
CHAPTER 18

SOILS AND FOUNDATIONS

SECTION 1801
GENERAL

1801.1 Scope. The pro vi sions of this chap ter shall ap ply to
build ing and foun da tion sys tems in those ar eas not sub ject to
scour or wa ter pres sure by wind and wave ac tion. Build ings
and foun da tions sub ject to such scour or wa ter pres sure loads
shall be de signed in ac cor dance with Chap ter 16.

1801.2 De sign. Al low able bear ing pres sures, al low able
stresses and de sign for mu las pro vided in this chap ter shall be
used with the al low able stress de sign load com bi na tions spec i -
fied in Sec tion 1605.3. The qual ity and de sign of ma te ri als used 
struc tur ally in ex ca va tions, foot ings and foun da tions shall con -
form to the re quire ments spec i fied in Chap ters 16, 19, 21, 22
and 23 of this code. Ex ca va tions and fills shall also com ply
with Chap ter 33, the Se at tle Storm water, Grad ing and Drain -
age Con trol Code (Se at tle Mu nic i pal Code Ti tle 22), and the
Reg u la tions for En vi ron men tally Crit i cal Ar eas (Se at tle Mu -
nic i pal Code Ti tle 25.09).

1801.2.1 Foun da tion design for seis mic over turn ing.
Where the foun da tion is pro por tioned using the strength
design load com bi na tions of Sec tion 1605.2, the seis mic
over turn ing moment need not exceed 75 per cent of the value 
com puted from Sec tion 9.5.5.6 of ASCE 7 for the equiv a -
lent lat eral force method, or Sec tion 1618 for the modal
anal y sis method.

SECTION 1802
FOUNDATION AND SOILS INVESTIGATIONS

1802.1 Gen eral. Foun da tion and soils in ves ti ga tions shall be
con ducted in con for mance with Sec tions 1802.2 through
1802.6. Where re quired by the build ing of fi cial, the clas si fi ca -
tion and in ves ti ga tion of the soil is re quired by this code, such
anal y sis shall be made by a reg is tered de sign pro fes sional.

1802.2 Where re quired. The owner or ap pli cant shall sub mit a 
foun da tion and soils in ves ti ga tion to the build ing of fi cial where 
re quired in Sec tions 1802.2.1 through 1802.2.7.

Excep tion: The build ing offi cial need not require a foun da -
tion or soils inves ti ga tion where sat is fac tory data from adja -
cent areas is avail able that dem on strates an inves ti ga tion is
not nec es sary for any of the con di tions in Sec tions 1802.2.1
through 1802.2.6.

1802.2.1 Ques tion able soil. Where the safe-sus tain ing
power strength char ac ter is tics of the soil is are in doubt, or
where a load-bear ing value supe rior to that spec i fied in this
code is claimed, the build ing offi cial shall may require that
the nec es sary inves ti ga tion be made. Such inves ti ga tion shall

com ply with the pro vi sions of Sec tions 1802.4 through
1802.6.

1802.2.2 Expan sive soils. In areas likely to have expan sive
soil, the build ing offi cial shall require soil tests to deter mine
where such soils do exist.

1802.2.3 Ground-water table. A subsurface soil inves ti ga -
tion shall be per formed to deter mine whether the exist ing
static ground-water table is above or within 5 feet (1524
mm) below the ele va tion of the low est floor level where
such floor is located below the fin ished ground level adja -
cent to the foun da tion.

Ex cep tion: A subsurface soil in ves ti ga tion shall not be
re quired where wa ter proof ing is pro vided in ac cor dance
with Sec tion 1807.

1802.2.4 Pile and pier foun da tions. Pile and pier foun da -
tions shall be designed and installed on the basis of a foun -
da tion inves ti ga tion and report as spec i fied in Sec tions
1802.4 through 1802.6 and Sec tion 1808.2.1 1808.2.2.

1802.2.5 Rock strata. Where subsurface explo ra tions at
the pro ject site indi cate vari a tions or doubt ful char ac ter is -
tics in the struc ture of the rock upon which foun da tions are
to be con structed, the build ing offi cial may require a suf fi -
cient num ber of bor ings shall to be made to a depth of not
less than 10 feet below the level of the foun da tions to pro -
vide assur ance of the sound ness of the foun da tion bed and
its load-bear ing capac ity.

1802.2.6  Seis mic Design Cat e gory C. Where a struc ture is
deter mined to be in Seis mic Design Cat e gory C in accor -
dance with Sec tion 1616, and where the struc ture is located
in an area known to be a geo logic haz ard area as defined in
the Reg u la tions for Envi ron men tally Crit i cal Areas, an soils
inves ti ga tion shall be con ducted, and shall include an eval u -
a tion of the fol low ing poten tial haz ards result ing from
earth quake motions: slope insta bil ity, liq ue fac tion and sur -
face rup ture due to fault ing or lat eral spread ing.

Ex cep tion: The build ing of fi cial may waive this eval u a -
tion upon re ceipt of the writ ten opin ion of a qual i fied
geotechnical en gi neer that the build ing’s foun da tion de sign
ad e quately ad dresses liq ue fac tion.

1802.2.6.1 Slope instability. The po ten tial for soil
strength loss due to slope in sta bil ity shall be eval u ated for
an earth quake ground mo tion that, as a min i mum, has a
40% prob a bil ity of exceedance in 50 years. This is
achieved by as sum ing a near crustal event of mag ni tude
6.5 di rectly be low the site. Peak ground ac cel er a tion may
be de ter mined based on a site-spe cific study tak ing into
ac count soil am pli fi ca tion ef fects. In the ab sence of such a
study, peak ground ac cel er a tion may be as sumed equal to
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0.2g for the pur pose of de ter min ing soil strength loss due
to slope in sta bil ity.

1802.2.7 Seis mic Design Cat e gory D, E or F. Where the
struc ture is deter mined to be in Seis mic Design Cat e gory D,
E or F, in accor dance with Sec tion 1616 and the struc ture is
located in an area known to be a geo logic haz ard area as
defined in the Reg u la tions for Envi ron men tally Crit i cal
Areas, or where base ment or retain ing walls in geo logic
haz ard areas exceed 12 feet in height, the soils inves ti ga tion
require ments for Seis mic Design Cat e gory C, given in Sec -
tion 1802.2.6, shall be met, in addi tion to the fol low ing. The
inves ti ga tion shall include:

1. A de ter mi na tion of lat eral pres sures on base ment and
re tain ing walls due to earth quake mo tions.

2. An as sess ment of po ten tial con se quences of any liq -
ue fac tion and soil strength loss, in clud ing es ti ma tion
of dif fer en tial set tle ment, lat eral move ment or re duc -
tion in foun da tion soil-bear ing ca pac ity, and shall ad -
dress mit i ga tion mea sures. Such mea sures shall be
given con sid er ation in the de sign of the struc ture and
can in clude, but are not lim ited to, ground sta bi li za -
tion, se lec tion of ap pro pri ate foun da tion type and
depths, se lec tion of ap pro pri ate struc tural sys tems to
ac com mo date an tic i pated dis place ments or any com -
bi na tion of these mea sures. The po ten tial for liq ue fac -
tion and soil strength loss shall be eval u ated for site
peak ground ac cel er a tion mag ni tudes and source
char ac ter is tics con sis tent with the de sign earth quake
ground mo tions. Peak ground ac cel er a tion shall be
de ter mined from a site-spe cific study tak ing into ac -
count soil am pli fi ca tion ef fects, as spec i fied in Sec -
tion 1615.2.

Ex cep tions:

1. A site-spe cific study need not be per formed
pro vided that peak ground ac cel er a tion
equal to SDS/2.5 is used, where SDS is de ter -
mined in ac cor dance with Sec tion 1615.2.1.

2. A site-spe cific study need only be per -
formed for one- and two-fam ily dwell ings if
they are lo cated on Site Class F soils.

1802.3 Soil clas si fi ca tion. Where re quired, soils shall be clas -
si fied in ac cor dance with Sec tion 1802.3.1 or 1802.3.2.

1802.3.1 Gen eral. For the pur poses of this chap ter, the def i -
ni tion and clas si fi ca tion of soil mate ri als for use in Table
1804.2 shall be in accor dance with ASTM D 2487.

1802.3.2 Expan sive soils. Soils meet ing all four of the fol -
low ing pro vi sions shall be con sid ered expan sive, except
that tests to show com pli ance with Items 1, 2 and 3 shall not
be required if the test pre scribed in Item 4 is con ducted:

1. Plas tic ity in dex (PI) of 15 or greater, de ter mined in
ac cor dance with ASTM D 4318.

2. More than 10 per cent of the soil par ti cles pass a No.
200 sieve (75 µm), de ter mined in ac cor dance with
ASTM D 422.

3. More than 10 per cent of the soil par ti cles are less than
5 mi crom e ters in size, de ter mined in ac cor dance with
ASTM D 422.

4. Ex pan sion in dex greater than 20, de ter mined in ac -
cor dance with ASTM D 4829.

1802.4 In ves ti ga tion. Soil clas si fi ca tion shall be based on ob -
ser va tion and any nec es sary tests of the ma te ri als dis closed by
bor ings, test pits or other subsurface ex plo ra tion made in ap -
pro pri ate lo ca tions. Ad di tional stud ies shall be made as nec es -
sary to eval u ate slope sta bil ity, soil strength, po si tion and
ad e quacy of load-bear ing soils, the ef fect of mois ture vari a tion
on soil-bear ing ca pac ity, com press ibil ity, liq ue fac tion and ex -
pan sive ness. 

1802.4.1 Explor atory bor ing. The scope of the soil inves ti -
ga tion includ ing the num ber and types of bor ings or
soundings, the equip ment used to drill and sam ple, the
in-situ test ing equip ment and the lab o ra tory test ing pro gram 
shall be deter mined by a reg is tered design pro fes sional.

1802.5 Soil bor ing and sam pling. The soil bor ing and sam -
pling pro ce dure and ap pa ra tus shall be in ac cor dance with gen -
er ally ac cepted en gi neer ing prac tice. The reg is tered de sign
pro fes sional shall have a fully qual i fied rep re sen ta tive on the
site dur ing all bor ing and sam pling op er a tions.

1802.6 Re ports. The soil clas si fi ca tion and de sign load-bear -
ing ca pac ity shall be shown on the con struc tion doc u ment.
Where re quired by the build ing of fi cial, a writ ten re port of the
in ves ti ga tion shall be sub mit ted that in cludes, but need not be
lim ited to, the fol low ing in for ma tion:

1. A plot show ing the lo ca tion of test bor ings and/or ex ca -
va tions.

2. A com plete re cord of the soil sam ples.

3. A re cord of the soil pro file.

4. El e va tion of the wa ter ta ble, if en coun tered.

5. Rec om men da tions for foun da tion type and de sign cri te -
ria, in clud ing but not lim ited to: bear ing ca pac ity of nat u -
ral or com pacted soil; pro vi sions to mit i gate the ef fects of 
ex pan sive soils; mit i ga tion of the ef fects of liq ue fac tion,
dif fer en tial set tle ment and vary ing soil strength; mit i ga -
tion of the ef fects of slope in sta bil ity; and the ef fects of
ad ja cent loads.

6. Ex pected to tal and dif fer en tial set tle ment.

7. Pile and pier foun da tion in for ma tion in ac cor dance with
Sec tion 1808.2.2.

8. Spe cial de sign and con struc tion pro vi sions for foot ings
or foun da tions founded on ex pan sive soils, as nec es sary.

9. Com pacted fill ma te rial prop er ties and test ing in ac cor -
dance with Sec tion 1803.5. 

SECTION 1803
EXCAVATION, GRADING AND FILL

1803.1 Ex ca va tions near foot ings or foun da tions. Ex ca va -
tions for any pur pose shall not re move lat eral sup port from any
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foot ing or foun da tion with out first un der pin ning or pro tect ing
the foot ing or foun da tion against set tle ment or lat eral trans la -
tion.

1803.2 Place ment of back fill. The ex ca va tion out side the
foun da tion shall be back filled with soil that is free of or ganic
ma te rial, con struc tion de bris, cob bles and boul ders or a con -
trolled low-strength ma te rial (CLSM). The back fill shall be
placed in lifts and com pacted, in a man ner that does not dam age 
the foun da tion or the wa ter proof ing or dampproofing ma te rial.

Excep tion: Con trolled low-strength mate rial need not be
com pacted.

1803.3 Site grad ing. The ground im me di ately ad ja cent to the
foun da tion shall be sloped away from the build ing at a slope of
not less than one unit ver ti cal in 20 units hor i zon tal (5-per cent
slope) for a min i mum dis tance of 10 feet (3048 mm) mea sured
per pen dic u lar to the face of the wall or an ap proved al ter nate
method of di vert ing wa ter away from the foun da tion shall be
used. 

Excep tion: Where cli ma tic or soil con di tions war rant, the
slope of the ground away from the build ing foun da tion is
per mit ted to be reduced to not less than one unit ver ti cal in
48 units hor i zon tal (2-per cent slope). 

 The pro ce dure used to es tab lish the fi nal ground level ad ja -
cent to the foun da tion shall ac count for ad di tional set tle ment of 
the back fill. 

1803.4 Grad ing and fill in floodways. In floodways shown on
the flood haz ard map es tab lished in Sec tion 1612.3, grad ing
and/or fill shall not be ap proved un less it has been dem on -
strated through hydrologic and hy drau lic anal y ses per formed
by a reg is tered de sign pro fes sional in ac cor dance with stan dard 
en gi neer ing prac tice that the pro posed grad ing or fill, or both,
will not re sult in any in crease in flood lev els dur ing the oc cur -
rence of the de sign flood.

1803.5 Com pacted fill ma te rial. Where foot ings will bear on
com pacted fill ma te rial, the com pacted fill shall com ply with
the pro vi sions of an ap proved re port, which shall con tain the
fol low ing:

1. Spec i fi ca tions for the prep a ra tion of the site prior to
place ment of com pacted fill ma te rial.

2. Spec i fi ca tions for ma te rial to be used as com pacted fill.
3. Test method to be used to de ter mine the max i mum dry

den sity and op ti mum mois ture con tent of the ma te rial to
be used as com pacted fill.

4. Max i mum al low able thick ness of each lift of com pacted
fill ma te rial.

5. Field test method for de ter min ing the in-place dry den -
sity of the com pacted fill.

6. Min i mum ac cept able in-place dry den sity ex pressed as a
per cent age of the max i mum dry den sity de ter mined in
ac cor dance with Item 3.

7. Num ber and fre quency of field tests re quired to de ter -
mine com pli ance with Item 6.

Excep tion: Com pacted fill mate rial less than 12 inches
(305 mm) in depth need not com ply with an approved

report, pro vided it has been com pacted to a min i mum of 90
per cent Mod i fied Proc tor in accor dance with ASTM D
1557. The com pac tion shall be ver i fied by a qual i fied
inspec tor approved by the build ing offi cial.

1803.6 Con trolled low-strength ma te rial (CLSM). Where
foot ings will bear on con trolled low-strength ma te rial
(CLSM), the CLSM shall com ply with the pro vi sions of an ap -
proved re port, which shall con tain the fol low ing:

1. Spec i fi ca tions for the prep a ra tion of the site prior to
place ment of the CLSM.

2. Spec i fi ca tions for the CLSM.

3. Lab o ra tory or field test method(s) to be used to de ter -
mine the com pres sive strength or bear ing ca pac ity of the
CLSM.

4. Test meth ods for de ter min ing the ac cep tance of the
CLSM in the field.

5. Num ber and fre quency of field tests re quired to de ter -
mine com pli ance with Item 4.

SECTION 1804 
ALLOWABLE LOAD-BEARING VALUES OF SOILS

1804.1 De sign. The pre sump tive load-bear ing val ues pro vided 
in Ta ble 1804.2 shall be used with the al low able stress de sign
load com bi na tions spec i fied in Sec tion 1605.3.

1804.2 Pre sump tive load-bear ing val ues. The max i mum al -
low able foun da tion pres sure, lat eral pres sure or lat eral slid ing
re sis tance val ues for sup port ing soils at or near the sur face shall 
not ex ceed the val ues spec i fied in Ta ble 1804.2 un less data to
sub stan ti ate the use of a higher value are sub mit ted and ap -
proved.

 Pre sump tive load-bear ing val ues shall ap ply to ma te ri als
with sim i lar phys i cal char ac ter is tics and dis po si tions.

 Mud, or ganic silt, or ganic clays, peat or un pre pared fill shall
not be as sumed to have a pre sump tive load-bear ing ca pac ity
un less data to sub stan ti ate the use of such a value are sub mit ted.

Excep tion: A pre sump tive load-bear ing capac ity is per mit -
ted to be used where the build ing offi cial deems the
load-bear ing capac ity of mud, organic silt or unpre pared fill
is ade quate for the sup port of light weight and tem po rary
struc tures. 

1804.3 Lat eral slid ing re sis tance. The re sis tance of struc tural
walls to lat eral slid ing shall be cal cu lated by com bin ing the val -
ues de rived from the lat eral bear ing and the lat eral slid ing re sis -
tance shown in Ta ble 1804.2 un less data to sub stan ti ate the use
of higher val ues are sub mit ted for ap proval.

 For clay, sandy clay, silty clay and clayey silt, in no case shall 
the lat eral slid ing re sis tance ex ceed one-half the dead load.

1804.3.1 Increases in allow able lat eral slid ing resis tance.
The resis tance val ues derived from the table are per mit ted to 
be increased by the tab u lar value for each addi tional foot
(305 mm) of depth to a max i mum of 15 times the tab u lar
value.
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 Iso lated poles for uses such as flag poles or signs and poles
used to sup port build ings that are not adversely affected by a
1/2-inch (12.7 mm) motion at the ground sur face due to
short-term lat eral loads are per mit ted to be designed using
lat eral-bear ing val ues equal to two times the tab u lar val ues.

SECTION 1805
FOOTINGS AND FOUNDATIONS

1805.1 Gen eral. Foot ings and foun da tions shall be de signed
and con structed in ac cor dance with Sec tions 1805.1 through
1805.9. Foot ings and foun da tions shall be built on un dis turbed
soil, com pacted fill ma te rial or CLSM. Com pacted fill ma te rial
shall be placed in ac cor dance with Sec tion 1803.5. CLSM shall 
be placed in ac cor dance with Sec tion 1803.6.

 The top sur face of foot ings shall be level. The bot tom sur -
face of foot ings is per mit ted to have a slope not ex ceed ing one
unit ver ti cal in 10 units hor i zon tal (10-per cent slope). Foot ings
shall be stepped where it is nec es sary to change the el e va tion of
the top sur face of the foot ing or where the sur face of the ground 
slopes more than one unit ver ti cal in 10 units hor i zon tal
(10-per cent slope).

1805.2 Depth of foot ings. The min i mum depth of foot ings be -
low the un dis turbed ground sur face shall be 12 inches (305
mm). Where ap pli ca ble, the depth of foot ings shall also con -
form to Sec tions 1805.2.1 through 1805.2.3.

1805.2.1 Frost pro tec tion. Except where oth er wise pro -
tected from frost, foun da tion walls, piers and other per ma -
nent sup ports of build ings and struc tures shall be pro tected
from frost by one or more of the fol low ing meth ods: 

1. Ex tending be low the frost line of the lo cal ity;

2. Con structing in ac cor dance with ASCE-32; or

3. Erecting on solid rock.

Ex cep tion: Free-stand ing build ings meet ing all of the
fol low ing con di tions shall not be re quired to be pro -
tected:

1. Clas si fied in Im por tance Cat e gory I (see Ta ble
1604.5);

2. Area of 400 square feet (37 m2) or less; and

3. Eave height of 10 feet (3048 mm) or less. 

 Foot ings shall not bear on frozen soil un less such frozen con -
di tion is of a per ma nent char ac ter. 

1805.2.2 Iso lated foot ings. Foot ings on gran u lar soil shall
be so located that the line drawn between the lower edges of
adjoin ing foot ings shall not have a slope steeper than 30
degrees (0.52 rad) with the hor i zon tal, unless the mate rial
sup port ing the higher foot ing is braced or retained or oth er -
wise lat er ally sup ported in an approved man ner or a greater
slope has been prop erly estab lished by engi neer ing anal y -
sis.

1805.2.3 Shifting or mov ing soils. Where it is known that
the shal low sub soils are of a shift ing or mov ing char ac ter,
foot ings shall be car ried to a suf fi cient depth to ensure sta bil -
ity.

1805.3 Foot ings on or ad ja cent to slopes. The place ment of
build ings and struc tures on or ad ja cent to slopes steeper than
one unit ver ti cal in three units hor i zon tal (33.3-per cent slope)
shall con form to Sec tions 1805.3.1 through 1805.3.5.

1805.3.1 Build ing clear ance from ascend ing slopes. In
gen eral, build ings below slopes shall be set a suf fi cient dis -
tance from the slope to pro vide pro tec tion from slope drain -
age, ero sion and shal low fail ures. Except as pro vided for in
Sec tion 1805.3.5 and Fig ure 1805.3.1, the fol low ing cri te ria 
will be assumed to pro vide this pro tec tion. Where the exist -
ing slope is steeper than one unit ver ti cal in one unit hor i -
zon tal (100-per cent slope), the toe of the slope shall be
assumed to be at the inter sec tion of a hor i zon tal plane drawn 
from the top of the foun da tion and a plane drawn tan gent to
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TABLE 1804.2
ALLOWABLE FOUNDATION AND LATERAL PRESSURE

CLASS OF MATERIALS

ALLOWABLE
FOUNDATION

PRESSURE
(psf)d

LATERAL
BEARING

(psf/f below natural
grade)d

LATERAL SLIDING

Coefficient
of frictiona

Resistance
(psf)b

1. Crystalline bedrock 12,000 1,200 0.70 —

2. Sedimentary and foliated rock 4,000 400 0.35 —

3. Sandy gravel and/or gravel (GW and GP) 3,000 200 0.35 —

4. Sand, silty sand, clayey sand, silty gravel and
clayey gravel (SW, SP, SM, SC, GM and GC) 2,000 150 0.25 —

5. Clay, sandy clay, silty clay, clayey silt, silt and
sandy silt (CL, ML, MH and CH) 1,500c 100 — 130

For SI: 1 pound per square foot = 0.0479 kPa, 1 pound per square foot per foot = 0.157 kPa/m.
a. Co ef fi cient to be mul ti plied by the dead load.
b. Lat eral slid ing re sistance value to be mul ti plied by the con tact area, as lim ited by Sec tion 1804.3.
c. Where the build ing of fi cial de ter mines that in-place soils with an al low able bear ing ca pac ity of less than 1,500 psf are likely to be pres ent at the site, the al low able

bear ing ca pac ity shall be de ter mined by a soils in ves ti ga tion.
d. An in crease of one-third is per mit ted when us ing the al ter nate load com bi na tions in Sec tion 1605.3.2 that include wind or earth quake loads.



the slope at an angle of 45 degrees (0.79 rad) to the hor i zon -
tal. Where a retain ing wall is con structed at the toe of the
slope, the height of the slope shall be mea sured from the top
of the wall to the top of the slope.

1805.3.2 Foot ing set back from descend ing slope sur -
face. Foot ings on or adja cent to slope sur faces shall be
founded in firm mate rial with an embedment and set back
from the slope sur face suf fi cient to pro vide ver ti cal and lat -
eral sup port for the foot ing with out det ri men tal set tle ment. 
Except as pro vided for in Sec tion 1805.3.5 and Fig ure
1805.3.1, the fol low ing set back is deemed ade quate to
meet the cri te ria. Where the slope is steeper than 1 unit ver -
ti cal in 1 unit hor i zon tal (100-per cent slope), the required
set back shall be mea sured from an imag i nary plane 45
degrees (0.79 rad) to the hor i zon tal, pro jected upward
from the toe of the slope.

1805.3.3 Pools. The set back between pools reg u lated by
this code and slopes shall be equal to one-half the build ing
foot ing set back dis tance required by this sec tion. That por -
tion of the pool wall within a hor i zon tal dis tance of 7 feet
(2134 mm) from the top of the slope shall be capa ble of sup -
port ing the water in the pool with out soil sup port.

1805.3.4 Foun da tion ele va tion. On graded sites, the top of
any exte rior foun da tion shall extend above the ele va tion of
the street gut ter at point of dis charge or the inlet of an
approved drain age device a min i mum of 12 inches (305
mm) plus 2 per cent. Alter nate ele va tions are per mit ted sub -
ject to the approval of the build ing offi cial, pro vided it can
be dem on strated that required drain age to the point of dis -
charge and away from the struc ture is pro vided at all loca -
tions on the site.

1805.3.5 Alter nate set back and clear ance. Alter nate set -
backs and clear ances are per mit ted, sub ject to the approval
of the build ing offi cial. The build ing offi cial is per mit ted to 
require an inves ti ga tion and rec om men da tion of a reg is -
tered design pro fes sional to dem on strate that the intent of

this sec tion has been sat is fied. Such an inves ti ga tion shall
include con sid er ation of mate rial, height of slope, slope
gra di ent, load inten sity and ero sion char ac ter is tics of slope 
mate rial.

1805.4 Foot ings. Foot ings shall be de signed and con structed
in ac cor dance with Sec tions 1805.4.1 through 1805.4.6.

1805.4.1 Design. Foot ings shall be so designed that the
allow able bear ing capac ity of the soil is not exceeded, and
that dif fer en tial set tle ment is min i mized. The min i mum
width of foot ings shall be 12 inches (305 mm).

 Foot ings in areas with expan sive soils shall be designed
in accor dance with the pro vi sions of Sec tion 1805.8.

1805.4.1.1 De sign loads. Foot ings shall be de signed for
the most un fa vor able ef fects due to the com bi na tions of
loads spec i fied in Sec tion 1605.3. The dead load shall in -
clude the weight of foun da tions, foot ings and over ly ing
fill. Re duced live loads, as spec i fied in Sec tion 1607.9,
are per mit ted to be used in de sign ing foot ings.

1805.4.1.2 Vi bra tory loads. Where ma chin ery op er a -
tions or other vi bra tions are trans mit ted through the
foun da tion, con sid er ation shall be given in the foot ing
de sign to pre vent det ri men tal dis tur bances of the soil.

1805.4.2 Con crete foot ings. The design, mate ri als and
con struc tion of con crete foot ings shall com ply with Sec -
tions 1805.4.2.1 through 1805.4.2.6 and the pro vi sions of
Chap ter 19.

Ex cep tion: Where a spe cific de sign is not pro vided, con -
crete foot ings sup port ing walls of light-frame con struc -
tion are per mit ted to be de signed in ac cor dance with
Ta ble 1805.4.2.

1805.4.2.1 Con crete strength. Con crete in foot ings
shall have a spec i fied com pres sive strength (f ′c) of not
less than 2,500 pounds per square inch (psi) (17 237 kPa) 
at 28 days.
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FIGURE 1805.3.1
FOUNDATION CLEARANCES FROM SLOPES



1805.4.2.2 Footing seis mic ties. Where a struc ture is as -
signed to Seis mic De sign Cat e gory D, E or F in ac cor -
dance with Sec tion 1616, in di vid ual spread foot ings
founded on soil de fined in Sec tion 1615.1.1 as Site Class
E or F shall be in ter con nected by ties. Ties shall be ca pa -
ble of car ry ing, in ten sion or com pres sion, a force equal
to the prod uct of the larger foot ing load times the seis mic
co ef fi cient SDS di vided by 10 un less it is dem on strated
that equiv a lent re straint is pro vided by re in forced con -
crete beams within slabs on grade or re in forced con crete
slabs on grade.

1805.4.2.3 Plain con crete foot ings. The edge thick ness
of plain con crete foot ings sup port ing walls of other than
light-frame con struc tion shall not be less than 8 inches
(203 mm) where placed on soil. 

Ex cep tion: For plain con crete foot ings sup port ing
Group R-3 oc cu pan cies, the edge thick ness is per mit -
ted to be 6 inches (152 mm), pro vided that the foot ing
does not ex tend be yond a dis tance greater than the
thick ness of the foot ing on ei ther side of the sup ported 
wall.

1805.4.2.4 Place ment of con crete. Con crete foot ings
shall not be placed through wa ter un less a tremie or other
method ap proved by the build ing of fi cial is used. Where
placed un der or in the pres ence of wa ter, the con crete
shall be de pos ited by ap proved means to en sure min i -
mum seg re ga tion of the mix and neg li gi ble tur bu lence of
the wa ter.

1805.4.2.5 Pro tec tion of con crete. Con crete foot ings
shall be pro tected from freez ing dur ing de pos it ing and for
a pe riod of not less than five days there af ter. Wa ter shall
not be al lowed to flow through the de pos ited con crete.

1805.4.2.6 Forming of con crete. Con crete foot ings are
per mit ted to be cast against the earth where, in the opin -
ion of the build ing of fi cial, soil con di tions do not re quire
form ing. Where form ing is re quired, it shall be in ac cor -
dance with Chap ter 6 of ACI 318.

1805.4.3 Masonry-unit foot ings. The design, mate ri als
and con struc tion of masonry-unit foot ings shall com ply
with Sec tions 1805.4.3.1 and 1805.4.3.2, and the pro vi sions 
of Chap ter 21.

Ex cep tion: Where a spe cific de sign is not pro vided, ma -
sonry-unit foot ings sup port ing walls of light-frame con -
struc tion are per mit ted to be de signed in ac cor dance with 
Ta ble 1805.4.2.

1805.4.3.1 Di men sions. Ma sonry-unit foot ings shall be
laid in Type M or S mor tar com ply ing with Sec tion
2103.7 and the depth shall not be less than twice the pro -
jec tion be yond the wall, pier or col umn. The width shall
not be less than 8 inches (203 mm) wider than the wall
sup ported thereon.

1805.4.3.2 Off sets. The max i mum off set of each course
in brick foun da tion walls stepped up from the foot ings
shall be 11/2 inches (38 mm) where laid in sin gle courses,
and 3 inches (76 mm) where laid in dou ble courses.

1805.4.4 Steel gril lage foot ings. Gril lage foot ings of struc -
tural steel shapes shall be sep a rated with approved steel
spac ers and be entirely encased in con crete with at least 6
inches (152 mm) on the bot tom and at least 4 inches (102
mm) at all other points. The spaces between the shapes shall
be com pletely filled with con crete or cement grout.

1805.4.5 Tim ber foot ings. Tim ber foot ings are per mit ted
for build ings of Type V con struc tion and as oth er wise
approved by the build ing offi cial. Such foot ings shall be
treated in accor dance with AWPA C2 or C3. Treated tim bers 
are not required where placed entirely below per ma nent
water level, or where used as cap ping for wood piles that
pro ject above the water level over sub merged or marsh
lands. The com pres sive stresses per pen dic u lar to grain in
untreated tim ber foot ings sup ported upon piles shall not
exceed 70 per cent of the allow able stresses for the spe cies
and grade of tim ber as spec i fied in the AFPA NDS.

1805.4.6 Wood foun da tions. Wood foun da tion sys tems
shall be designed and installed in accor dance with AFPA
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TABLE 1805.4.2
FOOTINGS SUPPORTING WALLS OF LIGHT-FRAME CONSTRUCTIONa, b, c, d, e

NUMBER OF FLOORS
SUPPORTED BY THE

FOOTINGf

WIDTH OF
FOOTING
(inches)

THICKNESS OF
FOOTING
(inches)

1 12 6

2 15 6

3 18 8g

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm.
a. Depth of foot ings shall be in ac cor dance with Sec tion 1805.2.
b. The ground un der the floor is per mit ted to be ex ca vated to the el e va tion of the top of the foot ing.
c. In te rior-stud-bear ing walls are per mit ted to be sup ported by iso lated foot ings.  The foot ing width and length shall be twice the width shown in this ta ble, and foot -

ings shall be spaced not more than 6 feet on cen ter. 
d. See Sec tion 1910 for ad di tional re quire ments for foot ings of struc tures as signed to Seis mic De sign Category C, D, E or F. 
e. For thick ness of foun da tion walls, see Sec tion 1805.5.
f. Foot ings are per mit ted to sup port a roof in ad di tion to the stip u lated num ber of floors.  Foot ings sup port ing roof only shall be as re quired for sup port ing one floor.
g. Plain con crete foot ings for Group R-3 oc cu pan cies are per mit ted to be 6 inches thick.



Tech ni cal Report No. 7. Lum ber and ply wood shall be
treated in accor dance with AWPA C22 and shall be iden ti -
fied in accor dance with Sec tion 2303.1.8.1.

1805.5 Foun da tion walls. Con crete and ma sonry foun da tion
walls shall be de signed in ac cor dance with Chap ter 19 or 21.
Foun da tion walls that are lat er ally sup ported at the top and bot -
tom and within the pa ram e ters of Ta bles 1805.5(1) through
1805.5(4) are per mit ted to be de signed and con structed in ac -
cor dance with Sec tions 1805.5.1 through 1805.5.5.

1805.5.1 Foun da tion wall thick ness. The min i mum thick -
ness of con crete and masonry foun da tion walls shall com ply 
with Sec tions 1805.5.1.1 through 1805.5.1.3. 

1805.5.1.1 Thick ness based on walls sup ported. The
thick ness of foun da tion walls shall not be less than the
thick ness of the wall sup ported, ex cept that foun da tion
walls of at least 8 inch (203 mm) nom i nal width are per -
mit ted to sup port brick-ve neered frame walls and
10-inch-wide (254 mm) cav ity walls pro vided the re -
quire ments of Sec tion 1805.5.1.2 are met. Corbeling of
ma sonry shall be in ac cor dance with Sec tion 2104.2.
Where an 8-inch (203 mm) wall is corbeled, the top cor -
bel shall be a full course of head ers at least 6 inches (152
mm) in length, ex tend ing not higher than the bot tom of
the floor fram ing.

1805.5.1.2 Thick ness based on soil loads, un bal anced
back fill height and wall height. The thick ness of foun -
da tion walls shall com ply with the re quire ments of Ta ble
1805.5(1) for plain ma sonry and plain con crete walls or
Ta ble 1805.5(2), 1805.5(3) or 1805.5(4) for re in forced
con crete and ma sonry walls. When us ing the ta bles, ma -
sonry shall be laid in run ning bond and the mor tar shall
be Type M or S.

 Un bal anced back fill height is the dif fer ence in height
of the ex te rior and in te rior fin ish ground lev els. Where an 
in te rior con crete slab is pro vided, the un bal anced back -
fill height shall be mea sured from the ex te rior fin ish
ground level to the top of the in te rior con crete slab.

1805.5.1.3 Rub ble stone. Foun da tion walls of rough or
ran dom rub ble stone shall not be less than 16 inches (406
mm) thick. Rub ble stone shall not be used for foun da tions
for struc tures in Seis mic De sign Cat e gory C, D, E or F.

1805.5.2 Foun da tion wall mate ri als. Foun da tion  walls
con structed in accor dance with Table 1805.5(1), 1805.5(2),
1805.5(3) or 1805.5(4) shall com ply with the fol low ing:

1. Ver ti cal re in force ment shall have a min i mum yield
strength of 60,000 psi (414 Mpa).

2. The spec i fied lo ca tion of the re in force ment shall
equal or ex ceed the ef fec tive depth dis tance, d,
 noted in Ta bles 1805.5(2), 1805.5(3) and 1805.5(4) 
and shall be mea sured from the face of the soil side
of the wall to the cen ter of ver ti cal re in force ment.
The re in force ment shall be placed within the tol er -
ances spec i fied in ACI 530.1/ASCE 6/TMS 402, Ar ti -
cle 3.4 B7 of the spec i fied lo ca tion.

3. Con crete shall have a spec i fied com pres sive strength
of not less than 2,500 psi (17.2 MPa) at 28 days.

4. Grout shall have a spec i fied com pres sive strength of
not less than 2,000 psi (13.8 MPa) at 28 days. 

5. Hol low ma sonry units shall com ply with ASTM C 90
and be in stalled with Type M or S mor tar. 

1805.5.3 Alter na tive foun da tion wall rein force ment. In
lieu of the rein force ment pro vi sions in Table 1805.5(2),
1805.5(3) or 1805.5(4), alter na tive rein forc ing bar sizes and 
spac ings hav ing an equiv a lent cross-sec tional area of rein -
force ment per lin ear foot (mm) of wall are per mit ted to be
used, pro vided the spac ing of rein force ment does not
exceed 72 inches (1829 mm) and rein forc ing bar sizes do
not exceed No. 11.

1805.5.4 Hol low masonry walls. At least 4 inches (102
mm) of solid masonry shall be pro vided at girder sup ports at 
the top of hol low masonry unit foun da tion walls.

1805.5.5 Seis mic require ments. Tables 1805.5(1) through
1805.5(4) shall be sub ject to the fol low ing lim i ta tions in
Sec tions 1805.5.5.1 and 1805.5.5.2 based on the seis mic
design cat e gory assigned to the struc ture as defined in Sec -
tion 1616.

1805.5.5.1 Seis mic re quire ments for con crete foun da -
tion walls. Con crete foun da tion walls de signed us ing
Ta bles 1805.5(1) through 1805.5(4) shall be sub ject to
the fol low ing lim i ta tions:

1. Seis mic De sign Cat e go ries A and B. No lim i ta -
tions, ex cept pro vide not less than two No. 5 bars
around win dow and door open ings. Such bars
shall ex tend at least 24 inches (610 mm) be yond
the cor ners of the open ings

2. Seis mic De sign Cat e gory C. Ta bles shall not be
used ex cept as al lowed for plain con crete mem bers 
in Sec tion 1910.4.

3. Seis mic De sign Cat e go ries D, E and F. Ta bles shall 
not be used ex cept as al lowed for plain con crete
mem bers in ACI 318, Sec tion 22.10.

1805.5.5.2 Seis mic re quire ments for ma sonry foun -
da tion walls. Ma sonry foun da tion walls de signed us ing
Ta bles 1805.5(1) through 1805.5(4) shall be sub ject to
the fol low ing lim i ta tions:

1. Seis mic De sign Cat e go ries A and B. No ad di tional 
seis mic re quire ments.

2. Seis mic De sign Cat e gory C. A de sign us ing Ta bles 
1805.5(1) through 1805.5(4) sub ject to the seis mic 
re quire ments of Sec tion 2106.4. 

3. Seis mic De sign Cat e gory D. A de sign us ing Ta -
bles 1805.2(2) through 1805.5(4) sub ject to the
seis mic re quire ments of Sec tion 2106.5.

4. Seis mic De sign Cat e go ries E and F. A de sign us ing 
Ta bles 1805.2(2) through 1805.5(4) sub ject to the
seis mic re quire ments of Sec tion 2106.6.
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TABLE 1805.5(1)
PLAIN MA SONRY AND PLAIN CON CRETE FOUN DA TION WALLSa, b, c

PLAIN MASONRY

WALL HEIGHT
(feet)

HEIGHT OF 
UNBALANCED BACKFILL

(feet)

MINIMUM NOMINAL WALL THICKNESS (inches)

Soil classes and lateral soil loada (psf per foot below natural grade)

GW, GP, SW and SP soils
30

GM, GC, SM, SM-SC and ML soils
45

SC, MH, ML-CL and Inorganic CL soils
60

7

4 (or less)
5
6
7

8
8
10
12

8
10
12

10 (solidc)

8
10

10 (solidc)
10 (solidc)

8

4 (or less)
5
6
7
8

8
8
10
12

10 (solidc)

8
10
12

12 (solidc)
12 (solidc)

8
12

12 (solidc)
Note d
Note d

9

4 (or less)
5
6
7
8
9

8
8
12

12 (solidc)
12 (solidc)

Note d

8
10
12

12 (solidc)
Note d
Note d

8
12

12 (solidc)
Note d
Note d
Note d

PLAIN CONCRETE

WALL HEIGHT
(feet)

HEIGHT OF 
UNBALANCED BACKFILL

(feet)

MINIMUM NOMINAL WALL THICKNESS (inches)

Soil classes and lateral soil loada (psf per foot below natural grade)

GW, GP, SW and SP soils
30

GM, GC, SM, SM-SC and ML soils
45

SC, MH, ML-CL and Inorganic CL soils
60

7

4 (or less)
5
6
7

71/2
71/2
71/2
71/2

71/2
71/2
71/2
8

71/2
71/2
8
10

8

4 (or less)
5
6
7
8

71/2
71/2
71/2
71/2
10

71/2
71/2
71/2
10
10

71/2
71/2
10
10
12

9

4 (or less)
5
6
7
8
9

71/2
71/2
71/2
71/2
10
10

71/2
71/2
71/2
10
10
12

71/2
71/2
10
10
12

Note e

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.
a. For de sign lat eral soil loads, see Sec tion 1610. Soil classes are in ac cor dance with the Unified Soil Clas si fi ca tion Sys tem and de sign lat eral soil loads are for moist

soil con di tions with out hy dro static pres sure.
b. Pro vi sions for this ta ble are based on con struc tion re quire ments spec i fied in Sec tion 1805.5.2. 
c. Solid grouted hol low units or solid ma sonry units.
d. A de sign in com pli ance with Chap ter 21 or re in force ment in ac cor dance with Ta ble 1805.5(2) is re quired.
e. A de sign in com pli ance with Chap ter 19 is re quired.
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TABLE 1805.5(2)
8-INCH CONCRETE AND MASONRY FOUNDATION WALLS WITH REINFORCING WHERE d ≥ 5 INCHESa, b, c

WALL
HEIGHT

(feet)

HEIGHT OF 
UNBALANCED BACKFILL

(feet)

VERTICAL REINFORCEMENT

Soil classes and lateral soil loada (psf per foot below natural grade)

GW, GP, SW and SP soils
30

GM, GC, SM, SM-SC and ML soils
45

SC, MH, ML-CL and Inorganic CL soils
60

7

4 (or less)
5
6
7

#4 at 48″ o.c.
#4 at 48″ o.c.
#4 at 48″ o.c.
#4 at 40″ o.c.

#4 at 48″ o.c.
#4 at 48″ o.c.
#5 at 48″ o.c.
#5 at 40″ o.c.

#4 at 48″ o.c.
#4 at 40″ o.c.
#5 at 40″ o.c.
#6 at 48″ o.c.

8

4 (or less)
5
6
7
8

#4 at 48″ o.c.
#4 at 48″ o.c.
#4 at 48″ o.c.
#5 at 48″ o.c.
#5 at 40″ o.c.

#4 at 48″ o.c.
#4 at 48″ o.c.
#5 at 48″ o.c.
#6 at 48″ o.c.
#6 at 40″ o.c.

#4 at 48″ o.c.
#4 at 40″ o.c.
#5 at 40″ o.c.
#6 at 40″ o.c.
#7 at 40″ o.c.

9

4 (or less)
5
6
7
8
9

#4 at 48″ o.c.
#4 at 48″ o.c.
#4 at 48″ o.c.
#5 at 48″ o.c.
#5 at 40″ o.c.
#6 at 40″ o.c.

#4 at 48″ o.c.
#4 at 48″ o.c.
#5 at 48″ o.c.
#6 at 48″ o.c.
#7 at 48″ o.c.
#8 at 48″ o.c.

#4 at 48″ o.c.
#5 at 48″ o.c.
#6 at 48″ o.c.
#7 at 48″ o.c.
#8 at 48″ o.c.
#8 at 32″ o.c.

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.
a. For de sign lat eral soil loads, see Sec tion 1610. Soil classes are in ac cor dance with the Unified Soil Clas si fi ca tion Sys tem and de sign lat eral soil loads are for moist

soil con di tions with out hy dro static pres sure.
b. Pro vi sions for this ta ble are based on con struc tion re quire ments spec i fied in Sec tion 1805.5.2.
c. For al ter na tive re in force ment, see Sec tion 1805.5.3.

TABLE 1805.5(3)
10-INCH CONCRETE AND MASONRY FOUNDATION WALLS WITH REINFORCING WHERE d ≥ 6.75 INCHESa, b, c

WALL
HEIGHT

(feet)

HEIGHT OF 
UNBALANCED BACKFILL

(feet)

VERTICAL REINFORCEMENT

Soil classes and lateral soil loada (psf per foot below natural grade)

GW, GP, SW and SP soils
30

GM, GC, SM, SM-SC and ML soils
45

SC, MH, ML-CL and Inorganic CL soils
60

7

4 (or less)
5
6
7

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 56″ o.c.

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 48″ o.c.
#5 at 56″ o.c.

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 40″ o.c.
#5 at 40″ o.c.

8

4 (or less)
5
6
7
8

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 48″ o.c.
#5 at 56″ o.c.

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 48″ o.c.
#4 at 32″ o.c.
#5 at 40″ o.c.

#4 at 56″ o.c.
#4 at 48″ o.c.
#5 at 56″ o.c.
#6 at 56″ o.c.
#7 at 56″ o.c.

9

4 (or less)
5
6
7
8
9

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 40″ o.c.
#4 at 32″ o.c.
#5 at 40″ o.c.

#4 at 56″ o.c.
#4 at 56″ o.c.
#4 at 40″ o.c.
#5 at 48″ o.c.
#6 at 48″ o.c.
#6 at 40″ o.c.

#4 at 56″ o.c.
#4 at 48″ o.c.
#4 at 32″ o.c.
#6 at 48″ o.c.
#4 at 16″ o.c.
#7 at 40″ o.c.

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.
a. For de sign lat eral soil loads, see Sec tion 1610. Soil classes are in ac cor dance with the Unified Soil Clas si fi ca tion Sys tem and de sign lat eral soil loads are for moist

soil con di tions with out hy dro static pres sure.
b. Pro vi sions for this ta ble are based on con struc tion re quire ments spec i fied in Sec tion 1805.5.2.
c. For al ter na tive re in force ment, see Sec tion 1805.5.3.



1805.5.6 Foun da tion wall drain age. Foun da tion walls
shall be designed to sup port the weight of the full hydro -
static pres sure of undrained back fill unless a drain age sys -
tem is installed in accor dance with Sec tions 1807.4.2 and
1807.4.3.

1805.5.7 Pier and cur tain wall foun da tions. Except in
Seis mic Design Cat e go ries D, E and F, pier and cur tain wall
foun da tions are per mit ted to be used to sup port light-frame
con struc tion not more than two sto ries in height, pro vided
the fol low ing require ments are met:

1. All load-bear ing walls shall be placed on con tin u ous
con crete foot ings bonded in te grally with the ex te rior
wall foot ings.

2. The min i mum ac tual thick ness of a load-bear ing ma -
sonry wall shall not be less than 4 inches (102 mm)
nom i nal or 35/8 inches (92 mm) ac tual thick ness, and
shall be bonded in te grally with piers spaced 6 feet
(1829 mm) on cen ter (o.c.).

3. Piers shall be con structed in ac cor dance with Chap ter
21 and the fol low ing:

3.1. The un sup ported height of the ma sonry piers
shall not ex ceed 10 times their least di men -
sion.

3.2. Where struc tural clay tile or hol low con crete
ma sonry units are used for piers sup port ing
beams and gird ers, the cel lu lar spaces shall be
filled sol idly with con crete or Type M or S
mor tar.

Ex cep tion: Un filled hol low piers are per -
mit ted where the un sup ported height of the
pier is not more than four times its least di -
men sion.

3.3. Hol low piers shall be capped with 4 inches
(102 mm) of solid ma sonry or con crete or the
cav i ties of the top course shall be filled with
con crete or grout.

4. The max i mum height of a 4-inch (102 mm)
load-bear ing ma sonry foun da tion wall sup port ing
wood frame walls and floors shall not be more than 4
feet (1219 mm) in height.

5. The un bal anced fill for 4-inch (102 mm) foun da tion
walls shall not ex ceed 24 inches (610 mm) for solid
ma sonry, nor 12 inches (305 mm) for hol low ma -
sonry.

1805.6 Foun da tion plate or sill bolt ing. Wood foun da tion
plates or sills shall be bolted or strapped to the foun da tion or
foun da tion wall as pro vided in Chap ter 23.

1805.7 De signs em ploy ing lat eral bear ing. De signs to re sist
both ax ial and lat eral loads em ploy ing posts or poles as col -
umns em bed ded in earth or em bed ded in con crete foot ings in
the earth shall con form to the re quire ments of Sec tions
1805.7.1 through 1805.7.3.

1805.7.1 Lim i ta tions. The design pro ce dures out lined in
this sec tion are sub ject to the fol low ing lim i ta tions:
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TABLE 1805.5(4)
12-INCH CONCRETE AND MASONRY FOUNDATION WALLS WITH REINFORCING WHERE d ≥ 8.75 INCHESa, b, c

WALL
HEIGHT

(feet)

HEIGHT OF
 UNBALANCED BACKFILL

(feet)

VERTICAL REINFORCEMENT

Soil classes and lateral soil loada (psf per foot below natural grade)

GW, GP, SW and SP soils
30

GM, GC, SM, SM-SC and ML soils
45

SC, MH, ML-CL and Inorganic CL soils
60

7

4 (or less)
5
6
7

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 72″ o.c.

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 64″ o.c.
#4 at 48″ o.c.

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 48″ o.c.
#5 at 56″ o.c.

8

4 (or less)
5
6
7
8

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 64″ o.c.
#4 at 48″ o.c.

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 56″ o.c.
#5 at 64″ o.c.
#4 at 32″ o.c.

#4 at 72″ o.c.
#4 at 72″ o.c.
#5 at 72″ o.c.
#4 at 32″ o.c.
#5 at 40″ o.c.

9

4 (or less)
5
6
7
8
9

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 56″ o.c.
#4 at 64″ o.c.
#5 at 56″ o.c.

#4 at 72″ o.c.
#4 at 72″ o.c.
#4 at 56″ o.c.
#4 at 40″ o.c.
#6 at 64″ o.c.
#7 at 72″ o.c.

#4 at 72″ o.c.
#4 at 64″ o.c.
#5 at 64″ o.c.
#6 at 64″ o.c.
#6 at 48″ o.c.
#6 at 40″ o.c.

For SI: 1 inch = 25.4 mm, 1 foot = 304.8 mm, 1 pound per square foot per foot = 0.157 kPa/m.
a. For de sign lat eral soil loads, see Sec tion 1610. Soil classes are in ac cor dance with the Unified Soil Clas si fi ca tion Sys tem and de sign lat eral soil loads are for moist

soil con di tions with out hy dro static pres sure.
b. Pro vi sions for this ta ble are based on con struc tion re quire ments spec i fied in Sec tion 1805.5.2.
c. For al ter na tive re in force ment, see Sec tion 1805.5.3.



1. The fric tional re sis tance for struc tural walls and slabs
on silts and clays shall be lim ited to one-half of the
nor mal force im posed on the soil by the weight of the
foot ing or slab.

2. Posts em bed ded in earth shall not be used to pro vide
lat eral sup port for struc tural or nonstructural ma te ri -
als such as plas ter, ma sonry or con crete un less brac -
ing is pro vided that de vel ops the lim ited de flec tion
re quired.

 Wood poles shall be treated in accor dance with AWPA C2 
or C4.

1805.7.2 Design cri te ria. The depth to resist lat eral loads
shall be deter mined by the design cri te ria estab lished in Sec -
tions 1805.7.2.1 through 1805.7.2.3, or by other meth ods
approved by the build ing offi cial.

1805.7.2.1 Nonconstrained. The fol low ing for mula
shall be used in de ter min ing the depth of embedment re -
quired to re sist lat eral loads where no con straint is pro -
vided at the ground sur face, such as rigid floor or rigid
ground sur face pave ment, and where no lat eral con -
straint is pro vided above the ground sur face, such as a
struc tural di a phragm.

d = 0.5A{1 + [1 + (4.36h/A)]1/2} (Equa tion 18-1)

where:

A = 2.34P/S1 b.

b = Di am e ter of round post or foot ing or di ag o nal di -
men sion of square post or foot ing, feet (m).

d = Depth of embedment in earth in feet (m) but not
over 12 feet (3658 mm) for pur pose of com put ing 
lat eral pres sure.

h = Dis tance in feet (m) from ground sur face to point
of ap pli ca tion of “P.”

P = Ap plied lat eral force in pounds (kN).

S1 = Al low able lat eral soil-bear ing pres sure as set
forth in Sec tion 1804.3 based on a depth of
one-third the depth of embedment in pounds per
square foot (psf) (kPa).

1805.7.2.2 Con strained. The fol low ing for mula shall be 
used to de ter mine the depth of embedment re quired to re -
sist lat eral loads where con straint is pro vided at the
ground sur face, such as a rigid floor or pave ment.

d2 = 4.25(Ph/S3 b) (Equa tion 18-2)

or al ter na tively

d2 = 4.25 (Mg/S3 b) (Equa tion 18-3)

where:

Mg = mo ment in the post at grade, in foot-pounds 
(kN-m).

S3 = Al low able lat eral soil-bear ing pres sure as set
forth in Sec tion 1804.3 based on a depth equal to

the depth of embedment in pounds per square
foot (kPa).

1805.7.2.3 Ver ti cal load. The re sis tance to ver ti cal loads 
shall be de ter mined by the al low able soil-bear ing pres -
sure set forth in Ta ble 1804.2.

1805.7.3 Back fill. The back fill in the annu lar space around
col umns not embed ded in poured foot ings shall be by one of 
the fol low ing meth ods:

1. Back fill shall be of con crete with an ul ti mate strength
of 2,000 psi (13.8 MPa) at 28 days. The hole shall not
be less than 4 inches (102 mm) larger than the di am e -
ter of the col umn at its bot tom or 4 inches (102 mm)
larger than the di ag o nal di men sion of a square or rect -
an gu lar col umn.

2. Back fill shall be of clean sand. The sand shall be thor -
oughly com pacted by tamp ing in lay ers not more than 
8 inches (203 mm) in depth.

3. Back fill shall be of con trolled low-strength ma te rial
(CLSM).

1805.8 De sign for ex pan sive soils. Foot ings or foun da tions
for build ings and struc tures founded on ex pan sive soils shall be 
de signed in ac cor dance with Sec tion 1805.8.1 or 1805.8.2.

 Footing or foun da tion de sign need not com ply with Sec tion
1805.8.1 or 1805.8.2 where the soil is re moved in ac cor dance
with Sec tion 1805.8.3, nor where the build ing of fi cial ap proves 
sta bi li za tion of the soil in ac cor dance with Sec tion 1805.8.4.

1805.8.1 Foun da tions. Foot ings or foun da tions placed on
or within the active zone of expan sive soils shall be designed 
to resist dif fer en tial vol ume changes and to pre vent struc -
tural dam age to the sup ported struc ture. Deflec tion and
rack ing of the sup ported struc ture shall be lim ited to that
which will not inter fere with the usabil ity and ser vice abil ity
of the struc ture.

 Foun da tions placed below where vol ume change occurs
or below expan sive soil shall com ply with the fol low ing
pro vi sions:

1. Foun da tions ex tend ing into or pen e trat ing ex pan sive
soils shall be de signed to pre vent up lift of the sup -
ported struc ture.

2. Foun da tions pen e trat ing ex pan sive soils shall be de -
signed to re sist forces ex erted on the foun da tion due
to soil vol ume changes or shall be iso lated from the
ex pan sive soil.

1805.8.2 Slab-on-ground foun da tions. Slab-on-ground,
mat or raft foun da tions on expan sive soils shall be designed
and con structed in accor dance with WRI/CRSI Design of
Slab-on-Ground Foun da tions or PTI Design and Con struc -
tion of Post-Ten sioned Slabs-On-Ground.

Ex cep tion: Slab-on-ground sys tems that have per -
formed ad e quately in soil con di tions sim i lar to those en -
coun tered at the build ing site are per mit ted sub ject to the
ap proval of the build ing of fi cial.
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1805.8.3 Removal of expan sive soil. Where expan sive soil
is removed in lieu of design ing foot ings or foun da tions in
accor dance with Sec tion 1805.8.1 or 1805.8.2, the soil shall
be removed to a depth suf fi cient to ensure a con stant mois -
ture con tent in the remain ing soil. Fill mate rial shall not con -
tain expan sive soils and shall com ply with Sec tion 1803.5 or 
1803.6.

Ex cep tion: Ex pan sive soil need not be re moved to the
depth of con stant mois ture, pro vided the con fin ing pres -
sure in the ex pan sive soil cre ated by the fill and sup -
ported struc ture ex ceeds the swell pres sure.

1805.8.4 Sta bi li za tion. Where the active zone of expan sive
soils is sta bi lized in lieu of design ing foot ings or  foundations
in accor dance with Sec tion 1805.8.1 or 1805.8.2, the soil
shall be sta bi lized by chem i cal, dewatering, presaturation or
equiv a lent tech niques.

1805.9 Seis mic re quire ments. See Sec tion 1910 for ad di -
tional re quire ments for foot ings and foun da tions of struc tures
as signed to Seis mic De sign Cat e gory C, D, E or F.

 For struc tures as signed to Seis mic De sign Cat e gory D, E or
F, pro vi sions of ACI 318, Sec tions 21.10.1 to 21.10.3, shall ap -
ply when not in con flict with the pro vi sions of Sec tion 1805.
Con crete shall have a spec i fied com pres sive strength of not less 
than 3,000 psi (20.68 MPa) at 28 days.

Excep tions: 
1. Group R or U oc cu pancies of light-framed con struc -

tion and two sto ries or less in height are per mit ted to
use con crete with a spec i fied com pres sive strength of
not less than 2,500 psi (17.2 MPa) at 28 days. 

2. De tached one- and two-fam ily dwell ings of
light-frame con struc tion and two sto ries or less in
height are not re quired to com ply with the pro vi sions
of ACI 318, Sec tions 21.10.1 to 21.10.3.

SECTION 1806
RETAINING WALLS

1806.1 Gen eral. Re taining walls shall be de signed to en sure
sta bil ity against over turn ing, slid ing, ex ces sive foun da tion
pres sure and wa ter up lift. Re taining walls shall be de signed for
a safety fac tor of 1.5 against lat eral slid ing and over turn ing.

SECTION 1807 
DAMPPROOFING AND WATERPROOFING

1807.1 Where re quired. Walls or por tions thereof that re tain
earth and en close in te rior spaces and floors be low grade shall
be wa ter proofed and dampproofed in ac cor dance with this sec -
tion, with the ex cep tion of those spaces con tain ing groups
other than res i den tial and in sti tu tional where such omis sion is
not det ri men tal to the build ing or oc cu pancy.

 Ven ti la tion for crawl spaces shall com ply with Sec tion
1203.4.

1807.1.1 Story above grade. Where a base ment is con sid -
ered a story above grade and the fin ished ground level adja -

cent to the base ment wall is below the base ment floor ele va -
tion for 25 per cent or more of the per im e ter, the floor and
walls shall be dampproofed in accor dance with Sec tion
1807.2 and a foun da tion drain shall be installed in accor -
dance with Sec tion 1807.4.2. The foun da tion drain shall be
installed around the por tion of the per im e ter where the base -
ment floor is below ground level. The pro vi sions of Sec tions 
1802.2.3, 1807.3 and 1807.4.1 shall not apply in this case.

1807.1.2 Under-floor space. The fin ished ground level of
an under-floor space such as a crawl space shall not be
located below the bot tom of the foot ings. Where there is evi -
dence that the ground-water table rises to within 6 inches
(152 mm) of the ground level at the out side build ing per im e -
ter, or that the sur face water does not readily drain from the
build ing site, the ground level of the under-floor space shall
be as high as the out side fin ished ground level, unless an
approved drain age sys tem is pro vided. The pro vi sions of
Sec tions 1802.2.3, 1807.2, 1807.3 and 1807.4 shall not
apply in this case.

1807.1.2.1 Flood haz ard ar eas. For build ings and struc -
tures in flood haz ard ar eas as es tab lished in Sec tion
1612.3, the fin ished ground level of an un der-floor space
such as a crawl space shall be equal to or higher than the
out side fin ished ground level. 

Ex cep tion: Un der-floor spaces of Group R-3 build -
ings that meet the re quire ments of FEMA/
FIA-TB-11.

1807.1.3 Ground-water con trol. Where the ground-water
table is low ered and main tained at an ele va tion not less than
6 inches (152 mm) below the bot tom of the low est floor, the
floor and walls shall be dampproofed in accor dance with
Sec tion 1807.2. The design of the sys tem to lower the
ground-water table shall be based on accepted prin ci ples of
engi neer ing that shall con sider, but not nec es sar ily be lim -
ited to, per me abil ity of the soil, rate at which water enters
the drain age sys tem, rated capac ity of pumps, head against
which pumps are to oper ate and the rated capac ity of the dis -
posal area of the sys tem.

1807.2 Dampproofing re quired. Where hy dro static pres sure
will not oc cur as de ter mined by Sec tion 1802.2.3, floors and
walls for other than wood foun da tion sys tems shall be
dampproofed in ac cor dance with this sec tion. Wood foun da tion
sys tems shall be con structed in ac cor dance with AFPA TR7.

1807.2.1 Floors. Dampproofing mate ri als for floors shall
be installed between the floor and the base course required
by Sec tion 1807.4.1, except where a sep a rate floor is pro -
vided above a con crete slab.

 Where installed beneath the slab, dampproofing shall
con sist of not less than 6-mil (0.006 inch; 0.152 mm) poly -
eth yl ene with joints lapped not less than 6 inches (152 mm),
or other approved meth ods or mate ri als. Where per mit ted to
be installed on top of the slab, dampproofing shall con sist of
mopped-on bitu men, not less than 4-mil (0.004 inch; 0.102
mm) poly eth yl ene, or other approved meth ods or mate ri als.
Joints in the mem brane shall be lapped and sealed in accor -
dance with the man u fac turer’s instal la tion instruc tions.
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1807.2.2 Walls. Dampproofing mate ri als for walls shall be
installed on the exte rior sur face of the wall, and shall extend
from the top of the foot ing to above ground level.
 Dampproofing shall con sist of a bitu mi nous mate rial, 3
pounds per square yard (16 N/m2) of acrylic mod i fied
cement, 1/8-inch (3.2 mm) coat of sur face-bond ing mor tar
com ply ing with ASTM C 887, any of the mate ri als per mit -
ted for water proof ing by Sec tion 1807.3.2 or other approved 
meth ods or mate ri als.

1807.2.2.1 Sur face prep a ra tion of walls. Prior to ap pli -
ca tion of dampproofing ma te ri als on con crete walls,
holes and re cesses re sult ing from the re moval of form
ties shall be sealed with a bi tu mi nous ma te rial or other
ap proved meth ods or ma te ri als. Unit ma sonry walls shall 
be parged on the ex te rior sur face be low ground level with 
not less than 3/8 inch (9.5 mm) of port land ce ment mor tar.
The parging shall be coved at the foot ing.

Ex cep tion: Parging of unit ma sonry walls is not re -
quired where a ma te rial is ap proved for di rect ap pli ca -
tion to the ma sonry.

1807.3 Wa ter proofing re quired. Where the ground-wa ter in -
ves ti ga tion re quired by Sec tion 1802.2.3 in di cates that a hy dro -
static pres sure con di tion ex ists, and the de sign does not in clude
a ground-wa ter con trol sys tem as de scribed in Sec tion
1807.1.3, walls and floors shall be wa ter proofed in ac cor dance
with this sec tion.

1807.3.1 Floors. Floors required to be water proofed shall
be of con crete, designed and con structed to with stand the
hydro static pres sures to which the floors will be sub jected.
 Water proof ing shall be accom plished by plac ing a mem -
brane of rub ber ized asphalt, butyl rub ber, or not less than
6-mil (0.006 inch; 0.152 mm) poly vi nyl chlo ride with joints
lapped not less than 6 inches (152 mm) or other approved
mate ri als under the slab. Joints in the mem brane shall be
lapped and sealed in accor dance with the man u fac turer’s
instal la tion instruc tions. 

1807.3.2 Walls. Walls required to be water proofed shall be
of con crete or masonry and shall be designed and con -
structed to with stand the hydro static pres sures and other lat -
eral loads to which the walls will be sub jected.
 Water proof ing shall be applied from the bot tom of the
wall to not less than 12 inches (305 mm) above the max i -
mum ele va tion of the ground-water table. The remain der of
the wall shall be dampproofed in accor dance with Sec tion
1807.2.2. Water proof ing shall con sist of two-ply hot-
mopped felts, not less than 6-mil (0.006 inch; 0.152 mm)
poly vi nyl chlo ride, 40-mil (0.040 inch; 1.02 mm) poly -
mer-mod i fied asphalt, 6-mil (0.006 inch; 0.152 mm) poly -
eth yl ene or other approved meth ods or mate ri als capa ble of
bridg ing nonstructural cracks. Joints in the mem brane shall
be lapped and sealed in accor dance with the man u fac turer’s
instal la tion instruc tions.

1807.3.2.1 Sur face prep a ra tion of walls. Prior to the
ap pli ca tion of wa ter proof ing ma te ri als on con crete or
ma sonry walls, the walls shall be pre pared in ac cor dance
with Sec tion 1807.2.2.1.

1807.3.3 Joints and pen e tra tions. Joints in walls and
floors, joints between the wall and floor and pen e tra tions of
the wall and floor shall be made water-tight uti liz ing
approved meth ods and mate ri als.

1807.4 Sub soil drain age sys tem. Where a hy dro static pres -
sure con di tion does not ex ist, dampproofing shall be pro vided
and a base shall be in stalled un der the floor and a drain in stalled 
around the foun da tion per im e ter. A sub soil drain age sys tem
de signed and con structed in ac cor dance with Sec tion 1807.1.3
shall be deemed ad e quate for low er ing the ground-wa ter ta ble.

1807.4.1 Floor base course. Floors of base ments, except as 
pro vided for in Sec tion 1807.1.1, shall be placed over a floor 
base course not less than 4 inches (102 mm) in thick ness that 
con sists of gravel or crushed stone con tain ing not more than
10 per cent of mate rial that passes through a No. 4 (4.75 mm) 
sieve.

Ex cep tion: Where a site is lo cated in well-drained gravel 
or sand/gravel mix ture soils, a floor base course is not re -
quired.

1807.4.2 Foun da tion drain. A drain shall be placed around 
the per im e ter of a foun da tion that con sists of gravel or
crushed stone con tain ing not more than 10-per cent mate rial
that passes through a No. 4 (4.75 mm) sieve. The drain shall
extend a min i mum of 12 inches (305 mm) beyond the out -
side edge of the foot ing. The thick ness shall be such that the
bot tom of the drain is not higher than the bot tom of the base
under the floor, and that the top of the drain is not less than 6
inches (152 mm) above the top of the foot ing. The top of the
drain shall be cov ered with an approved fil ter mem brane
mate rial. Where a drain tile or per fo rated pipe is used, the
invert of the pipe or tile shall not be higher than the floor ele -
va tion. The top of joints or the top of per fo ra tions shall be
pro tected with an approved fil ter mem brane mate rial. The
pipe or tile shall be placed on not less than 2 inches (51 mm)
of gravel or crushed stone com ply ing with Sec tion
1807.4.1, and shall be cov ered with not less than 6 inches
(152 mm) of the same mate rial.

1807.4.3 Drain age dis charge. The floor base and foun da -
tion per im e ter drain shall dis charge by grav ity or mechan i -
cal means into an approved drain age sys tem that com plies
with the Inter na tional Uni form Plumb ing Code.

Ex cep tion: Where a site is lo cated in well-drained gravel 
or sand/gravel mix ture soils, a ded i cated drain age sys tem 
is not re quired.

SECTION 1808
PIER AND PILE FOUNDATIONS

1808.1 Def i ni tions. The fol low ing words and terms shall, for
the pur poses of this sec tion, have the mean ings shown herein.

FLEX URAL LENGTH. Flex ural length is the length of the
pile from the first point of zero lat eral de flec tion to the un der -
side of the pile cap or grade beam.

PIER FOUN DA TIONS. Pier foun da tions con sist of iso lated
ma sonry or cast-in-place con crete struc tural el e ments ex tend -
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ing into firm ma te ri als. Piers are rel a tively short in com par i son
to their width, with lengths less than or equal to 12 times the
least hor i zon tal di men sion of the pier. Piers de rive their
load-car ry ing ca pac ity through skin fric tion, through end bear -
ing, or a com bi na tion of both.

Belled piers. Belled piers are cast-in-place con crete piers
con structed with a base that is larger than the diam e ter of the 
remain der of the pier. The belled base is designed to
increase the load-bear ing area of the pier in end bear ing.

PILE FOUN DA TIONS. Pile foun da tions con sist of con crete,
wood or steel struc tural el e ments ei ther driven into the ground
or cast in place. Piles are rel a tively slen der in com par i son to
their length, with lengths ex ceed ing 12 times the least hor i zon -
tal di men sion. Piles de rive their load-car ry ing ca pac ity through 
skin fric tion, through end bear ing, or a com bi na tion of both. 

Augered uncased piles. Augered uncased piles are con -
structed by depos it ing con crete into an uncased augered
hole, either dur ing or after the with drawal of the auger. 

Cais son piles. Cais son piles are cast-in-place con crete piles 
extend ing into bed rock. The upper por tion of a cais son pile
con sists of a cased pile that extends to the bed rock. The
lower por tion of the cais son pile con sists of an uncased
socket drilled into the bed rock. 

Con crete-filled steel pipe and tube piles. Con crete-filled
steel pipe and tube piles are con structed by driv ing a steel
pipe or tube sec tion into the soil and fill ing the pipe or tube
sec tion with con crete. The steel pipe or tube sec tion is left in
place dur ing and after the depo si tion of the con crete. 

Driven uncased piles. Driven uncased piles are con structed 
by driv ing a steel shell into the soil to shore an unexcavated
hole that is later filled with con crete. The steel cas ing is
lifted out of the hole dur ing the depo si tion of the con crete. 

Enlarged base piles. Enlarged base piles are cast-in-place
con crete piles con structed with a base that is larger than the
diam e ter of the remain der of the pile. The enlarged base is
designed to increase the load-bear ing area of the pile in end
bear ing. 

Steel-cased piles. Steel-cased piles are con structed by driv -
ing a steel shell into the soil to shore an unexcavated hole.
The steel cas ing is left per ma nently in place and filled with
con crete.

1808.2 Piers and piles—gen eral re quire ments.

1808.2.1 Design. Piles are per mit ted to be designed in
accor dance with pro vi sions for piers in Sec tion 1808 and
Sec tions 1812.3 through 1812.10 where either of the fol -
low ing con di tions exists, sub ject to the approval of the
build ing offi cial:

1. Group R-3 and U oc cu pan cies not ex ceed ing two sto -
ries of light-frame con struc tion, or

2. Where the sur round ing foun da tion ma te ri als fur nish
ad e quate lat eral sup port for the pile.

1808.2.2 Gen eral. Pier and pile foun da tions shall be
designed and installed on the basis of a foun da tion inves ti -
ga tion as defined in Sec tion 1802, unless suf fi cient data
upon which to base the design and instal la tion is avail able.
 The inves ti ga tion and report pro vi sions of Sec tion 1802
shall be expanded to include, but not be lim ited to, the fol -
low ing:

1. Rec om mended pier or pile types and in stalled ca pac i -
ties.

2. Rec om mended cen ter-to-cen ter spac ing of piers or
piles.

3. Driving cri te ria.

4. In stal la tion pro ce dures.

5. Field in spec tion and re port ing pro ce dures (to in clude
pro ce dures for ver i fi ca tion of the in stalled bear ing ca -
pac ity where re quired).

6. Pier or pile load test re quire ments.

7. Du ra bil ity of pier or pile ma te ri als.

8. Des ig na tion of bear ing stra tum or strata.

9. Re duc tions for group ac tion, where nec es sary.

1808.2.3 Spe cial types of piles. The use of types of piles not 
spe cif i cally men tioned herein is per mit ted, sub ject to the
approval of the build ing offi cial, upon the sub mis sion of
accept able test data, cal cu la tions and other infor ma tion
relat ing to the struc tural prop er ties and load capac ity of such 
piles. The allow able stresses shall not in any case exceed the
lim i ta tions spec i fied herein.

1808.2.4 Pile caps. Pile caps shall be of rein forced con crete,
and shall include all ele ments to which piles are con nected,
includ ing grade beams and mats. The soil imme di ately below 
the pile cap shall not be con sid ered as car ry ing any ver ti cal
load. The tops of piles shall be embed ded not less than 3
inches (76 mm) into pile caps and the caps shall extend at
least 4 inches (102 mm) beyond the edges of piles. The tops of 
piles shall be cut back to sound mate rial before cap ping.

1808.2.5 Sta bil ity. Piers or piles shall be braced to pro vide
lat eral sta bil ity in all direc tions. Three or more piles con -
nected by a rigid cap shall be con sid ered braced, pro vided
that the piles are located in radial direc tions from the cen -
troid of the group not less than 60 degrees (1 rad) apart. A
two-pile group in a rigid cap shall be con sid ered to be braced 
along the axis con nect ing the two piles. Meth ods used to
brace piers or piles shall be sub ject to the approval of the
build ing offi cial.
 Piles sup port ing walls shall be driven alter nately in lines
spaced at least 1 foot (305 mm) apart and located sym met ri -
cally under the cen ter of grav ity of the wall load car ried,
unless effec tive mea sures are taken to pro vide for eccen tric -
ity and lat eral forces, or the wall piles are ade quately braced
to pro vide for lat eral sta bil ity. A sin gle row of piles with out
lat eral brac ing is per mit ted for one- and two-fam ily dwell -
ings and light weight con struc tion not exceed ing two sto ries
or 35 feet (10 668 mm) in height, pro vided the cen ters of the
piles are located within the width of the foun da tion wall.
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1808.2.6 Struc tural integ rity. Piers or piles shall be
installed in such a man ner and sequence as to pre vent dis tor -
tion or dam age to piles being installed or already in place to
the extent that such dis tor tion or dam age affects the struc -
tural integ rity of the piles.

1808.2.7 Splices. Splices shall be con structed so as to pro -
vide and main tain true align ment and posi tion of the com po -
nent parts of the pier or pile dur ing instal la tion and
sub se quent thereto and shall be of ade quate strength to
trans mit the ver ti cal and lat eral loads and moments occur -
ring at the loca tion of the splice dur ing driv ing and under
ser vice load ing. Splices shall develop not less than 50 per -
cent of the least capac ity of the pier or pile in bend ing. In
addi tion, splices occur ring in the upper 10 feet (3048 mm)
of the embed ded por tion of the pier or pile shall be capa ble
of resist ing at allow able work ing stresses the moment and
shear that would result from an assumed eccen tric ity of the
pier or pile load of 3 inches (76 mm), or the pier or pile shall
be braced in accor dance with Sec tion 1808.2.5 to other piers 
or piles that do not have splices in the upper 10 feet (3048
mm) of embedment.

1808.2.8 Allow able pier or pile loads.

1808.2.8.1 De ter mi na tion of al low able loads. The al -
low able ax ial and lat eral loads on piers or piles shall be
de ter mined by an ap proved for mula, load tests or method 
of anal y sis.

1808.2.8.2 Driving cri te ria. The al low able com pres sive 
load on any pile where de ter mined by the ap pli ca tion of
an ap proved driv ing for mula shall not ex ceed 40 tons
(356 kN). For al low able loads above 40 tons (356 kN),
the wave equa tion method of anal y sis shall be used to es -
ti mate pile driveability of both driv ing stresses and net
dis place ment per blow at the ul ti mate load. Al low able
loads shall be ver i fied by load tests in ac cor dance with
Sec tion 1808.2.8.3. The for mula or wave equa tion load
shall be de ter mined for grav ity-drop or power-ac tu ated
ham mers and the ham mer en ergy used shall be the max i -
mum con sis tent with the size, strength and weight of the
driven piles. The use of a fol lower is per mit ted only with
the ap proval of the build ing of fi cial. The in tro duc tion of
fresh ham mer cush ion or pile cush ion ma te rial just prior
to fi nal pen e tra tion is not per mit ted.

1808.2.8.3 Load tests. Where de sign com pres sive loads
per pier or pile are greater than those per mit ted by Sec -
tion 1808.2.10, or where the de sign load for any pier or
pile foun da tion is in doubt, con trol test piers or piles shall 
be tested in ac cor dance with ASTM D 1143 or ASTM D
4945. At least one pier or pile shall be test loaded in each
area of uni form sub soil con di tions. Where re quired by
the build ing of fi cial, ad di tional piers or piles shall be
load tested where nec es sary to es tab lish the safe de sign
ca pac ity. The re sult ing al low able loads shall not be more
than one-half of the ul ti mate load ca pac ity of the test pier
or pile as as sessed by one of the pub lished meth ods listed
in Sec tion 1808.2.8.3.1 with con sid er ation for the test
type, du ra tion and sub soil. The ul ti mate load ca pac ity
shall be de ter mined by a reg is tered de sign pro fes sional,

but shall be no greater than two times the test load that
pro duces a set tle ment of 0.3 inches (7.6 mm). In sub se -
quent in stal la tion of the bal ance of foun da tion piles, all
piles shall be deemed to have a sup port ing ca pac ity equal 
to the con trol pile where such piles are of the same type,
size and rel a tive length as the test pile; are in stalled us ing
the same or com pa ra ble meth ods and equip ment as the
test pile; are in stalled in sim i lar sub soil con di tions as the
test pile; and, for driven piles, where the rate of pen e tra -
tion (e.g., net dis place ment per blow) of such piles is
equal to or less than that of the test pile through a com pa -
ra ble driv ing dis tance. 

1808.2.8.3.1 Load test eval u a tion. It shall be per mit -
ted to eval u ate pile load tests with any of the fol low ing 
meth ods:

1. Davisson Off set Limit.

2. Brinch-Hansen 90% Cri te rion.

3. Chin-Konder Ex trap o la tion.

4. Other meth ods ap proved by the build ing of fi cial.

1808.2.8.4 Al low able fric tional re sis tance. The as -
sumed fric tional re sis tance de vel oped by any pier or un -
cased cast-in-place pile shall not ex ceed one-sixth of the
bear ing value of the soil ma te rial at min i mum depth as
set forth in Ta ble 1804.2, up to a max i mum of 500 psf (24 
kPa), un less a greater value is al lowed by the build ing of -
fi cial af ter a soil in ves ti ga tion as spec i fied in Sec tion
1802 is sub mit ted. Fric tional re sis tance and bear ing re -
sis tance shall not be as sumed to act si mul ta neously un -
less rec om mended by a soil in ves ti ga tion as spec i fied in
Sec tion 1802.

1808.2.8.5 Up lift ca pac ity. Where re quired by the de -
sign, the up lift ca pac ity of a sin gle pier or pile shall be de -
ter mined by an ap proved method of anal y sis based on a
min i mum fac tor of safety of three or by load tests con -
ducted in ac cor dance with ASTM D 3689. The max i -
mum al low able up lift load shall not ex ceed the ul ti mate
load ca pac ity as de ter mined in Sec tion 1808.2.8.3 di -
vided by a fac tor of safety of two. For pile groups sub -
jected to up lift, the al low able work ing up lift load for the
group shall be the lesser of:

1. The pro posed in di vid ual pile up lift work ing load
times the num ber of piles in the group. 

2. Two-thirds of the ef fec tive weight of the pile group 
and the soil con tained within a block de fined by
the per im e ter of the group and the length of the
pile. 

1808.2.8.6 Load-bear ing ca pac ity. Piers, in di vid ual
piles and groups of piles shall de velop ul ti mate load ca -
pac i ties of at least twice the de sign work ing loads in the
des ig nated load-bear ing lay ers. Anal y sis shall show that
no soil layer un der ly ing the des ig nated load-bear ing lay -
ers causes the load-bear ing ca pac ity safety fac tor to be
less than two.

1808.2.8.7 Bent piers or piles. The load-bear ing ca pac -
ity of piers or piles dis cov ered to have a sharp or sweep -
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ing bend shall be de ter mined by an ap proved method of
anal y sis or by load test ing a rep re sen ta tive pier or pile.

1808.2.8.8 Over loads on piers or piles. The max i mum
com pres sive load on any pier or pile due to mislocation
shall not ex ceed 110 per cent of the al low able de sign
load.

1808.2.9 Lat eral sup port.

1808.2.9.1 Gen eral. Any soil other than fluid soil shall
be deemed to af ford suf fi cient lat eral sup port to the pier
or pile to pre vent buck ling and to per mit the de sign of the
pier or pile in ac cor dance with ac cepted en gi neer ing
prac tice and the ap pli ca ble pro vi sions of this code.

1808.2.9.2 Un braced piles. Piles stand ing un braced in
air, wa ter or in fluid soils shall be de signed as col umns in
ac cor dance with the pro vi sions of this code. Such piles
driven into firm ground can be con sid ered fixed and lat -
er ally sup ported at 5 feet (1524 mm) be low the ground
sur face and in soft ma te rial at 10 feet (3048 mm) be low
the ground sur face un less oth er wise pre scribed by the
build ing of fi cial af ter a foun da tion in ves ti ga tion by an
ap proved agency.

1808.2.9.3 Al low able lat eral load. Where re quired by
the de sign, the lat eral load ca pac ity of a pier, a sin gle pile
or a pile group shall be de ter mined by an ap proved
method of anal y sis or by lat eral load tests to at least twice 
the pro posed de sign work ing load. The re sult ing al low -
able load shall not be more than one-half of that test load
that pro duces a gross lat eral move ment of 1 inch (25 mm) 
at the ground sur face.

1808.2.10 Use of higher allow able pier or pile stresses.
Allow able stresses greater than those spec i fied for piers or
for each pile type in Sec tions 1809 and 1810 are per mit ted
where sup port ing data jus ti fy ing such higher stresses is
filed with the build ing offi cial. Such sub stan ti at ing data
shall include:

1. A soils in ves ti ga tion in ac cor dance with Sec tion
1802.

2. Pier or pile load tests in ac cor dance with Sec tion
1808.2.8.3, re gard less of the load sup ported by the
pier or pile.

 The design and instal la tion of the pier or pile foun da tion
shall be under the direct super vi sion of a reg is tered design
pro fes sional knowl edge able in the field of soil mechan ics
and pier or pile foun da tions who shall cer tify to the build ing
offi cial that the piers or piles as installed sat isfy the design
cri te ria.

1808.2.11 Piles in sub sid ing areas. Where piles are driven
through sub sid ing fills or other sub sid ing strata and derive
sup port from under ly ing firmer mate ri als, con sid er ation
shall be given to the down ward fric tional forces that may be
imposed on the piles by the sub sid ing upper strata.

 Where the influ ence of sub sid ing fills is con sid ered as
impos ing loads on the pile, the allow able stresses spec i fied

in this chap ter are per mit ted to be increased where sat is fac -
tory sub stan ti at ing data are sub mit ted.

1808.2.12 Set tle ment anal y sis. The set tle ment of piers,
indi vid ual piles or groups of piles shall be esti mated based
on approved meth ods of anal y sis. The pre dicted set tle ment
shall cause nei ther harm ful dis tor tion of, nor insta bil ity in,
the struc ture, nor cause any stresses to exceed allow able val -
ues. 

1808.2.13 Preexcavation. The use of jet ting, augering or
other meth ods of preexca va tion shall be sub ject to the
approval of the build ing offi cial. Where per mit ted, pre-
exca va tion shall be car ried out in the same man ner as used
for piers or piles sub ject to load tests and in such a man ner
that will not impair the car ry ing capac ity of the piers or piles
already in place or dam age adja cent struc tures. Pile tips
shall be driven below the preexcavated depth until the
required resis tance or pen e tra tion is obtained.

1808.2.14 Instal la tion sequence. Piles shall be installed in
such sequence as to avoid com pact ing the sur round ing soil
to the extent that other piles can not be installed prop erly, and 
to pre vent ground move ments that are capa ble of dam ag ing
adja cent struc tures.

1808.2.15 Use of vibra tory driv ers. Vibra tory driv ers shall 
only be used to install piles where the pile load capac ity is
ver i fied by load tests in accor dance with Sec tion 1808.2.8.3. 
The instal la tion of pro duc tion piles shall be con trolled
accord ing to power con sump tion, rate of pen e tra tion or
other approved means that ensure pile capac i ties equal or
exceed those of the test piles.

1808.2.16 Pile driveability. Pile cross sec tions shall be of
suf fi cient size and strength to with stand driv ing stresses
with out dam age to the pile, and to pro vide suf fi cient stiff -
ness to trans mit the required driv ing forces.

1808.2.17 Pro tec tion of pile mate ri als. Where bor ing
records or site con di tions indi cate pos si ble del e te ri ous
action on pier or pile mate ri als because of soil con stit u ents,
chang ing water lev els or other fac tors, the pier or pile mate -
ri als shall be ade quately pro tected by mate ri als, meth ods or
pro cesses approved by the build ing offi cial. Pro tec tive
mate ri als shall be applied to the piles so as not to be ren dered 
inef fec tive by driv ing. The effec tive ness of such pro tec tive
mea sures for the par tic u lar pur pose shall have been thor -
oughly estab lished by sat is fac tory ser vice records or other
evi dence.

1808.2.18 Use of exist ing piers or piles. Piers or piles left
in place where a struc ture has been demol ished shall not be
used for the sup port of new con struc tion unless sat is fac tory
evi dence is sub mit ted to the build ing offi cial, which indi -
cates that the piers or piles are sound and meet the require -
ments of this code. Such piers or piles shall be load tested or
redriven to ver ify their capac i ties. The design load applied
to such piers or piles shall be the low est allow able load as
deter mined by tests or redriving data.

1808.2.19 Heaved piles. Piles that have heaved dur ing the
driv ing of adja cent piles shall be redriven as nec es sary to
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develop the required capac ity and pen e tra tion, or the capac -
ity of the pile shall be ver i fied by load tests in accor dance
with Sec tion 1808.2.8.3.

1808.2.20 Iden ti fi ca tion. Pier or pile mate ri als shall be
iden ti fied for con for mity to the spec i fied grade with this
iden tity main tained con tin u ously from the point of man u -
fac ture to the point of instal la tion or shall be tested by an
approved agency to deter mine con for mity to the spec i fied
grade. The approved agency shall fur nish an affi da vit of
com pli ance to the build ing offi cial.

1808.2.21 Pier or pile loca tion plan. A plan show ing the
loca tion and des ig na tion of piers or piles by an iden ti fi ca tion 
sys tem shall be filed with the build ing offi cial prior to instal -
la tion of such piers or piles. Detailed records for piers or
indi vid ual piles shall bear an iden ti fi ca tion cor re spond ing to 
that shown on the plan.

1808.2.22 Spe cial inspec tion. Spe cial inspec tions in accor -
dance with Sec tions 1704.8 and 1704.9 shall be pro vided for 
piles and piers, respec tively.

1808.2.23 Seis mic design of piers or piles.

1808.2.23.1 Seis mic De sign Cat e gory C. Where a
struc ture is as signed to Seis mic De sign Cat e gory C in ac -
cor dance with Sec tion 1616, the fol low ing shall ap ply.
In di vid ual pile caps, piers or piles shall be in ter con -
nected by ties. Ties shall be ca pa ble of car ry ing, in ten -
sion and com pres sion, a force equal to the prod uct of the
larger pile cap or col umn load times the seis mic co ef fi -
cient, SDS, di vided by 10 un less it can be dem on strated
that equiv a lent re straint is pro vided by re in forced con -
crete beams within slabs on grade or re in forced con crete
slabs on grade or con fine ment by com pe tent rock, hard
co he sive soils or very dense gran u lar soils. 

Ex cep tion: Piers sup port ing foun da tion walls, iso -
lated in te rior posts de tailed so the pier is not sub ject to
lat eral loads, lightly loaded ex te rior decks and pa tios,
of Group R-3 and U oc cu pan cies not ex ceed ing two
sto ries of light-frame con struc tion, are not sub ject to
in ter con nec tion if it can be shown the soils are of ad e -
quate stiff ness, sub ject to the ap proval of the build ing
of fi cial.

1808.2.23.1.1 Con nec tion to pile cap. Con crete piles 
and con crete-filled steel pipe piles shall be con nected
to the pile cap by em bed ding the pile re in force ment or 
field-placed dow els an chored in the con crete pile in
the pile cap for a dis tance equal to the de vel op ment
length. For de formed bars, the de vel op ment length is
the full de vel op ment length for com pres sion or ten -
sion, in the case of up lift, with out re duc tion in length
for ex cess area. Al ter na tive mea sures for lat er ally
con fin ing con crete and main tain ing tough ness and
duc tile-like be hav ior at the top of the pile will be per -
mit ted pro vided the de sign is such that any hing ing
oc curs in the con fined re gion. 

 Ends of hoops, spi rals and ties shall be ter mi nated
with seis mic hooks, as de fined in Sec tion 21.1 of ACI

318, turned into the con fined con crete core. The min i -
mum trans verse steel ra tio for con fine ment shall not
be less than one-half of that re quired for col umns. 

 For re sis tance to up lift forces, an chor age of steel
pipe (round HSS sec tions), con crete-filled steel pipe
or H-piles to the pile cap shall be made by means other 
than con crete bond to the bare steel sec tion.

Ex cep tion: An chor age of con crete-filled steel
pipe piles is per mit ted to be ac com plished us ing
de formed bars de vel oped into the con crete por tion
of the pile.

 Splices of pile seg ments shall de velop the full
strength of the pile, but the splice need not de velop the 
nom i nal strength of the pile in ten sion, shear and
bend ing when it has been de signed to re sist ax ial and
shear forces and mo ments from the load com bi na -
tions of Sec tion 1605.4.

1808.2.23.1.2 De sign de tails. Pier or pile mo ments,
shears and lat eral de flec tions used for de sign shall be
es tab lished con sid er ing the non lin ear in ter ac tion of
the shaft and soil, as rec om mended by a reg is tered de -
sign pro fes sional. Where the ra tio of the depth of
embedment of the pile-to-pile di am e ter or width is
less than or equal to six, the pile may be as sumed to be
rigid. 

 Pile group ef fects from soil on lat eral pile nom i nal
strength shall be in cluded where pile cen ter-to-cen ter
spac ing in the di rec tion of lat eral force is less than
eight pile di am e ters. Pile group ef fects on ver ti cal
nom i nal strength shall be in cluded where pile cen -
ter-to-cen ter spac ing is less than three pile di am e ters.
The pile up lift soil nom i nal strength shall be taken as
the pile up lift strength as lim ited by the fric tional
force de vel oped be tween the soil and the pile.

 Where a min i mum length for re in force ment or the
ex tent of closely spaced con fine ment re in force ment
is spec i fied at the top of the pier or pile, pro vi sions
shall be made so that those spec i fied lengths or ex -
tents are main tained af ter pier or pile cut off.

1808.2.23.2 Seis mic De sign Cat e gory D, E or F. Where
a struc ture is as signed to Seis mic De sign Cat e gory D, E or
F in ac cor dance with Sec tion 1616, the re quire ments for
Seis mic De sign Cat e gory C given in Sec tion 1808.2.23.1
shall be met, in ad di tion to the fol low ing. Pro vi sions of
ACI 318, Sec tion 21.10.4, shall ap ply when not in con flict
with the pro vi sions of Sec tions 1808 through 1812. Con -
crete shall have a spec i fied com pres sive strength of not
less than 3,000 psi (20.68 MPa) at 28 days. 

Ex cep tions: 

1. Group R or U oc cu pan cies of light-framed con -
struc tion and two sto ries or less in height are
per mit ted to use con crete with a spec i fied com -
pres sive strength of not less than 2,500 psi (17.2 
MPa) at 28 days. 

2. De tached one- and two-fam ily dwell ings of
light-frame con struc tion and two sto ries or less
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in height are not re quired to com ply with the
pro vi sions of ACI 318, Sec tion 21.10.4.

3. Sec tion 21.10.4.4(a) of ACI 318 need not ap ply
to con crete piles.

1808.2.23.2.1 De sign de tails for piers, piles and
grade beams. Piers or piles shall be de signed and con -
structed to with stand max i mum im posed cur va tures
from earth quake ground mo tions and struc ture re -
sponse. Cur va tures shall in clude free-field soil strains
mod i fied for soil-pile-struc ture in ter ac tion cou pled
with pier or pile de for ma tions in duced by lat eral pier or 
pile re sis tance to struc ture seis mic forces. Con crete
piers or piles on Site Class E or F sites, as de ter mined in 
Sec tion 1615.1.1, shall be de signed and de tailed in ac -
cor dance with Sec tions 21.4.4.1, 21.4.4.2 and 21.4.4.3
of ACI 318 within seven pile di am e ters of the pile cap
and the in ter faces of soft to me dium stiff clay or
liquefiable strata. For pre cast pre stressed con crete
piles, de tail ing pro vi sions as given in Sec tions
1809.2.3.2.1 and 1809.2.3.2.2 shall ap ply.

 Grade beams shall be de signed as beams in ac cor -
dance with ACI 318, Chap ter 21. When grade beams
have the ca pac ity to re sist the forces from the load
com bi na tions in Sec tion 1605.4, they need not con -
form to ACI 318, Chap ter 21.

1808.2.23.2.2 Con nec tion to pile cap. For piles re -
quired to re sist up lift forces or pro vide ro ta tional re -
straint, de sign of an chor age of piles into the pile cap
shall be pro vided con sid er ing the com bined ef fect of
ax ial forces due to up lift and bend ing mo ments due to
fix ity to the pile cap. An chor age shall de velop a min i -
mum of 25 per cent of the strength of the pile in ten -
sion. An chor age into the pile cap shall be ca pa ble of
de vel op ing the fol low ing:

1. In the case of up lift, the lesser of the nom i nal
ten sile strength of the lon gi tu di nal re in force -
ment in a con crete pile, or the nom i nal ten sile
strength of a steel pile, or the pile up lift soil
nom i nal strength fac tored by 1.3 or the ax ial
ten sion force re sult ing from the load com bi na -
tions of Sec tion 1605.4.

2. In the case of ro ta tional re straint, the lesser of
the ax ial and shear forces, and mo ments re sult -
ing from the load com bi na tions of Sec tion
1605.4 or de vel op ment of the full ax ial, bend -
ing and shear nom i nal strength of the pile.

1808.2.23.2.3 Flex ural strength. Where the ver ti cal
lat eral-force-re sist ing el e ments are col umns, the
grade beam or pile cap flex ural strengths shall ex ceed
the col umn flex ural strength.

 The con nec tion be tween bat ter piles and grade
beams or pile caps shall be de signed to re sist the nom -
i nal strength of the pile act ing as a short col umn. Bat -
ter piles and their con nec tion shall be ca pa ble of
re sist ing forces and mo ments from the load com bi na -
tions of Sec tion 1605.4. 

SECTION 1809
DRIVEN PILE FOUNDATIONS

1809.1 Tim ber piles. Tim ber piles shall be de signed in ac cor -
dance with the AFPA NDS.

1809.1.1 Mate rials. Round tim ber piles shall con form to
ASTM D 25. Sawn tim ber piles shall con form to DOC
PS-20.

1809.1.2 Pre ser va tive treat ment. Tim ber piles used to
sup port per ma nent struc tures shall be treated in accor dance
with this sec tion unless it is estab lished that the tops of the
untreated tim ber piles will be below the low est
ground-water level assumed to exist dur ing the life of the
struc ture. Pre ser va tive and min i mum final reten tion shall be
in accor dance with AWPA C3 for round tim ber piles and
AWPA C24 for sawn tim ber piles. Pre ser va tive-treated tim -
ber piles shall be sub ject to a qual ity con trol pro gram admin -
is tered by an approved agency. Pile cut offs shall be treated
in accor dance with AWPA M4.

1809.1.3 End-sup ported piles. Any sud den decrease in
driv ing resis tance of an end-sup ported tim ber pile shall be
inves ti gated with regard to the pos si bil ity of dam age. If the
sud den decrease in driv ing resis tance can not be cor re lated
to load-bear ing data, the pile shall be removed for inspec -
tion or rejected.

1809.2 Pre cast con crete piles.

1809.2.1 Gen eral. The mate ri als, rein force ment and instal -
la tion of pre cast con crete piles shall con form to Sec tions
1809.2.1.1 through 1809.2.1.4.

1809.2.1.1 De sign and man u fac ture. Piles shall be de -
signed and man u fac tured in ac cor dance with ac cepted
en gi neer ing prac tice to re sist all stresses in duced by han -
dling, driv ing and ser vice loads.

1809.2.1.2 Min i mum di men sion. The min i mum lat eral
di men sion shall be 8 inches (203 mm). Cor ners of square
piles shall be chamfered.

1809.2.1.3 Re in force ment. Lon gi tu di nal steel shall be
ar ranged in a sym met ri cal pat tern and be lat er ally tied
with steel ties or wire spi ral spaced not more than 4
inches (102 mm) apart, cen ter to cen ter, for a dis tance of
2 feet (610 mm) from the ends of the pile; and not more
than 6 inches (152 mm) else where ex cept that at the ends
of each pile, the first five ties or spi rals shall be spaced 1
inch (25 mm) cen ter to cen ter. The gage of ties and spi rals 
shall be as fol lows:

 For piles hav ing a di am e ter of 16 inches (406 mm) or
less, wire shall not be smaller than 0.22 inch (5.6 mm)
(No. 5 gage).

 For piles hav ing a di am e ter of more than 16 inches
(406 mm) and less than 20 inches (508 mm), wire shall
not be smaller than 0.238 inch (6 mm) (No. 4 gage).

 For piles hav ing a di am e ter of 20 inches (508 mm) and
larger, wire shall not be smaller than 1/4 inch (6.4 mm)
round or 0.259 inch (6.6 mm) (No. 3 gage).
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1809.2.1.4 In stal la tion. Piles shall be han dled and
driven so as not to cause in jury or over stress ing, which
af fects du ra bil ity or strength.

1809.2.2 Pre cast nonprestressed piles. Pre cast nonpre-
stressed con crete piles shall con form to Sec tions 1809.2.2.1
through 1809.2.2.5.

1809.2.2.1 Ma te ri als. Con crete shall have a 28-day
spec i fied com pres sive strength (f ′c) of not less than 3,000 
psi (20.68 MPa).

1809.2.2.2 Min i mum re in force ment. The min i mum
amount of lon gi tu di nal re in force ment shall be 0.8 per -
cent of the con crete sec tion and shall con sist of at least
four bars.

1809.2.2.2.1 Seis mic re in force ment in Seis mic De -
sign Cat e gory C. Where a struc ture is as signed to
Seis mic De sign Cat e gory C in ac cor dance with Sec -
tion 1616, the fol low ing shall ap ply. Lon gi tu di nal re -
in force ment with a min i mum steel ra tio of 0.01 shall
be pro vided through out the length of pre cast con crete
piles. Within three pile di am e ters of the bot tom of the
pile cap, the lon gi tu di nal re in force ment shall be con -
fined with closed ties or spi rals of a min i mum 3/8 inch
(9.5 mm) di am e ter. Ties or spi rals shall be pro vided at
a max i mum spac ing of eight times the di am e ter of the
small est lon gi tu di nal bar, not to ex ceed 6 inches (152
mm). Through out the re main der of the pile, the closed 
ties or spi rals shall have a max i mum spac ing of 16
times the small est lon gi tu di nal-bar di am e ter, not to
ex ceed 8 inches (203 mm). 

1809.2.2.2.2 Seis mic re in force ment in Seis mic De -
sign Cat e gory D, E or F. Where a struc ture is as -
signed to Seis mic De sign Cat e gory D, E or F in
ac cor dance with Sec tion 1616, the re quire ments for
Seis mic De sign Cat e gory C in Sec tion 1809.2.2.2.1
shall ap ply ex cept as mod i fied by this sec tion. Trans -
verse con fine ment re in force ment con sist ing of closed 
ties or equiv a lent spi rals shall be pro vided in ac cor -
dance with Sec tions 21.4.4.1, 21.4.4.2 and 21.4.4.3 of 
ACI 318 within three pile di am e ters of the bot tom of
the pile cap. For other than Site Class E or F, or
liquefiable sites and where spi rals are used as the
trans verse re in force ment, it shall be per mit ted to use a 
vol u met ric ra tio of spi ral re in force ment of not less
than one-half that re quired by Sec tion 21.4.4.1(a) of
ACI 318.

1809.2.2.3 Al low able stresses. The al low able com pres -
sive stress in the con crete shall not ex ceed 33 per cent of
the 28-day spec i fied com pres sive strength (f ′c) ap plied to 
the gross cross-sec tional area of the pile. The al low able
com pres sive stress in the re in forc ing steel shall not ex -
ceed 40 per cent of the yield strength of the steel (fy) or a
max i mum of 30,000 psi (207 MPa). The al low able ten -
sile stress in the re in forc ing steel shall not ex ceed 50 per -
cent of the yield strength of the steel (fy) or a max i mum of
24,000 psi (165 MPa).

1809.2.2.4 In stal la tion. A pre cast con crete pile shall not 
be driven be fore the con crete has at tained a com pres sive
strength of at least 75 per cent of the 28-day spec i fied
com pres sive strength (f ′c), but not less than the strength
suf fi cient to with stand han dling and driv ing forces.

1809.2.2.5 Con crete cover. Re in force ment for piles that
are not man u fac tured un der plant con di tions shall have a
con crete cover of not less than 2 inches (51 mm).

 Re in force ment for piles man u fac tured un der plant
con trol con di tions shall have a con crete cover of not less
than 11/4 inches (32 mm) for No. 5 bars and smaller, and
not less than 11/2 inches (38 mm) for No. 6 through No.
11 bars ex cept that lon gi tu di nal bars spaced less than 11/2

inches (38 mm) clear dis tance apart shall be con sid ered
bun dled bars for which the min i mum con crete cover
shall be equal to that for the equiv a lent di am e ter of the
bun dled bars.

 Re in force ment for piles ex posed to sea wa ter shall
have a con crete cover of not less than 3 inches (76 mm).

1809.2.3 Pre cast pre stressed piles. Pre cast pre stressed
con crete piles shall con form to the require ments of Sec tions
1809.2.3.1 through 1809.2.3.5.

1809.2.3.1 Ma te rials. Prestressing steel shall con form
to ASTM A 416. Con crete shall have a 28-day spec i fied
com pres sive strength (f ′c) of not less than 5,000 psi
(34.48 MPa).

1809.2.3.2 De sign. Pre cast pre stressed piles shall be de -
signed to re sist stresses in duced by han dling and driv ing
as well as by loads. The ef fec tive pre stress in the pile
shall not be less than 400 psi (2.76 MPa) for piles up to 30 
feet (9144 mm) in length, 550 psi (3.79 MPa) for piles up
to 50 feet (15 240 mm) in length and 700 psi (4.83 MPa)
for piles greater than 50 feet (15 240 mm) in length.

 Ef fec tive pre stress shall be based on an as sumed loss
of 30,000 psi (207 MPa) in the prestressing steel. The
ten sile stress in the prestressing steel shall not ex ceed the
val ues spec i fied in ACI 318. 

1809.2.3.2.1 De sign in Seis mic De sign Cat e gory C.
Where a struc ture is as signed to Seis mic De sign Cat e -
gory C in ac cor dance with Sec tion 1616, the fol low -
ing shall ap ply. The min i mum vol u met ric ra tio of
spi ral re in force ment shall not be less than 0.007 or the 
amount re quired by the fol low ing for mula for the up -
per 20 feet (6096 mm) of the pile.

ρs = 0.12f′c /fyh (Equa tion 18-4)

where:

f ′c = Spec ified com pres sive strength of con crete,
psi (MPa)

fyh = Yield strength of spi ral re in force ment ≤
85,000 psi (586 MPa).

ρs = Spi ral re in force ment in dex (vol. spi ral/vol.
core).
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 At least one-half the vol u met ric ra tio re quired by
Equa tion 18-4 shall be pro vided be low the up per 20
feet (6096 mm) of the pile.

 The pile cap con nec tion by means of dow els as in -
di cated in Sec tion 1808.2.23.1 is per mit ted. Pile cap
con nec tion by means of de vel op ing pile re in forc ing
strand is per mit ted pro vided that the pile re in forc ing
strand re sults in a duc tile con nec tion.

1809.2.3.2.2 De sign in Seis mic De sign Cat e gory D,
E or F. Where a struc ture is as signed to Seis mic De -
sign Cat e gory D, E or F in ac cor dance with Sec tion
1616, the re quire ments for Seis mic De sign Cat e gory
C in Sec tion 1809.2.3.2.1 shall be met, in ad di tion to
the fol low ing: 

1. Re quire ments in ACI 318, Chap ter 21, need not 
ap ply, un less spe cif i cally ref er enced. 

2. Where the to tal pile length in the soil is 35 feet
(10 668 mm) or less, the lat eral trans verse re in -
force ment in the duc tile re gion shall oc cur
through the length of the pile. Where the pile
length ex ceeds 35 feet (10 668 mm), the duc tile
pile re gion shall be taken as the greater of 35
feet (10 668 mm) or the dis tance from the un -
der side of the pile cap to the point of zero cur va -
ture plus three times the least pile di men sion.

3. In the duc tile re gion, the cen ter-to-cen ter spac -
ing of the spi rals or hoop re in force ment shall
not ex ceed one-fifth of the least pile di men sion,
six times the di am e ter of the longtitudinal
strand, or 8 inches (203 mm), which ever is
smaller.

4. Cir cu lar spi ral re in force ment shall be spliced
by lap ping one full turn and bend ing the end of
the spi ral to a 90-de gree hook or by use of a me -
chan i cal or welded splice com ply ing with Sec.
12.14.3 of ACI 318.

5. Where the trans verse re in force ment con sists of
cir cu lar spi rals, the vol u met ric ra tio of spi ral
trans verse re in force ment in the duc tile re gion
shall com ply with the fol low ing:

ρs = 0.25(f ′c /fyh)(Ag /Ach - 1.0)[0.5 + 1.4P/(f ′c Ag)]

(Equa tion 18-5)

but not less than:

ρs = 0.12(f ′c/fyh)[0.5 + 1.4P/(f ′c Ag)]

(Equa tion 18-6)

and need not ex ceed:

ρs = 0.021 (Equa tion 18-7)

where:

Ag = Pile cross-sec tional area, square inches
(mm2).

Ach = Core area de fined by spi ral out side di -
am e ter, square inches (mm2).

f ′c = Spec ified com pres sive strength of con -
crete, psi (MPa)

fyh = Yield strength of spi ral re in force ment
≤ 85,000 psi (586 MPa).

P = Ax ial load on pile, pounds (kN), as de -
ter mined from Equa tions 16-5 and 16-6. 

ρs = Vol u met ric ra tio (vol. spi ral/ vol. core).

 This re quired amount of spi ral re in force ment 
is per mit ted to be ob tained by pro vid ing an in -
ner and outer spi ral. 

6. When trans verse re in force ment con sists of
rect an gu lar hoops and cross ties, the to tal
cross-sec tional area of lat eral trans verse re in -
force ment in the duc tile re gion with spac ings,
and per pen dic u lar to di men sion, hc, shall con -
form to:

Ash = 0.3shc (f ′c /fyh)(Ag /Ach – 1.0)[0.5 + 1.4P/
(f ′cAg)]

(Equa tion 18-8)

but not less than:

Ash = 0.12shc (f ′c /fyh)[0.5 + 1.4P/(f ′cAg)]

(Equa tion 18-9)

where: 

fyh = ≤ 70,000 psi (483 MPa).

hc = Cross-sec tional di men sion of pile core
mea sured cen ter to cen ter of hoop re in -
force ment, inch (mm).

s = Spacing of trans verse re in force ment
mea sured along length of pile, inch
(mm).

Ash = Cross-sec tional area of tranverse re in -
force ment, square inches (mm2) 

f ′c = Spec i fied com pres sive strength of con -
crete, psi (MPa)

 The hoops and cross ties shall be equiv a lent to de -
formed bars not less than No. 3 in size. Rect an gu lar
hoop ends shall ter mi nate at a cor ner with seis mic
hooks.

 Out side of the length of the pile re quir ing trans -
verse con fine ment re in forc ing, the spi ral or hoop re -
in forc ing with a vol u met ric ra tio not less than
one-half of that re quired for trans verse con fine ment
re in forc ing shall be pro vided.

1809.2.3.3 Al low able stresses. The max i mum al low -
able de sign com pres sive stress, f ′c, in con crete shall be
de ter mined as fol lows:

fc = 0.33 f ′c – 0.27fpc (Equa tion 18-10)
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where:

f ′c = The 28-day spec i fied com pres sive strength of the 
con crete.

fpc = The ef fec tive pre stress stress on the gross sec tion.

1809.2.3.4 In stal la tion. A pre stressed pile shall not be
driven be fore the con crete has at tained a com pres sive
strength of at least 75 per cent of the 28-day spec i fied
com pres sive strength (f ′c), but not less than the strength
suf fi cient to with stand han dling and driv ing forces.

1809.2.3.5 Con crete cover. Prestressing steel and pile
re in force ment shall have a con crete cover of not less than 
11/4 inches (32 mm) for square piles of 12 inches (305
mm) or smaller size and 11/2 inches (38 mm) for larger
piles, ex cept that for piles ex posed to seawa ter, the min i -
mum pro tec tive con crete cover shall not be less than 21/2

inches (64 mm).

1809.3 Struc tural steel piles. Struc tural steel piles shall con -
form to the re quire ments of Sec tions 1809.3.1 through
1809.3.5.

1809.3.1 Mate rials. Struc tural steel piles, steel pipe and
fully welded steel piles fab ri cated from plates shall con form
to ASTM A 36, ASTM A 252, ASTM A 283, ASTM A 572,
ASTM A 588 or ASTM A 913. 

1809.3.2 Allow able stresses. The allow able axial stresses
shall not exceed 35 per cent of the min i mum spec i fied yield
strength (Fy).

Ex cep tion: Where jus ti fied in ac cor dance with Sec tion
1808.2.10, the al low able ax ial stress is per mit ted to be in -
creased above 0.35Fy, but shall not ex ceed 0.5Fy.

1809.3.3 Dimen sions of H-piles. Sec tions of H-piles shall
com ply with the fol low ing:

1. The flange pro jec tions shall not ex ceed 14 times the
min i mum thick ness of metal in ei ther the flange or the
web and the flange widths shall not be less than 80
per cent of the depth of the sec tion.

2. The nom i nal depth in the di rec tion of the web shall
not be less than 8 inches (203 mm).

3. Flanges and web shall have a min i mum nom i nal
thick ness of 3/8 inch (9.5 mm).

1809.3.4 Dimen sions of steel pipe piles. Steel pipe piles
driven open ended shall have a nom i nal out side diam e ter of
not less than 8 inches (203 mm). The pipe shall have a min i -
mum of 0.34 square inch (219 mm2) of steel in cross sec tion
to resist each 1,000 foot-pounds (1356 N×m) of pile ham -
mer energy or the equiv a lent strength for steels hav ing a
yield strength greater than 35,000 psi (241 MPa). Where
pipe wall thick ness less than 0.188 inch (4.8 mm) is driven
open ended, a suit able cut ting shoe shall be pro vided.

SECTION 1810
CAST-IN-PLACE CONCRETE PILE FOUNDATIONS

1810.1 Gen eral. The ma te ri als, re in force ment and in stal la tion
of cast-in-place con crete piles shall con form to Sec tions
1810.1.1 through 1810.1.3.

1810.1.1 Mate rials. Con crete shall have a 28-day spec i fied
com pres sive strength (f ′c) of not less than 2,500 psi (17.24
MPa). Where con crete is placed through a fun nel hop per at
the top of the pile, the con crete mix shall be designed and
pro por tioned so as to pro duce a cohe sive work able mix hav -
ing a slump of not less than 4 inches (102 mm) and not more
than 6 inches (152 mm). Where con crete is to be pumped,
the mix design includ ing slump shall be adjusted to pro duce
a pump able con crete.

1810.1.2 Rein force ment. Except for steel dow els embed -
ded 5 feet (1524 mm) or less in the pile and as pro vided in
Sec tion 1810.3.4, rein force ment where required shall be
assem bled and tied together and shall be placed in the pile as 
a unit before the rein forced por tion of the pile is filled with
con crete except in augered uncased cast-in-place piles. Tied 
rein force ment in augered uncased cast-in-place piles shall
be placed after piles are con creted, while the con crete is still
in a semi fluid state.

1810.1.2.1 Re in force ment in Seis mic De sign Cat e -
gory C. Where a struc ture is as signed to Seis mic De sign
Cat e gory C in ac cor dance with Sec tion 1616, the fol low -
ing shall ap ply. A min i mum lon gi tu di nal re in force ment
ra tio of 0.0025 shall be pro vided for un cased
cast-in-place con crete drilled or augered piles, piers or
cais sons in the top one-third of the pile length, a min i -
mum length of 10 feet (3048 mm) be low the ground or
that re quired by anal y sis, which ever length is great est.
The min i mum re in force ment ra tio, but no less than that
ra tio re quired by ra tio nal anal y sis, shall be con tin ued
through out the flex ural length of the pile. There shall be a 
min i mum of four lon gi tu di nal bars with closed ties (or
equiv a lent spi rals) of a min i mum 3/8 inch (9 mm) di am e -
ter pro vided at 16-lon gi tu di nal-bar di am e ter max i mum
spac ing. Trans verse con fine ment re in forc ing with a
max i mum spac ing of 6 inches (152 mm) or 8-lon gi tu di -
nal-bar di am e ters, which ever is less, shall be pro vided
within a dis tance equal to three times the least pile di -
men sion of the bot tom of the pile cap.

1810.1.2.2 Re in force ment in Seis mic De sign Cat e -
gory D, E or F. Where a struc ture is as signed to Seis mic
De sign Cat e gory D, E or F in ac cor dance with Sec tion
1616, the re quire ments for Seis mic De sign Cat e gory C
given above shall be met, in ad di tion to the fol low ing. A
min i mum lon gi tu di nal re in force ment ra tio of 0.005 shall 
be pro vided for un cased cast-in-place drilled or augered
con crete piles, piers or cais sons in the top one-half of the
pile length, a min i mum length of 10 feet (3048 mm) be -
low ground or through out the flex ural length of the pile,
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which ever length is great est. The flex ural length shall be
taken as the length of the pile to a point where the con -
crete sec tion crack ing mo ment strength mul ti plied by 0.4 
ex ceeds the re quired mo ment strength at that point.
There shall be a min i mum of four lon gi tu di nal bars with
trans verse con fine ment re in forc ing pro vided in the pile
in ac cor dance with Sec tions 21.4.4.1, 21.4.4.2 and
21.4.4.3 of ACI 318 within three times the least pile di -
men sion of the bot tom of the pile cap. It shall be per mit -
ted to use a trans verse spi ral re in forc ing ra tio of not less
than one-half of that re quired in Sec tion 21.4.4.1(a) of
ACI 318 for other than Class E, F or liquefiable sites. Tie
spac ing through out the re main der of the con crete sec tion 
shall not ex ceed 12-lon gi tu di nal-bar di am e ters, one-half
the least di men sion of the sec tion, nor 12 inches (305
mm). Ties shall be a min i mum of No. 3 bars for piles with 
a least di men sion up to 20 inches (508 mm), and No. 4
bars for larger piles.

1810.1.3 Con crete place ment. Con crete shall be placed in
such a man ner as to ensure the exclu sion of any for eign mat -
ter and to secure a full-sized shaft. Con crete shall not be
placed through water except where a tremie or other
approved method is used. When depos it ing con crete from the 
top of the pile, the con crete shall not be chuted directly into
the pile but shall be poured in a rapid and con tin u ous oper a -
tion through a fun nel hop per cen tered at the top of the pile.

1810.2 En larged base piles. En larged base piles shall con form 
to the re quire ments of Sec tions 1810.2.1 through 1810.2.5.

1810.2.1 Mate rials. The max i mum size for coarse aggre -
gate for con crete shall be 3/4 inch (19.1 mm). Con crete to be
com pacted shall have a zero slump.

1810.2.2 Allow able stresses. The max i mum allow able
design com pres sive stress for con crete not placed in a per -
ma nent steel cas ing shall be 25 per cent of the 28-day spec i -
fied com pres sive strength (f ′c). Where the con crete is placed 
in a per ma nent steel cas ing, the max i mum allow able con -
crete stress shall be 33 per cent of the 28-day spec i fied com -
pres sive strength (f ′c).

1810.2.3 Instal la tion. Enlarged bases formed either by com -
pact ing con crete or driv ing a pre cast base shall be formed in
or driven into gran u lar soils. Piles shall be con structed in the
same man ner as suc cess ful pro to type test piles driven for the
pro ject. Pile shafts extend ing through peat or other organic
soil shall be encased in a per ma nent steel cas ing. Where a
cased shaft is used, the shaft shall be ade quately rein forced to
resist col umn action or the annu lar space around the pile shaft 
shall be filled suf fi ciently to rees tab lish lat eral sup port by the
soil. Where pile heave occurs, the pile shall be replaced
unless it is dem on strated that the pile is undam aged and capa -
ble of car ry ing twice its design load.

1810.2.4 Load-bear ing capac ity. Pile load-bear ing capac -
ity shall be ver i fied by load tests in accor dance with Sec tion
1808.2.8.3.

1810.2.5 Con crete cover. The min i mum con crete cover
shall be 21/2 inches (64 mm) for uncased shafts and 1 inch
(25 mm) for cased shafts.

1810.3 Drilled or augered un cased piles. Drilled or augered
un cased piles shall con form to Sec tions 1810.3.1 through
1810.3.5.

1810.3.1 Allow able stresses. The allow able design stress in 
the con crete of drilled uncased piles shall not exceed 33 per -
cent of the 28-day spec i fied com pres sive strength (f ′c). The
allow able design stress in the con crete of augered
cast-in-place piles shall not exceed 25 per cent of the 28-day
spec i fied com pres sive strength (f ′c). The allow able com -
pres sive stress of rein force ment shall not exceed 34 per cent
of the yield strength of the steel or 25,500 psi (175.8 Mpa).

1810.3.2 Dimen sions. The pile length shall not exceed 30
times the aver age diam e ter. The min i mum diam e ter shall be
12 inches (305 mm).

Ex cep tion: The length of the pile is per mit ted to ex ceed
30 times the di am e ter, pro vided that the de sign and in stal -
la tion of the pile foun da tion are un der the di rect su per vi -
sion of a reg is tered de sign pro fes sional knowl edge able in
the field of soil me chan ics and pile foun da tions. The reg is -
tered de sign pro fes sional shall cer tify to the build ing of fi -
cial that the piles were in stalled in com pli ance with the
ap proved con struc tion doc u ments.

1810.3.3 Instal la tion. Where pile shafts are formed through
unsta ble soils and con crete is placed in an open-drilled hole, a 
steel liner shall be inserted in the hole prior to plac ing the con -
crete. Where the steel liner is with drawn dur ing con cret ing,
the level of con crete shall be main tained above the bot tom of
the liner at a suf fi cient height to off set any hydro static or lat -
eral soil pres sure.
 Where con crete is placed by pump ing through a hol -
low-stem auger, the auger shall be per mit ted to rotate in a
clock wise direc tion dur ing with drawal. The auger shall be
with drawn in a con tin u ous man ner in incre ments of about 12
inches (305 mm) each. Con cret ing pump ing pres sures shall be
mea sured and main tained high enough at all times to off set
hydro static and lat eral earth pres sures. Con crete vol umes shall
be mea sured to ensure that the vol ume of con crete placed in
each pile is equal to or greater than the the o ret i cal vol ume of
the hole cre ated by the auger. Where the instal la tion pro cess of
any pile is inter rupted or a loss of con cret ing pres sure occurs,
the pile shall be redrilled to 5 feet (1524 mm) below the ele va -
tion of the tip of the auger when the instal la tion was inter rupted 
or con crete pres sure was lost and reformed. Augered cast-in-
place piles shall not be installed within six pile diam e ters cen ter 
to cen ter of a pile filled with con crete less than 12 hours old,
unless approved by the build ing offi cial. If the con crete level in
any com pleted pile drops dur ing instal la tion of an adja cent
pile, the pile shall be replaced.

1810.3.4 Rein force ment. For piles installed with a hol -
low-stem auger, where full-length lon gi tu di nal steel rein -
force ment is placed with out lat eral ties, the rein force ment
shall be placed through ducts in the auger prior to fill ing the
pile with con crete. All pile rein force ment shall have a con -
crete cover of not less than 21/2 inches (64 mm).

Ex cep tion: Where phys i cal con straints do not al low the
place ment of the lon gi tu di nal re in force ment prior to fill -
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ing the pile with con crete or where par tial-length lon gi -
tu di nal re in force ment is placed with out lat eral ties, the
re in force ment is al lowed to be placed af ter the piles are
com pletely con creted but while con crete is still in a semi -
fluid state.

1810.3.5 Rein force ment in Seis mic Design Cat e gory C,
D, E or F. Where a struc ture is assigned to Seis mic Design
Cat e gory C, D, E or F in accor dance with Sec tion 1616, the
cor re spond ing require ments of Sec tions 1810.1.2.1 and
1810.1.2.2 shall be met. 

1810.4 Driven un cased piles. Driven un cased piles shall con -
form to Sec tions 1810.4.1 through 1810.4.4.

1810.4.1 Allow able stresses. The allow able design stress in
the con crete shall not exceed 25 per cent of the 28-day spec i -
fied com pres sive strength (f ′c) applied to a cross-sec tional
area not greater than the inside area of the drive cas ing or
man drel.

1810.4.2 Dimen sions. The pile length shall not exceed 30
times the aver age diam e ter. The min i mum diam e ter shall be
12 inches (305 mm).

Ex cep tion: The length of the pile is per mit ted to ex ceed
30 times the di am e ter, pro vided that the de sign and in -
stal la tion of the pile foun da tion is un der the di rect su per -
vi sion of a reg is tered de sign pro fes sional knowl edge able 
in the field of soil me chan ics and pile foun da tions. The
reg is tered de sign pro fes sional shall cer tify to the build -
ing of fi cial that the piles were in stalled in com pli ance
with the ap proved de sign.

1810.4.3 Instal la tion. Piles shall not be driven within six
pile diam e ters cen ter to cen ter in gran u lar soils or within
one-half the pile length in cohe sive soils of a pile filled with
con crete less than 48 hours old unless approved by the
build ing offi cial. If the con crete sur face in any com pleted
pile rises or drops, the pile shall be replaced. Piles shall not
be installed in soils that could cause pile heave.

1810.4.4 Con crete cover. Pile rein force ment shall have a
con crete cover of not less than 21/2 inches (64 mm), mea -
sured from the inside face of the drive cas ing or man drel.

1810.5 Steel-cased piles. Steel-cased piles shall com ply with
the re quire ments of Sec tions 1810.5.1 through 1810.5.4.

1810.5.1 Mate ri als. Pile shells or cas ings shall be of steel
and shall be suf fi ciently strong to resist col lapse and suf fi -
ciently water tight to exclude any for eign mate ri als dur ing
the plac ing of con crete. Steel shells shall have a sealed tip
with a diam e ter of not less than 8 inches (203 mm).

1810.5.2 Allow able stresses. The allow able design com -
pres sive stress in the con crete shall not exceed 33 per cent of
the 28-day spec i fied com pres sive strength (f ′c). The allow -
able con crete com pres sive stress shall be 0.40 (f ′c) for that
por tion of the pile meet ing the con di tions spec i fied in Sec -
tions 1810.5.2.1 through 1810.5.2.4.

1810.5.2.1 Shell thick ness. The thick ness of the steel
shell shall not be less than man u fac turer’s stan dard gage
No. 14 gage (0.068 inch) (1.75 mm) min i mum.

1810.5.2.2 Shell type. The shell shall be seam less or pro -
vided with seams of strength equal to the ba sic ma te rial
and be of a con fig u ra tion that will pro vide con fine ment
to the cast-in-place con crete.

1810.5.2.3 Strength. The ra tio of steel yield strength (fy)
to 28-day spec i fied com pres sive strength (f ′c) shall not
be less than six.

1810.5.2.4 Di am e ter. The nom i nal pile di am e ter shall
not be greater than 16 inches (406 mm).

1810.5.3 Instal la tion. Steel shells shall be man drel driven
their full length in con tact with the sur round ing soil. 

The steel shells shall be driven in such order and with such
spac ing as to ensure against dis tor tion of or injury to piles
already in place. A pile shall not be driven within four and
one-half aver age pile diam e ters of a pile filled with con crete
less than 24 hours old unless approved by the build ing offi -
cial. Con crete shall not be placed in steel shells within heave 
range of driv ing.

1810.5.4 Rein force ment. Rein force ment shall not be
placed within 1 inch (25 mm) of the steel shell. Rein forcing
shall be required for unsup ported pile lengths or where the
pile is designed to resist uplift or unbal anced lat eral loads.

1810.5.4.1 Seis mic re in force ment. Where a struc ture is
as signed to Seis mic De sign Cat e gory C, D, E or F in ac -
cor dance with Sec tion 1616, the re in force ment re quire -
ments for drilled or augered un cased piles in Sec tion
1810.3.5 shall be met. 

Ex cep tion: A spi ral-welded metal cas ing of a thick -
ness not less than man u fac turer’s stan dard gage No.
14 gage (0.068 inch) is per mit ted to pro vide con crete
con fine ment in lieu of the closed ties or equiv a lent
spi rals re quired in an un cased con crete pile. Where
used as such, the metal cas ing shall be pro tected
against pos si ble del e te ri ous ac tion due to soil con stit -
u ents, chang ing wa ter lev els or other fac tors in di cated 
by bor ing re cords of site con di tions.

1810.6 Con crete-filled steel pipe and tube piles. Con -
crete-filled steel pipe and tube piles shall con form to the re -
quire ments of Sec tions 1810.6.1 through 1810.6.5.

1810.6.1 Mate rials. Steel pipe and tube sec tions used for
piles shall con form to ASTM A 252 or ASTM A 283. Con -
crete shall con form to Sec tion 1810.1.1. The max i mum
coarse aggre gate size shall be 3/4 inch (19.1 mm).

1810.6.2 Allow able stresses. The allow able design com -
pres sive stress in the con crete shall not exceed 33 per cent of
the 28-day spec i fied com pres sive strength (f ′c). The allow -
able design com pres sive stress in the steel shall not exceed
35 per cent of the min i mum spec i fied yield strength of the
steel (Fy), pro vided Fy shall not be assumed greater than
36,000 psi (248 MPa) for com pu ta tional pur poses.
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Ex cep tion: Where jus ti fied in ac cor dance with Sec tion
1808.2.10, the al low able stresses are per mit ted to be in -
creased to 0.50 Fy.

1810.6.3 Min i mum dimen sions. Piles shall have a nom i nal 
out side diam e ter of not less than 8 inches (203 mm) and a
min i mum wall thick ness in accor dance with Sec tion
1809.3.4. For man drel-driven pipe piles, the min i mum wall
thick ness shall be 1/10 inch (2.5 mm).

1810.6.4 Rein force ment. Rein force ment steel shall con -
form to Sec tion 1810.1.2. Rein force ment shall not be
placed within 1 inch (25 mm) of the steel cas ing.

1810.6.4.1 Seis mic re in force ment. Where a struc ture is
as signed to Seis mic De sign Cat e gory C, D, E or F in ac -
cor dance with Sec tion 1616, the fol low ing shall ap ply.
Min i mum re in force ment no less than 0.01 times the
cross-sec tional area of the pile con crete shall be pro vided 
in the top of the pile with a length equal to two times the
re quired cap embedment an chor age into the pile cap, but
not less than the ten sion de vel op ment length of the re in -
force ment. The wall thick ness of the steel pipe shall not
be less than 3/16 inch (5 mm). 

1810.6.5 Placing con crete. The place ment of con crete shall 
con form to Sec tion 1810.1.3.

1810.7 Cais son piles. Cais son piles shall con form to the re -
quire ments of Sec tions 1810.7.1 through 1810.7.6.

1810.7.1 Con struc tion. Cais son piles shall con sist of a
shaft sec tion of con crete-filled pipe extend ing to bed rock
with an uncased socket drilled into the bed rock and filled
with con crete. The cais son pile shall have a full-length
struc tural steel core or a stub core installed in the rock socket 
and extend ing into the pipe por tion a dis tance equal to the
socket depth.

1810.7.2 Mate rials. Pipe and steel cores shall con form to
the mate rial require ments in Sec tion 1809.3. Pipes shall
have a min i mum wall thick ness of 3/8 inch (9.5 mm) and
shall be fit ted with a suit able steel-driv ing shoe welded to
the bot tom of the pipe. Con crete shall have a 28-day spec i -
fied com pres sive strength (f ′c) of not less than 4,000 psi
(27.58 MPa). The con crete mix shall be designed and pro -
por tioned so as to pro duce a cohe sive work able mix with a
slump of 4 inches to 6 inches (102 mm to 152 mm).

1810.7.3 Design. The depth of the rock socket shall be suf fi -
cient to develop the full load-bear ing capac ity of the cais son
pile with a min i mum safety fac tor of two, but the depth shall
not be less than the out side diam e ter of the pipe. The design
of the rock socket is per mit ted to be pred i cated on the sum of 
the allow able load-bear ing pres sure on the bot tom of the
socket plus bond along the sides of the socket. The min i -
mum out side diam e ter of the cais son pile shall be 18 inches
(457 mm), and the diam e ter of the rock socket shall be
approx i mately equal to the inside diam e ter of the pile.

1810.7.4 Struc tural core. The gross cross-sec tional area of
the struc tural steel core shall not exceed 25 per cent of the
gross area of the cais son. The min i mum clear ance between
the struc tural core and the pipe shall be 2 inches (51 mm).

Where cores are to be spliced, the ends shall be milled or
ground to pro vide full con tact and shall be full-depth
welded.

1810.7.5 Allow able stresses. The allow able design com -
pres sive stresses shall not exceed the fol low ing: con crete,
0.33 f ′c; steel pipe, 0.35 Fy and struc tural steel core, 0.50 Fy.

1810.7.6 Instal la tion. The rock socket and pile shall be
thor oughly cleaned of for eign mate ri als before fill ing with
con crete. Steel cores shall be bed ded in cement grout at the
base of the rock socket. Con crete shall not be placed through 
water except where a tremie or other approved method is
used.

SECTION 1811
COMPOSITE PILES

1811.1 Gen eral. Com pos ite piles shall con form to the re quire -
ments of Sec tions 1811.2 through 1811.5.

1811.2 De sign. Com pos ite piles con sist ing of two or more ap -
proved pile types shall be de signed to meet the con di tions of in -
stal la tion.

1811.3 Lim i ta tion of load. The max i mum al low able load shall 
be lim ited by the ca pac ity of the weak est sec tion in cor po rated
in the pile.

1811.4 Splices. Splices be tween con crete and steel or wood
sec tions shall be de signed to pre vent sep a ra tion both be fore
and af ter the con crete por tion has set, and to en sure the align -
ment and trans mis sion of the to tal pile load. Splices shall be de -
signed to re sist up lift caused by up heaval dur ing driv ing of
ad ja cent piles, and shall de velop the full com pres sive strength
and not less than 50 per cent of the ten sion and bend ing strength
of the weaker sec tion.

1811.5 Seis mic re in force ment. Where a struc ture is as signed
to Seis mic De sign Cat e gory C, D, E or F in ac cor dance with
Sec tion 1616, the fol low ing shall ap ply. Where con crete and
steel are used as part of the pile as sem bly, the con crete re in -
force ment shall com ply with that given in Sec tions 1810.1.2.1
and 1810.1.2.2 or the steel sec tion shall com ply with Sec tion
1809.3.5 or 1810.6.4.1.

SECTION 1812
PIER FOUNDATIONS

1812.1 Gen eral. Iso lated and mul ti ple piers used as foun da -
tions shall con form to the re quire ments of Sec tions 1812.2
through 1812.10, as well as the ap pli ca ble pro vi sions of Sec -
tion 1808.2.

1812.2 Lat eral di men sions and height. The min i mum di men -
sion of iso lated piers used as foun da tions shall be 2 feet (610
mm), and the height shall not ex ceed 12 times the least hor i zon -
tal di men sion. 

1812.3 Ma te rials. Con crete shall have a 28-day spec i fied com -
pres sive strength (f ′c) of not less than 2,500 psi (17.24 MPa).
Where con crete is placed through a fun nel hop per at the top of
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the pier, the con crete mix shall be de signed and pro por tioned so 
as to pro duce a co he sive work able mix hav ing a slump of not
less than 4 inches (102 mm) and not more than 6 inches (152
mm). Where con crete is to be pumped, the mix de sign in clud -
ing slump shall be ad justed to pro duce a pump able con crete.

1812.4 Re in force ment. Ex cept for steel dow els em bed ded 5
feet (1524 mm) or less in the pier, re in force ment where re -
quired shall be as sem bled and tied to gether and shall be placed
in the pier hole as a unit be fore the re in forced por tion of the pier 
is filled with con crete.

Excep tion: Rein force ment is per mit ted to be wet set and the 
21/2- inch (64 mm) con crete cover require ment be reduced to 
2 inches (51 mm) for Group R-3 and U occu pan cies not
exceed ing two sto ries of light-frame con struc tion, pro vided
the con struc tion method can be dem on strated to the sat is -
fac tion of the build ing offi cial.

 Re in force ment shall con form to the re quire ments of Sec -
tions 1810.1.2.1 and 1810.1.2.2.

Excep tions:

1. Iso lated piers sup port ing posts of Group R-3 and U
oc cu pan cies not ex ceed ing two sto ries of light-frame
con struc tion are per mit ted to be re in forced as re -
quired by ra tio nal anal y sis but not less than a min i -
mum of one No. 4 bar, with out ties or spi rals, when
de tailed so the pier is not sub ject to lat eral loads and
the soil is de ter mined to be of ad e quate stiff ness.

2. Iso lated piers sup port ing posts and brac ing from
decks and pa tios ap pur te nant to Group R-3 and U oc -
cu pan cies not ex ceed ing two sto ries of light-frame
con struc tion are per mit ted to be re in forced as re -
quired by ra tio nal anal y sis but not less than one No. 4
bar, with out ties or spi rals, when the lat eral load, E, to
the top of the pier does not ex ceed 200 pounds (890 N) 
and the soil is de ter mined to be of ad e quate stiff ness. 

3. Piers sup port ing the con crete foun da tion wall of
Group R-3 and U oc cu pan cies not ex ceed ing two sto -
ries of light-frame con struc tion are per mit ted to be re -
in forced as re quired by ra tio nal anal y sis but not less
than two No. 4 bars, with out ties or spi rals, when it
can be shown the con crete pier will not rup ture when
de signed for the max i mum seis mic load, Em, and the
soil is de ter mined to be of ad e quate stiff ness.

4. Closed ties or spi rals where re quired by Sec tion
1810.1.2.2 are per mit ted to be lim ited to the top 3 feet
(914 mm) of the piers 10 feet (3048 mm) or less in
depth sup port ing Group R-3 and U oc cu pan cies of
Seis mic De sign Cat e gory D, not ex ceed ing two sto -
ries of light-frame con struc tion.

1812.5 Con crete place ment. Con crete shall be placed in such
a man ner as to en sure the ex clu sion of any for eign mat ter and to 
se cure a full-sized shaft. Con crete shall not be placed through
wa ter ex cept where a tremie or other ap proved method is used.
When de pos it ing con crete from the top of the pier, the con crete
shall not be chuted di rectly into the pier but shall be poured in a
rapid and con tin u ous op er a tion through a fun nel hop per cen -
tered at the top of the pier.

1812.6 Belled bot toms. Where pier foun da tions are belled at
the bot tom, the edge thick ness of the bell shall not be less than
that re quired for the edge of foot ings. Where the sides of the
bell slope at an an gle less than 60 de grees (1 rad) from the hor i -
zon tal, the ef fects of ver ti cal shear shall be con sid ered.

1812.7 Ma sonry. Where the un sup ported height of foun da tion
piers ex ceeds six times the least di men sion, the al low able
work ing stress on piers of unit ma sonry shall be re duced in ac -
cor dance with ACI 530/ASCE 5/TMS 402. 

1812.8 Con crete. Where ad e quate lat eral sup port is not pro -
vided, and the un sup ported height to least lat eral di men sion
does not ex ceed three, piers of plain con crete shall be de signed
and con structed as pi las ters in ac cor dance with ACI 318.
Where the un sup ported height to least lat eral di men sion ex -
ceeds three, piers shall be con structed of re in forced con crete,
and shall con form to the re quire ments for col umns in ACI 318. 

Excep tion: Where ade quate lat eral sup port is fur nished by
the sur round ing mate ri als as defined in Sec tion 1808.2.9,
piers are per mit ted to be con structed of plain or rein forced
con crete. The require ments of ACI 318 for bear ing on con -
crete shall apply.

1812.9 Steel shell. Where con crete piers are en tirely en cased
with a cir cu lar steel shell, and the area of the shell steel is con -
sid ered re in forc ing steel, the steel shall be pro tected un der the
con di tions spec i fied in Sec tion 1808.2.17. Hor i zon tal joints in
the shell shall be spliced to com ply with Sec tion 1808.2.7.

1812.10 Dewatering. Where piers are car ried to depths be low
wa ter level, the piers shall be con structed by a method that will
provide ac cu rate prep a ra tion and in spec tion of the bot tom, and
the de pos it ing or con struc tion of sound con crete or other ma -
sonry in the dry.

SEC TION 1813
METH ANE RE DUC TION MEA SURES

1813.1 Ap pli ca bil ity. This sec tion ap plies to all con struc tion
ac tiv i ties on or within 1,000 feet (305 m) of an ac tive, closed or
aban doned land fill that has been iden ti fied by the build ing of fi -
cial to be gen er at ing lev els of meth ane gas on-site at the lower
ex plo sive lim its or greater lev els. The dis tance shall be cal cu -
lated from the lo ca tion of the pro posed struc ture to the near est
prop erty line of the ac tive or for mer land fill site. The build ing
of fi cial may waive these re quire ments if tech ni cal stud ies dem -
on strate that dan ger ous amounts of meth ane are not pres ent on
the site.

1813.2 Pro tec tion of structures. All en closed struc tures to be
built within the 1,000 foot (305 m) land fill zone must be pro -
tected from po ten tial meth ane mi gra tion. The method for in -
sur ing a struc ture’s pro tec tion from meth ane shall be ad dressed 
in a re port pre pared by a li censed civil en gi neer and sub mit ted
by the ap pli cant to the de part ment for ap proval. The re port
shall con tain a de scrip tion of the in ves ti ga tion and rec om men -
da tions for pre vent ing the ac cu mu la tion of ex plo sive con cen -
tra tions of meth ane gas within or un der en closed por tions of
the build ing or struc ture. At the time of fi nal in spec tion, the
civil en gi neer shall fur nish a signed state ment at test ing that, to
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the best of the en gi neer’s knowl edge, the build ing or struc ture
has been con structed in ac cor dance with the rec om men da tions
for ad dress ing meth ane gas mi gra tion.
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