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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local, 
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases, 
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may mandate 
compliance.

Neither API nor any of API’s employees, subcontractors, consultants, committees, or other assignees make any 
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of 
the information contained herein, or assume any liability or responsibility for any use, or the results of such use, of 
any information or process disclosed in this publication. Neither API nor any of API’s employees, subcontractors, 
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to ensure the 
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or 
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or 
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may 
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating practices. 
These publications are not intended to obviate the need for applying sound engineering judgment regarding when and 
where these publications should be used. The formulation and publication of API publications is not intended in any 
way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard 
is solely responsible for complying with all the applicable requirements of that standard. API does not represent, 
warrant, or guarantee that such products do in fact conform to the applicable API standard.

Users of this Standard should not rely exclusively on the information contained in this document. Sound business, 
scientific, engineering, and safety judgment should be used in employing the information contained herein.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. 

Contact the Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001-5571.

Copyright © 2021 American Petroleum Institute
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Foreword

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the 
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything 
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.

Shall: As used in a standard, “shall” denotes a minimum requirement to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required to 
conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.

Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and participation 
in the developmental process and is designated as an API standard. Questions concerning the interpretation of the 
content of this publication or comments and questions concerning the procedures under which this publication was 
developed should be directed in writing to the Director of Standards, American Petroleum Institute, 200 Massachusetts 
Avenue, NW, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or translate all or any part of 
the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time 
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from 
the API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published 
annually by API, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts 
Avenue, NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Important Information Concerning Use of Asbestos or Alternative Materials

Asbestos is specified or referenced for certain components of the equipment described in some API standards. It 
has been of extreme usefulness in minimizing fire hazards associated with petroleum processing. It has also been a 
universal sealing material, compatible with most refining fluid services.

Certain serious adverse health effects are associated with asbestos, among them the serious and often fatal diseases 
of lung cancer, asbestosis, and mesothelioma (a cancer of the chest and abdominal linings). The degree of exposure 
to asbestos varies with the product and the work practices involved.

Consult the most recent edition of the Occupational Safety and Health Administration (OSHA), U.S. Department of 
Labor, Occupational Safety and Health Standard for Asbestos, Tremolite, Anthophyllite, and Actinolite, 29 Code of 
Federal Regulations Section 1910.1001; the U.S. Environmental Protection Agency, National Emission Standard for 
Asbestos, 40 Code of Federal Regulations Sections 61.140 through 61.156; and the U.S. Environmental Protection 
Agency (EPA) rule on labeling requirements and phased banning of asbestos products (Sections 763.160–179).

There are currently in use and under development several substitute materials to replace asbestos in certain 
applications. Manufacturers and users are encouraged to develop and use effective substitute materials that can meet 
the specifications for and the operating requirements of the equipment to which they would apply.

SAFETY AND HEALTH INFORMATION WITH RESPECT TO PARTICULAR PRODUCTS OR MATERIALS CAN BE 
OBTAINED FROM THE EMPLOYER, THE MANUFACTURER, OR SUPPLIER OF THAT PRODUCT OR MATERIAL, 
OR THE MATERIAL SAFETY DATASHEET.
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Refractory Installation Quality Control—Inspection and Testing of Refractory 
Brick Systems and Materials

1	 Scope

This standard provides installation quality control (QC) procedures for aluminum silicate dense and insulating 
fire brick refractory systems and may be used to supplement owner specifications. Materials, equipment, and 
personnel are qualified by the methods described, and applied refractory quality is closely monitored, based on 
defined procedures and acceptance criteria. The responsibilities of inspection personnel who monitor and direct 
the QC process are also defined (see 4.4).

2	 Normative References

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, the 
latest edition of the referenced document (including any addenda) applies.

API 936, Refractory Installation Quality Control—Inspection and Testing Monolithic Refractory Lining and 
Materials

API 976, Refractory Installation Quality Control—Inspection and Testing AES/RCF Fiber Linings and Materials

ASTM C16,  1 Standard Test Method for Load Testing Refractory Shapes at High Temperatures

ASTM C27, Standard Classification of Fireclay and High-Alumina Refractory Brick

ASTM C113, Standard Test Method for Reheat Change of Refractory Brick

ASTM C133, Standard Test Method for Cold Crushing Strength and Modulus of Rupture of Refractories

ASTM C134, Standard Test Methods for Size, Dimensional Measurements, and Bulk Density of Refractory Brick 
and Insulating Firebrick

ASTM C155, Standard Classification of Insulating Firebrick

ASTM C210, Standard Test Method for Reheat Change of Insulating Firebrick

ASTM C832, Standard Test Method of Measuring Thermal Expansion and Creep of Refractories Under Load

Harbison-Walker Refractories Company, 2  Modern Refractory Practice, Fifth Edition, Indresco, Pittsburgh, 
Pennsylvania 

ISO 3187, 3 Refractory Products—Determination of Creep in Compression

ISO 5017, Dense Shaped Refractory Products—Determination of Bulk Density, Apparent Porosity and True 
Porosity

ISO 10059-2, Dense, Shaped Refractory Products—Determination of Cold Compressive Strength—Part 2: Test 
with Packing

1	 ASTM International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohocken, Pennsylvania 19428-2959, www.astm.
org.

2	 Harbison-Walker International, 1305 Cherrington Parkway, Suite 100, Pittsburgh, PA 15108, thinkhwi.com.
3	 International Organization for Standardization, ISO Central Secretariat, Chemin de Blandonnet 8, CP 401 - 1214 Vernier, 

Geneva, Switzerland, www.iso.org.
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ISO 12677, Chemical Analysis of Refractory Products by X-ray Fluorescence (XRF)—Fused Cast-bead Method

SSPC SP 3, 4 Power Tool Cleaning

SSPC SP 6/NACE No. 3, Commercial Blast Cleaning

3	 Terms and Definitions

The following terms and definitions are applicable to the use and statements within this document. They are to 
be applied within the context of the requirements herein. Further, it should be noted that Annex A contains a short 
collection of refractory-related definitions not explicitly used within the document but provided as supplemental 
information related to understanding refractories and refractory systems.

3.1
air set mortar
Mortar that requires only air to gain a significant green strength, which is suitable for laying refractory brick and 
bonding them strongly prior to heating at furnace temperatures.

3.2
bulk density
The ratio of weight (or mass) to volume in a specific condition.

3.3
cold crushing strength 
CCS
A measure of a refractory’s ability to resist failure under a compressive load as determined at room temperature 
after drying and/or firing.

NOTE	 CCS is calculated by dividing the total compressive load at failure by the specimen cross-sectional area (ASTM 
C133).

3.4
compliance data sheet
A list of mechanical and chemical properties for a specified refractory material that is warranted by the manufacturer 
to be met if and when the product is tested by the listed procedure in accordance the given standard.

3.5
firebrick
Refractory brick of any type.

3.6
firebrick (dense high-alumina)
Firebrick that contains 45 % to 99 % alumina.

3.7
firebrick (insulating)
A refractory brick characterized by low thermal conductivity and low heat capacity.

3.8
fireclay brick
A refractory brick manufactured substantially or entirely from fireclay.

EXAMPLE	 Medium-duty firebrick, high-duty firebrick, super-duty firebrick (as defined in ASTM C27).

4	 Association for Materials Protection and Performance, 15835 Park Ten Place, Houston, Texas 77084, www.ampp.org.
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3.9
fireclay brick (medium-duty)
Fireclay brick that has a pyrometric cone equivalent (PCE) not lower than Cone 29 nor higher than 31 to 31½ 
(ASTM C27).

3.10
fireclay brick (high-duty)
Fireclay brick that has a pyrometric cone equivalent (PCE) not lower than Cone 31½ nor above 32½ to 33 (ASTM 
C27).

3.11
fireclay brick (super-duty)
Fireclay brick that has a pyrometric cone equivalent (PCE) not lower than Cone 33 and that meets certain other 
requirements, as outlined in ASTM C27.

3.12
heat setting mortar
Mortar that requires heat to gain a significant strength, which is suitable for laying refractory brick. Joints are 
usually thin and bricks are in compressive rings.

3.13
independent laboratory
A refractory testing facility not affiliated with the refractory manufacturer or contractor.

3.14
inspector
The party or individual whom the owner has contracted or otherwise designated to monitor refractory testing and 
installation work performed by the contractor and refractory material manufacturer(s).

3.15
installer (refractory):
Company or individual responsible for installing the refractory lining.

3.16
installer qualification testing
Preinstallation simulation of production work that is sampled and tested as well as visually inspected to verify that 
application equipment and personnel are capable of meeting specified quality standards of installation.

3.17
key
In furnace construction or rotary kiln lining, the uppermost or the closing brick of a curved arch or ring.

3.18
manufacturer (refractory)
In refractory, the manufacturer is the party that manufactures the refractory products and/or ancillaries for supply 
to the refractory contractor.

NOTE	 The refractory manufacturer has primary responsibility for material design properties, manufacturing QC at the 
manufacturing site, and specific procedures such as those for product mixing, installation, and start-up.

3.19
material qualification testing
Preinstallation testing of refractory materials in which production lots of refractories manufactured for a specific 
installation are sampled and tested to confirm that they meet specified physical property requirements.

NOTE	 This is primarily applicable for materials such as mortar, especially those near their expiration date. Brick testing 
is usually not required unless this is specified and/or agreed to by the contracting parties.
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3.20
owner
The proprietor of equipment who has engaged one or more parties to install or repair refractory.

3.21
phosphate bonded mortars
Mortar composition of ground refractory materials that includes a liquid or powdered phosphate binder.

3.22
product data sheet
The list of mechanical and physical properties defining each product (physical appearance, chemical composition, 
thermal conductivity, density, shrinkage, etc.) with related reference codes.

3.23
production run (lot)
The quantity of refractory having the same formulation that is prepared in an uninterrupted manufacturing 
operation.

3.24
reheat change
A measure of a refractory’s permanent dimensional changes as a result of heating to a specific temperature. 
A specific specimen dimension is measured before and after heating at room temperature. Permanent linear 
change (PLC) is calculated by the percentage change in these measurements (ASTM C113).

3.25
test sample
That quantity of refractory taken from a single pallet or installation sequence that is used to make a complete 
set of test specimens to determine compressive strength, erosion resistance, density, linear change, and/or any 
other physical property determinations.

3.26
test specimen
Individual brick or test pieces used for physical property testing. Physical property test results for a sample are 
usually expressed as the average of two or more specimens made up from the same sample.

4	 Responsibilities

4.1	 Owner/Equipment Manufacturer (EM)

4.1.1	 The owner/EM shall provide a detailed specification. The specification shall include the following design 
details:

a)	 lining products, brick thickness, method of installation, corrosion protection, and extent of coverage;

b)	 anchor and/or support type and style/grade, layout and weld details;

4.1.2	 The owner/EM shall provide quality requirements covering the following:

a)	 material property requirements to be used for material qualification and installation QC by specific product, 
installation procedures, and location where the product will be used (these requirements shall be in 
accordance with manufacturer’s compliance data sheet (Annex B) unless amended by prior agreement with 
the owner;

b)	 sampling frequency for QC as applicable for the product’s intended use;

c)	 required lining thickness tolerances.
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