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SPECIFIERS

Compressiv
e strength Fire rating Density 

(Class) Dimensions

Shrinkage Texture
Moisture 
content 
(Type)

Exposure 
durability 

(Grade)

SPECIFIERS are usually interested in the following properties of block:



ASTM Designation

• Letter – general classification
• Sequential Number
• “M” = metric
• Year Date
• “a” – first revision for the year
• “b” – second revision for the year
• superscript epsilon (e) – editorial 
revision

Latest is “- 20”



ASTM C90
• In your ASTM Workbook, 

please turn to the 
“CONCRETE  MASONRY” 
Section - page 3.



NOTE 1 - SPECIFIC 
COMPONENTS

“Many performance attributes of concrete masonry units are indirectly accounted for, 
or inherently reflected within, the requirements of this specification without direct 

measurement, assessment, or evaluation.”  

Note 1 – added in -12 

It may look like a CMU, but it may not perform like a CMU



ASTM C90 Table 2 Classification

Note that there is not a “Regular”  or 
“Heavy Weight” classification

For concrete, the density is determined differently than block. For normal weight concrete, the density is usually
the “plastic” or “fresh” density. For lightweight concrete, the “equilibrium” density is the pivotal density. For
block, density is based upon dry weight.



TYPE (OUTDATED INFORMATION)

• Before 2000, two type 
designations for concrete 
masonry units: 

• Type I, moisture controlled
• Type II non-moisture-

controlled



ASTM C90 Type
“In 2000, the Type I (moisture-
controlled) and Type II (non moisture-
controlled) unit designations were 
removed from C90. The designations 
were withdrawn because they were 
difficult to effectively use and enforce, 
and because of newly developed 
concrete masonry crack control 
provisions.” - NCMA TEK 1-1F - ASTM 
Specifications for Concrete Masonry 
Units



“BURY THE MYTH”

There are NO Type-I Block 
in Florida (or Georgia for that matter)



ASTM C90 GRADE 
(OUTDATED)

• In 1990, removing the unit grade 
classifications from the standard. 
• Grade N – For general use 
• Grade S – Limited to use above 

grade in exterior walls with 
weather protective coatings and 
in walls not exposed to weather.
• Lower compressive strength 

and higher water absorption 
compared to Grade N units.



C90 WEB REVISIONS

This change only impacts 
the webs of units.  

All other unit properties 
(face shells, compressive 
strength, etc.) remain 
unchanged.

WEBS



C90-14:  Page 
2 Table 1

Was 1” in C90-11a

Was 1” for 8-inch 
1⅛” for 10-inch and greater 
in C90-11a

ASTM C90-14



From Table 1

D Minimum normalized web area 
does not apply to the portion of
the unit to be filled with grout.
The length of that portion shall
Be deducted from the overall 
Length of the unit for the cal-
culation of the minimum web
Cross-sectional area. 

ASTM C90-14

Normalized Web Area
C90-14:  Page 2 Table 1



C90 Web Revisions

• What does this mean?

16

For every square foot of wall 
surface, no less than 6.5 in.2

of web must connect the 
front and back face shells, 
with no web measuring less 
than 0.75 in. in thickness.





BLOCK DIMENSIONS

Wookies
Hate
Lice

Width x Height X Length



Nominal Dimensions



Permissible Variations in Dimensions

ASTM C90-14



ASTM C-90-14

Features –
(center score)  
+ or – 1/16”

C90-14: Page 3 @ 6.2 - 6.2.1 w/note 7



ASTM C-90-14
View from 
20 ft---
diffused 
lighting

C90-14: Page 3 7.2



Core-Bar Cracks



ASTM C90-14
C90-14: Page 3@ 7.1.1



ASTM C90-14

Note: Most all block producers produce a block that meets 2000 psi net area
Request a certification to that effect, if desired.   

Net area strength:  1900 psiNet Area Strength = 1900

Net Area Strength = 2000C90-14: Page 3 Table 2



AGE OF COMPRESSIVE-STRENGTH

• Concrete
• 28 days

• Mortar
• 28 days

• Masonry Grout
• 28 days

• Concrete Masonry Units
• “At the time of delivery to 

the purchaser”



FIRE RATING

ASTM E119
“Equivalent Thickness”

Type of 
Aggregate

Minimum equivalent thickness for fire-resistance rating, in.

½ hr ¾ hr 1 hr 1¼ hr 1½ hr 1¾ hr 2 hr 2¼ hr 2½ hr 2¾ hr 3 hr 3¼ hr 3½ hr 3¾ hr 4 hr

Pumice or 
expanded slag 1.5 1.9 2.1 2.5 2.7 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.5 4.7

Expanded 
shale, clay or 
slate

1.8 2.2 2.6 2.9 3.3 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 4.9 5.1

Limestone, 
cinders or 
unexpanded 
slag

1.9 2.3 2.7 3.1 3.4 3.7 4.0 4.3 4.5 4.8 5.0 5.2 5.5 5.7 5.9

Calcareous or 
siliceous 
gravel

2.0 2.4 2.8 3.2 3.6 3.9 4.2 4.5 4.8 5.0 5.3 5.5 5.8 6.0 6.2



TERMINOLOGY: 
EQUIVALENT THICKNESS
Equivalent thickness is the 
theoretical thickness of the 
solid portion of a hollow 
CMU if the same amount of 
material was recast as a solid 
unit of the same height and 
length.



TERMINOLOGY 
Gross Area /

Net Area 

Face Shell/
Cross Webs 



ASTM C90-14

Solid Units  ≥ 75 %

C90-14:  Page 2@5.4



ASTM C140 TEST METHOD

ASTM C90 Specification



SAMPLING

• The sampling rate in 
ASTM changed in 
2014 
• from one set for 

every 50,000 units 
produced 

• to one set per year

• Moved for C140 to 
C90



ASTM C-140

Turn to 
“CONCRETE 

MASONRY” tab



ASTM C-140-15
ASTM C140-15 - Page 1 1.2



“LOT”

ASTM C-140-15
C140-15: Page 2 @ 5-5.1.1 5.1.2



6 units: 3 for compression & 
3 for absorption

C140-15: Page 2 @ 5.2 

C140-15 Test Specimens



3 for 
Compressive 

Strength

3 for 
Absorption

Maybe 3 
More for 

Shrinkage

C140 TEST SPECIMENS



ASTM C140-15
C140-15: Page 2 @ 5-5.1.1

Normally – Full Size Units



ALL SAME SHAPE

C140 5.1.1



C140-15: Page 5 @ A1.3.1.1

NORMALLY – FULL SIZE UNITS



NORMALLY – FULL SIZE UNITS

ASTM C140-15

C140-15: Page 5 @ A1.3.1.1



W … AS RECEIVED



MEASUREMENT
ASTM C140 

Section 6 and A1.2





TAPERED 
WALLS



ONLY MEASURE WEBS ¾” OR THICKER



ABSORPTION
(AND VOLUME)

ASTM C140 
Section 8 and A1.4



BLOCK 
WEIGHTS

Wr – Received Weight

Wi – Immersed Weight

Ws – Saturated Weight

Wd – [Oven] Dry Weight



ARCHIMEDES’ 
PRINCIPLE

UPWARD 
BUOYANT 

FORCE



ARCHIMEDES’ PRINCIPLE



W … 
SATURATED, SURFACE DRY



W … 
SUBMERGED -
SATURATED

Completely 
submerged

in water



W … OVEN DRY



Calculations
ASTM C140 
Section 9 and A1.5



VOLUME BY ARCHIMEDES’ PRINCIPLE



ASTM C140-15 CALCULATIONS
C140-15: Page 4 @ 9- 9.1



ASTM C140-15 … THE W’s
C140-15: Page 4 @ 9.2



ASTM C140-15
C140-15: Page 4 @ 9.3

Density is mass divided by volume



ASTM C90 TABLE 2
CLASSIFICATION



ASTM C140-15
Properties affected by density of 
concrete include:

• Wall Weight
• Building Weight
• Thermal Conductivity
• Heat Capacity
• Acoustic Properties

This Photo by Unknown Author is licensed under CC BY-SA



ASTM C140-15 … NET AREA
C140-15: Page 4 @ 9.4



NET  AREA



CALCULATING NET AREA

V = h x A

A = V / h



C140 GROSS AREA
C140-15: Page 4 @ 9.5



EQUIVALENT 
THICKNESS



ASTM C140-15 EQUIVALENT THICKNESS
C140-15: Page 6-A1.5.3 & 1.5.3.1

V = h x L x w

W = V / (h x L)



ASTM C140-15 EQUIVALENT THICKNESS
C140-15: Page 8-A1.5.3 & 1.5.3.1



CALCULATIONS



COMPRESSIVE 
STRENGTH
ASTM C140 
SECTION 7 
AND A1.3



COMPRESSIVE 
STRENGTH

There are three common compressive strengths 
in testing concrete masonry units:

• Gross Area Compressive Strength of Concrete 
Masonry Units – no longer used under the building 
code, but often requested.

• Net Area Compressive Strength of Concrete 
Masonry Units – this strength is the result from 
the lab testing a single block.

• Net Area Compressive Strength of Masonry 
(ƒ΄m) – this is the strength engineers use to design a 
building. 



C140 Test 
Specimens-13
C140-15: Page 2 @ 5.2 

3 for 
Compressive 

Strength

3 for 
Absorption

Note that the specimens to determine the 
compressive load are different than the 
specimens that determine the net area.



THIS NOTE FROM 
THE 2000 EDITION OF C140

C140 PLATE THICKNESS
C140-15: Page 12- Fig. A7.2 
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PLATE 
TOO THIN



CENTER OF 
MASS  UNDER 

CENTER OF 
THRUST



ASTM C140-15 CAPS
C140-15: PAGE 3 @ 7.3 

SULFUR OR 
GYPSUM CAPS



NO “SOFT” CAPS 
ALLOWED

In plant use of fiber board
In place of lab prepared
Gypsum or Sulfur Cap.
Soft fiber boards spread
Causing internal tension



ASTM 140 –
CALCULATING  
COMPRESSIVE  
STRENGTH



CONCEPTUAL ERRORS
(THIS PAGE FOLLOWS C140 IN THE BINDER)

EQUIVALENT THICKNESS IS REQUIRED FOR FIRE RATING CALCULATION



C 1314 – STANDARD TEST METHOD 
FOR COMPRESSIVE STRENGTH 
OF MASONRY PRISMS

C1314-14 PAGE 1 TITLE



TWO TYPES OF PRISMS IN 
MASONRY TESTING



ASTM 
C1314-07 
PRISM 
TESTING



f’m - SPECIFIED COMPRESSIVE STRENGTH
fmt- COMPRESSIVE STRENGTH

C1314-07 Page 1@3-3.1

C1314-07 Page 1@3-3.2

C 1314 – STANDARD TEST METHOD 
FOR COMPRESSIVE STRENGTH 
OF MASONRY PRISMS



ASTM C 1314

2 BLOCK HIGH ONE JOINT

C1314-14 Page 2 FIG. 1



BUILDING 
PRISM



ASTM C1314-14

FULL  MORTAR  BEDS  FULL  CROSS  WEBS

C1314-07 Page 2 @ 5.3



ASTM C1314-14 
TRANSPORTING

NO  
JARRING, 

BOUNCING, 
TIPPING
….. SURE



THE 
PRISM



COMPRESSION
TEST OF 
PRISM



TAKE 
AWAYS

PRISMS ARE NOT FUN.

IF YOU HAVE TO MAKE 
PRISMS, THEY NEED TO BE 
PROTECTED.

MOST IMPORTANT, THERE 
IS A BETTER METHOD!



LAYOUT OF MSJC

•Code
•TMS 402
•ACI 530
•ASCE 5

•Specification
•TMS 602
•ACI 530.1
•ASCE 6

Page
S18



PREVIOUS MSJC Table 2



SPECIFICATION
P. S18 - TABLE 2



COMPARING -08 TO -13

ƒ΄m 
Net Area Compressive 

Strength of Masonry
(psi)

TMS 602-08 TMS 602-13

Net Area Compressive 
Strength of Concrete 

Masonry Units
(psi) with Type M or S 

mortar

Net Area Compressive 
Strength of Concrete 

Masonry Units
(psi) with Type N mortar

Net Area Compressive 
Strength of Concrete 

Masonry Units
(psi) with Type M or S 

mortar

Net Area Compressive 
Strength of Concrete 

Masonry Units
(psi) with Type N mortar

1,350 ------ 1,900
1,500 1,900 2,150
1,700 ------ 1,900
1,900 1,900 2,350
2,000 2,800 3,050 2,000 2,650
2,250 2,600 3,400
2,500 3,750 4,050 3,250 4,350
2,750 3,900 -----
3,000 4,800 5,250 4,500 ------



STRENGTH 
SUMMARY



FIRE  RATING



“UL” CMU ARE 
NOT READILY 
AVAILABLE  IN 

FLORIDA



STATES WITH UL-CERTIFIED BLOCK PRODUCERS
(in BLUE)



ASTM  TEST  METHODS  E119

•TESTING FOR
• TRANSMISSION OF HEAT
• TRANSMISSION OF HOT GASES

• COTTON PAD ON A LONG POLE
• LOAD CARRYING ABILITY



ASTM TEST METHODS E119

FIRE EXPOSURE
•GAS FURNACE
•PRESCRIBED 
TIME-TEMPERATURE 
CURVE



ASTM 
TEST 

METHODS 
E119

WATER 
HOSE 

STREAM



FIRE RATING
Type of 

Aggregate
MINIMUM EQUIVALENT THICKNESS FOR FIRE-RESISTANCE RATING, IN.

½ hr ¾ hr 1 hr 1¼ hr 1½ hr 1¾ hr 2 hr 2¼ hr 2½ hr 2¾ hr 3 hr 3¼ hr 3½ hr 3¾ hr 4 hr

Pumice or 
expanded slag 1.5 1.9 2.1 2.5 2.7 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.5 4.7

Expanded 
shale, clay or 

slate
1.8 2.2 2.6 2.9 3.3 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 4.9 5.1

Limestone, 
cinders or 

unexpanded 
slag

1.9 2.3 2.7 3.1 3.4 3.7 4.0 4.3 4.5 4.8 5.0 5.2 5.5 5.7 5.9

Calcareous or 
siliceous 

gravel
2.0 2.4 2.8 3.2 3.6 3.9 4.2 4.5 4.8 5.0 5.3 5.5 5.8 6.0 6.2



GEOLOGIC 
MAP



Two things 
determine fire rating:

1. Equivalent Thickness
2. Type of Aggregate

Note that neither 
compressive strength nor 

density affect the fire rating 
calculation 



“1.6-hour” “2.0-hour” “3.0-hour” “4.0-hour”



Increasing 
the Fire-
Resistance 
Rating

• INCREASE ACTUAL THICKNESS OF CMU

• INCREASE EQUIVALENT THICKNESS OF CMU

• FILL THE CORES OF THE HOLLOW CMU (SAND, 
GROUT, LISTED FILLS)

• USE MULTI-WYTHE MASONRY AND/OR VENEER

• APPLY WALL FINISHES OR COVERINGS



ASTM 
C426



ASTM C426-15e1 SHRINKAGE
C426-10 Page 1 Title

This standard is used to 
give a value to potential linear 

shrinkage Sl



ASTM C426-10 SHRINKAGE
C426-10 Page 1 Scope



ASTM C426-15 
SHRINKAGE



ASTM C426-15 
SHRINKAGE



ASTM C426-15 SHRINKAGE



ASTM C426-15 
SHRINKAGE
CYCLE UNTIL EQUILIBRIUM

Shrinkage Equilibrium

Length change in six days of drying:  0.002 % or less 

AND

Weight loss in 48 hours of drying: 0.2 % or less.

THE TEST NORMALLY TAKES ABOUT ONE MONTH.



Provide for 
3/16 inch of 

shrinkage in 100 ft. 

WHAT IS A GOOD VALUE FOR "S", IN 
FLORIDA?
You may want to check with your concrete masonry producer, however, a good general value for S, 
(for normal weight units - 125 pounds per cubic foot or more, oven dry weight of concrete), is 
0.032%

Example Coefficient of shrinkage for Type II masonry units:
km = 0.5 s

= 0.5 (0.32%)
= 1.16%

HOW MUCH SHRINKAGE IN 100 FEET?

Potential linear shrinkage for Type II units for 100 linear 

feet of wall:

= 0.16% (100')(12")

= 0.016% x 1200"

= 0.92" = about 3/16" (3/16" = 0.1875)



CONCRETE MASONRY 
TEK NOTES

NCMA TEK 1-4 - Glossary of Concrete Masonry Terms
NCMA TEK 2-5 - CMU Configurations
NCMA TEK 2-6 - Density-Related Properties
NCMA TEK 3-3 - Reinforced Concrete Masonry Construction
NCMA TEK 3-4 – Bracing
NCMA TEK 5-9 - CMU Corner Details
NCMA TEK 6-2 - R-Values for Single Wythe Concrete Masonry Walls
NCMA TEK 6-11 - Insulating CMU Walls
NCMA TEK 7-1 - Fire Resistance of Concrete Masonry Assemblies
NCMA TEK 8-2 - Removal of Stains from Concrete Masonry
NCMA TEK 13-1 - Sound Transmission Class Ratings for CMU Walls



SUMMARY

ASTM C90 - STANDARD SPECIFICATION 
FOR LOADBEARING CONCRETE 
MASONRY UNITS

• Limited material sources
• Do not specify Type
• Do not specify Grade
• Web requirement changed in C90-14
• Compressive strength requirement 

changed from 1,900 psi to 2,000-psi 
in C90-14.

• Dimensional tolerance is ±⅛”
• 5% of shipment allowed to have 

imperfections



SUMMARY

ASTM C140 - STANDARD TEST METHODS 
FOR SAMPLING AND TESTING 
CONCRETE MASONRY UNITS AND 
RELATED UNITS

Net area is calculated
Equivalent thickness is calculated
Gross area of an 8” by 8” by 16 CMU is 
~119 in²

MSJC
Table 2.1 changed in -13

FIRE RATING
“UL block” is not produced in Florida
Use FBC Table 722.2.3



Questions?


