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Question:

How do you convert the usual data
from a Soils Lab report into
Information you can use to design
a drilled shaft?
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What kind of data is in the usual Soils Lab report?

ANnswer:

= Atterberg limits,
> Liquid limit, LL
> Plasticity index, Pl

"= \Water content, w

® Dry unit weight (density) of the soill, y,4

= Strength
> Unconfined compressive strength, psi, tsf
> Pocket penetrometer, tsf
> Vane shear strength, tsf
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What kind of information do you need to design a
drilled shaft?

ANswer:
" \/olumetric water content, 0

= Effective friction angle, ¢’
= Matric suction, pF

" Skin friction factor, a

Some In the movement active zone
Some In the anchor zone
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What conditions do you need to design for?

= Uplift (soll gets wetter)

= Bearing capacity (soll gets drier)
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What other soils information will you need and
where do you get it?

® Thornthwaite moisture index
(for deep water tables)
(map of TMI)

= Water content, Atterberg limits, dry unit weight,
strength at or below the water table

(for shallow water tables)
= Boring Log

= Natural resources conservation service county
soil map
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Thornthwaite Moisture Index (TMI, 1948)
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Suction Distribution with Depth
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SOIL ASSOCIATIONS

NEARLY LEVEL, CLAYEY AND
LOAMY, PRAIRIE SOILS

Lake Charles-Bernard association: Somewhat poorly
drained, very slowly permeable, clayey and loamy soils

E!Midland-Beaumont association: Poorly drained, very slowly
permeable, loamy and clayey soils

NEARLY LEVEL, LOAMY, PRAIRIE SOILS

_ GENERAL SOIL MAP
§  HARRIS COUNTY, TEXAS

& Scale 1:316,800
1 01 2 3 4 SMies

odine-Addicks-Gessner association: Poorly drained, moderately permeable
ils

ockley-Gessner association: Somewhat poorly drained and poorly drained, moderately
slowly and y le soi

| Katy-Aris association: Somewhat poorly drained and poorly drained, very slowly permeable soils
NEARLY LEVEL TO GENTLY SLOPING, LOAMY, FORESTED SOILS

dine-Ozan association: Somewhat poorly drained and poorly drained, very slowly permeable and slowly permeable soils

T BRAZ()RIA
1

4Segno-Hockley association: Moderately well drained, moderately slowly permeable soils
NEARLY LEVEL, FORESTED, BOTTOM LAND SOILS

-Nahatche-Voss-Kaman association: Moderately well drained to poorly drained, rapidly permeable to very slowly per-
meable, loamy, sandy, and clayey soils

Compiled 1975
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Soil Survey of Harris County, Texas

" | ake Charles series

B2 50 to G5 iﬁn:hea; prominently motiled light gray [16YR 601},
strang brown (T.5Y R 506, and red (257 R 46) clay loam; few medi-
um distinet gray (MWYR 5/1) mottles; moderste conrse prismntic
structure parting to maderate coarse blacky, extremely hard, vory
firm: few fine roots mosily between ped faces: continuous dark
gray (YR 4/1) clay films mainly on faces of blocks; fine sandy
lowm eoabings | ta & millimeters thick on prism faces; slightly ackd.

The A& horizon is 18 Lo 30 imckes thick. It s slightly seid or mediom
aciil. The Ap horizon i= dark gruyish beown, grayish brown, or brown.
The AZ havizon iz brown, pale brown, very pale brown, yellowish brown,
ar light vellowish brown. Mottles of pellowish brown and gray are in the
AZ horizon in seme places. The B2t horizon is prominently mottled gray,
grayiah brown or light brownish gray, yellowish brown or strong brown,
and red or yellowish red. The dark red centers of some red mottles in
the lawer part of the B2t horizon are plinthite, The ameunt of plinthite
ranges from 0 Lo about 3 percent. Some ped faces are couted with very
-rI.arE{.er.a}' or dark gray in most profiles. The B2t horlzen s elay loam,
sandy elay loam, or clay. Clay makes up 26 to 35 pereent of the contraol
seetion. The BZt horizon is strongly aeld through neatral Some proftles
are moderately alkaline bolow adepth afl 54 knehen,

Kenney series

The Kenney series consists of deep, acid, nearly level to
gently sloping, sandy soils on forested uplands. These
soils have a thick sandy layer underlain by a reddish
loamy layer (fig. 14). They formed in thick beds of uneon-
solidated sediment of loamy sand, sandy loam, and sandy
clay loam.

AFLUITE 2 ALIFSLETD WE LM, RN, AL NI e B8 s,
pluces, The B2L harizan is fine sandy loam, sandy elay loam, or cluy
loam. [t is very strongly acid to slightly acid. In a few places, plinthite is

in the upper part of the B2t herizon and the plinthite makes up less
than 4 pareent of the sodl.

- AlAi BMUE BAIEL SEE MIRILE

Lalke Charles series

The Lake Charles series eonszists of deep, neutral,
nearly level to gently sloping, elayey soils on upland prai-
ries. These soils are clayey throughout the profile and
have wide deep eracks and intersecting slickensides (fig.
15). They formed in alkaline marine clay.

Undisturbed areas of these soils have gilgai microrelief,
in which the microknollz are 6 to 12 inches higher than
the microdepressions. When these soils are dry, deep,
wide cracks form on the surface. Water enters the eracks
rapidly, but when the soils are wet and the cracks are
gppled, water enters very slowly. These soils are
gnmewhat poorly drained. Surface runoff is very slow or
medium. Internal drainage is very slow. Permeability is
very slow, and the available water ecapacity is high.

These soils are used mainly for rice and pasture. Somée
are in urban uses,

Representative profile of Lake Charles clay, 0 to 1 per-
cent slopes, at the center of a microdepression, in pasture,
from the intersection of Cook Road and Alief Road in

14
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Alief, 1.11 mil est al Alief Road, 1.27 miles north
L ake Ch ar I eS rJnlgg.rnﬂ-Ll Hn;]aﬁ,s a‘;z?Tﬁmfng wc::: . N

0 Ap—0 to 22 inchos; black (I0YE 2/1) clay, very dark gray (10YR 3/1)
S er I eS CO nt dry; moderate fine blocky structure; very hard, very firm, very
y . sticky and plasiie; many fine roods; few fine iron-manganess conere-

thons; shiny pressura fsces: neatral; diffuze wavy boundary.

AlZ—22 to 36 inches; very dark gray (10Y R 301} ¢lay, dark gray (10YR
411} dry; moderate fine blocky amd subangular blocky strusture in
uppar 1% imchas and t-r{\-a.l;ing to moderate fine and medium h|1.||.'!|l.}'
im the lower part; the lower part containg common large wedga-
shaped peds having long axes Lilted 10 Lo B0 degrees from the
horteantal and bordersd by intersecting zlickeneldes; extremaly
hard, very firm, very sticky and plastic; aggregatas have shiny
pressure faees; few fine iron-manganese and ealeium carbonate
coneretbons; mildly alkaline; diffuse wavy boumdary.

ACIg—35 to 52 inches; dark gray (L0VE 4/1) clay, gray (10Y R 571 dry;
eovmmon fine and mediom digtinet mattles of olive (5Y 4/3) and few
fime distinet mottles of yellowish brown (10YE M) common large
wvl pe-shaped par]:-; having long axes tilted W} to G0 degrees from
the horlzontal and bordered by Intersecting slickensides, peds break
to moderate mediom and eoarse blocky strocture; extremely hard,
veery firm, very stieky amd plistie; few fine rools; apgrepates have
shiny pressure Faces; few fine lrop-manganese concretions; few cal-
cium carhonate concretions a5 much ms 1 centimaetar in dinmeter;
mi'I-rIII_-,' alkaline; diffuse WaYY 'hnun‘:lar:'.

ACZp—52 to T inches; gray (5Y 50 clay, gray (5Y 6/1) dry; comman
fine and mediom distinet mottles of light olive brown (2.5Y 5/M) and
Few Tine distinet mnttles of :,.qillnwish hrown (107 K G06); weak fine
angular blocky structure; extremely hard, very firm, wery sticky
and plastic; few fine iron-manganese concretions, few intersecting
5|'ir'lH::|1:-;i-|'|4::n:'r faw 'irrpg:q]urly Je.h.apprl pir.ll'rl ealerum  ecardonabe
coneretions generally less than 3 centimeters in size; mildly alkaline,

In undisturtiesd areas, pilpai microknolls are 6 Lo 12 inches higher than
mierslepreasions, The esnter of the microknolls iz about 4 to 16 feet
from the center of the microdepressions. When the soils sre dry, cracks
] ta E imcheoz wide form on the surfees and extend into the A ﬂp; Rorizon.
Intersesting slickensides bepin al a depth of about 20 1o 30 inckes. The
A horizon s black or very dark gray. [0 ranges from elightly acid
throagh mildly alkaline. The ACy horizon iz very dark groy, dark gray,
or gray. Maotiles in the ACg horizon are olive, yallowish brown, light
alive brown, strong brown, yellow, or red. The ACy horizon is clay or
sty elay. I ranges from neutirel through moderately alkaline. [n some
places it is caleareous in the fower part 15
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Soil Survey of Harris County, Texas

" Engineering properties and classifications

TABLE 16,-=ENGINEERING PROPERTIES AND CLASSIFICATIONS--Continued

-

i ] i Classification | Percentage passing i { Plas-
Soil name and { Depth | USDA texture | i i sieve number-- tLiquid | ticity
map symbol i I | Unified | AASHTO | 4 i 10 | 40 | 200 | limit | index
L L L L L L i L H H
; : 1 1 ] 1 1
Lake Charles: i H { 1 ! ! ! i i i
Led, LeB-==-momonns i 0-22 (Clay=-=-=e——aem- iCH | &=T | 100 199-100180-100,75-100] 64-80 | 40-55
E 22-TH (Clay—=----o—anun {CH VA-T 198-100198-100)80-100}75-100] S4-90 | 37-60
i i i i | | ] I '
TLu: i i i i i i i | i I
Lake Charles part! 0-22 |Clay-========a== {CH | A=T i 100 199-100)80-100]75-100! 64-80 | U40=55
E 22-Th EClay ------------ | CH !ﬁ-? §98—100i98-100!80—100!T5-1DD§ 54-30 j 37-60
[] ] 1 1 1

1 ] I i
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Soil Survey of Harris County, Texas
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" Profile of
Lake Charles
clay

Figure 15. —Profile of Lake Charles clay, 0 to 1 percent slopes. Wide,

deep cracks are in the upper layers, and intersecting slicken-
sides are in the lower layers.
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Geotechnical Study Report No. 11-700E

= Plan of Borings
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Geotechnical Study Report No. 11-700E

LOG OF BORING NO. B-1  Shest 1.0f1
— | z| STRENGTH
= :_ !
. A | i'., plY 15 g | & HenreseTRoETER
l I - g B 5|3 sI18 1% % -
O g O O r I g £ . DESCRIFTION $5(3 |3 £l 5| T | W vonue
R AE 3 25| E| B | @ vecowren courmesson
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1 . o = -
ELEVATION: Exsting Grade = L T
. - 1 FILL FAT CLAY (CH, very sifl, dark | — ]
i brown, with root fibers, ferrous nodules | 20| as| 21 4 | |
FATCLAY [CH), sliff, Bght gray, Bght
4 brown, dark brown, with noot fibers 1o Al
F, fermous nodulas
4 |
5 L an !
] - very stiff & to 13 |
! i [
| - calcarecus nodules 8 1o 13 [
4 24| 83 8| &7 |
104 et :
] LEAN CLEY {CL), wery siff, lighi gray,
kight brown, fermous and calcareous | | |
nodules, sands |
|
4 | | |
x|
1 2
% ' -
|
|
30 | | - - +
WATER OBSERVATIONS; CAYAUGER: 0 TO 25 A  DRILLEDBY: GET(T)
NO FREE WATER ENCOUNTERED DURING DRILLING WETROTARY. __ TO __# LOGGED BY: Abranam
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Geotechnical Study Report No. 11-700E

= | og of Boring

No. B-2

3

LOG OF EORING NO. B-2

L]
#

DESCRIPTION

ELEVATION: Existing Grace
FILL  FAT CLAY (CH), very siiif, dark
brown, with root fibers, famous and
calcareous nodules
FAT CLAY [CH), wery stff, hght brown
dark brown, with root fibers to &
ferrous nodules

e e Pt
v, pom
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- calcargous nodules B 0 11

LEAN CLAY {CL), shff, hght brown,
fermous and calcareous nodulss, sands

wary stiff 23" o 28

WATER OBSERVATIONS
MO FREE WATER ENCOUNTERED DURING DRILLING

WATURAL B0 STURE
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WET ROTARY

DRY LINIT WEKGHT,

SUCTION (F}

F

T0

R AL TN

PERCENT ¢

25 f
To

| umomamEn ssear sTRENETE
—

PAESINGFALING FF

Sheat 1 of 1

A 1AND PENE TROME TER
i Torvan

) UNCORFNED COMPRESSEIN

[y UNCONSOLONTED-UnDRARET]
= TRUAEAL
o8 40 13 In Z3
|

| .
DRILLED BY: GET (P
LOGGED BY: Abraham
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Steps in Design Calculations

= Strength and suction
= Depth of the movement active zone

= Depth of the anchor zone

> ® Sjze of the bell
> Short term loading
» Long term loading

> ® Reinforcing steel and size of shaft
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Strength and Suction

" |nput (in movement active and anchor zones)
> Atterberg limits
> Water content
> Dry unit weight
> Unconfined compressive strength in psi, tsf, or psf
> Skin friction stress coefficient

= Qutput (in movement active and anchor zones)
Effective friction angle

Volumetric water content

Total unit weight

Present matric suction

Future matric suction

>
>
>
>
>
> Skin friction stress
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Design Parameters for Drilled Piers in Clay

-Degign Pararmrters for Drilled Phers in Clay

e —— Designesteqary

Paramatar A AT B.1 | B2 c -E D

[l (2 [ @ | s e | m

a,., 0.5 0.3 03 0.15* 0 L]

Lamat on xide shegr,

if bRk per pquare | jl

s 0.y | 0.4 0.4 0254 { 0 o

N, L l 9 9 L i ¥ ¥

“May be increased o Category A. 1 value for scgments of pier drilled dry,
Elamiling Aske shear in 0.9 iaf for segemerus of pier drilled dey.

* My b ineneued 10 Calegory B. | value for segments of picr drilled dry.
#Limitieng skde shear is 0.4 15 for segments of pier Jdrilled dry.

Mote: 1 1sl = 958 kN /m?.

A Q)

Q50 ™ Ty b |Ur=u~’| TAQ g s +

& (oo
{Q.!HSN..EA. _ {Qi] tJ’E

wl

Calegory A.—Straight-sided shalts in either homogeneous or layered sail with
na soil of exceptional stiffness below the base.

Catepory A1 —Piers in Category A installed dry or by advancing the borehole
with light weight drilling slurry and displacing the slurry directly with fluid
conureie,

Cutegory A.2.—Piers in Category A installed with drilling mud along some
portion of the hole such thai the entrupment of drilling mud between the sides
of the pier and the natural soil is possible.

Category B.—Belled picrs in either homogensous or layered clays with no
soib of exceptional stiffncss below the hase.

Catégory B. 1. —Piers in Category B installed dry.

Catepnry B.2.—Piers in Category B installed with drilling mud ilﬁﬂl Some
portion of the hale such thut the entrapment of drilling mud between the sides
ol the pier und the natural soil is possible.

utegory (.—Sirilght-sided piers with base resting on soil signilicantly stiffer
than ihe suvil around the sLem.

Category D.—Belied piers with base resting on soils significantly stiffer than
ke soil around the stem.

24
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- Design Category

Parameter A.l A.2 B.1 B.2
o 0.5 0.3 0.3 0.15
e T 0.4 0.4 0.25
limit, tsf
A: straight-sided shafts
B: belled piers

* From Reese, Touma, and O’Neill
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Correlation between ¢’ and PI

S

50 .
Legend
Kenney (1959)
Bjerrum and Simons (1960)
o Ladd, et al. (1977}

koo

}oman (degrees)

'
3

¢ at (o) /o

|
I,l'l LAvcrnn: {Bjerrum and Simons, 1960)

'L +1 standard deviation (L.5. Navy, 1971}

1 H | 1 1 1 | 1 1
10 20 30 40 50 60 70 80 2] 100

Plasticity mdex, PI

1
Fig. 13=8F Empirical correiation betweean ¢ and FI from triaxial compras-
gion tests on normally consolidated undisturbad clays (after U.S. Mawy,
1871, and Ladd, ot al., 1977} 4

Vy

Robert ©. Holtz and witham Pi Kevacs, fn Tnlreaucton

ks, ?3'544/ te Geotechnical €a iheering, premhiee- Hatl, (21781
L—-___, : _____"____._?———c,

155?\3 c- 13~ 484 £4 -0
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Effective Friction Angle, ¢’

¢’'= 0.0016(PI,%)* — 0.3021(PI, %) + 36.208
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Total Unit Weight, Ib/ft3

v, = dry unit weight X (1 + w)

Volumetric Water Content

dry unit weight, lb/ft3
unit weight of water (62.4 lb/ft3)

0=wX
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Matric Suction, stress units

unconfined
compressive
strength 1 —sin¢’

Matric suction = —

2 fOsin ¢’
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“Skin Friction” or Side Shear Stress

sin ¢’ cos ¢’

"Skin friction" = o(—0fh,,) I —sing

(compare with limiting side shear)
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Calculation — Strength and Suction
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Depth of the Movement Active Zone

" Input
> Initial pF
> Total unit weight (from “strength and suction” tab)
» Final suction (from Thornthwaite Moisture Index)

> Estimated percent fine clay (USDA NRCS county
soll map)

= Qutput
> Depth of movement active zone
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Calculation — Depth of the Movement Active Zone
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Formation of Suction vs. Pressure vs. Volume
Surface

4 : : R
s ; : : : : 1.15 . . . . . =
.
115 — 11+ A Al
S
= 2
=
(=}
- : .‘.é 105F ! -
o 1.05 — = c
O = 3
= -4 / 03 D
1= S 1+ i
02
/
0.95 -
et 4
0.15 02 =~ 0.95
. 0.25 03 1] 0.05 01 0.15 0.2 0.25 0.3
Net normal stress, (WMPa)
Net normal stress, (WMPa)
0251 | ' ' ' ' 1tion, VP 1.15 T T T T
021 1 A
B c (kg =
o B
% 015t 1 o
i
IS
8" ° 1.05- ,Al E
2 g c
a 01 |
D
A D L 1
0051 1
Al
| ; f | ; 095
u] 0.05 0.1 0.15 0.2 0.25 03 0.05 0.1 0.15 02 0.25
Net normal stress, (MPa) Suction, (MPa)
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Equation of a Horizontal Path on the Surface

AV B , hf | (of)
V — Yh Og h YG Og G.

l l

At the depth of the movement active zone

—— =0
V
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Percent Volume Change

N N N

z; = 80 cm
z; = 2.63 ft

Wﬁ%

100 |
Z;

Below this
depth,
pressure
reduces
volume
change

z, (depth of
movement
active
zone)
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Depth of the Movement Active Zone, z,

_ i (%)
Zy ft = Zi(h_) c
f




TEXAS AxM*ENGINEERING

Ratio of Volume Change Coefficients

0.4343
()
s Sw

S: slope of the suction vs. water content curve
w: water content
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Estimate of Sw

Sw = pF — 5.622 — 0.0041(% fine clay)
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Design Procedure for
Pavements on
Expansive Soils
Report 0-4518-1

TTI: 0-4518

= Texas
/‘ Transportation
‘ Institute

Design Procedure for Pavements
on Expansive Soils: Volume 1

Technical Report 0-4518-1 Vol. 1

Cooperative Research Program

TEXAS TRANSPORTATION INSTITUTE
THE TEXAS A&M UNIVERSITY SYSTEM
COLLEGE STATION, TEXAS

TEXAS DEPARTMENT OF TRANSPORTATION

in cooperation with the

Federal Highway Administration and the
Texas Department of Transportation
http://tti.tamu.edu/documents/0-4518-1-V1.pdf
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Depth of the Anchor Zone

" Input
» Depth of the movement active zone
> Skin friction stress (from “strength and suction” tab)
> Trial diameter of pier shaft

= Qutput
> Depth of the anchor zone
> Depth of pier
> Maximum tensile force in pier shatft
> Required area of reinforcing steel
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Reinforcing Steel

%Bonded reinforcing

T Debonding length
WY

xBonded reinforcing

The smaller the bars
The smaller the debonding length
The smaller the crack width
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Minimum size of pier shaft

Minimum spacing

]

inimum cover

Minimum
size bars
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Required Percent Steel

P(% steel) = sl e £
o Stee = dfy fy Afy

d = diameter of shaft, in

s M = side shear in the movement active zone, Ib/in?
f, = yield strength of the reinforcing steel, ksi

A = cross sectional area of the shaft, in?

P = minimum load at the top of the pier, Kkips
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Reinforcing Steel

" Input
> Required area of steel
> Steel cover
> Steel spacing

= Select
> Reinforcing bar size

= Qutput
> Number of reinforcing bars
> Minimum pier shaft diameter
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Calculation — Reinforcing Steel
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Size of the Bell

" Input
> Maximum load on pier
> Depth of movement active zone
> Depth of anchor zone
> SKin fiction stress in the anchor zone
> Long term bearing capacity factor of safety
> Short term bearing capacity factor of safety

= Qutput
» Diameter of bell

« Short term loading
* Long term loading

> Minimum diameter of pier shaft

47




SHRINKAGE

MOVEMENT
ACTIVE ZONE

ANCHOR
ZONE

BEARING
CAPACITY




TEXAS AxM*ENGINEERING

Calculation — Size of the Bell
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Steps in Design Calculations

= Strength and suction
= Depth of the movement active zone

= Depth of the anchor zone

> ® Sjze of the bell
> Short term loading
» Long term loading

> ® Reinforcing steel and size of shaft
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Design of Drilled Shafts in
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Robert L. Lytton
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Foundation Performance Association
Houston, Texas
December 14, 2011




