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INTRODUCTION

Although concrete masonry foundation walls can be
constructed without reinforcing steel, reinforcement may
be required for walls supporting large soil backfill loads.
The strength design provisions found in Chapter 3 of
Building Code Requirements for Masonry Structures (ref.
1) typically provides increased economy over the allowable
stress design method, as thinner walls or larger reinforcing
bar spacings often result from a strength design analysis.
Strength design criteria are presented in detail in TEK 14-
4A, Strength Design of Concrete Masonry (ref. 2).

DESIGN LOADS

Soil imparts lateral loads on foundation walls. The load
is assumed to increase linearly with depth, resulting in a
triangular load distribution on the wall. This lateral soil load

is expressed as an equivalent [luid pressure, with units of

pounds per square foot per foot of depth (kN/m*m). For
strength design analysis, this lateral soil pressure is in-
creased by multiplying by a load factor, which provides a
factor of safety against overload conditions. The maximum
moment on the wall depends on the total wall height, the soil
backfill height, the wall support conditions, the factored
soilload, the existence of any surcharges on the soil and the
presence of saturated soils.

Foundation walls also provide support for the struc-
ture above the foundation, transferring vertical loads to the
footing. Vertical compression counteracts flexural tension,
increasing the wall's resistance to flexure. In low-rise con-
struction, these vertical loads are typically smallin relation
to the compressive strength of the concrete masonry.
Vertical load effects are not addressed in this TEK.

DESIGN TABLES

Tables 1 through 4 presentreinforcement schedules for
6.8, 10and 12-in. (152,203,254 and 305-mm) walls, respec-
tively. Additional reinforcementalternatives may be appro-
priate, and can be verified with an engineering analysis.
Walls from 8 to 16 {1 (2.4 t0 4.9 m) high and soil pressures
of 30,45 and 60 psf/ft(4.7,7.0,and 9.4 kN/m?*/m) are included.

The effective reinforcement depth, d, assumed for the
analyses are practical values, taking into account varia-
tions in face shell thickness. arange of reinforcing bar sizes,
minimum required grout cover and construction tolerances
for placing the reinforcement.

The following assumptions also apply to the values in
Tables | through 4:

(1) there are no surcharges on the soil adjacent to the
wall,

(2) there are negligible axial loads on the wall,

(3) the wall is simply supported at top and bottom,
(4) the wall is grouted at cells containing reinforce-
ment (although solid grouting is acceptable),

(5) section properties are based on minimum face shell
and web thickness requirements of ASTM C 90 (ref. 3),

(6) thespecified compressive strength of masonry, f° |, is
1500 psi (10.3 MPa),

(7) Grade60(413 MPa) reinforcement,

(8) reinforcement requirements listed account for a
soil load factor of 1.6 (ref. 6),

(9) the maximum width of the compression zone is
limited to six times the wall thickness, ora 72 in.
(1.829 mm) vertical bar spacing, whicheveris smaller,

(10) reinforcing steel is placed toward the tension (inte-
rior) face of the wall (as shown in Figure 1), and

(11) the soil is well drained to preclude the presence of
saturated soil.
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Talple 1-Reinforcement for 6-inch (152-mm) Concrete Masonry Table 2-Reinforcement for 8-inch (203-mm) Concrete Masonry
Foundation Walls Foundation Walls
Whil ] Rein_forcernem required for unfactored equivalent Wall Reinforcement required for unfactored equivales=
hei:ghl, leackhl! fluid pressure, psf/ft, d > 3.75 in., bar size and Bk Backfill | fluid pressure, psf/ft, d > 5 in., bar size and spac
it height, ft spacing (inches on center) E " |height, ft (inches on center)
30 45 60" 309 45% 60"
4 No. 3 at 32 No. 3 at 32 No. 3 at 32 4 No. 3 at 48 No. 3 at 48 No. 4 at 48
5 No. 3 at 32 No. 4 at 32 No. 4 at 32 5 No. 3 at 48 No. 4 at 48 No. 5 at 48
6 No. 4 at 32 No. 5at 32 No. 5 at 32 8 6 No. 4 at 48 No. 5 at 48 No. 6 at 48
7 No. 4 at 32 No. 5 at 32 No. 6 at 32 7 No.5at 48 No. 6 at 48 No. 7 at 48
| 8 No. 5 at 32 No. 6 at 32 No. 6 at 24 8 No. 5 at 48 No. 7 at 48 No. 7 at 48
4 No. 3 at 32 No.3 at 32 No. 3 at 32 4 No. 3 at 48 No. 3 at 48 No. 4 at 48
5 No. 3 at 32 No. 4 at 32 No. 4 at 32 5 No.3 at 48 No. 4 at 48 No.5at 48
8|7 6 No. 4 at 32 No. 5at 32 No. 5at 32 8.7 6 No. 4 at 48 No. 5at 48 No. 6 at 48
7 No. 5 at 32 No. 6 at 32 No. 6 at 24 7 No. 5 at 48 No. 6 at 48 No. 7 at 48
| 8.7 No. 6 at 32 No.6at24 | No.6at16" 8.7 No. 6 at 48 No. 7 at 48 No. 8 at 48
4 No.3 at 32 No. 3 at 32 No. 4 at 32 4 No. 3 at 48 No. 3 at 48 No. 4 at 48
‘ 5 No. 3 at 32 No. 4 at 32 No. 5 at 32 g No. 4 at 48 No. 4 at 48 No. 5 at 48
o 6 No. 4 at 32 No. 5 at32 No. 6 at 32 93 6 No. 4 at 48 No. 5 at 48 No. 6 at 48
7 No. 5 at 32 No. 6 at 32 No. 6 at 24 - 7 No. 5 at 48 No. 6 at 48 No. 7 at 48
8 No. 6 at 32 No.6at24 | No.6at16 8 No. 6 at 48 No. 7 at 48 No. 8 at 48
9.3 No.6at32 | No.6at16 | No.6at8 9.3 No. 7 at 48 No.8at48 | No.8at32¥
4 No. 3 at 32 No. 3 at 32 No. 4 at 32 4 No. 3 at 48 No. 3 at 48 No. 4 at 48
5 No. 3 at 32 No. 4 at 32 No. 5 at 32 5 No. 4 at 48 No. 4 at 48 No. 5 at 48
6 No. 4 at 32 No. 5 at 32 No. 6 at 32 6 No. 4 at 48 No. 5 at 48 No. 6 at 48
1D 7 No.5at32 No. 6 at 32 No. 6 at 24 10 7 No. 5 at 48 No. 6 at 48 No. 7 at 48
8 No.6at32 | No.6at24 | No.6atl6" 8 No.6at48 | No.7at48 | No.8at48
9 No.6at32 | No.6at16“ | No.6at8¥ 9 No.7at48 | No.8atd8 | No.8at324™
10 No.6at24 | No.6at8" (e) 10 No.7at48 | No.8at40 | No.8at24
Notes to Tables | - 4: 4 No. 3 at 48 No. 3 at 48 No. 4 at 48
' granularsoil backfill 5 No. 4 at 48 No. 4 at 48 No. 5 at 48
I "T' drainc(.[ silty 5_'fmcl or silty clay backlill 6 No. 4 at 48 No. 5 at 48 No. 6 at 48
e clay soil backfill _ o ) 7 No. 5 at 48 No. 7 at 48 No. 8 at 48
{“’ cxct:mlsnmxnm.]m permitted tensile reinforcement (ref. 2) 12 8 No. 6 at 48 No. 8 at 48 No. 8 at 40
(:' can I.-hc dm.lc with No 6'(M_# 19) bﬂl'-h ) . 9 No. 7 at 48 No. & at 40 No.8at32 @
metric equivalents:in.x 25.4=mm: No.3=M# 10: No. 4 10 Mo Rae 48 No.8at32@ | No.gat16@
=M# 13: No.5=M# 16:No. 6=M# 19; No. 7= M# 22 1 No. 8 at 40 No. 8 at 24 @ No.8at8 @
No. 8 = M# 25; No. 9 = M# 29 onc ot e
- 12| No.8at32 | No.8at16“ | No.8at8"

DESIGN EXAMPLE

[

|

Wall: 12-in.(305mm)thick
concrele masonry foun-
i dationwall, 12 {1(3.66m)

high

I 12 ft
(7_04i£?£’1’t9[/m) (3.66 m) Soil: equivalent fluid
(31{())5ﬁ : pressure is 45 pst/ft (7.0
3.05m

kN/m*/m) (excludingsoil
load factors). 10 {1 (3.05
m) backfill height

Using Table 4, the wall
can be adequately rein-
forced using No. 9 bars
\ at 72 in. o.c. (M# 29 at
1.829mm).
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CONSTRUCTION ISSUES

This section discusses those issues which directly relate to

structural designassumptions. See TEK 3-11, Concrete Masonry
Basement Wall Construction and TEK 5-3A, Concrete Masonry
Foundation Wall Details (refs. 4, 5) formore complete information
on building concrete masonry foundation walls.

Figure 1| illustrates wall support conditions, drainage
and protection from water. Before backfilling, the floor dia-
phragm must be in place, or the wall must be properly braced
Lo resist the soil load. Ideally, the backfill should be free-
draining granular material. free from expansive soils or other
deleterious materials.

The assumption that there are no surcharges on the soil
means that heavy equipment should not be operated directly
adjacent to any basement wall system. In addition, the back-
fill materials should be placed and compacted in several lifts.
Care should be taken when placing backfill materials to
prevent damaging the drainage. waterproofing or exterior
insulation systems.



Table 3-Reinforcement for 10-inch (254-mm) Concrete Masonry| |Table 4-Reinforcement for 12-inch (305-mm) Concrete Masonry
Foundation Walls Foundation Walls
’-\Vall Reinforcement required for unfactored equivalent Wall Reinforcement required for unfactored equivalent
it Backfill |fluid pressure, pst/ft, 4 > 7 in., bar size and spacing il Backfill [fluid pressure, psf/ft, d > 9 in., bar size and spacing
ft " | height, ft (inches on center) ft " |height, ft (inches on center)
30 45 60" 30 45" 60"
4 No. 3 at 56 No. 3 at 56 No. 3 at 56 4 No.3at72 No.3at 72 No.4 at 72
5 No. 3 at 56 No. 4 at 56 No. 4 at 56 5 No.3 at 72 No. 4 at 72 No.5at72
8 6 No. 4 at 56 No. 4 at 56 No. 5 at 56 6 No. 4 at 72 No.5at 72 No. 6 at 72
7 No. 4 at 56 No. 5 at 56 No. 6 at 56 7 No.5at 72 No. 6 at 72 No. 7 at 72
8 No. 5 at 56 No. 6 at 56 No. 7 at 56 12 8 No. 6 at 72 No. 7 at 72 No. 8 at 72
4 No. 3 at 56 No. 3 at 56 No. 3 at 56 9 No. 6 at 72 No. 8 at 72 No.9at 72
5 No. 3 at 56 No. 4 at 56 No. 4 atL 56 10 No. 7 at 72 No. 9 at 72 No. 9 at 56
6 No. 4 at 56 No. 5 at 56 No. 5 at 56 11 No. 8 at 72 No. 9 at 64 No. 9 at 48
10 7 No. 5 at 56 No. 6 at 56 No. 6 at 56 12 No.9 at 72 No. 9 at 56 No. 9 at 40
8 No. 5 at 56 No. 7 at 56 No. 7 at 56 4 No. 3 at 72 No.3at72 No. 4 at 72
9 No. 6 at 56 No. 7 at 56 No. 8 at 56 5 No.3at 72 No. 4 at 72 No.5at 72
10 No. 7 at 56 No. 8 at 56 No. 9 at 56 6 No. 4 at 72 No.5at72 No. 6 at 72
4 No. 3 at 56 No. 3 at 56 No. 4 at 56 7 No.5at 72 No. 6 at 72 No. 7 at 72
5 No. 3 at 56 No. 4 at 56 No. 5 at 56 8 No.6at 72 No.7at 72 No. 8 at 72
6 No. 4 at 56 No. 5 at 56 No. 6 at 56 14 9 No. 7 at 72 No. 8 at 72 No. 9 at 72
7 No. 5 at 56 No. 6 at 56 No. 7 at 56 10 No. 8 at 72 No. 9 at 72 No. 9 at48
12 8 No. 6 at 56 No. 7 at 56 No. 8 at 56 11 No. 8 at 72 No. 9 at 56 No. 9 at40
9 No. 7 at 56 No. 8 at 56 No. 9 at 56 12 No. 9 at 72 No. 9 at 48 No. 9 at 32
10 No. 7 at 56 No. 9 at 56 No. 9 at 40 13 No. 9 at 56 No. 9 at 40 No. 9 at 24 @
11 No. 8 at 56 No.9at48 | No.9at32' 14 No. 9 at 48 No.9at32 | No.9at24
12 No. 9 at 56 No.9at40 | No.9at24 @ 4 No. 3 at 72 No. 3 at 72 No. 4 at 72
A~ 4 No. 3 at 56 No. 3 at 56 No. 4 at 56 5 No. 4 at 72 No. 4 at 72 No. 5 at 72
5 No. 3 at 56 No. 4 at 56 No. 5 at 56 6 No. 4 at 72 No.5at 72 No. 6 at 72
6 No. 4 at 56 No. 5 at 56 No. 6 at 56 7 No.5at 72 No. 6 at 72 No.7 at72
7 No. 5 at 56 No. 6 at 56 No. 7 at 56 8 No. 6 at 72 No. 7 at 72 No.9at 72
8 No. 6 at 56 No. 7 at 56 No. 8 at 56 9 No. 7 at 72 No. 9 at 72 No. 9 at 64
14 9 No. 7 at 56 No. 8 at 56 No. 9 at 48 16 10 No. 8 at 72 No. 9 at 64 No. 9 at48
10 No. 8 at 56 No. 9 at 56 No. 9 at 40 11 No. 9 at 72 No. 9 at 48 No. 9 at 32
11 No. 9 at 56 No.9at40 | No.9at32 12 No. 9 at 64 No. 9 at 40 No. 9 at 32
12 No.9at56 | No.9at32® | No.9at24 13 No.9at48 | No.9a32 | No.9at24©®
13 No.9at40 | No.9at24® | No.9at16 14 No.9at40 | No.9at24@ | No.9at16¥
14 No.9at40 | No.9at16 | No.9at8" 5 No.9at40 | No.9at24@ [ No.9at16©@
16 No.9at32 | No.9at16¥ | No.9atg"
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Figure 1—Typical Reinforced Basement Wall

Disclaimer: Although care has been taken to ensure the enclosed information is as accurate and complete as possible, NCMA
does not assume responsibility for errors or omissions resulting from the use of this TEK.
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