ACTION: Final DATE: 05/26/2017 2:17 PM

4101:1-19-01 Concrete.

[Comment:. When a reference is made within this rule to a federal statutory
provision, an_industry consensus standard, or any other technical publication, the
specific date and title of the publication as well as the name and address of the
promulgating agency are listed in rule 4101:1-35-01 of the Administrative Code.
The application of the referenced standards shall be limited and as prescribed in
section 102.5 of rule 4101:1-1-01 of the Administrative Code.]

Bold italics are used for text within Sections 1903 through 1908 of this code to
indicate provisions that differ from ACI 318.

SECTION 1901
GENERAL

1901.1 Scope. The provisions of this chapterahgovern the mat&ls, quality
control, design and construction@dncrete used in structures.

1901.2 Plain and reinforced concrete. Structural concrete shall be designed and
constructed in accordancdtiwthe requirements of i chapter and ACI 318 as
amended in Section 1905 of this codecépt for the provisions of Sections 1904
and 1907, the design and construction abslon grade shall not be governed by
this chapter unless they transmit verticads or lateral forces from other parts of
the structure to the soil.

1901.3 Anchoring to concrete. Anchoring to concreteshall be in accordance
with ACI 318 as amended in Section 19@Bd applies to cast-in (headed bolts,
headed studs and hooked J- or L-Boltpost-installed expansion (torque-
controlled and displacemecontrolled), undercut and adhesive anchors.

1901.4 Composite structural steel and concrete structures. Systems of
structural steel acting compositely withnferced concrete shall be designed in
accordance with Section 2206 of this code.

1901.5 Construction documents. The construction _documents for_structural
concrete constraion shall include:
1. The specified compressive strength of gete at the stated ages or stages
of construction for which each concrete element is designed.
2. The specified strength or grade of reinforcement.
3. The size and location of structural elements, reinforcement and anchors.
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4. Provision for dimensional changessulting from cree, shrinkage and
temperature.

5. The magnitude and location of prestressing forces.

6. Anchorage length of reinforcememtdalocation and length of lap splices.

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

8. Details and location ofamtraction or isolation jots specified for plain
concrete.

9. Minimum concrete compressiveength at time of posttensioning.

10. Stressing sequence for posttensioning tendons.

11.For structures assigned to Seismic QegCategory D, E or F, a statement

if slab on grade is designed as a structural diaphragm.

1901.6 Special inspections and tests. Special inspectionsnd tests of concrete
elements of buildings and structuresd concreting operations shall be as
required by Chapter 17.

SECTION 1902
DEFINITIONS

1902.1 General. The words and terms defined ACI 318 shall, for the purposes
of this chapter and as used elsewhere in this code for concrete construction, have
the meanings shown in ACI 318 as modified by Section 1905.1.1.

SECTION 1903
SPECIFICATIONSFOR TESTSAND MATERIALS

1903.1 General. Materials used to produce conergeconcrete itself and testing
thereof shall comply with the applicable standards listed in ACI 318.
Exception_The following standards as referenced in_Chapter 35 shall be
permitted to be used.
1. ASTM C 150
2.ASTM C 595
3.ASTM C 1157

1903.2 Special inspections. Where required, special inspections and tests shall
be in accordance with Chapter 17.

1903.3 Glass fiber-reinforced concrete. Glass fiber-reinforced concrete
(GFRC) and the materials used in suatbncrete shall be in accordance with
the PCI MNL 128 standard.
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1903.4 Flat wall insulating concrete form (ICF) systems. Insulating concrete
form material used for forming flat cocrete walls shall conform to ASTM E
2634.

SECTION 1904
DURABILITY REQUIREMENTS

1904.1 Structural concrete. Structural concrete shall conform to the durability
requirements of ACI 318.
Exception: For Group R-2 and R-3 occupancies not more than three stories
above grade plane, the specified compressive strengthfdi concrete in
basement walls, foundation walls, exteriwalls and other vertical surfaces
exposed to the weather shall bet less than 3,000 psi (20.7 MPa).

1904.2 Nonstructural concrete. The reqistered design pfessional shall assign
nonstructural concrete a freeze-thawxgosure class, as fieed in ACI 318,
based on the anticipated exposure of nonstructural concrete. Nonstructural
concrete shall have a minimum specified compressive strengthpf’ 2,500 psi
(17.2 MPa) for Class FO; 3,000 psi (20.7 MPfor Class F1; and 3,500 psi (24.1
MPa) for Classes F2 and F3. Nonstructur&@oncrete shall be air entrained in
accordance with ACI 318.

SECTION 1905
MODIEICATIONSTO ACI 318

1905.1 General. The text of ACI 318 shll be modified asndicated in Sections
1905.1.1 through 1905.1.8.

1905.1.1 ACI 318, Section 2.3. Modify existing defiitions and add the
following definitions to ACI 318, Section 2.3.

DESIGN DISPLACEMENT. Total lateral displacement expected for the
design-basis earthqualas specified by Section 12.8.6 of ASCE 7.
DETAILED PLAIN CONCRETE STRUCTURAL WALL. A wall
complying with the requirementd Chapter 14, including 14.6.2.

ORDINARY PRECAST STRUCTURAL WALL. A precast wall
complying with the requirements @hapters 1 through 13, 15, 16 and 19
through 26.

ORDINARY REINFORCED CONCRETE STRUCTURAL WALL. A
cast-in-placewall complying with the requirenmés of Chapters 1 through 13,
15, 16 and 19 through 26.

ORDINARY STRUCTURAL PLAIN CONCRETE WALL. A wall
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complying with the requirements of Chapter é4¢luding 14.6.2

SPECIAL STRUCTURAL WALL. A cast-in-place or precast wall
complying with the requirements 18.2.4 through 18.2.88.10 and 18.11, as
applicable, in addition to the requiremtg for ordinary reinforced concrete
structural wallsor ordinary precast structuralwalls, as applicable. Where

ASCE 7 refers to a “speciakinforced concrete structural wall,” it shall be

deemed to mean a “spal structural wall.”

1905.1.2 ACI 318, Section 18.2.1. Modify ACI 318 Sections 18.2.1.2 and
18.2.1.6 to read as follows:

18.2.1.2 — Structures assigned $zismic Design Category ghall satisfy
requirements of Chapters 1 through 17 and 19 throughCRépter 18
does not applyStructures assigned feismic Design Categorg, C, D,
E or F also shall satisf¢8.2.1.3 through 18.2.1.7, as applicalid&cept
for structural elements of plainconcrete complying with Section
1905.1.7 of thebuilding code structural elements of plain_concrete are
prohibited in structures assigned to Seismic Design Cateqgory C, D, E or
F.
18.2.1.6 — Structural systems designasedpart of the seismic force-
resisting system shall be restricted to thpeemitted by ASCE .7Except
for Seismic Design Category,Aor which Chapter 18 does not apply, the
following provisions shall be satisfii for each structural system
designated as part of the seismicc@yesisting system, regardless of the
seismic design category:

(a) Ordinary moment frames shall satisfy 18.3.

(b) Ordinary reinforced concrete structural wallsd ordinary precast

structural wallsneed not satisfy any gvisions in Chapter 18.

(c) Intermediate moment frames shall satisfy 18.4.

(d) Intermediate precastructural walls shall satisfy 18.5.

(e) Special moment frames shall satisfy 18.6 through 18.9.

() Special structural wks shall satisfy 18.10.

(a) Special structural walls constted using precast concrete shall

satisfy 18.11.

All special moment frames and specs#luctural walls shall also satisfy
18.2.4 through 18.2.8.

1905.1.3 ACI 318, Section 18.5. Modify ACI 318, Section 18.5, by adding
new Section 18.5.2.2 and renumberingstig Sections 18.5.2.2 and 18.5.2.3
to become 18.5.2.3 and 18.5.2.4, respectively.
18.5.2.2 — Connections that are designém yield shall be capable of
maintaining 80 percent of their_degn_strength at the deformation
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induced by the design displacement shall use Type 2 mechanical
splices.

18.5.2.3 — Elements of the connection tha not designed to yield shall
develop at least 1.9.

18.5.2.4 — In structures ageed to SDC D, E oF, wall piers shall be

designed in accordance with 18.10.8 or 18.14 in ACI 318.

1905.1.4 ACI 318, Section 18.11. Modify ACI 318, Setion 18.11.2.1, to read
as follows:
18.11.2.1 — Special structural walls ctosted using precast concrete
shall satisfy all the requirements of 18.16x cast-in-place special
structural wallsin addition to 18.5.2.

1905.1.5 ACI 318, Section 18.13.1.1. Modify ACI 318, Section 18.13.1.1, to
read as follows:
18.13.1.1 — Foundations resisting bkartake-induced forces or
transferring earthquakexuced forces betweea structure and ground
shall comply with the requiremés of 18.13 and other applicable
provisions of ACI 318unless modified by Chapter 18 of tHsuilding
code.

1905.1.6 ACI 318, Section 14.6. Modify ACI 318, Section 14.6, by adding
new Section 14.6.2 to read as follows:
14.6.2 — Detailed plain concrete structural walls.
14.6.2.1 — Detailed plain concrete strucal walls are walls conforming
to_the requirements of ordinary structural plain _concrete walls and
14.6.2.2.
14.6.2.2 — Reinforcement shall be provided as follows:

(a) Vertical reinforcement of aleast 0.20 square inch (129 nfinin
cross-sectional area shall be gvided 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
opening is permitted to substite for one of the two No. 5 bars
required by 14.6.1.

(b) Horizontal reinforcement atleast 0.20 square inch (129 nfinin
cross-sectional area shall be provided:

1. Continuously at structurally connected roof and floor levels
and at the top of walls;

2.At_the bottom of load-bearim walls or in_the top of
foundations where doweled to the wall; and

3. At a maximum spacing of 120 inches (3048 mm).
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Reinforcement at the top and bottom of openings, where used in
determining the maximum spacing epified in Iltem 3 above, shall
be continuous in the wall.

1905.1.7 ACI 318, Section 14.1.4. Delete ACI 318, Section 14.1.4, and
replace with the following:
14.1.4 — Plain_concrete in_structuresssigned to Seismic Design
Cateqory C, D, E or F.
14.1.4.1 — Structures assigned to Seismic Design Cateqory C, D, E or F
shall not have elements of structurglain concrete, except as follows:

(a) Deleted.

(b) Isolated footings _of plain _cocrete supporting pedestals _or
columns_are permitted, providethe projection of the footing
beyond the face of the supportedember does not exceed the
footing thickness.

Exception:Deleted

(c) Plain concrete footings supporting walls are permitted, provided
the footings have at least two continuous longitudinal
reinforcing bars. Bars shall not besmaller than No. 4 and shall
have a total area of not lesthan 0.002 times the gross cross-
sectional area of the footing. Fofootings that exceed 8 inches
(203 mm) in thickness, a minimurof one bar shall be provided
at the top and bottom of the faan. Continuity of reinforcement
shall be provided at corners and intersections.

Exceptions:

1. Deleted

2. For foundation systems congigag of a plain concrete
footing and a plain concrete stem wall, a minimum of
one bar shall be provided ahe top of the stem wall
and at the bottom of the footing.

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

1905.1.8 ACI 318, Section 17.2.3. Modify ACI 318 Sections 17.2.3.4.2,
17.2.3.4.3(d) and 17.2.3.5.2 to read as follows:
17.2.3.4.2 — Where the tensile component of the strength-level earthquake
force applied to anchors exceeds 2@cpat of the total factored anchor
tensile force associated with the salmgd combination, anchors and their
attachments shall be designed in accordance with 17.2.3.4.3. The anchor
design tensile strength shall be determined in accordance with 17.2.3.4.4.
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Exception: Anchors designed to resistall out-of-plane forces with
design_strengths equal to_or _greater than the force determined in
accordance with ASCE 7 Equation 12.11-1 or 12.14-10 shall be
deemed to satisfy Section 17.2.3.4.3(d).
17.2.3.4.3(d) — The anchor or grouparsfchors shall be designed for the
maximum tension obtained from desigadocombinations that include E,
with E increased by2. The anchor design tensile strengghall be
calculated from 17.2.3.4.4.
17.2.3.5.2 — Where the shear componentihefstrength-level earthquake
force applied to anchors exceeds 2@cpnt of the total factored anchor
shear force associated with the sdossl combination, anchors and their
attachments shall be designed in accordance with 17.2.3.5.3. The anchor
design shear strength for resisting eartkeuarces shall be determined in
accordance with 17.5.

Exceptions:
1.For the calculation of the in-plane shear strength of anchor

bolts attaching wood sill platesf bearing or nonbearing walls
of lightframe wood structures to foundations or foundation
stem walls, the in-plane sheastrength in_accordance with
17.5.2 and 17.5.3 need not be computed and 17.2.3.5.3 shall be
deemed to be satisfied provided all of the following are met:
1.1.The allowable in-plane shear strength of the anchor is
determined in accordance with AWC NDS Table 11E
for lateral design values parallel to grain.
1.2.The maximum_anchor _nominal diameter &g inch
(16 mm).
1.3.Anchor bolts are embedded into_concrete a minimum
of 7 inches (178 mm).
1.4.Anchor bolts are located a minimum Jfl inches (45
mm) from the edge of the concrete parallel to the
length of the wood sill plate.
1.5.Anchor _bolts are located a minimum_ofl5 anchor
diameters from the edge de concrete perpendicular
to the length of the wood sill plate.
1.6.The sill plate is 2-inch (51 mm) or 3inch (76 mm)
nominal thickness.
2.For the calculation of the in-plane shear strength of anchor
bolts attaching cold formedsteel track of bearing or
nonbearing walls of light-frame_construction to foundations
or_foundation stem walls, the in-plane shear strength in
accordance with 17.5.2 and 17.5.2ed not be computed and
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17.2.3.5.3 shall be deemed to be satisfied provided all of the
following are met:
2.1.The maximum _anchor nominal diameter &g inch
(16 mm).
2.2.Anchors are embedded into concrete a minimum of 7
inches (178 mm).
2.3.Anchors are located a minimum_of%4 inches (45
mm) from the edge of the concrete parallel to the
length of the track.
2.4.Anchors are located a minimum_ of 15 anchor
diameters from the edge dthe concrete perpendicular
to the length of the track.
2.5.The track is 33 to 68 mil (0.84 mm to 1.73 mm)
designation thickness.
Allowable in-plane shear strengtbf exempt anchors, parallel to
the edge of concrete, shall beermitted to be determined in
accordance with AISI S100 Section E3.3.1.
3.In_light-frame construction bearing or nonbearing walls,
shear strength of concrete anchors less than or equal to 1 inch
[25 mm] in diameter attaching sill plate or track to foundation
or foundation stem wall needot satisfy 17.2.3.5.3(a) through
(c) when the design strength of the anchors is determined in
accordance with 17.5.2.1(c).

SECTION 1906
STRUCTURAL PLAIN CONCRETE

1906.1 Scope. The design and construction ofugttural plain concrete, both cast-
in-place and precast, shall comply with the minimum requirements of ACI 318, as
modified in Section 1905.
Exception: For Group R-3 occupancies andilBings of other occupancies
less than two stories above gradeang of light-frame construction, the
required footing thickness of ACI 318 isrpstted to be reduced to 6 inches
(152 mm), provided that the footing dorot extend more than 4 inches (102
mm) on either side of the supported wall.

SECTION 1907
MINIMUM SLAB PROVISIONS

1907.1 General. The thickness of conete floor slabs supported directly on the
ground shall not be less thatz3nches (89 mm). A 6-mil (0.006 inch; 0.15 mm)
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polyethylene vapor retardevith joints lapped not ks than 6 inches (152 mm)
shall be placed between the base coorssubgrade and the concrete floor slab,
or other approved equivalent methods ottamnals shall be used to retard vapor
transmission through the floor slab.

Exception: A vapor retardeis not required:

1. For detached structures accessorgdoupancies in Group R-3, such as
garages, utility buildings asther unheated facilities.

2. For unheated storage rooms havingasea of less than 70 square feet
(6.5 n?) and carports attached ascupancies in Group R-3.

3. For buildings of other occupansiewhere migration of moisture
through the slab from below will ndie detrimental to the intended
occupancy of the building.

4.For driveways, walks, patios and other flatwork that will not be
enclosed at a later date.

5. Where approved based mtal site conditions.

SECTION 1908
SHOTCRETE

1908.1 General. Shotcrete is mortar or concreébat is pneumatically projected at
high velocity onto a surface. Except as sfiediin this section, shotcrete shall
conform to the requirements of this chafor plain or reinforced concrete.

1908.2 Proportions and materials. Shotcrete proportions ah be selected that
allow suitable placement procedures using the delivery equipment selected and
shall result in finished in-place ftened shotcrete meeting the strength
requirements of this code.

1908.3 Aggr egate. Coarse aggregate, if used, shall not exéaddch (19.1 mm).

1908.4 Reinforcement. Reinforcement used in shotcrete construction shall
comply with the provisionsf Sections 1908.4.1 through 1908.4.4.

1908.4.1 Size. The maximum size of reinforcement shall be No. 5 bars unless
it is demonstrated by preconstruction tests that adequate encasement of larger
bars will be achieved.

1908.4.2 Clearance. When No. 5 or smaller baere used, there shall be a
minimum _clearance between parallel reinforcement bars'/efirkhes (64
mm). When bars larger than No. 5 are permitted, there shall be a minimum
clearance between parallgrs equal to six diamegeof the bars used. When
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two curtains of steel angrovided, the curtain nearer the nozzle shall have a
minimum spacing equal to 12 bar diaegrstand the remaining curtain shall
have a minimum spacing of six bar diameters.
Exception: When specified by the registered design professional, required
clearances shall be reduced where it is demonstrated by preconstruction
tests that adequate encasement of the bars used in the design will be
achieved.

1908.4.3 Splices. Lap splices of reinforcin@pars shall utilize the noncontact
lap splice method with a minimum claace of 2 inches (51 mm) between
bars. The use of contacplaplices necessary for support of the reinforcing is
permitted whenspecified by the registered design professional, based on
satisfactory preconstructiaiests that show that adequate encasement of the
bars will be achieved, and provided thia¢ splice is oriented so that a plane
through the center of the spdid bars is perpendicul#éo the surface of the
shotcrete.

1908.4.4 Spirally tied columns. Shotcrete shall not be applied to spirally
tied columns.

1908.5 Preconstruction tests. Where preconstruction tests are required by
Section 1908.4, a test panel shall be shoted, cored or sawn, examined and
tested prior to commencement of the project. The sample panel shall be
representative of the project and simulgtle conditions as closely as possible.
The panel thickness and reinforcingabhreproduce the thickest and most
congested area specified in gteuctural design. It shall shot at the same angle,
using the same nozzleman and with thmesaoncrete mix design that will be
used on the project. The equipment usegreconstruction testing shall be the
same equipment used in the work reimpg such testing, unless substitute
equipment _is specified by the registered design professional. Reports of
preconstruction tests shall be submittedhe building as specified in Section
1704.5.

1908.6 Rebound. Any rebound or accumulated loose aggregate shall be removed
from the surfaces to be covered priorgiacing the initial or any succeeding
layers of shotcrete. Rebound Bim®t be used as aggregate.

1908.7 Joints. Except where permitted herein, unfinished work shall not be
allowed to stand for more than 30 minutedess edges are slapt a thin edge.

For structural elements that will be und®mpression and for construction joints
shown on the approved construction documents, square joints are permitted.
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Before placing additional material adjatéa previously applied work, sloping
and square edges shiadl cleaned and wetted.

1908.8 Damage. In-place shotcrete that exXiitis sags, sloughs, segregation,
honeycombing, sand pockets or other obsi defects shall be removed and
replaced. Shotcrete above sags and sloabhB be removed and replaced while

still plastic.

1908.9 Curing. During the curing periods spe@fl herein, shotcrete shall be
maintained above 40°F (4Y@nd in moist condition.

1908.9.1 Initial curing. Shotcrete shall be kept continuously moist for 24
hours after shotcreting is complete oalélve sealed with an approved curing

compound.

1908.9.2 Final curing. Final curing shall continue for seven days after
shotcreting, or for three ga if high early-strength cement is used, or until the
specified strength is obtained. Final agrishall consist of the initial curing
process or the shotcrete shall be e¢edewith an approved moisture-retaining
cover.

1908.9.3 Natural curing. Natural curing shall not be used in lieu of that
specified in this section unless the relative humidity remains at or above 85
percent, and is authorized by ttegjistered design professional.

1908.10 Strength tests. Strength tests for shotcretball be made by an approved
agency on specimens that are represeetaf the work and which have been
water soaked for at least 24 hours prio testing. When the maximum-size
aggregate is larger thaf inch (9.5 mm), specimens sheonsist ofnot less than
three 3-inch-diameter (76 _mm) cores or 3-inch (76 mm) cubes. When the
maximum-size aggregate 3 inch (9.5 mm) or smaller, specimens shall consist
of not less than 2-inch-diameter (&1n) cores or 2-inch (51 mm) cubes.

1908.10.1 Sampling. Specimens shall be taken from the in-place work or
from test panels, and shall be takereaist once each shifout not less than
one for each 50 cubic yards (38.2) of shotcrete.

1908.10.2 Pand criteria. When the maximum-size aggregate is larger than
3/s inch (9.5 mm), the test panels shall have minimum dimensions of 18 inches
by 18 inches (457 mm by 457 mm). Whthe maximum-size aggregatél/is

inch (9.5 mm) or smaller, the testneds shall have minimum dimensions of
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12 inches by 12 inches (30@m by 305 mm). Panels shbk shot in the same
position as the work, during the courskethe work and by the nozzlemen
doing the work. The conditions under whithe panels are cured shall be the
same as the work.

1908.10.3 Acceptance criteria. The average compressive strength of three
cores from the in-place work or a siadkst panel shall equal or exceed 0.85

f’c with no single core less than 0.75 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 individual cube less than 0.88. To check accuracy,
locations represented by erratic corecube strengths shall be retested.
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