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CANTILEVER SHORING – LOADING DIAGRAM: 

Cantilever Shoring (9 ft Cut [7 ft Cantilever + 2 ft Overex]- Tieback/Raker Shoring prior to 
Anchor Stressing) 



Cantilever Shoring (12 ft Cut ) 

TIEBACK & RAKER SHORING –LOADING TABLE: 
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Cantilever Shoring Analysis

O r g a n i z a t i o n : Foundation Engineering Cons.
Project Name: 150 Park Ave, Lot F, Burlingame
Design by: Liiban Affi, P.E.
Job #: 1718
D a t e : 3/10/2020
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Inputs

General Data
Units English
Analysis Method Net Pressure
Installation Method Drilled
Pile Type Soldier Beam (King Pile)
Reinforcement I-Beam
Shored Height, H 9.00 ft
Pile Spacing, S 7.00 ft
Pile Width or Pier Diameter, B 2.00 ft

Backfill Soils
Equiv. Backfill Pressure 40.0 psf/ft
Backfill Slope Angle 0.0 degrees
Backfill Soil Unit Weight 125.0 pcf
Vertical Uniform Surcharge 0.00 psf

Passive Soils
Allowable Passive
Equiv. Passive Resistance 250.0 psf/ft
Max. Passive Resistance 1000 psf/ft
Passive Slope Angle 0.0 degrees
Passive Soil Unit Weight 125.0 pcf
Cohesion 0 psf
Ignore Passive Height 1.00 ft
Passive Wedge Multiplier 2.50

Structural data
I-Beam
Beam Type North American
Beam Size W14X53
Beam Diagonal Length (<24 in - 4 in, O.K.) 16.07 in
Pipe Filled with Concrete No
Elastic Pile Modulus 29000 ksi
Yield Strength, Fy 50 ksi
Allow. Top of Pile Defl. 0.60 in
Conc. Compress. Str, f'c 4.00 ksi

Loads Applied to the Pile
Strip Load Yes
Strip Pressure, q 0 psf
Strip Setback, a 0.00 ft
Strip Width, b 0.00 ft
Strip Depth, d 0.00 ft
Mom. due to Strip,  Mstrip 0.00 k-ft/ft
Seismic Load Yes
Seismic Thrust, Pseis 1949 lb/ft
Loc. from Base of Excav, d 3.00 ft
Mom. due to Seismic, Mseis 5.85 k-ft/ft
Loads per Pile
Axial Load 16.00 k
Lateral Load @ Top 0.00 k
Other Moment 0.00 k-ft
Total Moment 5.85 k-ft

Results

Pressure Data (ASD) per ft Length of Wall
Loading Side Passive Side

x, ft w, ksf x, ft w, ksf
1 0.00 0.000 10.00 -0.625
2 3.00 0.120 13.74 -1.000
3 6.00 0.240 17.49 -1.000
4 9.00 0.360 21.22 -1.000
5 9.00 0.000
6 13.07 0.000
7 17.15 0.000
8 21.22 0.000

Output Data
Total Beam Length 21.67 ft
Unbraced Length, Lr 22.21 ft
Unbraced Length, Lp 6.78 ft
Max. Shear -28 k @ 15.48 ft
Max. Moment Above Grade 39.9 k-ft @ 9.00 ft
Max. Moment Below Grade 56.7 k-ft @ 11.44 ft
Max. Deflection 0.183 in @ 0.00 ft

Checks
Capacity Utilization

Moment Above Grade 206 k-ft
Moment Below Grade 217 k-ft 27 %
Shear 103 k 27 %
Axial 168 k 10 %
P-M interaction 32 %
Slenderness Ratio, kL/r 118
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Guardrail Design

Guardrail Design
Shape L3-1/2X3-1/2X3/8
Length of the Guardrail 3.50 ft
Lateral Bracing 3.50 ft
Max. Spacing of Guardrail 7.00 ft
Dist. Load in Any Dir. 50 plf
Point Load in Any Dir. 200 lbf
ASD Safety Factor of Comp. 1.67
ASD Safety Factor of Bend. 1.67

Guardrail Design Results
Allowable Applied

Compression in the Post 31.29 0.35 k
Yield Mom. Axis of Bending 5.175 k-ft
Elastic lat-tors. Buckling Mom. 5.552 k-ft
Bending moment in the post 3.099 1.225 k-ft
Welding Stress, y-axis 31.49 9.46 ksi
Welding Stress, x-axis 30.31 15.66 ksi
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Table of Test Results

Node # Depth, Shear, Moment, Slope, Defl,
ft k k-ft rad. inch

0 0.00 0.00 5.85 0.00187 -0.183
1 0.30 0.01 5.85 0.00185 -0.176
2 0.60 0.05 5.86 0.00184 -0.170
3 0.90 0.11 5.88 0.00182 -0.163
4 1.20 0.20 5.93 0.00180 -0.157
5 1.50 0.32 6.01 0.00179 -0.150
6 1.80 0.45 6.12 0.00177 -0.144
7 2.10 0.62 6.28 0.00175 -0.137
8 2.40 0.81 6.50 0.00174 -0.131
9 2.70 1.02 6.77 0.00172 -0.125
10 3.00 1.26 7.11 0.00170 -0.119
11 3.30 1.52 7.53 0.00168 -0.113
12 3.60 1.81 8.03 0.00166 -0.107
13 3.90 2.13 8.62 0.00163 -0.101
14 4.20 2.47 9.31 0.00161 -0.095
15 4.50 2.84 10.11 0.00158 -0.089
16 4.80 3.23 11.02 0.00155 -0.084
17 5.10 3.64 12.05 0.00152 -0.078
18 5.40 4.08 13.21 0.00149 -0.073
19 5.70 4.55 14.50 0.00145 -0.067
20 6.00 5.04 15.94 0.00141 -0.062
21 6.30 5.56 17.53 0.00136 -0.057
22 6.60 6.10 19.28 0.00131 -0.052
23 6.90 6.67 21.19 0.00125 -0.048
24 7.20 7.26 23.28 0.00119 -0.043
25 7.50 7.88 25.55 0.00113 -0.039
26 7.80 8.52 28.01 0.00105 -0.035
27 8.10 9.19 30.66 0.00097 -0.032
28 8.40 9.88 33.52 0.00088 -0.028
29 8.70 10.60 36.60 0.00079 -0.025
30 9.00 11.34 39.89 0.00068 -0.023
31 9.00 11.34 39.89 0.00068 -0.023
32 10.00 9.15 50.13 0.00057 -0.015
33 10.00 9.15 50.13 0.00057 -0.015
34 10.36 6.88 53.02 0.00052 -0.013
35 10.72 4.58 55.08 0.00048 -0.011
36 11.08 2.25 56.31 0.00043 -0.009
37 11.44 -0.10 56.70 0.00038 -0.007
38 11.80 -2.47 56.23 0.00033 -0.005
39 12.16 -4.87 54.91 0.00028 -0.004
40 12.52 -7.29 52.72 0.00023 -0.003
41 12.88 -9.74 49.66 0.00019 -0.002
42 13.24 -12.22 45.70 0.00014 -0.001
43 13.60 -14.71 40.86 0.00011 -0.001
44 13.98 -17.33 34.85 0.00007 0.000
45 14.35 -19.96 27.85 0.00004 0.000
46 14.73 -22.58 19.88 0.00002 0.000
47 15.10 -25.21 10.91 0.00001 0.000
48 15.48 -27.83 0.97 0.00000 0.000
49 15.85 0.00 0.00 0.00000 0.000
50 16.23 0.00 0.00 0.00000 0.000
51 16.60 0.00 0.00 0.00000 0.000
52 16.98 0.00 0.00 0.00000 0.000
53 17.35 0.00 0.00 0.00000 0.000
54 17.73 0.00 0.00 0.00000 0.000
55 18.10 0.00 0.00 0.00000 0.000
56 18.44 0.00 0.00 0.00000 0.000
57 18.78 0.00 0.00 0.00000 0.000
58 19.11 0.00 0.00 0.00000 0.000
59 19.45 0.00 0.00 0.00000 0.000
60 19.79 0.00 0.00 0.00000 0.000
61 20.13 0.00 0.00 0.00000 0.000
62 20.46 0.00 0.00 0.00000 0.000
63 20.80 0.00 0.00 0.00000 0.000
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Inputs

General Data
Units English
Analysis Method Net Pressure
Installation Method Drilled
Pile Type Soldier Beam (King Pile)
Reinforcement I-Beam
Shored Height, H 12.00 ft
Pile Spacing, S 7.00 ft
Pile Width or Pier Diameter, B 2.00 ft

Backfill Soils
Equiv. Backfill Pressure 40.0 psf/ft
Backfill Slope Angle 0.0 degrees
Backfill Soil Unit Weight 125.0 pcf
Vertical Uniform Surcharge 0.00 psf

Passive Soils
Allowable Passive
Equiv. Passive Resistance 250.0 psf/ft
Max. Passive Resistance 1000 psf/ft
Passive Slope Angle 0.0 degrees
Passive Soil Unit Weight 125.0 pcf
Cohesion 0 psf
Ignore Passive Height 1.00 ft
Passive Wedge Multiplier 2.50

Structural data
I-Beam
Beam Type North American
Beam Size W14X53
Beam Diagonal Length (<24 in - 4 in, O.K.) 16.07 in
Pipe Filled with Concrete No
Elastic Pile Modulus 29000 ksi
Yield Strength, Fy 50 ksi
Allow. Top of Pile Defl. 0.90 in
Conc. Compress. Str, f'c 4.00 ksi

Loads Applied to the Pile
Strip Load Yes
Strip Pressure, q 0 psf
Strip Setback, a 0.00 ft
Strip Width, b 0.00 ft
Strip Depth, d 0.00 ft
Mom. due to Strip,  Mstrip 0.00 k-ft/ft
Seismic Load Yes
Seismic Thrust, Pseis 2598 lb/ft
Loc. from Base of Excav, d 4.00 ft
Mom. due to Seismic, Mseis 10.39 k-ft/ft
Loads per Pile
Axial Load 16.00 k
Lateral Load @ Top 0.00 k
Other Moment 0.00 k-ft
Total Moment 10.39 k-ft

Results

Pressure Data (ASD) per ft Length of Wall
Loading Side Passive Side

x, ft w, ksf x, ft w, ksf
1 0.00 0.000 13.00 -0.625
2 4.00 0.160 17.98 -1.000
3 8.00 0.320 22.98 -1.000
4 12.00 0.480 27.96 -1.000
5 12.00 0.000
6 17.32 0.000
7 22.65 0.000
8 27.96 0.000

Output Data
Total Beam Length 28.56 ft
Unbraced Length, Lr 22.21 ft
Unbraced Length, Lp 6.78 ft
Max. Shear -42 k @ 21.80 ft
Max. Moment Above Grade 91.1 k-ft @ 12.00 ft
Max. Moment Below Grade 135.3 k-ft @ 15.88 ft
Max. Deflection 0.828 in @ 0.00 ft

Checks
Capacity Utilization

Moment Above Grade 190 k-ft
Moment Below Grade 217 k-ft 68 %
Shear 103 k 41 %
Axial 95 k 17 %
P-M interaction 77 %
Slenderness Ratio, kL/r 158
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Guardrail Design

Guardrail Design
Shape L3-1/2X3-1/2X3/8
Length of the Guardrail 3.50 ft
Lateral Bracing 3.50 ft
Max. Spacing of Guardrail 7.00 ft
Dist. Load in Any Dir. 50 plf
Point Load in Any Dir. 200 lbf
ASD Safety Factor of Comp. 1.67
ASD Safety Factor of Bend. 1.67

Guardrail Design Results
Allowable Applied

Compression in the Post 31.29 0.35 k
Yield Mom. Axis of Bending 5.175 k-ft
Elastic lat-tors. Buckling Mom. 5.552 k-ft
Bending moment in the post 3.099 1.225 k-ft
Welding Stress, y-axis 31.49 9.46 ksi
Welding Stress, x-axis 30.31 15.66 ksi
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Table of Test Results

Node # Depth, Shear, Moment, Slope, Defl,
ft k k-ft rad. inch

0 0.00 0.00 10.39 0.00587 -0.828
1 0.40 0.02 10.40 0.00583 -0.800
2 0.80 0.09 10.42 0.00579 -0.772
3 1.20 0.20 10.48 0.00576 -0.744
4 1.60 0.36 10.59 0.00572 -0.717
5 2.00 0.56 10.77 0.00568 -0.689
6 2.40 0.81 11.05 0.00564 -0.662
7 2.80 1.10 11.43 0.00560 -0.635
8 3.20 1.43 11.93 0.00555 -0.608
9 3.60 1.81 12.58 0.00551 -0.582
10 4.00 2.24 13.39 0.00546 -0.555
11 4.40 2.71 14.38 0.00541 -0.529
12 4.80 3.23 15.57 0.00535 -0.503
13 5.20 3.79 16.97 0.00530 -0.478
14 5.60 4.39 18.61 0.00523 -0.453
15 6.00 5.04 20.49 0.00516 -0.428
16 6.40 5.73 22.65 0.00508 -0.403
17 6.80 6.47 25.09 0.00499 -0.379
18 7.20 7.26 27.84 0.00489 -0.355
19 7.60 8.09 30.91 0.00479 -0.332
20 8.00 8.96 34.32 0.00467 -0.309
21 8.40 9.88 38.08 0.00453 -0.287
22 8.80 10.84 42.23 0.00439 -0.266
23 9.20 11.85 46.77 0.00422 -0.245
24 9.60 12.90 51.72 0.00404 -0.225
25 10.00 14.00 57.10 0.00384 -0.206
26 10.40 15.14 62.92 0.00362 -0.189
27 10.80 16.33 69.22 0.00338 -0.172
28 11.20 17.56 76.00 0.00311 -0.156
29 11.60 18.84 83.28 0.00282 -0.142
30 12.00 20.16 91.08 0.00250 -0.129
31 12.00 20.16 91.08 0.00250 -0.129
32 13.00 17.97 110.14 0.00225 -0.101
33 13.00 17.97 110.14 0.00225 -0.101
34 13.48 14.94 118.04 0.00212 -0.088
35 13.96 11.88 124.48 0.00198 -0.076
36 14.44 8.79 129.44 0.00183 -0.065
37 14.92 5.66 132.91 0.00167 -0.055
38 15.40 2.50 134.87 0.00151 -0.046
39 15.88 -0.70 135.30 0.00136 -0.038
40 16.36 -3.93 134.19 0.00120 -0.030
41 16.84 -7.19 131.52 0.00104 -0.024
42 17.32 -10.49 127.28 0.00089 -0.018
43 17.80 -13.82 121.45 0.00074 -0.014
44 18.30 -17.31 113.66 0.00060 -0.010
45 18.80 -20.81 104.13 0.00046 -0.006
46 19.30 -24.31 92.85 0.00034 -0.004
47 19.80 -27.81 79.82 0.00024 -0.002
48 20.30 -31.31 65.04 0.00015 -0.001
49 20.80 -34.81 48.51 0.00008 0.000
50 21.30 -38.31 30.23 0.00003 0.000
51 21.80 -41.81 10.20 0.00001 0.000
52 22.30 0.00 0.00 0.00000 0.000
53 22.80 0.00 0.00 0.00000 0.000
54 23.30 0.00 0.00 0.00000 0.000
55 23.80 0.00 0.00 0.00000 0.000
56 24.25 0.00 0.00 0.00000 0.000
57 24.70 0.00 0.00 0.00000 0.000
58 25.15 0.00 0.00 0.00000 0.000
59 25.60 0.00 0.00 0.00000 0.000
60 26.05 0.00 0.00 0.00000 0.000
61 26.50 0.00 0.00 0.00000 0.000
62 26.95 0.00 0.00 0.00000 0.000
63 27.40 0.00 0.00 0.00000 0.000
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Designed By

Date
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Liiban Affi, P.E.

3/10/2020

Client

Project

Job #

The Pacific Companies

The Village Apartments

1718

Design Philosophy

The analysis is based on "Equivalent Beam Method" first proposed by Blum and

explained in detail in "Foundation Design" Teng, 1962, 1st & only edition or in

"Foundation Engineering" Jumikis, 1987 2nd ed.

The design is based on classical structural analysis:

*    This program uses classic-beam-theory beam elements to solve the multispan

tieback design.

*    The equivalent nodal loads for each span are determined by numerical

integration of the beam equations to allow for the non uniform loads.

*    The equivalent nodal loads, the stiffness matrix, and the support conditions are

used to solve for the support reactions and the support rotations.

*    The support reactions are then used to numerically integrate the entire span

for values to display in the plots, and to find the max/min values.

*    Steel Shapes only include compact sections, If noncompact sections are

desired, additional design checks are required.

*    The deflection output is based on structural analysis but an independent check

should be made by Finite Element method or by site surveying.
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Reaction 1 Reaction 2
-137.79 kips -45.57 kips

Maximum Shear
Maximum Moment
Maximum Deflection

-79.3 kip at 7.00 ft
158.2 kip-at 7.00 ft
-0.2785 in at 14.51 ft

Required Aw
Required Zx
Utilized Ix

3.97 in2
63.41 in3
56%

Adequate for Shear
Adequate for Bending
Adequate for Deflection

Tieback Force
Unbonded Tieback Length
Test Load

R1
146.6 kips
15.0 ft
195.0 kips

Lateral Torsional Buckling Check
Lb
Cb
ry
Iy
h0
J
rts
Lp
Lr
Fcr
Mn/Q

Axially-Loaded Member Check
P
L
K
A
KL/r
Fe
Fcr
Pn/Q

144 in
1
1.92 in
57.70 in4
13.24 in
1.94 in4
2.2 in
81.4 in
266.5 in
86 ksi
190 kip-ft

14 kips
12 ft
0.8
15.6 in2
60.0
80 ksi
38 ksi
359 kips

Required Embedment
Tschebotarioff Check

Combined Forces Utilization

11.59 ft
10.07 ft

85%
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Organization

Designed By

Date

Foundation Engineering

Liiban Affi, P.E.

3/10/2020

Client

Project

Job #

The Pacific Companies

The Village Apartments

1718

Design Philosophy

The analysis is based on "Equivalent Beam Method" first proposed by Blum and

explained in detail in "Foundation Design" Teng, 1962, 1st & only edition or in

"Foundation Engineering" Jumikis, 1987 2nd ed.

The design is based on classical structural analysis:

*    This program uses classic-beam-theory beam elements to solve the multispan

tieback design.

*    The equivalent nodal loads for each span are determined by numerical

integration of the beam equations to allow for the non uniform loads.

*    The equivalent nodal loads, the stiffness matrix, and the support conditions are

used to solve for the support reactions and the support rotations.

*    The support reactions are then used to numerically integrate the entire span

for values to display in the plots, and to find the max/min values.

*    Steel Shapes only include compact sections, If noncompact sections are

desired, additional design checks are required.

*    The deflection output is based on structural analysis but an independent check

should be made by Finite Element method or by site surveying.
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Designed By

Date

Foundation Engineering

Liiban Affi, P.E.

3/10/2020

Client

Project

Job #

The Pacific Companies

The Village Apartments

1718

Reaction 1 Reaction 2
-137.79 kips -45.57 kips

Maximum Shear
Maximum Moment
Maximum Deflection

-79.3 kip at 7.00 ft
158.2 kip-at 7.00 ft
-0.2785 in at 14.51 ft

Required Aw
Required Zx
Utilized Ix

3.97 in2
63.41 in3
56%

Adequate for Shear
Adequate for Bending
Adequate for Deflection

Tieback Force
Unbonded Tieback Length
Test Load

R1
166.2 kips
15.0 ft
221.1 kips

Lateral Torsional Buckling Check
Lb
Cb
ry
Iy
h0
J
rts
Lp
Lr
Fcr
Mn/Q

Axially-Loaded Member Check
P
L
K
A
KL/r
Fe
Fcr
Pn/Q

144 in
1
1.92 in
57.70 in4
13.24 in
1.94 in4
2.2 in
81.4 in
266.5 in
86 ksi
190 kip-ft

14 kips
12 ft
0.8
15.6 in2
60.0
80 ksi
38 ksi
359 kips

Required Embedment
Tschebotarioff Check

Combined Forces Utilization

11.59 ft
10.07 ft

85%
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Foundation Engineering Consultants Round Hot Rolled Section Analysis Page 1 of 1
Proj. No.: 1718

By: LAA

Useful Functions

                                      AXIAL CAPACITY OF ROUND HOT ROLLED SECTION                                      

Shape "Pipe8XS" Enter shape name (Enter fractions of inches following the example: 3-1/2 for 3.5")

 Member Configuration

L 23.5 ft Length of the member

Lx L Kx 1 Strong axis laterally unbraced length and effective length factor

Ly L Ky 1 Weak axis laterally unbraced length and effective length factor

Material and Section Properties Lookup
Allowable Tension, Compression, Bending, Shear, Torsion, and Deflection Calculations: Round HSS & Pipe

 Compression (E3, E7 & E7.2)

ϕ 0.9 Load factor for compression
Pipe Properties:
OD 8.625 in

KL/r max
Kx Lx

rx

Ky Ly

ry










 KL/r 97.6  preferably should not exceed 200 
Ag 11.9 in

2


tnom 0.5 in
Qa if 0.11

E

Fy


OD

tdes
 0.45

E

Fy


0.038 E

Fy
OD

tdes











2

3
 if

OD

tdes
0.11

E

Fy
 1 0


















 Qa 1
tdes 0.465 in

rx 2.89 in

ry 2.89 in
Fe

π
2
E

KL/r
2

 Fe 30.1 ksi
Fy 35 ksi

E 29000 ksi
Fcr Q Qa

Q 0.658

Q Fy

Fe





 Fy KL/r 4.71

E

Q Fy
if

0.877 Fe otherwise

 Fcr 21.5 ksi

Cn Fcr Ag

Ca ϕ Cn Ca 230.26 kip Design Axial Compression  > Required Strength = 221 kip

 Weld Length Required To Develop Pipe Strength

Fe70 70 ksi Electrode ultimate strength

dw
7

16
in Leg length of the fillet weld

ϕ 0.75 Load factor on welds

Lreq Ca
2

ϕ 0.6 Fe70 dw
 Lreq 23.629 in  < π OD 27.096 in Because of the angle of the raker, the all-around

weld will exceed the circumfrence of the round,
so the comparison to the left is conservative.

Raker Pipe.xmcd 3/12/2020
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