




This guide presents simplified methods and design techniques that 

seismic; design, simplified; design, structure; inspection; layout, structure; 
specifications; structures, low-rise.

biano de Normas Técnicas y Certificación
nical Standards and Certification) and 

Guide to Simplified Design for Reinforced Concrete 

of individuals who are competent to evaluate the significance 



specifications.

they have been modified or reorganized to be more conser
vative, to match design process flow, or better support the 
holistic and simplified design approach presented.

simplified provisions are interdependent, and it would be 

of ACI 318-11, ASCE 7-10, and IBC 2009 are satisfied.

simplified design and construction guide feasible. This guide 

This guide presents simplified approaches to assist engi

responsibility to ensure a structure’s design satisfies the legal 

This guide provides simplified design information that 

but are modified or reorganized to be more conservative, to 
match design process flow, or better support the holistic 
and simplified design approach. This guide is expected to 

tures of small to medium floor areas.

(e) Design information based on simplified strength 

(g) Conservative loads and simplified analysis guidelines;
(h) Simplified geotechnical information to help define 



1.5—Notation and definitions

Chapter 2—Notation and definitions, p. 8

2.2—Definitions

5.12—Axial loads with or without flexure

6.1—Types of floor systems
6.2—Selection of floor system

6.5—Minimum depth for floor system members
6.6—Trial dimensions for floor system
6.7—Floor finish



Chapter 15—Drawings and specifications, p. 119

15.3—Project specifications

sufficient information to design structural reinforced 

set forth in this guide are simplifications that, when used 

Observing these limits justifies the simplified analysis and 

uses identified in 1.3.1.1.

described in this guide apply to buildings with five or fewer 

Maximum area per floor—The area per floor should 

floor finish to floor finish, should not exceed 13 ft (4 m).



1/3 of the length of the first interior span of the member.

(b) The ratio of the height of the first story to the smaller 

intended to be a simplification complying with the following 

1.5—Notation and definitions

and cover of this guide, a 1-hour fire rating is achieved. This 
rating is usually sufficient for the permitted occupancies in 
this guide. Other fire ratings are beyond the scope of this 

project specifications (

Building for use as offices, or professional services containing eating and drinking



(a) General structural program, as defined in 

(e) Justification of all design calculations; and

soil profile type, lateral soil pressures anticipated for design 

Project specifications—Project specifications 
should include, as a minimum, all the construction specifica

member becomes unfit for service and is judged to be unsafe 

Verification that the limitations for using the guide are met.
Definition of the layout in plan and height of the structure.

Definition of an appropriate floor system, depending on the span lengths and the magnitude of the gravity loads.

Selection of trial dimensions for the slab of the floor system.

Verification of column slenderness through the use of minimum dimensions.

For earthquake loads, the influence of wall self-weight is evaluated.

Definition of the foundation system is performed.

Production of the structural drawings and specifications.
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sections in terms of flexure, axial load, and shear, is the 

ular force effect in each of the member types at the defined 

Axial tension and axial tension with flexure
Axial compression and axial compression with flexure:



(d) Excessive vertical deflections; and

width of compression flange of member, or width 

coefficient
wind surface pressure coefficient
coefficient defined in 

extreme compression fiber to centroid of tension 

distance from extreme compression fiber to centroid 

distance from extreme tension fiber to centroid of 

specified compressive strength of concrete, psi 

square root of specified compressive strength of 

extreme fiber compressive stress due to factored 

specified yield strength of reinforcement, psi (MPa)
probable specified maximum strength of 

specified yield strength of transverse or spiral 

loads due to weight and pressure of fluids with 
well-defined densities and controllable maximum 

seismic site coefficient for short periods of vibration



flange thickness, in. (mm)

story height of floor  measured from floor finish of 
story to floor finish of story immediately below, ft (m)

active soil pressure coefficient
at-rest soil pressure coefficient
passive soil pressure coefficient

column confinement length, in. (mm)

probable flexural strength of member at joint face, 

upper 100 ft (30 m) of soil profile

retaining wall backfill, lb/ft



retaining wall backfill, lb/ft

nominal compression, without flexure, or axial 

nominal tension, without flexure, or axial tension 

unconfined compression strength of soil, lb/ft

nominal strength in terms of flexure, axial load, 

response modification factor related to energy 



probable flexural capacity of member at faces of 

maximum ratio of longitudinal flexural tension 

minimum ratio of longitudinal flexural tension 

volume confined by spiral reinforcement (measured 

sum of nominal flexural strengths (

sum of nominal flexural strengths (

2.2—Definitions
ACI provides a comprehensive list of definitions through 

.) Definitions provided herein 

flexure but primarily to flexure. See also 



and composed of very fine particles; the clay mineral fraction 

particles finer than 8 × 10

hydraulic cement, fine aggregate, coarse aggregate, and 

concrete, specified compressive strength of

confinement stirrup or tie

—distance in a flexural member, 
measured from extreme compression fiber to the extreme 
tension fiber.

specifications, drawings, addenda, and contract changes.

from extreme compression fiber to centroid of tension 

flange, compression

flexural reinforcement
resist the tension and compression stresses induced by flex

floor system—structural members that comprise the floor 



member, the structure has sufficient toughness to confine 
the damage to a local area and sufficient overall stability to 

spaced parallel arrangements to support floor or roof slabs.

licensed to practice structural design as defined by the statutory 

member becomes unfit for service and is judged either to 

—live load specified by general building code 

specified in 
flood, and seismic).

—a condition of flexure in which top 
fibers of a horizontally placed member, or external fibers of 

—a condition of flexure in which, for a 
horizontal simply supported member, the deflected shape is 

fibers subjected to compression stresses; for other members 



specified for reinforced concrete. Plain concrete is not 

where than its final position in the structure. Precast concrete 

specifications, complete the descriptive information for 

project specifications

parameters and other specific criteria established by the 
specifications

prestressing steel or nonprestressed reinforcement as specified 

member to deflect and support its own weight.
resistance, fire

to withstand fire or give protection from it; as applied to 

confine a fire or, when exposed to fire, to continue to perform 

and loads in specified load combinations.

ment confining the concrete core.

—a molded layer of reinforced concrete, flat, hori

soil, fine-grained
predominate, such as fine sand, silt, and clay.



specifications

project specifications
specified lateral seismic loads

specified wind loads

—vertical distance from the floor finish of a 
story to the floor finish of the story below.

floor or roof slab, that transmits loads acting in the plane of 

—container for the storage of water or other fluids. 

connects the flanges. See also flange, compression

—the entire construction or separately identifiable 

—specified minimum yield strength or 

that comprise the floor of a story in a building. 
describes different types of floor systems. The floor system 

—Support the floor 

wind, and lateral earth pressure. The floor system acts as 

all floors and transmit them down to the foundation and 



(1) Plan geometry and dimensions of all building floors;

proofing, the means to facilitate the runoff of water from 

(5) Minimum architectural clear height in all floors;

should define the general structural program for the building 

(3) Special loads defined by the owner;

(15) Availability of qualified work force; and

professional should define a general structural layout in plan, 

Fig. 3.3.2—Typical floor structural layout.



that are continuous from floor to floor;

correspond to the center-to-center span lengths of the floor 

(1) Location of the floor perimeter on the general axis grid;

(3) All substantial architectural openings in the floor; and
(4) An approximate load path from all floor areas to the 

should define a general structural layout in elevation (Fig. 3.3.3). 

(2) Story height for each floor, defined as the vertical 
distance from floor finish to floor finish;

(4) Architectural clearance from floor finish to ceiling for 
each floor;

floor or basement; and

, as defined in 



Note: In ASCE 7-10, wind forces are defined at strength 

defined at working stress level. In jurisdictions where the 

different from ASCE 7-10, where wind forces are defined 

Weight and pressure of fluids
to weight and pressure of fluids with well-defined densities 

significant in design, the design should not be performed 

In the absence of definite information, the approximated 

Definition of dead loads

building, including, but not limited to: structure, walls, floors, 
roofs, ceilings, stairways, ramps, finishes, cladding, other 
incorporated architectural and structural systems, and fixed 

should be used. For design purposes, the weight of fixed 

either applied, supported, attached, fixed, or suspended from 

floor topping, floor fills, floor finishes, roof slope fills, roof 
coverings, tiles, waterproofing membranes, thermal insula

For purposes of design, the dead loads due to flat nonstruc

applied to the corresponding zones or areas where the flat 

loads of flat nonstructural elements, the actual weight of 

flat nonstructural element construction materials. The values 

vertically from floor to floor. These elements include, but 

doors, and vertical ducts for services. In office buildings or 



members of the floor system are capable of supporting the 

ment to strength and serviceability of the floor system or the 

) of horizontal floor area given in tional floor level during the life of the structure. This live 

   Paraffin

Cinder fill

   Voids filled
   Voids unfilled



to significant ice loads, the design should not be performed 

 of floor area  of floor area

Acoustical fiberboard

4.5.3.1b—Flat nonstructural elements minimum dead loads: floor fill
 of floor area  of floor area

Floor fill

4.5.3.1c—Flat nonstructural elements minimum dead loads: floors
 of floor area  of floor area

Floors and floor finishes

Cement finish (1 in. [25 mm]) on stone-concrete fill

Concrete fill finish
Hardwood flooring, 7/7 in. (25 mm)

Marble and mortar on stone-concrete fill

Solid flat tile on 1 in. (25 mm) mortar base
Sub flooring, 3/4 in. (20 mm)

Terrazzo 1 in. (25 mm) on stone-concrete fill

Wood block 3 in. (75 mm) on mastic, no fill



 of floor area  of floor area

Corrugated asbestos-cement roofing

Waterproofing membranes:





floor area

Floor finish and 

floor area

floor area of floor area

Offices



 pressure coefficients should 
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, care should be used in defining the sign 

Pressure coefficients
Pressure coefficients for a building

coefficients in Table 4.10.3.1 should be used for the calcula
tion of the wind loads on a building. Note that coefficients 
reflect the direction of the force relative to the direction of 

Pressure coefficients for components and clad
—Pressure coefficients in Table 4.10.3.2 should be used 

provided by using a sufficient number of reinforced concrete 

vibration, and the seismic loads given in the guide reflect 

more flexible structures is beyond the scope of the guide. 

4.10.3.1—Pressure coefficients for the building as a whole

4.10.3.2—Pressure coefficients for



Where the building code having jurisdiction defines a 

the building code having jurisdiction defines a seismic zone 

Soil profile types—
present at the building site, the soil profile should be classified 

(a) Soil Profile 

(b) Soil Profile 

(c) Soil Profile 

(d) Soil Profile 

(e) Soil Profile  a soil profile where the measured shear 

(f) Seismically vulnerable soils: sites where the soil profile 

as liquefiable soils, quick and highly sensitive clays, collaps

When the soil profile and properties are not known well 
enough in detail to determine the soil profile type, a soil 
profile

through the site coefficient for short periods of vibration, 
Values of the site coefficient for short periods of vibration, 

, and the soil profile 

resistant structural system used in this guide is classified as 

4.11.2.4.2—Values of the site coefficient 

profile
Site coefficient 



described by the response modification factor, should have 

a s
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response modification factor determined from 4.11.3.2; and 

each floor level designated as 
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force-resisting structural elements should be identified 

The application of the resultant wind loads on each floor and 

seismic force at each floor should be the center of mass of the 
floor diaphragm. The effect of an eccentricity between the 
center of mass of the floor diaphragm and the center of stiff

tion from the lateral soil pressure on the first story per unit 
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 is the first-story height (

1. Case 1—A building located in flat or nearly flat terrain 

uniform in-plane compression on the first-floor slab. In this 

first-floor reaction. The overturning moment 



lateral soil loads on the first floor should be calculated and 

fluid pressure, such as water tanks, should be self-contained 
and fluid pressure should be compensated within the auxiliary 
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defined by Eq. (4.13.4b).

1

n

ot i i
i

M F h

n

x i
i x

T T



The floor system should act as a diaphragm that carries 

in turn, collect loads arising from all floors affected and 

structural systems used for the seismic risk zones as defined 

of low or no seismic risk, as defined in 

soil pressure lateral loads should be verified.

through the diaphragm effect of the floor slabs. The lateral 

(a) The shape in plan of the floor slab diaphragm should be 

of the floor area, and the sum of all openings in the slab 
should not exceed 50 percent of the floor area;

loads from the floor slab system to the lateral-force-resisting 

—The floor mass centroid 
should correspond to the centroid of the area of the floor 
slab. The area for computing each floor mass centroid should 



loads should be applied at the floor mass centroid for each 

center corresponds to the point where the floor diaphragm 
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tudinal reinforcement should be confined by closed stirrups 

concrete cover to reinforcement, and procedures for defining 
design strength of members subjected to flexure, axial loads 
with or without flexure, and shear. Additional information for 

following: “Specification for Portland Cement” (ASTM 
C150/C150M-11) and “Specification for Blended Hydraulic 

—Maximum specified 

—Maximum specified 

ifications listed in 5.2.5.1. Maximum specified yield strength 

cement, as specified by ASTM C845-04, should be used 



Special fire protection of the structure
designated fire rating, in hours, for the building is greater 

by 1/4 in. (6 mm) per each additional hour of fire rating.

protection of the reinforcement should be specified, such as 

modification
Produce flowing concrete



satisfactory simplification of the ACI 318-11 detailed calcu

compression, flexural-induced tension and compression, 



 (d) For hoops (confinement stirrups and ties) in 

concrete members should be sufficient to resist the factored 
should be appropriately modified.



resists shear and torsion loads, confines compression bars 

provides concrete confinement in special regions subjected 

in members should be sufficient to resist factored loads but 

sions should be appropriately modified.

face where flexural moment creates tension (
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appropriately modified. For girders, beams, and joists, when 



5.12—Axial loads with or without flexure

loads alone or axial loads accompanied by flexure should be 

flexure
the design axial strength without flexure, 

on c g st st y

flexure, should not exceed the following:

(max)n on

(max)n on

Balanced design strength for axial load with flexure

0.42bn cP f hb

0.32 0.6 0.15
2bn bn se ss y
hM P h A A f d

0.5bn c csP f A
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Design strength for axial tension without flexure
The design axial tension strength without flexure, 
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6.1—Types of floor systems
—The floor system used by a building 

The selection of an appropriate floor system should be 

suspended ceiling may be needed for apartment and office 

Fig. 6.1.2.1—Slab-on-girder floor system.



depth as the girders, a flat formwork decking supported on 

removable wood pans; removable metal, fiberglass, plastic, 

or clay filler blocks.

to use two-way joists. For the system to be classified as a 

called a waffle-slab-on-beams system (Fig. 6.1.3.3). When 

the beams are omitted, the system is called the waffle-slab 

the slab-on-girder floor system.

the slab-on-girder floor system.

Fig. 6.1.3.1a—Joist floor system.

Fig. 6.1.3.3—Two-way joist system or waffle-slab-on-beams 



serviceability deflection limits can be readily met because 

office occupancies, the system may need a false ceiling or an 
underneath concrete soffit, which in turn requires permanent 

advantage of a flat formwork decking is lost.

system provides flexibility in column location, because 

ceiling. Having a flat formwork decking simplifies construc

require stirrups (except in waffle-slabs), thus allowing more 
efficient construction. Perforations, ducts, and shafts can be 

increased, significant long-term deflections caused by the 
large permanent load are possible. These deflections can 

by columns is called a flat plate (Fig. 6.1.4.2).

shear (Fig. 6.1.4.1) and to increase the overall flexural 

system is called a flat-slab system.



Waffle-slabs
in the bottom of a flat-plate, away from the columns. This 
system is called a waffle-slab, as shown in Fig. 6.1.4.4. The 
rib dimensions (joists) in waffle-slabs should comply with 

the column lines, whereas for waffle slabs, all members are 
joists and the voids surrounding the column are filled, thus 

columns. Domes or pans for waffle-slabs can be permanent, 

fiberglass, or plastic, as described for the joist system in 

6.2—Selection of floor system
The licensed design professional should select a floor 

. Several alternatives should be studied, and the final 

comply with the serviceability and deflection criteria;

that are required to build the floor system, which contains 

(i) Worker training and proficiency, as some systems 
require more training and proficiency than what local 

loading event by confining the damage to a relatively small 

Fig. 6.1.4.4—Waffle-slab.



—Load path of the floor system should be 
classified either as one-way or two-way. The actual load 

(one-way or two-way) should be identified and used to 

verified as members are dimensioned and designed, and 

6.5—Minimum depth for floor system members
—Minimum depth for floor system members 

serviceability limit state, providing sufficient stiffness to 
avoid excessive member deflections caused by dead and live 

when permanent concrete or clay filler blocks are used as 

Deflection-insensitive nonstructural elements

materials that will not be damaged by large deflections, slab 

Deflection-sensitive nonstructural elements

materials that will be damaged by large deflections, slab 

Deflection-insensitive nonstructural elements

by large deflections, 

Deflection-sensitive nonstructural elements

by large deflections, 

and waffle-on-beams systems, supported by girders, beams, 

solid slabs supporting deflection-insensitive solid slabs supporting deflection-sensitive 

deflection-insensitive nonstructural elements



n

beams spanning between supports, including waffle-slabs, 

materials that will not be damaged by large deflections, 

of materials that will be damaged by large deflections, 

6.6—Trial dimensions for floor system
Initial trial dimensions for floor system members should 

be defined using the minimum depth as indicated in 

should be modified as needed by the strength limit state. The 

corrected because modifications to the dimensions occur 

6.7—Floor finish
A floor finish should not be included as part of a structural 

member unless placed monolithically with the floor slab. It 
is permitted to consider all concrete and mortar floor finishes 

deflection-sensitive nonstructural elements
systems supporting deflection-insensitive 

systems supporting deflection-sensitive



(a) Dead loads: Member self-weight, flat nonstructural 
elements, standing nonstructural elements, and any fixed 

flat and standing nonstructural elements as defined in 

temperature effects normal to flexural reinforcement of the 
slab should be provided in slabs-on-girders where flexural 

positive flexural reinforcement perpendicular to it. For roof 

cracking and thus reduce possible water infiltration.



Maximum spacing of flexural reinforcement in 
—In solid slabs, primary flexural reinforcement 

Minimum area of tension flexural reinforcement
The minimum area of tension flexural reinforcement in solid 

Maximum area of tension flexural reinforcement
The tension flexural reinforcement ratio, 

compression flexural reinforcement should not be taken into 

Obtaining flexural reinforcement ratio

20.85
s u

y

A M
bd f bd

flexural strength.

moment reinforcement needed to obtain the required flexural 

Fig. 7.3.4.1—Maximum spacing between flexural reinforce

7.3.4.3—Maximum flexural reinforcement 



flexural strength.

) for a distance equal to one-fifth of the longer 

bottom corner reinforcement should be sufficient to resist a 
moment equal to the required positive flexural strength, per 

at the slab top, directly below the flexural reinforcement. 

at the slab bottom, directly above the flexural reinforcement. 

negative flexural strength (Fig. 7.3.9). The wire area in the 

extreme tension fiber to centroid of tension reinforcement, 
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direction of the cantilever to reduce time-dependent deflec

for the negative moment reinforcement of the first interior 
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Longitudinal flexural reinforcement

want to provide two cutoff distances. In this case, the first 
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Longitudinal flexural reinforcement

At exterior face of first interior support
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(c) Analysis procedure should consider support flexibility 
and the interaction between flexure and torsion of supported 

c c c c

relative flexural and torsional stiffness of structural members. 

members, loads due to flat and standing nonstructural 
elements, and loads from any fixed equipment carried by 

(a) Dead loads, including member self-weight, and flat 
and standing nonstructural elements, and fixed equipment 

 should include the weight of the flat and standing 
nonstructural elements directly supported, as defined in 

(c) For girders, beams, or joists located at the edge of floor 

elements directly supported by the member, as defined in 

(b) For girders, beams, or joists located at the edge of floor 

tions specified in 

tions specified in 

forcement as specified in 



T-beam flange reinforcement

Confinement in seismic zones

(SI)3 3
2 50
w wb b



the number and width of flexural cracks at points of maximum 

(SI)
4 100
w wb b

(SI)
8 200
w wb b

Minimum area of flexural tension reinforcement
indicated that tension flexural reinforce

where the flange is in compression (Fig. 8.4.5a):

 (b) For cantilevers having a T-section where the flange 

Maximum flexural reinforcement ratio
tension flexural reinforcement, 

(a) In girders, beams, and joists having only tension flexural 

s
max

A
bd

compression flexural reinforcement (

flange in compression.

Fig. 8.4.5b—T-shaped section with flange in tension.

8.4.5—Minimum flexural reinforcement ratio 

8.4.6—Maximum flexural reinforcement ratio 
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The flexural reinforcement ratio, 
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ment yields, which should be verified.

—The area of flexural tension reinforcement, 
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Transverse reinforcement where flexural compres
—Longitudinal flexural compres

slab may be assumed to act as a beam flange, and the design 

Effective flange width for beams with slab on 
—The effective flange width 

Effective flange width for beams with slab on one 
—The effective flange width 

(b) Six times the flange thickness 

, and the effective flange width 

sections where the flange is in compression (Fig. 8.4.10.4), 

within the flange thickness 

fh a
0.85

s y

c

A f
a

f b

0.85 c f

y

f h
f d

Reinforcement in T-beam flanges
T-beam flange reinforcement of 8.4.11.1 and 

Where T-beam flanges are in tension, negative moment beam 

smaller of the effective flange width as defined in 8.4.10, 

flange width that exceeds one-tenth of the beam span should 

Fig. 8.4.10.1—Effective flange width for T-beams with slab 

Fig. 8.4.10.2—Effective flange width for T-beams with slab 

Fig. 8.4.10.3—Effective flange width for isolated T-beams.



Transverse flange reinforcement

factored negative moment computed assuming the flange 

flange. This reinforcement should also comply with 

flexural tension reinforcement. Vertical spacing 

900,000 720,0002.5sk c
y y

s c
f f

(SI)
159,600 126,000

2.5sk c
y y

s c
f f

fiber to centroid of tension reinforcement, should consider 

Fig. 8.4.11.1—Reinforcement in T-beam flanges.



(e) Provide confinement to the concrete in seismic zones 

—Beam-action shear accompanies flex
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values specified in (b); and

left supp. right supp.u u u

n

V V P

, as defined in 

be defined for different regions within the shear diagram. 
The first stirrup should be placed not further than 

3 c wf b d
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i
yt
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the stirrup specified yield strength; and 



systems or waffle-on-beams systems as described in
should also comply with 8.6. Waffle-slab systems without 

compression flange.

2
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factored moment at the first interior support and one-third 
the positive factored moment of the first interior span.
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laterally supported by the floor slab or secondary beams, the 

 of compression flange or face.
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3
c c

c

be designed using Chapter 9. The design of waffle-slabs as 

(a) Dead loads: Slab self-weight, flat nonstructural 
elements, standing nonstructural elements, and fixed equip

horizontal and vertical nonstructural elements as defined in 

side. For waffle-slabs, the column strip comprises all joists 

Definition of a panel



support face, or within the capital zone in waffle-systems, 
 defined in 

modified by removing that part of the perimeter enclosed by 

Waffle-slab systems
joists, and capitals of two-way waffle-slab systems should 

(c) Slab reinforcement in waffle-slabs over cellular spaces 

(d) Joists in waffle-slab systems should comply with 
flexural reinforcement, and 

(e) Reinforcement in joists of waffle-slabs should meet 

(f) Reinforcement in waffle-slabs need not comply with 

moment flexural reinforcement should be located below the 
long-span positive moment flexural reinforcement.



moment flexural reinforcement should be located as close 

. Short-span negative moment flex

tive moment flexural reinforcement.

negative moment flexural reinforcement cutoff points should 

At the external edge of cantilevers, negative moment flex

forcement for beam-action shear in joists of waffle-slabs is 

Calculation of the distance from extreme tension fiber 

exposure. For joists that are part of waffle-slabs, 

(b) Beam-action shear that accompanies flexural moments.

n c uV V V



Definition of critical section for two-way shear

 is as defined in 
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—Transfer of unbalanced moment defined in 
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panel centerlines around the column, less the area defined by 

modified for unbalanced moment transfer as indicated by 

Fig. 9.5.4.2—Definition of 



sions. In waffle-slab systems, calculations for punching 
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Waffle-slabs—In waffle-slabs, the transverse 



2
2

o
u n

assigned to the adjacent one-half middle strip of the first row 

 and joists of waffle-systems 

2
2 n

u ad

Fig. 9.8.1.1a—Definition of design strips.



slab-column joints should be solely through flexure in the 

flexure should be assumed to be one and one-half slab or 

Longitudinal flexural reinforcement in solid slabs of 

 should be as defined in 



 should be as defined in 

Joist reinforcement of waffle-slab systems
Positive moment reinforcement in joists of waffle-

Negative moment reinforcement in joists of waffle-

Shear reinforcement in joists of waffle-slabs

 should be defined for the 

 should be used. The first stirrup 

each floor plus self-weight of the column should be included. 

dently and combined at each floor. 

and lower part of each column at each floor. The direction 

single floor and in one direction.



—It should be assumed that the floor 

Fig. 10.2.1b—Factored column loads and moments from multiple floors.
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should have confining transverse reinforcement as indicated 

(e) The first tie should be located one-half spacing above 

, defined as ratio of the 

volume of concrete in the column confined by the same spiral 
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confined column core measured from the outside diameter of 

 is the column concrete specified strength; and 

for central columns
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structural members located in seismic zones as defined by 

and the confinement zones defined in 11.1.2.3(a). Full length 
of the lap splice should be confined with closed stirrups as 
defined in 11.1.2.3(b), with stirrup spacing not exceeding the 

(a) Transverse reinforcement should be hoops (confine

diameter, with hooks as defined

(c) The first hoop should be located no farther than 2 in. 

confinement zones, transverse reinforcement should be 

pr prM M
left right

e
n

+
V

pr prM M
left right

e
n

+
V

 = 0) in the confinement 

Fig. 11.1.2.3—Confinement stirrup spacing.



should be modified by (a) and (b):

 should be modified to restrict the 

6
5c gM M

be satisfied for beam moments acting in both directions in 

(a) Transverse reinforcement should be hoops (confine
) over the length of the confine

hooks as defined in

 (e) In confinement zones, maximum hoop spacing 
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s

f
A f

s
f

(f) The first hoop should be located no farther than 2 in. 



confinement zones should be hoops of the same diameter, 
 and number of crossties used in the confine

the central zone of the column with hoop confinement provided 

with 11.1.3.5 over the confinement zone length 

0.12b cs b c
s

cs yt

A d d f
A s f

(c) Outside confinement zones, the maximum center-to-

pr prtop bottom
e

n

M M
V

h

Fig. 11.1.3.4a—Confinement hoop spacing in columns.

Fig. 11.1.3.4b—Arrangement of hoop legs (confinement 



 0) in the confinement zones indicated in 

(d) Hoops (confinement ties) or spirals indicated by 

(a) Horizontal transverse hoops (confinement ties) with 

the joint is the confined core. Where girders, having a width 

outside the confined core defined in (a), vertical hoops 

confine it.

Fig. 11.1.3.4c—Confinement hoop spacing in columns for splices.
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For joints confined on all four faces 

For joints confined on three faces or on opposite faces 
provide confinement to the joint if at least three-fourths the 

Fig. 11.1.4.4b—Definition of 

Fig. 11.1.4.4c—Definition of 



90-degree standard hook located within the column confined 

(a) Where the maximum compressive extreme fiber stress 

Confinement transverse reinforcement complying with 
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g w w

P M
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ment as specified for columns in 

u u
cu

w

2  12 in.
u u

tu
w

P M
P =

defined in

effective slab width defined in 



at the support face as defined 

Waffle-slabs—In waffle-slabs, joists located in 

Masonry infills—The influence of masonry infills 

by the designer, either by considering such influence in the 

confines the column bottom, but leaves a gap at the top, below 

(a) Separate the infill wall from the column by providing 

span, thus having the infill masonry wall against the column 

from each floor located above. Tributary loads should be 

floor may be applied at the lower part of the wall in that 
floor. The unbalanced moment due to vertical loads should 
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xu iu i x
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assumed that lateral support is provided by the floor system 

be provided for the full horizontal wall length at every floor 



should be sufficient to resist the combination of factored 

0.0025 0.06st
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w w

A
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maximum vertical reinforcement ratio defined by 12.4.4.3, 

supported member of the floor system.

length defined by 
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compression and the flange in tension due to the flexural 

(b) When the web of the core walls is in tension and the flange 
in compression due to the flexural moment (Fig. 12.8.6(b)), 

computing the flexural strength 

the flexural reinforcement to compute the required moment 

. The limits for effective flange of 

dation to the section of interest. The effective flange width 

reasonably short. If no break occurs in the flight between 
floors, intermediate beams, supported by the building’s 



between floors is divided into two or more flights, beams 

slab may be suspended from a beam at the upper floor level 

most remote point in the floor area to the stairway, minimum 
stairway width, maximum height of any straight flight, 

Maximum height of a straight flight between 

assembly, a maximum height of a straight flight between 

height of a straight flight between landings should be 12 ft 

occupants on each floor, and the floor area dimensions. The 

(a) Distance from any point in an open floor area to nearest 

pying the largest floor area served by the stairs above the 
floor area under consideration on the basis of one person for 

) of floor area on the 

Fireproofing enclosure

height, the stairways should be completely enclosed by fire-
resistant partitions with a minimum 1-hour fire rating with 

mental stairway may be used from the main entrance floor 
to the floor next above, provided it is not the only stairway.

and washroom fixtures, and public telephones. The unob

of the floor system, or auxiliary members between floors, 

Design load definition

and steps self-weight, and the flat and standing nonstructural 
elements as defined in 



The influence of the slab slope and the slab bend on the 

stairways are constructed at the same time as the floors, 

—Section 13.2.1 provides simplified guide

Load definition

tural and nonstructural elements, earth-fill over buried tanks, 
and fixed equipment loads;

live loads on the surface of the earth-fill over buried tanks;

(e) Internal fluid pressure from liquid contained by the 

of water and can therefore create a significant seismic load.

satisfactory simplification of the ACI 350-06 detailed calcu



(b) Outside finish should be as smooth as practicable and 
inside surface should be a broom finish to reduce slip hazard;

—A properly planned field exploration and 
laboratory investigation should be conducted by a qualified 



bearing capacity confirmation exist.

12
c

a
q

q

(c) Ground surface is nearly flat;

(g) In stratified or multi-layered soils, the smallest value 

(1 m). These values may be used as verification for values 

To define an allowable bearing capacity 

soils are very soft or because other difficult conditions are 

to flexural moments from the supported column or wall. The 

Load definition and area of the footing

(a) The soil fill weight on top of the footing, and all dead 
and live loads applied to the fill, plus the footing self-weight. 

the soil for a first trial, to be corrected as the footing size is 
defined. The sum of the pressure on the bearing soil is called 

multiplied by column or wall tributary area from all floors 

fill, the fill weight, and the footing self-weight should be 
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as defined in 

, distance from extreme tension fiber to the centroid 

(b) Beam-action shear that accompanies flexural moments.
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Calculating the flexural reinforcement ratio
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and needing an additional slab for the first floor. In this case, 



used to cast the floor slab will be lost, but there is the advan

Load definition and foundation mat area

tributary area from all floors supported by it. Factored wind 

and walls, floor loads, and mat foundation self-weight should 

Verification of allowable bearing capacity

v
a o

f f

P q q
B H

(a) Although mat slab layout is similar to a regular floor 

a typical floor slab, increases by a factor equal to the number 

(c) The loads act in the opposite direction than in floor 

of floor slabs, should be placed as bottom reinforcement 

the bottom part of floor members, should be placed as top 



—When the floor slab is independent from the founda
), the floor slab should be designed 

as a slab on girders using the floor load of 

, the distance from extreme tension fiber to 

should be used where backfill has appropriate drainage and 

backfill is not possible. In remote areas, where a geotech

be made for possible surcharge from fixed or moving loads.

from the more flexible to the stiffer portions of the system. 
Construction stages and procedures have a great influence in 

28.5
4s
N



 is the active earth pressure coefficient and should 

s
a

s

 is the passive earth pressure coefficient and should 

1 sin
1 sin

s
p

s
K

specified otherwise in a soil investigation report. This pressure 

moist conditions for the specified soils at optimum densi

Description of backfill material
Unified soil 

classification

Sand-silt clay mix with plastic fines

Unsuitable as backfill Unsuitable as backfill
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top of the backfill, 

by the soil caused by the compaction of the backfill of the 
wall. In many cases, the backfill compaction is more effi

the upper part of the fill; which is why this guide proposes 

restraint provided at the top of the wall by the first aerial 
floor slab and at the bottom of the wall by either (a) the grade 

the compaction of the backfill and the portion of the backfill 

through-filters and weep-holes for dissipation of hydrostatic 

Backfill material
able for backfill material in 



—The slab elements of the first 
aerial floor have sufficient flexural stiffness to inhibit any 
flexural rotation of the wall at the top, whereas the elements 

flexural stiffness to inhibit flexural rotation of the retaining 

first aerial floor are simply supported at the wall and do not 
provide any flexural stiffness to inhibit flexural rotation of 

sufficient flexural stiffness to inhibit flexural rotation of the 

The slab elements of the first aerial floor have sufficient flexural 
stiffness to inhibit any flexural rotation of the wall at the 

restraint at the bottom of the wall have sufficient flexural 
stiffness to inhibit flexural rotation of the wall bottom.

distance from extreme tension fiber to tension reinforcement 

n n

Wall flexural restraint
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settlements, grade beams should have sufficient stiffness and 
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slabs continuously supported on selected material fill, which 

a compacted selected material fill made from crushed stone 
or gravel with an appropriate mixture of fines. Minimum 



which cover all phases of the work necessary for the finished 

(e) Preconstruction ground elevations and finished grades; 

(g) Ceiling, floor surfaces, and fixtures.

walls and floors. Structural drawings need to depict these 

electric wiring, conduits, fixture locations, control panels, 

to the electrical drawings for specific details.

(f) Specified compressive strength of concrete at stated 

(g) Specified strength or grade of reinforcement; and

per floor; maximum span length; minimum number of 

(b) Specified concrete strengths for the various struc



(e) Class of concrete slab finish and bar support types; 

(f) Mill certifications for reinforcing steel, if needed.

tolerances exist, or where specific instructions are needed for 

(1) Project specifications and general structural drawings 

key construction phase. Unclear drawings cause field delays, 

15.3—Project specifications
Project specifications should include all requirements, 

and amplify project drawings. Specification details control 

of the project by sections. Each section defines the require

concrete fireproofing of structural steel roof trusses, beams, 

301-10, “Specifications for Structural Concrete” is a refer
ence specification for concrete building construction. Some 

(b) Concrete strengths and, if several are specified, where 



(h) Concrete finishes.
A carefully prepared project specification should minimize 

fundamental, such as the specified strength of concrete, even 
if the information is included in the specification.

Most concrete material consists of fine and coarse aggregate. 

the workability that enables it to fill forms and surround the 

Portland cement is a finely powdered, grayish material that 

ground to the required fineness. The material is shipped in 

to have set when it has gained sufficient rigidity to support 
an arbitrarily defined pressure, after which it continues for 

easily fit into the forms and between the reinforcing bars 

gates are generally classified as fine and coarse. Fine aggre

(6 mm) openings. Material coarser than this is classified 



of concrete, admixtures are often used for specific purposes. 

beneficial effects of some admixtures are well established, 

that sufficient bond exists between the two materials so that 

—Forms should result in a final structure 

members indicated by the design drawings and specifications.
Forms should be substantial and sufficiently tight to 

materials (SCM) including fly ash. It is recognized that in 
many countries, like the United States, that fly ash and other 

complete definition of proportions, the weight of cement, water, 

adequate properties. Concrete attributes are generally influenced 

needed to fill these voids. Water is required for hydration and 

lished based on field experience, trial mixtures, or both, with 

 below specified values and by specifying a 

fied in 16.2.2 should be calculated using water weight in 

). The use of fly ash, 

specified hard trowel finish.

 and minimum specified 



greater than specified concrete compressive strength 

mixture proportions should be established from field experience A field-experienced concrete producer should have 

Form finish



(b) Represent concrete produced to meet a specified 

field bent.

ASTM standard specification.

fied concrete cover in girders, beams, joists, walls, and columns 

clear distance to formed soffits should be –1/4 in. (6 mm), and 

ported to its final destination following 16.4.

fine and coarse aggregate, and admixtures of uniform consis

flow within the forms, tends to separate coarse gravel from 
the finer components of the mixture. The danger of segregation 

the conveying device to its final place in the forms. Before 

compacting are critical in their effect on the final quality 

Tolerance on specified



(d) Masonry filler units that will be in contact with concrete 

(3) Approximate location of final deposit in structure; 

as nearly as practical in its final position to avoid segregation 
from rehandling or flowing.

at a rate that concrete is plastic during discharge and flows 

section, as defined by its boundaries or predetermined joints, 

fixtures, as well as into form corners.

mm). Impervious molds of this shape are filled with concrete 
during the placement operation as specified by ASTM C172/

tested in the laboratory at a specified loading rate as required 



the specified strength value.

each floor. A sample of two cylinders for 6 x 12 in. (150 x 

16.5.2.1 would provide less than five strength tests (average 

made from at least five randomly selected batches or from 
each batch if fewer than five batches are used.

Definition of strength test

should be cast in impervious molds of this shape and filled 
with concrete during the placement operation as specified by 

should be at least equal to the specified design strength 

load-carrying capacity is significantly reduced, the affected 

it above the temperatures specified and in a moist condition 

Fresh concrete gains strength rapidly during the first 

at the end of the first week after placing. Final concrete 

or lower during the first few days, unless the concrete is 

concrete materials and reinforcement, forms, fillers, and 

Self-supporting floors and 



exposed by form removal should have sufficient enough 

forms when the concrete strength tested, using field-cured 

correspondence between plans and specifications and the 
finished structure. A competent architect/engineer, preferably 

approved construction document at significant construction 

dent qualified inspector. The inspector’s main functions for 

quality of the finished structure cannot be overemphasized.

Specifications for Structural Concrete

Specification for Deformed and 

Specification for Low Alloy Steel 

Specification for Steel Wire and 

Self-supporting floors and 

Structural classification

such as roof or floor slabs and beams, or undersides of slopping surfaces flatter than 1:1.



Specification for Concrete Aggregates

Specification for Ready Mixed 

Specification for Portland Cement

Specification for Air-Entraining 

Specification for Lightweight Aggre

Specification for Chemical Admixtures 

Specification for Blended Hydraulic 

Specification for Expansive Hydraulic 

Specification for Chemical Admixtures 

Specification for Mixing Water Used 
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