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SOLDI ER PILES
SOLDIER PILE SYSTEMS

Sol dier piles of varying materials and sections are used, often
in conjunction with sone formof |lagging to support soils as a
continuous wall above the depth of excavation. Soldier piling

el enents may consist of HP or wide flange sections, sheet File
sections, or CIDH piles. Lagging may consist of horizontally

pl aced wood nenbers, steel plates, or concrete sections.

Soi|l loads are transferred to soldier piles partially through the
l agging and partially through soil arching. A sem-circular
section of soil imediately behind the |agging may represent al
the load that gets transmtted to the |agging. Wen the soi
between soldier piles is capable of self support the soil |oads
will transfer to the adjacent soldier piles, and no lagging wll
be needed. This soil load transfer is referred to as sol

arching. Conpact or cohesive soils will denonstrate a greater
ability for soil archin? than will |oose and cohesionless soils.
However, the |ooser soils will tend to load the |agging nore.

Stiff soils exhibit an ability to stand unsupported for some

hei ght for sone period of tinme. This is evident by conparison to
relatively small square or rectangul ar excavations where no
shoring is used. The soil behind and along the cut faces

transmt the lateral forces to the vertical corners through soi
arching. Soldier piles act in the same manner as the vertical

cor ners.

The general design procedure for soldier pile walls is to assune
one half the pile spacing either side of the pile acts as a pane
| oaded with active soil pressures and surcharge |oadings above
the depth of excavation. The portion of soldier pile below the
depth of excavation is |ikew se |oaded with both active soi

pressure and surcharge | oadings.

Resistance to |ateral novenment or overturning (about any point)
of the soldier pile is furnished by the passive resistance of the
soi|l below the depth of excavation. The depth of pile
penetration nmust be sufficient to prevent |ateral novenent or tip
over (about the base) of the soldier pile system To account for
soil disturbance at the excavation elevation AASHTO recommends
that any passive resistance be ignored or discounted for a

di stance equal to 1.5 times the effective pile dianeter

i mredi ately bel ow the depth of the excavati on.

Sol dier piles may be driven or they may be installed in drilled
holes. Drilled holes may be backfilled with concrete, sIurrﬁ,
sand, pea-gravel or simlar material after the soldier pile has
been installed in the hole. Sone soldier pile drilled holes are
backfilled with concrete to the depth of excavation and then the
remai nder of the hole is filled with slurry to ground |evel

Slurry is generally considered to be a sand-cenent mx placed wet
enough to fill all voids. Backfill materials other than concrete
are used when it is desirable to extract the soldier piles. Wen
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CALIFORNIA TRENCHING AND SHORING MANUAL

materials other than concrete are used to backfill drilled
soldier pile holes sonme vibratory nmethods and/or jetting
procedures need to be used. The backfill should be as conpact as
the native soil into which the pile is set.

The use of pea gravel backfill in lieu of concrete substantially

decreases the passive resistance on all sides of the soldier

pile. The pea gravel does not permt the soldier pile to act as
aunit until sufficient soldier pile deflection conpacts the pea
gravel against the soil. Simlar reasoning is true for conpacted
sand backfill.

Effective Wdth:

The effective wwdth of a soldier pile is considered to be the

di mension of the soldier pile taken parallel to the line of the
wall for piles either driven, or placed in drilled holes
backfilled with materials other than concrete. Wen hard rock
concrete is used for the backfill of drilled holes the effective
wdth of the soldier pile is the diameter of the drilled hole.
Structural concrete is generally considered to be a 4 sack or
better concrete mx. Properly placed |ean concrete can also be
effective. However, |ean concrete nust be sufficiently strong to
prevent col |l apse of the hole, yet weak enough to be excavated
easily. A lean concrete mx is nornmally about 1 to 2 sacks of
cement per cubic yard with a mninum specified strength of 2,400

psSi .

Experinentation (1970's and later) has determ ned that the
passi ve resistance of cohesionless soils acts over a width
greater than the effective wwdth of the soldier pile. The
pressure exerted by the laterally pulled soldier pile produces
what anmounts to a wedge shaped resisting soil configuration.
This soil failure configuration offers a resistance simlar to
the resistance that would act over sonething w der than the
effective pile w dth.

Because of the apparent increase in passive resistance previously
nmentioned, the effective wwdths of soldier piles installed in
cohesionl ess soils may be increased by an adjustnent factor
(passive arching capability) of 0.08 times the internal friction
angle of the soil (0.08¢) , but not to exceed a value of 3.00

This neans for exanple, that the final adjusted design width
for a soldier pile wwth a flange wdth of 14" installed in
soil which has a ¢ angle of 387, not installed in hard rock
concrete, would be equivalent to | $0.08)(38)](14/12) =
[3.00 nmax] (14/12) = 3.5 feet. The full value of 3.5 feet per
soldier pile could be used provided the pile spacing is
greater than 3' - 6". Care wll have to be exercised to be
sure that no nore than 1 pile spacing is used for the fina
adjusted widths so that none of the w dths overl ap.
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Adj ust nent s:
Adj ustment Factor = Arching Capability = 0.08¢ (<-3.00)

Adjusted Pile Wdth = (Effective Wdth)(0.08¢) <1 Pile
Spaci ng

For cohesive soils the adjustnent factor for increasing the
effective soldier pile width ranges between 1 to 2. Permssible
adjustnment factors are listed in Table 104.

For excavations adjacent to railroad tracks the AREA reconmen-
dations sPecify that ¢ and C values be reduced 15%for the
effects of dynam c | oading when these values are determ ned by a
qualified soils analysis laboratory. See the railroad
requirenments in the appendix.

Bel ow the excavation depth the final adjusted width may be used
for the passively |oaded side of the pile. The sane fina
adjusted width may be used for the active and surcharge | oading
al so. Sonme consultants have used only the effective width of the
piling for the active and surcharge | oaded wi dth (not advisable).

Soldier Piles As Sheet Pilina:

Sol dier piling can be analyzed in the same manner as sheet piling
when the active |oaded wdth below the depth of excavation is
assuned to be the sane as the passive |oaded w dth

When soldier piling is analyzed in the sane manner as sheet
piling either the |oaded panel width (the pile spacing) or the
effective soldier pile width nust be adjusted. Proportioning the
soldier pile effective width to the pile spacing permts analysis
on a per foot basis of wall as is done for sheet pile analysis.
For exanple, a soldier pile spaced on 8 -0" centers having a
final effective pile width of 2'- 0" has an equival ent sheet pile
width of 1'-0" above the excavation line and 2'/8 = 0.25 foot

w dth below that |ine. Conpletion of the soldier pile

conput ations using sheet pile analysis is acconplished by
increasing all answers for nonents and shears by a factor equal
to the soldier pile spacing, in this case 8 feet.

An easy nethod for converting fromsoldier pile to sheet pile
anal ysis involves determning an Arching Factor (f). The val ue
of t is determined by multiplying the adjustment factor (Passive
Arching Capability listed in Table 10-1), by the effective pile
width then dividing that result by the soldier pile spacing.
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

f = Arching Factor

¢ - {Passive Arching Capability) (Effective Pile Width)
: ' . Soldier Pile Spacing I
Where: f < 1.0 ' '

The value f nust be equal to or less than 1.0 to prevent overlap
of the passive resisting |engths.

Assume the sane values previously cited where the soldier pile
spacing is 8 - 0", the pile is not encased in hard rock concrete,
the pile flange width is 14", and the internal friction angle ¢
of the cohesionless soil is 38~

£ = [0.08(3:)%(14/12) = 0.438

A sheet pile analysis could then be made for the soldier piling
as long as all equations used bel ow the excavation |line are
factored by 0.438, and the final answers nmultiplied by 8 which

equal s the pile spacing of 8 - O'.
AASHTO Met hodol ogy:

The 1992 publication, Standard Specifications for H ghway

Bri dges by AASHTO contains a sinplified nethod for designing
cantilever soldier piling in cohesionless soils. The methodol ogy
along with a sanple problemis included near the end of this
chapter. The AASHTO nmethod permts the inclusion of surcharges.
This design nethod requires that no passive resistance be counted
wthin 1.5 tines the effective pile width bel ow the depth of
excavation, The nethod al so provides that the conputed pile
depth (D) be increased by 30% for tenporary work.

The AASHTO net hod indicates that the adjusted pile width naY be
up to 3 tinmes the effective pile width provided that the soldier
pile spacing is equal to or greater than 5 times the effective
pile wdth. Structures policy will be to use an adjusted pile
width of 0.08¢ (<3.00) times the effective pile wdth provided
this wdth does not exceed the soldier pile spacing.
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GUIDELINES FOR REVIEW OF SOLDIER PILE

PASSIVE ARCHING CAPABILITIES

GRANULAR SOILS

VERY

: A VERY
COMPACTNESS LOOSE LOOSE MEDIUM DENSE DENSE
Relative Density, D, 15% 35% 65% 85% '
Standard Penetration .
Resistance, N = Blows/ft 4 10 .30 - 50
Angle of Internal
Friction, ¢ 2 30 36 “
Unit Weight (PCF) .
Moist 100 95-125 110-130 110-140 130+
Submerged 60 .55-65 60-70 65-85 75+
Arching Capability 0.08¢ 0.08¢ 0.08¢ 0.08¢ 0.08¢
COHES so
. VERY VERY
= unconfined comp.
500 000 2000 4000 8000
strength (PSF) . '
Is{mstance N = ;l‘;ws/l’t 2 4 8 16 32
Unit Weight (PCF) 100120 110-130 120-140 130+
Arching Capability 1w2 w2 2 2 2
TABLE 10 - 1 (TABLE 21)
10 - Revi sed (06/95)




CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
LAGG NG

Wood Ja%ging IS connDnIY installed in front of, or behind the
front flange of wi de flange beam soldier piles. The procedure of
installing |agging behind the back flange of the soldier Piling
is not reconmended because the potential arching action of the
supported soil wll be destroyed. Lagging placed behind the
front flange nmay be wedged back to provide tight soil, to |agging
contact. Voids behind lagging should be filled with conpacted
material. Lagging may be installed wth a maxi num spacing up to
11/2" to permt seepage of noisture through the wall system
Movenent of soil through the |agging spaces an be prevented by
packing straw or hay in the spaces.

Construction grade |lunber is the nost common material used for
| agging. Treated lunber is used when it is expected that the
lagging will remain in place for a longer period of time or
per manent|y.

Soi| arching behind lagging is induced by lateral soil novenent
wthin the tailure wedge. This soil novenment causes the |agging
to flex outward. The arching process induces a redistribution of
soi|l pressure away fromthe center of the |lagging toward the nuch
stiffer soldier pile support. Because of this, the design | oad
on the lagging may be taken as 0.6 times the theoretical or
cal cul ated pressure based on a sinple span. Studies have shown
that a maxi num | aggi ng pressure of 400 psf should be expected
when surcharges are not affecting the system Wthout soi
arching, the pressure redistribution would not occur and reduced
| aggi ng | oads should not be considered. For the arching effect
to_?ccur the back side of the soldier pile nust bear against the
soil.

¢ Lagging design load = 0.6(shoring design load) .

¢ Maximum lagging load may be 400 psf without surcharges

Table 10-2 lists FHWA recommended mninimum tinber thickness for
construction grade douglas fir lagging for a variety of soi
classifications.

e Competent Soils: These soils include high internal friction
angle sand or granular material or stiff to very stiff clays.

e Difficult Soils: These soils consist of loose or low friction

- angle cohesionless material, silty sands, and over consolidated
clays which may expand laterally, especially in deep
excavations.

e Potentially Dangerous Soils: The use of lagging with

potentially dangerous soils is questionable.

The tabul ar values may be used for |agging where soil arching
behind the |aggi ng can devel op. Tabul ar val ues should not be
used for excavations adjacent to existing facilities including
railroads. Lagging used in conjunction wth surcharges should be
anal yzed separately.
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RECOMVENDED THI CKNESS OF WOOD | AGE NG

(FOR LOCATI ONS W THOUT SURCHARGE LOADI NGS)

: . Recommended Thickness of

Soil Description Unified Depth Lagging (rough cut) for
Classification Clear Spans of:

50 61 71 8’ 9v lor
COMPETENT SOILS
Silts or fine sand and ML, SM.- ML
silt above water table :
Sandsindgnvels GW, GP, GM, GC, 0’ 10 25° {2 3 3 3 4° 4"
(medium dense to dense). SW, SP, SM ’ ’
Clays (siff to very stiff); CL,CH 25" 10 60" 3 3 3 4 S5
Clays, medium consistency CL,CH
and yH/C < §.
DIFFICULT SOILS
Sands and silty sands, (loose). SW, SP, SM
‘ Clayey sands (mediumdense | SC - 01025 3* 3 3 & & 5
wdme)bebwmubh.
Clays, heavily over- CL,CH 25’ t0 60° 3 3 4 4 5 5
consolidated fissured.
Cobesioaless sik or fine sand | ML; SM-ML
and silt below water table
POTENTIALLY DANGEROUS SOILS (appropriateness of lagging is questionable)
SoficlaysyH/C >5. . |cLcH: 0 w01s * 3 & 5 - .

: f
Shightly plastic silts below. ML 15' 025 3* & 5 6 - .
" water table.
Clayey sands (loose), below sC 2510 35° 4 S 6" - - -
watertable. - R )
‘AWMNMMMMIWGFMMNWMMWNO. FHWA-RD-75-130.
TABLE 10- 2 (TABLE 22)
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
CANTI LEVER SOLDIER PILES - GRANULAR SO L

Basic soil’'- no surcharge

f = Arching factor
(See page 10-3)‘

Pa = 7HK, = KwH T

P, = fP,, D . é
P,, = fyDK, + P,, ' ﬁ
Z TP
¥ i .

Pg = £9D(K, - K,) = P,y

= £9D(K, - K,) + fyHK, K= PE € Pyp 9’
he— P
FIGQURE 10-1

ZFy =0 = (H) (Pa1) /2 + (Ppy + Py) (D)/2 + (Pg + Py (Z)/Z
A - = (Pg + Py) (D) /2

= {(Pg + P,,) (D) = (H)(P,,) =~ (P.u + Pp) (D) }/ (Pg + Py)
= {Pg = P,,) (D) = (H)(Py)}/(Pg + Fy)

M. = 0 = {(H) (P,;) /2}[H/3 + D] + (P,,(D)[D/2}
+ {(Px; = Ppq) (D) /2}[D/3} + {(P; + B,) (2)/2}[2/3]
- {(Pg + P,;) (D) /2}[D/3]

rchar nsi der ations:

In nmost real situations there will be sone sort of surcharge
present. The foll ow ng pages denonstrate how two types of
surcharges may be handled. Sinplifying the pressure diagrans
(u3|n? sound engi neering judgenent) should not alter the results
significantly and may make the problem nmuch easier to solve. The
surcharge pressures can be added directly to the soil pressure
diagram or may be sketched separately. It wll often be
convenient to convert a long uniform surcharge to an equival ent
hei ght of soil, increase H by that anount, and then analyze the
shoring with one pressure di agram
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For Boussinesq surcharges, the pressure diagram above the
excavation depth is sinplified so as to match the area as close
as possible, while still allowng for ease of conputation. The
surcharge pressure immediately below the depth of excavation is
adjusted by the Passive Arching Capability factor and then may be
taPered to zero ( for small surcharge) at the bottom end of the
sol dier pile.

D . -
Design
_ Actual
A (Not Factored)

BOUSSI NESQ SURCHARGE
FIGURE 10 - 2

P; = Area under dashed line
above the excavation depth.

P, = Area under dashed line
below the excavation depth.

The forces and monents are then added to the equations on the
previous page to solve for the total horizontal forces and
nmoments and to arrive at the required depth (D).

To allow for a Safety Factor and sufficient enbednent increase D
by 20% - 40%or initially adjust K, by using Ko/ 1.5 to Ko/ 1.75.
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
SAVPLE PROBLEM 10-1: CANTI LEVER SOLDI ER PI LE

< 6 ’ﬁ ' '14; ~} RS 1

I
- 1 1 . . ) S

Ee=c==5 q - 1.200 PSF

I — 1

N {

7|

T Timber Lagging

Soil é;ogerties:

g—————— Soldier Piles o 8" T =

] BN NOUR BER SN G BN NS A S |

;: GW

D

4]

— 36° Diameter Holé
-‘Backfilled With PCC

SAALEXALITL LYY
L)

A :
FIGURE 10 - 3

Deternmne Lateral Pressures: Soil parameters are arbitrary
val ues chosen for sinplicity

Soil pressure only.

Arching capabiiity =2
f = (2)(36/12)/8 = 0.75

Py = yHK, = (110) (14) (0.3)

P,q = £P,; = (0.75) (462)"-
347 pst

o\ . Py

E  F Az

70K, + Py,
(0.75) (65) (0.3)D + 347
15D + 347

FIGURE 10 - 4

P; = £1,D(K, = K,) = P,y = (0.75)(65)(5.3 - 0.3)D - 347
= 244D - 347 :
P, = £,D(K, - K,) + £f¥.

(0.75) (65) (D) (5.0) + (0.75) (110) (14) (5.3) = 244D + 6,122
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Surcharge Pressure:

4 .
- Actual
- wesososvosow Des ‘ gn
3 .

-
N

P, = (72) (4) = 288 plf
B, = (540 - 72)(4)/2 = 936 plf
P, = (540)(3) = 1,620 plf
P, = (540 - 342)(7)/2 = 693 plf
P = (342)(7) . = 2,394 plf

Total = 5,931 plf

-Below excavation: Consider arching effect.
Boussinesq surcharges may taper to zero.

(342) (0.75) = 257 plf
P, = 257D/2 = 128D

FIGURE 10 - S

(14)(462)/2 + (347 + 15D + 347) (D) /2

(244D - 347 + 244D + 6,122)(2)/2 + 5,931 + 128D

- (244D - 347 + 15D + 347)(D)/2

0—
22—
4 —
6 —
8§ —
10—
12—
14 50—
D
N
ete
ZFy = 0
- +
"z =

-122D* + 475D + 244DZ + 2,8882 + 9,165
(D? = 3.9D =75.1)/(2D + 23.7)
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M; = 0 :
= {(14) (462)/2}[D + 14/3] + 347D[D/2] + {(15D) (D)/2}[D/3]
+ {(244D - 347 + 244D + 6 122)(2)/2}[2/3] + 288[D +. 12]
+°936[D + 11.33] + 1,620[D + 8.5) +.693[D. + 4.67]

+ 2,394[D + 3.5] + 128D[2D/3]
- {(244D - 347 + 15D + 347) (D) /2}[D/3]
= = 41D° + 259D + 9,165D + 81DZ? + 96322 + 54,538 = 0

;.22 = (D' - 6.3D* - 223.5D - 1,330.2)/(2. on+23 5)

By trial and error or other means D = 22.30’ & 2 = 4.91'
Use a safety factor of 30%: Use D = 1.3(22.3) = 29.0/

Eind Maximum Moment: P
: ‘ ,FA'I
(Composite section properties ignored) y

Locate plane of zero shear (B).

Yy = Py 1 En (K - K) ,
= 347/(0.75) (65) (5.3 = 0.3) = 1.42’

Surcharge pressure at A:

257(22.30 - 1.42)/22.30 = 241 psf -‘I‘. 257
Y
Shear due to surcharge at A: Sp— Y 241

1. 42(257 + 241)/2 + 5,931 = 6,285
Total shear at A: ' X

14(462) /2 + 347(1. 42)/2 + 6,285
= 9,765 Lb/LF .

—pgl—7 28
' T ) FIGURE 10 -~ 6

Shear for area between A & B = 9,765

{£7,(K, - K)x*/2} = ({241 + (257)(22.30 - 1.42 - x)/22.30}/2)x
= 9,765

Substituting: 0.75(65) (5.3 = 0.3)x*> - 241x + 5.76x* = 9,765

Simplifying: 127.6%X% - 241x - 9,765 = 0

Solving for x: X = 9.74/

E.igd_nw

‘M due to soil pressure above A.

{14(462)/2}[15.83] + {347(1.42)/2}[10.69] = 53,828 Ft-Lb/LF
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M due to soil pressure between A & B
0.75(65) (5.3 - 0.3)(9.74) (9.74/2)[9.74/3] = 37,538 Ft-Lb/LF
M due to surcharge above excavation:

288[23.16) + 936[22.49] + 1,620[19.66] + 693[15 83]
+ 2,394[14.66] = 105,636 Ft-Lb/LF

Surcharge pressure at B:
257(22.30 - 1.42 - 9.74)/22.30 = 128 psf
M due to surcharge bel ow excavation
;2§§1§226;£iib}€§23 + {(257 - 128)(11.16)/2}[11.16) (2)/3]

M (Total) = 8(53,828 - 37,538 + 105,636 + 13 326)
1 .. = 1,082,016 Ft-Lb
S Required = (1,082,016) (12) /22,000 = 590.2 in’

Use W30 x 191, S = 598 in’

. | . Needed:
By inspection, maximum load occurs at the depth of excavation.

M., = WL}/8 = (342 462)(8)%/8 = 6,432 Ft-Lb
(With total soil arching M, = 400(8)2/8 = 3,200 Ft-Lb)

S Required = 6,432(12) (0.6)/(1,500) (1.0)* = 30.9 in®
* 1.0 In lieu of 1.33 duration factor due to high risk building

Use 4 x 12’s (rough lumber): S = 32 in’

Thi s answer does not agree with values in Table 22 because the
tabl e does not provide for surcharge |oadings.

Summary:

Use WO X 191's - minimum length of 42" 8", placed in 36"
di ameter holes and backfilled to bottom of excavation with

concrete.
Use 4 x 12's (Rough lunber) for |agging.
The size of the wide flange beam and the dianeter of the drilled

hole indicate that cantilevered soldier piles would not be the
correct type of shoring for the conditions given

10 - 13 Revi sed (06/95)
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SOL ES W/SING BA - SO
Sbil ohly A(ﬁo '.s'urcha_r.ge)-
a = 0.2H to 0.4H
S = éoldier pile spacing
f = Arching factor
P, = yHK, = RwH
P = HP,/2 = vHXK,/2

= RwH?/2 -

P, = fP,
Y = Py/fy (K, - K)
Py = YP,/2

Pr = fyd(K, - K,)
Py = dP;/2

o
< o —3

¥

|

k—PE

-FIGURE 10 - 7
Det erm ne D:

M; = 0 = P[2H/3 - a) + Py[H-a + y/3] = Py[H - a + y + 2d/3]

Solve for d by trial and error (or other means). For the first
approximation try d = H/4.5.

D=y-+d. Adjust 'the value of D or K, for a safety factor.
Determine T: T = S(P + Py - Pg) and F = T/cosu

Find the maximum moment. This will generally be either the
cantilever section above T or somewhere between T and the
excavation level. Determine this second point by locating the
point of zero shear. . :

Determine soldier pile section modulus required, size of lagging
needed, and tieback requirements.

Not e: A surcharge will normally be present (or the m ninmm

surcharge or 72 psf will be used) and shoul d be added
to the equations shown above.
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SOLDI ER PI LES
SAMPLE PROBLEM 10-2: SOLDIER PILE WITH SINGLE TIEBACK

P
_1\ - Given:
S Kw = 35 pcf
¥ = 115 pcf u = 20°
N
K, = Rw/y = 0.30
. a K, = y/Kw = 3.29
H Vv .
H = 18’ a= 6’
18 .
Solution:
Q= Uniformnsurcharge
Hy = 1,000/115 = 8.7"
X H’ = 18' + 8.7 = 26.7'
4%* Pile spacing (S) = 6’
LY Pile Hole Diameter = 24"
v Arching 'capability = 2.0
" T | f = (2)(24/12)/6 = 0.67
Pg d P, = KwH = 35(18) = 630
"y : N P, + Py = RWH’ = 35(26.7)
. = 935 psf
le PE s| . Ps = 935 - 630 = 305 psf

FIGURE 10 - 8
P, = 630(18/2) = 5670 Lb/LF
P, = 305(H) = 305(18) = 5490 Lb/LF
P, = £P, = 0.67(630) = 422 psf
Yy = Po/fy(K, = K,) = 422/[(0.67) (115)(3.29 - 0.30)] = 1.83
P, = yP,/2 = 1.83(422)/2 = 386 Lb/LF
P = fy(d) (K, - K) = 0.67(115)(d)(3.29 - 0.30) = 230d
P, = dPz/2 = d(2304) /2'= 11582

Determine D:

IM; = 0 = P,y [2H/3 - a] + BJ[H - a + y/3] + Pg[H/Z]
- Py[H — a + y + 2d/3)

= 5,670[2(18.0)/3 - 6] + 386[18 - 6 + 1.83/3]

+ 5490[18/2 - 6] - (115d4%)[18 - 6 + 1.83 + 2d/3]
= 55,357.5 -1590.5d%> - 76.7& = & + 20.7 & - 721.7
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

By trial and error, or by other neans, d = 5.27

Increase D by 30% for safety factor: D = 1.3(7.1) = 9.2/

Determine T:
Py = 115(5.27)2 = 3, 194 Lb/LF -
T=PA-,+PS.,-+P -P,=5670+5490+386v3194-—8352Lb/LF

= T/cosy = 8 352/c0520° = 8,888 Lb/LF
Total F=6(8,888) = 53,328

Find Maximum Moment (See Note) .% T
Locate point of zero shear (x). ) -j
8,352 = P,(x/18) (x/2) + Pgx " | T
8,352 = 17.5% + 305x . ji\ |
. —_— N
X = 14.8/ . . - J ™~
M = -(630)(14.8/18) (14.8/2)[14.8/3]
- (305) (14.8)[14.8/2) Ps PA
+ (8,352)[14.8 - 6.0]
= 21, 184 Ft Lb/LF FIGURE 10 - 9

he Cantilever:

{(630) (6.0/18) (6.0) /2}[6.0/3] = 6,750 Ft—Lb/LF
This does not control

S Required = 21,184 (6) (12) /22,000 = 69.3 in®

Use W14 x 53, S = 77.8 in®

Determlne 1agglng and tleback reguirements.

See alternate analysis using AISC speclflcatlons at end of
Chapter.

Note: \Wen the soldier pile is encased in 4 sack or better
concrete, the buried portion of the pile acts as a
conposite section which wll have a |large section nodul us.
When this is the case the nonent at the excavation |ine
may often be controlling.
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SOLDI ER PI LES
SAMPLE PROB 0-3: . LDI » PILE WITH SINGLE TIEBACK

3 'v 6 ﬂ<n — L‘ 14" B 1 51A-

1 | 1 11 Ll | 1 1 | 1 1

EEEEon § - 1200 pst DEET

1 L | d 1 1 L | -

7r-—ifj- :
- JL_.

J—— 4 x 12 Legging

g
0
(o]
n
®
o
A

| | on o

PReez

Wi4 x 99 Soldier Piles
0 7" 6° (used material )

Tieback Data

Two 1" tierods

at 7’/ - é"

F, = 150 ksi

16" Diameter

: shaft.
20 Diemeter hole Bond capacity is
. : 600 psf.

~ backftilled with PCC Unbonded L = 7/
. Bonded L = 42/
FIGURE 10 - 10 :

Determine l.ateral Pressures:

FHWA recoﬁunends adjusting K, by division with 1.5 in lieu of
increasing D by 20% - 40%. (This is conservative)

|

b
o
PR dRANNRNRRRCORNARGNY

fﬂﬂ<]§B

YLV I LI YIRS INYSIELNY )

Adjust K, by 1.5. For this example K, = 4.3/1.5 = 2.87 -
K, - K, = 2.87 - 0.28 = 2.59 )
Arching capability = 0.08(34°) = 2.7 Use 1.5 due to wet

condition (Need to be conservative next to building).
f =1.5(20/12)/7.5 = 0.33
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CALIFORNIA TRENCHING AND SHORING MANUAL

: --?.2

FIGURE 10 - 11
P, = yHK, = 115(20) (0.28) = 644 pst
P,, = fP,, = 0.33(644) = 213 psf
y = pA.,/f'y(K, - K,) = 213/[(0.33) (115) (2.59)] = 2.17'
d=6-2.17 = 3.837 ° |
P. = fyd(x, -K,) = —0.33(i15) (3.83) (2.59) = 376 psf

Py = P. + f3D, (K, - K,) = 376 + 0.33(70) (2.59)D, = 376 + 60D,
P, = 72(4) = 288 psf

P, = (510 - 72) (4)/2 = 876 psf

P, = 510(4) = 2,040 psf

P, = (510 - 206) (12)/2 = 1,824 psf

Ps = 206(12) = 2,472 psf

Below excavation: Consider archirig effect. Boussinesqg
surcharges may be tapered to zero at the calculated depth D.

206(0.33) = 68 psf
Pg = 68(6 + D,)/2 = 204 + 34D,
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SOLDIER PILES
Det erm ne D

Smp =0

Moment due to sﬁrcharge:

(204 + 34D,)[14 + (6 + D.)/3] + 2 472[8] + 1,824([6]
+ 2,040[0] - 876([3.33] - 288[4]
= 111)2 + 612D, + 29,915

Monent due to soil
{644 (20) /2}[7.33] + {213(2.17)/2}[14.72]
- {376(3.83)/2}[18.72] - 376(D,) [20 + D,/2]

= 160D,) (Dy) /2}[20 + (2/3)D,]
= -20D,° - 788D,° - 7,520D, + 37,128

Conbi ned nonent :

‘20D + 777D + 6, 908D - 67,043 =0
or D,? + 39D,2 + 345D, — 3,352 = 0

From which D, = 5.62’

D=D, + 6 =5.62 + 6 = 11.62" (Use D = 11/-8")

Determ ne T:

zFH O : .
288 + 876 + 2,040 + 1,824 + 2,472 + {204 + 34(5.62)}
+ 644(20)/2 + 213(2. 17)/2 - 376(3 83)/2 - 376(5.62)

- 60(5.62) (5.62/2) - T

ST = 10,785~Lb/LF

Total T = 10,785(7.5) = 80,888 Lb

FiLn Xinum nt:
Check cantilever nonent at T:
= {644(6/20)(6/2)}[6/3] + 288[2 + 4/2] + 876[2 + 4/3]

+ 510(2)[2/2]
= 6,251 Ft-Lb/LF
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

8" . >
%ﬁ 510

X 8
522 )IL_

FIGURE 10 - 12

908008080 000000000000004]

A\

302

Locate point of zero shear: . . . ) ;

10,785 - 288 - 876 - 2;040 - 644(x/20) (x/2)
- {x - 8}{510 + [206 + (510 - 206) (20 - x)/12]}/2 = O

x* + 207.6x - 3,632.5 = 0
Sox = 16.23/

Pressure it point of zero shear due to soil:
© 644(16.2/20) = 522 psf
Pressure at point of zero shear due to surcharge:
206 + (510 - 206)(20 - 16.2) /12 = 302 psf |
Moment due to tieback and soil:
10,785[16.2 - 6] - {(522) (16.2/2)}[16.2/3] = 87,175 Ft-Lb/LF
Moment due to éurcharge:
M = - 288[16.2 - 4/2] - 876[16.2 - 4(2/3)]
- 2,040[16.2 — 4- 4/2] - 302(16.2 - 8)[(16.2 - 8)/2]
- {(510 - 302)(16.2 - 8)/2}[(16.2 - 8 ) (2/3)]
= - 51,568 Ft-Lb/LF
Combined moment (assuming non-compact section):
87,175 - 51,568 = 35,607 Ft-Lb/LF This controls.
S Required = 35,607 (7.5) (12) /22,000 = 145.67 in®
S furnished = 157 in® > 145.67 in® .. O.K.

See alternate analysis using AISC specifications on page 10-21.
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SOLDI ER PILES
Check Lagging:

Consider arching effect on lagging. Multiply all pressure
results by 0.6. By inspection, maximum moment occurs at

depth of excavation.
M, = wL?/8 =(644 + 206)(7.5)%/8 = 5,977 Ft-Lb

S Required = 5,977(12))(0.6)/1,500(1.0)* = 28.7 in’
* Load duration factor due to high risk building.

Use 4 x 12’s (Rough lumber). S = 32 in®

Check Shear:
V = (7.5/2 - 0.33)(850)(0.6) = 1,744 Lb
v =

the

3V/2A = 3(1,744)/2(4)(12) = 54.5 psi < 140 psi .. O:K.
Tiebacks:
"0 .G. .
T F = 80,888/C0OS 22.5° = 87,553 Lb
6 Y = 45° - ¢/2 = 45° - 34°/2 = 28°
*T A = 180° - (90° - 22.5°) - ¢ = 84.5°
- 22.5°
a Q
TQ = Unbonded length
14" F = (14 sin 28°)/sin A = 6.6’
v . 6.6’ < 7.0’ provided .. 0.K.
: Bond capacity given.aS'Goo psf
/2

FI GURE 10 - 13

Bonded frictional resistance (per foot) = m(16/12) (600) (L)

= 2,513(L) Lb/LF
Length needed = 87,553/2,513 = 34.8’ < 42’ ..O.K.
Safety Factor = 42/34.8 = 1.21 = (21%)

Note: Vertical downward component of tie may be used in

conjunction with wedge weights in stability analysis to

counteract slip circle failure.

Vertical component = 87,553 sin 22.5° = 33,505 Lb
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
SODERPILE WTH SI NGE Tl EBACK

Soldier plles in the two previous problems were not checked for
compressive stress or for the combined stresses due. to. the
vertical component of the tieback force. AISC criteria may be
used to check combined stresses. For Sample Problems 15 and 16
assume maximum unbraced length is the cantilever or the length
between the tie and the p01nt where the passive spil resistance
becomes effective.

SAMPLE PROBIEM 10 - 2 - SODIER PILE. (ALTERNATE ANALYSIS)
Pile properties: A = 15.6 in?  r, = 5.8 in
Assume k = 1, then KL/r = 15.8(12)/5.89 = 32.19
From AISC: M = 142.6 Ft-k and F, = 19.79 ksi
Downward tie force = F sin w = 53.3 sin 20° = 18 k
M = 6(21.18) = 127.1 Ft-k "
£./F, + £,/F, = £,/F, + Mg /M, < 1.0

(18/15.6)/19.79 + 127.1/142.6

= 0.06 + 0.89 = 0.95 £ 1.0 OK
SAVPLE PROBLEM 10 - 3 - SODIER PILE: (ALTERNATE ANALYSI S)

Pile properties: A =29.1 ir’ r, = 6.14 in
Assume.k = 1, then KL/r = 16.2(12)/6.14 = 31.7
From AISC: ‘M, = 288 Ft-k and F, = ;9.8'2‘ ksi
Downward tie force = F sin w = 87.6 sin 22..5° = 33.5 k
M., = 7.5(35.6) = 267 Ft-k
£/F, + £/F, = £/F, + Mp/M, < 1.0

= (33.5/29.1)/19.32 + 267/288

= 0.06 + 0.93 = 0.99 < 1.0 OK
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SAVPLE PROBLEM 10-4: SO DIER PILE WTH RAKER

From Soils .
Report: RR Cooper ES5
5 pcf | o >
¥ = 115 pc - . .
I CFeEE
§ =0 ' '
2 s [

. 3.2° ‘
Allowable Soil ¥

Bearing = 2 ksf ; Ki
— 4 'x 12 Lagging ‘
o Soldier Pile
Loose Ballast: — HP1Z x 74 e 8°
. . 10.5°
v s S pet - Raker © 8-
6.3

le
He—

Rough lumber is Tz .
to be used HE 18" Dia hole
. :|| = backfilled :
B = tan’(5.2/8) : :ll: '
= 33° 6 x 12 Pads ¢ || ¢
1 2 G¥ 3
B/¢ = 33°/35° 15° — =
.= 0.94 '
Sol uti on: FI GURE 10-14
NOTE: Assume that the back slope and ballast are one unit since
their densities are equal and their angles are practically the
sane | If this was not the case, or if B/¢ > then Trial Wdge

or simlar analysis would have to be used to solve the problem
From Figure 8, K, = 0.65; - K, = tan?(45° + 35°/2) = 3.69

P, = KyH = 0.65(115) (10.5) = 785 psf |

Adjust K, per FHWA recommendation in lieu of increa'sing D 20%-
108 Adjust K, by 1.5: K, = 3.69/1.5 = 2.46

K, - K, = 2.46 - 0.65 = 1.8
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T 72 —
| ’ 14
s.8 | 4
. 5 -
-L. ......................... lSZH
6 1.7
' S X 14
I . . 12.8°
D " oz S
I /4-4— ( Actual)

SoIL . RAILROAD SURCHARGE
FIGURE 10 - 15

NOTE. - For ease of conputation assunme that the railroad
surcharge has a rectangul ar shape bel ow the excavation. The
railroad sucharge is prorated from "CHART 3.6, LATERAL PRESSURE
FOR COOPER RAI LROAD LIVE LOAD': 279(E55/E80) = 192 psf. Note
that the top of the railroad surcharge diagramis always | ocated
at the elevation of the top of the rail.

Soi|l and surcharge act on adjusted width of soldier pile.
Determne f and nultiply all pressures below the excavation |ine
by this factor.

Passive arching capability = 0.08(35°) = 2.8

Diameter of drilled hole = 18/12 = 1.5’

Arching factor (f) = 2.8(1.5)/8 = 0.53

P,,-= 0.53P,; = 0.53(785) = 416 psf '
Surcharge at excavation line = 0.53(192) = 102 psf

Yy = Po/fy(K, - K,) = 416/[0.53(115) (1.8)] = 3.79'
Py = £yd(K, - K,) = 0.53(115)(1.8)d = 110d :

Determine D:
D=d4d+y

™M, = 0-
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AREA ARM MOMENT
1 785(10.5)/2 = 4,121  2/3(10.5) - 4.2 = 2.80 11,539
2 416(3.79)/2 = 788 6.3 + 3.79/3 = 7.56 5,957
4 72(8.8) = 634 8.8/2 - 4.2 = 0.20 127
5 (192 -72)(8.8)/2'= " 528 2/3(8.8) -4.2 = 1.66 876
6 192(1.7) =__ 326 6.3 - 1.7/2 = 5.45 1,777
6,397 - . 20,276
3 AREA = -110d(d/2) = =55

ARM = 6.3 + 3.79 + 2/3(d) = 10.09 + 0.67d
MOMENT = -554.95d% - 36.85@° - , .

7 AREA = 102(3.79 + d) = 386.58 + 1024 :
ARM = 6.3 + (3.79 + d)/2 = 8.20 + 0.5d
MOMENT = 3,169.96 + 1,029.69d + 514>

0= 23,445.96 + 1,029.69d - 503.954* - 36.854°

6.37/

Solve for 4 and D: 4
: d+y=6.37 + 3.79 = 10.16’

D

Determne T:

= T Active areas - £ passive areas_ ,
= 6,397 + 102(6.37 + 3.79) - (6.37)7(110)/2 = 5,202 Lb/LF

Check Soldier Pile: Find M,

By inspection, the point of zero shear will be above the
excavation.

0 = 7852/10.5(2/2) + 634 + 528 + 192(z - 8. s) - 5,202
= 37.3822 - 4,040 + 192z - 1,689.60 = 2% + 5. 14z - 153.28

S.2= 10.08' = 10.1'

M, ='37.38(10.1)%[10.1/3] + 634[10.1 - 8.8/2]

+ 528[10.1 - 2/3(8.8)] + 192(10.1 - 8.8)[(10.1 - 8. 8)/2]

. = 5,202[10.1 - 4.2]

= 11, 843 Ft-Lb/LF

Total Moment = 8(11,843) = 94,744 Ft-Lb

S Required = M/F, = 94 744(12)/22 0000 = 51.68 in’
S Furnished = 93.8 in® > 51.68 in’
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Check Laggi ng:

Pressure is greatest at the bottom of the excavation:
785 + 192 = 977 psf. e
M = wL?/8 = 977(12)(8)%/8 = 93,792 In-Lb

S Required = 93,792(0.6)/(1,500)(1.0)*_= 37.52 ind
* No load duration factor used when adjacent to railroads.

S for a 4 x 12 = 12(4)2/6 = 32 in? < 37.52 ind
S for a 6 x 12 = 12(6)%/6 = 72 in® Use 6 x 12 lagging
V = (8/2 - 0.33) (977)(0.6) = 2,151 Lb
4

, = 3V/2A = 3(2,151)/[2(6)(12)] = 44.8 psi < 140 psi ..OK

Check Raker:

T = 8(5,202) = 41,616 Lb
Angle © = tan’ 15/#.3 = 61°
= [(15)%2 + (8.3)2)2 = 17.14 F¢t
Axial load = 41,616(&7.14/15) = 47,553 Lb
P/A = 47,553/(12)(12) = 330 psi
A;lowablé"r 480,000/ (L/d)* = 480,000/([(17. 14)(12)/12]2 = 1,634
) =1, 600 pPsi max
330 < 1,600 ..OK :
Check Pad:

Determne allowable soil pressure under 6 x 12 pads:

(Use NAVFAC inclined load on inclined footing - See Appendi x B)
Angl e of pad to horizontal = 61°

D/B = (4.0/5.0) = 0.8 N,, From graph = 20

Qu = CN, + 1/2(yB)N,, = 0 + 1/2(115) (5) (20) = 5,750 psf
Qaoware/ FS = 5,750/2 = 2,875 > 2,000 psf Use 2,000 psf

Pad bearing area needed = 47,553/2,000 = 23.78 Ft?

Pad | ength needed = 23.78/5.00 = 4.76 Ft

Pad cantiliver length = (4.76 - 1.00)/2 = 1.88 Ft
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M (for 1 pad) = wL’/2 = 2,000(1.88)%/2 = 3,534 Ft-Lb
=M/S =3 534(12)/[12(6)2/6] = 589 < 1,500 psi
Shear V = 2,000(1.88 - 0. 5) = 2,760 Lb

£, = 3V/2A = 3(2,760)/2(6 x 12) = 58 < 140 psi

Check Corbel:
Raker to corbel crushing = 47,553/12 x 12 = 330 < 450 ps
Length for flexure = (5.00 - 1.00)/2 = 2.00
Load per foot of corbel = 2,000(4.76) = 9,520 Lb/Et
M = wL?/2 = 9,520(2)%/2 = 19,040 Ft-Lb '

= M/S = 19,046(12)/[’12(12)2/6] = 793 < 1,800 psi
Length for shear = 5.00/2 - 1.00/2 - 1.00 = 1.00 Ft
Shear V = 2,000(4.76) (1.00) = 9,520 Lb

£, = 3(9,520)/2(12 x 12) = 99 < 144 psi

Sunmary:

Use HP12 x 74 (equivalent or larger) soldier pile (D= 10"- 3").
Use 6 x 12's for lagging (may use 4 x 12 for upper half).

Use 12 X 12 raker.

Provide at least 5 x 5 pad.
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SAMPLE PROBLEM 10-5: PREVI OUS PROBLEM W TH NO RAKER

Given: o S :
Analyze'previous problem using an H of 8 feet and no raker.

Solution:

Instead of adjusting K, per FHWA recommendation, use a safety

factor of 30% for D. .
K, = 0.65 K, = 3.69 (Arbitrary values)

K,

FIGURE 10 - 16

KyH = (0.65) (115) (8)
598 psf

(0.53) (598)
317 psf

= P,, + £9DK, = 317 + (0.53) (115) (0.65)D - 317
= 317 + 40D A

= £fyD(K, - K,) - P,y = (0.53) (115) (3.04)D - 317
= 185D - 317

= £9D(K, - K,) + £y

= (0.53)(115)(3.04)D + (0.53) (115) (8) (3.69)
= 1,799 + 185D

10 - 28

-_K. = 3.69 - 0.65 = 3.04
TB 72 . T
H 8"
:L Pay . 96 J;'
— A — 181
Pa-q - T 102 —
0.8
0
D D-0.8
T——¢ 04
7 _ .
' W e——
L -
Pg F Pz Py
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Areas:

ABA, 598(8)/2 = 2,392

AA’AF = (317 + 317 + 40D)D/2 = 317D + 20D?

ECJ = (185D - 317 + 1,779 + 185D)Z/2 = 185DZ + 731Z

EA’,A, = ~-(185D - 317 + 317 + 40D)D/2 = -113D> (negative area)

Surcharge area (for ease of conputation assune surcharge uniform
bel ow excavation):

72(8) + (181 - 72)(8)/2 + (102)D = 1,012 + 102D
ISFg = 0 U .ABA, + AA/,Af + ECJ - EA’,A, + surcharge = 0
2,392 + 317D + 20D® + 185DZ + 7312 - 113D* + 1, 012 + 102D = 0
= (D* - 4.51D - 36 60)/(1.99D + 7.86)
M; = 0
= ABA,[D + 8/3] + (P,4) (D) [D/2] + (P,, = P,4)(D/2)[D/3]
+ ECJ(2/3] - EA’,A,[D/3] + 576[8/2 + D] + 436[8/3 + D]
+ 1ozn[n/2]

2,392([D + 2. 7] + 158D? +6. 67D’ + (185DZ + 7312Z)[2/3] -
- 37.67D° + (2,304 + 576D) + (1,163 + 436D) + 51D* = 0

22 = (D’ - 6.74D> - 109.81D - 320.17)/(1.99D + 7.86)

By trial and error, or by other means: Z = 4.15" and D = 16. 88

Increase D by 30% D=1.30(16.88) = 21.9 Ft
Use D = 22 Ft
Check Soldier Pile: Fi ndpax
A
Locate point of zero shear. A7 PA°
Assume point between 0 & G. 1.71° ;
T l
AO/P,, = D/(Ppy + Pp)
AO = 1.71/ ' . X
‘ C G
OG =D - A0 - 2z :
= 16.88 - 1.71 - 4. 15 11.027 0\
1
FIGURE 10 - 17
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Shear at point 0 = 2,392 + 576 + 436 + 317(1.71)/2 + (102) (1.71)
= 3,849 Lb/Lr |
3,849 + 1023 = 185x(x/2)
92.5x* - 102x - 3,849 = 0
x> - 1.10x - 41.61 =0 ..x = 7.02’ (énd assumpfién is correct)
AO + x = 1.71 + 7.02 = 8.73’
M. = 2,392[8/3 + 8.73] + 576[8/2 + 8.73] + 435[8/3 + 8.73]
©271.0[(1.71)(2/3) + 7.02] + 102(8.73)[8. 73/2] '

-(185) (7.02) (7.02/2)[7.02/3]
= 34,994 Ft-Lb/LF

nmoment per foot tinmes pile spacing:
8(34,994) = 279,952 Ft-Lb
Srequired = MF, = 279,952(12)/22,000 = 152.7 in’

S furnished with HP12 x 84 = 106 in® < 152.7 in®

Use HP14 x 117, S =172 in®

Total soldier pile nonment

A second point of zero shear occurs near the conputed depth, but
this point is not normally used for maxi num noment.

Conpare the nonment conputed above to the nmonent at the depth of
excavation:

M= 2,392[8/3] + 576[8/2] + 436[8/3] = 9,846 < 34,994 Ft-Lb/Lf

The portion of piling encased in sound concrete (generally, four
sack or better) conprises a conposite section usually having a
| arge section nodulus. If this is the case, the nmonent at or
above the excavation elevation may be controlling to determ ne
the critical section nodulus.
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— 2C/y = Critical L
T A height of clay. — Actual
2c/v \ (Negative soil ~“-Design

1\

pressure_vélues
are not to be used).

(2./3)D

b

-44f(4c - yH) le— £(4C + yH)'—+4 - SURCHARGE

FI GURE 10-38

Use a safety factor of 50% - 70% with the clay or increase D by
20% - 40% Critical height of wall = H, = 4c/y. Theoretically
the wall wll fail if YH, > 4

B/ = qH - 2C 2 0. (.If not, see note below)
= Arching factor .

BB’ (H/2)

f(4C - 9H)D

{£(4C - 4H) + £(4C + 73)}{2/2} = 4£CZ

P = Area under dashed line above the excavation depth.
P,==Aréa below the excavation depth (when used).

W W

1) ZFy=0=1-2+3+4+5 andz=(2-1-4+-5)/4fC
2) M, = 0= 1[H + H/3] - 2[D/2) + 3[2/3] + 4[D + y] + 5[2D/3].
Sol ve equations 1) and 2) simultaneously for D and Z.

Det er mi ne maxi num nonent and section nodul us required.

Determne. |agging requirements.

*Note : If ¢ does not = 0, or if BB’ < 0, see next page.
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CANTILEVER SOLDIER PILE - COHESIVE SOIL (ALTERNATE METHOD)

This approach should be used only when ¢ 0, or when BB’Z 0.
If ¢ #0, then BB’ = 9yKH where K, = tan?(45° - ¢/2)

If BB’ < 0, then assume C = 0 and ¢ = 20° to 30° .
BB’ = 9HK, where K, = tan’(45° - ¢/2)

—)l f(4C-yHK, ) [€— f(4C + yHK,) —>|

FIGURE 10 - 19

The procedure fromthis point on, including the addition of any
surcharges, is identical to the »wg = o method" outlined on the
previ ous page.
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SOLDI ER PILES
SAMPLE PROBLEM 10-6: CANTILEVER SO.DI ER PILE: COHESI VE SO L

Given:
Q = 250 psf. storage material
1[ 3 4 x 12 Lagging
11°
Wi6 x 77 ‘Sold‘e.r From Soils Report:
f Piles o 7° ' g, = 2,000 psf
YZAN VA T ) ¢ =0
A E § =0 :
A E 24" Dieam. hole ¥ = 130 pcf
D B . D
HE backfilled with PCC
2 A :
FIGURE 10 - 20
Solution: _ A
: Use a safety factor

of 1.6 for clay.

q,/1.6 = 2,000/1.6 = 1,250 psf
C=gq/2 = 1,250/2 = 625 psf

Arching capability = 2.0
f = 2(24/12)/7 = 0.57

o Check critical height of wall:
B* - H, = 4C/y .
= 4(625) /130 = 19.2¢ > 11’

4H - 2C .
130(11) - 2(625)
180 psf

FIGURE 10 - 21

AREAS

1 = bb’h/2 = 180(11)/2 = 990 .

2 = F(4c - yh)d = [(0.57) (4) (625) - 130(11)]D = 610D
3 = 4fCZ = 4(0.57) (625)Z = 1,425%

4 = QH = 250(11) = 2,750

5 = £QD = 0.57(250)D = 143D
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
Determ ne D
SFy = 0 :
= 990 - 610D+ 1,425 + 2,750 + 143D = 0
3,740 + 1,425Z - 467D = 0

1) 2 = 0.33D - 2.62

My, = O
= 990(D + 11/3] - 610D[D/2] + 1,425Z[Z/3] + 2 750[0 + 11/2]
+143D[D/2] = 3,740D + 18,755 + 47522‘— 233p?°

2) z’=o49v’-7s7n-3948
By trial and error, or by other neans, solve equations 1) and 2):

There is no need to increase D since a safety factor has already
been applied to the clay.

Find Maxi mum Moment: (Assuming non-conmposite section):

Locate point of zero shear.

Shear at excavation el evati on.
990 + 250(11) = 3,740 psf/LF

Det ermi ne di stance bel ow excavation level to obtain shear
equality:

610x - 143x = 467x_ psf/LF
467x = 3,740 SoxX = 3,740/467

M., = 990[8.01 + 11/3] + 250(11)[8.01 + 11/2]
+143(8.01) [8.01/2] - 610(8.01) [8.01/2]
= 33,731 Ft-Lb/LF

[ requlred 33 731(7)(12)/22 ooo = 128.8 in?
S furnished = 134 1n > 128.8 in® OK

O'ten, with sound concrete below the depth of excavation, the
monent occurring at that elevation may be used to determne the
critical section nodul us.
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SOLDI ER PILES
Check Laggi ng:

Consi der arching effect on lagging. Miltiply all |oads by O 6.
By inspection, maxi mum nonent occurs at the depth of excavation.

M, = wL?/8 = (180 + 250)(7)?/8 = 2,634 Ft-Lb

S required = 2,634(12) (0.6)/(1,500) = 12.43 in®.

S furnished (rough lumber) = 32 in® > 12.43 in® OK.
V= (7/2 - O.33)(i80 + 250) (0.6) = 818 Lb

v = 3V/2A = 3(818)/[2(4)(12)] = 25.6 psi < 140 psi OK
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CALIFORNIA TRENCHING AND SHORING MANUAL

EFFE

DEPTH EXCAVATI

Sample problems 10-1, 10-3, 10-6 and 22 (Appendix-F) were
recomputed using no surcharge below the depth of excavation to

demonstrate the negligible difference in answers.

of answers follows:
SAMPLE PROBLEM 10-1
D
130%(D)
Z
Mo
S Required .
OB 0-3
D,
.
T
Total T
Combined Moment

S Required

S PRO 0-6
V4
D'
Mo
S Required

S ROBL,
Y

D

WITH SURCHARGE
22.37
29.0/

4.917

1,082,016 Ft-Lb

590.2 in?

5.62'
11.62’ Use 11'- 8"
10,785 Lb/LF
80,888 1b
35,607 Ft-Lb/LF

145.67 in®

4.54/
21.71/
33,731 Ft-Lb/LF

128.8 in?

22 (Appendix F

20.45 7

24.267

10 - 36

A comparison

WITHOUT SURCHARGE
21:1’
27.4/
4.7/
1,009,632 Ft-Lb

550.7 in?

5.2/
11.2’ Use 11'’-3"
10,685 Lb/LF
80,138 Lb
34,587 Ft-Lb/Lf

141.5 in®

5.1
18.0’
30,220 Ft-Lb/LF

115.4 in?

19.77/

23.63'
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SOLDIER PILES
ACC E ] SIGN oDS T BEEN USED
Cantilever Systemor Single Tie (O Strutted) System

Surcharge (S) may be |imted to a depth of 10 feet or nore, or to
the elevation of the upper tie or
strut (depicted as force T).

Dimension A is designers choice.

The |l ocation of point Mis the
designers choice. M may be | ocated
anywhere between points L to N
Point Nis used for cantilever
sheetpile or continuous walls.

Forces above L-N represent active
| oads on the soldier pile.

Passive forces are based on the
effective pile diameter which D
i ncludes the unitless number 3
(divided by an appropriate safety
factor), tines the pile dinension

or drilled hole diameter, tines , -
times the unit weight of the soil

FI GURE 10 - 22

y = 1IM/[3dK;y/S.F.] (May not include contribution of surcharge).
Cantil ever stens:

D is generally determned from nmoments taken about point
A safety factor against overturning should be included so that
passive nonents exceed active nonents, all taken above point Q

The section nodulus of the soldier pile may be determned from
monents taken about the point of zero shear.

Single Tie O Strut System (Only one nmethod described bel ow )

T may be determned from nonments of the forces above point O.

D may be determ ned from nonments of the forces about T.

Check stability against overturning by taking nmonents about Q
The section nmodulus required for the soldier pile is determ ned

fromthe larger of the cantilever nmoment for the forces above
point T, or from nonents taken about the plane of zero shear.
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
AASHTO Sol dier Pile Method

The figure below represents the soil pressures that may be used
for cantilever soldier piles cohesionless soil This figure
(excludi ng surcharge) is an adaptation fromthe figure titled,
Sinplified Earth Pressure Distributions for Permanent Flexible
Cantilevered Walls with Discrete Vertical Wall Elenents, in

AASHTO St andard Specifications For H ghway Bridges.

100 psf
- TRAFFIC
1 SURCHARGE

FIGURE 10 - 23

= Sol dier Pile Spacing

= Increase in effective pile width. AASHTO uses N = 3,
Caltrans uses N = 0.08¢). The value of No cannot

xceed the soldier pile spacing "L" (AASHTO uses L <5hb).
b = Effective pile width: pile width or wdth of drifled
hol e backfilled with hard rock concrete,

PRQJECT USE:
A-m ni num safety factor of 50%is to be added to the conputed

enbednent depth (D) for permanent flexible cantilever walls,
ot herwi se 30% shoul d be added for tenporary construction.

L
N
(
e

For tenporary construction the forces P; and P, may be i gnored.

GENERAL PRESSURE EQUATI ONS:

P, = K,m,H(L) Py = K;7,(1.5b) (Nb) Schrg = Pg(L)

P, = K,7,H(Nb) P; = K,7,D(Nb) Pg = K,7,D(Nb)

10 - 38 Revi sed (06/95)



SAMPLE PROBLEM 10 -

SOLDI ER PILES

7: USING THE AASHTO METHODOLOGY

¢ = 32° B =¢ |
Y = 7, = 110 pcf
L=7Ft '
b= 1.33 Ft TR,
N = 0.08(32).

= 2.56 | 100 psf
Nb = 2.56(1.33) ‘SURGHARGE
From Log-Spiral:

K, = 0.80 .

K, = 8.0(0.425)

= 3.4
FI GURE 10-24
Ceneral Equations:
P, = K1,H(L) = 0.8(110) (11) (7) = 6,776 Lb/Ft
Pg = 100(L) = 100(7) = 700
P; = Ky,D(Nb) = 3.4(110(3.4)D = 1,271.6D
Py = K7;(1.5b) (Nb) = 3.4(110) (1.5)(1.33)(3.40) = 2,536.8
P, = P,(H/2) = 37,268 Lb
P, = PH - 7,700
Ps = Pg(1.5b/2) = 2,530.5
- 635.8D

P; = Pg(D/2) =

Deternmine D by Taking Mnents About F:

0

‘= 211.9D°

‘Use D = 1.30(16.56) = 21.5 Ft

10 -

211.9D° - 47,498.5D - 175,633.7

39

P,[D + H/3] + P,[D + H/2] + P¢[D - 2/3(1.5b)] - P5[D/3)

37,268D + 136,649.3 + 7,700D + 42,350 + 2,530.5D - 3,365.6

From which D = 16.56"'
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CALI FORNI A TRENCHI NG AND SHORI NG MANUAL
Locate Depth To Plane Of Zero Shear:
(Use x in lieu of D in Figure 10 - 25)
P,+P2.-l;P6=P5" - |
37,268 + 7,700 + 2,530.5 = 635.8(x%)

¥ = 74.71' "X = 8.64'

Determ ne Monent At Plane & Zero Shear:

M = P,[8.64 + H/3] + P,[8.64 + H/2] + P¢[8.64 - 2/3(1 5b) ]
‘= Ps[8.64/3]

= 37,268[12.31] + 7,700[14.14] + 2.530. 5[7 31) -
635.8(8.64)2[2.88)

= 458,769 + 108,878 + 18,498 -~ 136,691

449,454 Ft-Lb

Det erm ne _Section Mdul us Required:
S = M12)/22,000 = 449, 454(12)/ 22,000 = 245 in

W2 X 190 (S = 263 in3) Coul d be used (providing deflection
I's not a consideration).
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