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ABSTRACT:

This presentation is a chapter by
chapter review of ACI 318-19 “Building
Code Requirements for Structural
Concrete”, released in August 2019 to
replace ACI 318-14. Highlighted are the
code provisions which the author of
this presentation has used most often
while engaged in the design of
industrial, marine, and commercial
reinforced concrete structures. Figures
and short example problems
illustrating use of the provisions are
included. The emphasis is on non-
prestressed, non-seismic structures
designed by traditional methods.
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CHAPTER 11 — WALLS



|”

From Chapter 2: “wall” = a vertical element designed to resist
axial load, lateral load, or both, with a horizontal length-to-
thickness ratio greater than 3, used to enclose or separate
spaces.



11.1 SCOPE

11.1.1 This chapter shall apply to
the design of nonprestressed and
prestressed walls including: cast-in-
place, precast in plant, and precast
on site including tilt-up.

11.1.2 Design of special structural
walls: Chapter 18

11.1.3 Plain concrete walls: Chapter
14

11.1.4 Cantilever retaining walls:
Chapter 13



11.2.1 Materials: Concrete
11.2 — GENERAL properties Chapter 19;

Reinforcement properties
Chapter 20




11.3.1 Minimum wall thickness
Table 11.3.1.1

Bearing wall: h GE 4 inches and

11.3 — DESIGN 1/25 the lessor of unsupported
LIMITS length and unsupported height

Nonbearing wall: h GE 4 inches and
1/30

Exterior basement and foundation:
7.5 inches




11.4 — REQUIRED
STRENGTH

11.4.1 General: Load combinations
Chapter 5; Analysis procedures
Chapter 6; Slenderness effects
according to 6.6.4, 6.7, or 6.8, or
11.8 for out-of-plane slenderness
analysis



11.4 — REQUIRED
STRENGTH

(CONT’D)

11.4.2 Factored axial force and
moment

Factored axial force at a given
eccentricity shall not exceed the
capacity given in 22.4.2.1.
Moments must include
slenderness effects (second order
elastic presumed)

11.4.3 Factored shear: Design for
in-plane and out-of-plane
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11.5.1 General: Consider axial
force, moment, and shear

11.5 - DESIGN
STRENGTH 11.5.2 Axial load and in-plane or

out-of-plane flexure: Bearing
walls 22.4 or 11.5.3; Moment in
nonbearing walls 22.3

12



11.5 - DESIGN
STRENGTH

(CONT’D)

11.5.3 Axial load and out-of-
plane flexure — simplified design
method

Nominal axial capacity for wall if
the resultant of all factored loads
is located within the middle third
of a solid wall with rectangular
cross section: (e =M/P)

P,=0.55f A, [1-(kl./32h)?] ,
k = 0.8 one end fixed other
pinned,

= 1.0 both ends pinned,

13
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11.5.4 - IN-PLANE
SHEAR

11.5.4.1 Nominal shear capacity by
11.5.4.2 through 11.5.4.4 or strut-

and-tie Chapter 23. Reinforcement
limits of 11.6, 11.7.2, and 11.7.3.

11.5.4.2 Nominal wall in-plane shear
capacity LE 8sqrt(f’)(gross wall area
in a horizontal section)
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11.5.4.3 Nominal wall in-plane shear
capacity calculated by: For normal
weight concrete with wall height to
length ratio LE 1.5: V_ = (Gross wall
area in a horizontal section) (3sqrt(f’,)
11.5.4 - IN-PLANE + steel yield stress times the area of

SHEAR (CONT’D) horizontal steel reinforcing per

vertical inch / wall thickness)

The “3” in the above equation is
reduced to “2” at h, /I, = 2 and above,
and as low as zero if the wall has axial
tension.

11.5.5 Out-of-plane shear: Nominal
capacity according to 22.5

15



11.6 —
REINFORCEMENT

LIMITS

Table 11.6.1 Minimum
reinforcement cast-in-place and
precast walls, transverse and
longitudinal steel ratios required:
values range 0.001 to 0.0025 (safe to

use minimum values 0.0025 for
both)

16



11.7 -
REINFORCEMENT

DETAILING

11.7.1 General: Cover 20.5.1;
Development lengths 25.4;
Splices 25.5.

11.7.2 Spacing of longitudinal
reinforcement

11.7.2.1 Spacing s of longitudinal
bars in cast-in-place walls shall
not exceed the lesser of 3h and
18 inches. If shear reinforcement
is required for in-plane strength,
spacing of longitudinal
reinforcement shall not exceed

/3.

17



11.7 -
REINFORCEMENT

DETAILING
(CONT’D)

11.7.2.2 Spacing s of longitudinal
bars in precast walls shall not exceed
the lesser of 5h and 18 inches for
exterior walls and 30 inches for
interior walls. If shear reinforcement
is required for in-plane strength, s
shall not exceed the smallest of 3h,
18 inches, |, /3.

11.7.2.3 For walls with thickness
greater than 10 inches, except single
story basement walls and cantilever
retaining walls, distributed
reinforcement in each direction shall
be placed in at least two layers, one
near each face.

18



11.7.3 -SPACING OF
TRANSVERSE

REINFORCEMENT

11.7.3.1 Spacing s of transverse
reinforcement in cast-in-place walls
shall not exceed the lesser of 3h and
18 inches. If shear reinforcement is
required for in-plane strength,
spacing of longitudinal
reinforcement shall not exceed |/5.

11.7.3.2 Spacing s of transverse bars
in precast walls shall not exceed the
lesser of 5h and 18 inches for
exterior walls and 30 inches for
interior walls. If shear reinforcement
is required for in-plane strength, s
shall not exceed the smallest of 3h,
18 inches, |, /5.
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11.7 — SPACING OF REINFORCEMENT
(CONT’D)

11.7.4 — LATERAL SUPPORT

11.7.5 OPENINGS

11.8 — ALTERNATE ANALYSIS

11.7.4 Lateral support of longitudinal
reinforcement: If longitudinal
reinforcement is required for
compression and exceeds one percent
of the gross concrete area, it shall be
laterally supported by transverse ties.

11.7.5 Reinforcement around
openings: Add #5 bars developed at
corners.

11.8 — Alternate method for out-of-
plane slender wall analysis: Simply
supported axially loaded member
subject to an out-of-plane uniformly
distributed lateral load, with
maximum moments and deflections
occurring at midheight.
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CHAPTER 12 — DIAPHRAGMS

(Generally cast-in-place floor slabs acting as thin deep beams to
transfer lateral loads)
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12.1 - Scope: Nonprestressed and
prestressed cast-in place slabs, topping
slabs on precast slabs, other precast
systems. Diaphragms in Seismic Design
Categories D, E, and F must also satisfy

12.1 SCOPE 18.12.

12.2 GENERAL 12.2 - General: Design shall consider: In-
plane forces due to lateral loads; transfer

forces; forces at connections to vertical
framing or bracing; out-of-plane forces
due to gravity or other source. Consider
effect of slab openings. Concrete
properties according to Chapter 19. Steel
properties according to Chapter 20.
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12.3 DESIGN LIMITS

12.4 REQUIRED
STRENGTH

12.3 — Design limits : Thickness as
required for stability, strength, and
stiffness under factored load
combinations.

12.4 — Required strength: Load
combinations of Chapter 5; consider
effect of simultaneous out-of-plane
loads.
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12.5 -DESIGN

STRENGTH

12.5.1.3 (a) For a diaphragm
idealized as a beam whose depth
is equal to the full diaphragm
depth, with moment resisted by
boundary reinforcement
concentrated at the diaphragm
edges, design strengths shall be
in accordance with 12.5.2
through 12.5.4.

12.5.2 Moment and axial force: It
shall be permitted to design a
diaphragm to resist in-plane
moment and axial force in
accordance with 22.3 and 22.4.
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12.5.3 Shear

In-plane shear; capacity reduction factor
0.75.

Nominal in-plane shear strength for cast-
12.5 - DESIGN in-place slabs of normal weight concrete:

STRENGTH V. = (slab thickness)(slab plan dimension
(CONT’D) in the direction of the load — openings =

“depth”)( 2sqrt(f’.) + (area of steel
reinforcing parallel to load per inch of
slab width perpendicular to load / slab
thickness) (steel yield stress))

f’. LE 100psi ; V,, limited to
(0.75)(8)sart(f’.)( slab thickness) (slab
depth)
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12.5 -DESIGN
STRENGTH

(CONT’D)

12.5.4 Collectors

12.5.4.1 Collectors shall extend
from the vertical elements of the
lateral-force-resisting system
across all or part of the
diaphragm depth as required to
transfer shear from the
diaphragm to the vertical
element.

12.5.4.2 Collectors shall be
designed as tension members,
compression members, or both,
in accordance with 22.4.
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12.6 —
REINFORCEMENT

LIMITS

12.6 — Reinforcement limits:
Shrinkage and temperature
according to 24.4 can also be
used to resist diaphragm in-plane
forces; one-way slab limits in 7.6;
two-way slab limits 8.6
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12.7 -
REINFORCEMENT

DETAILING

12.7.1 General: Cover 20.5.1;
Development 25.4 or Chapter 18;
Splices 25.5; Bundled bars 25.6
12.7.2 Reinforcement spacing:
Minimum spacing 25.2;
maximum spacing the lesser of 5t
and 18 inches

28
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CHAPTER 13 — FOUNDATIONS



13.1 SCOPE

13.1 — Scope: Strip footings,
Isolated footings, Combined
footings, Mat foundations, Grade
beams, Pile caps, Piles, Drilled
piers, Caissons, Cantilever
retaining walls, Counterfort and
buttressed cantilever retaining
walls.
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13.2 GENERAL

13.2.1 Materials: Concrete
properties Chapter 19; Steel
reinforcement Chapter 20;
Embedments 20.6.

13.2.2 Connection to other
members: 16.3

13.2.3 Earthquake effects:
18.2.2.3; Seismic Design
CategoriesC, D, E, F 18.13.

13.2.4 Slabs-on-ground: If part of
seismic-force-resisting system
18.13.

13.2.5 Plain concrete: Chapter 14.
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13.2.6 - DESIGN

CRITERIA

13.2.6.1 Foundations shall be
proportioned for bearing effects,
stability against overturning and
sliding at the soil-foundation
interface in accordance with the
general building code.

13.2.6.2 For one-way shallow
foundations, two-way isolated
footings, or two-way combined
footings and mat foundations, it is
permissible to neglect the size effect
factor specified in 22.5 for one-way
shear strength and 22.6 for two-way
shear strength.
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13.2.6 - DESIGN
CRITERIA

(CONT’D)

13.2.6.5 Foundation design by
strut-and-tie method: Chapter 23.

13.2.6.6 External moment on any
section of a strip footing, isolated
footing, or pile cap shall be
calculated by passing a vertical
plane through the member and
calculating the moment of the
forces acting over the entire area of
the member on one side of that
vertical plane.
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13.2.7 — CRITICAL

SECTIONS

13.

2.7 Critical sections for shallow

foundations and pile caps
Table 13.2.7.1

Supported member: Location of
critical section for M,

Co

Co
Ha

umn or pedestal: Face

umn with steel base plate:
fway between face and edge of

steel base plate

Concrete wall: Face

Masonry wall: Halfway between
center and face of masonry wall

35



13.2.7 — CRITICAL
SECTIONS

(CONT’D)

13.2.7.2 The location of critical
section for factored shear in
accordance with 7.4.3 and 8.4.3
for one-way shear or 8.4.4.1 for
two-way shear shall be measured
from the location of the critical
section for M, .

13.2.7.3 Circular or regular
polygon-shaped concrete
columns or pedestals shall be
permitted to be treated as
square members of equivalent
area when locating critical
sections for moment, shear, and
development of reinforcement.

36
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13.2.8 -
DEVELOPMENT

OF
REINFORCEMENT

13.2.8 Development of
reinforcement in shallow
foundations and pile caps

13.2.8.1 Development of
reinforcement: Chapter 25

13.2.8.2 Calculated tensile or
compressive forces in reinforcement
at each section shall be developed
on each side of that section.

13.2.8.3 Critical sections for
development of reinforcement as in
13.2.7.1 for moment and at all other
vertical planes where changes of
section or reinforcement occur. 38



13.3 - SHALLOW
FOUNDATIONS

13.3.1 General: Size foundation for
acceptable bearing pressures;
Minimum “d” for bottom
reinforcement is 6 inches

13.3.2 One-way shallow
foundations (strip footings,
combined footings, grade beams):
Must also satisfy Chapters 7 and 9;
Distribute reinforcement uniformly
across width.
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13.3.3 Two-way isolated footings
13.3 - SHALLOW 13.3.3.1 Must also satisfy Chapters 7

FOUNDATIONS and 8.
(CONT’D) 13.3.3.2 In square two-way footings,

reinforcement shall be distributed
uniformly across entire width of
footing in both directions.

40



13.3 — SHALLOW
FOUNDATIONS

(CONT’D)

13.3.3.3 In rectangular footings:

(a) Reinforcement in the long
direction distributed uniformly across
width.

(b) In short direction, fraction 2/( 1+
ratio of long footing dimension to
short dimension) of total steel
reinforcing required shall be
uniformly distributed over a strip of
short footing dimension centered on
the column. Remainder of reinforcing
uniformly distributed over areas
outside this strip.

41



13.3 — SHALLOW
FOUNDATIONS

(CONT’D)

13.3.4 Two-way combined
footings and mat foundations

13.3.4.1 Must also satisfy
Chapter 8.

13.3.4.2 Direct design method
not permitted.

42



13.3 — SHALLOW
FOUNDATIONS

(CONT’D)

13.3.4.4 Minimum reinforcement in
accordance with 8.6.1.1.

13.3.5 Walls as grade beams:
Chapter 9; minimum reinforcement
11.6.

13.3.6 Wall components of
cantilever retaining walls: Chapters 7
and 8, as applicable.
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13.4 — DEEP

FOUNDATIONS

13.4.1 General

13.4.1.1 Size foundation to
satisfy geotechnical
requirements

13.4.1.2 Design of deep
foundation members shall be in
accordance with 13.4.2 or 13.4.3.

13.4.2 Allowable axial strength

44



13.4 — DEEP
FOUNDATIONS

(CONT’D)

13.4.2.1 It shall be permitted to design
a deep foundation member using load
combinations for allowable stress
design in ASCE/SEI| 7, section2.4, and
the allowable strength specified in
Table 13.4.2.1 if (a) and (b) are
satisfied:

(a) The deep foundation member is
laterally supported for its entire height

(b) The applied forces cause bending
moments in the deep foundation
member less than the moment due to
an accidental eccentricity of 5 percent
of the member diameter or width.

45



13.4 — DEEP
FOUNDATIONS

(CONT’D)

Table 13.4.2.1 — Maximum
allowable compressive strength
of deep foundation members

Uncased cast-in-place concrete
drilled or augured pile: P, =
0.3 A, + 0.4f A,

Precast DFEStFESSEd concrete
pile: P, =(0.33f,— 0.27f, ) A,
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13.4 — DEEP
FOUNDATIONS

(CONT’D)

13.4.3 Strength design

13.4.3.2 The strength design of deep
foundation members shall be in
accordance with 10.5 using the
compressive strength reduction
factors of Table 13.4.3.2 for axial load
without moment, and the strength
reduction factors of Table 21.2.1 for
tension, shear, and combined axial
force and moment. The provisions of
22.4.2.4 and 22.4.2.5 shall not apply
to deep foundations.
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13.4 — DEEP
FOUNDATIONS

(CONT’D)

Table 13.4.3.2 — Compressive
strength reduction factors for
deep foundation members

Uncased cast-in-place concrete
drilled or augered pile: 0.55

Precast prestressed concrete
pile: 0.65

13.4.5 Precast concrete piles:
Section applies to Seismic Design
Categories A and B. (C-F
18.13.5.10)

48



13.4 — DEEP
FOUNDATIONS

(CONT’D)

13.4.5.3 For precast
nonprestressed piles: Minimum 4
longitudinal bars and 0.008
reinforcement ratio

13.4.5.4 For precast prestressed
piles, effective prestress after
assumed 30ksi loss: 400psi for
piles under 30ft length, 550psi
for 30-50ft, and 700psi for
lengths over 50ft.

49



13.4 — DEEP
FOUNDATIONS

(CONT’D)

13.4.5.6 Minimum transverse
reinforcement enclosing
longitudinal reinforcement:

Least horizontal pile dimension
LE 16 inches: W4,D4

16 to 20 inches: W4.5, D5
Over 20 inches: W5.5, D6

Maximum spacing: First five ties
or spirals each pile end, 1 inch
center to center; end 24 inches,
4 inch; rest of pile, 6 inches.

50



13.4 — DEEP
FOUNDATIONS

(CONT’D)

13.4.6 Pile caps

13.4.6.1 Minimum “d” for
bottom steel 12 inches.

13.4.6.2 Pile reactions may be
assumed to be concentrated at
the pile centroid.

13.4.6.3 Except for pile caps
designed in accordance with
13.2.6.5, the pile cap shall be
designed such that (a) is satisfied
for one-way foundations and (a)
and (b) are satisfied for two-way
foundations.
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13.4 — DEEP
FOUNDATIONS

(CONT’D)

@) 0.75V_, GE V,, whereV_
shall be calculated in accordance
with 22.5 for one-way shear.

(b) 0.75 v, GE v, where v shall
be calculated in accordance with
22.6 for two-way shear.

(Note: V, and v, references to
13.4.2.7 are errors since there is
no such section.)
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13.4 — DEEP
FOUNDATIONS

(CONT’D)

13.4.6.4 Strut-and —tie method
concrete compressive strength of
struts in accordance with 23.4.3

and 19.2.4.

13.4.6.5 Calculation of factored
shear on any section through a
pile cap shall be in accordance

with (a) through (c):
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13.4 — DEEP
FOUNDATIONS

(CONT’D)

(a) Entire reaction from any pile
with its center located d ;. /2 or
more outside the section shall be
considered as producing shear
on that section.

(b) Reaction from any pile with
its center located d ;. /2 or more
inside the section shall be
considered as producing no
shear on that section.

(c) Linear interpolation
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CHAPTER 14 — PLAIN CONCRETE



14.1 SCOPE

14.1.3 Plain concrete shall be

permitted only in cases (a)
through (d):

(a) Members that are
continuously supported by soil or
other...

(b) Members for which arch
action provides compression
under all conditions of loading.

(c) Walls
(d) Pedestals
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14.1 SCOPE (CONT’D)

14.2 GENERAL

14.1.4 Further restrictions for
Seismic Design Categories D, E, F

14.1.5 Plain concrete shall not be
permitted for columns and pile
caps.

14.2 General: Concrete
properties Chapter 19; Steel
reinforcement Chapter 20;
Embedments 20.6.
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14.3 — DESIGN

LIMITS

14.3.1 Bearing walls: Minimum
thickness the greater of 5.5
inches and 1/24 the lesser of
unsupported length and
unsupported height, and GE 7.5
inches for exterior basement
walls or foundations.

14.3.2 Footing thickness GE 8
inches.

14.3.3 Pedestals: Ratio of
unsupported height to average
least lateral dimension shall not
exceed 3.
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14.3 — DESIGN
LIMITS (CONT’D)

14.4 REQUIRED
STRENGTH

14.3.4 Contraction and
isolation joints: Provided to
limit stress caused by
restraint to movements from
creep, shrinkage, and
temperature effects.

14.4 Required Strength:
Factored load combinations
of Chapter 5 and analysis
procedures of Chapter 6
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14.5 — DESIGN
STRENGTH

14.5.1.3 Tensile strength of
concrete shall be permitted to be
considered in design.(5sqrt(f’,))

14.5.1.6 No strength shall be
assigned to steel reinforcement.

14.5.6 Bearing: B, =0.85f'_ A, or
up to double this if supporting
surface is wider on all sides than
the loaded area ( increase factor

is sqrt(A,/A,) )
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CHAPTER 15 - BEAM — COLUMN AND
SLAB — COLUMN JOINTS



15.1 — SCOPE

15.2 GENERAL

15.1 - Scope: This chapter shall
apply to the design and detailing of
cast-in-place beam-column and
slab-column joints.

15.2 - General

15.2.1 Beam-column joints shall
satisfy the detailing provisions of
15.3 and strength requirements of
15.4.

15.2.2 Beam-column and slab-
column joints shall satisfy 15.5 for
transfer of column axial force
through the floor system.
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15.2 - GENERAL

(CONT’D)

15.2.5 If the beam framing into
the joint and generating joint
shear has depth exceeding twice
the column depth, analysis and
design of the joint shall be based
on the strut-and-tie method in
accordance with Chapter 23...

15.2.8 A beam-column joint shall
be considered to be confined for
the direction of the joint shear
considered if two transverse
beams satisfying .......

63



15.2 - GENERAL
(CONT’D)

15.3 DETAILING OF
JOINTS

15.2.9 For slab-column
connections transferring moment,
strength and detailing
requirements shall be in
accordance with applicable
provisions in Chapter 8 and
Sections 15.3.2 and 22.6.

15.3 —Detailing of joints

15.3.1 Beam-column joint
transverse reinforcement
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15.3 — DETAILING OF
JOINTS

(CONT’D)

15.3.1.1 Beam-column joints
shall satisfy 15.3.1.2 through
15.3.1.4 unless (a) through (c)
are satisfied:

(a) Joint is considered confined
by transverse beams in
accordance with 15.2.8 for all
shear directions considered

(b) .....not part of a designated
seismic-force-resisting system

(c) .....not ....SDCD, E, or F
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15.3 — DETAILING OF
JOINTS

(CONT’D)

15.3.1.4 Spacing of joint
transverse reinforcement s shall
not exceed 8 in. within the depth
of the deepest beam framing into
the joint.

15.3.2 Slab-column joint
transverse reinforcement

15.3.2.1 Except where laterally
supported on four sides by a
slab, column transverse
reinforcement shall be continued
through a slab column joint,
including...
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15.4 — Strength requirements for
beam-column joints

15.4.1 Required shear strength

15.4.1.1 Joint shear force V shall
be calculated on a plane at mid-
height of the joint using flexural
tensile and compressive beam
forces and column shear consistent

with (a) or (b):

15.4 - STRENGTH

REQUIREMENTS

67



15.4 - STRENGTH

REQUIREMENTS

(a) The maximum moment
transferred between the beam
and column as determined from
factored load analysis for beam-
column joints with continuous
beams in the direction of joint
shear considered

(b) Beam nominal moment
strengths M_

Table 15.4.2.3 — Nominal joint
shear strength V_

Example: Unconfined top of
corner column of moment frame:
V, =12 sqrt(f.)A,
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15.4 - STRENGTH
REQUIREMENTS

(CONT’D)

15.4.2.4 Effective cross-sectional
area within a joint, A, shall be
calculated as the product of joint
depth and effective joint width.
Joint depth shall be the overall
depth of the column, h, in the
direction of joint shear
considered. Effective joint width
shall be the overall width of the
column where the beam is wider
than the column. Where the
column is wider than the beam,
effective joint width shall not
exceed the lessor of (a) and (b):
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(a) Beam width plus joint depth

(b) Twice the perpendicular
15.4 — STRENGTH distance from longitudinal axis of

REQUIREMENTS beam to nearest side face of the

(CONT’D) column
15.5 TRANSFER OF 15.5 — Transfer of column axial

COLUMN AXIAL FORCE force through the floor system
15.5.1 If f of a floor system is

less than 0.7f of a column....
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CHAPTER 16 — CONNECTIONS BETWEEN
MEMBERS



16.1-16.5

16.1 - Scope: Precast concrete;
foundations; brackets and
corbels.

16.2 — Connections of precast
members

16.3 — Connections to
foundations

16.4 — Horizontal shear transfer
in composite concrete flexural
members

16.5 — Brackets and Corbels
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CHAPTER 17 — ANCHORING TO CONCRETE



17.1 - SCOPE

17.1.1 This chapter shall apply to the
design of anchors in concrete used to
transmit loads by means of tension,
shear, or a combination of tension
and shear between: (a) connected
structural elements; or (b) safety-
related attachments and structural
elements...
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17.1 - SCOPE

17.1.2 Provisions of this chapter
shall apply to the following
anchor types (a) through (g):

(a) Headed studs and headed
bolts....

(b) Hooked bolts...

(c) Post-installed expansion
anchors...

(d) Post-installed adhesive
anchors...

(f) Post-installed screw anchors...
(New to ACI 318)

(g) Attachments with shear lugs..
(New to ACI 318)
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17.2 - GENERAL

17.2.1 Anchors and anchor
groups shall be designed for
critical effects of factored loads
calculated by elastic analysis. If
nominal strength is controlled
by ductile steel elements,
plastic analysis is permitted...

17.2.1.1 Anchor group effects
shall be considered if two or
more anchors loaded by a
common structural element
are spaced closer than the
spacing required for unreduced
breakout strength...
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17.3 — DESIGN LIMITS
17.4 REQUIRED

STRENGTH

17.3.1 The value of f_‘LE 10 ksi
for cast-in anchors LE 8 ksi for
post-installed.

17.4 — Required strength:
Chapter 5 Load Combinations;
Also section 17.10 for Seismic
Design Categories C, D, E, and F,
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17.5 - DESIGN
STRENGTH

17.5.1.2 .... The nominal strength
shall be based on the 5 percent
fractile of the basic individual
anchor strength....Strength of
anchors shall be based on design
models that satisfy 17.5.1.2 for the
following:

(a) Steel strength of anchor in
tension

(b) Concrete breakout strength of
anchor in tension

(c) Pullout strength of a single cast-
in anchor and single post-installed
expansion, screw, or undercut
anchor in tension =



17.5 - DESIGN
STRENGTH

(CONT’D)

(d) Concrete side-face blowout
strength of headed anchor in
tension

(e) Bond strength of adhesive
anchor in tension

(f) Steel strength of anchor in
shear

(g) Concrete breakout strength of
anchor in shear

(h) Concrete pryout strength of
anchor in shear
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N1

ACI 310-19; BULDING CODE REGQUIRENENTS FOR STHUCTUHAL GOBCHETE

CODE COMMENTARY

tw tv fv, »

(iv) Cancrele sphtting (v) Side-face blowoul (v) Bond faillure
(a) Tensile loading )

(i) Steel failure precedsd mcomllfeplyoullor

by concrete spall anchors far from 2
froe edge
(b) Shear loading

Fig. R17.5.1.2—Failure modes for anchors.

17.5.1.3 Strenpth of anchors shall be permitted to be detec- R17.5.1.3 The method for coecrete breakout desith
mined in sccordance with 17.6 for 17.5.1.2() through (¢), deemed to comply with the requirements of 17.5.1.2 wab
and 17.7 for 17.5.1.2(f) through (h). For adhesive anch developed from the te capacity design (CCD) Metl
that resist sustained tension, the requirements of 17522 (Fuchs et al, (1995), Eligehausen and Balogh (1995), whi
shall apply. was an adaptation of the Kappa Method (Eligehausen &

Fuchs 1988: Eligehausen et al, 2006a) with 8 breako!
failure surfice angle of approximately 35 degress (Fig:
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17.5 - DESIGN
STRENGTH

(CONT’D)

17.5.2.1 The design strength of anchor
reinforcement shall be permitted to be
used instead of the concrete breakout
strength if (a) or (b) is satisfied.

(a) For tension, if anchor reinforcement
is developed in accordance with
Chapter 25 on both sides of the
concrete breakout surface.

(b) For shear, if anchor reinforcement is
developed in accordance with Chapter
25 on both sides of the concrete
breakout surface, or encloses and
contacts the anchor and is developed
beyond the breakout surface.
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17.6 — TENSILE
STRENGTH

17.7 SHEAR
STRENGTH

17.6 — Tensile strength — based
on 35 degree angle between
breakout surface and exterior
surface, 1:1.5. This gives a
square plan view of the
breakout surface of dimensions
3h x 3hwhere h is the
effective embedment depth of
the anchor.

17.7 — Shear strength: 35
degree breakout angle also
applies for shear.
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17.8-17.10

17.8 — Tension and shear
Interaction

17.9 — Edge distances, spacings,
and thicknesses to preclude
splitting failure

17.10 — Earthquake-resistant
anchor design requirements
SDCC, D, E, orF

17.10.5.4 Most strengths subject
to additional 0.75 reduction
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ACI 31812 BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE

CODE

COMMENTARY

A

s 0.5]1.(4

Fig. RI7.5.2.1a—Anchor

© Masielad — waw

4
|- \Z Anchor renorcamett
placed symmetricaly

Section A-A

reinforcement for tension.

American Concrels institula - Cagy
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BART 4: JOINTSICONNECTIONSIANCHORS

COMMENTARY

opse +

Anchoring

17

As small as possible
obsarving cover
s requirements—

Anchor
reinforcement
Anchor
group
1 A
Section A-A

Fig. R17.5.2. 16{§—Hairpin anchor reinforcement for thear.

@D

Amadcen CoeGaip Ingtiute - Copyrighted © Maleria - www concéss o9
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CODE

5031 Anchat group ‘effects shall be considered wher-
4 or mose anchors have spacing less than the crit-
ing in Table 17.5.13.1, where anly those anchors
ible to the particular failure made under investigation

“ inchided in the group.

175.1.3.1—Critical spacing
wode under Investigation Crtient spocing |
e : o |
S E—
Iey J

3 ._1.5.1.4 Strength of anchors shall be permitted to be based
M test evaluation using the 5 percent fractile of applicable
' Tesults foe 17.5,1.2 (a) through (b).

FART 4: JOINTSICONNECTIONE/ANCHORS

COMMENTARY

17.5.1,34 and b). 1t is considered to be sufficiently acourate,
relatively easy to apply, and capable of extension to irreg-
ular layoats. The CCD Method predicts the strength of an
anchor or anchor group by using & basic equation for tension
in cracked concrete, which is multiplied by factors that
sccount far the sumber of anchars, edge i paci
eccentricity, and absence of crucking. For sbear, a similar
spproach is used, Experimental and numerical investigations
have demonstrated the applicability of the CCD Method to
adbesive anchors as well (Eligehausen et al. 20068).

1.5hy 'N 150

Elovati
Fig, R17.5.1.3a—Breakout cone for fersion.

Fig. RI7.5.1.3b—Breakous cone for shear:

R17.5.1.4 Sections 17.5.1.2 and 17.5.2.3 establish the
performance factors for which anchor design models are
required to be verified. Many possible design approach
exist, and the user is always permitted to “design by test"
using 17.5.1.4 as kng as sufficient data are available to
verify the moded, Test procedures can be used to determine

the single-anchor breakout strength in tension and in shear,
The test results, b , are required to be evaluated on a
basis statistically equivalent to that used to select the values
for the cte break hod considered to satisfy

provisions of 17.5.1.2. The basic strength cannot be taken

Amearican Concata institule ~ Copyrightod © Matorial — www.concrate.am Ocll‘
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ACI318:13; BUILEING CODE REQUIAEMENTS FOHR STHUCTURAL CONCRETE

CODE

The critical edge distance for headed studs,
headed bolts, expansion anchors, screw
anchors, and undercut anchors is 1.5,

1.5k t_N 1.5k,

-—f

-~ ) h.'
4 {
Section through failure cone
4 4 S Peo
< -
+.5hy
1.5hy
<> -
Y 4
1.5h, 1.5hy
Plan
Anco = (2% 1.5h0 X (2 X 1.5h,3 = Oh,F
fa)

COMMENTARY
Cy ‘-5'!‘
4‘V7
Ape
’)-
1.5h,,
18 1.5h,
Wep<18hy'
Ay ={Cyy + 1.5h59 x (2 X 1.5h,9)
Cor 8 15hy
Jr‘ - -
Apc fl
1.5hy
'
|
|
|
HIEL
] |
l 3 |
I €y < 1.5hy and 84< Shye
A= (Cq1 + %1+ 1.5Rg) X (2 x 1.5y
Car 8 1.5hyy
A
v
Ape
L 1.5hy
s
Cait
If cqp BN € < 1.5k,
and 8; and 8, < 3hy
Ape = (Cqy + 51+ 1.5N0q) X (Cpz + £+ 1.5Hed
(b) |

Fig. RI7.6.2.1—(a) Calcwlation of Ay, and (b) calelation of Ax, for single anchors and anchor groups.
aci ! American Concsete stitile — Copyrighhed © Miterisl — Wi, concmetn. org



ACI318<19: BUILDING CODE REQUIRE

CODE COMMENTARY
It Cpp< 1.5¢c4
A= 1.56,4(1.5c5 + Cx)

If Py < 1.5C0
Aye=2(1.50,), Pl

W hy< 1.5¢, and $;< 3¢y
Ave=[2(1.5C5) + S5,

Case 1: One assumption of the distribution of
forces indicates that half of the shear force
would be critical on the front anchor and the
projected area. For the calculation of concrete
breakout, €, Is taken as €y 1.

I hy< 1.5C4
AW - 2(1.56."1)".

Case 2: Another assumption of the distribution
of forces Indicates that the total shear force
would be critical on the rear anchor and its
projected area. Only this assumption needs to
be considered when anchors are welded 1o a
common plate independent of s. For the
calculation of concrete breakout, ¢, is taken
as c."z.

Note: For $ = ¢y 4, both Case 1 and Case 2 should be evaluated to determine which controls for design excepl
as noted for anchors welded to a common plale

If hy< 1.5¢cy
Ayo=2(1.5Cy 2)hy

Case 3: Where 8 < cgy 4, apply the entire sheal
load V1o the front anchor, This case does not
apply for anchors welded 1o a common plate.
For the calculation of concrete breakout,

Cyy Is taken as ¢y .

It hy<1.5Cq
Aye = 2(1.5Ca, )y

Fig. R17.7.2, 16— Calculation of A for single anchors and anchor groups.

@ Amarican Concmia Insstute - Copyrighted © Malerist — www.cancrate.org J
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CHAPTER 18
EARTHQUAKE - RESISTANT STRUCTURES



18.1 - SCOPE

18.1.1 This chapter shall apply to
the design of nonprestressed and
prestressed concrete structures
assigned to Seismic Design
Categories B through F....

18.1.2 Structures desighed
according to the provisions of
this chapter are intended to
resist earthquake motions
through ductile inelastic
response of selected members.
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18.1 - GENERAL

18.2 — General: SDC B shall
satisfy 18.2.2; SDC C shall satisfy
18.2.2, 18.2.3, and 18.13; SDC D,
E, and F shall satisfy 18.2.2
through 18.2.8 and 18.12
through 18.14.

18.2.1.6 Structural systems
designated as part of the seismic-
force-resisting system shall be
restricted to those desighated by
the general building code... (a)
through (h) shall be satisfied...
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18.2 - GENERAL
(CONT’D)

(a) Ordinary moment frames 18.3

(c) Intermediate moment frames
18.4

(e) Special moment frames
18.2.3 through 18.2.8 and 18.6
through 18.8.

(g) Special structural walls 18.2.3
through 18.2.8 and 18.10
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18.2 - GENERAL
(CONT’D)

18.2.2

18.2.2.1 The interaction of all
structural and nonstructural
members that affect the linear
and nonlinear response of the
structure to earthquake motions
shall be considered in the
analysis.

18.2.3

18.2.3.1 Anchors resisting
earthquake-induced forces
assigned to SDCC, D, E, or F shall
be in accordance with 17.10.
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18.13 -
FOUNDATIONS

18.13.4 Foundation seismic ties

18.13.4.1 For structures assigned
to SDCC, D, E, or F, individual pile
caps, piers, or caissons shall be
interconnected by foundation
seismic ties in orthogonal
directions, unless it can be
demonstrated that equivalent
restraint is provided by other
means.
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18.13 -
FOUNDATIONS

(CONT’D)

18.13.4.3 Where required,
foundation seismic ties shall have
a design strength in tension and
compression at least equal to 0.1
Sps times the greater of the pile
cap factored dead load plus
factored live load unless...
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CHAPTER 19

CONCRETE: DESIGN AND DURABILITY
REQUIREMENTS



19.2 —
CONCRETE

DESIGN
PROPERTIES

19.2 — Concrete design
properties

19.2.1 Specified compressive
strength: f'_ based on 28-day
tests

19.2.2 Modulus of elasticity: For
normal weight concrete, E_, ksi
57sqrt(f’, psi)

19.2.3 Modulus of rupture: For
normal weight concrete, f, psi =
7.5sqrt(f’, psi)
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19.3 -

CONCRETE
DURABILITY

19.3 — Concrete durability
requirements

Table 19.3.2.1 — Requirements
for concrete by exposure class

For reinforcement corrosion class
C2 “ Concrete exposed to
moisture and an external source
of chlorides from deicing
chemicals, salt, brackish water,
seawater, or spray from these
sources”, minimum f’_ = 5ksi and
maximum water to cement
weight ratio is 0.4.
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CODE COMMENTARY

| Additional requiremeonts Limity om |
Maximum Mirdmvess cenentithouy
Expasure class wiomi' 2 AR T Alr content maberialy
0 WA 2500 NA NA
Fl 055 1500 Tabde 19.3.3.1 for concrete or Tabde 19.53.3 for shotereis DA g
2! 045 4500 Tabide 19.33.1 for conarcto o Table 19.3.3.3 for shoterele | NA |
b=} 400 S00H Tabde 19.3.3.1 for conoreto or Table 19.3.3,) for sholerele 264220 |
S - —_—
Cementithsas materinld —'|'".|u ) Calcum ehloride
ASTM C150 ASTM 595 ASTM CHIS7 | smiciure
| S0 NA 1500 No type No tope g No lype restriction T No restiic i
Types with (45) o]
G
51 0.50 A0 i desigantion MS No restriction
Types with (HS) 21
™
52 04s 4500 ) ‘ desigastion Hs Naot permitiod
| Types with (HS) =
< V plus poxealan or designatson plas HS plus pozzclen o .
S |,
Opaton § 143 4500 slag comenf™ poccooken or Sy alag comenf™ Not penmitied
83 cemerd’
Types with (HS) ‘ ===}
2 AN
Opeion 2 040 5000 ) 1 Seaigpaati HS 1 Not permined
wo NA 1500 Noae
wi NA 500 ] 264.22(d)
w2 0s0 4000 264.22(d)
Maximen walersoluble chloride lsa (C1)
content in comerele, peroest by s of
comentitions materiald™'"
Noaprainosed
conerede Prestressed concrete Additisnsd provisions
{ o NA 1500 100 0.06 Nose |
ci NA 2500 03 006 )
2 040 000 als 006 Coneree cover' 11 E|
10T e s baecdt oo = vapyph 9ws Iaerialy |n the comcnete mixtere.
P b rrasianen wlow lisvis do sed spply % Fghoweight consmne
s plain concscte, the muceeues whaw shall be 045 o the misimem /' dhall be 4300 pai
Mlakereas Lisations of wnlu\d!hﬁa-|Nllmpc'nl.ldlalllllfncow.ll"'lﬂﬂMw‘rmﬂxm-ﬂuz«mﬂlnlﬂ"

242.5e)

e sewmarer expastne, ocher types of portiend cemenss with tricalcaen aberizake (CyA) Contents g 10 10 pescent are peeretied if the whow docs el excend 040

Wity availabie types of comnt sk e Type | oe Type 1L sre permmitid is Exposws Clases 51 oc 52 IFthe C)A conteats are ke thax 3 prceed S Eposin Clas S of len (a0
5 percent lor Exposas Class 52

ke acvocne of fas specific soascs of Bz prazebn oe sl covotel 00 bo woed shall be o benst (he arncunt that bas bees determingd by secvice reeond 19 kmprave xad fuge resisande
when sued Iy concete aatining Type ¥ comert. ARersalvely, fhe aoun of e wpecitic soeros of the pacmbn o abe; comcrt 1 be used ol b ot Jeast the B
acoortance with ASTM C103 and mosting the ardecia in 26.4.2 0)

I Type W cersont is wied us faz ke comenilions mekvial, the opthaeal adfe resataace seqarersa ol (L04) percest moinum expansion i ASTM C130 skall be sprcal

b e of mapplomentary corsesliions eterinls tsed (n determining the chiceide corteal shall 0ot eaceed the mass of f portlend cemest

"Criterin for deterrination of éhkoeids coomeet are in 6423,

DConrete cewer ahall be in sacoodance with 20.5.

19.3.3 Additional requi Sfor freczing-and-thawing ms.s.udmmmuenmmu,rwﬁmmgw-mq
exposte exposure
19.3.3.1 Concrete subjoct to freezing-and-thawing Expoe- R19.3,3,1 A table of required air contents for Cﬂﬂ"“"_'

sure Classes F1, F2, or F3 shall be air entrained. Except 8s to resist damage fram cycles of freczing and thawing L

@ Amarican Concrta Insstuta - Copyrighied © Maleral — www, concrate.ong
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CHAPTER 20

STEEL REINFORCEMENT PROPERTIES,
DURABILITY, & EMBEDMENTS



20.2 — NON-PRESTRESSED BARS AND WIRES

20.2.1.2 Yield strength by (a) or
(b)
(a) 0.2% offset method

20.2.1.3 ASTM A615 Grades
40, 60, 80, 100; ASTM A706 —

low alloy steel Grades 60, 80,
100

(enhanced weldability for
Grades 60 and 80)

101



20.2.2 DESIGN

PROPERTIES

20.2.2.1 For nonprestressed bars
and wires, the stress below fy shall
be E, times steel strain. For strains
greater than that corresponding to
fy, stress shall be considered

independent of strain and equal to
f

’
20.2.2.2 E, = 29000ksi

Table 20.2.2.4(a) — Nonprestressed
deformed reinforcement: For shear
and torsion, f = 60 ksi

y max
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20.3 — PRESTRESSING
STRANDS, WIRES,

AND BARS
204

20.3.2.3 Stress in bonded
prestressed reinforcement at
nominal flexural strength, f

fos=fou[1-.....] (often about

0.93 f,, = 0.93(270) =250ksi)

20.4 — Headed shear stud
reinforcement
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20.5 DURABILITY

20.5 — Provisions for durability of
steel reinforcement

20.5.1 Specified concrete cover

Table 20.5.1.3.1 — Specified
concrete cover for cast-in-place
nonprestressed concrete
members

Table 20.5.1.3.2 — Specified
concrete cover for cast-in-place
prestressed concrete members
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20.5 DURABILITY

(CONT’)

Table 20.5.1.3.3 — Specified
concrete cover for precast-
nonprestressed or prestressed
concrete members manufactured
under plant conditions

Table 20.5.1.3.4 — Specified
concrete cover for deep
foundation members
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CHAPTER 21
STRENGTH REDUCTION FACTORS



Table 21.2.1 — Strength reduction
factors “phi”

Shear and torsion: 0.75

21.2 - STRENGTH

REDUCTION Bearing: 0.65
FACTORS (CONT’D) Plain concrete: 0.60

Anchors 0.45 t0 0.75 in
accordance with Chapter 17
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21.2 (CONT’D)

21.2.2.1 For deformed
reinforcement the yield strain
shall be the yield stress divided
by the modulus of elasticity. For
Grade 60 deformed
reinforcement, it shall be
permitted to be taken as 0.002.

21.2.2.2 For all prestressed
reinforcement, the tensile yield
strain shall be taken as 0.002.
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21.2 (CONT’D)

Table21.2.2 — Strength reduction
factors for moment, axial force,
or combined moment and axial
force

Compression-controlled, ie strain
in extreme tension side steel
reinforcing LE the yield strain in
tension:

Phi = 0.65 except phi =0.75 if
longitudinal steel is confined by
spirals
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Tension controlled, ie strain in
extreme tension side steel

21.2 (CONT'D) reinforcing GE yield strain + 0.003
in tension: Phi=0.9.

Linear Transition
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CHAPTER 22 — SECTIONAL STRENGTH



22.1.1 This chapter shall apply to
calculating nominal strength at
sections of members, including
(a) through (g):

22.1 SCOPE (a) Flexural strength

(b) Axial strength or combined
flexural and axial strength

(c) One-way shear strength

112



(d) Two-way shear strength

22.1 SCOPE

(e) Torsional strength

(CONT’D)

(f) Bearing

(g) Shear friction



22.1 SCOPE

(CONT’D)

22.1.2 Sectional strength
requirements of this chapter
shall be satisfied unless the
member or region of the
member is desighed in
accordance with Chapter 23.

22.1.3 Design strength at a
section shall be taken as the
nominal strength multiplied by
the applicable strength reduction
factor given in Chapter 21.
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22.2 — Design
assumptions for

moment and axial
strength

22.2.1.2 Strain in concrete and
nonprestressed reinforcement shall
be assumed proportional to the
distance from the neutral axis.

22.2.1.3 Strain in prestressed
concrete and in bonded and
unbonded prestressed
reinforcement shall include the
strain due to effective prestress

22.2.1.4 Changes in strain for
bonded prestressed reinforcement
shall be assumed proportional to
the distance from the neutral axis.
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22.2.2 - Design
assumptions for

concrete

22.2.2 Design assumptions for
concrete

22.2.2.1 Maximum strain at the
extreme concrete compression

fiber shall be assumed equal to
0.003.

22.2.2.2 Tensile strength of
concrete shall be neglected in
flexural and axial strength
calculations
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22.2.2 - Design
assumptions for

concrete (CONT’D)

22.2.2.3 The relationship between
concrete compressive stress and
strain shall be represented by a
rectangular .... or other shape that
results in prediction of strength in
substantial agreement with...tests.
(at instant that maximum concrete
compressive strain is 0.003, ie at
“failure”)

22.2.2.4 The equivalent rectangular
concrete stress distribution:
concrete stress 0.85f_; depth of
compression block “ B,c”, B; = 0.85
for f'_ LE 4 ksi; =0.65 for f'_ GE 8
ksi; linear interpolation
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22.2.4 - Design
assumptions for

prestressed
reinforcement

22.2.4.1 For members with bonded
prestressed reinforcement
conforming to 20.3.1, stress at
nominal flexural strength, fps, shall

be calculated in accordance with
20.3.2.3.

fos=fou(1-..) f,, =270 ksifor
ASTM A416 Stress-relieved and low-
relaxation strand

22.2.4.2 For members with
unbonded prestressed
reinforcement conforming with

20.3.1, f  shall be calculated in
accordance with 20.3.2.4.
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22.4 -

Axial strength or

combined flexural and
axial strength

22.4.2 Maximum axial
compressive strength

22.4.2.1 Nominal axial
compressive strength P_ shall not
exceed P .. in accordance with
Table 22.4.2.1, where P, =
0.85f' A, + (f,— 0.85f" )A for
nonprestressed members and is
calculated by Eq.(22.4.2.3) for
prestressed members. The value

of fy shall be limited to 80 ksi.
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22.4 — (CONT’D)

Table 22.4.2.1 — Maximum axial
strength

Nonprestressed column with
ties: P, LE 0.80P,

Nonprestressed column with
spiral: P,, LE 0.85P,
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22.5 - ONE-WAY
SHEAR STRENGTH

22.5.1 General

22.5.1.1 Nominal one-way shear
strength at a section: V, = V_+ V,

22.5.1.2 Cross-sectional
dimensions shall be selected to
satisfy: V, LE 0.75(V,_ +
8sqrt(f’.)(b,,d))

22.5.1.3 For nonprestressed
members, V_ calculated by 22.5.5
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22.5 - ONE-WAY
SHEAR STRENGTH

(CONT’D)

22.5.1.6 V. in accordance with
22.5.8

22.5.1.7 Openings must be
considered when calculating V..

22.5.1.10 Biaxial shear must be
considered if the shear stress in
both orthogonal directions
exceeds 0.5 of design capacity
values; interaction equation is
that the sum of the two factored
shear stresses to design
capacities LE 1.5.
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22.5.2.2 For calculation of V_ and
V., it shall be permitted to
assume (a) through (c):

(a) d equal to 0.8 times the
22.5 - ONE WAY diameter for circular sections

SHEAR STRENGTH

(b) b, equal to the diameter for

(CONT’D) solid circular sections

(c) b, equal to twice the wall
thickness for hollow circular
sections

125



22.5.5 V_for nonprestressed
members

Table 22.5.5.1

22.5 — ONE WAY Normal weight concrete, at least
SHEAR STRENGTH

minimum stirrups, no axial force:
, V.=max(2 ,or 8(A/b,d)°33)
(CONT D) sqrt(f’ )b, d , (equality at

reinforcement ratio 0.0156)

Add axial compression stress/6

but not more than 0.05f°_, and V_
shall not be taken greater than
5sqrt(f’.) b,d. Subtract axial
tension stress/6 but V_shall not

be taken less than zero.



Reduction for lightweight
concrete 19.2.4, generally 0.75.

Size effect modification factor:

22.5 — ONE WAY sqrt(2/(1+ 0.1d)) LE 1.0

SHEAR STRENGTH For less than minimum stirrups,

normal weight concrete, no axial
force:

(CONT’D)

V. =8(A,/b,d)%333(b,d)(Size
effect). (Same axial force
adjustment as above)
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22.5.6 V_for prestressed
members

22.5 - ONE WAY
SHEAR STRENGTH 22.5.8 One-way shear

reinforcement

(CONT’D)

22.5.8.1 At each section where
V, GE 0.75V,, transverse

reinforcement shall be provided
such that vV, GE (V,/0.75 -V,)
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22.5.8.2 For one-way members

22.5 — ONE WAY reinforced with transverse

SHEAR STRENGTH reinforcement, V, shall be
(CONT’D) calculated in accordance with

22.5.8.5.
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22.5 ONE - WAY
SHEAR STRENGTH

(CONT’D)

22.5.8.2 For one-way members
reinforced with transverse
reinforcement, V., shall be calculated
in accordance with 22.5.8.5.

22.5.8.5 One-way shear strength
provided by transverse

reinforcement: V; = Af,

d/s
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22.6 - TWO WAY

SHEAR STRENGTH

22.6.1 General

22.6.1.1 Provisions 22.6.1 through
22.6.8 apply to the nominal shear
strength of two-way members
with and without shear
reinforcement.

22.6.1.2 Nominal shear strength
for two-way members without
shear reinforcement shall be
calculated by: v, =v. , where v_is
the nominal stress capacity of the
concrete when subjected to two-
way shear, psi.
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.1.3 Nominal shear strength
for two-way members with shear
reinforcement shall be calculated
by v, =v_+V,

22.6.1.4 Two-way shear shall be
resisted by a section with a depth
d and an assumed critical
perimeter b, as defined in 22.6.4.
(Generally: Columns to slab joints
d=d; column to footing or
pilecap joints d = d*)
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.1.7 For two-way
members reinforced with
single or multiple leg
stirrups, v, shall be
calculated in accordance
with 22.6.7.

22.6.1.8 For two-way
members reinforced with
headed shear stud
reinforcement, v, shall be

calculated in accordance
with 22.6.8.
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22.6.2 Effective depth: Use
average value for both directions;

22.6 - TWO WAY not less than 0.8h for prestressed
SHEAR STRENGTH members.

(CONT’D) 22.6.3 Limiting material
strengths: sqrt(f’. ) LE 100 psi;
f,. LE 60 ksi
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22.6.4 Critical sections for two-
way members

22.6.4.1 For two-way shear,
critical sections shall be located

22.6 - TWO WAY so that the perimeter b, is a

SHEAR STRENGTH minimum but need not be closer
than 0.5d to (a) and (b):

(CONT’D)

(a) Edges or corners of columns,
concentrated loads, or reaction
areas

(b) Changes in slab or footing
thickness, such as edges of
capitals, drop panels, or shear
caps.



22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.4.1.2 For a circular or
regular polygon-shaped column,
critical sections for two-way
shear... permitted to be defined
assuming a square column of
equivalent area.

22.6.4.2 For two-way members
with shear reinforcement, also
check a perimeter 0.5d beyond
shear reinforcement.

22.6.4.3 Deduction for openings
closer than 4h from edge of
column
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22.6.5 Two-way shear strength
provided by concrete in members
without shear reinforcement

Table 22.6.5.2 — v_ for two-way

22.6 - TWO WAY members without shear

SHEAR STRENGTH A SESEn

(CONT’D) B is ratio of long to short side
dimension of column, axial load,
or reaction

a, equals 40 for interior columns,
30 for edge columns, and 20 for
corner columns
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

v. LE least of (a), (b), or (c)

(a)dsqrt(f’.)(Size
effect)(Lightweight concrete
factor)

(b)(2 + 4/B)sqrt(f’.) (Size
effect)(Lightweight concrete
factor)

(c)(2 + a, d/b,)sqrt(f’.) (Size
effect)(Lightweight concrete
factor)



22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.6 Two-way shear strength
provided by concrete in
members with shear
reinforcement

Table 22.6.6.1 — v_ for two-way
members with shear
reinforcement

Where minimum stirrups are
present: v_ = 2sqrt(f’)(Size
effect)(Lightweight concrete
factor)
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

Where Headed shear stud
reinforcement is present: For critical
section 0.5d from column face, v,
equals the lesser of: 3sqrt(f’)(Size
effect)(Lightweight concrete factor);
(2 + 4/B)sqrt(f’.)(Size
effect)(Lightweight concrete factor);
(2+a.d/b,) sqrt(f’)(Size
effect)(Lightweight concrete factor);

For critical section beyond shear
reinforcement: v_ =2sqrt(f’.)(Size
effect)(Lightweight concrete factor)
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.6.3 For two-way members
with shear reinforcement,
effective depth shall be selected
such that v, calculated at critical
sections does not exceed
(0.75)(6sqrt(f’.) where there is
stirrup shear reinforcement or
(0.75)(8sqrt(f’.) where there is
headed stud shear
reinforcement.

(Recall Chapter 8: v, includes
increase due to moment transfer
from eccentric shear.)
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.7 Two-way shear strength
provided by single or multiple leg
stirrups

For d GE 6inches and 16 stirrup bar
diameters, v,= A, f ./ b,s , where
A, is the sum of the areas of all legs
of reinforcement on one peripheral
line that is geometrically similar to
the perimeter of the column
section, and s is the spacing of the
peripheral lines of shear
reinforcement in the direction

perpendicular to the column face.
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22.6 - TWO WAY
SHEAR STRENGTH

(CONT’D)

22.6.8 Two-way shear strength
provided by headed shear stud
reinforcement

v,=A,f./b,s ,whereA, isthe
sum of the areas of all shear
studs on one peripheral line that
is geometrically similar to the
perimeter of the column section,
and s is the spacing of the
peripheral lines of headed shear
stud reinforcement in the
direction perpendicular to the
column face. It is also required
that A,/s GE 2b.sqrt(f’)/f,,.
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22.7 - TORSIONAL

STRENGTH

22.7.1 General

22.7.1.1 This section shall apply to
members if the torsion due to
factored loads T, GE 0.75(Threshold
torsion of 22.7.4).

22.7.1.2 Nominal torsion strength
22.7.6

22.7.1.3 Lightweight concrete

requires reduction according to
19.2.4

22.7.2 Limiting material strengths
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22.7-TORSIONAL
STRENGTH

(CONT’D)

22.7.2.1 The value of sqrt(f’.) used
to calculate threshold torsion T,
and cracking torsion T_ shall not
exceed 100psi.

22.7.2.2 Steel yield strengths for
longitudinal and transverse steel

shall not exceed 60 ksi, as shown in
Table 20.2.2.4.

22.7.3 Factored design torsion

22.7.3.11fT,GE0.75T_ and T, is
required to maintain equilibrium,
the member shall be designed to
resist T, .
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22.7 - TORSIONAL
STRENGTH

(CONT’D)

22.7.3.2 In a statically
indeterminate structure where

T, GE 0.75T_. and a reduction of
T, can occur due to redistribution
of internal forces after torsional
cracking, it shall be permitted to
reduce T, to 0.75T_. , where the
cracking torsion is calculated
with 22.7.5.

22.7.3.3 If T, is redistributed as
above, design of adjoining
members must use the reduced
torsion.
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22.7.4 THRESHOLD

TORSION

22.7.4.1 Threshold torsion T, shall
be calculated in accordance with
Table 22.7.4.1(a) for solid cross
sections and Table 22.7.4.1(b) for
hollow cross sections, where N, is
positive for compression and
negative for tension.

Table 22.7.4.1(a)
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Nonprestressed normal weight
member, conservatively neglecting
axial compression if any :

Ty = sart(f)( A / p,) where A
and p., are the area and perimeter
22.7.4 THRESHOLD of the effective concrete torsion
TORSION beam. ( Recall 9.2.4.4: For Tor L
beams, up to 4 slab thicknesses
each side of beam web can be
included in the effective torsion
beam. ??? Included portions of
slabs must have their longitudinal
steel enclosed by
stirrups???)(??May be acceptable
to neglect slabs.??)
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Prestressed member:

22.7.4 THRESHOLD Nonprestressed member

TORSION (CONT’D) subjected to axial force
Table 22.7.4.1(b)




22.7.5 CRACKING

TORSION

Nonprestressed normalweight
member, conservatively neglecting
axial compression if any :

T = 4sqrt(f’)( Acp2 / pcp)
Prestressed member

Nonprestressed member subjected
to axial force
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22.7.6 TORSIONAL

STRENGTH

22.7.6.1 For nonprestressed and
prestressed members, nominal
torsional strength T, shall be the

lesser of (a) and (b):
(@) T, = 2A_ f, cotB (A /s)

o 'yt

(b) T, = 2A,f, tanB (A, / p, )
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22.7.6 TORSIONAL
STRENGTH

(CONT’D)

Where:

A, = gross area enclosed by the
torsional shear flow path, permitted
to be taken as 0.85 times the area
enclosed by the centerline of the
outermost closed transverse
torsional reinforcement, in?

© = 45 degrees for nonprestressed
members

A, = area of one leg of the closed
stirrup resisting torsion

A, = area of longitudinal torsional
reinforcement

P, = perimeter of the centerline of
the outermost closed stirrup.

159



22.7.7 Cross-sectional limits for
solid and hollow sections
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22.8 — Bearing B, =0.85f"_ A,
but up to twice this if supporting
22.8 BEARING surface is wider on all sides than

the loaded area.

162



22.9 - SHEAR

FRICTION

22.9.1 General

22.9.1.1 This section shall apply
where it is appropriate to
consider shear transfer across
any given plane, such as an
existing or potential crack, an
interface between dissimilar
materials, or an interfaced
between two concretes cast at
different times.
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22.9 - SHEAR

FRICTION (CONT’D)

22.9.4.2 If shear-friction
reinforcement is perpendicular to
the shear plane, nominal shear
strength across the assumed

shear plane shall be calculated
by:

V, = A f, where A is the area
of reinforcement crossing the
assumed shear plane to resist
shear, and p is the coefficient of
friction in accordance with Table
22.9.4.2.
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22.9 - SHEAR

FRICTION (CONT’D)

Table 22.9.4.2 Coefficients of
friction (reduce according to

19.2.4 for lightweight concrete,
butA__ =0.85.

Concrete placed monolithically:
u=14

Concrete placed against
hardened concrete that is clean,
free of laitance, and intentionally
roughened to a full amplitude of
approximately 0.25inch pu =
1.0
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22.9 - SHEAR

FRICTION (CONT’D)

Concrete placed against hardened
concrete that is clean, free of
laitance, and not intentionally
roughened p = 0.6

Concrete placed against as-rolled
structural steel that is clean, free
of paint, and shear transferred
across the contact surface with
headed studs or by welded bars or
wires W = 0.7
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22.9 - SHEAR

FRICTION (CONT’D)

22.9.4.6 Area of reinforcement
required to resist a net factored
tension across an assumed shear plane
shall be added to the area of
reinforcement required for shear
friction...
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CHAPTER 23 —STRUT — AND - TIE
METHOD



23.1 - SCOPE

23.1.1 This chapter shall apply to
the design of structural concrete
members, or regions of
members, where load or
geometric discontinuities cause a
nonlinear distribution of
longitudinal strains within the
Cross section.

23.1.2 Any structural concrete
member, or discontinuity region
in @ member, shall be permitted
to be designed by modeling the
member or region as an idealized
truss in accordance with this
chapter.
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23.2 - GENERAL

23.2 — General

23.2.1 Strut-and-tie models shall
consist of struts and ties
connected at nodes to form an
idealized truss ion two or three
dimensions.

23.2.5 Ties shall be permitted to
cross struts and other ties.

23.2.6 Struts shall intersect or
overlap only at nodes.
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23.2 - (CONT’D)
23.4

23.5
23.6

23.2.7 The angle between the
axes of any strut and any tie
entering a single node shall be at
least 25 degrees.

23.4 — Strength of struts

23.5 — Minimum distributed
reinforcement

23.6 — Strut reinforcement
detailing
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23.7 - Strength of ties

23.8 — Tie reinforcement
detailing

23.9 — Strength of nodal zones
23.10 — Curved-bar nodes

23.11 — Earthquake-resistant
design
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CHAPTER 24 - SERVICEABILITY



24.1.1 This chapter shall apply to
member design for minimum

serviceability, including (a)
through (d):

(a) Deflections due to service-
level gravity loads (24.2)

(b) Distribution of flexural
reinforcement in one-way slabs

and beams to control cracking
(24.3)

(c) Shrinkage and temperature
reinforcement (24.4)

24.1 - SCOPE

(d) Permissible stresses in

prestressed flexural members
(24.5)
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24.2 — DEFLECTIONS

24.2 — Deflections due to service-
level gravity loads

24.2.1 Members subjected to
flexure shall be designed with
adequate stiffness to limit
deflections or deformations that
adversely affect strength or
serviceability of a structure.

24.2.2 Deflections calculated in
accordance with 24.2.3 through
24.2.5 shall not exceed the limits
in Table 24.2.2.
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24.2 — DEFLECTIONS

(CONT’D)

Table 24.2.2 — Maximum
permissible calculated
deflections

Flat roofs not supporting or
attached to deflection sensitive
nonstructural elements: Limit
immediate deflection due to live,
snow, or rain loads to: Span/
180 (Clear or centerline ?; limit
not intended to safeguard
against ponding)
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24.2 — DEFLECTIONS

(CONT’D)

Floors not supporting or attached
to deflection sensitive
nonstructural elements: Limit
immediate deflection due to live
load to: Span/ 360

Roofs or floors supporting or
attached to nonstructural
elements likely to be damaged by
large deflections: Limit that part
of total deflection occurring after
attachment of nonstructural
element to: Span /480 (Limitis
Span / 240 ) if nonstructural
element not likely to be damaged
by deflection)
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24.2 DEFLECTIONS
(CONTINUED)

24.2.3 Calculation of immediate
deflections

24.2.3.1 Immediate deflections
shall be calculated using methods
or formulas for elastic deflections,
considering effects of cracking and
reinforcement on member
stiffness.

24.2.3.4 Modulus of elasticity,

E_, shall be permitted to be
calculated in accordance with
19.2.2

(E., ksi = 57sqrt(f’, psi) for
normalweight concrete)
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24.2 DEFLECTIONS
(CONT’D)

24.2.3.5 For nonprestressed
members....effective moment of
inertia, I, , shall be calculated in
accordance with Table 24.2.3.5
using a value for member cracking

moment M, equal to: (f, I,/ y, )

Table 24.2.3.5 — Effective moment
of inertia, I,

Maximum member moment due
to unfactored loads, M_, LE 0.667
Mg @ le = 1

Otherwise: I, =1 / [1—(.667
M., /M, 2 (1=1,/1)]
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24.2 DEFLECTIONS
(CONT’D)

(Note: |, generally calculated
with the transformed area
method, steel transformed to
concrete)

24.2.3.6 For continuous one-way
slabs and beams, | shall be
permitted to be taken as the
average of values obtained for
the maximum positive and
negative moment sections.
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24.2 DEFLECTIONS
(CONT’D)

24.2.3.7 For prismatic one-way
slabs and beams, |, shall be
permitted to be taken as the
value at midspan for simple and
continuous spans, and at the
support for cantilevers.

24.2.3.8 For prestressed Class U
slabs and beams as defined in
24.5.2, it shall be permitted to
use |,
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24.2.3.9 For prestressed Class T

24.2 DEFLECTIONS and Class C slabs and beames:
(CONT’D) l.=R3Il, +(1-R3)I, whereR
=M, /M, )and M = (f +f.)I,

/ Yy
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24.2 DEFLECTIONS

(CONT’D)

24.2.4.1 Nonprestressed
members : For loads with a
cumulative duration of five years
or more, the additional
deflection from creep and

S
t

nrinkage shall be calculated as
ne product of the immediate

C

eflection caused by sustained

loads and the factor: 2 /(1 + 50(
compression reinforcement ratio)
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24.2.4.1.2 Use compression
24.2 DEFLECTIONS reinforcement ratio at midspan
for simple and continuous spans,
and at the support for
cantilevers.

(CONT’D)
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24.3 — Distribution
of flexural

reinforcement in
one-way slabs and
beams

24.3.1 Bonded reinforcement
shall be distributed to control
flexural cracking in tension zones
of nonprestressed and Class C
prestressed slabs and beams
reinforced for flexure in one
direction only.

24.3.2 Spacing of bonded
reinforcement closest to the
tension face shall not exceed the
limits in Table 24.3.2, where c_is
the least distance from the
surface of deformed or
prestressed reinforcement to the
tension face.
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24.3 — Distribution
of flexural

reinforcement in
one-way slabs and
beams (CONT’D

Deformed bars or wires,
maximum spacing the lesser of:
15 (40000psi / 0.667 f, ) - 2.5,
, or 12(40000/0.667f)

24.3.4 If the flange of a T-beam is
in tension, the portion of the
bonded flexural tension
reinforcement not located over
the beam web shall be
distributed within the lesser of
the effective flange width and
the 0.1(clear span) ..
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24.4 - Shrinkage
and temperature

reinforcement

24.4.3 Nonprestressed
reinforcement: 0.0018bh spaced
not more than 5h or 18 inches

(includes all perpendicular
reinforcement top and bottom of
one-way slab)
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24.5 — Permissible stresses in
prestressed concrete flexural
members
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24.5 — (CONT’D)

24.5.2.1 Prestressed flexural members
shall be classified as Class U, T, or Cin
accordance with Table 24.5.2.1, based
on the extreme fiber stress in tension f,
in the precompressed tension zone
calculated at service loads assuming an
uncracked section.

Class U Uncracked f, LE 7.5sqrt( f’.)
Class T Transition f, LE 12sqrt(f’.)
Class C Cracked f, GT 12sqrt(f’,)
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CHAPTER 25 — REINFORCEMENT DETAILS



25.1- Scope: Minimum spacing;
25 1 Scope Sta.ndard hooks; De.velopment;
Splices; Bundled reinforcement;...
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25.2 = Minimum
Spacing of

reinforcement

25.2.1 For parallel
nonprestressed reinforcement in
a horizontal layer, clear spacing
shall be at least the greatest of 1
in., dp, and 1.33d,,

25.2.2 For parallel
nonprestressed reinforcement
placed in two or more horizontal
layers, reinforcement in the
upper layers shall be placed
directly above reinforcement in
the bottom layer with a clear
spacing between layers of at
least 1 inch.
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25.2 MINIMUM
SPACING

(CONT’D)

25.2.3 For longitudinal
reinforcement in columns,
pedestals, struts, and boundary
elements in walls, clear spacing
between bars shall be at least the
greatest of 1.5in., 1.5 d,, and
1.333d,,.
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25.3 — Standard hooks, seismic
hooks, crossties, and minimum
inside bend diameters

90-degree hook, #9 #10 #11 :
Minimum inside bend diameter 8d,;
12d, straight extension
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25.4 Development
of Reinforcement

25.4 — Development of
reinforcement

25.4.1 General

25.2.1.2 Hooks and heads shall not
be used to develop bars is
compression.

25.4.1.3 Development lengths do not
require a strength reduction factor.

25.4.1.4 The value of sqrt (f’, ) used
to calculate development length shall
not exceed 100 psi.
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25.4 -
DEVELOPMENT OF

REINFORCEMENT
(CONT’D)

25.4.2 Development of deformed
bars and deformed wires in
tension

25.4.2.1 Development length |
for deformed bars and deformed
wires in tension shall be the
greater of 12 inches and the
length calculated in accordance
with 25.4.2.3 or 25.4.2.4 using
the applicable modification
factors of 25.4.2.5.
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25.4
DEVELOPMENT OF

REINFORCEMENT
(CONT’D)

Table 25.4.2.3

#7 or larger with clear spacing at
least 2d, and clear cover at least
dy: lq=(f,/20sqrt(f’)) d,

(Can reduce |, up to 0.6 with
more detailed formula)

Increases in |, for top bars, epoxy
coating, f, greater than 60 ksi,
lightweight concrete
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25.4.3 Development of standard

25.4 hooks in tension
DEVELOPMENT OF [T FE IR s e

REINFORCEMENT plus modification factors

(CONT'D) 25.4.4 Development of headed
deformed bars in tension




254
DEVELOPMENT OF

REINFORCEMENT
(CONT’D)

25.4.4.1 Use of a head to
develop a deformed bar in
tension shall be permitted if
conditions (a) through (f) are
satisfied:

(a) Bar shall conform to 20.2.1.6
(ASTM A970)

(b) Bar size shall not exceed No.
11

(c) Net bearing area of head A,
shall be at least 4A,
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(d) Concrete shall be
normalweight

25.4 (e) Clear cover for bar shall be at
DEVELOPMENT OF least 2d,

REINFORCEMENT (f) Center-to-center spacing

(CONT’D) between bars shall be at least
3d,




25.4
DEVELOPMENT OF

REINFORCEMENT
(CONT’D)

25.4.4.2 Development length |
for headed deformed bars in
tension shall be the longest of (a)
through (c):

(a) lq = (f, / 75saqrt(f’) ) d, '~ (b)
8d, (c) 6inches ; plus
modification factors and

prescriptive requirements for
reinforcement details
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ACI318-18: BUILDING CODE REQUIAENMENTS

CODE

25.4.3.4 Far bars being developed by a standard hook at
discontinuous ends of members with both side cover and top
(o bottom) cover to hook less than 2-1/2 in., (a) and (b) shall
be satisfied:

(1) Thse hook shall be enclased along £g within Lies or stir-

ups perpendicular o g at s < 3dy

(b) The first tie or stirup shall enclose the bent portian of

the hook within 2d, of the outside of the bend

where d, Is the inal ds of the hooked bar. This provision does not apply for hooked bars al ¢
’ \mmdsol‘slubewlwmcmﬁmmmnispnwldndwﬂ'
on both sides, perpendicular to the plane of the hoak-
@ Amsrican Concrate Instiute -~ Copyrightnd © Matarial - wnw.concrek.ong

STRUCTURAL C

COMMENTARY

" zum,,—‘] Td"

Lk ' .

150k )

<80,

\- Ties or stirrups !
Fig. R25.4.3.30—Confining reinforcement placed parailel
ta the bar being developed that contributes fo anchorage
strength of both 90- and 180-degree hooked bars.

ban,
207584 —d
= —.! j
o b N\—Tiesorstmps
< 8d,

Fig. R25.4.3.3b—Confining reinforcement placed perpetts
dicular fo the bar being developed, spaced along the GV
opment length b, that contribuies fo anchorage sorength &
both 90- and 180-degres hooked bars.

R25.43.4 Hoooked bars are cspecially swceptible 10
cancrete splitting failure if both side cover (perpendiculit 8
plane of hook) and top or battam cover {in plane of ok}
small (refer to Fig, R25.4.3.4). Transverse reinforcement ¥
required to provide additional splitting resistance. This P22
sion applics at ends of simply-supported beams, it the i€
et of cantilevers, and at exterior joings for members B3
into a joint where members do not extend beyood the
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11-18: BULDING CCDE REQUIREN 1 STRUCTURAL CONCRETE

CODE COMMENTARY

<dins

Dashed lines are struts;
continuous horizontal lines
are tles; typical flexural é d
tension and compression
forces shown as arrows,
Other forces not shown.

<

Fig. R25.9.4.2d—Breakout failwe prechuded in joint by
providing fransverse reinforcement to enable a sirus-and-ie
mechaniy,

¥,
25.4.4.3 For the caleulation of £,, modification factars y,, R25.4.4.3 The epaxy factor 1.2 is based conservatively o
Wy ¥, 20l . shall be in accordance with Table 25.4.4.3, the value used for epoxy-costed standard hooks. The loca-
tion factor w, for the confi provided by
Table 25.4.4.3—Modification factors for reinforcement within columns and large side cover foc
development of headed bars in tension members.
' e The factor w, foe beaded reinforcement is stmilar 0:'
4 conflning reinforcement factor for hooked bars (Sho
= m:""""" = Value of factor | 12016). Unlike hooked bars, howeves, test resalts in
Fpary-cosied ac 4o aad epoxy 12 that nnly tie or hoop reinforcement parallel to beaded
Epoxy v, = e to anchorsge strength and reduces develo|
Uacosted or zinc-costed | th (Thompsan et al. 2005, 2006a,b
(gahanizad) reinforcament 1 cog ( P o,b).
Panallct tie | For Noo 11 aed soaller bass with 4, 10
reinforcement =034, o AN > 6PN ||
Y Other 1.6
For headed bees:
(1) Termimating inside coduma core 10
Location 'y, | With sids cover fo bar = 2.5 in; ar :
{2) With sde cover 0o ber = 6y
Other 1.25
Cenarets For f < 6000 poi L5000+ 06
srength 3, For £ = 6000 psi Lo
ly e srbnieraan confer-de-conber spacing of headed burs.
U4, is wemioal diaroetes of headed bor.
DiRefie 0 25445,
@ Amarican Conorelo | - Copyrightod © M; — W .ong
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AGLA15-10: BUILDING CODE REQUIREMENTS FOR STHUCTURAL CONCRETE

headed beam bars being developed in a beam-colummn joitt
that contribite to anchorage strength,
.Od, A Corvratn | - Copy dQ - W, oy

CODE

COMMENTARY

ad,
Direction c
of strut —
d relnforcement
within 8d,, of
E the horizontal
-~ headed bar
(a) Horizontal headed bars
Parallel tie reinforcement within
8dy, of the vertical headed bar
Head ‘
2~ Direction of strut
Head
1 —\ T
- L
Bl In
| Developed =~
i compressive
strut ¢
Direction |
of strut ¢
dpa |
~Paralie! tie
reinforcament
3 within Bdb, of
T the horizontal
c headed bar

(b) Vertical and horizontal headed bars

Fig. R25.4.4.4—Ties or stirrups placed parallel 1o (%
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25.4
DEVELOPMENT OF

REINFORCEMENT
(CONT’D)

25.4.5 Development of
mechanically anchored deformed
bars in tension

25.4.6 Development of welded
deformed wire reinforcement in
tension

25.4.7 Development of welded
plain wire reinforcement in tension

25.4.8 Development of
pretensioned seven-wire strands in
tension

25.4.9 Development of deformed
bars and deformed wires in
compression: (GE 8 inch)
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ly. = (f, / 50sqrt(f’ ) ) d,, , divide
25.4 by 0.75 for lightweight concrete
DEVELOPMENT OF but not less than 0.0003 f, d,,

REINFORCEMENT (can multiply I, by 0.75 for
(CONT’D) special confinement details)

25.4.10 Reduction of
development length for excess
reinforcement
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25.4.10.1 Reduction of
25.4 development lengths.... Shall be

DEVELOPMENT OF

permitted by use of the ratio of
required area of reinforcement
REINFORCEMENT to provided area of
(CONT’D) reinforcement except where
prohibited by 25.4.10.2. ....not
less than the minimums
specified.
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25.4 DEVELOPMENT
OF REINFORCEMENT

(CONT’D)

25.4.10.2 Reductions not
permitted: Noncontinuous
supports; Development of f,
required; Bars required to be
continuous; Hooked, headed,
and mechanically anchored
deformed reinforcement;
Seismic-force-resisting systems in
Seismic Design Categories C, D, E,
or F; Anchorage of concrete piles
and concrete filled pipe piles to
pile caps in structures assigned
to Seismic Design Categories C,
D, E, orF
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25.5.1 General

25.5.5.1 Lap splices shall not be

permitted for bars larger than
No. 11.

25.5.1.3 For noncontact splices in
flexural members, the transverse
center-to-center spacing of
spliced bars shall not exceed the
lesser of one-fifth the required
lap splice length and 6 inches.
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_ 25.5.2 Lap splice lengths of
25.5 Splices deformed bars and deformed
(CONT’D) wires in tension

25.5.2.1 Tension lap splice length
., for deformed bars and wires in
tension...Table 25.5.2.1
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25.5 Splices
(CONT’D)

Area of flexural reinforcement at
least twice area required over
the length of the splice and not
more than 50 percent of
reinforcement being spliced:

Class A splice, |, the greater of |
and 12 inch

All other cases: Class B, |, the

greater of 1.3l,and 12 inch

216



25.5 Splices
(CONT’D)

25.5.2.2 If bars of different size
are lap spliced in tension, |, shall
be the greater of |, of the larger
bar and |, of the smaller bar.
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25.5 Splices
(CONT’D)

25.5.5 Lap splice lengths of
deformed bars in compression

25.5.5.1 Compression lap splice
length | of No. 11 or smaller
deformed bars in compression

shall be calculated in accordance
with (a), (b), or (c):

(a) For f, LE 60 ksi, |, the longer
of 0.0005 f, d, and 12 inches
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25.5 Splices
(CONT’D)

25.5.6 End-bearing splices of
deformed bars in compression:
....square cut ends held in
concentric contact...

25.5.7 Mechanical and welded
splices of deformed bars in
tension or compression

Develop 1.25f,.
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25.6 - Bundled
Reinforcement

25.6.1 Nonprestressed
reinforcement

25.6.1.1 Groups of parallel
reinforcing bars bundled in
contact to act as a unit shall be
limited to four in any one bundle.

25.6.1.2 Bundled bars shall be
enclosed within transverse
reinforcement. Bundled bars in
compression members shall be
enclosed by transverse
reinforcement at least No. 4 in
size.
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25.6 -Bundled
Reinforcement

(CONT’D)

25.6.1.4 Individual bars wit
bundle terminated within t
span of flexural members s

niN a
ne

nall

terminate at different points with

at least 40d, stagger.

25.6.1.5 Development length for
individual bars within a bundle,

In tension or compression,
be that of the individual ba

shall
,

increased 20 percent for a three-
bar bundle, and 33 percent for a

four-bar bundle.
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25.6 Bundled
Reinforcement

(CONT’D)

25.6.1.6 A unit of bundled bars
shall be treated as a single bar
with an area equivalent to that of
the bundle and a centroid
coinciding with that of the
bundle. The diameter of the
equivalent bar shall be used for
d, in (a) through ) (e): Spacing;
Cover; Confinement; other
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25.7 — TRANSVERSE

REINFORCEMENT

25.7.1 Stirrups

25.7.1.1 Stirrups shall extend as
close to the compression and
tension surfaces of the member
as cover requirements and
proximity to other reinforcement
permits and shall be anchored at
both ends. Where used as shear
reinforcement, stirrups shall
extend a distance d from
extreme compression fiber.
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25.7 — TRANSVERSE
REINFORCEMENT

(CONT’D)

25.7.1.2 Between anchored ends,
each bend in the continuous
portion of a single or multiple U-
stirrup and each bend in a closed
stirrup shall enclose a
longitudinal bar or strand.

25.7.1.6 Stirrups used for torsion
or integrity reinforcement shall
be closed stirrups perpendicular
to the axis of the member...
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25.7 — TRANSVERSE
REINFORCEMENT

(CONT’D)

25.7.1.6.1 Stirrups used for
torsion or integrity reinforcement
shall be permitted to be made up
of two pieces of reinforcement: a
single U-stirrup... and a
crosstie.....
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25.7.2 TIES

25.7.2.1 Ties shall consist of a
closed loop of deformed bar with
spacing in accordance with (a)

and (b):

(a) Clear spacing of at least 1.33
d

age
(b) Center-to-center spacing shall
not exceed the least of 16 d, of
longitudinal bar, 48 d, of tie bar,
and smallest dimension of
member
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25.7.2 TIES

(CONT’D)

25.7.2.2 Diameter of tie bar shall
be at least No. 3 for No. 10 or
smaller longitudinal bar; No. 4
otherwise

25.7.2.3 Rectilinear ties shall be
arranged so that every corner
and alternate longitudinal bar
shall have lateral support
provided by the corner of a tie
with an included angle of not
more than 135 degrees and no
unsupported bar shall be shall be
farther than 6 inches clear on
each side along the tie from a
laterally supported bar
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25.7.2 TIES

(CONT’D)

25.7.2.4 Circular ties shall be
permitted where longitudinal
bars are located around the
perimeter of a circle.

228



25.7.3 SPIRALS

25.7.3.1 Spirals shall consist of
evenly spaced continuous bar or
wire with clear spacing at least 1
inch, at least 1.33 dagg, but not
greater than 3 inch; at least
0.375 inch diameter for cast-in-
place construction.
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25.7.3.3 Except for transverse
reinforcement in deep
foundations, the volumetric
spiral reinforcement ratio shall
(CONT’D) be GE 0.45( A,/ Ay, -1) F /f, ;
A, is the area to the outside area
of the spiral.

25.7.3.4 Spirals shall be anchored
by 1.5 extra turns of spiral bar or
wire at each end.

25.7.3 SPIRALS
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5 FOR STRUCTURAL CONCRETE

ACE 318-14° BUILDING CODE ASQULIRENENT

COMMENTARY

Bars not to excesd 6 i,
r-‘Q ;:z ciear spacing without

Lo

CODE

~~Maty ba groater than

& in. no intermediate

tie required
Rmdnmauppom net 10 exceed 135-dagree

8ot of overiapping closed tiee[ ][]
how\duoalbur-;\

'f'—o—"...

CM\ a

Flg. R25.7.2.3a—lhustrations fo clarify measwrements
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CHAPTER 26

CONSTRUCTION DOCUMENTS AND
INSPECTIONS



26.1 SCOPE

26.1.1 This chapter addresses (a)
through (c):

(a) Design information that the
licensed design professional shall
specify in the construction
documents, if applicable.
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26.1 SCOPE

(CONT’D)

(b) Compliance requirements
that the licensed design
professional shall specify in the
construction documents, if
applicable.

(c) Inspection requirements that
the licensed design professional
shall specify in the construction

documents, if applicable
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26.2 - Design criteria: Names and
years of governing codes; Design
loads ; Delegated portions;

26.3 — Member information:
Member sizes, locations,
tolerances

26.4 — Concrete materials and
mixture requirements

26.5 — Concrete production and
construction
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26.6 — Reinforcement materials
and construction requirements

26.7 — Anchoring to Concrete
26.8 — Embedments

26.9 — Additional requirements
for precast concrete

26.10 — Additional requirements
for prestressed concrete
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26.11 — Formwork

26.12 — Evaluation and
acceptance of hardened concrete

26.13 — Inspection
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CHAPTER 27

STRENGTH EVALUATION OF EXISTING
STRUCTURES



27.1 SCOPE

(CONT’D)

27.1 — Scope : Provisions of this
chapter shall apply to strength
evaluation of existing structures
by analytical means or by load

testing.
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APPENDIX A
DESIGN VERIFICATION USING NONLINEQR RESPONSE HISTORY
ANALYSIS
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