CHAPTER 19
CONCRETE
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Italics are used for text within Sections 1902 through 1908 of this code to indicate provisions that differ from ACI 318.

SECTION 1901
GENERAL

1901.1 Scope. The provisions of this chapter shall govern the
materials, quality control, design and construction of concrete
used in structures.

1901.2 Plain and reinforced concrete. Structural concrete
shall be designed and constructed in accordance with the re-
quirements of this chapter and ACI 318 asamended in Section
1908 of this code. Except for the provisions of Sections 1904
and 1911, the design and construction of slabs on grade shall
not be governed by this chapter unless they transmit vertica
loads or lateral forces from other parts of the structure to the
soil.

1901.3 Source and applicability. The contents of Sections
1902 through 1907 of this chapter are patterned after, and in
general conformity with, the provisionsfor structural concrete
in ACI 318. Where sectionswithin Chapters2 through 7 of ACI
318 are referenced in other chapters and appendices of ACI
318, the provisions of Sections 1902 through 1907 of this code
shall apply.

1901.4 Construction documents. The construction docu-
ments for structural concrete construction shall include:

1. The specified compressive strength of concrete at the
stated ages or stages of construction for which each
concrete element is designed.

2. The specified strength or grade of reinforcement.

3. Thesizeand location of structural elements, reinforce-
ment, and anchors.

4. Provision for dimensional changes resulting from
creep, shrinkage and temperature.

5. The magnitude and location of prestressing forces.

6. Anchorage length of reinforcement and location and
length of lap splices.

7. Typeand location of mechanical and welded splices of
reinforcement.

8. Details and location of contraction or isolation joints
specified for plain concrete.
9. Minimum concrete compressive strength at time of
posttensioning.
10. Stressing sequence for posttensioning tendons.
11. For structures assigned to Seismic Design Category D,
Eor F, astatement if slab on gradeisdesigned asastruc-
tural diaphragm (see Section 21.10.3.4 of ACI 318).

1901.5 Special inspection. The special inspection of concrete
elements of buildings and structures and concreting operations
shall be as required by Chapter 17.

2003 INTERNATIONAL BUILDING CODE®

SECTION 1902
DEFINITIONS

1902.1 General. The following words and terms shall, for the
purposes of this chapter and as used elsewhere in this code,
have the meanings shown herein.

ADMIXTURE. Material other than water, aggregate or hy-
draulic cement, used as an ingredient of concrete and added to
concrete before or during its mixing to modify its properties.

AGGREGATE. Granular material, such as sand, gravel,
crushed stone and iron blast-furnace slag, used with a cement-
ing medium to form a hydraulic cement concrete or mortar.

AGGREGATE, LIGHTWEIGHT. Aggregate with a dry,
loose weight of 70 pounds per cubic foot (pcf) (1120 kg/m3) or
less.

CEMENTITIOUS MATERIALS. Materials as specified in
Section 1903 that have cementing value when used in concrete
either by themselves, such as portland cement, blended hydrau-
lic cementsand expansive cement, or such materialsin combi-
nation with fly ash, other raw or calcined natural pozzolans,
silicafume, and/or ground granulated blast-furnace slag.

COLUMN. A member with aratio of height-to-least-lateral
dimension exceeding three, used primarily to support axial
compressive |load.

CONCRETE. A mixture of portland cement or any other hy-
draulic cement, fine aggregate, coarse aggregate and water,
with or without admixtures.

CONCRETE, SPECIFIED COMPRESSIVE
STRENGTH OF, (f ',). The compressive strength of concrete
used in design and evaluated in accordance with the provisions
of Section 1905, expressed in pounds per square inch (psi)
(MPa). Whenever the quantity f ¢ is under aradical sign, the
square root of the numerical value only isintended, and the re-
sult has units of psi (MPa).

CONTRACTION JOINT. Formed, sawed or tooled groovein
aconcrete structureto create aweakened planeand regulate the
location of cracking resulting from the dimensional change of
different parts of the structure.

DEFORMED REINFORCEMENT. Deformed reinforcing
bars, bar mats, deformed wire, welded plain wire fabric and
welded deformed wire fabric conforming to ACI 318, Section
353

DUCT. A conduit (plain or corrugated) to accommodate
prestressing steel for post-tensioned installation.

EFFECTIVE DEPTH OF SECTION (d). Thedistance mea-
sured from extreme compression fiber to the centroid of ten-
sion reinforcement.
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ISOLATION JOINT. A separation between adj oining parts of
aconcretestructure, usually avertical plane, at adesigned loca-
tion such astointerfereleast with performance of the structure,
yet to allow relative movement in three directions and avoid
formation of cracks elsewhere in the concrete and through
which all or part of the bonded reinforcement is interrupted.

PEDESTAL. An upright compression member with aratio of
unsupported height-to-average-least-lateral dimension of three
or less.

PLAIN CONCRETE. Structura concrete with no reinforce-
ment or with less reinforcement than the minimum amount
specified for reinforced concrete.

PLAIN REINFORCEMENT. Reinforcement that does not
conform to the definition of “Deformed reinforcement” (see
ACI 318, Section 3.5.4).

POSTTENSIONING. Method of prestressing in which
prestressing steel is tensioned after concrete has hardened.

PRECAST CONCRETE. A structura concrete element cast
elsewhere than its final position in the structure.

PRESTRESSED CONCRETE. Structural concreteinwhich
internal stresses have been introduced to reduce potential ten-
sile stresses in concrete resulting from loads.

PRESTRESSING STEEL . High-strength steel element such
aswire, bar or strand, or abundle of such elements, used to im-
part prestress forces to concrete.

PRETENSIONING. Method of prestressing in which
prestressing steel is tensioned before concrete is placed.

REINFORCED CONCRETE. Structural concrete rein-
forced with no less than the minimum amounts of prestressing
steel or nonprestressed reinforcement specified in ACI 318,
Chapters1through 21 and ACI 318 AppendicesA through C.

REINFORCEMENT. Material that conforms to Section
1903.5, excluding prestressing steel unless specifically in-
cluded.

RESHORES. Shores placed snugly under a concrete slab or
other structural member after the original forms and shores
have been removed from a larger area, thus requiring the new
slab or structural member to deflect and support itsown weight
and existing construction loads applied prior to theinstallation
of the reshores.

SHORES. Vetica or inclined support members designed to
carry the weight of the formwork, concrete and construction
loads above.

SPIRAL REINFORCEMENT. Continuously wound rein-
forcement in the form of acylindrical helix.

STIRRUP. Reinforcement used to resist shear and torsion
stressesin astructural member; typically bars, wires or welded
wirefabric (plain or deformed) either singleleg or bentinto L,
U or rectangular shapes and located perpendicular, or at an an-
gleto, longitudinal reinforcement. (Theterm “stirrups’ is usu-
ally applied to lateral reinforcement in flexural members and
the term “ties’ to those in compression members.)

STRUCTURAL CONCRETE. Concrete used for structural
purposes, including plain and reinforced concrete.
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TENDON. In pretensioning applications, the tendon is the
prestressing steel. In posttensioned applications, thetendonisa
complete assembly consisting of anchorages, prestressing steel
and sheathing with coating for unbonded applications or ducts
with grout for bonded applications.

SECTION 1903
SPECIFICATIONS FOR TESTS AND MATERIALS

1903.1 General. Materials used to produce concrete and test-
ing thereof shall comply with the applicable standardslisted in
ACI 318 and this section. Tests of concrete and the materials
used in concrete shall be in accordance with ACI 318, Section
3.8. Where required, special inspections and tests shall bein
accordance with Chapter 17.

1903.2 Cement. Cement used to produce concrete shall com-
ply with ACI 318, Section 3.2,

1903.3 Aggr egates. Aggregates used in concrete shall comply
with ACI 318, Section 3.3.

1903.4 Water. Water used in mixing concrete shall be clean
and freefrom injurious amounts of ails, acids, alkalis, salts, or-
ganic materials or other substances that are deleterious to con-
crete or sted reinforcement and shall comply with ACI 318,
Section 3.4.

1903.5 Steel reinforcement. Reinforcement and welding of
reinforcement to be placed in concrete construction shall con-
form to the requirements of this section.

1903.5.1 Reinfor cement type. Reinforcement shall be de-
formed reinforcement, except plain reinforcement is per-
mitted for spirals or prestressing steel, and reinforcement
consisting of structural steel, stedl pipeor stedl tubingisper-
mitted where specified in ACI 318. Reinforcement shall
comply with ACI 318, Section 3.5.

1903.5.2 Welding. Welding of reinforcing bars shall con-
formto AWSD1.4. Typeand location of welded splicesand
other required welding of reinforcing barsshall beindicated
on the design drawings or in the project specifications. The
ASTM reinforcing bar specifications, except for ASTM A
706, shall be supplemented to require a report of material
propertiesnecessary to conformto therequirementsin AWS
D1.4.

1903.6 Admixtures. Admixtures to be used in concrete shall
be subject to prior approval by the registered design profes-
sional and shall comply with ACI 318, Section 3.6.

1903.7 Storage of materials. The storage of materialsfor use
in concrete shall comply with the provisions of Sections
1903.7.1 and 1903.7.2.

1903.7.1 Manner of storage. Cementitious materials and
aggregates shall be stored in such amanner asto prevent de-
terioration or intrusion of foreign matter.

1903.7.2 Unacceptable material. Any material that hasde-
teriorated or has been contaminated shall not be used for
concrete.

1903.8 Glass fiber reinforced concrete. Glass fiber rein-
forced concrete (GFRC) and the materials used in such con-
creteshall beinaccordancewiththe PClI MNL 128 standard.
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SECTION 1904
DURABILITY REQUIREMENTS

1904.1 Water-cementitious materials ratio. The wa-
ter-cementitious materials ratios specified in Tables 1904.2.2
and 1904.3 shall be calculated using the weight of cement
meeting ASTM C 150, ASTM C 595, ASTM C 845 or ASTM
C 1157, plustheweight of fly ash and other pozzolansmeeting
ASTM C618, ag meeting ASTM C 989 and silicafume meet-
ing ASTM C 1240, if any, except that where concrete is ex-
posed to deicing chemicals, Section 1904.2.3 further limitsthe
amount of fly ash, pozzolans, silicafume, slag or the combina-
tion of these materials.

1904.2 Freezing and thawing exposur es. Concrete that will
be exposed to freezing and thawing or deicing chemicals shall
comply with Sections 1904.2.1 through 1904.2.3.

1904.2.1 Air entrainment. Normal-weight and lightweight
concrete exposed to freezing and thawing or deicing chemi-
calsshall beair entrained with air content indicated in Table
1904.2.1. Tolerance on air content asdelivered shall be+1.5
percent. For specified compressive strength (f ¢) greater
than 5,000 psi (34.47 MPa), reduction of air content indi-
cated in Table 1904.2.1 by 1.0 percent is permitted.

TABLE 1904.2.1
TOTAL AIR CONTENT FOR FROST-RESISTANT CONCRETE

NOMINAL MAXIMUM AIR CONTENT (percent)
AGGREGATE SIZE?
(inches) Severe exposureb Moderate exposureb

¥y 7, 6

Y, 7 5Y,

3, 6 5

1 6 4Y,

1Y, 5Y, 4y,

yad 5 4

3 4, 3y,

For SI:  1inch=25.4 mm.

a See ASTM C 33 for tolerance on oversize for various nominal maximum
size designations.

b. Thesevere and moderate exposuresreferenced in thistableare not based on
the weathering regions shown in Figure 1904.2.2. For the purposes of this
section, severe and moderate exposures shall be defined as follows:

1. Severeexposure occurs where concrete will bein almost continuous
contact with moisture prior to freezing, or where deicing salts are
used. Examples are pavements, bridge decks, sidewalks, parking ga
rages and water tanks.

2. Moderate exposure occurs where concrete will be only occasionally
exposed to moisture prior to freezing, and where deicing saltsare not
used. Examples are certain exterior walls, beams, girders and slabs
not in direct contact with soil.

c. These air contents apply to total mix, as for the preceding aggregate sizes.
When testing these concretes, however, aggregate larger than 1%/, inchesis
removed by hand picking or sieving and air content isdetermined onthe mi-
nus 1¥2-inch fraction of themix (toleranceonair content asdelivered applies
tothisvalue). Air content of total mix iscomputed from valuedetermined on
the minus 1%2-inch fraction.
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1904.2.2 Concr ete properties. Concrete that will be sub-
ject to the exposures given in Table 1904.2.2(1) shall con-
form to the corresponding maximum water-cementitious
material s ratios and minimum specified concrete compres-
sive strength requirements of that table. In addition, con-
crete that will be exposed to deicing chemicals shall
conform to the limitations of Section 1904.2.3.

Exception: For occupancies and appurtenances thereto
in Group R occupancies that are in buildings less than
four storiesin height, normal-weight aggregate concrete
that is subject to weathering (freezing and thawing), as
determined from Figure 1904.2.2, or deicer chemicals
shall complywiththerequirementsof Table 1904.2.2(2).

1904.2.3 Deicing chemicals. For concrete exposed to
deicing chemicals, the maximum weight of fly ash, other
pozzolans, silicafumeor dlag that isincluded inthe concrete
shall not exceed the percentages of the total weight of
cementitious materials given in Table 1904.2.3.

1904.3 Sulfate exposur es. Where concrete will be exposed to
sulfate-containing solutions, it shall comply with the provi-
sions of Sections 1904.3.1 and 1904.3.2.

1904.3.1 Concrete quality. Concrete to be exposed to sul-
fate-containing solutions or soils shall conform to the re-
quirements of Table 1904.3 or shall be concrete madewith a
cement that provides sulfate resistance and that has a maxi-
mum water-cementitious materials ratio and minimum
compressive strength from Table 1904.3.

1904.3.2 Calcium chloride. Calcium chloride asan admix-
ture shall not be used in concrete to be exposed to severe or
very severe sulfate-containing solutions as defined in Table
1904.3.

1904.4 Corrosion protection of reinforcement. Reinforce-
ment in concrete shall be protected from corrosion and expo-
sure to chlorides as provided by Sections 1904.4.1 and
1904.4.2.

1904.4.1 General. For corrosion protection of reinforce-
ment in concrete, the maximum water-soluble chloride ion
concentrations in hardened concrete at ages from 28 to 42
days contributed from the ingredients including water, ag-
gregates, cementitious materials and admixtures shall not
exceed the limits of Table 1904.4.1. When testing is per-
formed to determinewater-sol uble chlorideion content, test
procedures shall conform to ASTM C 1218.

1904.4.2 Exposur eto chlorides. Where concretewithrein-
forcement will be exposed to chloridesfrom deicing chemi-
cals, salt, saltwater, brackish water, seawater or spray from
these sources, therequirementsof Table1904.2.2(1) for wa-
ter-cementitious materials ratio and concrete strength, and
the minimum concrete cover requirements of Section
1907.7, shall be satisfied. See ACI 318, Section 18.16, for
corrosion protection of unbonded tendons.
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FIGURE 1904.2.2

WEATHERING PROBABILITY MAP FOR CONCRETE® P+ ¢

a. Lines defining areas are approximate only. Local areas can be more or less severe than indicated by the region classification.
b. A “severe” classification iswhere weather conditions encourage or require the use of deicing chemicals or wherethereis potential for a continuous presence of

crete in the presence of moisture to freezing and thawing.
c. Alaskaand Hawalii are classified as severe and negligible, respectively.

REQUIREMENTS FOR SPECIAL EXPOSURE CONDITIONS

TABLE 1904.2.2(1)

MAXIMUM WATER-CEMENTITIOUS MATERIALS

moistureduring frequent cyclesof freezing and thawing. A “moderate” classificationiswhereweather conditionsoccasionally expose concreteinthe presence of
moistureto freezing and thawing, but wheredei cing chemical sarenot generally used. A “negligible” classificationiswhereweather conditionsrarely expose con-

MINIMUM f ¢, NORMAL-WEIGHT AND
LIGHTWEIGHT AGGREGATE CONCRETE (psi)

RATIO, BY WEIGHT, NORMAL-WEIGHT

EXPOSURE CONDITION AGGREGATE CONCRETE
Concrete intended to have low permeability 0.50 4000
when exposed to water ) '
Concrete exposed to freezing and thawing in a
moist condition or to deicing chemicals 0.45 4,500
0.40 5,000

For corrosion protection of reinforcement in
concrete exposed to chlorides from deicing

chemicals, salt, saltwater, brackish water,

seawater or spray from these sources
1 pound per square inch = 0.00689 MPa.

For SI:
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TABLE 1904.2.2(2)
MINIMUM SPECIFIED COMPRESSIVE STRENGTH (f &)

CONCRETE

MINIMUM SPECIFIED COMPRESSIVE STRENGTH (f ¢ at 28 days, psi)
TYPE OR LOCATION OF CONCRETE CONSTRUCTION Negligible exposure Moderate exposure Severe exposure

Basement walls® and foundations not exposed to the weather 2,500 2,500 2,5002
Sg;ment dlabs and interior slabs on grade, except garage floor 2,500 2,500 2,500°
Basement walls®, foundation walls, exterior walls and other b
vertical concrete surfaces exposed to the weather 2,500 3,000° 3,000

Driveways, curbs, walks, patios, porches, carport slabs, steps and b
other flatwork exposed to the weather, and garage floor slabs 2,500 3,000° 3,500

For Sl:

1 pound per square inch = 0.00689 MPa.

a. Concreteintheselocationsthat can be subjected to freezing and thawing during constructi on shall be of air-entrained concretein accordancewith Table 1904.2.1.

b. Concrete shall be air entrained in accordance with Table 1904.2.1.
¢. Structural plain concrete basement walls are exempt from the requirements for special exposure conditions of Section 1904.2.2 (see Section 1909.1.1).

TABLE 1904.2.3
REQUIREMENTS FOR CONCRETE EXPOSED TO DEICING CHEMICALS

CEMENTITIOUS MATERIALS MAZIMON 5&?25&1223{%@6&%bENTlTlOUS
Fly ash or other pozzolans conforming to ASTM C 618 25
Slag conforming to ASTM C 989 50
Silicafume conforming to ASTM C 1240 10
Total of fly ash or other pozzolans, slag and silicafume 50°
Total of fly ash or other pozzolans and silica fume 35°

a. Thetotal cementitious material also includes ASTM C 150, ASTM C 595, ASTM C 845 and ASTM C 1157 cement.

b. The maximum percentages shall include:
1. Fly ash or other pozzolans present in Type IP or | (PM) blended cement, ASTM C 595, or ASTM C 1157.
2. Slag used in the manufacture of an IS or | (SM) blended cement, ASTM C 595, or ASTM C 1157.

3. Silicafume, ASTM C 1240, present in a blended cement.
c¢. Fly ash or other pozzolans and silica fume shall constitute no more than 25 and 10 percent, respectively, of the total weight of the cementitious materials.

TABLE 1904.3
REQUIREMENTS FOR CONCRETE EXPOSED TO SULFATE-CONTAINING SOLUTIONS

MAXIMUM
WATER-CEMENTITIOUS
MATERIALS RATIO, MINIMUM f ¢,
BY WEIGHT, NORMAL-WEIGHT
NORMAL-WEIGHT  |AND LIGHTWEIGHT
AGGREGATE AGGREGATE
WATER SOLUBLE CEMENT TYPE CONCRETE? CONCRETE (psi)?
SULFATE (SO,) IN | SULFATE (SOy)
SULFATE SOIL, PERCENT | INWATER | ASTM ASTM ASTM
EXPOSURE BY WEIGHT (ppm) C 150 C 595 C 1157
Negligible 0.00- 0.10 0- 150 Ya Ya Ya Ya §Z)
I, 1IP(MS),
IS(MS), P(MS),
Moderate? 0.10-0.20 150 - 1,500 I | (PMY(MS), MS 0.50 4,000
| (SM)(MS)
Severe 0.20- 2.00 1,500 - 10,000 V Ya HS 0.45 4,500
Very severe Over200 | Over10000 | Y PUS Y HS plus 0.45 4,500
pozzolan pozzolan
For SI: 1 pound per square inch = 0.00689 M Pa.

a. A lower water-cementitiousmaterialsratio or higher strength may berequired for low permeability or for protection against corrosion of embedded itemsor freez-
ing and thawing (see Table 1904.2.2).

b. Seawater.

¢. Pozzolan that has been determined by test or service record to improve sulfate resistance when used in concrete containing Type V cement.
d. Pozzolan that has been determined by test or service record to improve sulfate resistance when used in concrete containing Type HS blended cement.
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TABLE 1904.4.1
MAXIMUM CHLORIDE ION CONTENT FOR CORROSION PROTECTION OF REINFORCEMENT

MAXIMUM WATER SOLUBLE CHLORIDE ION (Cl)
TYPE OF MEMBER IN CONCRETE, PERCENT BY WEIGHT OF CEMENT
Prestressed concrete 0.06
Reinforced concrete exposed to chloride in service 0.15
Reinforced concrete that will be dry or protected from moisture in service 1.00
Other reinforced concrete construction 0.30

SECTION 1905
CONCRETE QUALITY, MIXING AND PLACING

1905.1 General. The required strength and durability of con-
crete shall be determined by compliance with the proportion-
ing, testing, mixing and placing provisions of Sections
1905.1.1 through 1905.13.

1905.1.1 Strength. Concrete shall be proportioned to pro-
vide an average compressive strength as prescribed in Sec-
tion 1905.3, and shall satisfy the durability criteria of
Section 1904. Concrete shall be produced to minimize the
frequency of strengths below f ¢ as prescribed in Section
1905.6.3.3. For concrete designed and constructed in ac-
cordance with this chapter, f ¢ shall not be less than 2,500
ps (17.22 MPa). No maximum specified compressive
strength shall apply unlessrestricted by a specific provision
of thiscode or ACI 318.

1905.1.2 Cylinder tests. Requirements for f ¢ shall be
based on tests of cylinders made and tested as prescribed in
Section 1905.6.3.

1905.1.3 Basisof f ¢. Unlessotherwise specified, f ¢ shal be
based on 28-day tests. If other than 28 days, test age for f ¢
shall be asindicated in construction documents.

1905.1.4 Lightweight aggregate concrete. Where design
criteriain ACI 318, Sections 9.5.2.3, 11.2 and 12.2.4, pro-
vide for use of a splitting tensile strength value of concrete
(f.), laboratory tests shall be made in accordance with
ASTM C 330 to establish the value of f, corresponding to
the specified value of f ¢.

1905.1.5 Field acceptance. Splitting tensile strength tests
shall not beused asabasisfor field acceptance of concrete.

1905.2 Selection of concrete proportions. Concrete propor-
tions shall be determined in accordance with the provisions of
Sections 1905.2.1 through 1905.2.3.

1905.2.1 General. Proportions of materials for concrete
shall be established to provide:

1. Workability and consistency to permit concrete to be
worked readily into forms and around reinforcement
under the conditions of placement to be employed,
without segregation or excessive bleeding.

2. Resistance to special exposures as required by Sec-
tion 1904.

3. Conformance with the strength test requirements of
Section 1905.6.
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1905.2.2 Different materials. Where different materials
areto be used for different portions of proposed work, each
combination shall be evaluated.

1905.2.3 Basis of proportions. Concrete proportions shall
be established in accordance with Section 1905.3 or Section
1905.4, and shall comply with the applicable requirements
of Section 1904.

1905.3 Proportioningon thebasisof field experienceand/or
trial mixtures. Concrete proportioning determined on the ba-
sisof field experience and/or trial mixtures shall bedonein ac-
cordance with ACI 318, Section 5.3.

1905.4 Proportioning without field experienceor trial mix-
tur es. Concrete proportioning determined without field experi-
ence or trial mixtures shall be done in accordance with ACI
318, Section 5.4.

1905.5 Averagestrength reduction. Asdatabecomeavailable
during construction, it is permissible to reduce the amount by
which the average compressive strength (f ¢) isrequired to ex-
ceed the specified valueof f ¢ in accordancewith ACI 318, Sec-
tion 5.5.

1905.6 Evaluation and acceptance of concrete. The criteria
for evaluation and acceptance of concrete shall be as specified
in Sections 1905.6.2 through 1905.6.5.5.

1905.6.1 Qualified technicians. Concrete shall betestedin
accordance with the requirements in Sections 1905.6.2
through 1905.6.5. Qualified field testing technicians shall
perform testson fresh concrete at thejob site, prepare speci-
mens required for curing under field conditions, prepare
specimens required for testing in the laboratory and record
the temperature of the fresh concrete when preparing speci-
mens for strength tests. Qualified laboratory technicians
shall perform all required laboratory tests.

1905.6.2 Frequency of testing. The frequency of conduct-
ing strength tests of concrete shall be as specified in Sec-
tions 1905.6.2.1 through 1905.6.2.4.

1905.6.2.1 Minimum frequency. Samples for strength
tests of each class of concrete placed each day shall be
taken not lessthan once aday, nor lessthan oncefor each
150 cubic yards (115 m?) of concrete, nor less than once
for each 5,000 square feet (465 m?) of surface area for
slabs or walls.

1905.6.2.2 Minimum number. On agiven project, if the
total volume of concrete is such that the frequency of
testing required by Section 1905.6.2.1 would provide
less than five strength tests for a given class of concrete,
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tests shall be made from at least five randomly selected
batches or from each batch if fewer than five batches are
used.

1905.6.2.3 Small volume. When the total volume of a
given classof concreteislessthan 50 cubicyards (38 md),
strength tests are not required when evidence of satisfac-
tory strength is submitted to and approved by the build-
ing official.

1905.6.2.4 Strength test. A strength test shall be the av-
erage of the strengths of two cylinders made from the
same sample of concrete and tested at 28 days or at the
test age designated for the determination of f ¢.

1905.6.3 L abor atory-cur ed specimens. Laboratory-cured
specimens shall comply with the provisions of Sections
1905.6.3.1 through 1905.6.3.4.

1905.6.3.1 Sampling. Samplesfor strength tests shall be
taken in accordance with ASTM C 172.

1905.6.3.2 Cylinders. Cylinders for strength tests shall
be molded and laboratory cured in accordance with
ASTM C 3l andtestedinaccordancewith ASTM C 39.

1905.6.3.3 Acceptance of results. The strength level of
an individual class of concrete shall be considered satis-
factory if both of the following requirements are met:

1. Every arithmetic average of any three consecutive
strength tests equal s or exceedsf ¢.

2. Noindividual strength test (average of two cylin-
ders) falls below f ¢ by more than 500 psi (3.45
Mpa) whenf ¢is5,000 psi or less, or by morethan
0.10f ¢ when f ¢ is more than 5,000 psi.

1905.6.3.4 Correction. If either of the requirements of
Section 1905.6.3.3 is not met, steps shall be takentoin-
crease the average of subsequent strength test results.
The requirements of Section 1905.6.5 shall be observed
if the requirement of Section 1905.6.3.3, Item 2, is not
met.

CONCRETE

1905.6.5 Low-strength test results. The investigation of
low-strength test results shall bein accordance with the pro-
visions of Sections 1905.6.5.1 through 1905.6.5.5.

1905.6.5.1 Precaution. If any strength test (see Section
1905.6.2.4) of laboratory-cured cylindersfallsbelow the
specified value of f ¢ by more than the values given in
Section 1905.6.3.3, Item 2, or if testsof field-cured cylin-
ders indicate deficiencies in protection and curing (see
Section 1905.6.4.4), stepsshall betakento assurethat the
load-carrying capacity of the structure is not jeopar-
dized.

1905.6.5.2 Coretests. If the likelihood of low-strength
concrete is confirmed and calculations indicate that
load-carrying capacity is significantly reduced, tests of
coresdrilled fromtheareain questioninaccordancewith
ASTM C 42 are permitted. In such cases, three cores
shall be taken for each strength test that falls below the
values given in Section 1905.6.3.3, Item 2.

1905.6.5.3 Condition of cores. Cores shall be prepared
for transport and storage by wiping drilling water from
their surfaces and placing the coresin water-tight bagsor
containers immediately after drilling. Cores shall be
tested no earlier than 48 hours and not later than seven
days after coring unless approved by the registered de-
sign professional.

1905.6.5.4 Test results. Concrete in an arearepresented
by coretests shall be considered structurally adequate if
theaverage of three coresisequal to at least 85 percent of
f ¢ andif nosinglecoreislessthan 75 percent of f¢. Ad-
ditional testing of cores extracted from locations repre-
sented by erratic core strength resultsis permitted.

1905.6.5.5 Strength evaluation. If the criteria of Sec-
tion 1905.6.5.4 are not met and the structural adegquacy
remainsin doubt, the building official is permitted to or-
der a strength evaluation in accordance with ACI 318,
Chapter 20, for the questionabl e portion of the structure,
or take other appropriate action.

1905.6.4 Field-cured specimens. Field-cured specimens
shall comply with the provisions of Sections 1905.6.4.1
through 1905.6.4.4.

1905.7 Preparation of equipment and place of deposit.
Preparation before concrete placement shall include the fol-
lowing:

1905.6.4.1 When required. Where required by the
building official, the results of strength tests of cylinders
cured under field conditions shall be provided.

1905.6.4.2 Curing. Field-cured cylinders shall be cured
under field conditions in accordance with ASTM C 31.

1905.6.4.3 Sampling. Field-cured test cylinders shall be
molded at the same time and from the same samples as
|aboratory-cured test cylinders.

1905.6.4.4 Correction. Procedures for protecting and
curing concrete shall be improved when the strength of
field-cured cylinders at the test age designated for deter-
mination of f ¢ islessthan 85 percent of that of compan-
ion laboratory-cured cylinders. The 85-percent
limitation shall not apply if the field-cured strength ex-
ceeds f ¢ by more than 500 psi (3.45 MPa).
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Equipment for mixing and transporting concrete shall be
clean.

Debrisand ice shall be removed from spacesto be occu-
pied by concrete.

. Forms shall be properly coated.
. Masonry filler unitsthat will bein contact with concrete

shall be well drenched.

. Reinforcement shall be thoroughly clean of ice or other

deleterious coatings.

. Water shall be removed from the place of deposit before

concreteis placed unless atremie isto be used or unless
otherwise permitted by the building official.

. Laitance and other unsound material shall be removed

before additional concrete is placed against hardened
concrete.
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1905.8 Mixing. Mixing of concrete shall be performed in ac-
cordance with Sections 1905.8.1 through 1905.8.3.

1905.8.1 General. Concrete shall be mixed until thereisa
uniform distribution of materials and shall be discharged
completely before the mixer is recharged.

1905.8.2 Ready-mixed concrete. Ready-mixed concrete
shall bemixed and deliveredin accordance with therequire-
ments of ASTM C 94 or ASTM C 685.

1905.8.3 Job-mixed concrete. Job-mixed concrete shall
comply with ACI 318, Section 5.8.3.

1905.9 Conveying. The method and equipment for conveying
concrete to the place of deposit shall comply with Sections
1905.9.1 and 1905.9.2.

1905.9.1 Method of conveyance. Concrete shall be con-
veyed from the mixer to the place of final deposit by meth-
ods that will prevent separation or loss of materials.

1905.9.2 Conveying equipment. The conveying equip-
ment shall be capable of providing a supply of concrete at
the site of placement without separation of ingredients and
without interruptions sufficient to permit theloss of plastic-
ity between successive increments.

1905.10 Depositing. The depositing of concrete shall comply
with the provisions of Sections 1905.10.1 through 1905.10.8.

1905.10.1 Segregation. Concrete shall be deposited as
nearly aspracticabletoitsfinal position to avoid segregation
due to rehandling or flowing.

1905.10.2 Placement timing. Concreting operations shall
be carried on at such arate that the concreteis at all times
plastic and flows readily into spaces between reinforce-
ment.

1905.10.3 Unacceptable concr ete. Concrete that has par-
tially hardened or been contaminated by foreign materials
shall not be deposited in the structure.

1905.10.4 Retempering. Retempered concrete or concrete
that hasbeen remixed after initial set shall not be used unless
approved by the registered design professional.

1905.10.5 Continuous operation. After concreting has
started, it shall be carried on as a continuous operation until
placing of apanel or section, as defined by itsboundariesor
predetermined joints, is completed, except as permitted or
prohibited by Section 1906.4.

1905.10.6 Placement in vertical lifts. The top surfaces of
vertically formed lifts shall be generally level.

1905.10.7 Construction joints. When construction joints
arerequired, they shall be madein accordance with Section
1906.4.

1905.10.8 Consolidation. Concrete shall be thoroughly
consolidated by suitable means during placement and shall
bethoroughly worked around reinforcement and embedded
fixtures and into corners of the forms.

1905.11 Curing. Thecuring of concrete shall bein accordance
with Sections 1905.11.1 through 1905.11.3.

1905.11.1 Regular. Concrete (other than high early
strength) shall be maintained above 50°F (10°C) and in a
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moist condition for at least the first seven days after place-
ment, except when cured in accordance with Section
1905.11.3.

1905.11.2 High early strength. High-early-strength con-
crete shall be maintained above 50°F (10°C) and in amoist
condition for at least the first three days, except when cured
in accordance with Section 1905.11.3.

1905.11.3 Accelerated curing. Accelerated curing of con-
crete shall comply with ACI 318, Section 5.11.3.

1905.12 Cold weather requirements. Concrete that is to be
placed during freezing or near-freezing weather shall comply
with the following:

1. Adeguate equipment shall be provided for heating con-
crete materials and protecting concrete during freezing
or near-freezing weather.

2. Concrete materials and reinforcement, forms, fillersand
ground withwhich concreteisto comein contact shall be
free from frost.

3. Frozen materials or materials containing ice shall not be
used.

1905.13 Hot weather requirements. During hot weather,
proper attention shall be giventoingredients, production meth-
ods, handling, placing, protection and curing to prevent exces-
sive concrete temperatures or water evaporation that could
impair the required strength or serviceability of the member or
structure.

SECTION 1906
FORMWORK, EMBEDDED PIPES AND
CONSTRUCTION JOINTS

1906.1 Formwork. The design, fabrication and erection of
forms shall comply with Sections 1906.1.1 through 1906.1.6.

1906.1.1 General. Formsshall resultinafina structurethat
conformsto shapes, linesand dimensions of the membersas
required by the construction documents.

1906.1.2 Strength. Forms shall be substantial and suffi-
ciently tight to prevent leakage of mortar.

1906.1.3 Bracing. Formsshall be properly braced or tied to-
gether to maintain position and shape.

1906.1.4 Placement. Forms and their supports shall be de-
signed so as not to damage previously placed structures.

1906.1.5 Design. Design of formwork shall comply with
ACI 318, Section 6.1.5.

1906.1.6 Formsfor prestressed concrete. Forms for pre-
stressed concrete members shall be designed and con-
structed to permit movement of the member without
damage during application of the prestressing force.

1906.2 Removal of forms, shoresand reshores. The removal
of forms and shores and the install ation of reshores shall com-
ply with Sections 1906.2.1 through 1906.2.2.3.

1906.2.1 Removal of forms. Forms shall be removed in
suchamanner so asnot to impair safety and serviceability of
the structure. Concrete to be exposed by form removal shall
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have sufficient strength not to be damaged by the removal
operation.

1906.2.2 Removal of shoresand reshores. The provisions
of Sections 1906.2.2.1 through 1906.2.2.3 shall apply to
slabs and beams, except where cast on the ground.

1906.2.2.1 Removal schedule. Before starting construc-
tion, the contractor shall develop a procedure and sched-
ulefor removal of shoresand installation of reshoresand
for calculating the loads transferred to the structure dur-
ing the process.

1. The structural analysis and concrete strength data
used in planning and implementing form removal
and shoring shall be furnished by the contractor to
the building official when so requested.

2. No construction loads shall be supported on, nor
any shoring removed from, any part of thestructure
under construction except when that portion of the
structurein combination with the remaining form-
ing and shoring system has sufficient strength to
support safely its weight and the loads placed
thereon.

3. Sufficient strength shall be demonstrated by struc-
tural analysis considering the proposed loads, the
strength of the forming and shoring system and
concretestrength data. Concretestrength datashall
be based on tests of field-cured cylinders or, when
approved by the building official, on other proce-
duresto evaluate concrete strength.

1906.2.2.2 Construction loads. No construction loads
exceeding the combination of superimposed dead load
plus specified live load shall be supported on any
unshored portion of the structure under construction, un-
less analysis indi cates adequate strength to support such
additional loads.

1906.2.2.3 Prestressed members. Form supports for
prestressed concrete members shall not be removed until
sufficient prestressing has been applied to enable pre-
stressed membersto carry their dead | oad and anticipated
construction loads.

1906.3 Conduitsand pipesembedded in concr ete. Conduits,
pipes and sleeves of any material not harmful to concrete and
within thelimitations of ACI 318, Section 6.3, are permitted to
be embedded in concretewith approval of theregistered design
professional .

1906.4 Construction joints. Construction joints shall comply
with the provisions of Sections 1906.4.1 through 1906.4.6.

1906.4.1 Surface cleaning. The surface of concrete con-
struction joints shall be cleaned and laitance removed.

1906.4.2 Joint treatment. Immediately before new con-
creteisplaced, construction jointsshall bewetted and stand-
ing water removed.

1906.4.3 L ocation for force transfer. Construction joints
shall be so made and located as not to impair the strength of
the structure. Provision shall be made for the transfer of
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shear and other forces through construction joints (see ACI
318, Section 11.7.9).

1906.4.4 L ocation in slabs, beamsand girder s. Construc-
tion jointsin floors shall be located within the middle third
of spans of slabs, beams and girders. Jointsin girders shall
be offset a minimum distance of two times the width of in-
tersecting beams.

1906.4.5 Vertical support. Beams, girders or slabs sup-
ported by columns or walls shall not be cast or erected until
concrete in the vertical support membersis no longer plas-
tic.

1906.4.6 Monolithic placement. Beams, girders,
haunches, drop panels and capitals shall be placed
monolithically as part of a dab system, unless otherwise
shown in the design drawings or specifications.

SECTION 1907
DETAILS OF REINFORCEMENT

1907.1 Hooks. Standard hookson reinforcing barsusedin con-
crete construction shall comply with ACI 318, Section 7.1.

1907.2 Minimum bend diameters. Minimum reinforcement
bend diameters utilized in concrete construction shall comply
with ACI 318, Section 7.2.

1907.3 Bending. The bending of reinforcement shall comply
with Sections 1907.3.1 and 1907.3.2.

1907.3.1 Cold bending. Reinforcement shall be bent cold,
unless otherwise permitted by the registered design profes-
sional.

1907.3.2 Embedded reinforcement. Reinforcement par-
tially embedded in concrete shall not befield bent, except as
shown on the construction documents or permitted by the
registered design professional .

1907.4 Surface conditions of reinforcement. The surface
conditions of reinforcement shall comply with the provisions
of Sections 1907.4.1 through 1907.4.3.

1907.4.1 Coatings. At the time concrete is placed, rein-
forcement shall be free from mud, oil or other nonmetallic
coatings that decrease bond. Epoxy coatings of stedl rein-
forcement in accordancewith ACI 318, Sections3.5.3.7 and
3.5.3.8, are permitted.

1907.4.2 Rust or mill scale. Except for prestressing steel,
steel reinforcement with rust, mill scale or acombination of
both, shall be considered satisfactory, provided the mini-
mum dimensions, including height of deformations and
weight of a hand-wire-brushed test specimen, comply with
applicable ASTM specifications (see Section 1903.5).

1907.4.3 Prestressing steel. Prestressing steel shall be
cleanand freeof ail, dirt, scale, pitting and excessiverust. A
light coating of rust is permitted.

1907.5 Placing reinfor cement. The placement of concretere-
inforcement shall comply with the provisions of Sections
1907.5.1 through 1907.5.4.
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1907.5.1 Support. Reinforcement, including tendons, and
posttensioning ducts shall be accurately placed and ade-
quately supported before concrete is placed, and shall be se-
cured against displacement within tolerances permitted in
Section 1907.5.2. Where approved by the registered design
professional, embedded items (such as dowels or inserts)
that either protrude from precast concrete members or re-
main exposed for inspection are permitted to be embedded
while the concrete is in a plastic state, provided the follow-
ing conditions are met:

1. Embedded items are not required to be hooked or tied
to reinforcement within the concrete.

2. Embedded items are maintained in the correct posi-
tion while the concrete remains plastic.

3. The concrete is properly consolidated around the em-
bedded item.

1907.5.2 Tolerances. Unless otherwise specified by the
registered design professional, reinforcement, including
tendons, and posttensioning ducts shall be placed within the
tolerances specified in Sections 1907.5.2.1 and 1907.5.2.2.

1907.5.2.1 Depth and cover. Tolerance for depth, d, and
minimum concrete cover in flexural members, walls and
compression members shall be as shown in Table
1907.5.2.1, except that tolerance for the clear distance to
formed soffits shall be minus !/, inch (6.4 mm) and toler-
ance for cover shall not exceed minus one-third the mini-
mum concrete cover required in the design drawings or
specifications.

1907.5.2.2 Bends and ends. Tolerance for longitudinal
location of bends and ends of reinforcement shall be + 2
inches (= 51 mm) except the tolerance shall be + !/, inch
(£ 12.7 mm) at the discontinuous ends of brackets and
corbels, and + 1 inch (25 mm) at the discontinuous ends
of other members. The tolerance for minimum concrete
cover of Section 1907.5.2.1 shall also apply at discontin-
uous ends of members.

TABLE 1907.5.2.1

1907.6 Spacing limits for reinforcement. The clear distance
between reinforcing bars, bundled bars, tendons and ducts shall
comply with ACI 318, Section 7.6.

1907.7 Concrete protection for reinforcement. The mini-
mum concrete cover for reinforcement shall comply with Sec-
tions 1907.7.1 through 1907.7.7.

1907.7.1 Cast-in-place concrete (nonprestressed). Mini-
mum concrete cover shall be provided for reinforcement in
nonprestressed, cast-in-place concrete construction in ac-
cordance with Table 1907.7.1, but shall not be less than re-
quired by Sections 1907.7.5 and 1907.7.7.

TABLE 1907.7.1
MINIMUM CONCRETE COVER

MINIMUM
COVER
CONCRETE EXPOSURE (inches)
1. Concrete cast against and permanently 3
exposed to earth
2. Concrete exposed to earth or weather
No. 6 through No. 18 bar 2
No. 5 bar, W31 or D31 wire, and smaller 1,
3. Concrete not exposed to weather or in contact
with ground
Slabs, walls, joists:
No. 14 and No. 18 bars 17,
No. 11 bar and smaller 3,
Beams, columns:
Primary reinforcement, ties, stirrups, spirals 1,
Shells, folded plate members:
No. 6 bar and larger 3,
No. 5 bar, W31 or D31 wire, and smaller 1,

TOLERANCES
TOLERANCE ON
MINIMUM CONCRETE
DEPTH (d) TOLERANCE ON d COVER
(inches) (inch) (inch)
d<38 + 3/, —3q
d>8 +1/, =1,

For SI: 1 inch =25.4 mm.

1907.5.3 Welded wire fabric. Welded wire fabric with wire
size not greater than W5 or D5 used in slabs not exceeding
10 feet (3048 mm) in span is permitted to be curved from a
point near the top of the slab over the support to a point near
the bottom of the slab at midspan, provided such reinforce-
ment is either continuous over, or securely anchored at sup-
port.

1907.5.4 Welding. Welding of crossing bars shall not be
permitted for assembly of reinforcement unless authorized
by the registered design professional.

396

For SI: ' 1 inch =25.4 mm.

1907.7.2 Cast-in-place concrete (prestressed). The mini-
mum concrete cover for prestressed and nonprestressed re-
inforcement, ducts and end fittings in cast-in-place
prestressed concrete shall comply with ACI 318, Section
7.7.2.

1907.7.3 Precast concrete (manufactured under plant
control conditions). The minimum concrete cover for pre-
stressed and nonprestressed reinforcement, ducts and end
fittings in precast concrete manufactured under plant con-
trol conditions shall comply with ACI 318, Section 7.7.3.

1907.7.4 Bundled bars. The minimum concrete cover for
bundled bars shall comply with ACI 318, Section 7.7.4.

1907.7.5 Corrosive environments. In corrosive environ-
ments or other severe exposure conditions, prestressed and
nonprestressed reinforcement shall be provided with addi-
tional protection in accordance with ACI 318, Section 7.7.5.

1907.7.6 Future extensions. Exposed reinforcement, in-
serts and plates intended for bonding with future extensions
shall be protected from corrosion.

1907.7.7 Fire protection. When this code requires a thick-
ness of cover for fire protection greater than the minimum
concrete cover specified in Section 1907.7, such greater
thickness shall be used.

1907.8 Special reinforcement details for columns. Offset
bent longitudinal bars in columns and load transfer in structural
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steel cores of composite compression members shall comply
with the provisions of ACI 318, Section 7.8.

1907.9 Connections. Connections between concrete framing
members shall comply with the provisions of ACI 318, Section
7.9.

1907.10 Lateral reinforcement for compression members.
Lateral reinforcement for concrete compression members shall
comply with the provisions of ACI 318, Section 7.10.

1907.11 Lateral reinforcement for flexural members. Lat-
eral reinforcement for compression reinforcement in concrete
flexural members shall comply with the provisions of ACI318,
Section 7.11.

1907.12 Shrinkage and temperature reinforcement. Rein-
forcement for shrinkage and temperature stresses in concrete
members shall comply with the provisions of ACI 318, Section
7.12.

1907.13 Requirements for structural integrity. The detailing
of reinforcement and connections between concrete members
shall comply with the provisions of ACI 318, Section 7.13, to
improve structural integrity.

SECTION 1908
MODIFICATIONS TO ACI 318

1908.1 General. The text of ACI 318 shall be modified as indi-
cated in Sections 1908.1.1 through 1908.1.7.

1908.1.1 ACI 318, Section 21.1. Modify existing defini-
tions and add the following definitions to ACI 318, Section
21.1.

DESIGN DISPLACEMENT. Total lateral displacement
expected for the design-basis earthquake, as specified by
Section 9.5.5.7 of ASCE 7 or 1617.5.4 of the International
Building Code.

STORY DRIFT RATIO. The design displacement over a
story divided by the story height.

WALL PIER. A wall segment with a horizontal
length-to-thickness ratio of at least 2.5, but not exceeding six,
whose clear height is at least two times its horizontal length.

1908.1.2 ACI 318, Section 21.2.1. Modify Sections
21.2.1.2,21.2.1.3 and 21.2.1.4 to read as follows:

21.2.1.2 For structures assigned to Seismic Design Cate-
gory A or B, provisions of Chapters 1 through 18 and 22
shall apply except as modified by the provisions of this
chapter. Where the seismic design loads are computed
using provisions for intermediate or special concrete sys-
tems, the requirements of Chapter 21 for intermediate or
special systems, as applicable, shall be satisfied.

21.2.1.3 For structures assigned to Seismic Design Cate-
gory C, intermediate or special moment frames, or ordi-
nary or special reinforced concrete structural walls shall
be used to resist seismic forces induced by earthquake
motions. Where the design seismic loads are computed
using provisions for special concrete systems, the re-
quirements of Chapter 21 for special systems, as applica-
ble, shall be satisfied.
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21.2.1.4 For structures assigned to Seismic Design Cate-
gory D, E or F, special moment frames, special rein-
forced concrete structural walls, diaphragms and trusses
and foundations complying with Sections 21.2 through
21.10 shall be used to resist forces induced by earthquake
motions. Frame members not proportioned to resist
earthquake forces shall comply with Section 21.11.

1908.1.3 ACI 318, Section 21.2.5. Modify ACI 318, Section
21.2.5, by renumbering as Section 21.2.5.1 and adding new
Sections 21.2.5.2, 21.2.5.3 and 21.2.5.4 to read as follows:

21.2.5 Reinforcement in members resisting earth-
quake-induced forces.

21.2.5.1 Except as permitted in Sections 21.2.5.2 through
21.2.5.4, reinforcement resisting earthquake-induced
flexural and axial forces in frame members and in struc-
tural wall boundary elements shall comply with ASTM A
706. ASTM 615, Grades 40 and 60 reinforcement, shall be
permitted in these members if (a) the actual yield strength
based on mill tests does not exceed the specified yield
strength by more than 18,000 psi (retests shall not exceed
this value by more than an additional 3,000 psi), and (b)
the ratio of the actual ultimate tensile strength to the actual
tensile yield strength is not less than 1.25.

21.2.5.2 Prestressing steel shall be permitted in flexural
members of frames, provided the average prestress, f,,
calculated for an area equal to the member’s shortest
cross-sectional dimension multiplied by the perpendicu-
lar dimension shall be the lesser of 700 psi (4.83 MPa) or
f’./6 at locations of nonlinear action where prestressing
steel is used in members of frames.

21.2.5.3 Unless the seismic-force-resisting frame is
qualified for use through structural testing as required by
the ACI T1.1, for members in which prestressing steel is
used together with mild reinforcement to resist earth-
quake-induced forces, prestressing steel shall not pro-
vide more than one-quarter of the strength for either
positive or negative moments at the nonlinear action lo-
cation and shall be anchored at the exterior face of the
Jjoint or beyond.

21.2.5.4 Anchorages for tendons must be demonstrated
to perform satisfactorily for seismic loadings. Anchor-
age assemblies shall withstand, without failure, a mini-
mum of 50 cycles of loading ranging between 40 and 85
percent of the minimum specified tensile strength of the
prestressing steel.

1908.1.4 ACI 318, Section 21.7. Modify ACI 318, Section
21.7, by adding a new Section 21.7.10 to read as follows:

21.7.10 Wall piers and wall segments.

21.7.10.1 Wall piers not designed as a part of a special
moment frame shall have transverse reinforcement de-
signed to satisfy the requirements in Section 21.7.10.2.

Exceptions:

1. Wall piers that satisfy Section 21.11.

2. Wall piers along awall line within a story where
other shear wall segments provide lateral sup-
port to the wall piers, and such segments have a
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total stiffness of at least six times the sum of the
stiffness of all the wall piers.

21.7.10.2 Transversereinforcement shall be designed to
resist the shear forcesdeter mined from Sections 21.3.4.2
and 21.4.5.1. Wherethe axial compressiveforce, includ-
ing earthquake effects, islessthan A, f ¢ /20, transverse
reinforcement inwall piersispermitted to have standard
hooks at each endin lieu of hoops. Spacing of transverse
reinforcement shall not exceed 6inches (152 mm). Trans-
verse reinforcement shall be extended beyond the pier
clear height for at least the development length of the
largest longitudinal reinforcement in the wall pier.

21.7.10.3 Wall segments with a horizontal
length-to-thicknessratio less than 2.5 shall be designed
as columns.

1908.1.5 ACI 318, Section 21.10.1.1. Modify ACI 318,
Section 21.10.1.1, to read as follows:

21.10.1.1 Foundations resisting earthquake-induced
forces or transferring earthquake-induced forces be-
tween a structure and the ground shall comply with the
requirements of Section 21.10 and other applicable pro-
visions of ACI 318 unless modified by Chapter 18 of the
International Building Code.

1908.1.6 ACI 318, Section 21.11. Modify ACI Sections
21.11.1 and 21.11.2.2 and add Sections 21.11.5 through
21.11.7 asfollows:

21.11.1 Framemembersassumed not to contributetolat-
eral resistance shall be detailed according to Section
21.11.2 or 21.11.3 depending on the magnitude of mo-
ments induced in those members when subjected to the
design displacement. If effects of design displacements
are not explicitly checked, it shall be permitted to apply
the requirements of Section 21.11.3. Sab-column con-
nections shall comply with Sections 21.11.5 through
21.11.7. Conformance to Section 21.11 satisfies the de-
formation compatibility requirements of Section
9.5.2.2.4.3 of ASCE 7.

21.11.2.2 Memberswith factored gravity axial forcesex-
ceeding (A, f ¢ /10) shall satisfy Sections 21.4.3,
21.4.4.1(c), 21.4.4.3 and 21.4.5. The maximum longitu-
dinal spacing of ties shall be, s, for the full column
height. Thespacing, s,, shall not be morethan six diame-
tersof the smallest longitudinal bar enclosed or 6 inches
(152 mm), whichever issmaller. Lap splices of longitudi-
nal reinforcement in such members need not satisfy Sec-
tion 21.4.3.2 in structures where the seismic-
force-resisting system does not include special moment
frames.

21.11.5 Reinforcement to resist punching shear shall be
provided in accordance with Sections 21.11.5.1 and
21.11.5.2 at slab column connections where story drift
ratio exceeds [0.035 — 0.05 (V, /f V)] except that Sec-
tions21.11.4.1 and 21.11.4.2 need not be satisfied where
V, /f V. islessthan 0.2 or wherethestory driftratioisless
than 0.005. V,, equals the factored punching shear from
gravity load excluding shear stressfromunbalanced mo-
ment. V, is calculated for the load combination 1.2D +
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1.0L + 0.2S Theload factor on L is permitted to be re-
duced to 0.5 in accordance with Section 9.2.1(a). In no
case shall shear reinforcement belessthan that required
in Section 11.12 for loads without consideration of seis-
mic effects.

21.11.5.1 —The dab shear reinforcement shall provide
V; not less than 3.5,/ f¢.

21.11.5.2 — Sab shear reinforcement shall extend not
|essthan fivetimesthe slab thicknessfromtheface of col-
umn.

21.11.6 — Bottom bars or wires within the column strip
shall conformto Section 13.3.8.5 except that splicesshall
be Class B.

21.11.7 —Within the effective slab width defined in Sec-
tion 13.5.3.2, the ratio of nonprestressed bottom rein-
forcement to gross concrete area shall not be less than
0.004. Wher e bottom reinforcement is not required to be
continuous, such reinforcement shall extend a minimum
of five times the dlab thickness plus one development
length beyond the face of the column or terminated at the
slab edge with a standard hook.

1908.1.7 ACI 318, Section 21.13.2. Modify ACI 318, Sec-
tion 21.13.2, to read as follows:

21.13.2 In connections between wall panels, or between
wall panels and the foundation, yielding shall be re-
stricted to reinforcement.

SECTION 1909
STRUCTURAL PLAIN CONCRETE

1909.1 Scope. The design and construction of structural plain
concrete, both cast-in-place and precast, shall comply with the
minimum requirements of Section 1909 and ACI 318, Chapter
22,

1909.1.1 Special structures. For special structures, such as
arches, underground utility structures, gravity walls and
shielding walls, the provisions of this section shall govern
where applicable.

1909.2 Limitations. The use of structural plain concrete shall
be limited to:

1. Membersthat are continuously supported by soil, such as
wallsand footings, or by other structural members capa-
ble of providing continuous vertical support.

2. Members for which arch action provides compression
under all conditions of loading.

3. Wallsand pedestals.

The use of structural plain concrete columns and structural
plain concrete footings on piles is not permitted. See Section
1910 for additional limitations on the use of structural plain
concrete.

1909.3 Jaints. Contraction or isolation joints shall be provided
to divide structural plain concrete membersinto flexuraly dis-
continuouselementsin accordancewith ACI 318, Section 22.3.
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1909.4 Design. Structural plain concrete walls, footings and
pedestal sshall be designed for adequate strength in accordance
with ACI 318, Sections 22.4 through 22.8.

Exception: For Group R-3 as applicable in Section 101.2
occupancies and buildings of other occupancies less than
two stories in height of light-frame construction, the re-
quired edgethickness of ACI 318ispermitted to bereduced
to 6inches (152 mm), provided that the footing does not ex-
tend more than 4 inches (102 mm) on either side of the sup-
ported wall.

1909.5 Precast member s. The design, fabrication, transporta-
tion and erection of precast, structural plain concrete elements
shall be in accordance with ACI 318, Section 22.9.

1909.6 Walls. In addition to the requirements of this section,
structural plain concretewalls shall comply withthe applicable
regquirements of ACI 318, Chapter 22.

1909.6.1 Basement walls. The thickness of exterior base-
ment walls and foundation walls shall be not less than 7Y/,
inches (191 mm). Structural plain concrete exterior base-
ment walls shall be exempt from the requirements for spe-
cial exposure conditions of Section 1904.2.2.

1909.6.2 Other walls. Except as provided for in Section
1909.6.1, the thickness of bearing walls shall be not less
than 1/,, the unsupported height or length, whichever is
shorter, but not less than 5%, inches (140 mm).

1909.6.3 Openingsin walls. Not less than two No. 5 bars
shall be provided around window and door openings. Such
bars shall extend at least 24 inches (610 mm) beyond the
corners of openings.

SECTION 1910
SEISMIC DESIGN PROVISIONS

1910.1 General. Thedesign and construction of concrete com-
ponentsthat resist seismic forces shall conform to the require-
ments of this section and to ACl 318 except as modified by
Section 1908.

1910.2 Classification of shear walls. Structural concrete shear
wallsthat resist seismicforcesshall beclassified in accordance
with Sections 1910.2.1 through 1910.2.4.

1910.2.1 Ordinary plain concrete shear walls. Ordinary
plain concrete shear walls are walls conforming to the re-
quirements of Chapter 22 of ACI 318.

1910.2.2 Detailed plain concrete shear walls. Detailed
plain concrete shear walls are walls conforming to the re-
quirementsfor ordinary plain concrete shear wallsand shall
have reinforcement as follows: Vertical reinforcement of at
least 0.20 square inch (129 mm?) in cross-sectional area
shall be provided continuously from support to support at
each corner, at each side of each opening and at the ends of
walls. The continuous vertical bar required beside an open-
ing ispermitted to substitutefor one of thetwo No. 5barsre-
quired by Section 22.6.6.5 of ACI 318. Horizontal
reinforcement at least 0.20 square inch (129 mm?) in
cross-sectional area shall be provided:
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1. Continuously at structurally connected roof and floor
levels and at the top of walls;

2. At the bottom of load-bearing walls or in the top of
foundations where doweled to the wall; and

3. At amaximum spacing of 120 inches (3048 mm).

Reinforcement at the top and bottom of openings, where
used in determining the maximum spacing specified in ltem
3 above, shall be continuousin the wall.

1910.2.3Ordinary reinfor ced concr eteshear walls. Ordi-
nary reinforced concrete shear walls are walls conforming
to therequirements of ACI 318 for ordinary reinforced con-
crete structural walls.

1910.2.4 Special reinfor ced concr ete shear walls. Special
reinforced concrete shear walls are walls conforming to the
requirements of ACI 318 for special reinforced concrete
structural walls or special precast structural walls.

1910.3 Seismic Design Category B. Structures assigned to
Seismic Design Category B, as determined in Section 1616,
shall conformto therequirementsfor Seismic Design Category
A and to the additional requirementsfor Seismic Design Cate-
gory B of this section.

1910.3.1 Ordinary moment frames. In flexural members
of ordinary moment frames forming part of the seis
mic-force-resisting system, at least two main flexural rein-
forcing bars shall be provided continuously top and bottom
throughout the beams, through or devel oped within exterior
columns or boundary elements.

Columns of ordinary moment frames having a clear
height-to-maximum-plan-dimension ratio of five or less
shall be designed for shear in accordance with Section
21.12.3 of ACI 318.

1910.4 Seismic Design Category C. Structures assigned to
Seismic Design Category C, as determined in Section 1616,
shall conformto therequirementsfor Seismic Design Category
B and to the additional requirementsfor Seismic Design Cate-
gory C of this section.

1910.4.1 Seismic-for ce-resisting systems. Moment frames
used to resist seismic forces shall be intermediate moment
frames or special moment frames. Shear wallsused toresist
seismic forces shall be ordinary reinforced concrete shear
walls or special reinforced concrete shear walls. Ordinary
reinforced concrete shear walls constructed of precast con-
crete elements shall comply with the additional require-
ments of Section 21.13 of ACI 318 for intermediate precast
concrete structural walls, asmodified by Section 1908.1.9.

1910.4.2 Discontinuous members. Columns supporting
reactions from discontinuous stiff members, such aswalls,
shall be designed for the special load combinationsin Sec-
tion 1605.4 and shall be provided with transversereinforce-
ment at the spacing, s, as defined in Section 21.12.5.2 of
ACI 318 over their full height beneath thelevel at which the
discontinuity occurs. Thistransversereinforcement shall be
extended above and bel ow the column asrequiredin Section
21.4.4.5 of ACI 318.

1910.4.3 Plain concrete. Structural plain concrete mem-
bers in structures assigned to Seismic Design Category C
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shall conform to ACI 318 and with Sections 1910.4.3.1
through 1910.4.3.3.

1910.4.3.1 Walls. Structural plain concrete walls are not
permitted in structures assigned to Seismic Design Cate-
gory C.
Exception: Structural plain concrete basement, foun-
dation or other walls below the base are permitted in
detached one- and two-family dwellings constructed
with stud-bearing walls. Such walls shall have rein-

forcement in accordance with Section 22.6.6.5 of ACI
318.

1910.4.3.2 Footings. Isolated footings of plain concrete
supporting pedestals or columns are permitted provided
the projection of the footing beyond the face of the sup-
ported member does not exceed the footing thickness.

Exception: In detached one- and two-family dwell-
ings three stories or less in height, the projection of the
footing beyond the face of the supported member is
permitted to exceed the footing thickness.

Plain concrete footings supporting walls shall be pro-
vided with not less than two continuous longitudinal rein-
forcing bars. Bars shall not be smaller than No. 4 and shall
have a total area of not less than 0.002 times the gross
cross-sectional area of the footing. For footings which ex-
ceed 8 inches (203 mm) in thickness, a minimum of one
bar shall be provided at the top and bottom of the footing.
For foundation systems consisting of a plain concrete
footing and a plain concrete stemwall, a minimum of one
bar shall be provided at the top of the stemwall and at the
bottom of the footing. Continuity of reinforcement shall
be provided at corners and intersections.

Exceptions:

1. In detached one- and two-family dwellings
three stories or less in height and constructed
with stud-bearing walls, plain concrete footings
supporting walls are permitted without longitu-
dinal reinforcement.

2. Where a slab-on-ground is cast monolithically
with the footing, one No. 5 bar is permitted to be
located at either the top or bottom of the footing.

1910.4.3.3 Pedestals. Plain concrete pedestals shall not
be used to resist lateral seismic forces.

1910.5 Seismic Design Category D, E or F. Structures as-
signed to Seismic Design Category D, E or F, as determined in
Section 1616, shall conform to the requirements for Seismic
Design Category C and to the additional requirements of this
section.

1910.5.1 Seismic-force-resisting systems. Moment frames
used to resist seismic forces shall be special moment frames.
Shear walls used to resist seismic forces shall be special re-
inforced concrete shear walls.

1910.5.2 Frame members not proportioned to resist
forces induced by earthquake motions. Frame compo-
nents assumed not to contribute to lateral force resistance
shall conform to ACI 318, Section 21.11, as modified by
Section 1908.1.6 of this chapter.
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SECTION 1911
MINIMUM SLAB PROVISIONS

1911.1 General. The thickness of concrete floor slabs sup-
ported directly on the ground shall not be less than 3/, inches
(89 mm). A 6-mil (0.006 inch; 0.15 mm) polyethylene vapor re-
tarder with joints lapped not less than 6 inches (152 mm) shall
be placed between the base course or subgrade and the concrete
floor slab, or other approved equivalent methods or materials
shall be used to retard vapor transmission through the floor
slab.

Exception: A vapor retarder is not required:

1. For detached structures accessory to occupancies in
Group R-3 as applicable in Section 101.2, such as ga-
rages, utility buildings or other unheated facilities.

2. For unheated storage rooms having an area of less
than 70 square feet (6.5 m?) and carports attached to
occupancies in Group R-3 as applicable in Section
101.2.

3. For buildings of other occupancies where migration
of moisture through the slab from below will not be
detrimental to the intended occupancy of the building.

4. Fordriveways, walks, patios and other flatwork which
will not be enclosed at a later date.

5. Where approved based on local site conditions.

SECTION 1912
ANCHORAGE TO CONCRETE—
ALLOWABLE STRESS DESIGN

1912.1 Scope. The provisions of this section shall govern the
allowable stress design of headed bolts and headed stud an-
chors cast in normal-weight concrete for purposes of transmit-
ting structural loads from one connected element to the other.
These provisions do not apply to anchors installed in hardened
concrete or where load combinations include earthquake loads
or effects. The bearing area of headed anchors shall be not less
than one and one-half times the shank area. Where strength de-
sign is used, or where load combinations include earthquake
loads or effects, the design strength of anchors shall be deter-
mined in accordance with Section 1913. Bolts shall conform to
ASTM A 307 or an approved equivalent.

1912.2 Allowable service load. The allowable service load for
headed anchors in shear or tension shall be as indicated in Table
1912.2. Where anchors are subject to combined shear and ten-
sion, the following relationship shall be satisfied:

(P,/P,)PR+(V IV, )BR<1 (Equation 19-1)

where:

Py = Applied tension service load, pounds (newtons).

P; = Allowable tension service load from Table 1912.2,
pounds (newtons).

Vs = Applied shear service load, pounds (newtons).

V: = Allowable shear service load from Table 1912.2,

pounds (newtons).
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TABLE 1912.2
ALLOWABLE SERVICE LOAD ON EMBEDDED BOLTS (pounds)

MINIMUM CONCRETE STRENGTH (psi)
BOLT MINIMUM EDGE f ¢ =2,500 f ¢ = 3,000 f ¢ = 4,000
DIAMETER | EMBEDMENT | DISTANCE SPACING

(inches) (inches) (inches) (inches) Tension Shear Tension Shear Tension Shear

Y, 2Y, 1Y, 3 200 500 200 500 200 500
¥, 3 2Y, 41, 500 1,100 500 1,100 500 1,100
y 4 3 6 950 1,250 950 1,250 950 1,250
2 4 5 5 1,450 1,600 1,500 1,650 1,550 1,750
5/ 4y, 3, 7, 1,500 2,750 1,500 2,750 1,500 2,750
8 44, 6Y, 74, 2,125 2,950 2,200 3,000 2,400 3,050
3 5 41, 9 2,250 3,250 2,250 3,560 2,250 3,560
4 5 7, 9 2,825 4,275 2,950 4,300 3,200 4,400
A 6 5Y, 10Y, 2,550 3,700 2,550 4,050 2,550 4,050
1 7 6 12 3,050 4,125 3,250 4,500 3,650 5,300
1Y, 8 6%, 13Y, 3,400 4,750 3,400 4,750 3,400 4,750
1Y, 9 7, 15 4,000 5,800 4,000 5,800 4,000 5,800

For SI: 1 inch =25.4 mm, 1 pound per square inch = 0.00689 MPa, 1 pound = 4.45 N.

1912.3 Required edge distance and spacing. The allowable
serviceloadsin tension and shear specified in Table 1912.2 are
for the edge distance and spacing specified. The edge distance
and spacing are permitted to bereduced to 50 percent of theval -
ues specified with an equal reductionin allowabl e serviceload.
Where edge distance and spacing are reduced |ess than 50 per-
cent, the allowable service load shall be determined by linear
interpol ation.

1912.4 Increase in allowable load. Increase of the valuesin
Table 1912.2 by one-third is permitted where the provisions of
Section 1605.3.2 permit an increase in alowable stress for
wind loading.

1912.51ncreasefor special inspection. Where special inspec-
tionisprovided for theinstall ation of anchors, a100-percentin-
crease in the alowable tension values of Table 1912.2 is
permitted. No increase in shear value is permitted.

SECTION 1913
ANCHORAGE TO CONCRETE—
STRENGTH DESIGN

1913.1 Scope. The provisions of this section shall govern the
strength design of anchorsinstalled in concrete for purposes of
transmitting structural loadsfrom one connected el ement to the
other. Headed bolts, headed studs and hooked (J- or L-) bolts
cast in concrete and expansion anchors and undercut anchors
installed in hardened concrete shall be designed in accordance
with Appendix D of ACI 318, provided they are within the
scope of Appendix D.

Exception: Where the basic concrete breakout strength in
tension of asingle anchor, N,, is determined in accordance
with Equation (D-7), theconcrete breakout strength require-
mentsof Section D.4.2.2 shall be considered satisfied by the
design procedures of Sections D.5.2 and D.6.2 for anchors
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exceeding 2 inches (51 mm) in diameter or 25 inches (635
mm) tensile embedment depth.

The strength design of anchorsthat are not within the scope
of Appendix D of ACI 318, and as amended above, shall bein
accordance with an approved procedure.

SECTION 1914
SHOTCRETE

1914.1 General. Shotcrete is mortar or concrete that is pneu-
matically projected at high velocity onto a surface. Except as
specifiedin thissection, shotcrete shall conformto therequire-
ments of this chapter for plain or reinforced concrete.

1914.2 Proportions and materials. Shotcrete proportions
shall be selected that allow suitable placement procedures us-
ing the delivery equipment selected and shall result in finished
in-place hardened shotcrete meeting the strength requirements
of this code.

1914.3 Aggr egate. Coarse aggregate, if used, shall not exceed
3/,inch (19.1 mm).

1914.4 Reinfor cement. Reinforcement used in shotcrete con-
struction shall comply with theprovisionsof Sections1914.4.1
through 1914.4.4.

1914.4.1 Size. The maximum size of reinforcement shall be
No. 5barsunlessitisdemonstrated by preconstruction tests
that adequate encasement of larger bars will be achieved.

1914.4.2 Clearance. When No. 5 or smaller bars are used,
there shall be a minimum clearance between parallel rein-
forcement bars of 2!/, inches (64 mm). When bars larger
than No. 5 are permitted, there shall be a minimum clear-
ance between parallel bars equal to six diametersof thebars
used. When two curtains of steel are provided, the curtain
nearer the nozzle shall have aminimum spacing equal to 12
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bar diameters and the remaining curtain shall have a mini-
mum spacing of six bar diameters.

Exception: Subject to the approval of the building offi-
cial, required clearances shall be reduced where it is
demonstrated by preconstruction tests that adequate en-
casement of thebarsusedinthedesignwill beachieved.

1914.4.3 Splices. Lap splices of reinforcing bars shall uti-
lizethenoncontact lap splicemethod with aminimum clear-
ance of 2 inches (51 mm) between bars. The use of contact
lap splices necessary for support of the reinforcing is per-
mitted when approved by the building official, based on sat-
isfactory preconstruction tests that show that adequate
encasement of the bars will be achieved, and provided that
the spliceisoriented so that aplanethrough the center of the
spliced barsis perpendicular to the surface of the shotcrete.

1914.4.4 Spirally tied columns. Shotcrete shall not be ap-
plied to spirally tied columns.

1914.5 Preconstruction tests. When required by the building
official, atest panel shall be shot, cured, cored or sawn, exam-
ined and tested prior to commencement of the project. The
sample panel shall berepresentative of the project and simulate
job conditions as closely as possible. The panel thickness and
reinforcing shall reproduce the thickest and most congested
area specified in the structural design. It shall be shot at the
same angle, using the same nozzleman and with the same con-
crete mix design that will be used on the project. The equip-
ment used in preconstruction testing shall be the same
equipment used in the work requiring such testing, unless sub-
stitute equipment is approved by the building official.

1914.6 Rebound. Any rebound or accumulated loose aggre-
gate shall be removed from the surfaces to be covered prior to
placing the initial or any succeeding layers of shotcrete. Re-
bound shall not be used as aggregate.

1914.7 Joints. Except where permitted herein, unfinished
work shall not beallowed to stand for morethan 30 minutesun-
lessedgesare sloped to athin edge. For structural elementsthat
will beunder compression and for constructionjointsshown on
the approved construction documents, squarejointsare permit-
ted. Before placing additional material adjacent to previously
applied work, sloping and square edges shall be cleaned and
wetted.

1914.8 Damage. In-place shotcrete that exhibits sags, sloughs,
segregation, honeycombing, sand pockets or other obviousde-
fects shall be removed and replaced. Shotcrete above sags and
sloughs shall be removed and replaced while still plastic.

1914.9 Curing. During the curing periods specified herein,
shotcrete shall be maintained above 40°F (4°C) and in moist
condition.

1914.9.1 Initial curing. Shotcrete shall be kept continu-
ously moist for 24 hours after shotcreting is complete or
shall be sealed with an approved curing compound.

1914.9.2 Final curing. Final curing shall continuefor seven
days after shotcreting, or for three days if high-
early-strength cement isused, or until the specified strength
is obtained. Final curing shall consist of the initial curing
process or the shotcrete shall be covered with an approved
moi sture-retaining cover.
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1914.9.3 Natural curing. Natural curing shall not be used
inlieu of that specified in this section unlesstherelative hu-
midity remains at or above 85 percent, and is authorized by
the registered design professional and approved by the
building official.

1914.10 Strength tests. Strength tests for shotcrete shall be
made by an approved agency on specimensthat are representa-
tive of the work and which have been water soaked for at |east
24 hoursprior to testing. When the maximum-size aggregateis
larger than ®/ginch (9.5 mm), specimensshall consist of not less
than three 3-inch-diameter (76 mm) cores or 3-inch (76 mm)
cubes. When the maximum-size aggregate is 3/ inch (9.5 mm)
or smaller, specimens shall consist of not less than 2-inch-di-
ameter (51 mm) cores or 2-inch (51 mm) cubes.

1914.10.1 Sampling. Specimens shall be taken from the
in-placework or from test panels, and shall betaken at |east
once each shift, but not lessthan onefor each 50 cubic yards
(38.2 md) of shotcrete.

1914.10.2 Panel criteria. When the maximum-size aggre-
gateislarger than®/ginch (9.5 mm), thetest panelsshall have
minimum dimensionsof 18inchesby 18 inches (457 mm by
457 mm). When the maximum size aggregateis®/yinch (9.5
mm) or smaller, the test panels shall have minimum dimen-
sions of 12 inches by 12 inches (305 mm by 305 mm).
Panels shall be shot in the same position asthework, during
the course of thework and by the nozzlemen doing thework.
Theconditionsunder which the panelsare cured shall bethe
same as the work.

1914.10.3 Acceptance criteria. The average compressive
strength of threecoresfromthein-placework or asingletest
panel shall equal or exceed 0.85f ¢ with no single core less
than 0.75 f ¢. The average compressive strength of three
cubes taken from the in-place work or a single test panel
shall equal or exceed f ¢ with no individua cube less than
0.88f ¢. To check accuracy, locations represented by erratic
core or cube strengths shall be retested.

SECTION 1915
REINFORCED GYPSUM CONCRETE

1915.1 General. Reinforced gypsum concrete shall comply
with the requirements of ASTM C 317 and ASTM C 956.

1915.2 Minimum thickness. The minimum thickness of rein-
forced gypsum concrete shall be 2 inches (51 mm) except the
minimum required thickness shall bereduced to 1Y/, inches (38
mm), provided the following conditions are satisfied:

1. The overall thickness, including the formboard, is not
less than 2 inches (51 mm).

2. Theclear span of the gypsum concrete between supports
does not exceed 33 inches (838 mm).

3. Diaphragm action is not required.

4. The design live load does not exceed 40 pounds per
square foot (psf) (1915 Pa).
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SECTION 1916
CONCRETE-FILLED PIPE COLUMNS

1916.1 General. Concrete-filled pipe columns shall be manu-
factured from standard, extra-strong or double-extra-strong
steel pipe or tubing that is filled with concrete so placed and
mani pul ated asto secure maximum density and to ensure com-
plete filling of the pipe without voids.

1916.2 Design. The saf e supporting capacity of concrete-filled
pipe columns shall be computed in accordance with the ap-
proved rules or as determined by atest.

1916.3 Connections. Caps, base plates and connections shall
be of approved types and shall be positively attached to the
shell and anchored to the concrete core. Welding of brackets
without mechanical anchorage shall be prohibited. Where the
pipeis slotted to accommodate webs of brackets or other con-
nections, the integrity of the shell shall be restored by welding
to ensure hooping action of the composite section.

1916.4 Reinforcement. To increase the safe load-supporting
capacity of concrete-filled pipe columns, the steel reinforce-
ment shall bein the form of rods, structural shapes or pipe em-
bedded in the concrete core with sufficient clearance to ensure
the composite action of the section, but not nearer than 1 inch
(25 mm) to the exterior steel shell. Structural shapesused asre-
inforcement shall be milled to ensure bearing on cap and base
plates.

1916.5 Fire-resistance-rating protection. Pipe columns shall
beof such sizeor so protected asto develop therequired fire-re-
sistance ratings specified in Table 601. Where an outer steel
shell is used to enclose the fire-resistant covering, the shell
shall not beincluded in the calculations for strength of the col-
umn section. The minimum diameter of pipecolumnsshall be4
inches (102 mm) except that in structures of TypeV construc-
tion not exceeding three stories or 40 feet (12 192 mm) in
height, pipe columns used in the basement and as secondary
steel members shall have a minimum diameter of 3 inches (76
mm).

1916.6 Approvals. Details of column connections and splices
shall be shop fabricated by approved methods and shall be ap-
proved only after tests in accordance with the approved rules.
Shop-fabricated concrete-filled pipe columns shall be in-
spected by the building official or by an approved representa-
tive of the manufacturer at the plant.
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