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SECTION 1901
GENERAL

1901.1 Scope. The pro vi sions of this chap ter shall gov ern the
ma te ri als, qual ity con trol, de sign and con struc tion of con crete
used in struc tures.

1901.2 Plain and re in forced con crete. Struc tural con crete
shall be de signed and con structed in ac cor dance with the re -
quire ments of this chap ter and ACI 318 as amended in Sec tion
1908 of this code. Ex cept for the pro vi sions of Sec tions 1904
and 1911, the de sign and con struc tion of slabs on grade shall
not be gov erned by this chap ter un less they trans mit ver ti cal
loads or lat eral forces from other parts of the struc ture to the
soil.

1901.3 Source and ap pli ca bil ity. The con tents of Sec tions
1902 through 1907 of this chap ter are pat terned af ter, and in
gen eral con for mity with, the pro vi sions for struc tural con crete
in ACI 318. Where sec tions within Chap ters 2 through 7 of ACI 
318 are ref er enced in other chap ters and ap pen di ces of ACI
318, the pro vi sions of Sec tions 1902 through 1907 of this code
shall ap ply. 

1901.4 Con struc tion doc u ments. The con struc tion doc u -
ments for struc tural con crete con struc tion shall in clude:

 1. The spec i fied com pres sive strength of con crete at the
stated ages or stages of con struc tion for which each
con crete el e ment is de signed.

 2. The spec i fied strength or grade of re in force ment.

 3. The size and lo ca tion of struc tural el e ments, re in force -
ment, and an chors.

 4. Pro vi sion for di men sional changes re sult ing from
creep, shrink age and tem per a ture.

 5. The mag ni tude and lo ca tion of prestressing forces.

 6. An chor age length of re in force ment and lo ca tion and
length of lap splices.

 7. Type and lo ca tion of me chan i cal and welded splices of
re in force ment.

 8. De tails and lo ca tion of con trac tion or iso la tion joints
spec i fied for plain con crete.

 9. Min i mum con crete com pres sive strength at time of
posttensioning.

10. Stressing se quence for posttensioning ten dons.

11. For struc tures as signed to Seis mic De sign Cat e gory D,
E or F, a state ment if slab on grade is de signed as a
struc tural di a phragm (see Sec tion 21.10.3.4 of ACI
318).

1901.5 Spe cial in spec tion. The spe cial in spec tion of con crete
el e ments of build ings and struc tures and con cret ing op er a tions
shall be as re quired by Chap ter 17.

SECTION 1902
DEFINITIONS

1902.1 Gen eral. The fol low ing words and terms shall, for the
pur poses of this chap ter and as used else where in this code,
have the mean ings shown herein.

AD MIX TURE. Ma te rial other than wa ter, ag gre gate or hy -
drau lic ce ment, used as an in gre di ent of con crete and added to
con crete be fore or dur ing its mix ing to mod ify its prop er ties.

AG GRE GATE. Gran u lar ma te rial, such as sand, gravel,
crushed stone and iron blast-fur nace slag, used with a ce ment -
ing me dium to form a hy drau lic ce ment con crete or mor tar.

AG GRE GATE, LIGHT WEIGHT. Ag gre gate with a dry,
loose weight of 70 pounds per cu bic foot (pcf) (1120 kg/m3) or
less.

CEMENTITIOUS MA TE RIALS. Ma te rials as spec i fied in
Sec tion 1903 that have ce ment ing value when used in con crete
ei ther by them selves, such as port land ce ment, blended hy -
drau lic ce ments and ex pan sive ce ment, or such ma te ri als in
com bi na tion with fly ash, other raw or cal cined nat u ral
pozzolans, sil ica fume, and/or ground gran u lated blast-fur nace 
slag.

COL UMN. A mem ber with a ra tio of height-to-least-lat eral
di men sion ex ceed ing three, used pri mar ily to sup port ax ial
com pres sive load.

CON CRETE. A mix ture of port land ce ment or any other hy -
drau lic ce ment, fine ag gre gate, coarse ag gre gate and wa ter,
with or with out ad mix tures.

CON CRETE, SPEC I FIED COM PRES SIVE
STRENGTH OF, (f ′c). The com pres sive strength of con crete
used in de sign and eval u ated in ac cor dance with the pro vi sions
of Sec tion 1905, ex pressed in pounds per square inch (psi)
(MPa). When ever the quan tity f ′c is un der a rad i cal sign, the
square root of the nu mer i cal value only is in tended, and the re -
sult has units of psi (MPa).

CON TRAC TION JOINT. Formed, sawed or tooled groove in 
a con crete struc ture to cre ate a weak ened plane and reg u late the 
lo ca tion of crack ing re sult ing from the di men sional change of
dif fer ent parts of the struc ture.

DE FORMED RE IN FORCE MENT. De formed re in forc ing
bars, bar mats, de formed wire, welded plain wire fab ric and
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welded de formed wire fab ric con form ing to ACI 318, Sec tion
3.5.3.

DUCT. A con duit (plain or cor ru gated) to ac com mo date
prestressing steel for post-tensioned in stal la tion.

EF FEC TIVE DEPTH OF SEC TION (d). The dis tance mea -
sured from ex treme com pres sion fi ber to the cen troid of ten -
sion re in force ment.

ISO LA TION JOINT. A sep a ra tion be tween ad join ing parts of
a con crete struc ture, usu ally a ver ti cal plane, at a de signed lo ca -
tion such as to in ter fere least with per for mance of the struc ture,
yet to al low rel a tive move ment in three di rec tions and avoid for -
ma tion of cracks else where in the con crete and through which all 
or part of the bonded re in force ment is in ter rupted.

PED ES TAL. An up right com pres sion mem ber with a ra tio of
un sup ported height-to-av er age-least-lat eral di men sion of
three or less.

PLAIN CON CRETE. Struc tural con crete with no re in force -
ment or with less re in force ment than the min i mum amount
spec i fied for re in forced con crete.

PLAIN RE IN FORCE MENT. Re in force ment that does not
con form to the def i ni tion of “De formed re in force ment” (see
ACI 318, Sec tion 3.5.4).

POSTTENSIONING. Method of prestressing in which
prestressing steel is tensioned af ter con crete has hard ened.

PRE CAST CON CRETE. A struc tural con crete el e ment cast
else where than its fi nal po si tion in the struc ture.

PRE STRESSED CON CRETE. Struc tural con crete in which
in ter nal stresses have been in tro duced to re duce po ten tial ten -
sile stresses in con crete re sult ing from loads.

PRESTRESSING STEEL. High-strength steel el e ment such
as wire, bar or strand, or a bun dle of such el e ments, used to im -
part pre stress forces to con crete.

PRETENSIONING. Method of prestressing in which
prestressing steel is tensioned be fore con crete is placed.

RE IN FORCED CON CRETE. Struc tural con crete re in -
forced with no less than the min i mum amounts of prestressing
steel or nonprestressed re in force ment spec i fied in ACI 318,
Chap ters 1 through 21 and ACI 318 Ap pen di ces A through C.

RE IN FORCE MENT. Ma te rial that con forms to Sec tion
1903.5, ex clud ing prestressing steel un less spe cif i cally in -
cluded.

RESHORES. Shores placed snugly un der a con crete slab or
other struc tural mem ber af ter the orig i nal forms and shores have
been re moved from a larger area, thus re quir ing the new slab or
struc tural mem ber to de flect and sup port its own weight and ex -
ist ing con struc tion loads ap plied prior to the in stal la tion of the
reshores.

SHORES. Ver ti cal or in clined sup port mem bers de signed to
carry the weight of the formwork, con crete and con struc tion
loads above.

SPI RAL RE IN FORCE MENT. Con tin u ously wound re in -
force ment in the form of a cy lin dri cal he lix.

STIR RUP. Re in force ment used to re sist shear and tor sion
stresses in a struc tural mem ber; typ i cally bars, wires or welded
wire fab ric (plain or de formed) ei ther sin gle leg or bent into L,
U or rect an gu lar shapes and lo cated per pen dic u lar, or at an an -
gle to, lon gi tu di nal re in force ment. (The term “stir rups” is usu -
ally ap plied to lat eral re in force ment in flex ural mem bers and
the term “ties” to those in com pres sion mem bers.)

STRUC TURAL CON CRETE. Con crete used for struc tural
pur poses, in clud ing plain and re in forced con crete.

TEN DON. In pretensioning ap pli ca tions, the ten don is the
prestressing steel. In posttensioned ap pli ca tions, the ten don is a 
com plete as sem bly con sist ing of an chor ages, prestressing steel 
and sheath ing with coat ing for unbonded ap pli ca tions or ducts
with grout for bonded ap pli ca tions.

SECTION 1903
SPECIFICATIONS FOR TESTS AND MATERIALS

1903.1 Gen eral. Ma te ri als used to pro duce con crete and test -
ing thereof shall com ply with the ap pli ca ble stan dards listed in
ACI 318 and this sec tion. Tests of con crete and the ma te ri als
used in con crete shall be in ac cor dance with ACI 318, Sec tion
3.8. Where re quired, spe cial in spec tions and tests shall be in
ac cor dance with Chap ter 17. 

1903.2 Ce ment. Ce ment used to pro duce con crete shall com -
ply with ACI 318, Sec tion 3.2.

1903.3 Ag gre gates. Ag gre gates used in con crete shall com ply
with ACI 318, Sec tion 3.3.

1903.4 Wa ter. Wa ter used in mix ing con crete shall be clean
and free from in ju ri ous amounts of oils, ac ids, al ka lis, salts, or -
ganic ma te ri als or other sub stances that are del e te ri ous to con -
crete or steel re in force ment and shall com ply with ACI 318,
Sec tion 3.4.

1903.5 Steel re in force ment. Re in force ment and weld ing of
re in force ment to be placed in con crete con struc tion shall con -
form to the re quire ments of this sec tion.

1903.5.1 Re in force ment type. Re in force ment shall be de -
formed re in force ment, ex cept plain re in force ment is per -
mit ted for spi rals or prestressing steel, and re in force ment
con sist ing of struc tural steel, steel pipe or steel tub ing is per -
mit ted where spec i fied in ACI 318. Re in force ment shall
com ply with ACI 318, Sec tion 3.5.

1903.5.2 Weld ing. Weld ing of re in forc ing bars shall con -
form to AWS D1.4. Type and lo ca tion of welded splices and
other re quired weld ing of re in forc ing bars shall be in di cated
on the de sign draw ings or in the pro ject spec i fi ca tions. The
ASTM re in forc ing bar spec i fi ca tions, ex cept for ASTM A
706, shall be sup ple mented to re quire a re port of ma te rial
prop er ties nec es sary to con form to the re quire ments in AWS
D1.4.

1903.6 Ad mix tures. Ad mix tures to be used in con crete shall
be sub ject to prior ap proval by the reg is tered de sign pro fes -
sional and shall com ply with ACI 318, Sec tion 3.6.
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1903.7 Stor age of ma te ri als. The stor age of ma te ri als for use
in con crete shall com ply with the pro vi sions of Sec tions
1903.7.1 and 1903.7.2.

1903.7.1 Man ner of stor age. Cementitious ma te ri als and
ag gre gates shall be stored in such a man ner as to pre vent de -
te ri o ra tion or in tru sion of for eign mat ter.

1903.7.2 Un ac cept able ma te rial. Any ma te rial that has de -
te ri o rated or has been con tam i nated shall not be used for con -
crete.

1903.8 Glass fi ber re in forced con crete. Glass fi ber re in -
forced con crete (GFRC) and the ma te ri als used in such con -
crete shall be in ac cor dance with the PCI MNL 128 stan dard.

SECTION 1904
DURABILITY REQUIREMENTS

1904.1 Wa ter-cementitious ma te ri als ra tio. The wa -
ter-cementitious ma te ri als ra tios spec i fied in Ta bles 1904.2.2
and 1904.3 shall be cal cu lated us ing the weight of ce ment
meet ing ASTM C 150, ASTM C 595, ASTM C 845 or ASTM
C 1157, plus the weight of fly ash and other pozzolans meet ing
ASTM C 618, slag meet ing ASTM C 989 and sil ica fume meet -
ing ASTM C 1240, if any, ex cept that where con crete is ex -
posed to deicing chem i cals, Sec tion 1904.2.3 fur ther lim its the
amount of fly ash, pozzolans, sil ica fume, slag or the com bi na -
tion of these ma te ri als.

1904.2 Freez ing and thaw ing ex po sures. Con crete that will
be ex posed to freez ing and thaw ing or deicing chem i cals shall
com ply with Sec tions 1904.2.1 through 1904.2.3.

1904.2.1 Air en train ment. Nor mal-weight and light weight 
con crete ex posed to freez ing and thaw ing or deicing chem i -
cals shall be air en trained with air con tent in di cated in Ta ble
1904.2.1. Tol er ance on air con tent as de liv ered shall be ±1.5
per cent. For spec i fied com pres sive strength (f ′c) greater
than 5,000 psi (34.47 MPa), re duc tion of air con tent in di -
cated in Ta ble 1904.2.1 by 1.0 per cent is per mit ted.

1904.2.2 Con crete prop er ties. Con crete that will be sub -
ject to the ex po sures given in Ta ble 1904.2.2(1) shall con -
form to the cor re spond ing max i mum wa ter-cementitious
ma te ri als ra tios and min i mum spec i fied con crete com pres -
sive strength re quire ments of that ta ble. In ad di tion, con -
crete that will be ex posed to deicing chem i cals shall
con form to the lim i ta tions of Sec tion 1904.2.3.

Ex cep tion: For oc cu pan cies and ap pur te nances thereto
in Group R oc cu pan cies that are in build ings less than
four sto ries in height, nor mal-weight ag gre gate con crete
that is sub ject to weath er ing (freez ing and thaw ing), as
de ter mined from Fig ure 1904.2.2, or deicer chem i cals
shall com ply with the re quire ments of Ta ble 1904.2.2(2).

1904.2.3 Deicing chem i cals. For con crete ex posed to
deicing chem i cals, the max i mum weight of fly ash, other
pozzolans, sil ica fume or slag that is in cluded in the con crete 
shall not ex ceed the per cent ages of the to tal weight of
cementitious ma te ri als given in Ta ble 1904.2.3.

TABLE 1904.2.1
TOTAL AIR CONTENT FOR FROST-RESISTANT CONCRETE

NOMINAL MAXIMUM
AGGREGATE SIZEa

(inches)

AIR CONTENT (percent)

Severe exposureb Moderate exposureb

3/8 71/2 6

1/2 7 51/2

3/4 6 5

1 6 41/2

11/2 51/2 41/2

2c 5 4

3c 41/2 31/2

For SI: 1 inch = 25.4 mm.
a. See ASTM C 33 for tol er ance on over size for var i ous nom i nal max i mum

size des ig na tions.
b. The se vere and mod er ate ex po sures ref er enced in this ta ble are not based on

the weath er ing re gions shown in Fig ure 1904.2.2. For the pur poses of this
sec tion, se vere and mod er ate ex po sures shall be de fined as fol lows:

1. Se vere ex po sure oc curs where con crete will be in al most con tin u ous
con tact with mois ture prior to freez ing, or where deicing salts are
used. Ex am ples are pave ments, bridge decks, side walks, park ing ga -
rages and wa ter tanks.

2. Mod er ate ex po sure oc curs where con crete will be only oc ca sion ally
ex posed to mois ture prior to freez ing, and where deicing salts are not
used. Ex am ples are cer tain ex te rior walls, beams, gird ers and slabs
not in di rect con tact with soil.

c. These air con tents ap ply to to tal mix, as for the pre ced ing ag gre gate sizes.
When test ing these con cretes, how ever, ag gre gate larger than 11/2 inches is
re moved by hand pick ing or siev ing and air con tent is de ter mined on the mi -
nus 11/2-inch frac tion of the mix (tol er ance on air con tent as de liv ered ap -
plies to this value). Air con tent of to tal mix is com puted from value
de ter mined on the mi nus 11/2-inch frac tion.

1904.3 Sul fate ex po sures. Where con crete will be ex posed to
sul fate-con tain ing so lu tions, it shall com ply with the pro vi -
sions of Sec tions 1904.3.1 and 1904.3.2.

1904.3.1 Con crete qual ity. Con crete to be ex posed to sul -
fate-con tain ing so lu tions or soils shall con form to the re -
quire ments of Ta ble 1904.3 or shall be con crete made with a
ce ment that pro vides sul fate re sis tance and that has a max i -
mum wa ter-cementitious ma te ri als ra tio and min i mum
com pres sive strength from Ta ble 1904.3.

1904.3.2 Cal cium chlo ride. Cal cium chlo ride as an ad mix -
ture shall not be used in con crete to be ex posed to se vere or
very se vere sul fate-con tain ing so lu tions as de fined in Ta ble
1904.3.

1904.4 Cor ro sion pro tec tion of re in force ment. Re in force -
ment in con crete shall be pro tected from cor ro sion and ex po -
sure to chlo rides as pro vided by Sec tions 1904.4.1 and
1904.4.2.

1904.4.1 Gen eral. For cor ro sion pro tec tion of re in force -
ment in con crete, the max i mum wa ter-sol u ble chlo ride ion
con cen tra tions in hard ened con crete at ages from 28 to 42
days con trib uted from the in gre di ents in clud ing wa ter, ag -
gre gates, cementitious ma te ri als and ad mix tures shall not
ex ceed the lim its of Ta ble 1904.4.1. When test ing is per -
formed to de ter mine wa ter-sol u ble chlo ride ion con tent, test 
pro ce dures shall con form to ASTM C 1218.

CONCRETE

2003 SEATTLE BUILDING CODE 431



CONCRETE

432 2003 SEATTLE BUILDING CODE

FIGURE 1904.2.2
WEATHERING PROBABILITY MAP FOR CONCRETEa, b, c

a. Lines de fin ing ar eas are ap prox i mate only. Lo cal ar eas can be more or less se vere than in di cated by the re gion clas si fi ca tion.
b. A “se vere” clas si fi ca tion is where weather con di tions en cour age or re quire the use of deicing chem i cals or where there is po ten tial for a con tin u ous pres ence of

mois ture dur ing fre quent cy cles of freez ing and thaw ing. A “mod er ate” clas si fi ca tion is where weather con di tions oc ca sion ally ex pose con crete in the pres ence of
mois ture to freez ing and thaw ing, but where deicing chem i cals are not gen er ally used. A “neg li gi ble” clas si fi ca tion is where weather con di tions rarely ex pose con -
crete in the pres ence of mois ture to freez ing and thaw ing.

c. Alaska and Ha waii are clas si fied as se vere and neg li gi ble, re spec tively.

TABLE 1904.2.2(1)
REQUIREMENTS FOR SPECIAL EXPOSURE CONDITIONS

EXPOSURE CONDITION

MAXIMUM WATER-CEMENTITIOUS MATERIALS
RATIO, BY WEIGHT, NORMAL-WEIGHT

AGGREGATE CONCRETE 
MINIMUM f ′c, NORMAL-WEIGHT AND

LIGHTWEIGHT AGGREGATE CONCRETE (psi) 

Concrete intended to have low permeability
when exposed to water 0.50 4,000

Concrete exposed to freezing and thawing in
a moist condition or to deicing chemicals 0.45 4,500

For corrosion protection of reinforcement in
concrete exposed to chlorides from deicing
chemicals, salt, saltwater, brackish water,
seawater or spray from these sources

0.40 5,000

For SI: 1 pound per square inch = 0.00689 MPa.
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TABLE 1904.2.2(2)
MINIMUM SPECIFIED COMPRESSIVE STRENGTH (f ′c)

 TYPE OR LOCATION OF CONCRETE CONSTRUCTION

MINIMUM SPECIFIED COMPRESSIVE STRENGTH (f ′c at 28 days, psi) 

Negligible exposure Moderate exposure Severe exposure

Basement wallsc and foundations not exposed to the weather 2,500 2,500 2,500a

Basement slabs and interior slabs on grade, except garage floor
slabs 2,500 2,500 2,500a

Basement wallsc, foundation walls, exterior walls and other
vertical concrete surfaces exposed to the weather 2,500 3,000b 3,000b

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

For SI: 1 pound per square inch = 0.00689 MPa.
a. Con crete in these lo cations that can be sub jected to freez ing and thaw ing dur ing con struc tion shall be of air-entrained con crete in ac cor dance with Ta ble 1904.2.1.
b. Con crete shall be air en trained in ac cor dance with Ta ble 1904.2.1.
c. Struc tural plain con crete base ment walls are ex empt from the re quire ments for spe cial ex po sure con di tions of Sec tion 1904.2.2 (see Sec tion 1909.1.1).

TABLE 1904.2.3
REQUIREMENTS FOR CONCRETE EXPOSED TO DEICING CHEMICALS

CEMENTITIOUS MATERIALS
MAXIMUM PERCENT OF TOTAL CEMENTITIOUS 

MATERIALS BY WEIGHTa, b

Fly ash or other pozzolans conforming to ASTM C 618 25

Slag conforming to ASTM C 989 50

Silica fume conforming to ASTM C 1240 10

Total of fly ash or other pozzolans, slag and silica fume 50c

Total of fly ash or other pozzolans and silica fume 35c

a. The to tal cementitious ma te rial also in cludes ASTM C 150, ASTM C 595, ASTM C 845 and ASTM C 1157 ce ment.
b. The max i mum per cent ages shall in clude: 

1. Fly ash or other pozzolans pres ent in Type IP or I (PM) blended ce ment, ASTM C 595, or ASTM C 1157. 
2. Slag used in the man u fac ture of an IS or I (SM) blended ce ment, ASTM C 595, or ASTM C 1157. 
3. Sil ica fume, ASTM C 1240, pres ent in a blended ce ment.

c. Fly ash or other pozzolans and sil ica fume shall con sti tute no more than 25 and 10 per cent, re spec tively, of the to tal weight of the cementitious ma te ri als.

TABLE 1904.3
REQUIREMENTS FOR CONCRETE EXPOSED TO SULFATE-CONTAINING SOLUTIONS

SULFATE
EXPOSURE

WATER SOLUBLE
SULFATE (SO4) IN
SOIL, PERCENT

BY WEIGHT

SULFATE (SO4)
IN WATER

(ppm)

CEMENT TYPE

MAXIMUM
WATER-CEMENTITIOUS

MATERIALS RATIO,
BY WEIGHT,

NORMAL-WEIGHT
AGGREGATE
CONCRETEa

MINIMUM f ′c ′
NORMAL-WEIGHT

AND LIGHTWEIGHT 
AGGREGATE

CONCRETE (psi)a

ASTM
C 150

ASTM
C 595

ASTM
C 1157

Negligible 0.00 - 0.10 0 - 150     

Moderateb 0.10 - 0.20 150 - 1,500 II

II, IP (MS), 
IS (MS), P (MS),

I (PM)(MS), 
I (SM)(MS)

MS 0.50 4,000

Severe 0.20 - 2.00 1,500 - 10,000 V  HS 0.45 4,500

Very severe Over 2.00 Over 10,000 V plus
pozzolanc  HS plus

pozzoland 0.45 4,500

For SI: 1 pound per square inch = 0.00689 MPa.
a. A lower wa ter-cementitious ma te ri als ra tio or higher strength may be re quired for low per me abil ity or for pro tec tion against cor ro sion of em bed ded items or freez -

ing and thaw ing (see Ta ble 1904.2.2).
b. Sea wa ter.
c. Pozzolan that has been de ter mined by test or ser vice re cord to im prove sul fate re sis tance when used in con crete con tain ing Type V ce ment.
d. Pozzolan that has been de ter mined by test or ser vice re cord to im prove sul fate re sis tance when used in con crete con tain ing Type HS blended ce ment.



1904.4.2 Ex po sure to chlo rides. Where con crete with re in -
force ment will be ex posed to chlo rides from deicing chem i -
cals, salt, salt wa ter, brack ish wa ter, sea wa ter or spray from
these sources, the re quire ments of Ta ble 1904.2.2(1) for wa -
ter-cementitious ma te ri als ra tio and con crete strength, and
the min i mum con crete cover re quire ments of Sec tion
1907.7, shall be sat is fied. See ACI 318, Sec tion 18.16, for
cor ro sion pro tec tion of unbonded ten dons.

SECTION 1905
CONCRETE QUALITY, MIXING AND PLACING

1905.1 Gen eral. The re quired strength and du ra bil ity of con -
crete shall be de ter mined by com pli ance with the pro por tion -
ing, test ing, mix ing and plac ing pro vi sions of Sec tions
1905.1.1 through 1905.13.

1905.1.1 Strength. Con crete shall be pro por tioned to pro -
vide an av er age com pres sive strength as pre scribed in Sec -
tion 1905.3, and shall sat isfy the du ra bil ity cri te ria of
Sec tion 1904. Con crete shall be pro duced to min i mize the
fre quency of strengths be low f′c as pre scribed in Sec tion
1905.6.3.3. For con crete de signed and con structed in ac cor -
dance with this chap ter, f′c shall not be less than 2,500 2,000
psi (17.22 13.79 MPa). No max i mum spec i fied com pres -
sive strength shall ap ply un less re stricted by a spe cific pro -
vi sion of this code or ACI 318.

1905.1.2 Cyl in der tests. Re quire ments for f ′c shall be
based on tests of cyl in ders made and tested as pre scribed in
Sec tion 1905.6.3.

1905.1.3 Ba sis of  f ′c. Un less oth er wise spec i fied,  f ′c shall be
based on 28-day tests. If other than 28 days, test age for f ′c
shall be as in di cated in con struc tion doc u ments.

1905.1.4 Light weight ag gre gate con crete. Where de sign
cri te ria in ACI 318, Sec tions 9.5.2.3, 11.2 and 12.2.4, pro -
vide for use of a split ting ten sile strength value of con crete
(fct), lab o ra tory tests shall be made in ac cor dance with
ASTM C 330 to es tab lish the value of fct cor re spond ing to
the spec i fied value of f ′c.

1905.1.5 Field ac cep tance. Split ting ten sile strength tests
shall not be used as a ba sis for field ac cep tance of con crete.

1905.2 Se lec tion of con crete pro por tions. Con crete pro por -
tions shall be de ter mined in ac cor dance with the pro vi sions of
Sec tions 1905.2.1 through 1905.2.3.

1905.2.1 Gen eral. Pro por tions of ma te ri als for con crete
shall be es tab lished to pro vide:

1. Workability and con sis tency to per mit con crete to be
worked readily into forms and around re in force ment
un der the con di tions of place ment to be em ployed,
with out seg re ga tion or ex ces sive bleed ing.

2. Re sis tance to spe cial ex po sures as re quired by Sec -
tion 1904.

3. Con for mance with the strength test re quire ments of
Sec tion 1905.6.

1905.2.2 Dif fer ent ma te ri als. Where dif fer ent ma te ri als
are to be used for dif fer ent por tions of pro posed work, each
com bi na tion shall be eval u ated.

1905.2.3 Ba sis of pro por tions. Con crete pro por tions shall
be es tab lished ac cord ing to Ta ble 1905.2. Ta ble 1905.2 shall be 
used only for con crete to be made with ce ments meet ing
strength re quire ments for Type I, II, or III of ASTM C 150, and
shall not be ap plied to con crete con tain ing light weight ag gre -
gates.  When ap proved by the build ing of fi cial, Ta ble 1905.2
may be used with air-en train ing ad mix tures (con form ing to
ASTM C 260) and/or nor mal-range wa ter-re duc ing ad mix -
tures (con form ing to ASTM C 494, Types A, D or E).

For strengths greater than 4,000 psi (27.6 MPa), pro por -
tions shall be es tab lished on the ba sis of field ex pe ri ence and
trial mix tures ac cord ing to Sec tion 1905.3.  When ap proved by 
the build ing of fi cial, Cconcrete pro por tions shall may be es tab -
lished in ac cor dance with Sec tion 1905.3 or Sec tion 1905.4,
and shall com ply with the ap pli ca ble re quire ments of Sec tion
1904.

TA BLE 1905.2
MIN I MUM PER MIS SI BLE CE MENT CON TENT FOR CON CRETEa

 (WHEN STRENGTH DATA FROM TRIAL BATCHES OR FIELD
 EX PE RI ENCE ARE NOT AVAIL ABLE

Specified 28-day
Compressive Strength

in psi (f ′c)

Minimum Permissible
 Cement Content in

Pounds/cu. yd.

Minimum Permissible
 Cement Content in Std.

 94-lb. Sacks/cu. yd.

2000 423 41/2
b

2500 470 5b

3000 517 51/2

4000c 611 61/2

a. Mixes shall be pro por tioned to pro duce a five-inch or less slump. No
more than a one-inch plus tol er ance shall be al lowed.

b. Where spe cial in spec tion is not re quired un der Sec tion 1704, the min i -
mum per mis si ble ce ment con tent shall be in creased 1/2 sack per cu bic
yard of con crete.

c. For strengths above 4000 p.s.i., see Sec tion 1905.2.3.
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TABLE 1904.4.1
MAXIMUM CHLORIDE ION CONTENT FOR CORROSION PROTECTION OF REINFORCEMENT

TYPE OF MEMBER
MAXIMUM WATER SOLUBLE CHLORIDE ION (CI) 

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



1905.3 Pro por tioning on the ba sis of field ex pe ri ence
and/or trial mix tures. Con crete pro por tion ing de ter mined on
the ba sis of field ex pe ri ence and/or trial mix tures shall be done
in ac cor dance with ACI 318, Sec tion 5.3.

1905.4 Pro por tioning with out field ex pe ri ence or trial mix -
tures. Con crete pro por tion ing de ter mined with out field ex pe -
ri ence or trial mix tures shall be done in ac cor dance with ACI
318, Sec tion 5.4.

1905.5 Av er age strength re duc tion. As data be come avail able 
dur ing con struc tion, it is per mis si ble to re duce the amount by
which the av er age com pres sive strength (f ′c) is re quired to ex -
ceed the spec i fied value of f ′c in ac cor dance with ACI 318, Sec -
tion 5.5.

1905.6 Eval u a tion and ac cep tance of con crete. The cri te ria
for eval u a tion and ac cep tance of con crete shall be as spec i fied
in Sec tions 1905.6.2 through 1905.6.5.5.

1905.6.1 Qual ified tech ni cians. Con crete shall be tested in
ac cor dance with the re quire ments in Sec tions 1905.6.2
through 1905.6.5. Qual ified field test ing tech ni cians shall
per form tests on fresh con crete at the job site, pre pare spec i -
mens re quired for cur ing un der field con di tions, pre pare
spec i mens re quired for test ing in the lab o ra tory and re cord
the tem per a ture of the fresh con crete when pre par ing spec i -
mens for strength tests. Qual ified lab o ra tory tech ni cians
shall per form all re quired lab o ra tory tests. 

1905.6.2 Fre quency of test ing. The fre quency of con duct -
ing strength tests of con crete shall be as spec i fied in Sec -
tions 1905.6.2.1 through 1905.6.2.4.

1905.6.2.1 Min i mum fre quency. Sam ples for strength
tests of each class of con crete placed each day shall be
taken not less than once a day, nor less than once for each
150 cu bic yards (115 m3) of con crete, nor less than once
for each 5,000 square feet (465 m2) of sur face area for
slabs or walls.

1905.6.2.2 Min i mum num ber. On a given pro ject, if the
to tal vol ume of con crete is such that the fre quency of
test ing re quired by Sec tion 1905.6.2.1 would pro vide
less than five strength tests for a given class of con crete,
tests shall be made from at least five ran domly se lected
batches or from each batch if fewer than five batches are
used.

1905.6.2.3 Small vol ume. When the to tal vol ume of a
given class of con crete is less than 50 cu bic yards (38
m3), strength tests are not re quired when ev i dence of sat -
is fac tory strength is sub mit ted to and ap proved by the
build ing of fi cial.

1905.6.2.4 Strength test. A strength test shall be the av -
er age of the strengths of two cyl in ders made from the
same sam ple of con crete and tested at 28 days or at the
test age des ig nated for the de ter mi na tion of f ′c.

1905.6.3 Lab o ra tory-cured spec i mens. Lab o ra tory-cured 
spec i mens shall com ply with the pro vi sions of Sec tions
1905.6.3.1 through 1905.6.3.4.

1905.6.3.1 Sam pling. Sam ples for strength tests shall be
taken in ac cor dance with ASTM C 172.

1905.6.3.2 Cyl in ders. Cyl in ders for strength tests shall
be molded and lab o ra tory cured in ac cor dance with
ASTM C 31 and tested in ac cor dance with ASTM C 39.

1905.6.3.3 Ac cep tance of re sults. The strength level of
an in di vid ual class of con crete shall be con sid ered sat is -
fac tory if both of the fol low ing re quire ments are met:

1. Ev ery arith me tic av er age of any three con sec u tive
strength tests equals or ex ceeds f ′c.

2. No in di vid ual strength test (av er age of two cyl in ders) 
falls be low f ′c by more than 500 psi (3.45 MPa) when 
f ′c is 5,000 psi (34.45 MPa) or less, or by more than
0.10 f ′c when f ′c is more than 5,000 psi.

1905.6.3.4 Cor rec tion. If ei ther of the re quire ments of
Sec tion 1905.6.3.3 is not met, steps shall be taken to in -
crease the av er age of sub se quent strength test re sults.
The re quire ments of Sec tion 1905.6.5 shall be ob served
if the re quire ment of Sec tion 1905.6.3.3, Item 2, is not
met.

1905.6.4 Field-cured spec i mens. Field-cured spec i mens
shall com ply with the pro vi sions of Sec tions 1905.6.4.1
through 1905.6.4.4.

1905.6.4.1 When re quired. Where re quired by the
build ing of fi cial, the re sults of strength tests of cyl in ders
cured un der field con di tions shall be pro vided.

1905.6.4.2 Curing. Field-cured cyl in ders shall be cured
un der field con di tions in ac cor dance with ASTM C 31.

1905.6.4.3 Sam pling. Field-cured test cyl in ders shall be
molded at the same time and from the same sam ples as
lab o ra tory-cured test cyl in ders.

1905.6.4.4 Cor rec tion. Pro ce dures for pro tect ing and
cur ing con crete shall be im proved when the strength of
field-cured cyl in ders at the test age des ig nated for de ter -
mi na tion of f ′c  is less than 85 per cent of that of com pan -
ion lab o ra tory-cured cyl in ders. The 85-per cent
lim i ta tion shall not ap ply if the field-cured strength ex -
ceeds f ′c by more than 500 psi (3.45 MPa).

1905.6.5 Low-strength test re sults. The in ves ti ga tion of
low-strength test re sults shall be in ac cor dance with the pro -
vi sions of Sec tions 1905.6.5.1 through 1905.6.5.5.

1905.6.5.1 Pre cau tion. If any strength test (see Sec tion
1905.6.2.4) of lab o ra tory-cured cyl in ders falls be low the 
spec i fied value of f ′c by more than the val ues given in
Sec tion 1905.6.3.3, Item 2, or if tests of field-cured cyl -
in ders in di cate de fi cien cies in pro tec tion and cur ing (see
Sec tion 1905.6.4.4), steps shall be taken to as sure that
the load-car ry ing ca pac ity of the struc ture is not jeop ar -
dized.

1905.6.5.2 Core tests. If the like li hood of low-strength
con crete is con firmed and cal cu la tions in di cate that
load-car ry ing ca pac ity is sig nif i cantly re duced, tests of
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cores drilled from the area in ques tion in ac cor dance with 
ASTM C 42 are per mit ted. In such cases, three cores
shall be taken for each strength test that falls be low the
val ues given in Sec tion 1905.6.3.3, Item 2.

1905.6.5.3 Con di tion of cores. Cores shall be pre pared
for trans port and stor age by wip ing drill ing wa ter from
their sur faces and plac ing the cores in wa ter-tight bags or
con tain ers im me di ately af ter drill ing. Cores shall be
tested no ear lier than 48 hours and not later than seven
days af ter cor ing un less ap proved by the reg is tered de -
sign pro fes sional.

1905.6.5.4 Test re sults. Con crete in an area rep re sented
by core tests shall be con sid ered struc tur ally ad e quate if
the av er age of three cores is equal to at least 85 per cent of
f ′c and if no sin gle core is less than 75 per cent of  f ′c.  Ad -
di tional test ing of cores ex tracted from lo ca tions rep re -
sented by er ratic core strength re sults is per mit ted.

1905.6.5.5 Strength eval u a tion. If the cri te ria of Sec -
tion 1905.6.5.4 are not met and the struc tural ad e quacy
re mains in doubt, the build ing of fi cial is per mit ted to or -
der a strength eval u a tion in ac cor dance with ACI 318,
Chap ter 20, for the ques tion able por tion of the struc ture,
or take other ap pro pri ate ac tion.

1905.7 Prep a ra tion of equip ment and place of de posit.
Prep a ra tion be fore con crete place ment shall in clude the fol -
low ing:

1. Equip ment for mix ing and trans port ing con crete shall be
clean.

2. De bris and ice shall be re moved from spaces to be oc cu -
pied by con crete.

3. Forms shall be prop erly coated.

4. Ma sonry filler units that will be in con tact with con crete
shall be well drenched.

5. Re in force ment shall be thor oughly clean of ice or other
del e te ri ous coat ings.

6. Wa ter shall be re moved from the place of de posit be fore
con crete is placed un less a tremie is to be used or un less
oth er wise per mit ted by the build ing of fi cial.

7. Latence and other un sound ma te rial shall be re moved be -
fore ad di tional con crete is placed against hard ened con -
crete.

1905.8 Mixing. Mixing of con crete shall be per formed in ac -
cor dance with Sec tions 1905.8.1 through 1905.8.3.

1905.8.1 Gen eral. Con crete shall be mixed un til there is a
uni form dis tri bu tion of ma te ri als and shall be dis charged
com pletely be fore the mixer is re charged.

1905.8.2 Ready-mixed con crete. Ready-mixed con crete
shall be mixed and de liv ered in ac cor dance with the re quire -
ments of ASTM C 94 or ASTM C 685.

1905.8.3 Job-mixed con crete. Job-mixed con crete shall
com ply with ACI 318, Sec tion 5.8.3.

1905.9 Con veying. The method and equip ment for con vey ing
con crete to the place of de posit shall com ply with Sec tions
1905.9.1 and 1905.9.2.

1905.9.1 Method of con vey ance. Con crete shall be con -
veyed from the mixer to the place of fi nal de posit by meth -
ods that will pre vent sep a ra tion or loss of ma te ri als.

1905.9.2 Con veying equip ment. The con vey ing equip -
ment shall be ca pa ble of pro vid ing a sup ply of con crete at
the site of place ment with out sep a ra tion of in gre di ents and
with out in ter rup tions suf fi cient to per mit the loss of plas tic -
ity be tween suc ces sive in cre ments.

1905.10 De positing. The de pos it ing of con crete shall com ply
with the pro vi sions of Sec tions 1905.10.1 through 1905.10.8.

1905.10.1 Seg re ga tion. Con crete shall be de pos ited as
nearly as prac ti ca ble to its fi nal po si tion to avoid seg re ga tion 
due to rehandling or flow ing.

1905.10.2 Place ment tim ing. Con creting op er a tions shall
be car ried on at such a rate that the con crete is at all times
plas tic and flows readily into spaces be tween re in force -
ment.

1905.10.3 Un ac cept able con crete. Con crete that has par -
tially hard ened or been con tam i nated by for eign ma te ri als
shall not be de pos ited in the struc ture.

1905.10.4 Re tem per ing. Re tem pered con crete or con crete
that has been remixed af ter ini tial set shall not be used un less 
ap proved by the reg is tered de sign pro fes sional.

1905.10.5 Con tin u ous op er a tion. Af ter con cret ing has
started, it shall be car ried on as a con tin u ous op er a tion un til
plac ing of a panel or sec tion, as de fined by its bound aries or
pre de ter mined joints, is com pleted, ex cept as per mit ted or
pro hib ited by Sec tion 1906.4.

1905.10.6 Place ment in ver ti cal lifts. The top sur faces of
ver ti cally formed lifts shall be gen er ally level.

1905.10.7 Con struc tion joints. When con struc tion joints
are re quired, they shall be made in ac cor dance with Sec tion
1906.4.

1905.10.8 Con sol i da tion. Con crete shall be thor oughly
con sol i dated by suit able means dur ing place ment and shall
be thor oughly worked around re in force ment and em bed ded
fix tures and into cor ners of the forms.

1905.11 Curing. The cur ing of con crete shall be in ac cor dance
with Sec tions 1905.11.1 through 1905.11.3.

1905.11.1 Reg u lar. Con crete (other than high early
strength) shall be main tained above 50°F (10°C) and in a
moist con di tion for at least the first seven days af ter place -
ment, ex cept when cured in ac cor dance with Sec tion
1905.11.3.

1905.11.2 High early strength. High-early-strength con -
crete shall be main tained above 50°F (10°C) and in a moist
con di tion for at least the first three days, ex cept when cured
in ac cor dance with Sec tion 1905.11.3.
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1905.11.3 Ac cel er ated cur ing. Ac cel er ated cur ing of con -
crete shall com ply with ACI 318, Sec tion 5.11.3.

1905.12 Cold weather re quire ments. Con crete that is to be
placed dur ing freez ing or near-freez ing weather shall com ply
with the fol low ing:

1. Ad e quate equip ment shall be pro vided for heat ing con -
crete ma te ri als and pro tect ing con crete dur ing freez ing
or near-freez ing weather.

2. Con crete ma te ri als and re in force ment, forms, fill ers and
ground with which con crete is to come in con tact shall be 
free from frost.

3. Frozen ma te ri als or ma te ri als con tain ing ice shall not be
used.

1905.13 Hot weather re quire ments. Dur ing hot weather,
proper at ten tion shall be given to in gre di ents, pro duc tion meth -
ods, han dling, plac ing, pro tec tion and cur ing to pre vent ex ces -
sive con crete tem per a tures or wa ter evap o ra tion that could
im pair the re quired strength or ser vice abil ity of the mem ber or
struc ture.

SECTION 1906 
FORMWORK, EMBEDDED PIPES AND

CONSTRUCTION JOINTS

1906.1 Formwork. The de sign, fab ri ca tion and erec tion of
forms shall com ply with Sec tions 1906.1.1 through 1906.1.6.

1906.1.1 Gen eral. Forms shall re sult in a fi nal struc ture that
con forms to shapes, lines and di men sions of the mem bers as 
re quired by the con struc tion doc u ments.

1906.1.2 Strength. Forms shall be sub stan tial and suf fi -
ciently tight to pre vent leak age of mor tar.

1906.1.3 Brac ing. Forms shall be prop erly braced or tied to -
gether to main tain po si tion and shape.

1906.1.4 Place ment. Forms and their sup ports shall be de -
signed so as not to dam age pre vi ously placed struc tures.

1906.1.5 De sign. De sign of formwork shall com ply with
ACI 318, Sec tion 6.1.5.

1906.1.6 Forms for pre stressed con crete. Forms for pre -
stressed con crete mem bers shall be de signed and con -
structed to per mit move ment of the mem ber with out
dam age dur ing ap pli ca tion of the prestressing force.

1906.2 Re moval of forms, shores and reshores. The re moval
of forms and shores and the in stal la tion of reshores shall com -
ply with Sec tions 1906.2.1 through 1906.2.2.3.

1906.2.1 Re moval of forms. Forms shall be re moved in
such a man ner so as not to im pair safety and ser vice abil ity of 
the struc ture. Con crete to be ex posed by form re moval shall
have suf fi cient strength not to be dam aged by the re moval
op er a tion.

1906.2.2 Re moval of shores and reshores. The pro vi sions
of Sec tions 1906.2.2.1 through 1906.2.2.3 shall ap ply to
slabs and beams, ex cept where cast on the ground.

1906.2.2.1 Re moval sched ule. Be fore start ing con struc -
tion, the con trac tor shall de velop a pro ce dure and sched -
ule for re moval of shores and in stal la tion of reshores and
for cal cu lat ing the loads trans ferred to the struc ture dur -
ing the pro cess.

1. The struc tural anal y sis and con crete strength data
used in plan ning and im ple ment ing form re moval
and shor ing shall be fur nished by the con trac tor to
the build ing of fi cial when so re quested.

2. No con struc tion loads shall be sup ported on, nor
any shor ing re moved from, any part of the struc -
ture un der con struc tion ex cept when that por tion
of the struc ture in com bi na tion with the re main ing
form ing and shor ing sys tem has suf fi cient strength 
to sup port safely its weight and the loads placed
thereon.

3. Suf fi cient strength shall be dem on strated by struc -
tural anal y sis con sid er ing the pro posed loads, the
strength of the form ing and shor ing sys tem and
con crete strength data. Con crete strength data
shall be based on tests of field-cured cyl in ders or,
when ap proved by the build ing of fi cial, on other
pro ce dures to eval u ate con crete strength.

1906.2.2.2 Con struc tion loads. No con struc tion loads
ex ceed ing the com bi na tion of su per im posed dead load
plus spec i fied live load shall be sup ported on any
unshored por tion of the struc ture un der con struc tion, un -
less anal y sis in di cates ad e quate strength to sup port such
ad di tional loads.

1906.2.2.3 Pre stressed mem bers. Form sup ports for
pre stressed con crete mem bers shall not be re moved un til
suf fi cient prestressing has been ap plied to en able pre -
stressed mem bers to carry their dead load and an tic i pated 
con struc tion loads.

1906.3 Con duits and pipes em bed ded in con crete. Con duits, 
pipes and sleeves of any ma te rial not harm ful to con crete and
within the lim i ta tions of ACI 318, Sec tion 6.3, are per mit ted to
be em bed ded in con crete with ap proval of the reg is tered de sign 
pro fes sional.

1906.4 Con struc tion joints. Con struc tion joints shall com ply
with the pro vi sions of Sec tions 1906.4.1 through 1906.4.6.

1906.4.1 Sur face clean ing. The sur face of con crete con -
struc tion joints shall be cleaned and Latence re moved.

1906.4.2 Joint treat ment. Im me di ately be fore new con -
crete is placed, con struc tion joints shall be wet ted and
stand ing wa ter re moved.

1906.4.3 Lo ca tion for force trans fer. Con struc tion joints
shall be so made and lo cated as not to im pair the strength of
the struc ture. Pro vi sion shall be made for the trans fer of
shear and other forces through con struc tion joints (see ACI
318, Sec tion 11.7.9).
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1906.4.4 Lo ca tion in slabs, beams and gird ers. Con struc -
tion joints in floors shall be lo cated within the mid dle third
of spans of slabs, beams and gird ers. Joints in gird ers shall
be off set a min i mum dis tance of two times the width of in -
ter sect ing beams.

1906.4.5 Ver ti cal sup port. Beams, gird ers or slabs sup -
ported by col umns or walls shall not be cast or erected un til
con crete in the ver ti cal sup port mem bers is no lon ger plas -
tic.

1906.4.6 Mono lithic place ment. Beams, gird ers,
haunches, drop pan els and cap i tals shall be placed
monolithically as part of a slab sys tem, un less oth er wise
shown in the de sign draw ings or spec i fi ca tions.

SECTION 1907
DETAILS OF REINFORCEMENT

1907.1 Hooks. Stan dard hooks on re in forc ing bars used in
con crete con struc tion shall com ply with ACI 318, Sec tion 7.1.

1907.2 Min i mum bend di am e ters. Min i mum re in force ment
bend di am e ters uti lized in con crete con struc tion shall com ply
with ACI 318, Sec tion 7.2.

1907.3 Bending. The bend ing of re in force ment shall com ply
with Sec tions 1907.3.1 and 1907.3.2.

1907.3.1 Cold bend ing. Re in force ment shall be bent cold,
un less oth er wise per mit ted by the reg is tered de sign pro fes -
sional.

1907.3.2 Em bedded re in force ment. Re in force ment par -
tially em bed ded in con crete shall not be field bent, ex cept as
shown on the con struc tion doc u ments or per mit ted by the
reg is tered de sign pro fes sional.

1907.4 Sur face con di tions of re in force ment. The sur face
con di tions of re in force ment shall com ply with the pro vi sions
of Sec tions 1907.4.1 through 1907.4.3.

1907.4.1 Coat ings. At the time con crete is placed, re in -
force ment shall be free from mud, oil or other non me tal lic
coat ings that de crease bond. Ep oxy coat ings of steel re in -
force ment in ac cor dance with ACI 318, Sec tions 3.5.3.7 and 
3.5.3.8, are per mit ted. 

1907.4.2 Rust or mill scale. Ex cept for prestressing steel,
steel re in force ment with rust, mill scale or a com bi na tion of
both, shall be con sid ered sat is fac tory, pro vided the min i -
mum di men sions, in clud ing height of de for ma tions and
weight of a hand-wire-brushed test spec i men, com ply with
ap pli ca ble ASTM spec i fi ca tions (see Sec tion 1903.5).

1907.4.3 Prestressing steel. Prestressing steel shall be
clean and free of oil, dirt, scale, pit ting and ex ces sive rust. A
light coat ing of rust is per mit ted.

1907.5 Placing re in force ment. The place ment of con crete re -
in force ment shall com ply with the pro vi sions of Sec tions
1907.5.1 through 1907.5.4.

1907.5.1 Sup port. Re in force ment, in clud ing ten dons, and
posttensioning ducts shall be ac cu rately placed and ad e -
quately sup ported be fore con crete is placed, and shall be se -
cured against dis place ment within tol er ances per mit ted in
Sec tion 1907.5.2. Where ap proved by the reg is tered de sign
pro fes sional, em bed ded items (such as dow els or in serts)
that ei ther pro trude from pre cast con crete mem bers or re -
main ex posed for in spec tion are per mit ted to be em bed ded
while the con crete is in a plas tic state, pro vided the fol low -
ing con di tions are met:

1. Em bedded items are not re quired to be hooked or tied
to re in force ment within the con crete.

2. Em bedded items are main tained in the cor rect po si -
tion while the con crete re mains plas tic.

3. The con crete is prop erly con sol i dated around the em -
bed ded item.

1907.5.2 Tol er ances. Un less oth er wise spec i fied by the
reg is tered de sign pro fes sional, re in force ment, in clud ing
ten dons, and posttensioning ducts shall be placed within the
tol er ances spec i fied in Sec tions 1907.5.2.1 and 1907.5.2.2.

1907.5.2.1 Depth and cover. Tol er ance for depth, d, and
min i mum con crete cover in flex ural mem bers, walls and
com pres sion mem bers shall be as shown in Ta ble
1907.5.2.1, ex cept that tol er ance for the clear dis tance to
formed sof fits shall be mi nus 1/4 inch (6.4 mm) and tol er -
ance for cover shall not ex ceed mi nus one-third the min i -
mum con crete cover re quired in the de sign draw ings or
spec i fi ca tions.

1907.5.2.2 Bends and ends. Tol er ance for lon gi tu di nal
lo ca tion of bends and ends of re in force ment shall be ± 2
inches (± 51 mm) ex cept the tol er ance shall be ± 1/2 inch
(± 12.7 mm) at the dis con tin u ous ends of brack ets and
cor bels, and ± 1 inch (25 mm) at the dis con tin u ous ends
of other mem bers. The tol er ance for min i mum con crete
cover of Sec tion 1907.5.2.1 shall also ap ply at dis con tin -
u ous ends of mem bers.

TABLE 1907.5.2.1
TOLERANCES

DEPTH (d)
(inches)

TOLERANCE ON d
(inch)

TOLERANCE ON
MINIMUM CONCRETE

COVER
(inch)

d ≤ 8 ± 3/8 – 3/8

d > 8 ± 1/2 – 1/2

For SI: 1 inch = 25.4 mm.

1907.5.3 Welded wire fab ric. Welded wire fab ric with wire 
size not greater than W5 or D5 used in slabs not ex ceed ing
10 feet (3048 mm) in span is per mit ted to be curved from a
point near the top of the slab over the sup port to a point near
the bot tom of the slab at midspan, pro vided such re in force -
ment is ei ther con tin u ous over, or se curely an chored at sup -
port.

1907.5.4 Welding. Welding of cross ing bars shall not be
per mit ted for as sem bly of re in force ment un less au tho rized
by the reg is tered de sign pro fes sional.
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1907.6 Spacing lim its for re in force ment. The clear dis tance
be tween re in forc ing bars, bun dled bars, ten dons and ducts
shall com ply with ACI 318, Sec tion 7.6.

1907.7 Con crete pro tec tion for re in force ment. The min i -
mum con crete cover for re in force ment shall com ply with Sec -
tions 1907.7.1 through 1907.7.7.

1907.7.1 Cast-in-place con crete (nonprestressed). Min i -
mum con crete cover shall be pro vided for re in force ment in
nonprestressed, cast-in-place con crete con struc tion in ac -
cor dance with Ta ble 1907.7.1, but shall not be less than re -
quired by Sec tions 1907.7.5 and 1907.7.7. 

TABLE 1907.7.1
MINIMUM CONCRETE COVER

CONCRETE EXPOSURE

MINIMUM
COVER
(inches)

1. Concrete cast against and permanently 
exposed to earth 3

2. Concrete exposed to earth or weather
No. 6 through No. 18 bar
No. 5 bar, W31 or D31 wire, and smaller

2
11/2

3. Concrete not exposed to weather or in contact
with ground 
 Slabs, walls, joists:
 No. 14 and No. 18 bars
 No. 11 bar and smaller
Beams, columns:
 Primary reinforcement, ties, stirrups, spirals
Shells, folded plate members:
 No. 6 bar and larger
 No. 5 bar, W31 or D31 wire, and smaller

11/2
3/4

11/2

3/4
1/2

For SI: 1 inch = 25.4 mm.

1907.7.2 Cast-in-place con crete (pre stressed). The min i -
mum con crete cover for pre stressed and nonprestressed re -
in force ment, ducts and end fit tings in cast-in-place
pre stressed con crete shall com ply with ACI 318, Sec tion
7.7.2.

1907.7.3 Pre cast con crete (man u fac tured un der plant
con trol con di tions). The min i mum con crete cover for pre -
stressed and nonprestressed re in force ment, ducts and end
fit tings in pre cast con crete man u fac tured un der plant con -
trol con di tions shall com ply with ACI 318, Sec tion 7.7.3.

1907.7.4 Bun dled bars. The min i mum con crete cover for
bun dled bars shall com ply with ACI 318, Sec tion 7.7.4.

1907.7.5 Cor ro sive en vi ron ments. In cor ro sive en vi ron -
ments or other se vere ex po sure con di tions, pre stressed and
nonprestressed re in force ment shall be pro vided with ad di -
tional pro tec tion in ac cor dance with ACI 318, Sec tion 7.7.5.

1907.7.6 Fu ture ex ten sions. Ex posed re in force ment, in -
serts and plates in tended for bond ing with fu ture ex ten sions
shall be pro tected from cor ro sion.

1907.7.7 Fire pro tec tion. When this code re quires a thick -
ness of cover for fire pro tec tion greater than the min i mum

con crete cover spec i fied in Sec tion 1907.7, such greater
thick ness shall be used.

1907.8 Spe cial re in force ment de tails for col umns. Off set
bent lon gi tu di nal bars in col umns and load trans fer in struc tural 
steel cores of com pos ite com pres sion mem bers shall com ply
with the pro vi sions of ACI 318, Sec tion 7.8.

1907.9 Con nec tions. Con nec tions be tween con crete fram ing
mem bers shall com ply with the pro vi sions of ACI 318, Sec tion
7.9.

1907.10 Lat eral re in force ment for com pres sion mem bers.
Lat eral re in force ment for con crete com pres sion mem bers shall 
com ply with the pro vi sions of ACI 318, Sec tion 7.10.

1907.11 Lat eral re in force ment for flex ural mem bers. Lat -
eral re in force ment for com pres sion re in force ment in con crete
flex ural mem bers shall com ply with the pro vi sions of ACI 318, 
Sec tion 7.11.

1907.12 Shrink age and tem per a ture re in force ment. Re in -
force ment for shrink age and tem per a ture stresses in con crete
mem bers shall com ply with the pro vi sions of ACI 318, Sec tion
7.12.

1907.13 Re quire ments for struc tural in teg rity. The de tail -
ing of re in force ment and con nec tions be tween con crete mem -
bers shall com ply with the pro vi sions of ACI 318, Sec tion 7.13, 
to im prove struc tural in teg rity.

SECTION 1908
MODIFICATIONS TO ACI 318

1908.1 Gen eral. The text of ACI 318 shall be mod i fied as in di -
cated in Sec tions 1908.1.1 through 1908.1.7.

1908.1.1 ACI 318, Sec tion 21.1. Mod ify ex ist ing def i ni -
tions and add the fol low ing def i ni tions to ACI 318, Sec tion
21.1.

DESIGN DIS PLACE MENT. To tal lat eral dis place ment
ex pected for the de sign-ba sis earth quake, as spec i fied by
Sec tion 9.5.5.7 of ASCE 7 or 1617.5.4 of the In ter na tional
Build ing Code.

STORY DRIFT RA TIO. The de sign dis place ment over a
story di vided by the story height.

WALL PIER. A wall seg ment with a hor i zon tal
length-to-thick ness ra tio of at least 2.5, but not ex ceed ing six,
whose clear height is at least two times its hor i zon tal length.

1908.1.2 ACI 318, Sec tion 21.2.1. Mod ify Sec tions
21.2.1.2, 21.2.1.3 and 21.2.1.4 to read as fol lows:

21.2.1.2 For struc tures as signed to Seis mic De sign Cat e -
gory A or B, pro vi sions of Chap ters 1 through 18 and 22
shall ap ply ex cept as mod i fied by the pro vi sions of this
chap ter. Where the seis mic de sign loads are com puted
us ing pro vi sions for in ter me di ate or spe cial con crete sys -
tems, the re quire ments of Chap ter 21 for in ter me di ate or
spe cial sys tems, as ap pli ca ble, shall be sat is fied.
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21.2.1.3 For struc tures as signed to Seis mic De sign Cat e -
gory C, in ter me di ate or spe cial mo ment frames, or or di -
nary or spe cial re in forced con crete struc tural walls shall 
be used to re sist seis mic forces in duced by earth quake
mo tions. Where the de sign seis mic loads are com puted
us ing pro vi sions for spe cial con crete sys tems, the re -
quire ments of Chap ter 21 for spe cial sys tems, as ap pli ca -
ble, shall be sat is fied.

21.2.1.4 For struc tures as signed to Seis mic De sign Cat e -
gory D, E or F, spe cial mo ment frames, spe cial re in -
forced con crete struc tural walls, di a phragms and trusses
and foun da tions com ply ing with Sec tions 21.2 through
21.10 shall be used to re sist forces in duced by earth -
quake mo tions. Frame mem bers not pro por tioned to re -
sist earth quake forces shall com ply with Sec tion 21.11. 

1908.1.3 ACI 318, Sec tion 21.2.5. Mod ify ACI 318, Sec tion
21.2.5, by re num ber ing as Sec tion 21.2.5.1 and add ing new
Sec tions 21.2.5.2, 21.2.5.3 and 21.2.5.4 to read as fol lows:

21.2.5 Re in force ment in mem bers re sist ing earth -
quake-in duced forces.

21.2.5.1 Ex cept as per mit ted in Sec tions 21.2.5.2 through
21.2.5.4, re in force ment re sist ing earth quake-in duced
flex ural and ax ial forces in frame mem bers and in struc -
tural wall bound ary el e ments shall com ply with ASTM A
706. ASTM 615, Grades 40 and 60 re in force ment, shall
be per mit ted in these mem bers if (a) the ac tual yield
strength based on mill tests does not ex ceed the spec i fied
yield strength by more than 18,000 psi (re tests shall not
ex ceed this value by more than an ad di tional 3,000 psi),
and (b) the ra tio of the ac tual ul ti mate ten sile strength to
the ac tual ten sile yield strength is not less than 1.25.

21.2.5.2 Prestressing steel shall be per mit ted in flex ural
mem bers of frames, pro vided the av er age pre stress, fpc,
cal cu lated for an area equal to the mem ber’s short est
cross-sec tional di men sion mul ti plied by the per pen dic u -
lar di men sion shall be the lesser of 700 psi (4.83 MPa) or 
f ′c /6 at lo ca tions of non lin ear ac tion where prestressing
steel is used in mem bers of frames.

21.2.5.3 Un less the seis mic-force-re sist ing frame is
qual i fied for use through struc tural test ing as re quired
by the ACI T1.1, for mem bers in which prestressing steel
is used to gether with mild re in force ment to re sist earth -
quake-in duced forces, prestressing steel shall not pro -
vide more than one-quar ter of the strength for ei ther
pos i tive or neg a tive mo ments at the non lin ear ac tion lo -
ca tion and shall be an chored at the ex te rior face of the
joint or be yond. 

21.2.5.4 An chor ages for ten dons must be dem on strated
to per form sat is fac to rily for seis mic load ings. An chor -
age as sem blies shall with stand, with out fail ure, a min i -
mum of 50 cy cles of load ing rang ing be tween 40 and 85
per cent of the min i mum spec i fied ten sile strength of the
prestressing steel. 

1908.1.4 ACI 318, Sec tion 21.7. Mod ify ACI 318, Sec tion
21.7, by add ing a new Sec tion 21.7.10 to read as fol lows:

21.7.10 Wall piers and wall seg ments.

21.7.10.1 Wall piers not de signed as a part of a spe cial
mo ment frame shall have trans verse re in force ment de -
signed to sat isfy the re quire ments in Sec tion 21.7.10.2.

Ex cep tions:

1. Wall piers that sat isfy Sec tion 21.11.

2. Wall piers along a wall line within a story where 
other shear wall seg ments pro vide lat eral sup -
port to the wall piers, and such seg ments have a
to tal stiff ness of at least six times the sum of the
stiff ness of all the wall piers.

21.7.10.2 Trans verse re in force ment shall be de signed to
re sist the shear forces de ter mined from Sec tions 21.3.4.2
and 21.4.5.1. Where the ax ial com pres sive force, in clud -
ing earth quake ef fects, is less than Ag f ′c /20, trans verse
re in force ment in wall piers is per mit ted to have stan dard
hooks at each end in lieu of hoops. Spacing of trans verse
re in force ment shall not ex ceed 6 inches (152 mm). Trans -
verse re in force ment shall be ex tended be yond the pier
clear height for at least the de vel op ment length of the
larg est lon gi tu di nal re in force ment in the wall pier.

21.7.10.3 Wall seg ments with a hor i zon tal length-
to-thick ness ra tio less than 2.5 shall be de signed as col -
umns.

1908.1.5 ACI 318, Sec tion 21.10.1.1. Mod ify ACI 318,
Sec tion 21.10.1.1, to read as fol lows:

21.10.1.1 Foun da tions re sist ing earth quake-in duced
forces or trans fer ring earth quake-in duced forces be -
tween a struc ture and the ground shall com ply with the
re quire ments of Sec tion 21.10 and other ap pli ca ble pro -
vi sions of ACI 318 un less mod i fied by Chap ter 18 of the
In ter na tional Build ing Code.

1908.1.6 ACI 318, Sec tion 21.11. Mod ify ACI Sec tions
21.11.1 and 21.11.2.2 and add Sec tions 21.11.5 through
21.11.7 as fol lows:

21.11.1 Frame mem bers as sumed not to con trib ute to lat -
eral re sis tance shall be de tailed ac cord ing to Sec tion
21.11.2 or 21.11.3 de pend ing on the mag ni tude of mo -
ments in duced in those mem bers when sub jected to the
de sign dis place ment. If ef fects of de sign dis place ments
are not ex plic itly checked, it shall be per mit ted to ap ply
the re quire ments of Sec tion 21.11.3. Slab-col umn con -
nec tions shall com ply with Sec tions 21.11.5 through
21.11.7. Con for mance to Sec tion 21.11 sat is fies the de -
for ma tion com pat i bil ity re quire ments of Sec tion
9.5.2.2.4.3 of ASCE 7.

21.11.2.2 Mem bers with fac tored grav ity ax ial forces ex -
ceed ing (Ag f ′c /10) shall sat isfy Sec tions 21.4.3,
21.4.4.1(c), 21.4.4.3 and 21.4.5. The max i mum lon gi tu -
di nal spac ing of ties shall be, so, for the full col umn
height. The spac ing, so, shall not be more than six di am e -
ters of the small est lon gi tu di nal bar en closed or 6 inches
(152 mm), which ever is smaller. Lap splices of lon gi tu di -
nal re in force ment in such mem bers need not sat isfy Sec -
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tion 21.4.3.2 in struc tures where the seis mic-
force-re sist ing sys tem does not in clude spe cial mo ment
frames.

21.11.5 Re in force ment to re sist punch ing shear shall be
pro vided in ac cor dance with Sec tions 21.11.5.1 and
21.11.5.2 at slab col umn con nec tions where story drift
ra tio ex ceeds [0.035 – 0.05 (Vu /φVc)] ex cept that Sec -
tions 21.11.4.1 and 21.11.4.2 need not be sat is fied where
Vu /φVc is less than 0.2 or where the story drift ra tio is less 
than 0.005. Vu equals the fac tored punch ing shear from
grav ity load ex clud ing shear stress from un bal anced mo -
ment. Vu is cal cu lated for the load com bi na tion 1.2D +
1.0L + 0.2S. The load fac tor on L is per mit ted to be re -
duced to 0.5 in ac cor dance with Sec tion 9.2.1(a). In no
case shall shear re in force ment be less than that re quired
in Sec tion 11.12 for loads with out con sid er ation of seis -
mic ef fects.

21.11.5.1 — The slab shear re in force ment shall pro vide
Vs not less than 3.5 ′fc .

21.11.5.2 — Slab shear re in force ment shall ex tend not
less than five times the slab thick ness from the face of col -
umn.

21.11.6 — Bot tom bars or wires within the col umn strip
shall con form to Sec tion 13.3.8.5 ex cept that splices
shall be Class B.

21.11.7 — Within the ef fec tive slab width de fined in Sec -
tion 13.5.3.2, the ra tio of nonprestressed bot tom re in -
force ment to gross con crete area shall not be less than
0.004. Where bot tom re in force ment is not re quired to be
con tin u ous, such re in force ment shall ex tend a min i mum
of five times the slab thick ness plus one de vel op ment
length be yond the face of the col umn or ter mi nated at the
slab edge with a stan dard hook.

1908.1.7 ACI 318, Sec tion 21.13.2. Mod ify ACI 318, Sec -
tion 21.13.2, to read as fol lows: 

21.13.2 In con nec tions be tween wall pan els, or be tween
wall pan els and the foun da tion, yield ing shall be re -
stricted to re in force ment.

SECTION 1909 
STRUCTURAL PLAIN CONCRETE

1909.1 Scope. The de sign and con struc tion of struc tural plain
con crete, both cast-in-place and pre cast, shall com ply with the
min i mum re quire ments of Sec tion 1909 and ACI 318, Chap ter
22.

1909.1.1 Spe cial struc tures. For spe cial struc tures, such as
arches, un der ground util ity struc tures, grav ity walls and
shield ing walls, the pro vi sions of this sec tion shall gov ern
where ap pli ca ble.

1909.2 Lim i ta tions. The use of struc tural plain con crete shall
be lim ited to:

1. Mem bers that are con tin u ously sup ported by soil, such
as walls and foot ings, or by other struc tural mem bers ca -
pa ble of pro vid ing con tin u ous ver ti cal sup port.

2. Mem bers for which arch ac tion pro vides com pres sion
un der all con di tions of load ing.

3. Walls and ped es tals.

 The use of struc tural plain con crete col umns and struc tural
plain con crete foot ings on piles is not per mit ted. See Sec tion
1910 for ad di tional lim i ta tions on the use of struc tural plain
con crete.

1909.3 Joints. Con trac tion or iso la tion joints shall be pro vided
to di vide struc tural plain con crete mem bers into flexurally dis -
con tin u ous el e ments in ac cor dance with ACI 318, Sec tion 22.3.

1909.4 De sign. Struc tural plain con crete walls, foot ings and
ped es tals shall be de signed for ad e quate strength in ac cor dance 
with ACI 318, Sec tions 22.4 through 22.8.

Ex cep tion: For Group R-3 as ap pli ca ble in Sec tion 101.2
oc cu pan cies and build ings of other oc cu pan cies less than
two sto ries in height of light-frame con struc tion, the re -
quired edge thick ness of ACI 318 is per mit ted to be re duced
to 6 inches (152 mm), pro vided that the foot ing does not ex -
tend more than 4 inches (102 mm) on ei ther side of the sup -
ported wall. 

1909.5 Pre cast mem bers. The de sign, fab ri ca tion, trans por ta -
tion and erec tion of pre cast, struc tural plain con crete el e ments
shall be in ac cor dance with ACI 318, Sec tion 22.9.

1909.6 Walls. In ad di tion to the re quire ments of this sec tion,
struc tural plain con crete walls shall com ply with the ap pli ca ble 
re quire ments of ACI 318, Chap ter 22.

1909.6.1 Base ment walls. The thick ness of ex te rior base -
ment walls and foun da tion walls shall be not less than 71/2

inches (191 mm). Struc tural plain con crete ex te rior base -
ment walls shall be ex empt from the re quire ments for spe -
cial ex po sure con di tions of Sec tion 1904.2.2.

1909.6.2 Other walls. Ex cept as pro vided for in Sec tion
1909.6.1, the thick ness of bear ing walls shall be not less
than 1/24 the un sup ported height or length, which ever is
shorter, but not less than 51/2 inches (140 mm).

1909.6.3 Open ings in walls. Not less than two No. 5 bars
shall be pro vided around win dow and door open ings. Such
bars shall ex tend at least 24 inches (610 mm) be yond the
cor ners of open ings.

SECTION 1910 
SEISMIC DESIGN PROVISIONS

1910.1 Gen eral. The de sign and con struc tion of con crete com -
po nents that re sist seis mic forces shall con form to the re quire -
ments of this sec tion and to ACI 318 ex cept as mod i fied by
Sec tion 1908.

1910.2 Clas si fi ca tion of shear walls. Struc tural con crete
shear walls that re sist seis mic forces shall be clas si fied in ac -
cor dance with Sec tions 1910.2.1 through 1910.2.4.
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1910.2.1 Or di nary plain con crete shear walls. Or di nary
plain con crete shear walls are walls con form ing to the re -
quire ments of Chap ter 22 of ACI 318. 

1910.2.2 De tailed plain con crete shear walls. De tailed
plain con crete shear walls are walls con form ing to the re -
quire ments for or di nary plain con crete shear walls and shall
have re in force ment as fol lows: Ver ti cal re in force ment of at
least 0.20 square inch (129 mm2) in cross-sec tional area
shall be pro vided con tin u ously from sup port to sup port at
each cor ner, at each side of each open ing and at the ends of
walls. The con tin u ous ver ti cal bar re quired be side an open -
ing is per mit ted to sub sti tute for one of the two No. 5 bars re -
quired by Sec tion 22.6.6.5 of ACI 318. Hor i zon tal
re in force ment at least 0.20 square inch (129 mm2) in
cross-sec tional area shall be pro vided:

1. Con tin u ously at struc tur ally con nected roof and floor
lev els and at the top of walls;

2. At the bot tom of load-bear ing walls or in the top of
foun da tions where dow eled to the wall; and

3. At a max i mum spac ing of 120 inches (3048 mm).

 Re in force ment at the top and bot tom of open ings, where
used in de ter min ing the max i mum spac ing spec i fied in Item
3 above, shall be con tin u ous in the wall.

1910.2.3 Or di nary re in forced con crete shear walls. Or -
di nary re in forced con crete shear walls are walls con form ing 
to the re quire ments of ACI 318 for or di nary re in forced con -
crete struc tural walls. 

1910.2.4 Spe cial re in forced con crete shear walls. Spe cial
re in forced con crete shear walls are walls con form ing to the
re quire ments of ACI 318 for spe cial re in forced con crete
struc tural walls or spe cial pre cast struc tural walls. 

1910.3 Seis mic De sign Cat e gory B. Struc tures as signed to
Seis mic De sign Cat e gory B, as de ter mined in Sec tion 1616,
shall con form to the re quire ments for Seis mic De sign Cat e gory 
A and to the ad di tional re quire ments for Seis mic De sign Cat e -
gory B of this sec tion.

1910.3.1 Or di nary mo ment frames. In flex ural mem bers
of or di nary mo ment frames form ing part of the seis -
mic-force-re sist ing sys tem, at least two main flex ural re in -
forc ing bars shall be pro vided con tin u ously top and bot tom
through out the beams, through or de vel oped within ex te rior
col umns or bound ary el e ments.

 Col umns of or di nary mo ment frames hav ing a clear
height-to-max i mum-plan-di men sion ra tio of five or less
shall be de signed for shear in ac cor dance with Sec tion
21.12.3 of ACI 318.

1910.4 Seis mic De sign Cat e gory C. Struc tures as signed to
Seis mic De sign Cat e gory C, as de ter mined in Sec tion 1616,
shall con form to the re quire ments for Seis mic De sign Cat e gory 
B and to the ad di tional re quire ments for Seis mic De sign Cat e -
gory C of this sec tion.

1910.4.1 Seis mic-force-re sist ing sys tems. Mo ment frames 
used to re sist seis mic forces shall be in ter me di ate mo ment
frames or spe cial mo ment frames. Shear walls used to re sist

seis mic forces shall be or di nary re in forced con crete shear
walls or spe cial re in forced con crete shear walls. Or di nary
re in forced con crete shear walls con structed of pre cast con -
crete el e ments shall com ply with the ad di tional re quire -
ments of Sec tion 21.13 of ACI 318 for in ter me di ate pre cast
con crete struc tural walls, as mod i fied by Sec tion 1908.1.7.

1910.4.2 Dis con tin u ous mem bers. Col umns sup port ing
re ac tions from dis con tin u ous stiff mem bers, such as walls,
shall be de signed for the spe cial load com bi na tions in Sec -
tion 1605.4 and shall be pro vided with trans verse re in force -
ment at the spac ing, so, as de fined in Sec tion 21.12.5.2 of
ACI 318 over their full height be neath the level at which the
dis con ti nu ity oc curs. This trans verse re in force ment shall be 
ex tended above and be low the col umn as re quired in Sec tion 
21.4.4.5 of ACI 318.

1910.4.3 Plain con crete. Struc tural plain con crete mem -
bers in struc tures as signed to Seis mic De sign Cat e gory C
shall con form to ACI 318 and with Sec tions 1910.4.3.1
through 1910.4.3.3.

1910.4.3.1 Walls. Struc tural plain con crete walls are not
per mit ted in struc tures as signed to Seis mic De sign Cat e -
gory C.

Ex cep tion: Struc tural plain con crete base ment, foun -
da tion or other walls be low the base are per mit ted in
de tached one- and two-fam ily dwell ings con structed
with stud-bear ing walls. Such walls shall have re in -
force ment in ac cor dance with Sec tion 22.6.6.5 of ACI 
318.

1910.4.3.2 Foot ings. Iso lated foot ings of plain con crete
sup port ing ped es tals or col umns are per mit ted pro vided
the pro jec tion of the foot ing be yond the face of the sup -
ported mem ber does not ex ceed the foot ing thick ness.

Ex cep tion: In de tached one- and two-fam ily dwell -
ings three sto ries or less in height, the pro jec tion of the 
foot ing be yond the face of the sup ported mem ber is
per mit ted to ex ceed the foot ing thick ness.

 Plain con crete foot ings sup port ing walls shall be pro -
vided with not less than two con tin u ous lon gi tu di nal re in -
forc ing bars. Bars shall not be smaller than No. 4 and shall
have a to tal area of not less than 0.002 times the gross
cross-sec tional area of the foot ing. For foot ings which ex -
ceed 8 inches (203 mm) in thick ness, a min i mum of one
bar shall be pro vided at the top and bot tom of the foot ing.
For foun da tion sys tems con sist ing of a plain con crete
foot ing and a plain con crete stemwall, a min i mum of one
bar shall be pro vided at the top of the stemwall and at the
bot tom of the foot ing. Con ti nu ity of re in force ment shall
be pro vided at cor ners and in ter sec tions.

Ex cep tions:

1. In de tached one- and two-fam ily dwell ings
three sto ries or less in height and con structed
with stud-bear ing walls, plain con crete foot ings 
sup port ing walls are per mit ted with out lon gi tu -
di nal re in force ment.
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2. Where a slab-on-ground is cast monolithically
with the foot ing, one No. 5 bar is per mit ted to be
lo cated at ei ther the top or bot tom of the foot ing.

1910.4.3.3 Ped es tals. Plain con crete ped es tals shall not
be used to re sist lat eral seis mic forces. 

1910.5 Seis mic De sign Cat e gory D, E or F. Struc tures as signed 
to Seis mic De sign Cat e gory D, E or F, as de ter mined in Sec tion
1616, shall con form to the re quire ments for Seis mic De sign Cat -
e gory C and to the ad di tional re quire ments of this sec tion.

1910.5.1 Seis mic-force-re sist ing sys tems. Mo ment frames 
used to re sist seis mic forces shall be spe cial mo ment frames. 
Shear walls used to re sist seis mic forces shall be spe cial re -
in forced con crete shear walls.

1910.5.2 Frame mem bers not pro por tioned to re sist
forces in duced by earth quake mo tions. Frame com po -
nents as sumed not to con trib ute to lat eral force re sis tance
shall con form to ACI 318, Sec tion 21.11, as mod i fied by
Sec tion 1908.1.6 of this chap ter. 

SECTION 1911 
MINIMUM SLAB PROVISIONS

1911.1 Gen eral. The thick ness of con crete floor slabs sup -
ported di rectly on the ground shall not be less than 31/2 inches
(89 mm). A 6-mil (0.006 inch; 0.15 mm) poly eth yl ene va por
re tarder with joints lapped not less than 6 inches (152 mm)
shall be placed be tween the base course or subgrade and the
con crete floor slab, or other ap proved equiv a lent meth ods or
ma te ri als shall be used to re tard va por trans mis sion through the 
floor slab.

Ex cep tion: A va por re tarder is not re quired:

1. For de tached struc tures ac ces sory to oc cu pan cies in
Group R-3 as ap pli ca ble in Sec tion 101.2, such as ga -
rages, util ity build ings or other un heated fa cil i ties.

2. For un heated stor age rooms hav ing an area of less than
70 square feet (6.5 m2) and car ports at tached to oc cu -
pan cies in Group R-3 as ap pli ca ble in Sec tion 101.2.

3. For build ings of other oc cu pan cies where mi gra tion
of mois ture through the slab from be low will not be
det ri men tal to the in tended oc cu pancy of the build ing.

4. For drive ways, walks, pa tios and other flatwork
which will not be en closed at a later date.

5. Where ap proved based on lo cal site con di tions.

SECTION 1912 
ANCHORAGE TO CONCRETE—
ALLOWABLE STRESS DESIGN

1912.1 Scope. The pro vi sions of this sec tion shall gov ern the
al low able stress de sign of headed bolts and headed stud an -
chors cast in nor mal-weight con crete for pur poses of trans mit -
ting struc tural loads from one con nected el e ment to the other.
These pro vi sions do not ap ply to an chors in stalled in hard ened
con crete or where load com bi na tions in clude earth quake loads
or ef fects. The bear ing area of headed an chors shall be not less

than one and one-half times the shank area. Where strength de -
sign is used, or where load com bi na tions in clude earth quake
loads or ef fects, the de sign strength of an chors shall be de ter -
mined in ac cor dance with Sec tion 1913. Bolts shall con form to
ASTM A 307 or an ap proved equiv a lent. 

1912.2 Al low able ser vice load. The al low able ser vice load for
headed an chors in shear or ten sion shall be as in di cated in Ta ble 
1912.2. Where an chors are sub ject to com bined shear and ten -
sion, the fol low ing re la tion ship shall be sat is fied:

(Ps / Pt )5/3 + (Vs / Vt )5/3 ≤ 1 (Equa tion 19-1)

where:

Ps = Ap plied ten sion ser vice load, pounds (newtons).

Pt = Al low able ten sion ser vice load from Ta ble 1912.2,
pounds (newtons).

Vs = Ap plied shear ser vice load, pounds (newtons).

Vt = Al low able shear ser vice load from Ta ble 1912.2,
pounds (newtons).

1912.3 Re quired edge dis tance and spac ing. The al low able
ser vice loads in ten sion and shear spec i fied in Ta ble 1912.2 are
for the edge dis tance and spac ing spec i fied. The edge dis tance
and spac ing are per mit ted to be re duced to 50 per cent of the
val ues spec i fied with an equal re duc tion in al low able ser vice
load. Where edge dis tance and spac ing are re duced less than 50 
per cent, the al low able ser vice load shall be de ter mined by lin -
ear in ter po la tion.

1912.4 In crease in al low able load. In crease of the val ues in
Ta ble 1912.2 by one-third is per mit ted where the pro vi sions of
Sec tion 1605.3.2 per mit an in crease in al low able stress for
wind load ing.

1912.5 In crease for spe cial in spec tion. Where spe cial in spec -
tion is pro vided for the in stal la tion of an chors, a 100-per cent
in crease in the al low able ten sion val ues of Ta ble 1912.2 is per -
mit ted. No in crease in shear value is per mit ted.

SECTION 1913
ANCHORAGE TO CONCRETE—

STRENGTH DESIGN

1913.1 Scope. The pro vi sions of this sec tion shall gov ern the
strength de sign of an chors in stalled in con crete for pur poses of
trans mit ting struc tural loads from one con nected el e ment to the 
other. Headed bolts, headed studs and hooked (J- or L-) bolts
cast in con crete and ex pan sion an chors and un der cut an chors
in stalled in hard ened con crete shall be de signed in ac cor dance
with Ap pen dix D of ACI 318, pro vided they are within the
scope of Ap pen dix D.

Ex cep tion: Where the ba sic con crete break out strength in
ten sion of a sin gle an chor, Nb, is de ter mined in ac cor dance
with Equa tion (D-7), the con crete break out strength re -
quire ments of Sec tion D.4.2.2 shall be con sid ered sat is fied
by the de sign pro ce dures of Sec tions D.5.2 and D.6.2 for an -
chors ex ceed ing 2 inches (51 mm) in di am e ter or 25 inches
(635 mm) ten sile embedment depth.
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 The strength de sign of an chors that are not within the scope
of Ap pen dix D of ACI 318, and as amended above, shall be in
ac cor dance with an ap proved pro ce dure.

SECTION 1914
SHOTCRETE

1914.1 Gen eral. Shotcrete is mor tar or con crete that is pneu -
mat i cally pro jected at high ve loc ity onto a sur face. Ex cept as
spec i fied in this sec tion, shotcrete shall con form to the re quire -
ments of this chap ter for plain or re in forced con crete.

1914.2 Pro por tions and ma te ri als. Shotcrete pro por tions
shall be se lected that al low suit able place ment pro ce dures us -
ing the de liv ery equip ment se lected and shall re sult in fin ished
in-place hard ened shotcrete meet ing the strength re quire ments
of this code.

1914.3 Ag gre gate. Coarse ag gre gate, if used, shall not ex ceed
3/4 inch (19.1 mm).

1914.4 Re in force ment. Re in force ment used in shotcrete con -
struc tion shall com ply with the pro vi sions of Sec tions 1914.4.1 
through 1914.4.4.

1914.4.1 Size. The max i mum size of re in force ment shall be
No. 5 bars un less it is dem on strated by pre con struc tion tests
that ad e quate en case ment of larger bars will be achieved.

1914.4.2 Clear ance. When No. 5 or smaller bars are used,
there shall be a min i mum clear ance be tween par al lel re in -
force ment bars of 21/2 inches (64 mm). When bars larger
than No. 5 are per mit ted, there shall be a min i mum clear -
ance be tween par al lel bars equal to six di am e ters of the bars
used. When two cur tains of steel are pro vided, the cur tain
nearer the noz zle shall have a min i mum spac ing equal to 12

bar di am e ters and the re main ing cur tain shall have a min i -
mum spac ing of six bar di am e ters.

Ex cep tion: Sub ject to the ap proval of the build ing of fi -
cial, re quired clear ances shall be re duced where it is
dem on strated by pre con struc tion tests that ad e quate en -
case ment of the bars used in the de sign will be achieved.

1914.4.3 Splices. Lap splices of re in forc ing bars shall uti -
lize the noncontact lap splice method with a min i mum clear -
ance of 2 inches (51 mm) be tween bars. The use of con tact
lap splices nec es sary for sup port of the re in forc ing is per -
mit ted when ap proved by the build ing of fi cial, based on sat -
is fac tory pre con struc tion tests that show that ad e quate
en case ment of the bars will be achieved, and pro vided that
the splice is ori ented so that a plane through the cen ter of the
spliced bars is per pen dic u lar to the sur face of the shotcrete.

1914.4.4 Spi rally tied col umns. Shotcrete shall not be ap -
plied to spi rally tied col umns.

1914.5 Pre con struc tion tests. When re quired by the build ing
of fi cial, a test panel shall be shot, cured, cored or sawn, ex am -
ined and tested prior to com mence ment of the pro ject. The
sam ple panel shall be rep re sen ta tive of the pro ject and sim u late
job con di tions as closely as pos si ble. The panel thick ness and
re in forc ing shall re pro duce the thick est and most con gested
area spec i fied in the struc tural de sign. It shall be shot at the
same an gle, us ing the same nozzleman and with the same con -
crete mix de sign that will be used on the pro ject. The equip -
ment used in pre con struc tion test ing shall be the same
equip ment used in the work re quir ing such test ing, un less sub -
sti tute equip ment is ap proved by the build ing of fi cial.

1914.6 Re bound. Any re bound or ac cu mu lated loose ag gre -
gate shall be re moved from the sur faces to be cov ered prior to
plac ing the ini tial or any suc ceed ing lay ers of shotcrete. Re -
bound shall not be used as ag gre gate.
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TABLE 1912.2
ALLOWABLE SERVICE LOAD ON EMBEDDED BOLTS (pounds)

BOLT
DIAMETER

(inches)

MINIMUM
EMBEDMENT

(inches)

EDGE
DISTANCE

(inches)
SPACING
(inches)

MINIMUM CONCRETE STRENGTH (psi)

f ′c = 2,500 f ′c = 3,000 f ′c = 4,000

Tension Shear Tension Shear Tension Shear

1/4 21/2 11/2 3 200 500 200 500 200 500

3/8 3 21/4 41/2 500 1,100 500 1,100 500 1,100

1/2
4
4

3
5

6
5

950
1,450

1,250
1,600

950
1,500

1,250
1,650

950
1,550

1,250
1,750

5/8
41/2
41/2

33/4
61/4

71/2
71/2

1,500
2,125

2,750
2,950

1,500
2,200

2,750
3,000

1,500
2,400

2,750
3,050

3/4
5
5

41/2
71/2

9
9

2,250
2,825

3,250
4,275

2,250
2,950

3,560
4,300

2,250
3,200

3,560
4,400

7/8 6 51/4 101/2 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

11/8 8 63/4 131/2 3,400 4,750 3,400 4,750 3,400 4,750

11/4 9 71/2 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.
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1914.7 Joints. Ex cept where per mit ted herein, un fin ished
work shall not be al lowed to stand for more than 30 min utes un -
less edges are sloped to a thin edge. For struc tural el e ments that
will be un der com pres sion and for con struc tion joints shown on 
the ap proved con struc tion doc u ments, square joints are per mit -
ted. Be fore plac ing ad di tional ma te rial ad ja cent to pre vi ously
ap plied work, slop ing and square edges shall be cleaned and
wet ted.

1914.8 Dam age. In-place shotcrete that ex hib its sags, sloughs,
seg re ga tion, honey comb ing, sand pock ets or other ob vi ous de -
fects shall be re moved and re placed. Shotcrete above sags and
sloughs shall be re moved and re placed while still plas tic.

1914.9 Curing. Dur ing the cur ing pe ri ods spec i fied herein,
shotcrete shall be main tained above 40°F (4°C) and in moist
con di tion.

1914.9.1 Ini tial cur ing. Shotcrete shall be kept con tin u -
ously moist for 24 hours af ter shotcreting is com plete or
shall be sealed with an ap proved cur ing com pound.

1914.9.2 Fi nal cur ing. Fi nal cur ing shall con tinue for seven 
days af ter shotcreting, or for three days if high-
early-strength ce ment is used, or un til the spec i fied strength
is ob tained. Fi nal cur ing shall con sist of the ini tial cur ing
pro cess or the shotcrete shall be cov ered with an ap proved
mois ture-re tain ing cover.

1914.9.3 Nat u ral cur ing. Nat u ral cur ing shall not be used
in lieu of that spec i fied in this sec tion un less the rel a tive hu -
mid ity re mains at or above 85 per cent, and is au tho rized by
the reg is tered de sign pro fes sional and ap proved by the
build ing of fi cial.

1914.10 Strength tests. Strength tests for shotcrete shall be
made by an ap proved agency on spec i mens that are rep re sen ta -
tive of the work and which have been wa ter soaked for at least
24 hours prior to test ing. When the max i mum-size ag gre gate is
larger than 3/8 inch (9.5 mm), spec i mens shall con sist of not less 
than three 3-inch-di am e ter (76 mm) cores or 3-inch (76 mm)
cubes. When the max i mum-size ag gre gate is 3/8 inch (9.5 mm)
or smaller, spec i mens shall con sist of not less than 2-inch-di -
am e ter (51 mm) cores or 2-inch (51 mm) cubes.

1914.10.1 Sam pling. Spec i mens shall be taken from the
in-place work or from test pan els, and shall be taken at least
once each shift, but not less than one for each 50 cu bic yards
(38.2 m3) of shotcrete.

1914.10.2 Panel cri te ria. When the max i mum-size ag gre -
gate is larger than 3/8 inch (9.5 mm), the test pan els shall have 
min i mum di men sions of 18 inches by 18 inches (457 mm by 
457 mm). When the max i mum size ag gre gate is 3/8 inch (9.5
mm) or smaller, the test pan els shall have min i mum di men -
sions of 12 inches by 12 inches (305 mm by 305 mm).
Panels shall be shot in the same po si tion as the work, dur ing
the course of the work and by the nozzlemen do ing the
work. The con di tions un der which the pan els are cured shall
be the same as the work.

1914.10.3 Ac cep tance cri te ria. The av er age com pres sive
strength of three cores from the in-place work or a sin gle test 

panel shall equal or ex ceed 0.85 f ′c with no sin gle core less
than 0.75 f ′c. The av er age com pres sive strength of three
cubes taken from the in-place work or a sin gle test panel
shall equal or ex ceed f ′c with no in di vid ual cube less than
0.88 f ′c. To check ac cu racy, lo ca tions rep re sented by er ratic
core or cube strengths shall be re tested.

SECTION 1915
REINFORCED GYPSUM CONCRETE

1915.1 Gen eral. Re in forced gyp sum con crete shall com ply
with the re quire ments of ASTM C 317 and ASTM C 956.

1915.2 Min i mum thick ness. The min i mum thick ness of re in -
forced gyp sum con crete shall be 2 inches (51 mm) ex cept the
min i mum re quired thick ness shall be re duced to 11/2 inches (38
mm), pro vided the fol low ing con di tions are sat is fied:

1. The over all thick ness, in clud ing the formboard, is not
less than 2 inches (51 mm).

2. The clear span of the gyp sum con crete be tween sup ports
does not ex ceed 33 inches (838 mm).

3. Di a phragm ac tion is not re quired.

4. The de sign live load does not ex ceed 40 pounds per
square foot (psf) (1915 Pa).

SECTION 1916
CONCRETE-FILLED PIPE COLUMNS

1916.1 Gen eral. Con crete-filled pipe col umns shall be man u -
fac tured from stan dard, ex tra-strong or dou ble-ex tra-strong
steel pipe or tub ing that is filled with con crete so placed and
ma nip u lated as to se cure max i mum den sity and to en sure com -
plete fill ing of the pipe with out voids.

1916.2 De sign. The safe sup port ing ca pac ity of con crete-filled
pipe col umns shall be com puted in ac cor dance with the ap -
proved rules or as de ter mined by a test.

1916.3 Con nec tions. Caps, base plates and con nec tions shall
be of ap proved types and shall be pos i tively at tached to the
shell and an chored to the con crete core. Welding of brack ets
with out me chan i cal an chor age shall be pro hib ited. Where the
pipe is slot ted to ac com mo date webs of brack ets or other con -
nec tions, the in teg rity of the shell shall be re stored by weld ing
to en sure hoop ing ac tion of the com pos ite sec tion.

1916.4 Re in force ment. To in crease the safe load-sup port ing
ca pac ity of con crete-filled pipe col umns, the steel re in force -
ment shall be in the form of rods, struc tural shapes or pipe em -
bed ded in the con crete core with suf fi cient clear ance to en sure
the com pos ite ac tion of the sec tion, but not nearer than 1 inch
(25 mm) to the ex te rior steel shell. Struc tural shapes used as re -
in force ment shall be milled to en sure bear ing on cap and base
plates.

1916.5 Fire-re sis tance-rat ing pro tec tion. Pipe col umns shall 
be of such size or so pro tected as to de velop the re quired fire-re -
sis tance rat ings spec i fied in Ta ble 601. Where an outer steel
shell is used to en close the fire-re sis tant cov er ing, the shell
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shall not be in cluded in the cal cu la tions for strength of the col -
umn sec tion. The min i mum di am e ter of pipe col umns shall be
4 inches (102 mm) ex cept that in struc tures of Type V con struc -
tion not ex ceed ing three sto ries or 40 feet (12 192 mm) in
height, pipe col umns used in the base ment and as sec ond ary
steel mem bers shall have a min i mum di am e ter of 3 inches (76
mm).

1916.6 Ap provals. De tails of col umn con nec tions and splices
shall be shop fab ri cated by ap proved meth ods and shall be ap -
proved only af ter tests in ac cor dance with the ap proved rules.
Shop-fab ri cated con crete-filled pipe col umns shall be in -
spected by the build ing of fi cial or by an ap proved rep re sen ta -
tive of the man u fac turer at the plant.
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