected when in service but not less than 3m. 

For example, this may mean that a visual 

assessment of a Class 3 surface finish at 2m 

may satisfy a Class 2 when viewed at 20m.  

Class 1 finishes should be specified only for 

selected small elements contained in a single 

pour and not for entire building facades. This is 

due to their cost and difficulty to achieve over 

larger areas. Class 1 is often specified for 

residential and public applications where close 

scrutiny of the finish is possible. 

Class 2 finishes are appropriate for exposed 

concrete in areas where people have the 

opportunity to view the finish in detail. Class 2 

would usually be the minimum finish for 

residential applications and other 

building/structural elements where people can 

be in close proximity.  

Class 3 finishes would suffice for most exposed 

concrete applications, such as carparks, where 

the structure is viewed as a whole and people 

are less alert to the actual finish.  

External Pavements 

In determining tolerances for external 

pavements, considerations should be given to: 

 Most graded pavements fall to a drain, 
which itself has an elevation tolerance. 
If the drain is above the specified 
elevation, there will be less grade on 
the pavement, if below, there is more. 
The tolerance for the pavement should 
therefore be compatible with that of the 
drain.  

 Care in nominating a minimum grade is 
required as the levelness tolerance of 
±10mm may cause the pavement to fall 
in the opposite direction for small 
vertical differences. This is especially 
critical over short distances. In these 
situations either more stringent 
tolerances on the control points are 
needed, or an appropriate minimum 
grade.  

Industrial Pavements 

The surface flatness is often the critical factor for 

these pavements and the tolerances need to 

suit the application. Forklift uses range from 

general circulation areas and wide aisles to 

specialised turret trucks in narrow aisles for 

high-bay storage.  

Generally, the more restricted the operating 

space, the flatter the floor surface needs to be to 

prevent swaying during movement and possible 

impact with racking. 

While the degree of flatness and levelness is 

dictated by the requirements of the turret truck 

suppliers, more stringent tolerances are often 

specified due to particularly narrow aisle widths 
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or the need to compensate for subsequent 

movements (e.g. subgrade settlement). For 

high-bay racking, generally a very flat floor will 

allow efficient operation of fork lift trucks 

(manufacturers’ specifications need to be 

checked), with specified tolerance values of FF = 

50 and FL = 30. As noted in Table 1, this is 

roughly equivalent to a maximum deviation of 

3mm for 90% of tests under a 3m straightedge.  

It can be seen that specifying tolerances using 

the F-number method is more suitable for 

industrial pavements. In this case, measuring 

tolerances over large areas may be difficult 

using other methods and can lead to dispute 

over the test results from differing test methods. 

The specification of more stringent tolerances 

(e.g. a ‘superflat’ floor), involving a considerable 

increase in cost, is generally not warranted. 

However, each project must be assessed and 

the appropriate tolerance determined.  

 

ACHIEVING TOLERANCES 

When specifying tolerances, consideration should 

be given to how they will be achieved on site. 

Tolerance requirements need to be communicated 

to the contractor so that appropriate construction 

techniques and procedures can be planned to 

deliver the desired result. This is critical where tight 

tolerances have been specified, as additional time 

and cost will be involved in achieving them.  

Consideration should be given to the following: 

 Communication between all parties 
involved in the project is critical. The 
contractor must have a clear 
understanding of the tolerances required 
and the importance of achieving them so 
that appropriate construction techniques 
can be used. As the actual finishing of the 
surface probably accounts for at least 50% 
of the success of a project, it is imperative 
that the concretor also be involved in 
related discussions and development of 
procedures for placing/finishing the 
surface.  

 Compliance should be assessed between 
24 hours and 72 hours after placement of 
concrete (as noted in “Definitions above). 
This should be completed prior to any 
activities, such as post-tensioning, 
formwork stripping/backpropping and 
loading which may affect the levels.  

 Construction costs generally increase as 
tolerances become more stringent. 
Specifying tolerances appropriate for the 
application will control costs for the owner 
and possible avoid unnecessary disputes 
over non-compliance.  

 An understanding of the tolerance limits 
possible by using various construction 
techniques will assist in selecting an 
appropriate method to achieve the 
specified tolerances. For example, tight 
tolerances in large floor areas are 
generally achieve by placing the concrete 
in narrow strips. If a join-free surface is 
required for large open areas, the use of 
specialised equipment such as laser-
guided screeding machines may be 
required. 

 
Construction techniques that reduce the 
waviness of the surface finish will also 
improve the flatness. An alternative 
solution for tight tolerances may be to use 
normal placement and finishing techniques 
on the base slab combined with a self-
levelling topping (see below). 
 

 Construction details be have significant 
effect on the final surface level and 
flatness. Examples include: 

a. Ensuring adequate quality of and 
preparation of the subgrade 
under the concrete slab to reduce 
the potential for ground 
movement. The use of a 
designed thickness specified road 
base material, that is compacted 
to a specified minimum dry 
density, is recommended.  

b. Providing long tapers at edge 
thickenings to reduce the risk of 
level changes due to concrete 
plastic settlement shrinkage. 

c. Ensuring proper functioning of 
joints. This should include 
measures to ensure that the joint 
accommodates horizontal 
movement of the slab due to 
shrinkage and temperature as 
well as transfer of vertical loads 
across the joint. This can be 
achieve by careful design of 
reinforcement, dowel bars (if 
required) and joint surface 
preparation. Correct joint spacing 
and aspect ratio of pavement 
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segments between joints is 
necessary to ensure that joints 
will work as intended.  

d. Ensuring adequate slab 
thickness, reinforcement detailing 
and concrete mix design to 
control curling of the slab edges. 
Effective curing of the finished 
surface of the concrete slab, also 
combined with plastic (vapour 
barrier) under the slab where the 
sub-base is likely to remain moist, 
will also assist with control of 
curling of the slab edges.  

 While the specified tolerances may be 
satisfactory when checked for compliance, 
subsequent movement and/or deflection of 
the concrete member (e.g. due to ground 
movement, stripping of formwork, loading, 
stressing) could result in the final surface 
not complying. An alternative to specifying 
more stringent (and perhaps unreasonable 
and more costly) tolerances to allow for 
this movement is the specification of less-
stringent tolerances combined with an 
appropriate self-levelling topping.  

 Surfaces requiring tight tolerances (e.g. 
operating theatres, studios) or ones 
subject to subsequent 
movement/deflection may benefit from the 
use of a topping by which such tolerances 
re readily achievable. A further benefit is 
that, since the topping can be placed at the 
end of the construction period, the need for 
protection of the floor is minimised. Care 
should be taken to ensure that toppings 
are fully bonded to the concrete where 
using this method. 

 The importance of trial slabs or test panels 
that incorporate all the features of the 
critical slabs or elements from preparation, 
formwork, jointing, placing, compacting, 
finishing and curing, can’t be over 
emphasized. Trial slabs provide the 
opportunity to further refine the techniques 
required to achieve the final result, and to 
a greater understanding and appreciation 
of the extent of work involved. 

 

RECTIFICATION 

Depending on the function and appearance of the 

concrete element, rectification of surfaces outside 

the specified tolerances may be possible. Parties 

involved should discuss and agree the procedure to 

ensure that acceptable results can be achieved. 

Techniques used in rectification work of unformed 

surfaces include: 

 Belt sanding with an appropriate abrasive 
paper can be used for areas requiring 
minor corrections less than say 0.5mm. 

 Grinding the surface is an effective way of 
correcting localized high spots in the 
finished surface and s the typical method 
used. Depending on the text of grinding, 
the appearance will be affected and 
possibly surface characteristics such as 
abrasion resistance.  

 Localised filling is not recommended as a 
long-term solution for the correction of 
tolerances on exposed concrete slabs. It 
may be used for minor surface defects and 
as a levelling solution under other floor 
finishes. 

 A proprietary self-levelling topping can be 
applied to the surface, not only to correct 
tolerances, but also to provide a uniform 
appearance to the finished surface.  
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by Mark A. Cheek

The Floor Flatness  
Report

What the designer needs to know

F loor profile finish quality has traditionally been 
specified by limiting the gap under either an unleveled 

or leveled 10 ft (3 m) straightedge. Some specifications 
still take this tolerance approach, even though there  
is no nationally accepted standard either for taking 
measurements or for establishing compliance of a floor 
profile. In many specifications, slab finish quality is not 
addressed at all. Use of a nonstandard test procedure and 
failure to specify floor profiles often lead to conflict and 
litigation. For example, if the project specification calls 
for a 10 ft (3 m) straightedge to determine the quality of 
the finished floor and the test area is 100 x 100 ft (30 x  
30 m), a technician can place the 10 ft (3 m) straightedge 
at a single location and measure the gaps between it and 
the floor. Operating without a standard, the technician 
could simply use the measurement from that one location 
as representative of the entire test area. It may (by  
some chance) be representative of the whole floor  
but most likely is not; thus, the results obtained are 
essentially useless.

Profiling Standard
The technology for measuring floor profiles has 

developed in response to the need for a standard method 
to evaluate them. This technology, called the F-number 

This article is a continuation of the “What’s This Report For?” series, based on a technical session sponsored 
by ACI Committee E702, Designing Concrete Structures. In keeping with ACI’s mission to provide knowledge and 
information for the best use of concrete, the articles will be posted on the ACI Web site (www.concrete.org/
education/edu_online_CEU.htm) and, along with sample reports and multiple-choice questions, be used for 
educational materials.

system,1 provides a welcome alternative and a solution to 
the generally recognized inadequacies of the 10 ft (3 m) 
straightedge to describe and define floor profiles.

Floor flatness (FF) and levelness (FL) numbers 
determine whether a floor is sufficiently smooth and 
level, respectively, as constructed. Floor flatness can 
affect flooring installation, ride quality and safety in 
warehouses, and drainage. Floor levelness can affect  
shelf placement and design and a slab’s drainage plan. 
For example, the levelness of the floor in a warehouse 
could limit how high pallets of goods can be safely 
stacked. Typical FF and FL values for different applications 
are shown in Table 1 and Fig. 1.

Appropriate flatness and levelness
As in any other specification, the engineer should 

determine what is good enough for the application rather 
than impose a standard that is unnecessarily exacting 
and costly. Both overall flatness and levelness numbers 
should be specified, along with the local minimum values 
(typically 60% of the overall numbers). The test should 
be conducted within 72 hours of finishing the slab, as the 
curing process could cause the slab to curl and deviate 
from the flatness achieved by the finishers. Obtaining 
these numbers within 72 hours also allows the contractor 
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to make adjustments to the procedures, if necessary, while 
the floor is still being placed. Both flatness and levelness 
numbers can be determined on shored decks, but only 
flatness numbers can be determined on unshored decks.

Measurement
The FF number is an indication of how bumpy or wavy 

the slab surface is, demonstrating the quality of the initial 
strike off and finishing process. The F-number system 
uses floor surface curvature calculated from elevation 
differences over 24 in. (600 mm) increments as a measure 
of flatness (Fig. 2). The FL number is an indication of how 
level the slab is, demonstrating how level the forms were 
set. The floor slope is measured over a distance of 10 ft 
(30 m) (Fig. 3).

Table 1:
Typical flatness (FF ) and levelness (FL) numbers for various applications (ACI 302.1R)2

Composite flatness, FF Composite levelness, FL Typical applications

20 15
Noncritical: mechanical rooms, nonpublic areas, 

surfaces to have thick-set tile, parking structure slabs

25 20
Carpeted areas of commercial office buildings or 

lightly-trafficked office/industrial buildings

35 25
Thin-set flooring or warehouse floor with moderate or 

heavy traffic

45 35 Warehouse with air-pallet use, ice, or roller rinks

>50 >50 Movie or television studios

Fig. 1: Typical flatness and levelness requirements for various 
applications2

Fig. 2: The flatness is calculated from elevation readings over 
24 in. (600 mm) increments

Fig. 3: The floor levelness is calculated from elevation readings 
over 10 ft (3 m) increments

ASTM E1155, “Standard Test Method for Determining 
FF Floor Flatness and FL Floor Levelness Numbers,” is a 
quantitative method of measuring floor surface profiles to 
obtain estimates of the floor’s characteristic FF and FL 
numbers. Each slab requires a number of individual 
sample measurement lines (test runs). The quantity of 
test runs is determined by the area to be tested. The 
greater the area, the more test runs are required; thus, 
more data are accumulated and processed to determine 
F-number values for the slab.

In accordance with ASTM E1155, the test area must be 
organized into a test surface, test section(s), and test 
runs (Fig. 4). After the number and length of test runs are 
determined, the test runs can be laid out and the run 
path swept clean. Once the test runs are laid out and 

marta
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cleaned, data can be collect using a Dipstick® floor profiler 
(Fig. 5) or equivalent. Minimum sampling requirements are 
discussed in ACI 117.2

Reviewing the report
A typical report includes a description of the test 

surface, test section(s) and location of test runs, the 
overall FF and FL numbers for the slab, the individual 
FF and FL numbers for each test run, and whether any 
required local minimum was violated. A graph of each 
test run may be included. The graph (Fig. 6) shows the 
change in elevation versus distance for the surface.

When reviewing a report, you should first verify that 
the overall FF and FL values meet the specified requirements. 
For example, suppose your project specification calls for 
a minimum FF of 25 and a minimum FL of 20. The correspond-
ing minimum local values are typically 60% of these 
values, or 15.0 and 12.0, respectively; these should be 
spelled out in the specification. Looking at the example 
data in Table 2, you can see that the overall flatness and 
levelness requirements have been met.

After checking the overall flatness and levelness values 
against the specification, check the values of FF and FL for 

Fig. 4: Sample layout for 
flatness and levelness 
measurement of a floor
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Table 2:
Example flatness and levelness data for an office building

Test run Flatness, FF Levelness, FL

1WE 35.13 24.70

2EW 24.71 11.42*

3WE 44.75 25.96

4NS 39.75 31.92

5SN 39.63 28.39

6NS 26.71 19.42

Overall (25/20) 35.11 23.80
*Does not meet the local minimum value

The last step is to check to see whether any local 
minimum values have been violated.  Reviewing the data 
in Table 2, you can see that Test Run 2EW violates the 
minimum local value of FL because it is only 11.42, less 
than the minimum local value 12.0. All other test runs 
meet the minimum local values for both FF and FL.

Remedies
If the overall FF and FL values exceed the minimum 

specified requirements and the minimum local values 
have not been violated, there is no need for remediation. 
However, if—as in the example—the overall values meet 
the specification and the minimum local values don’t,  
the surface will need remediation in the areas where  
the minimum local values were out of spec. Additional 
testing will be required to determine the entire area for 
remediation. If the specified minimum overall numbers 
are not met, the entire surface or selected areas should 
be remediated and the surface retested. Remediation 
methods vary greatly in surface preparation, application 
effort, and cost so the selected remediation method 
varies from project to project.

Some reports may include measurements of the entire 
slab to quantify a slab that has been found to be out of 
spec. Different modeling programs can be used to aid  
in selecting a remediation method. For example, a  
mesh diagram (Fig. 7) can be very helpful in evaluating  
a slab surface.

If the results do not meet the specifications, remedial 
measures may be needed and a reduction in payment as 
previously agreed upon may be called for. Remedial 
measures for slabs-on-ground might include grinding, 
planing, surface repair, retopping, or removal and 
replacement. For suspended slabs, remedial measures 
are generally limited to grinding or use of an underlayment 
or topping material. Contract documents should clearly 
spell out the penalties to be imposed should the specified 
tolerances be exceeded. Generally, they will not mandate 
the remedial measures to be taken, as the Engineer of 
Record needs to make judgments about the appropriate 
action(s) in each individual case. In an office that is to 
be carpeted, a floor leveling compound may provide a 
sufficiently level surface for the carpet; for a warehouse 
floor, grinding the high spots may be preferred.  

References
1. Face, A., “Floor Flatness and Levelness—The F Number 

System,” Construction Specifier, V. 40, No. 4, Apr. 1987, pp. 24-32.

2. ACI Committee 302, “Guide for Concrete Floor and Slab 

Construction (ACI 302.1R-04),” American Concrete Institute, 

Farmington Hills, MI, 2004, 76 pp.

3. ACI Committee 117, “Specifications for Tolerances for Concrete 

Construction and Materials and Commentary (ACI 117-10),” 

American Concrete Institute, Farmington Hills, MI, 2010, 76 pp.

Fig. 5: A Dipstick floor profiler is used to collect flatness and 
levelness data

Fig. 6: Profile for one test run (vertical scale is exaggerated)

the individual test runs. Figure 6 shows an example test 
run. The vertical scale is exaggerated to show the profile 
more clearly. In this case, FF = 26.71, higher than the 
overall requirement and higher than the required local 
minimum of 15.0, and FL = 19.42, lower than the overall 
requirement but higher than the required local minimum 
of 12.0.
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Note: Additional information on the ASTM standard discussed in 

this article can be found at www.astm.org.

Selected for reader interest by the editors.

Fig. 7: Mesh diagram showing the profile of the surface. This type 
of diagram is useful in determining the appropriate repair method
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The Floor Flatness Report
While we applaud the effort to make CI readers aware of 

the contents of floor flatness reports, we are concerned 
about a number of issues in “The Floor Flatness Report” 
from the January 2011 CI (V. 33, No. 1, pp. 35-39). The 
article may cause some building owners and others interested 
in floors meeting flatness and levelness tolerances to have 
unreasonable or misguided expectations regarding reported 
floor flatness and levelness results. 

Some statements included in the article therefore require 
correction or clarification.

Quoting from p. 37 on taking measurements with a 
Dipstick® floor profiler or equivalent: 

“Minimum sampling requirements are discussed in 
ACI 117.” 

In fact, the requirements for the minimum number of 
10 ft elevation difference readings per the test section, Nmin, 
are discussed in Section 7.6 of ASTM E1155, “Standard Test 
Method for Determining FF Floor Flatness and FL Floor 
Levelness Numbers.” ACI 117, “Specification for Tolerances 
for Concrete Construction and Materials (ACI 117-10) and 
Commentary,” provides only minimum sampling require-
ments for the manual straightedge method (Section 4.8.6.2).

Also quoting from p. 37:
“When reviewing a report, you should first verify that 

the overall FF and FL values meet the specified require-
ments. For example, suppose your project specification calls 
for a minimum FF of 25 and a minimum FL of 20. The 
corresponding minimum local values are typically 60% of 
these values, or 15.0 and 12.0, respectively; these should be 
spelled out in the specification. Looking at the example 
data in Table 2, you can see that the overall flatness and 
levelness requirements have been met.”

The inclusion of the word minimum” in the second 
sentence is problematic. Minimum FF and minimum FL 
could be confused with minimum local values for flatness 
(MLFF) and levelness (MLFL) as described in ACI 117, 
Section 4.8.5.3, so better wording would have been:  
“…suppose your project specification calls for a specified 
overall value for flatness (SOFF) of 25 and a specified 
overall value for levelness (SOFL) of 20. The corresponding 
minimum local values for flatness (MLFF) and levelness 
(MLFL) are typically 60% of these values, or 15.0 and 12.0, 
respectively.”

A similar issue occurs on p. 38:
“If the overall FF and FL values exceed the minimum 

specified requirements and the minimum local values have 
not been violated, there is no need for remediation.”

This should be phrased as, “If the overall FF and FL values 
meet or exceed the specified overall values and the minimum 
local values have not been violated, on any minimum local 

areas, there is no need for remediation.” 
In terms of setting unreasonable expectations, the 

following statement from p. 38 is the most questionable:
“However, if—as in the example—the overall values 

meet the specification and the minimum local values don’t, 
the surface will need remediation in the areas where the 
minimum local values were out of spec. Additional testing 
will be required to determine the entire area for remediation.”

This statement is true if minimum local values are not 
met in a local tested area or areas. Unfortunately, the cited 
example provides only data from a single run, not a complete 
test section (minimum local area). Thus, the reader is led to 
believe that a single run with results below the minimum 
local value requires remediation for violating the minimum 
local tolerance value. This is not true. 

An individual run can be used solely as data—nothing 
more. The data might indicate a possibility of an issue with 
flatness and/or levelness in an area around a particular run, 
but the data cannot be compared against a specified value. 
As ACI 117, Commentary Section R4.8.5.3, states, “Acceptance 
or rejection of a minimum local area requires that data 
collection within the minimum local area in question meet 
the requirements of ASTM E1155.” ASTM E1155, Section 7.2.1, 
specifies that “no test section shall measure less than 8 ft on 
a side, nor comprise an area less than 320 ft2.” Because a 
single test run represents data from a line (not an area), the 
data in the example cannot be compared against specified 
MLFF and/or MLFL values. 

More information on why one sample measurement line 
of flatness/levelness cannot be used as a means for rejecting 
a floor is provided in the July 2008 Concrete Q&A 
(“Rejecting Floors Based on One Sample Measurement 
Line,” Concrete International, V. 30, No. 7, pp. 83-84).

Darrell L. Darrow, Allflat Consulting, Norfolk, VA 
Bryan M. Birdwell, Birdwell and Associates, Lakeland, FL

Editor and author’s response 
The writers’ comments are appreciated. We agree that 

minimum sampling requirements are not discussed in  
ACI 117 and the reference should have been to ASTM 
E1155. The use of the word minimum when referring to 
specified overall values (SOF), albeit possibly considered 
problematic, is a correct term in the sense that the SOF is 
the lowest value tolerable by the specifier. The error on p. 
38 was the result of an unfortunate attempt by the Editor to 
get more value out of a table. A single test run can’t be 
compared against an SOF, so the clause, “as in the example,” 
should not have been included in the discussion. 

Rex C. Donahey, American Concrete Institute, Farmington 
Hills, MI 

Mark A. Cheek, Beta Testing & Inspection LLC, Gretna, LA 

Letters
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Q. We’ve just been informed that the owner is rejecting 
a floor we’ve recently completed. The basis of the 

rejection: flatness/levelness measurements taken along one 
sample measurement line are below the specified minimum 
value. When minimum FF/FL values, as defined in ACI 117-061 
or ACI 117-90,2 are specified for random-traffic floor surfaces, 
do those minimum values apply to each sample measurement 
line, as defined in ASTM E1155, 3 or do they apply only to 
the composite of the measurement lines?

A. Let’s first consider what is meant by minimum  
local values, which are defined only in ACI  

documents. Section 4.8.5.1 of ACI 117-06, “Specifications 
for Tolerances for Concrete Construction and Materials,”1 
states that specified overall values for flatness (SOFF) and 
levelness (SOFL) shall conform to one of the floor surface 
classifications shown in Table 1, unless noted otherwise. 
Section 4.8.5.3 of ACI 117-06 states: 

Rejecting Floors 
Based On  

One Sample 
Measurement Line

Minimum local values for flatness (MLFF) and 
levelness (MLFL) shall equal 3/5 of the SOFF and 
SOFL values, respectively, unless noted otherwise.

Section R4.8.5.3 (the Commentary) of ACI 117-06 states:
Acceptance or rejection of a minimum local area 
requires that data collection within the minimum 
local area in question meet the requirements of 
ASTM E1155.

This means that the answer to your question can be 
found in the data collection requirements of ASTM E1155, 
“Standard Test Method for Determining FF Floor Flatness 
and FL Floor Levelness Numbers.”3 Sections 7.1 through 
7.3 of this document define test surface, test section, and 
sample measurement line as follows:

7.1 Test Surface—On any one building level, the 
entire floor area of interest shall constitute the 
test surface...

Table 1:
Floor surface classifications in ACI 117-061

Floor surface 
classification

Specified overall 
flatness SOFF

Specified overall 
levelness SOFL

Conventional 20 15

Moderately flat 25 20

Flat 35 25

Very flat 45 35

Super flat 60 40

Questions in this column were asked by users of ACI documents 
and have been answered by ACI staff or by a member or members 
of ACI technical committees. The answers do not represent the 
official position of an ACI committee. Only a published committee 
document represents the formal consensus of the committee and 
the Institute. 

We invite comment on any of the questions and answers published 
in this column. Write to the Editor, Concrete International, 38800 
Country Club Drive, Farmington Hills, MI 48331; contact us by fax at 
(248) 848-3701; or e-mail Rex.Donahey@concrete.org. 

marta
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7.2 Test Section—A test section shall consist of  
any subdivision of a test surface satisfying the 
following criteria:
7.2.1 No test section shall measure less than 8 ft 
[2.4 m] on a side, nor comprise an area less than 
320 ft2 [29.7 m2]
7.2.2 No portion of the test surface shall be 
associated with more than one test section.
7.2.3 When testing a concrete floor, no test section 
boundary shall cross any construction joint.
7.3 Sample Measurement Line—A sample  
measurement line shall consist of any straight line 
on the test surface satisfying the following criteria:
7.3.1 No sample measurement line shall measure 
less than 11 ft [3.3 m] in length.
7.3.2 No portion of any sample measurement line 
shall fall within 2 ft [0.6 m] of any slab boundary, 
construction joint, isolation joint, block-out, 
penetration, or other similar discontinuity.

Now let’s assume, for example, that levelness, and 
specifically MLFL, is the value of interest. ASTM E1155 
requires a minimum number (Nmin) of elevation difference 
readings per test section. Nmin is calculated as follows

Nmin = 2 A for 320 ft2 ≤ A ≤ 1600 ft2	 (in.-lb units)	 (1)  
		

	Nmin = 6.56 A for 30 m2 ≤ A ≤ 150 m2 	 (SI units)

or

	Nmin = A/30 for A > 1600 ft2 	 (in.-lb units)	 (2)

Nmin = A/3 for A > 150 m2	 (SI units)
 

where A is the test section area in ft2 (m2). These 
readings must be taken along sample measurement 
lines that are at least 10 ft (3 m) long. Thus, the  
minimum number of elevation difference readings  
per test section is independent of the number of 
sample measurement lines but varies with the size of 
the test section—larger test sections require a larger 
number of readings. It’s common practice to define a 
single concrete floor placement as the test section. The 
single placement can be divided into smaller test 
sections if desired or specified, but this results in more 
measurements being required and usually higher 
measurement costs. Whatever the test section area 
chosen, the minimum number of readings must be 
taken as required by ASTM E1155.

A further requirement in Section 8.2.3 of ASTM E1155 
is as follows:

8.2.3 The sample measurement lines within each 
test section shall be arranged so as to blind the 
test results (to the extent possible) to any surface 
profile anisotropies resulting from the floor’s 
method of construction. Accomplish this by 
distributing the sample measurement lines 
uniformly across the entire test section and either:
8.2.3.1 Orienting all lines at 45° to the longest 
construction joint abutting the test section, (not 
corner-to-corner diagonals), ... or 
8.2.3.2 Placing equal numbers of lines of equal 
aggregate length both parallel to and perpendicular 
to the longest test section boundary.

Using results from only one sample measurement 
line doesn’t blind the test results as required. If sample 
measurement lines were to be considered separately in 
determining a floor levelness number, ASTM E1155 
would be expected to require that the report include 
results for each sample measurement line. ASTM E1155 
requires only that the F-numbers and associated 90% 
confidence interval be reported for a particular test 
section. The rationale for not reporting results on 
individual lines would seem to be that individual 
sample measurement lines don’t provide enough data 
to satisfy the statistical requirements of ASTM E1155, 
nor do they blind the test results as required. Thus, 
the minimum values don’t apply to each sample 
measurement line. The same reasoning can be used 
with regard to FF numbers.
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ACI members can find this Q&A—and many 
others related to concrete design and construction—
in the Technical Questions section of the Concrete 
Knowledge Center. Go to www.concrete.org, log in 
using your ACI username and password, and click 
on the “Concrete Knowledge Center” button on the 
right side of the screen.
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piping and conduit. Proper consolidation around reinforcing
steel, post-tensioning anchorages, and embedded elements
requires internal vibration, but care should be taken not to
use the vibrator for spreading the concrete, especially in
deeper sections where over-vibration can easily cause segre-
gation. Restraint of concrete movement by embedded items
such as piping and conduits can result in crack formation as
the concrete shrinks.

The vibrator head should be completely immersed during
vibration. Where slab thickness permits, it is proper to insert
the vibrator vertically. On thin slabs, the use of short 5 in.
(125 mm) vibrators permits vertical insertion. Where the
slab is too thin to allow vertical insertion, the vibrator should
be inserted at an angle or horizontally. The vibrator should
not be permitted to contact the base because this might
contaminate the concrete with foreign materials.

8.3.2 Screeding—Screeding is the act of striking off the
surface of the concrete to a predetermined grade, usually set by
the edge forms. This should be done immediately after place-
ment. When hand strikeoff is used, a slump of 5 in. (125 mm)
or higher should be used to facilitate strikeoff and consolidation
of concrete without mechanical methods. Refer to Section 8.2.3
for tools used for screeding.

Of all the floor-placing and finishing operations, form setting
and screeding have the greatest effect on achieving the specified
grade. Accuracy of the screeding operation is directly impacted
by the stability and the degree of levelness of the edge forms or
screed guides selected by the contractor. Consequently, care
should be taken to match the forming system and the screeding
method to the levelness tolerance specified.

Edge forms for slab-on-ground and suspended-slab
placements are normally constructed of wood or metal.
Some edge forms are constructed of concrete. The spacing
between edge forms, and the support provided for them, will
influence the accuracy of the screeding operation. Where
edge-form spacing exceeds the width of the screed strip,
intermediate screed guides can improve the accuracy of the
screeding operation. The width of these screed strips will
generally vary between 10 and 16 ft (3 and 5 m) and will be
influenced by column spacings. Generally, screed strips
should be equal in width and should have edges that fall on
column lines.

In general, slab-on-ground placements are either block
placements or strip placements. Block placements generally
have edge dimensions that exceed 50 ft (15 m). Strip place-
ments are generally 50 ft (15 m) or less in width and vary in
length up to several hundred feet. Suspended-slab placements
are usually block placements. Where wood is used for edge
forms, the use of dressed lumber is recommended. The base
should be carefully fine-graded to ensure proper slab thickness.

Selection of the type of screed guide to be used for
screeding operations is somewhat dependent on placement
configuration. The maximum practical width of screed strips
for hand screeding is approximately 20 ft (6 m). Where strict
elevation tolerances apply, it is wise to limit the width of
screed strips. The length of the hand screeding device should
not be longer than 16 ft (5 m) and should overlap previously
placed strips of wet concrete a minimum of 2 ft (600 mm).

Screeding of strip placements for slabs-on-ground is generally
completed using some type of a vibrating screed supported
by edge forms. Screeding of block placements for slabs-on-
ground is usually accomplished using wet-screed guides, dry-
screed guides, a combination of these two, or some type of
laser-guided screed. For slabs-on-ground, an elevation change
no greater than 3/8 in. (9.5 mm) in 10 ft (3 m), approximately
FL35, can be achieved routinely through use of laser-guided
screeds (refer to Section 8.15 for discussion of floor flatness
and levelness). Screeding of block placements for suspended
slabs is usually accomplished using either wet-screed guides,
dry-screed guides, or a combination of the two.

Wet-screed guides, when used between points or grade
stakes, are established immediately after placement and
spreading; refer to Section 4.4 for setting of dry-screed
guides. At the time of floor placement, before any excess
moisture or bleed water is present on the surface, a narrow
strip of concrete not less than 2 ft (600 mm) wide should be
placed from one stake or other fixed marker to another, and
straightedged to the top of the stakes or markers; then
another parallel strip of concrete should be placed between
the stakes or markers on the opposite side of the placement
strip. These two strips of concrete, called wet-screed guides,
establish grade for the concrete located between the guides.
Immediately after wet-screed guides have been established,
concrete should be placed in the area between, then spread
and straightedged to conform to the surface of the wet-screed
guides. The contractor should confirm that proper grade has
been achieved following strikeoff. High spots and low spots
should be identified and immediately corrected. Low spots
left behind should be filled by placing additional concrete in
them with a shovel, carefully avoiding segregation.
Nonconforming areas should then be rescreeded. Difficulty
in maintaining the correct grade of the floor while working
to wet-screed guides is an indication that the concrete
mixture does not have the proper consistency or that vibration
is causing the guides to move.

Elevation stakes placed at regular intervals are one method
of establishing grade for wet-screed guides in slab-on-
ground construction. As screeding progresses, the stakes can
be driven down flush with the base if expendable or pulled
out one at a time to avoid walking back into the screeded
concrete. This early removal of stakes is one of the big
advantages in the use of wet-screeds; in addition, grade
stakes are much easier and faster to set than dry-screeds.
Screeding should be completed before any excess moisture
or bleed water is present on the surface.

The benefits of using wet-screed guides include economical
and rapid placement of the concrete. The successful use of wet-
screed guides, however, requires careful workmanship by
craftspeople who strike off the concrete because vibration can
change the elevation of the wet-screed. Wet-screed guides are
difficult to use when varying surface slopes are required and can
produce inconsistent results when variations in slab thickness
are required to compensate for deflection of a suspended slab.
Special care is necessary to avoid poor consolidation or cold
joints adjacent to wet-screed guides.

marta
Resaltado
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DIVISIÓN 1- REQUERIMIENTOS GENERALES 
 

01400 REQUERIMIENTOS DE CALIDAD 
01451 Tolerancias Constructivas  
 

1. GENERALIDADES 
 

1.1 Resumen  

1.1.1 En la siguiente sección se detallan los límites permitidos para las tolerancias constructivas de 
elementos de concreto reforzado. Se describen adicionalmente los criterios de aceptación de 
fabricación y erección de los elementos estructurales que formarán parte del alcance del proyecto. 

1.1.2 Además, se indican las tolerancias de las losas de piso y contrapiso de concreto reforzado, con el fin 
de garantizar la obtención de superficies duraderas, planas y no agrietadas.  

 

1.2 Normas de Construcción del Concreto y Capítulos  Relacionados 

1.2.1 Los elementos de concreto reforzado, en sus dimensiones, deberán cumplir con los límites de 
tolerancia que establece el Building Code Requirements for Reinforced Concrete ACI 318 (Código 
de Construcción para Concreto Reforzado ACI 318), última revisión y el informe del Comité ACI 301 
Specifications for Structural Concrete for Building s (Especificaciones para Concreto Estructural 
para Edificios), última revisión. 

1.2.2 Adicionalmente, se utilizarán las últimas revisiones de las siguientes especificaciones para la 
construcción de elementos de concreto reforzado: 

a) ACI 117- Standard Specifications for Tolerances for  Concrete Construction and 
Materials (Especificaciones Estándar de Tolerancias para la Construcción de Concreto y 
Materiales)  

b) ACI 302- Guide for Concrete Floor and Slab Construc tion (Guía para la Construcción de 
Pisos de Concreto y Losas de Piso)  

c) ACI 332- Guide to Residential Cast-in-Place Concret e Construction (Guía para la 
Construcción Residencial con Concreto Colado en Sitio) 

d) ACI 347- Guide to Formwork for Concrete  (Guía de Encofrado del Concreto) 

1.2.3 La fabricación y erección de los elementos estructurales de concreto prefabricado y preesforzado se 
realizará según las recomendaciones del Precast/ Prestressed Concrete Institute  en su norma 
Design Handbook (Manual de Diseño del PCI- Instituto del Concreto Prefabricado/ Preesforzado, en 
su última edición. 

1.2.4 Se consideran también incluidas en estas especificaciones y por lo tanto obligatorias, todas aquellas 
normas y especificaciones de la American Society for Testing and Materials (ASTM  - Sociedad 
Americana para Pruebas y Materiales), mencionadas en estas especificaciones y en los códigos 
antes citados. 
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1.2.5 Los capítulos del documento de Especificaciones Técnicas, relacionados con la presente sección, son 
los siguientes: 

a) Sección 3.100 Encofrado del Concreto  

b) Sección 3.210 Losas de Piso  

c) Sección 3.300 Concreto Colado en Sitio   

 

1.3 Normas de Construcción del Acero y Capítulos Re lacionados 

1.3.1 La fabricación y erección de elementos de acero se realizará siguiendo las indicaciones de la 
American Institute of Steel Construction (AISC- Instituto Americano para la Construcción de 
Acero), en su Code of Standard Practice for Steel Buildings and B ridges  (Código de Práctica 
Estándar para Edificios y Puentes de Acero).  

1.3.2 Para la soldadura de los elementos de la estructura de acero se seguirán las especificaciones de la 
American Welding Society (AWS- Sociedad Americana de Soldadura) en su norma D1.1: 
Structural Welding Code- Steel (Código para Soldadura Estructural de Acero).  

1.3.3 Se consideran también incluidas en estas especificaciones y por lo tanto obligatorias, todas aquellas 
normas y especificaciones de la American Society for Testing and Materials (ASTM  - Sociedad 
Americana para Pruebas y Materiales), mencionadas en estas especificaciones y en los códigos 
antes citados. 

1.3.4 En específico, se utilizará la última revisión de la especificación ASTM A-6: Standard Specification 
for General Requirements for Roll Structural Steel Bars, Plates, Shapes, and Sheet Piling 
(Especificación Estándar para Requerimientos Generales de Varillas de Acero, Placas, Secciones y 
Tablestacados). 

1.3.5 Esta sección del documento de Especificaciones Técnicas se utilizará en conjunto  con la Sección 
5.120 Acero Estructural .  

 

2. PROCEDIMIENTO  

 
2.1 El Contratista deberá establecer y mantener en una condición inalterada, sin repello u otros 

acabados, hasta la terminación y aceptación de la obra, suficientes puntos de control y bancos de 
nivel, como referencia para la revisión de las tolerancias constructivas. 

2.2 Bajo ninguna condición se permitirá extender una porción del edificio fuera de los límites legales del 
proyecto y la propiedad.  

2.3 Las variaciones permisibles de plomo y líneas de edificio designadas para porciones de edificio 
superiores a 30 m de altura serán especificadas en los documentos de contrato. 

 

3. TOLERANCIAS PARA SUPERFICIES FORMADAS DE CONCRET O REFORZADO 
 

El Contratista  deberá ejecutar todo el trabajo de hormigón y encofrado con variaciones 
dimensionales dentro de las tolerancias descritas en la siguiente tabla o las indicadas por El 
Inspector : 
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Tabla 1: Tolerancias Constructivas de Elementos de Concreto 

Descripción Tolerancia  

1. Variación en plomo: 

A. En las líneas y superficies de columnas, pilares, muros y esquinas  

Cada 3.0 m de longitud 

Máxima para toda la longitud 

B. Para esquinas expuestas de columnas y juntas de control 

Cada 6.0 m de longitud 

Máxima para toda la longitud 

 

 

6.4 mm 

25.4 mm 

 

6.4 mm 

12.7 mm 

2. Variación desde el nivel o la grada especificada en los documentos de contrato: 

A. En fondo de losas, cielo rasos, fondo de vigas y esquinas, medidos previamente a la 
eliminación del apuntalamiento 

Cada 3.0 m de longitud 

Cada vano o 6.0 m de longitud 

Máxima para toda la longitud 

B. En umbrales, largueros, parapetos, ranuras horizontales y otras líneas expuestas 

Cada vano o 6.0 m de longitud 

Máxima para toda la longitud 

 

 

 

6.4 mm 

9.5 mm 

19.1 mm 

 

6.4 mm 

12.7 mm 

3. Variación en la alineación de edificios desde posiciones establecidas en planos y 
posiciones correspondientes de columnas, muros y particiones 

En cualquier vano 

Cada 6.0 m de longitud 

Máxima para toda la longitud 

 

 

12.7 mm 

12.7 mm 

25.4 mm 

4. Variación en el tamaño y ubicación de terminales, aberturas de piso y aberturas de pared ± 6.4 mm 

5. Variación en las dimensiones de la sección transversal de columnas y vigas, y en el 
espesor de losas y muros 

Reducción en dimensión  

Incremento en dimensión 

 

 

6.4 mm 

12.7 mm 

6. Fundaciones  

A. Variaciones en las dimensiones en planta 

Reducción en dimensión 

Incremento en dimensión 

 

 

 

12.7 mm 

50.8 mm 
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Descripción Tolerancia  

B. Desplazamiento o excentricidad 

2% en la dirección del ancho de la fundación en la dirección del desplazamiento pero 
no mayor a 

C. Espesor 

Reducción en el espesor especificado 

Incremento en el espesor especificado 

 

 

50.8 mm 

 

5% 

No limitado 

7. Variaciones en escaleras 

A. En una sola grada  

Contra huella 

Huella  

B. En gradas consecutivas 

Contra huella  

Huella  

 

 

± 3.2 mm 

± 6.4 mm 

 

± 1.6 mm 

± 3.2 mm 

 

4. TOLERANCIAS PARA LOSAS DE CONCRETO REFORZADO 
 

4.1 Generalidades 

4.1.1 El Contratista deberá ejecutar la construcción de losas de contrapiso y entrepiso de concreto 
reforzado con las tolerancias constructivas especificadas en planos o documentos contractuales. 

4.1.2 Si no se especifica en los documentos contractuales las tolerancias constructivas, El Contratista 
deberá cumplir con los coeficientes especificados en los Incisos 4.1 y 4.2 , según el uso asignado 
para la losa de concreto y siguiendo las recomendaciones de la norma ACI-302.  

4.1.3 Si en los documentos contractuales se indican acabados de losas de piso Clase A, B o C, estos 
tendrán las siguientes tolerancias constructivas:  

a) Los acabados de Clase A serán superficies planas con una curvatura máxima de 3.0 mm en 
3.0 m, determinada mediante un codal de 3.0 m de longitud, ubicado en cualquier dirección 
de la losa. 

b) Los acabados de Clase B será superficies placas con una curvatura máxima de 6.0 mm en 
3.0 m, determinada mediante un codal de 3.0 m de longitud, ubicado en cualquier dirección 
de la losa. 

c) Los acabados de Clase C serán superficies planas con una curvatura máxima de 6.0 mm en 
0.6 m, determinada mediante un codal de 0.6 m de longitud, ubicado en cualquier dirección 
de la losa. 

4.1.4 El Contratista tomará las medidas correspondientes para cumplir con las tolerancias debido a las 
deformaciones elásticas del sistema de vigas de acero. 
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4.2 Losas de Contrapiso  

Las losas de piso sobre terreno se construirán con las tolerancias constructivas definidas en la 
siguiente tabla por los números FF - Coeficiente de planicidad y FL - Coeficiente de nivelación.  

 

Tabla 2: Tolerancias Constructivas para Losas de Co ntrapiso  

Uso Típico Coeficiente de 
Planicidad (F F) 

Coeficiente de 
Nivelación (F L) 

Clase Típica 
(Ver ACI 302) 

No crítico: cuartos mecánicos, áreas no públicas, 
superficies con piso para computadoras, superficies 
con adoquines gruesos y losas para estructuras de 
parqueo. 

20 15 1 o 2 

Áreas alfombradas en edificios de oficinas comerciales 
o edificios de oficinas/ industriales con tráfico liviano. 

25 20 2 

Pisos de acabado delgado o pisos de naves 
industriales con tráfico liviano o moderado. 

35 25 2,3,4,5,6,7 o 8 

Naves industriales con usos de traslado de mercadería 
o materia prima de tipo especial (colchón de aire, hielo, 
rodines)  

45 35 9 

Estudios de cine o televisión > 50 > 50 3 o 9 

 

4.3 Losas de Entrepiso  

Las losas de entrepiso se construirán con las tolerancias constructivas definidas en la siguiente tabla 
por los números FF - Coeficiente de planicidad y FL - Coeficiente de nivelación.  

 

Tabla 3: Tolerancias Constructivas para Losas de En trepiso 

Uso Típico Coeficiente de 
Planicidad (F F) 

Coeficiente de 
Nivelación (F L) 

Clase Típica 
(Ver ACI 302) 

No crítico: cuartos mecánicos, áreas no públicas, 
superficies con piso para computadoras, superficies 
con adoquines gruesos y losas para estructuras de 
parqueo. 

20 152 o No Aplica 1 o 2 

Áreas alfombradas en edificios de oficinas comerciales 
o edificios de oficinas/ industriales con tráfico liviano. 

25 201 o No Aplica 2 

Pisos de acabado delgado o pisos de naves 
industriales con tráfico liviano o moderado. 

35 202 o No Aplica 2,3 o 4 

Estudios de cine o televisión > 50 > 501,3 3 o 9 

Notas: 

1. Calidad multidireccional de este nivel requiere del afilado de juntas. 

2. El número de planicidad F aplica únicamente para losas niveladas apuntaladas durante el tiempo de medición. 

3. Esta calidad de nivelación en una losa de entrepiso requiere que esta se apoye en dos direcciones. 
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5. TOLERANCIAS DE CONSTRUCCIÓN DE ELEMENTOS DE CONC RETO 
PREFABRICADO Y PREESFORZADO 

 

5.1 Generalidades 

5.1.1 El diseñador deberá tomar en cuenta estas tolerancias y sus posibles resultados combinados, para 
definir el tamaño y los criterios de aceptación mínimos. 

5.1.2 No se aceptará ningún elemento que incumpla la longitud mínima de soporte definida por el 
diseñador. 

 

5.2 Tolerancias de Fabricación  

5.2.1 La fabricación de elementos de concreto preesforzado se realizará según las recomendaciones del 
PCI- Design Handbook , en su última revisión. 

5.2.2 El Contratista deberá suministrar los planos de taller y montaje de todos los elementos prefabricados 
de la obra y podrá proceder con su fabricación únicamente con la aprobación de El Inspector .  

5.2.3 El Contratista deberá proveer un sistema de control de calidad para el proceso de fabricación de los 
elementos de concreto, con el fin de verificar las dimensiones de los elementos y la ubicación de los 
tendones y alambres de preesfuerzo, según planos de taller.  

5.2.4 Las variaciones dimensionales de los elementos prefabricados serán aceptadas únicamente si se 
garantiza la integridad estructural y comportamiento deseado de la edificación, se tiene facilidad 
constructiva durante la conexión y empates de elementos y si el aspecto arquitectónico de la 
estructura terminada es satisfactorio. 

5.2.5 Las tolerancias de fabricación de los elementos de concreto serán las definidas en la siguiente tabla o 
las indicadas en los documentos de contrato.  

 

Tabla 4: Tolerancias de fabricación de elementos de  concreto prefabricado y preesforzado 

Descripción Tolerancia  

Variación en longitud total de elemento 

Muros y columnas 

Vigas de entrepiso y techo 

Losas extruidas y viguetas 

Paneles de fachada 

 

± 12.7 mm 

± 19 mm 

± 12.7 mm 

±6.4 mm 

Variación en espesor de paneles de fachada 

Reducción en dimensión 

Incremento en dimensión 

 

3.2 mm 

6.4 mm 

Variación en peralte 

Vigas de entrepiso y techo 

Losas extreuidas y viguetas 

 

± 6.4 mm 

± 6.4 mm 



 

 

CONDICIONES GENERALES  
Fecha de revisión: Octubre 2015 

DIVISIÓN 1- REQUERIMIENTOS GENERALES  
Capítulo 01400- Sección 01451 

Página  7 de 10 

 

Descripción Tolerancia  

Contraflecha máxima 

Losas extruidas y viguetas 

Vigas de entrepiso y techo 

 

20 mm 

30 mm 

Alabeo máximo de paneles de fachada L/200 

Curvatura en paneles de fachada 

Máxima para toda la longitud 

Diferencia máxima entre paneles adyacentes 

 

L/360 

± 12.7 mm 

Irregularidades locales en superficies planas 

Cada 3.0 m de longitud de elemento 

 

± 6.4 mm 

 

5.3 Tolerancias para Erección de Elementos Prefabri cados 

5.3.1 La erección de elementos prefabricados de concreto se realizará según las recomendaciones del 
PCI- Design Handbook , en su última revisión. 

5.3.2 Se podrá proceder con el proceso de erección de los elementos prefabricados, únicamente con la 
aprobación de El Inspector , luego de revisar las dimensiones resultantes de los elementos 
prefabricados y el cumplimiento con las tolerancias constructivas. La ubicación final de los elementos 
prefabricados será el producto de las tolerancias de fabricación y erección.  

5.3.3 Las tolerancias para la erección de elementos prefabricados de concreto serán las definidas en la 
siguiente tabla o las indicadas por El Inspector : 

 

Tabla 5: Tolerancias para erección de elementos de concreto prefabricados y preesforzados 

Descripción Tolerancia  

Variación en la ubicación de cualquier elemento en el plano (X-Y) ± 12.7 mm  

Variación en la posición con respecto a los ejes del edificio 

Vigas o columnas con longitud o separación máxima de 6.0 m  

Vigas o columnas con longitud o separación mayor a 6.0 m 

 

± L/500 

± 12.7mm 

Diferencia en posición relativa de columnas adyacentes  ± 12.7 mm 

Variación en el plomo 

Cada 3 m de longitud 

Máxima para toda la longitud 

 

± 6.4 mm 

± 25 mm 

Variación en la elevación de elementos de carga  ± 12.7 mm 

Variación en elevación de elementos de carga con respecto a los niveles especificados del 
edificio  

Vigas o columnas con longitud o separación máxima de 6.0 m 

Vigas o columnas con longitud o separación mayor a 6.0 m 

 

± L/500 

± 12.7 mm  
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Descripción Tolerancia  

Variación en la longitud de soporte ± 19 mm 

Variación en el ancho de soporte ± 12.7 mm 

Longitud mínima de apoyo 

Losa extruida 

Viguetas pretensadas 

Vigas de entrepiso y techo 

 

75 mm 

50 mm 

38 mm 

 

6. TOLERANCIAS DE FABRICACIÓN DE ELEMENTOS DE ACERO  ESTRUCTURAL 
 

6.1 Tolerancias de Fabricación 

6.1.1 La variación en la longitud total de elementos cuyas uniones se realicen mediante placas por contacto 
en sus extremos será menor o igual a 1mm.  

6.1.2 Para todos los otros elementos que se conectan a elementos estructurales de acero, con una longitud 
menor a 9.0 m, la variación en la longitud total será menor o igual a 2 mm.  

6.1.3 Para elementos con una longitud mayor o igual a 9.0 m, la variación será menor o igual a 3 mm. 

 

6.2 Elementos Estructurales Rectos 

6.2.1 Para elementos estructurales rectos, no sometidos a compresión, laminados o soldados, la variación 
en el alineamiento (“Straightness”) será menor o igual a la indicada para elementos de ala ancha en la 
norma ASTM A-6 o la especificada en los documentos del contrato. 

6.2.2 Para elementos estructurales rectos sometidos a compresión, laminados o soldados, la variación en 
el alineamiento (“Straightness”) será menor o igual a 1/1000 la distancia axial entre puntos de soporte.  

 

6.3 Elementos Estructurales Curvos 

6.3.1 Para elementos estructurales curvos, la variación de la curvatura teórica será menor o igual a la 
especificada en la norma ASTM A-6 .  

6.3.2 En todos los casos, los elementos completos no podrán tener torceduras, deflexiones y juntas 
abiertas. El Inspector podrá rechazar elementos con defectos similares. 

 

6.4 Vigas sin Detalle de Contraflecha 

Las vigas de carga y vigas en celosía que no se detallen con una contraflecha específica serán 
detalladas en taller e instaladas para que la contraflecha accidental quede hacia arriba.  
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6.5 Vigas con Detalle de Contraflecha 

6.5.1 Cuando se especifique contraflecha en documentos contractuales, las vigas recibidas del fabricante 
con un 75% de la contraflecha especificada no recibirán una contraflecha adicional.  

6.5.2 Para vigas con una longitud menor o igual a 15.0 m y cuya contraflecha es menor al 75% de la 
requerida, la variación en la longitud del elemento será menor o igual a menos 0 y más 13 mm.  

6.5.3 Para vigas con una longitud mayor a 15.0 m, y cuya gcontraflecha es menor al 75% de la requerida, la 
variación en la longitud del elemento será menor o igual a menos 0 y más 13 mm, más 3 mm por 
cada 3 m o una fracción de la longitud.  

6.5.4 Para vigas de celosía fabricadas, especificadas con contraflecha en los documentos de contrato, la 
variación en la contraflecha será menor o igual a 1/800 la distancia entre el punto de medición y el 
apoyo. 

6.5.5 La contraflecha será medida por El Inspector en el taller del fabricante en una condición no 
esforzada. 

 

6.6 Tolerancias de Peralte de Secciones 

6.6.1 Cuando las variaciones permisibles en el peralte de vigas de carga y entrepiso resulten en cambios 
abruptos en el peralte de los empalmes, las desviaciones deberán ser corregidas. 

6.6.2 En el caso de empalmes empernados, la variación en el peralte será corregida con placas de relleno. 

6.6.3 Para empalmes soldados, la soldadura será modificada para ajustarse a los cambios en el peralte.  
La sección transversal de la soldadura será suministrada y la pendiente de la superficie de la 
soldadura cumplirá con los requerimientos de la AWS D1.1. 

 

7. TOLERANCIAS PARA ERECCIÓN DE ELEMENTOS DE ACERO ESTRUCTURAL 
 

7.1 Definiciones  

Las tolerancias de erección serán definidas en relación con los puntos y líneas de trabajo del 
elemento, definidos a continuación: 

a) Para elementos no horizontales, el punto de trabajo será el centro de la sección transversal 
del elemento, en cada extremo de la pieza.  

b) Para elementos horizontales, el punto de trabajo será el centro de la superficie o ala superior, 
en cada extremo de la pieza. 

c) La línea de trabajo de los elementos será la línea recta que une los puntos de trabajo del 
elemento. 

 

7.2 Tolerancias de Posición y Alineamiento de Colum nas 

7.2.1 Para una columna individual, la variación angular de la línea de trabajo con respecto a la línea del 
plomo será menor o igual a 1/500 de la distancia entre puntos de trabajo. 

7.2.2 Para una columna individual, adyacente a un eje de elevador, el desplazamiento de los puntos de 
trabajo del miembro será menor o igual a 25 mm de la línea de columna establecida, en los primeros 
20 pisos del edificio. 
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7.2.3 Para una columna individual exterior, el desplazamiento de los puntos de trabajo de la línea de 
columna establecida, en los primeros 20 pisos del edificio, será menor o igual a 25 mm hacia y 50 mm 
fuera de la línea del edificio.  

7.2.4 En edificios de varios pisos, la envolvente horizontal de los puntos de trabajo de cada columna 
individual exterior, paralela a la línea del edificio, deberá ser menor o igual a 38 mm de ancho para 
edificios de hasta 90 m de altura.  

 

7.3 Tolerancias de Posición y Alineamiento de Otros  Elementos 

7.3.1 Para un elemento diferente a una columna o viga en voladizo, la variación en el alineamiento será 
aceptable, si es causada únicamente por variaciones en el alineamiento de la columna o elemento 
soportante primario que se encuentran dentro del rango permisible de variaciones para la fabricación 
y erección de esos elementos. 

7.3.2 Para un elemento individual que se conecta a una columna, la variación en la distancia desde los 
puntos de trabajo del elemento a la línea de columna terminada superior, deberá ser menor o igual a 
más 5 mm y menos 8 mm. 

7.3.3 Para un elemento individual que no se conecta a una columna, la variación en elevación será 
aceptable, si es causada únicamente por variaciones en la elevación de los elementos soportantes.   

7.3.4 Para un elemento individual que consiste de un segmento de un elemento armado con empalmes 
entre puntos de soporte realizados en sitio, el plomo, elevación y alineamiento serán aceptables, si la 
variación angular de la línea de trabajo del alineamiento en planos es menor o igual a 1/500 de la 
distancia entre puntos de trabajo. 

7.3.5 Para un elemento en voladizo, el plomo, elevación y alineamiento serán aceptables, si la variación 
angular de la línea de trabajo de una línea horizontal, extendida desde el punto de trabajo en el apoyo, 
es menor o igual a 1/500 la distancia desde el punto de trabajo en el extremo libre. 

7.3.6 Para un elemento de forma irregular, el plomo, elevación y alineamiento serán aceptables, si se 
encuentran dentro de su tolerancia y los elementos soportantes cumplen con sus respectivas 
tolerancias. 

 

7.4 Tolerancias de Posición y Alineamiento de Eleme ntos Ajustables  

7.4.1 La variación en la distancia vertical desde la línea de empalme superior terminado, de la columna más 
cercana, al punto de apoyo indicado en los planos, será menor o igual a 10mm.  

7.4.2 La variación en la distancia horizontal desde la línea de acabado establecida en el piso particular será 
menor o igual a 10 mm. 

7.4.3 La variación en la alineación vertical y horizontal de los extremos adyacentes de elementos ajustables 
será menor o igual a 5 mm. 

 

FIN DE SECCION 



 

 

 

ANEXO 13 

Manual Tolerancias para edificaciones, 
Capitulo Paredes Livianas 

  







 

 

 

ANEXO 14 

Manual Tolerancias para edificaciones, 
Capitulo Ventanería 

 









 

 

 

ANEXO 15 

Manual de diseño Instituto Concreto 
prefabricado – Referencia tolerancias 

contraflechas  sección 13.2.8 








