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8-1 Lateral Earth Pressures for Restrained
Shoring Systems

An anchored wall of exposed height (H) over which soil is retained with an embedded
depth (D) will include either structural supports (braced) or ground anchors, as
illustrated in Figure 8-1. An anchored wall type is usually used when the restrained
height is so large that it is impractical to have a cantilevered system, or when the
estimated lateral displacement of a cantilevered system is too large, considering
existing structures or utilities behind the wall.

The lateral earth pressure acting on the wall increases with depth and a triangular
pressure is used for cantilevered systems. For braced or ground anchor walls this is not
the case. A trapezoidal-shaped apparent earth pressure distribution needs to be
developed for this type of wall system.
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Figure 8-1. Lateral Earth Pressure for Anchored/Braced Wall

8-2 Cohesionless Soils

The lateral earth pressure distribution for braced or anchored walls constructed in
cohesionless soils may be determined using Figure 8-2 for single braced/ground anchor
walls and Figure 8-3 for multiple braced/ground anchor walls.
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Figure 8-2. Pressure Diagram for Single Anchored/Braced Wall in Cohesionless Soil

The maximum ordinate (G,) of the pressure diagram is determined as follows:

For walls with a single level of anchors or braces:

fxP 1.3XP
0, = =
Bn @ @2

The factor f is a constant used to convert a triangular pressure distribution to a
trapezoidal pressure distribution. Note that although the triangular pressure distributions
are not shown for Figures 8-2 and 8-3, they are important in calculating the resultant
forces for the trapezoidal pressure distributions, as illustrated.

The resultant force for the triangular pressure distribution is:

— 1 2
The resultant force for the trapezoidal pressure distribution is:
Py = 0.65[y(H?)(K,)] (8-2-3)

Setting the triangular pressure distribution equal to trapezoidal pressure distribution:

_ 0.65y[(H?)(K,)]

1
P = |=y(HD)(K,)|f = 0.65[y(HA)(K,)] = f = -1.3
- | (3v) (H2)K,)]

(8-2-4)
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Therefore:
P; = 1.3P (8-2-5)

The lateral active horizontal earth pressure for the multilevel anchored wall is shown in
Figure 8-3:

1 (2/3)H,

F

(2/3)(Hp4q)

. A

LHHEHH LU HUHHE

Figure 8-3. Pressure Diagram for Multi-Anchored/Braced Wall in Cohesionless Soil

Equation 8-2-6 may be used to calculate the active earth pressure for the multiple
ground anchor wall.

1.3P
% T [H=1/3(H; + Hypy)) (8-2:6)
Where:

G, = Maximum ordinate of pressure diagram
Yy = Unit weight of the soil
Ka = Coefficient of active earth pressure
P = Resultant lateral load from the triangular earth pressure distribution
Pr = Resultant lateral load from the trapezoidal earth pressure distribution
H = Wall height
H1 = Distance from ground surface at top of wall to uppermost level of anchors
Hn+1 = Distance from the grade at bottom of a wall to lowermost level of anchors
n = Number of anchors
Thn = Horizontal component of the anchor force at level n
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8-3 Cohesive Soils

The lateral earth pressure distribution for cohesive soils is related to the stability number
(Ns), which is defined as:

H
Ns = Y"/c, (8-3-1)
Where:

y = Total unit weight of soil
H = Wall height
cu= Average undrained shear strength of soil = average undrained cohesion of soil

Note: The undrained cohesion is equal to the unconfined compressive strength
divided by 2. This is true when the undrained angle of internal friction phi (¢) is
equal to zero degrees.

8-3.01 Stiff to Hard

For braced or anchored walls in stiff to hard cohesive soils with the stability number (Ns)
less than or equal to 4, the lateral earth pressure may be determined using Figure 8-4,

with the maximum ordinate (oa) of the pressure diagram determined as:

6, = 0.2(y)(H) to 0.4(y)(H) (8-3-2)
Where:
Ga = Maximum ordinate of trapezoidal pressure diagram
y = Total unit weight of soil
H = Wall height

Note that the stability number is a dimensionless variable. A higher stability number (Ns)
means a slope requires a higher shear strength to maintain stability. As such, in situ
actual field condition needs to be determined and best engineering judgment is needed
to use the applicable factor between 0.2 and 0.4.

8-3.02 Soft to Medium Stiff

The lateral earth pressure on a restrained shoring system in soft to medium stiff
cohesive soils with the stability number (Ns) equal to or larger than 6 may be
determined using Figure 8-4, for which the maximum ordinate (Ga) of the pressure
diagram is determined as:
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Figure 8-4. Pressure Diagram for Multi Anchored/Braced Wall for Cohesive Backfill

6, = K;yH (8-3-3)
Where:
Oa = Maximum ordinate of pressure diagram
Ka = Coefficient of active lateral earth pressure
vy = Total unit weight of soll

H = Wall height
For soils with 4 < Ng< 6, use the larger oa from Equations 8-3-2 and 8-3-3

The coefficient of active lateral earth pressure (Ka) may be determined using Equation
(8-3-4) per FHWA and not to be less than 0.25.

_ (cul) 5. 14’(cu2)
Ka=1-C5om t 2 2V2 — [ ) | =025 (8-3-4)
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Where:

cu1= Undrained shear strength of retained soil above the excavation line (the upper
cohesive soil layer)

cuz= Undrained shear strength of soil below the excavation line (the lower
cohesive soil layer)

y = Total unit weight of retained soil
= Wall height
D = Depth from the grade in front of the wall to the potential failure surface below.

Be aware of the following, when using Equation 8-3-4. This equation addresses the
condition where there are two layers of cohesive soil. The excavation is done in the
upper layer of cohesive soil, and the lower layer of cohesive soil is directly under the
excavation line. The lower level of cohesive soil has an undrained shear strength that is
significantly less than the undrained shear strength for the upper layer of cohesive soil.
For this equation, the results may be unexpected when the shear strength of the lower
soil is approximately 80 percent or more of the shear strength of the upper soil.
Although there are conditions where the Ka value from Equation 8-3-4 is negative, the
equation gives reasonable results when the shear strength of the lower soil is
significantly less than the shear strength of the upper soil.

8-4 Calculation Procedures

8-4.01 Single Ground Anchor/Brace System

The following procedure is used for the analysis of a single ground anchor/brace system
wall including any surcharge as shown in Figure 8-5:

1. Determine the earth pressure coefficients using the classical earth pressure
theories described in the previous section.

2. Convert the active earth pressure above the excavation line to a trapezoidal
earth pressure.

3. Take moments about the ground anchor to calculate the embedment depth D,
using a factor of safety of 1.3.

4. Take moments about the ground anchor to calculate embedment depth D, using
a factor of safety of 1.0 to calculate ground anchor load T in the following step.

5. Set summation of forces equal to zero in horizontal direction to calculate ground
anchor/brace force T.

6. Calculate maximum bending moment (Mmax) and maximum shear force (Vmax) to
analyze the vertical structural member and lagging.
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Figure 8-5. Single Ground anchor System

8-4.02 Multiple Ground Anchor/Brace System

Depending on the soil properties, use one of the trapezoidal soil’s pressure diagrams
shown in Figure 8-3 and Figure 8-4 for the analysis of multiple ground anchor systems.
Figure 8-6 shows a simple trapezoidal pressure diagram for a multiple ground anchor
system. The beam is divided into three types of spans.

e Starting Cantilever Span S1
e Interior Spans Sn

e Embedment Span Sp

Per FHWA, the two methods used to calculate the embedment depth, D, and ground
anchor load, T, are the Hinge Method and the Tributary Area Method. The Tributary
Area Method balances only summation of forces, which results in a large moment at the
tip of the pile. The Hinge Method satisfies the force and moment equilibrium in that the
shear and moment equal zero at the tip of the pile. Both finite element and beam spring
models show the same trend.

The detailed procedure is shown and described below.
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Figure 8-6. Multiple Ground Anchor System
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Active lateral earth pressure below dredge line

Passive lateral earth pressure below dredge line

The Hinge Method as shown in Figure 8-6 and Figure 8-7 is used to solve multiple
ground anchor/brace systems and includes the following steps:

1. Take moments M1 about the upper-level ground anchor due to cantilever action
of the soil pressure above the upper ground anchor. The moments at the
remaining ground anchors are assumed to be zero (0).

2. Use a combination of the moment M1 and tributary areas to calculate the
remaining ground anchor loads, except the last ground anchor load.

3. Calculate last ground anchor load Tn+2.

a. Calculate embedment depth D by taking moments about the last ground
anchor. (Set Driving Moment = Resisting Moment.)

b. Set summation of forces equal to zero in horizontal direction to calculate the
last ground anchor load Th+2.

4. Take moments about the last ground anchor to calculate embedment depth D
using a factor of safety (FS = 1.3) for external stability.
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M; = Moment Due to load P;& P, M4 ; P4
Ty = (P1 + Py) ‘ S1
P; M
=3 5)
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t=(3%,)
e
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T4-L - (Pﬁ + P7 + Pal + Paz - Ppl)

Figure 8-7. Detail Hinge Method for Ground Anchor Analysis

8-4.03 Deflection

A general discussion of deflection for unrestrained temporary shoring systems was
described in the previous chapter. The same approach applies when calculating the
deflection of restrained shoring systems. Similar to a simple beam analysis, the
deflection at the supports along the vertical element of the shoring system is assumed
to be zero (0), as shown in Figure 8-8. The point of fixity varies from 0.25D to 0.8D
below the excavation level, and is a function of the effective pile diameter and soil type.
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Figure 8-8 Deflected Shape for Restrained System

8-4.04 Example 8-1, Single Ground Anchor Sheet Pile Wall

Check the adequacy of a single ground anchor sheet pile wall with a single soil layer as
illustrated below in Figure 8-9, with the ground anchors spaced at every 10 feet.
Assume that the sheet pile section is a PZ22, with a steel grade of 42 ksi. Note that
pressure and stress calculations will be performed on a typical one-foot strip of the

sheet pile wall.
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Figure 8-9. Example 8-1 Given Information

vy =115 pef
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Determine:

Active & passive earth pressures
Pile embedment D with FS = 1.3
Ground anchor load with FS =1.0

=

Maximum shear, maximum moment.

Structural properties of sheet pile section PZ22 are:

Section modulus per foot of wall width: S = 18.10 in3

a.

b. Moment of inertia per foot of wall width: 1= 84.70 in*
c. Radius of gyration per foot of wall width: r = 3.62 in
d.

Area per foot of wall width:

I 84.7 in*
A=—

.2
2 = (BTII’])Z = 6.46 In (8-4-1)

Develop the pressure diagram:

From Rankine’s Theory: Ka = 0.33. Using the method outlined in Section 4-6, Log-Spiral
Passive Earth Pressure, and Figure 4-20, Passive Earth Pressure Coefficient (Caquot
and Kerisel, 1948), and considering the wall friction angle () is equal to 15 degrees,
obtain the following:

e $=30° B=0° yields Bly=0

e initial Kp = 6.3

o -(ly)=(-15/30)=-0.5

e R=0.746

Kpn = K, = 0.746x 6.3 = 4.7 (8-4-2)

The lateral earth pressure distribution for the analysis of anchored walls constructed in
cohesionless soils may be determined using Figure 8-10.
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Figure 8-10. Pressure Diagram for Single Ground Anchor Wall

The maximum ordinate (Ga) of the pressure diagram is determined as follows:

_13P Py
%" (2/3)1'1 - (2/3)1'[ (8-4-3)

Where the total active earth pressure for a triangular pressure distribution is calculated
as follows:

1 2
P = EYH Ka (8-4-4)
Using Equation 8-2-5: Py =1.3 X P

P = G) (115)(252) (g) = 11,980 Ib/ft (8-4-5)

Pr = 1.3P = 1.3 x 11,980 = 15,574 Ib/ft (8-4-6)
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Figure 8-11. Pressure Diagram.
Active stress at the points A and B as shown in Figure 8-11:
15574 934.4 psf
Oy =5 —— = 4 ps
(%/3)25' (8-4-7)
Active stress at the dredge line point C:
1
0 = (115)(25) (5) = 9583 pst (8-4-8)
Mg
FS=M, (8-4-9)
LetFS=1.3
MR = 13MD (8'4'10)
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Take moments about the ground anchor:

(934.4) ("’zﬂ) (3.33 + %) — (934.4)(8.33)(0.835)

Mp = |—(934.4) (12—0) (8.33) — (958.3) (15 + g) D
—~(0.5)(115) (5) (15 +2D) D?

= —12.778D3 — 766.65D? — 14374.5D — 281116 (8-4-11)

As determined above: Kpis 4.7.

Mg = %(115)(4.7) (15’ +§D) D? (8-4-12)

Mg = 180.167D3 + 4053.75D? (8-4-13)

Mg +1.3Mp =0 (8-4-14)
Solve for D.

D3 4 18.7D% — 114.53D — 223.98 = 0 (8-4-15)

D ~ 6.09 ft (8-4-16)

Solve for ground anchor force T by setting the resisting moment equal to driving
moment as shown below:

MR = MD (8-4'17)
Find D':
D’3 + 19.64D'2 — 85.88D' — 167.95 = 0 (8-4-18)
D’ ~ 4.89 ft (8-4-19)
z Fy = 0 (8-4-20)
25+ 8.33 1 1

- (—) (934.4) — = (115)(4.89%) = — (958.3)(4.89) +
) 2 3 (10) + Ty = 0
S (115)(@899)(47)

(8-4-21)
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143.87

Ty = 143.87 ki d T=———
H 'ps an cos(15°)

= 148.95 Kkips (8-4-22)

M,=22,494 1b-ft/ft

3,114

413,114

4,672

4,672

Figure 8-12. Pressure Diagram for Single-Ground Anchor Above Dredge Line Based on My = Mp

The maximum shear in the sheet pile is located at the ground anchor.
Tiy = %(934.4)(6.667’) +(934.4)(3.333") = 3,114 + 3,114 = 6,228 Ib/ft  (8-4-23)

Ty =3 (9344)(10) + (934.4)(5") + (958.3)(4.89") + (115) G - 4.7) (4.89)2 =
4,672 + 4,672 + 4,686 — 6,004 = 8,026 Ib/ft
(8-4-24)

Maximum shear is T1L = 8,026 Ib/ft. Recall the area of the sheet pile is 6.46 in?/ ft, thus:

8,026 lbs/ft
v = ans//ft = 1,242 psi/ft < 16,800 psi (8-4-25)
[Fy, = 42,000 psi x 0.4 = 17,000 psi] - (8-4-26)

PZ22 is satisfactory in shear.
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Determine moment M1 at top of ground anchor due to cantilever loads:

M1 = F1 x Moment arm of triangular load + F2 x Moment arm of rectangular load

1 6.667 3.333
M; =5 (934.4)(6.667) (3.333 + T) + (934.4)(3.333) (T)
= 17303.877 + 5190.063 = 22,494 Ib-ft/ft (8-4-27)

Determine moment at zero shear below the ground anchor. Please refer to Figure 8-13
for the shear diagram of single ground anchor. The point of zero shear is either located
below the bottom of excavation or it is located between the ground anchor and the
bottom of excavation. For this particular example problem, when the summation of
forces in the horizontal direction includes the area below the bottom of excavation, a
guadratic equation results with two possible roots. As shown below, one root lies at
depth D but is not the root we are looking for. The other root is negative and therefore,
cannot be used:

SFy = 8026 — 4672 — 4672 — 958.3y -3 (115) (5 - 4.7) (y)°

= —1318 — 958.3y + 251.09y2 = 0 (8-4-28)
Solving:
y'?2 —3.816y' — 5.25 =0 (8-4-29)
yields:
y' =4.89ftandy’ = —1.07 ft (8-4-30)

Since the second root is invalid, the point of zero shear must be located above the
bottom of the excavation. Further, it can be surmised that the point of zero shear is
located within the sloping portion of the load diagram below the ground anchor since:

T, — (934.4)(5") = 8,026 Ibs — 4,672 lbs = 3354 lbs/ft > 0 (8-4-31)

The slope of the load line just above the dredge line is:

9344psly = 9344 psi/it (8-4-32)
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Solving for y’:

1=22,494

Figure 8-13. Zero Shear

1
(8,026 — 4,672) = > (934.4 +934.4 — 93.44y")y’

(2)(3,354) = 1,868.8y' — 93.44y"
~ 93.44y'2 — 1,868.8y + 6,708 = 0
y' = 4.69' (8-4-33)

The point of zero shear is located 5'+4.69" = 9.69’ below T1. Taking moments about the
point of zero shear (O) in Figure 8-13:

1
Fi = 5(93.44)(4.69’)(4.69’) = 1,027.6 Ibs/ft (8-4-34)

F, =(93.44)(10" — 4.69")(4.69") = 2,326.7 Ibs/ft (8-4-35)
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5!

~ [(8026)(9.69) — (4,672) (5 + 4.69') —2(1,027)(4.69")
e ~2(2,326)(4.69) — 22,494

(8-4-36)
M, _up = 77,772 — 33,592 — 3,211 — 5,455 — 22,494 = 13,020 ft-lbs/ft
(8-4-37)
Therefore, the maximum moment is at T1:
M; = 22,494 ft-lbs/ft (8-4-38)
Check the bending stress in the sheet pile section:
22,494 ft-lb/ft x 12 in/ft
= = ' 8-4-39
b 18.10 in3/ft 14,913 psi ( )
Fy, = 42,000 psi X 0.6 ~ 25,000 psi -- (8-4-40)

Therefore, PZ22 is satisfactory in bending.

The process to check deflection is discussed in Section 7-3, System Deflection, and
illustrated in Example 9-1 from Chapter 9, Railroad, as well as in Appendix B, Example
Problems; it will not be calculated for this example. The deflection diagram in Figure
8-14 represents the deflected shape of the PZ22 sheet pile based on the Moment Area
method; therefore, use these values with caution. The deflection due to the cantilever is
0.20 inches. The maximum deflection is 0.23 inches and is located about 9.6 feet below
T1. The respective diagrams for pressure, shear, moment, and deflection for the
example with single ground anchors, are shown below in Figure 8-14, and are for
information only. These results were obtained using the Caltrans Trenching and
Shoring Check Program.
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Figure 8-14. Pressure, Shear, Moment, and Deflection Diagrams (CT-T&S Program)
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8-4.05 Example 8-2 Multiple Ground Anchor Soldier Pile
Wall

Check the adequacy of the multi-ground anchor cantilevered soldier pile wall in one-
layered soil. The soldier piles are HP8 x 36 steel beams, at 8 feet spacing, placed in
2-foot-diameter holes filled with 4-sack concrete.

Given:
L,=30
—L,=11 :
q = 300 psf
Pile spacing = 8’
Figure 8-15. Multiple Ground Anchor Soldier Pile Wall, Example 8-2
Determine:

1. Active & passive earth pressures
2. Pile embedment D
3. Ground anchor loads

4. Maximum shear, maximum moment

Solution:

In the case of multiple ground anchor walls, the lateral active horizontal earth pressure
for the typical multilevel anchors wall is shown in Figure 8-16.
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Figure 8-16. Typical Multi Ground Anchor Wall System

Py
Ca= 1 (8-4-41)
[H —3 (Hy + Hs)]
Where:
Oa = Maximum ordinate of pressure diagram
P = Total lateral load required to be applied to the wall (per foot of wall)
H = Wall height
H1 = Distance from ground surface at top of wall to uppermost level of anchors

Hn+1 = Distance from the grade at bottom of a wall to lowermost level of anchors

-

=

=
]

Horizontal component of the anchor force at level n
n = Number of anchors

The coefficients of active and passive earth pressures are calculated using Trial Wedge
method (see Chapter 4, Section 4-5.01, Active Trial Wedge Method, and 4-5.02,
Passive Trial Wedge Method). When using the Trial Wedge method for sloping ground,
remember that the earth pressure coefficient will vary with depth because of the
variations of the wedge weight. For this example, a wall height of 50 feet is assumed so
the results presented herein are valid only for this height. Other heights will vary
somewhat, and further trial and error may be necessary to obtain the desired accuracy.
For instance, at the depth of 55 feet, Ka = 0.313 vs. 0.310 at depth of 60 feet resulting in
slight increase in embedment depth and ground anchor loads.

CALTRANS @ TRENCHING AND SHORING MANUAL CHAPTER 8 8-22



CHAPTER 8, RESTRAINED SHORING SYSTEMS JuLy 2025

K, = 0.310; (K, = Active earth pressure coefficient)
Kp = 3.690; (Kp = Passive earth pressure coefficient)

The lateral earth pressure distribution for the analysis of braced or anchored walls
constructed in cohesionless soils may be determined using Figure 8-16. The maximum

ordinate (0a) of the pressure diagram is determined as follows:

“

3
7| el /

T, — «ﬁ/%
Surcharge Load

H / distribution

T; = /
T, o)
B
Y — C
: M :\
N o | AN
F E

Earth Pressure Load  Surcharge Load

Figure 8-17. Pressure Diagram for Multi Ground Anchor Wall System with Boussinesq Load

Lateral load distribution at excavation line: (point C) as shown in Figure 8-17:
041 = Y x (H=50ft) x K, = (125)(50)(0.310) = 1937.5 psf (8-4-42)
Lateral load distribution at D ft below excavation line: (point E):

6.y = 041+ Y X (D) X K, = 1937.5 psf + (125)(D)(0.310) (8-4-43)
= (1937.5 + 38.75D) psf

Calculate passive earth pressure at depth D below excavation line (point F):

op = Y x (H=D) xKp = (125)(D)(3.690) = (461.25D) psf (8-4-44)
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1 1
P =2 %Y x H? X Ky = 5 (125)(50%)(0.310) = 48,438 Ib/fi

2 (8-4-45)
Pr = 1.3 x P = 1.3(48438) = 62,969 Ib/ft (8-4-46)
Active stress at the points A and B as shown in Figure 8-16 and Figure 8-17:
62969
g = = 1453 psf (8-4-47)

[50 — 5-(10 + 10)]

7} T ¥
) 6.67
10 3 A 1453 psf
T 3.33 -
L= __ i T
10 € B
T, .*_. --------------
10’ —w
50 T; * ol [T
10! P5
Ty wftepl| P,
4 3.33’ 2
10 F 5 1453 psf
6.67
2 l | C 1938 psf
PAZ
PAl

Figure 8-18. Trapezoidal Pressure Diagram Distribution

Surcharge Load:

In addition to the loads due to earth pressure, the surcharge load needs to be
considered. To follow are the steps required to calculate the additional loads due to
surcharge load. See Chapter 9, Railroad, for additional information on the Boussinesqg-
Type strip load.
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)
< L <@
@ e~ I

L, = Distance from
wall to left edge
of strip load

W Oh By /¢

L, = Distance from
wall to right edge
of strip load

a = width of
surcharge strip

Pr= 5 (n/180)

Figure 8-19. Boussinesq-Type Strip Load with the Wayne C. Teng Equation

Load at top of the shoring:

ran? () -t ()] = ™ () vt () = 100

B= (8-4-48)
= (14.98) — = 0.261 Rad

Br = (14.98) 7o- = 0.261Ra (8-4-49)
L\ B 11\ 1498 73.04°

aRr = tan (?) + 5= tan (?) + T (8-4-50)
— 73.04 X —— = 1.275 Rad

R = IoUE %180~ o0 e (8-4-51)

q = 300 psf (8-4-52)
B Br — sinfcos2ag

Op =29 X p. (8-4-53)

0.261 — sin(0.261) cos(2 x 1.275)
op = 2 %300 X - = 91 psf (8-4-54)
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This equation for the increase in horizontal pressure due to the vertical surcharge load

is the Wayne C. Teng Equation, which is shown in Section 5, Appendix of the

Guidelines for Temporary Shoring, published by BNSF and UPRR (12/07/21). Note that

the line for the alpha (a) angle is the line that is in the center of the beta (B) angle; it is
not the line that goes through the center of the vertical surcharge load.

Table 8-1. Boussinesq Values at Various Depths

Depth (ft.) Horizontal Load (psf) | Location

0 91 Top of shoring

5 117 5 ft down

10 105 10 ft down

50 14 Dredge line

55 11 5 ft below dredge line

Load diagram due to surcharge is shown in Figure 8-20 below (not to scale):

T 91 psf
’ —
> B Pg
“““ *“ 117 psf
1 67' T P1o
““‘*“ 115 psf
/ 3.33’ (p— P12
T1 —‘='=¢=- %-— = 105 psf
M 1 10 <P_15 P14
TZ — - 65 psf
ol [— z
P17
T3 -- 37 psf
10’ €« Pig
P19
T4_ - - 22 psf
10 P21 P2o
”“"W ) 14 psf
5 <p_23 P22
"""" '*' 11 psf
D-5’ o
l 24

Note: M, = 42,187 lb-ft

Figure 8-20. Load Diagram Due to Boussinesq Load
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Load Calculations due to Boussinesq Load (Ps through P24):

Py = (91)(5')(8") = 3640 1b (8-4-55)
P, = (%)(5')(117 —91)(8) =5201b (8-4-56)
Pio = ()(1.67')(117 — 115)(8') = 141b (8-4-57)
P, = (115)(1.67')(8") = 1537 Ib (8-4-58)
P, = (5)(3.33")(115 — 105)(8') = 1341b (8-4-59)
P,; = (105)(3.33')(8") = 2798 b (8-4-60)
Py = (5)(10")(105 — 65)(8") = 1600 Ib (8-4-61)
Ps = (65)(10")(8") = 5200 b (8-4-62)
Pis = (5)(10")(65 — 37)(8") = 1120 Ib (8-4-63)
P, = (37)(10")(8") = 2960 Ib (8-4-64)
P = (%) (10")(37 — 22)(8') = 600 Ib (8-4-65)
Po = (22)(10")(8") = 1760 1b (8-4-66)
Py = (%) (10")(22 — 14)(8") = 320 1b (8-4-67)
P, = (14)(10)(8") = 1120 1b (8-4-68)
P,, = (%) (5")(14 — 11)(2") = 15 Ib (8-4-69)
P,; = (11)(5)(2") = 110 1b (8-4-70)
P, = (11)(D — 5)(2") = (22D — 110) Ib (8-4-71)
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M; = Moment Due to load P;& P,
Tiy = (P + Py)

2 s,
P M

T = (- S—;)

el

el

Ty, = (%)

T4-L = (PG + P7 + Pal + PaZ - Ppl)

Figure 8-21. Detailed Analysis of Multi Ground Anchor Wall

For soldier piles, an arching factor needs to be calculated and applied to passive forces
below the dredge line. The arching factor is not applied to active forces below the
dredge line. Assume that the effective width of the piles is 2 feet.

Arching Factor = 0.08¢ = 0.08(35) = 2.80 (8-4-72)

1. Determine the forces due to trapezoidal pressure distribution using the
dimensions illustrated in Figure 8-18:

1
P, = -(6.67)(1453)(8") = 38,766 Ib (8-4-73)

P, = (3.33)(1453)(8") = 38,708 1b (8-4-74)
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P, = (10)(1453)(8") = 116,240 1b (8-4-75)
P, = (10)(1453)(8") = 116,240 1b (8-4-76)
P; = (10)(1453)(8") = 116,240 1b (8-4-77)
P, = (3.33)(1453)(8') = 38,708 Ib (8-4-78)
P, = %(6.67)(1453)(8’) = 38,766 1b (8-4-79)

2. Determine the moment M1 at top ground anchor due to cantilever loads:
1 3.33
M, = 38,766 [3.33 +3(6.67)| +38,708(—-) (8-4-80)

M, = 279,729 lb-ft (8-4-81)

My, = 279,7291b - ft

' .
—F— T,.:g .. ——T38708

10 +—116,240

—116,240
Tyt 38708

10 38,766
|
T LI LR e
22,326
D=5.76'
1 42,849 1,286

Figure 8-22. Pressure Diagram for Multi-Ground Anchor Above Dredge Line

* Note: D is calculated below for FS = 1.0:
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3. Determine ground anchor loads T1 through T3 and component Tau:

Component TaL will be determined after D is calculated. Note, the subscript
letters “U” refers to Upper and “L” refers to Lower components of each ground

anchor.
T,y = P, + P, = 38766 + 38708 = 77,474 Ib (8-4-82)
1162401b\ (2797291b
= )+ ( ) = 86,093 Ib (8-4-83)
2 10
T, = (77474 1b + 86093 Ib) = 163,567 Ib (8-4-84)
1162401b 279729 1b
Ty = ( ) _ ( ) — 30,147 b (8-4-85)
2 10
116240 1b
T, = (f) = 58,1201b (8-4-86)
T, = 58120 Ib + 30147 Ib = 88,267 b (8-4-87)
1162401b
Ty = (—) —581201b (8-4-88)
2
116240 1b
Ty, = (T) = 581201b (8-4-89)
T; = 58120 b + 58120 1b = 116,240 Ib (8-4-90)

Total tieback loads including Boussinesq Loads in parenthesis:

T, = 163,567 + (8,642 + 7,885) = 180,094 (8-4-91)
T, = 88,267 + (—1,085 + 2,227) = 89,409 Ib (8-4-92)
Ty = 116,240 + (1,853 + 1,280) = 119,373 1b (8-4-93)

For T2 and T3, the 15t numerical value is tieback load due to earth pressure
(Figure 8-22). The subsequent additive numerical value in parentheses are
tieback load due to surcharge (Figure 8-20).The first number is load above the

tieback, second number is load below the tieback.
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4. Loads due to Boussinesq on the bottom cantilever:

1
P, = <E) (10)(22 — 14)(8") = 320 Ib

(8-4-94)
P,;, = (14)(10")(8") =11201b (8-4-95)
Py, = G) (5)(14 — 11)(2") = 151b (8-4-96)
P, = (11)(5")(2") = 1101b (8-4-97)
P,, = (11)(D —5)(2") = (22D — 110) Ib (8-4-98)

5. Determine D’ to calculate T4 by taking moments about Ta:

[38708 (?)] + [38766 (% X 6.67 + 3.33)] + [1938D (g + 10) (2’)]

wol s [(38.725D2> (%D + 10) (2/)] + [1120 (?)] + [320 (13—())]

+ [110 (; + 10)] + [15 (g + 10)] + [(221) ~110) (g - ; + 15)]

(8-4-99)
Mp = 25.83D3 + 2336.5D? + 38980D + 286570 (8-4-100)
461.25D?\ /2

Mg = (T) (50 +10) @80)2) 84-101)
Mg = 861D3 4 12915D? (8-4-102)
Set Mb = Mr and solve for embedment depth “D”:

Mp = Mg (8-4-103)
D® + 12.67D? — 46.67D — 343.07 = 0 (8-4-104)
D = 5.76 ft (8-4-105)
For external stability, use the safety factor of 1.5:

Mgr _

Mp = 10 (8-4-106)

861D% 12915D2

( =t 1o ) — 25.83D3 — 2336.5D% — 38980D — 286570 (8-4-107)

D=17.46ft (8-4-108)

CALTRANS @ TRENCHING AND SHORING MANUAL CHAPTER 8 8 -31



CHAPTER 8, RESTRAINED SHORING SYSTEMS JuLy 2025

6. Determine the lower component TaL of ground anchor T4, which is due to earth
pressure, and calculate its load:

1162401b
w= ("7 ) =s81201 (8-4-109)
Py = %(38.75)(5.762)(2’) =1285.61b (8-4-110)
P, = (1938)(5.76)(2") = 22,325.81b (8-4-111)
Ppy = %(461.25)(5.762)(2’) X 2.80 = 42,848.9 Ib (8-4-112)

T, = 38708 + 38766 + 1285.6 + 22325.8 — 42848.9 > T,. = 58,236.51b
(8-4-113)
T, = 58120 Ib + 58236.51b = 116,356.5 Ib (8-4-114)

Include Boussinesq load (Tau +TaL) in parenthesis for final Ta:

T,y due to surcharge = 22D + 1455 = 22 X 5.76 + 1455 = 15821b  (8-4-115)

T, = 116,356.5 1b + (1,080 + 1,582) 1b~119,019 Ib (8-4-116)

Shear Diagram:

@10"
V, = 38766 + 38708 + 3640 + 520 + 14 + 1537 + 134 + 2798 = 86,1171b
(8-4-117)
V, =T, — 86117 = 180094 — 86117 = 93,977 b = Vmax (Max Shear)
(8-4-118)
@20":
_ (116240 27,973) 1b 5200 1,600 4218) = 31,2321b
1‘( —eh ) _< 2 T3t )‘ ' (8-4-119)
V, =T, — 31232 b = 89409 — 31232 = 58,177 Ib (8-4-120)
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@30"
_ 116,240 b 1,120 2,960 b = 59973 Ib

1= +( 3 T2 ) =>7 (8-4-121)
V, =T, — 59973 Ib = 119373 — 59973 = 59,400 Ib (8-4-122)

@40"

116240 (600 1,760
= Ib + (=5 +=5—)1b = 59,200 b (8-4-123)
2 3 2

V, = T, — 59200 = 119019 — 59200 = 59,819 Ib (8-4-124)

Note that the values for T2, T3, and T4 are the total loads, including Boussinesq loads.
@55.76"

V=0 (8-4-125)
b
93,977 1bs
86,117 Ibs
10'
58,177 Ibs
31,232 Ibs
10'
59,400 1bs
T 59973 1bs
10’
| 59,819 lbs
59,200 Ibs
{

Figure 8-23. Shear Diagram

Moment Diagram:

By inspection, the maximum moment is at the location of the first tie, 10 feet below the
top of the wall. Here is how the maximum moment is calculated:
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@ First 10’:
( 6.67 3.33 5 \
38,766 [(T) + 3.33] + 38,708 (T) + 3,640 (E +1.67 + 3.33)

5 2
Mmax = 9 +520 <§ +1.67 + 3.33) + 14 [(§ X 1.67) + 3.33]

1.67 2 3.33
+1,537 [(—) + 3.33] + 134 (— X 3.33) + 2,798(—)
2 3 2 J
(8-4-126)

Mpax = 321,916 Ib-ft (8-4-127)

321,916 Ib-ft

Figure 8-24. Moment Diagram

For the sake of comparison, the Pressure, Shear, Moment, and Deflection Diagrams
generated by the Caltrans Trenching & Shoring Program are illustrated below, in Figure
8-25. Compared to the hand calculations, the maximum shear force is essentially
identical, and the maximum moment is very similar.
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H=50.00 ft

y

\ —‘E 0.020 ksf
1.45 ksf 0.115 ksf

180.8%

119.4K

119.15

145 ksf 0.019ksf

D,.,=8.80 ft (D,=5.77 1)

1.94ksf 0014ksf

4.81ksf

~

233 kst

Max Moment: 323.8 k-ft
@ 10 ft

Max Shear: 94.1 k
@ 10 ft.

\
\

\
\
-
e

/

b

_d

\)

VARV

Deflection along Soldier Pile\

Figure 8-25. Pressure, Shear, Moment, and Deflection Diagrams (CT-T&S Program)
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