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INTRODUCTION

Concrete masonry offers numerous functional advantages,
such as structural load bearing, life and property protection,
durability and low maintenance. Half-high concrete masonry
units offer the additional advantages of aveneer-like appearance
in economical single wythe construction. As for all concrete
masonry units, integrally colored half-high brick-like units
provide enduring strength and lasting resistance to fire and
wind while maintaiming a virtually maimntenance-free fagade.
These attributes are appealing for both new construction and
renovations in historic districts.

Many designers are uming to half-high masonry because
of its economy. As an altemative to a traditional cavity wall,
these walls offer the same finished appearance, exterior dura-
bility and low maintenance coupled with a shorter construction
time because of the single wythe loadbearing design. This TEK
describes the use of half-high units for single wythe masonry
construction. For veneer applications, see References 1 and 2.

HALF-HIGH UNITS

Half-high concrete masonry units are produced to the same
quality standards as other concrete masomry units. ASTM C
90, Standard Specification for Loadbearing Concrete Masonry
Uhits (ref. 3) governs physical requirements such as minimum
compressive strength, minimumfaceshell and webthicknesses,
finish and appearance, and dimensional tolerances.

Like other concrete masonry units, half-highs are produced
in a variety of sizes, unit configurations, colors and surface
textures. In addition, special shapes, such as corners and bond
beam units are also available.

WALL PERFORMANCE
Structural design considerations for half-high construc-

tion are virtually the same as those for conventional concrete
masonry units. One aspect that may be different for half-high

TEK 5-15

Details

masonty units have aminimum unit strength of 1,900 psi(13.10
MPa), corresponding to a specified compressive strength of
masonry, £, of 1,500 psi (10.34 MPa). Half-high and other
architectural units, however, are typically manutactured to a
higher unit strength. Designers should check with producers
about the strength of locally available units, with the intent
of taking advantage of these higher strengths in their designs
when available.

Section properties for half-high units are essentially the
same as for full-height units, and the same design aids can be
used for both (see Reference 4). In addition, because the core
sizes are also typically the same as for full-height units of the
same thickness, considerations for maximum reinforcing bar
size as a percentage of the cell area are the same as well. See
Reference 5 for more detailed information.

Because there are more horizontal mortar joints in a wall
constructed using half-high units, there is slightly less con-
crete web area inthe wall overall. Although this theoretically
reduces the wall weight, in practice the wall weights of walls
constructed using half-high units are within 1 psf (0.05 kPa)
of those for full height units (see Reference 6).

To facilitate the construction of bond beams, half-high
bond beam units are typically available with depressed webs
to accommodate horizontal reinforcement. Grouting two
half-high units provides an 8-in. (203-mm) deep bond beam,

units is the unit strength. Typical nonarchitectural concrete Single Wythe HalF High Construction in Hartland, Wisconsin

TEK 515 @ 2008 MNational Concrete Masonry Association

4.

(2008)
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as shown in Figures 1 through 3. Note that the bottormn unit of
the bond beam should have depressed webs to accommodate
the horizontal reinforcement, but the top unit need not have
depressed webs.

Performance criteria tor fire resistance ratings, energy
efficiency and acoustics of half-high units can be considered
to be the same as for similar full height units. See references
7 through 11 for further information. In addition, detailing
window openings, door openings, etc., is the same as forsingle
wythe masonry walls constructed using full-height units.

CONSTRUCTION

Construction of half-high concrete masonry is very simi-
lar to that for conventional units. Some differences include:
an increased number of courses laid per wall height, greater
amount of mortar needed, as well as the difference in bond

beam construction noted above. Crack control considerations
are the same as for full height units.

As an altemative to supporting trusses by means of a
pocket in the masonry wall or by joist hangers, Figure 4
shows a unique application where half-high units have been
corbelled out to provide bearing for a wood truss floor. This
also provides continuous non-combustible bearing thickness
without the need to stagger the joists. See Reference 12 for
additional floor and roof connection details.

As for any single wythe construction, particular care
should be taken to prevent water from entering the interior of
the building. Dry concrete masonry walls are attained when
boththe design and construction address watermovement into,
through and out of the wall. Considerations include potential
sources of water, unit and mortar characteristics, crack con-
trol, workmanship, mortar joint tooling, flashing and weeps,
sealants, and water repellents. For single wythe masonry, an
integral water repellent in both

<l

\

\

Bearing plaie detail*

oL

* Steel bar joists welded or bolted to bearing plate

Proprietary flashing and weep system

Reinforcement and grout, as required
Joint reinforcement at 16 in. (406 mm) o.c.

Flashing and weeps in ungrouted
cores over bond beams

8-in. (203-mm) high bond beam:
* two units high

* both courses fully grouted

% - reinforcement, as required

= reduced webs for bottom unit:

g X

Mesh or other grout stop
device

Post-applied surface water
repellent

Figure 1—Bearing Detail on Single Wythe Wall (ref. 19)

the units and mortar, as well as a
compatible post-applied surface
water repellent arerecommended.
See References 13 through 18 for
more detailed information.
Figure 1 shows a proprietary
flashing systemn that collects and
directs water to the exterior of the
wall and out weep holes, without
compromising the bond at mortar
joints in the face shells (see refer-
encel 5 forrecommended flashing
locations). There are a number of
generic and proprietary, flashing,
drainage, weep, mortar dropping
control, and rain screen systems
available. Single wythe flashing
details using conventional flashing
are included in Reference 14.
Solid grouted singlewythewalls
tend to be less susceptible thanun-
grouted or partially grouted walls
to moisture penetration, since

8-in. (203-mm) half-high unit*

Strap anchor at 2 f (610 mm)
o.c. (for lateral support)

4-in. (102-mm) half-high unit*

T

Through-wall flashing with
stainless steel drip edge, weeps at
32 in. (813 mm) o.c.

10-in. (254-mm) half-high units*
grouted to form bond beam
Mesh or other grout stop
device

Reinforcement, as required

Post-applied surface water
repellent

* integral water repellent in units & mortar

Figure 2—Fxterior Loadbearing Wall With Wood Truss Floor (ref. 19)

8-in. (203-mm) half-high unit*

Strap anchor at 2 ft (610 mm)
o.c. (for lateral support)

Through-wall flashing with
stainless steel drip edge, weeps
at 32 in. (813 mm) o.c.

8-in. (203-mm) half-high units*
grouted to form bond beam

Mesh or other grout stop
device

Reinforcement, as recuired

Post-applied surface water
repellent
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voids and cavities where moisture can collect are absent. As a
result, solid grouted walls do not require flashing and weeps,
although they do require other moisture control provisions,
such as sealants and water repellents. For partially grouted
walls, flashing should be placed in ungrouted cells.

Flashing

—__ 2in. (31 mm) high soap

unit
21in. (51 mm) concrete

topping

7~ Precast planks

———_ 4-in. (102-mm) half-high

units™

~——— Rigid insulation

__ 8-in. (203-mm) half-

_. e high*

“._  Post-applied surface

"= water repellent

~ Bearing pad, min.
31n. (76 mm) bearing

Wallboard channel
Gypsum wallboard

* integral water repellent in units & mortar
Exterior Nonloadbearing Wall Detail - Precast Hollow Core Flooring
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Representative R-values, with:
21n. (51 mm) extruded polystyrene =
R 13.5 h{t2°F/Btu (2.3 m*K/W)

21/, in. (63 mm) polyisocyanurate =
R 18.6 h [t°F/Btu (3.2 m* K/W)

21/, in. (63 mm) polyisocyanurate =
R 22.1 hft**F/Btu (3.8 m*K/W)

Beanng pad, 3 n. (76 mm)/
min. bearing

I-1/y in. (38 mm) channel—_y |~
[or electrical rough-n
Gypsum wallboard ————|

Rigid insulation with joints __|
taped, as required

Post-applied surface
water repellent

Vapor retarder,
as required

Note that loadbearing corbels are required to be designed (rel. 20).

- Flashing

- 2m. (51 mm) high soap umt
. 2in. (51 mm) concrete topping

. 10-1n. (254-mm) precast planks
4-in. (102-mm) half-high units,
- integral water repellent in units
and mortar
Y1, (13 mm) rigid msulation
- 10-in. (254-mm) half-high
units, grouted to form bond

beam, integral water repellent
n units and mortar

— Mesh or other grout stop device

== 8-in. (203-mm) half-high units,
integral water repellent in units
and mortar

- Genenc or proprietary through-
wall flashing 1n ungrouted cells

Figure 3—Exterior Wall With Precast Hollow Core Plank Floor (ref. 19)
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12-in. (304-mm) half-high

10-in. (254-mm) half-high

8-in. (203-mm) half-high

/ 6-in. (152-mm) CMU

g— 1!/ in. (38 mm) channel
for electrical rough-in

—— Gypsum wallboard
Note: loadbearing corbels are required to be designed (ref. 20).

Figure 4—Interior Bearing Wall With Top Chord
Bearing Wood Truss Floor (ref. 19)
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Water Penetration Resistance

CONCRETE MASONRY WALLS

Keywords: architectural, capillary suction, coatings, con-
struction details, flashing, moisture, single-wythe, tooling
mortar joints, wall drainage, water resistance, water repel-
lents, weep holes

INTRODUCTION

Single-wythe concrete masonry construction has become
apredominant method of construction with the increased use
of integrally colored architectural concrete masonry units.
Single-wythe walls are cost competitive with other systems
because they provide structural form as well as an attractive
architectural facade. However, single-wythe concrete masonry
walls, as opposedtocavity and veneeredwalls, require special
attention regarding moisture penetration issues.

The major objective in designing dry concrete masonry
walls is to keep water from entering or penetrating the wall. Tn
additiontoprecipitation, moisture can find its way intomasonry
walls from anumber of different sources. Dry concrete masonry
walls are obtained when the degign and construction addresses
the movement of water into, through, and out of the wall. This
includes detailing and protecting roofs, windows, joints, and
other features to ensure water does not penetrate the wall.

SOURCES OF WATER IN WALLS

The following moisture sources need to be considered in
the design for dry concrete masonry walls.

Driving Rain

Moisture in liquidform can passthrough concrete masonry
units and mortar when driven by a significant force. However,
these materials generally aretoo dense for watertopassthrough
quickly. If water enters the wall, it often can be traced to the
magonry unit-mortar interface dueto improperly filledjoints or
lack of bond between the unit and the mortar. Cracks cansed
by building movements, or gaps between adjoining building
segments (roofs, floors, windows, doors, eic.) and masonry
walls are other common points of water entry.

Capillary Suction

Untreated masonry materials typically take on water
through capillary forces. The amount of water depends on
the capillary suction characteristics of the masonry and mor-

TEE 19-2A @ 2008 National Concrete Masonry Association (replaces TEE 1%-2)

tar. Integral water repellents greatly reduce the absorption
characteristics of the units and mortar, but may not be able
to prevent all moisture migration if there is a significant head
pressure — 2 in. (51 mm) or more. Post-applied surface treat-
ments reduce the capillary suction of masonry at the treated
surface ag well but have little effect on the mterior of the units.
This is discussed in more detail later.

Water Vapor

Water as vapor diffuses toward a lower vapor pressure.
This means it will move from the higher toward the lower
relative humidity regions assuming no pressure ortemperature
differential. Vapor in air of the same humidity and pressure,
but of different temperatures, will move from the higher

Flashing
s o
RainQQ\ . £~ Absorption
R = 4 penetration
RN o
N
L

3 Moist high R H.* air
(condenses on cooling)

Solar H =1
heat | — Vapor rises as
temperature increases
44 B
Vapor flow

73°F (23°C) 10% R.H.*
73°F (23°C) 75% R.H.*
83°F (23°C) 50% REL*

73°F (23°C) 50% R.H.*
73°F (23°C) 50% R.HL*
85°F (23°C) 50% R.H.*

TE

Grade e 4

Ground water
penetration

* Relative humidity

Figure 1— Moisture Sources
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temperature to the lower. As air1s cooled, 1t becomes more
saturated and when it reaches a temperature called the dew
point, the water vapor will condense into liguid form. See
Figure 1.

DESIGN CONSIDERATIONS

Physical Characteristics of the Units

Open textured concrete masonry units possessing large
voids (a function of density, compaction, and gradation) tend
Lo be more permeable than closed textured umts. The type
ol aggregate and water content used in the production of the
masonry unit also aftect capillary suction and vapor diffusion
charactenistics. Units that lend to mortar jont tooling such as
standard units and scored block will form a more watertight
wall than split-face units which are a little more difficult to
tool. Fluted units are the most difficult to tool and therefore,
the most susceptible to leakage. Honzontal effects such as
corbels and ledges that hold water are also prone to be less
water resistant. Units should be aged at least 21 days if pos-
sible before installation to reduce the chance of shrinkage
cracks at the mortar-unit interface.

Integral Water Repellents

The use of integral water repellents in the manufacture
of concrete masonry umits can greatly reduce the absorption
characteristics of the wall. When using integral water repel-
lents in the units, the same manufacturer's water repellent for
mortar must be mcorporated in the field for compatibihity and
similar reduced water capillary suction charactenstics.

Integral water repellents make masonry materials hydro-
phobic, thereby significantly decreasing their water absorption
and wicking characteristics. While these adm ixtures can limit
the amount of water that can pass through units and mortar,
they have little impact on moisture entering through relatively
large cracks and voids in the wall. Therefore, even with the
mcorporation ol integral water repellents, proper detailing of
control joints and quality workmanship to preclude beeholes
and unfilled or inadequate mortar joints is still essential. An-
other advantage of integral water repellents is that they not
only help to keep water out but also inhibit the migration of
waler to the interior face of the wall by capillary suction. See
TEK 19-1 (ref. 1) for more complete information on integral
water repellents for concrete masonry walls.

Surface Treatments

Forcoloredarchitectural masonry itisrecommended thata
clear surface treatment be post-applied whether or not integral
water repellent admixtures are used. Most post-applied coat-
ings and surface treatments are com patible with integral water
repellents although this should be verified with the product
manufacturers before applying. When using standard units
for single-wythe walls, an application of portland cement
plaster (stucco), paint, or opaque clastomeric coatings works
well. Coatings containing elastomerics have the advantage
of being able to bridge small gaps and cracks. More detailed
mformation on surface treatments and water repellents 1s
available in TEK 19-1 (refl. 1).

-9-

Wall Drainage

Proper detailing of masonry wall systems, to ensure good
performance, can not be over emphasized. Traditionally,
through-wall flashing has been used to direct water away [rom
the inside face of the wall and toward weep holes [or drainage.
Modem techmigues usually do not extend the lashing through
the inside face shell of the wall, as shown in Figure 2, in order
to retain some shear and flexural resistance capabilities. Tn
remnforced walls, some shear 15 provided through doweling
action of the reinforcement, and by design, the reinforcement
takes all the tension per the International Building Code and
Building Code Requirements for Masonry Structures (refs. 2,
3). Proper grouting effectively seals the vertical reinforcement
penetrations of the flashing. The absence of reinforcement to
provide doweling in plain masonry may be more ol a concern,
but loads tend to be relatively low in these applications. If
structural adequacy is in doubt, a short reinforcing bar through
the flashing with cells grouted directly above and below the
{lashing can be provided as shown n Figure 2c.

Critical to flashing performance 1s ensuring that a buildup
of mortar droppings does not clog the cells or weep holes. A
cavity filter, consisting of washed pea stone or filter paper,
mmmecdiately above the flashing can be provided to facilitate
drainage as shown in Figure 2. This should be accompanied
by a means of intercepting or dispersing mortar droppings, as
an accumulation can be sufficient to completely fill and block a
cell at the bottom. Mortar interception or isolation devices that
provide pathways for the water to migrate through the layer of
mottar droppings or filling the cells with loose fill insulation,
a few courses at a time as the wall 15 laid up, can disperse the
droppings enoughtoprevent clogging. Analternative istoleave
out facing block at regular intervals just above the flashing until
the wall is built to serve as cleanouts. The units left out can be
mortared in later. See TEKs 19-dAand 19-5A (rels. 4, 5) loran
m-depth discussion and additional details regarding flashing.

In addition to conventional flashing systems, proprietary
flashing systems are available that direct the water away from
the inside face of the wall to weep holes without compromising
the bond at mortar joints in the face shells. Specialty units that
facilitate drainage are also available from some manufactur-
ers. Sohid grouted single-wythe walls are not as susceptible to
maoisture penetration, since voids and cavities where moisture
can collect are absent, so do not need flashing. However, fully
cured units and adequate crack control measures are espe-
cially important to minimize cracks. In some regions of the
country, the bottom of the wall 1s recessed about an inch (25
mm) below the floor level to ensure drainage to the exterior.
Veneer and cavity walls (sometimes referred to as drainage
walls) of course provide the most moisture resistance.

Control Joints and Horizontal Reinforcement

Toalleviate cracking due to thermal and shrinkage move-
ments of the building, control joints and/or horizontal rein-
forcement should be located and detailed on the plans. Wall
cracking provides an entry point for rainwater and noist air
that may condense on the inside of the wall. Specification of
a quality sealant for the control joints and proper installation
is a must. TEK 10-1A and TEK 10-2BE (refs. 6, 7) provide
additional information on crack control strategies.
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Edge of flashing
sealed by mortar
from joint
Cavity filter* ——
Solid unit or
filled hollow unit
to support flashing

V-

#- inside of

/s ;%:1 faceshell
7

. Flashing

Typical detail at inside of faceshell

Stop fMlashing at

77

1in.

Architectural unit

with inside faceshell Maintain 1% in.

; J% (25 mm)
ravity filter®
(typ.b & c)

and part of webs cut

off to fit (typ. a & o)

(38 mm) cover over
reinforcement

Weep holes (@

Al v
3in. (76 mm) unit for ] | 2 ft. 8in. (813 mm)

d) Two-piece flashing

#5 (#16) min. @
48in. (1219 mm) o.c.

-

T 4in. (102 mm) unit

Drip edge (typ-)/E

. \ Bond beam, lintel or

e) One-piece flashing

8 in. (203 mm) wall, o.c. partially open ¥ /”1. 7
4 in. (102 mm) unit for _]_..-shapcd head ¥T—,
> 8§ in. (203 mm) wall Joints s
=T in. (25 mm :
VR N/E [

a) Partially grouted wall at reinforced cell

* Cavity filter is any material used to prevent mortar droppings fr
washed pea stone or proprietary devices. Alt.—leave out every o
cleanouts until the wall is completed.

b) Ungrouted cell

Iligure 2—Flashing Details to Maintain Structural Continuity

foundation (typ.)

¢) Optional unreinforced masonry

om clogging the weeps, i.e. filter paper or 2 in. (51 mm) of
ther reduced size facing unit on top of flashing to serve as

Mortar and Mortar Joints

The type of mortar and mortar joint also have a great
mmpact on the watertightness of a wall. A good rule of thumb
15 to select the lowest strength mortar required lor structural
and durability considerations. Lower strength mortars exhibit
better workability and can yield a better weather resistant
seal al the mortar/umt mterface. Concave or V-shaped tool-
ing of joints, when the mortar is thumbprint hard, improves
rain resistance by directing water away from the surface of
the wall and by compacting the mortar against the masonry
umt to seal the joint. This 1s especially important when using
integral water repellent admixtures to avoid reduced bond
strength and cracking at the head joints due to the decreased
affinity of the units for water. Raked, flush, struck, beaded, or
extruded joints are not recommended as they do not compact

Concave jont

L V" _]Oi.nt
(preferred)

Figure 3—Weather Resistant Types of Mortar Joints

the mortar and/or create ledges that intercept water running
down the face of the wall. TTead and bed joints need to be the
full thickness of the face shells for optimum watertightness.
Headjoints particularly are vulnerable to inadequate thickness
(sce Figure 4).

Vapor Retarders
Continuous vapor retarders to reduce the passage of water
vapor into the wall generally are used only when insulation

Thickness no less
than ¢ P

Inadequate
head joint

Properly mortared
head joint

Figure 4—Head and Bed Joints the Full Thickness of

the FFace Shells are Crucial for Dry Walls
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is placed on the inside face of the wall. The relatively small
amount of moisture that does get through passes through the
wallby diffusion, providedthat a*breathable” surface treatment
is placed on the exterior. Wall thickness and dew points are
also determining factorsregarding vaporretarder performance.
Materials most commonly used for vaporretarders are plastic
film, agphalt-treated paper and aluminum foil.

Cleaning

Concrete masonry cleaning methods can generally be
divided into four categories: hand cleaning, water cleaning,
abrasive cleaning and chemical cleaning. In general, the least
aggressivemethodthat will adequately cleanthe wall should be
used, as overzealous cleaning can damage the water repellent
characteristics of the wall. For example, walls with integral
water repellents should not be cleaned with high-pressure
water because it drives water into the masonry. If an integral
water repellent has been used, the integral water repellent
manufacturer should be contacted for detailed cleaning
recommendations. Keeping the masonry wall clean as the
construction progresses, using a brush and water, minimizes
cleaning efforts after the mortar has hardened. See TEK 8-
4A, Cleaning Concrete Masonry, (ref. 9) for more detailed
information.

REFERENCES

SPECIFICATIONS

Well-worded specifications are essential to ensure proper
congtruction of the design details. Items to address in the
contract documents in addition to those previously mentioned
are:

1}  All work should be in accordance with the mternational
Building Code and Specification jor Masonry Structures
(refs. 2, 8).

2) Require a qualified mason by documentation of experi-
ence with similar type projects.

3) Requiremock-up panelsto assure anunderstanding ofthe
level of workmanship expected and to be referredtoasa
standard of reference until the project is completed.

4} Proper storage of all masonry materials (including sand)
at the job site to protect from contaminants such as dirt,
rain and snow.

5) The tops of unfinished walls shall be covered at the end
of each work day. The cover should extend 2 f (610
mm ) down both sides of the masonry and should be held
securely in place.

1. Water Repelients jor Concrete Masonry Waidls, TEK 19-1. National Concrete Masonry Association, 2006.
2. International Building Code. International Code Council, 2003 and 2006.
3. Building Code Requirements jor Masonry Structures, ACI 530-05/ASCE 5-05/TMS 402-05, reported by the Masonry

Standards Joint Committee, 2005,

4. Flashing Strategies jor Concrete Masonry Walls, TEK 19-4A. National Concrete Masonry Association, 2008.

5. Flashing Details for Concrete Masonry Walls, TEK 19-5A. National Concrete Masonry Association, 2008.

6. Crack Control in Concrete Masonry Walls, TEK 10-1A. National Concrete Masonry Association, 2005.

7. Control Joints or Concrete Masonry Walls - Empirical Method, TEK 10-2B. National Concrete Masonry Association,

2008.

8.  Specification for Masonry Structures, ACI 530.1-05/ASCE 6-05/TMS 602-03, reported by the Masonry Standards Joint

Committee, 20035.

9. Clearning Concrete Masonry, TEK 8-4A. National Concrete Masonry Association, 2005.
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