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M E M O R A N D U M 

DATE: February 18, 2021 

TO: Gregg Petrie 
Leif Anderson, Anderson Architecture 

FROM: Khaled M. Shawish, PE 
Carston T. Curd, GIT 

RE: Supplemental Geotechnical Engineering Memorandum 
Petrie Pool Support 
2431 – 60th Avenue SE 
Mercer Island, Washington 
NGA File No. 1159920 

_____________________________________________________________________________________ 

This memo describes our geotechnical recommendations regarding retaining wall support at the Petrie 

Residence Renovations project located at 2431 – 60th Avenue SE in Mercer Island, Washington. 

We previously prepared a geotechnical evaluation for this property dated May 10, 2020.  As a part of 

our previous geotechnical evaluation, our explorations to the east and west of the existing residence 

structure encountered approximately 2.0 to 3.0 feet of undocumented fill underlain by variably dense, 

native, glacial and non-glacial soils at depth.  We recommended that the retaining walls within site be 

supported directly on the native soils encountered at depth.  We now understand that the 30-foot by 

16-foot in-ground pool planned for the down slope side of the residence is settlement-sensitive.  Due to

the variety of soil types present on the site and the need to reduce the potential for the pool settling,

we have been requested to provide our opinions and recommendations for supporting the pool

structure on a deep foundation system consisting of driven steel pin piles.  This is intended to limit the

amount of foundation overexcavation within these areas.

In our opinion, the existing undocumented fill and native deposits underlying the proposed pool are not 

suitable for foundation support with shallow conventional foundations if some pool settlement cannot 

be tolerated.  In our opinion, supporting the pool structure on a deep foundation system to transfer 

structure loads down into the underlying competent materials is a more appropriate alternative from a 

geotechnical standpoint.   
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The most feasible deep foundation support systems will likely consist of 3- to 4-inch diameter steel pin 

piles driven to refusal.  A structural engineer should design the new foundation supports and determine 

the location of the supports based on the recommendations provided in this memo.  

For the 3- to 4-inch driven steel pipe piles, we recommend that they be driven using a tractor-mounted 

hydraulic hammer, with an energy rating of at least 1,100 foot-lb. For this pile and hammer size, we 

recommend a design capacity of 6 and 10 tons for 3- and 4-inch diameter piles driven to refusal, 

respectively. The refusal criterion for this pile and hammer size is defined as less than one-inch of 

movement during 15 seconds of continuous driving at a rate of 550 blows per minute or higher. 

Alternatively if the site is found to be inaccessible to a tractor-mounted hydraulic hammer a 140lb jack 

hammer could be used to drive 2-inch pin piles to refusal.  The refusal criterion for this pile and hammer 

size is defined as less then one-inch of movement during 60 seconds of continuous driving.  We 

recommend using galvanized schedule 80 pipe for the 2-inch pin piles.  The axial compression capacity 

of the 2-inch pin piles is three tons.  Maintaining these recommendations for minimum hammer size and 

refusal criteria is essential for obtaining a successful outcome.  

Final pile depths should be expected to vary and will depend on the nature and the depth to the 

competent soils. Our previous explorations encountered approximately 2.0 to 3.0 feet of undocumented 

fill underlain by medium dense or better native soils.  Due to the limited nature of the explorations, one 

or more “test” piles can be installed by a piling contractor to verify design parameters and estimate an 

approximate depth of the piles that will be needed for budgeting purposes.  

We recommend that the piles extend a minimum of five feet into the competent native bearing 

deposits, in addition to meeting the above refusal criterion. Piles that do not meet this minimum 

embedment criterion should be rejected, and replacement piles should be driven after consulting with 

the structural engineer on the new pile locations.  Due to the relatively small slenderness ratio of pin 

piles, maintaining pin pile confinement and lateral support is essential to preventing pile buckling.  The 

piles should be spaced a minimum of three feet apart to avoid a grouping effect on the piles.  

Vertically driven pin piles do not provide meaningful lateral capacity. Due to the rigid pile support, 

friction between the foundation and subgrade soil should not be considered as resisting lateral 

pressures on this structure.  We recommend that all lateral loads be resisted on battered pin piles 

and/or passive resistance on the below-grade portions of the foundations and grade beams.  The upper 

foot of soil should be neglected when calculating the passive resistance.  We recommend using an 
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equivalent fluid density of 100 pcf for calculating the passive resistance.  This value incorporates a factor 

of safety of 2.0.  

 We should be retained to review final plans and to monitor installation of the pin piles during 

construction.  All other recommendations provided in our previous report should be strictly followed 

during the design of the project and during the construction phase.  

We trust this memorandum should satisfy your needs at this time.  Please contact us if you have any 

questions or require additional services. 

o-o-o
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  1
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

7.00

0.00

0.00

0.00

0.0

Criteria

Retained Height = ft

Wall height above soil = ft

Slope Behind Wall

Height of Soil over Toe in

Water height over heel = ft

=

=

Load Factors

Building Code IBC 2015,ACI
Dead Load 1.200
Live Load 1.600

Earth, H 1.600

Wind, W 1.000
Seismic, E 1.000

Soil Data and Lateral Earth Pressure

2,000.0

40.0

200.0

Active Heel Pressure = psf/ft
=

125.00= pcfSoil Density, Heel

=
Passive Pressure = psf/ft

Allow Soil Bearing = psf
Soil Density, Toe 125.00 pcf
Footing||Soil Friction = 0.350
Soil height to ignore

for passive pressure = 0.00 in

Equivalent Fluid Pressure Method

Surcharge Loads

0.0 0.0Surcharge Over Heel = psf Surcharge Over Toe
Used To Resist Sliding & Overturning Used for Sliding & Overturning

=

0.0

0.0

0.0

Axial Load Applied to Stem

Axial Dead Load = lbs

Axial Live Load = lbs

Axial Load Eccentricity = in

Lateral Load = 0.0 #/ft

Wind on Exposed Stem psf0.0=

Lateral Load Applied to Stem

...Height to Top = 0.00 ft

...Height to Bottom = 0.00 ft

(Service Level)

Load Type
(Service Level)
Wind (W)=

Wind on Exposed Stem

Adjacent Footing Load

Wall to Ftg CL Dist = 0.00 ft

Adjacent Footing Load = 0.0 lbs Footing Type Line Load

Footing Width = 0.00 ft

Eccentricity = 0.00 in = 0.0 ft

Base Above/Below Soil

=Poisson's Ratio 0.300
at Back of Wall
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  2
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Wall Design Summary

Stability Ratios
Overturning = 10.08 OK

Sliding = 1.10 Ratio < 1.5!

Soil Bearing
Total Bearing Load = 3,790 lbs

...resultant ecc. = 25.01 in

Soil Pressure @ Toe = 37 psf  OK
Soil Pressure @ Heel = 431 psf  OK

Allowable = 2,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe = 51 psf
ACI Factored @ Heel = 604 psf

Footing Shear @ Toe = 8.9 psi  OK
Footing Shear @ Heel = 0.0 psi  OK

Allowable = 75.0 psi

*

Vertical component of active lateral soil pressure IS considered in the
calculation of soil bearing pressures.

lbs

*Includes water table effect

lbs

0.0

3,790.3

Totals =

0.0

319.5

Seismic-Self-weight
0.0

Sliding

Seismic Load

0.0

2,595.8

0.0

0.0

Added Lateral Load

875.0

0.0

0.0

Load @ Stem Above Soil

0.0

0.0

0.0

Surcharge Over Toe

0.0

0.0

0.0 Adjacent Footing

0.0 0.0

lbs

Surcharge over Heel

lbs

1,333.9

Force

Omit

Heel Active Pressure

Vertical Forces Force

**

Lateral Forces

Lateral on Key

Total Vertical Loads

1,333.9

Vert. Component

Sliding Calcs

Sloped Soil Over Heel

Lateral Sliding Force

Surcharge Over Heel

= 1,333.9

Axial Dead Load on Stem
Adjacent Footing Load

lbs

Soil Over Toe

less 100% Passive Force

less 100% Friction Force

Added Force Req'd

....for 1.5 Stability =

0.0=

1,326.6

136.1

=

=

538.1

-

lbs

lbs

lbs  OK

lbs  NG

-

Axial Live Load on Stem  *

Surcharge Over Toe

Earth @ Stem Transitions

Stem Weight(s)

Key Weight

Footing Weight

* Axial live load NOT included in total displayed , or used for overturning

Resisting Forces Sliding Forces

or sliding  resistance, but is included for soil pressure calculations.

Buoyant Force 0.0

0.0Water Over Heel
0.0Soil Over Heel (below water table, if any)

Soil Over Heel (above water table, if any) 0.0

Hydrostatic Force 0.0
0.0Heel Active Pressure (below water table, if any)

Heel Active Pressure (above water table, if any) 1,333.9
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  3
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Resisting Moments Force Distance Moment

Soil Over Heel 0.0

lbs

14.83

ft

0.0

ft-#

Sloped Soil Over Heel 0.0
Surcharge Over Heel 0.0
Adjacent Footing Load 0.0
Axial Dead Load on Stem 0.0

Axial Live Load on Stem  * 0.0
Soil Over Toe 0.0
Surcharge Over Toe 0.0
Stem Weight(s) 875.0 14.42 12,614.6
Earth @ Stem Transitions 0.0
Footing Weight 2,595.8 7.42 19,252.4

Key Weight 0.0
Vert. Component 319.5 14.83 4,738.6

Total Vertical Loads 3,790.3 lbs

36,605.6 ft-#

Eccentricity 15.4

Overturning

in

* Axial live load NOT included in total displayed, or used for overturning or sliding  resistance, but is included for soil pressure calculations.

Resisting Moment

Resisting Moments

0.0Water Table
Soil Over Heel  (below water table, if any) 0.0

0.014.830.0Soil Over Heel  (above water table, if any)

Overturning Moments Force Distance Moment
lbs ft ft-#

Surcharge over Heel 0.0
Adjacent Footing 0.0
Surcharge Over Toe 0.0
Load @ Stem Above Soil 0.0
Added Lateral Load 0.0
Seismic Load 0.0
Seismic-Self-weight 0.0

Totals = 1,333.9 lbs
Overturning Moment 3,631.1 ft-#

Overturning

Overturning Moments

Buoyant Force 0.0

0.0Hydrostatic Force
Heel Active Pressure (below water table, if any) 0.0

3,631.12.721,333.9Heel Active Pressure (above water table, if any)
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  4
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Stem Design Summary

Masonry Block Type = Medium Weight

Bottom

Stem OK

Design Height Above Ftg = 0.00ft

Wall Material Above "Ht" = Concrete

Thickness = 10.00
Rebar Size = # 5

Rebar Spacing = 12.00

Rebar Placed at = Edge

Design Data

fb/FB + fa/Fa = 0.335

Total Force @ Section
=lbs

Moment....Actual
=ft-#

Moment.....Allowable = 10,911.3

Shear.....Actual
=psi

Shear.....Allowable = 75.0psi

Wall Weight = 125.0psf

Rebar Depth  'd' = 8.19in

Masonry Data
f'm =psi

Fs =psi

Solid Grouting =

Modular Ratio 'n' =

Short Term Factor =

Equiv. Solid Thick. =

Concrete Data
f'c = 2,500.0psi
Fy = 60,000.0

Masonry Design Method ASD=

psi

Service Level

= 1,568.0lbsStrength Level

Service Level

Strength Level = 3,658.7ft-#

Service Level

Strength Level = 16.0psi

Design Method = LRFD

Anet =in2

31



Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  5
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing

As (based on applied moment) : 0.1033 in2/ft

(4/3) * As : 0.1378 in2/ft Min Stem T&S Reinf Area 1.680 in2

200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft

0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :

============ One layer of :        Two layers of :

Required Area : 0.216 in2/ft #4@ 10.00 in          #4@ 20.00 in

Provided Area : 0.31 in2/ft #5@ 15.50 in          #5@ 31.00 in

Maximum Area : 1.1092 in2/ft #6@ 22.00 in          #6@ 44.00 in

14.00

0.83

14.00 =Min. As % 0.0018

Footing Dimensions & Strengths

f'c = 2,500 psiToe Width = ft

Heel Width =

Key Distance from Toe

Key Depth
Key Width 0.00

0.00

0.00

= in
= in

= ft

@ Top

=

Footing Thickness = in

14.83 ft=

Rebar Cover = 2.00

in@ Bottom 3.00

in

Total Footing Width = 150.00 pcfFooting Concrete Density

Fy = 60,000 psi

Footing Data

Footing Torsion, Tu =

Toe Heel

ft-lbs

Footing Design Results

0.00

Key:

Footing Allow. Torsion, phi Tu

=

=

No key defined

ft-lbs

Factored Pressure

If torsion exceeds allowable, provide supplemental design for footing torsion.

Mu' : Upward

0.00

Mu' : Downward

Mu:  Design

Actual 1-Way Shear

Allow 1-Way Shear

Toe: #4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

#4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

= None Spec'd

=

=

=

=

=

51

264,841

246,960

1,490

8.94

75.00

Heel:

604

0

0

0

0.00

0.00

psf

ft-#

ft-#

ft-#

psi

psi

Heel Reinforcing = # 5 @ 12.30 in

Other Acceptable Sizes & Spacings

Key Reinforcing

Toe Reinforcing = # 5 @ 12.00 in

Min footing T&S reinf Area

Min footing T&S reinf Area per foot

If two layers of horizontal bars:

4.49

0.30

#4@ 15.87 in
#5@ 24.60 in
#6@ 34.92 in

in2

in2 /ft

If one layer of horizontal bars:
#4@  7.94 in
#5@ 12.30 in
#6@ 17.46 in
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  6
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Tilt

Horizontal Deflection at Top of Wall due to settlem ent of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.070 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  7
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Rebar Lap & Embedment Lengths Information

(Applying TMS 402 provisions) or (Applying IBC modifications to TMS 402 provisions)

________________________________________________________________________________________________________________________

Stem Design Segment: Bottom

Stem Design Height:       0.00 ft above top of footing

Lap Splice length for #5 bar specified in this stem design segment = 23.40 in

Development length for #5 bar specified in this stem design segment = 18.00 in

Hooked embedment length into footing for #5 bar specified in this stem design segment = 10.50 in

As Provided = 0.3100 in2/ft

As Required = 0.2160 in2/ft
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  8
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Pool - Grid 'E' Page :  9
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Pool-Grid 'E'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2015,ACI 318-14,ACI 530-13License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  1
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

10.00

1.00

0.00

50.00

0.0

Criteria

Retained Height = ft

Wall height above soil = ft

Slope Behind Wall

Height of Soil over Toe in

Water height over heel = ft

=

=

Load Factors

Building Code IBC 2012,ACI
Dead Load 1.200
Live Load 1.600

Earth, H 1.600

Wind, W 1.000
Seismic, E 1.000

Soil Data and Lateral Earth Pressure

2,000.0

35.0

200.0

Active Heel Pressure = psf/ft
=

125.00= pcfSoil Density, Heel

=
Passive Pressure = psf/ft

Allow Soil Bearing = psf
Soil Density, Toe 125.00 pcf
Footing||Soil Friction = 0.350
Soil height to ignore

for passive pressure = 12.00 in

Equivalent Fluid Pressure Method

Surcharge Loads

0.0 0.0Surcharge Over Heel = psf Surcharge Over Toe
Used To Resist Sliding & Overturning Used for Sliding & Overturning

=

0.0

0.0

0.0

Axial Load Applied to Stem

Axial Dead Load = lbs

Axial Live Load = lbs

Axial Load Eccentricity = in

Lateral Load = 0.0 #/ft

Wind on Exposed Stem psf0.0=

Lateral Load Applied to Stem

...Height to Top = 0.00 ft

...Height to Bottom = 0.00 ft

(Service Level)

Load Type
(Service Level)
Wind (W)=

Wind on Exposed Stem

Adjacent Footing Load

Wall to Ftg CL Dist = 0.00 ft

Adjacent Footing Load = 0.0 lbs Footing Type Line Load

Footing Width = 0.00 ft

Eccentricity = 0.00 in = 0.0 ft

Base Above/Below Soil

=Poisson's Ratio 0.300
at Back of Wall
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  2
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Wall Design Summary

Stability Ratios
Overturning = 11.26 OK

Sliding = 3.09 OK

Soil Bearing
Total Bearing Load = 11,445 lbs

...resultant ecc. = 8.01 in

Soil Pressure @ Toe = 554 psf  OK
Soil Pressure @ Heel = 999 psf  OK

Allowable = 2,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe = 776 psf
ACI Factored @ Heel = 1,398 psf

Footing Shear @ Toe = 0.2 psi  OK
Footing Shear @ Heel = 0.0 psi  OK

Allowable = 75.0 psi

*

Vertical component of active lateral soil pressure IS considered in the
calculation of soil bearing pressures.

lbs

*Includes water table effect

lbs

0.0

11,445.2

Totals =

0.0

574.3

Seismic-Self-weight
0.0

Sliding

Seismic Load

0.0

2,450.0

0.0

0.0

Added Lateral Load

1,650.0

0.0

0.0

Load @ Stem Above Soil

6,770.8

0.0

0.0

Surcharge Over Toe

0.0

0.0

0.0 Adjacent Footing

0.0 0.0

lbs

Surcharge over Heel

lbs

2,182.2

Force

Omit

Heel Active Pressure

Vertical Forces Force

**

Lateral Forces

Lateral on Key

Total Vertical Loads

2,182.2

Vert. Component

Sliding Calcs

Sloped Soil Over Heel

Lateral Sliding Force

Surcharge Over Heel

= 2,182.2

Axial Dead Load on Stem
Adjacent Footing Load

lbs

Soil Over Toe

less 100% Passive Force

less 100% Friction Force

Added Force Req'd

....for 1.5 Stability =

0.0=

4,005.8

2,744.4

=

=

0.0

-

lbs

lbs

lbs  OK

lbs  OK

-

Axial Live Load on Stem  *

Surcharge Over Toe

Earth @ Stem Transitions

Stem Weight(s)

Key Weight

Footing Weight

* Axial live load NOT included in total displayed , or used for overturning

Resisting Forces Sliding Forces

or sliding  resistance, but is included for soil pressure calculations.

Buoyant Force 0.0

0.0Water Over Heel
0.0Soil Over Heel (below water table, if any)

Soil Over Heel (above water table, if any) 0.0

Hydrostatic Force 0.0
0.0Heel Active Pressure (below water table, if any)

Heel Active Pressure (above water table, if any) 2,182.2
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  3
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Resisting Moments Force Distance Moment

Soil Over Heel 0.0

lbs

14.00

ft ft-#

Sloped Soil Over Heel 0.0
Surcharge Over Heel 0.0
Adjacent Footing Load 0.0
Axial Dead Load on Stem 0.0

Axial Live Load on Stem  * 0.0
Soil Over Toe 6,770.8 6.50 44,010.4
Surcharge Over Toe 0.0
Stem Weight(s) 1,650.0 13.50 22,275.0
Earth @ Stem Transitions 0.0
Footing Weight 2,450.0 7.00 17,150.0

Key Weight 0.0
Vert. Component 574.3 14.00 8,040.9

Total Vertical Loads 11,445.2 lbs

91,476.3 ft-#

Eccentricity 3.4

Overturning

in

* Axial live load NOT included in total displayed, or used for overturning or sliding  resistance, but is included for soil pressure calculations.

Resisting Moment

Resisting Moments

0.0Water Table
Soil Over Heel  (below water table, if any) 0.0

0.0Soil Over Heel  (above water table, if any)

Overturning Moments Force Distance Moment
lbs ft ft-#

Surcharge over Heel 0.0
Adjacent Footing 0.0
Surcharge Over Toe 0.0
Load @ Stem Above Soil 0.0
Added Lateral Load 0.0
Seismic Load 0.0
Seismic-Self-weight 0.0

Totals = 2,182.2 lbs
Overturning Moment 8,122.5 ft-#

Overturning

Overturning Moments

Buoyant Force 0.0

0.0Hydrostatic Force
Heel Active Pressure (below water table, if any) 0.0

8,122.53.722,182.2Heel Active Pressure (above water table, if any)
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  4
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Stem Design Summary

Masonry Block Type = Medium Weight

Bottom

Stem OK

Design Height Above Ftg = 0.00ft

Wall Material Above "Ht" = Concrete

Thickness = 12.00
Rebar Size = # 5

Rebar Spacing = 12.00

Rebar Placed at = Edge

Design Data

fb/FB + fa/Fa = 0.681

Total Force @ Section
=lbs

Moment....Actual
=ft-#

Moment.....Allowable = 13,701.3

Shear.....Actual
=psi

Shear.....Allowable = 75.0psi

Wall Weight = 150.0psf

Rebar Depth  'd' = 10.19in

Masonry Data
f'm =psi

Fs =psi

Solid Grouting =

Modular Ratio 'n' =

Short Term Factor =

Equiv. Solid Thick. =

Concrete Data
f'c = 2,500.0psi
Fy = 60,000.0

Masonry Design Method ASD=

psi

Service Level

= 2,800.0lbsStrength Level

Service Level

Strength Level = 9,333.3ft-#

Service Level

Strength Level = 22.9psi

Design Method = LRFD

Anet =in2
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  5
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing

As (based on applied moment) : 0.2102 in2/ft

(4/3) * As : 0.2802 in2/ft Min Stem T&S Reinf Area 3.168 in2

200bd/fy : 200(12)(10.1875)/60000 : 0.4075 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.288 in2/ft

0.0018bh : 0.0018(12)(12) : 0.2592 in2/ft Horizontal Reinforcing Options :

============ One layer of :        Two layers of :

Required Area : 0.2802 in2/ft #4@  8.33 in          #4@ 16.67 in

Provided Area : 0.31 in2/ft #5@ 12.92 in          #5@ 25.83 in

Maximum Area : 1.3801 in2/ft #6@ 18.33 in          #6@ 36.67 in

13.00

1.00

14.00 =Min. As % 0.0018

Footing Dimensions & Strengths

f'c = 2,500 psiToe Width = ft

Heel Width =

Key Distance from Toe

Key Depth
Key Width 0.00

0.00

0.00

= in
= in

= ft

@ Top

=

Footing Thickness = in

14.00 ft=

Rebar Cover = 2.00

in@ Bottom 3.00

in

Total Footing Width = 150.00 pcfFooting Concrete Density

Fy = 60,000 psi

Footing Data

Footing Torsion, Tu =

Toe Heel

ft-lbs

Footing Design Results

0.00

Key:

Footing Allow. Torsion, phi Tu

=

=

No key defined

ft-lbs

Factored Pressure

If torsion exceeds allowable, provide supplemental design for footing torsion.

Mu' : Upward

0.00

Mu' : Downward

Mu:  Design

Actual 1-Way Shear

Allow 1-Way Shear

Toe: #4@ 7.30 in, #5@ 11.32 in, #6@ 16.07 in, #7@ 21.91 in, #8@ 28.85 in, #9@ 36

#4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

= None Spec'd

=

=

=

=

=

776

982,145

846,690

11,288

0.20

75.00

Heel:

1,398

0

0

0

0.00

0.00

psf

ft-#

ft-#

ft-#

psi

psi

Heel Reinforcing = # 6 @ 16.00 in

Other Acceptable Sizes & Spacings

Key Reinforcing

Toe Reinforcing = # 7 @ 16.00 in

Min footing T&S reinf Area

Min footing T&S reinf Area per foot

If two layers of horizontal bars:

4.23

0.30

#4@ 15.87 in
#5@ 24.60 in
#6@ 34.92 in

in2

in2 /ft

If one layer of horizontal bars:
#4@  7.94 in
#5@ 12.30 in
#6@ 17.46 in
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  6
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Tilt

Horizontal Deflection at Top of Wall due to settlem ent of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.070 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  7
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Rebar Lap & Embedment Lengths Information

(Applying TMS 402 provisions) or (Applying IBC modifications to TMS 402 provisions)

________________________________________________________________________________________________________________________

Stem Design Segment: Bottom

Stem Design Height:       0.00 ft above top of footing

Lap Splice length for #5 bar specified in this stem design segment = 23.40 in

Development length for #5 bar specified in this stem design segment = 18.00 in

Hooked embedment length into footing for #5 bar specified in this stem design segment = 10.50 in

As Provided = 0.3100 in2/ft

As Required = 0.2802 in2/ft
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  8
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :East Wall of Spa - Grid 'C' Page :  9
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Spa - Grid 'C'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number : 45



Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  1
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

9.00

0.00

0.00

60.00

0.0

Criteria

Retained Height = ft

Wall height above soil = ft

Slope Behind Wall

Height of Soil over Toe in

Water height over heel = ft

=

=

Load Factors

Building Code IBC 2018,ACI
Dead Load 1.200
Live Load 1.600

Earth, H 1.600

Wind, W 1.000
Seismic, E 1.000

Soil Data and Lateral Earth Pressure

2,000.0

40.0

200.0

Active Heel Pressure = psf/ft
=

125.00= pcfSoil Density, Heel

=
Passive Pressure = psf/ft

Allow Soil Bearing = psf
Soil Density, Toe 125.00 pcf
Footing||Soil Friction = 0.400
Soil height to ignore

for passive pressure = 12.00 in

Equivalent Fluid Pressure Method

Surcharge Loads

0.0 0.0Surcharge Over Heel = psf Surcharge Over Toe
Used To Resist Sliding & Overturning Used for Sliding & Overturning

=

0.0

0.0

0.0

Axial Load Applied to Stem

Axial Dead Load = lbs

Axial Live Load = lbs

Axial Load Eccentricity = in

Lateral Load = 0.0 #/ft

Wind on Exposed Stem psf0.0=

Lateral Load Applied to Stem

...Height to Top = 0.00 ft

...Height to Bottom = 0.00 ft

(Service Level)

Load Type
(Service Level)
Wind (W)=

Wind on Exposed Stem

Adjacent Footing Load

Wall to Ftg CL Dist = 0.00 ft

Adjacent Footing Load = 0.0 lbs Footing Type Line Load

Footing Width = 0.00 ft

Eccentricity = 0.00 in = 0.0 ft

Base Above/Below Soil

=Poisson's Ratio 0.300
at Back of Wall
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  2
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Wall Design Summary

Stability Ratios
Overturning = 2.80 OK

Sliding = 2.97 OK

Soil Bearing
Total Bearing Load = 6,084 lbs

...resultant ecc. = 0.99 in

Soil Pressure @ Toe = 1,106 psf  OK
Soil Pressure @ Heel = 910 psf  OK

Allowable = 2,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe = 1,549 psf
ACI Factored @ Heel = 1,274 psf

Footing Shear @ Toe = 5.5 psi  OK
Footing Shear @ Heel = 12.3 psi  OK

Allowable = 75.0 psi

*

Vertical component of active lateral soil pressure IS considered in the
calculation of soil bearing pressures.

lbs

*Includes water table effect

lbs

0.0

6,083.7

Totals =

0.0

951.7

Seismic-Self-weight
0.0

Sliding

Seismic Load

0.0

890.8

0.0

0.0

Added Lateral Load

1,350.0

0.0

0.0

Load @ Stem Above Soil

2,137.5

0.0

0.0

Surcharge Over Toe

0.0

0.0

0.0 Adjacent Footing

0.0 0.0

lbs

Surcharge over Heel

lbs

2,067.2

Force

Omit

Heel Active Pressure

Vertical Forces Force

**

Lateral Forces

Lateral on Key

Total Vertical Loads

2,067.2

Vert. Component

Sliding Calcs

Sloped Soil Over Heel

Lateral Sliding Force

Surcharge Over Heel

= 2,067.2

Axial Dead Load on Stem
Adjacent Footing Load

lbs

Soil Over Toe

less 100% Passive Force

less 100% Friction Force

Added Force Req'd

....for 1.5 Stability =

0.0=

2,433.5

3,702.8

=

=

0.0

-

lbs

lbs

lbs  OK

lbs  OK

-

Axial Live Load on Stem  *

Surcharge Over Toe

Earth @ Stem Transitions

Stem Weight(s)

Key Weight

Footing Weight

* Axial live load NOT included in total displayed , or used for overturning

Resisting Forces Sliding Forces

or sliding  resistance, but is included for soil pressure calculations.

Buoyant Force 0.0

0.0Water Over Heel
0.0Soil Over Heel (below water table, if any)

Soil Over Heel (above water table, if any) 753.8

Hydrostatic Force 0.0
0.0Heel Active Pressure (below water table, if any)

Heel Active Pressure (above water table, if any) 2,067.2
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  3
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Resisting Moments Force Distance Moment

Soil Over Heel 753.8

lbs

4.76

ft

3,584.1

ft-#

Sloped Soil Over Heel 0.0
Surcharge Over Heel 0.0
Adjacent Footing Load 0.0
Axial Dead Load on Stem 0.0

Axial Live Load on Stem  * 0.0
Soil Over Toe 2,137.5 1.71 3,655.1
Surcharge Over Toe 0.0
Stem Weight(s) 1,350.0 3.92 5,292.0
Earth @ Stem Transitions 0.0
Footing Weight 890.8 2.55 2,267.0

Key Weight 0.0
Vert. Component 951.7 5.09 4,844.3

Total Vertical Loads 6,083.7 lbs

19,642.4 ft-#

Eccentricity -5.6

Overturning

in

* Axial live load NOT included in total displayed, or used for overturning or sliding  resistance, but is included for soil pressure calculations.

Resisting Moment

Resisting Moments

0.0Water Table
Soil Over Heel  (below water table, if any) 0.0

3,584.14.76753.8Soil Over Heel  (above water table, if any)

Overturning Moments Force Distance Moment
lbs ft ft-#

Surcharge over Heel 0.0
Adjacent Footing 0.0
Surcharge Over Toe 0.0
Load @ Stem Above Soil 0.0
Added Lateral Load 0.0
Seismic Load 0.0
Seismic-Self-weight 0.0

Totals = 2,067.2 lbs
Overturning Moment 7,005.6 ft-#

Overturning

Overturning Moments

Buoyant Force 0.0

0.0Hydrostatic Force
Heel Active Pressure (below water table, if any) 0.0

7,005.63.392,067.2Heel Active Pressure (above water table, if any)
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  4
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Stem Design Summary

Masonry Block Type = Medium Weight

Bottom

Stem OK

Design Height Above Ftg = 0.00ft

Wall Material Above "Ht" = Concrete

Thickness = 12.00
Rebar Size = # 5

Rebar Spacing = 12.00

Rebar Placed at = Center

Design Data

fb/FB + fa/Fa = 0.989

Total Force @ Section
=lbs

Moment....Actual
=ft-#

Moment.....Allowable = 7,859.7

Shear.....Actual
=psi

Shear.....Allowable = 75.0psi

Wall Weight = 150.0psf

Rebar Depth  'd' = 6.00in

Masonry Data
f'm =psi

Fs =psi

Solid Grouting =

Modular Ratio 'n' =

Short Term Factor =

Equiv. Solid Thick. =

Concrete Data
f'c = 2,500.0psi
Fy = 60,000.0

Masonry Design Method ASD=

psi

Service Level

= 2,592.0lbsStrength Level

Service Level

Strength Level = 7,776.0ft-#

Service Level

Strength Level = 36.0psi

Design Method = LRFD

Anet =in2
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  5
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing

As (based on applied moment) : 0.3042 in2/ft

(4/3) * As : 0.4055 in2/ft Min Stem T&S Reinf Area 2.592 in2

200bd/fy : 200(12)(6)/60000 : 0.24 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.288 in2/ft

0.0018bh : 0.0018(12)(12) : 0.2592 in2/ft Horizontal Reinforcing Options :

============ One layer of :        Two layers of :

Required Area : 0.3042 in2/ft #4@  8.33 in          #4@ 16.67 in

Provided Area : 0.31 in2/ft #5@ 12.92 in          #5@ 25.83 in

Maximum Area : 0.8128 in2/ft #6@ 18.33 in          #6@ 36.67 in

3.42

1.67

14.00 =Min. As % 0.0018

Footing Dimensions & Strengths

f'c = 2,500 psiToe Width = ft

Heel Width =

Key Distance from Toe

Key Depth
Key Width 0.00

0.00

0.00

= in
= in

= ft

@ Top

=

Footing Thickness = in

5.09 ft=

Rebar Cover = 2.00

in@ Bottom 3.00

in

Total Footing Width = 150.00 pcfFooting Concrete Density

Fy = 60,000 psi

Footing Data

Footing Torsion, Tu =

Toe Heel

ft-lbs

Footing Design Results

0.00

Key:

Footing Allow. Torsion, phi Tu

=

=

No key defined

ft-lbs

Factored Pressure

If torsion exceeds allowable, provide supplemental design for footing torsion.

Mu' : Upward

0.00

Mu' : Downward

Mu:  Design

Actual 1-Way Shear

Allow 1-Way Shear

Toe: #4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

#4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

= None Spec'd

=

=

=

=

=

1,549

104,388

67,371

3,085

5.46

75.00

Heel:

1,274

289

1,370

-1,054

12.33

75.00

psf

ft-#

ft-#

ft-#

psi

psi

Heel Reinforcing = # 5 @ 12.30 in

Other Acceptable Sizes & Spacings

Key Reinforcing

Toe Reinforcing = # 5 @ 12.30 in

Min footing T&S reinf Area

Min footing T&S reinf Area per foot

If two layers of horizontal bars:

1.54

0.30

#4@ 15.87 in
#5@ 24.60 in
#6@ 34.92 in

in2

in2 /ft

If one layer of horizontal bars:
#4@  7.94 in
#5@ 12.30 in
#6@ 17.46 in
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  6
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Tilt

Horizontal Deflection at Top of Wall due to settlem ent of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.054 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title : Page :  7
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Rebar Lap & Embedment Lengths Information

(Applying TMS 402 provisions) or (Applying IBC modifications to TMS 402 provisions)

________________________________________________________________________________________________________________________

Stem Design Segment: Bottom

Stem Design Height:       0.00 ft above top of footing

Lap Splice length for #5 bar specified in this stem design segment = 23.40 in

Development length for #5 bar specified in this stem design segment = 18.00 in

Hooked embedment length into footing for #5 bar specified in this stem design segment = 10.50 in

As Provided = 0.3100 in2/ft

As Required = 0.3042 in2/ft
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Mercer Island, Washington

Title : Page :  8
Dsgnr: STT Date: 22 MAR 2021
Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number : 53
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Description....
East Wall of Planter Grid 'G'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595
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Description....
North Planter Wall - Grid '6.5'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

8.00

0.00

0.00

48.00

0.0

Criteria

Retained Height = ft

Wall height above soil = ft

Slope Behind Wall

Height of Soil over Toe in

Water height over heel = ft

=

=

Load Factors

Building Code IBC 2018,ACI
Dead Load 1.200
Live Load 1.600

Earth, H 1.600

Wind, W 1.000
Seismic, E 1.000

Soil Data and Lateral Earth Pressure

2,000.0

35.0

200.0

Active Heel Pressure = psf/ft
=

125.00= pcfSoil Density, Heel

=
Passive Pressure = psf/ft

Allow Soil Bearing = psf
Soil Density, Toe 125.00 pcf
Footing||Soil Friction = 0.350
Soil height to ignore

for passive pressure = 12.00 in

Equivalent Fluid Pressure Method

Surcharge Loads

0.0 0.0Surcharge Over Heel = psf Surcharge Over Toe
Used To Resist Sliding & Overturning Used for Sliding & Overturning

=

0.0

0.0

0.0

Axial Load Applied to Stem

Axial Dead Load = lbs

Axial Live Load = lbs

Axial Load Eccentricity = in

Lateral Load = 0.0 #/ft

Wind on Exposed Stem psf0.0=

Lateral Load Applied to Stem

...Height to Top = 0.00 ft

...Height to Bottom = 0.00 ft

(Service Level)

Load Type
(Service Level)
Wind (W)=

Wind on Exposed Stem

Adjacent Footing Load

Wall to Ftg CL Dist = 0.00 ft

Adjacent Footing Load = 0.0 lbs Footing Type Line Load

Footing Width = 0.00 ft

Eccentricity = 0.00 in = 0.0 ft

Base Above/Below Soil

=Poisson's Ratio 0.300
at Back of Wall
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Wall Design Summary

Stability Ratios
Overturning = 8.74 OK

Sliding = 3.55 OK

Soil Bearing
Total Bearing Load = 7,558 lbs

...resultant ecc. = 9.19 in

Soil Pressure @ Toe = 370 psf  OK
Soil Pressure @ Heel = 1,204 psf  OK

Allowable = 2,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe = 518 psf
ACI Factored @ Heel = 1,685 psf

Footing Shear @ Toe = 3.9 psi  OK
Footing Shear @ Heel = 7.0 psi  OK

Allowable = 75.0 psi

*

Vertical component of active lateral soil pressure IS considered in the
calculation of soil bearing pressures.

lbs

*Includes water table effect

lbs

0.0

7,558.2

Totals =

0.0

737.6

Seismic-Self-weight
0.0

Sliding

Seismic Load

0.0

1,517.3

0.0

0.0

Added Lateral Load

800.0

0.0

0.0

Load @ Stem Above Soil

3,500.0

0.0

0.0

Surcharge Over Toe

0.0

0.0

0.0 Adjacent Footing

0.0 0.0

lbs

Surcharge over Heel

lbs

1,470.5

Force

Omit

Heel Active Pressure

Vertical Forces Force

**

Lateral Forces

Lateral on Key

Total Vertical Loads

1,470.5

Vert. Component

Sliding Calcs

Sloped Soil Over Heel

Lateral Sliding Force

Surcharge Over Heel

= 1,470.5

Axial Dead Load on Stem
Adjacent Footing Load

lbs

Soil Over Toe

less 100% Passive Force

less 100% Friction Force

Added Force Req'd

....for 1.5 Stability =

0.0=

2,645.4

2,569.4

=

=

0.0

-

lbs

lbs

lbs  OK

lbs  OK

-

Axial Live Load on Stem  *

Surcharge Over Toe

Earth @ Stem Transitions

Stem Weight(s)

Key Weight

Footing Weight

* Axial live load NOT included in total displayed , or used for overturning

Resisting Forces Sliding Forces

or sliding  resistance, but is included for soil pressure calculations.

Buoyant Force 0.0

0.0Water Over Heel
0.0Soil Over Heel (below water table, if any)

Soil Over Heel (above water table, if any) 1,003.3

Hydrostatic Force 0.0
0.0Heel Active Pressure (below water table, if any)

Heel Active Pressure (above water table, if any) 1,470.5
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Resisting Moments Force Distance Moment

Soil Over Heel 1,003.3

lbs

8.17

ft

8,195.6

ft-#

Sloped Soil Over Heel 0.0
Surcharge Over Heel 0.0
Adjacent Footing Load 0.0
Axial Dead Load on Stem 0.0

Axial Live Load on Stem  * 0.0
Soil Over Toe 3,500.0 3.50 12,250.0
Surcharge Over Toe 0.0
Stem Weight(s) 800.0 7.33 5,866.7
Earth @ Stem Transitions 0.0
Footing Weight 1,517.3 4.34 6,577.3

Key Weight 0.0
Vert. Component 737.6 8.67 6,395.1

Total Vertical Loads 7,558.2 lbs

39,284.6 ft-#

Eccentricity 3.2

Overturning

in

* Axial live load NOT included in total displayed, or used for overturning or sliding  resistance, but is included for soil pressure calculations.

Resisting Moment

Resisting Moments

0.0Water Table
Soil Over Heel  (below water table, if any) 0.0

8,195.68.171,003.3Soil Over Heel  (above water table, if any)

Overturning Moments Force Distance Moment
lbs ft ft-#

Surcharge over Heel 0.0
Adjacent Footing 0.0
Surcharge Over Toe 0.0
Load @ Stem Above Soil 0.0
Added Lateral Load 0.0
Seismic Load 0.0
Seismic-Self-weight 0.0

Totals = 1,470.5 lbs
Overturning Moment 4,493.2 ft-#

Overturning

Overturning Moments

Buoyant Force 0.0

0.0Hydrostatic Force
Heel Active Pressure (below water table, if any) 0.0

4,493.23.061,470.5Heel Active Pressure (above water table, if any)
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Stem Design Summary

Masonry Block Type = Medium Weight

Bottom

Stem OK

Design Height Above Ftg = 0.00ft

Wall Material Above "Ht" = Concrete

Thickness = 8.00
Rebar Size = # 5

Rebar Spacing = 12.00

Rebar Placed at = Center

Design Data

fb/FB + fa/Fa = 0.942

Total Force @ Section
=lbs

Moment....Actual
=ft-#

Moment.....Allowable = 5,069.7

Shear.....Actual
=psi

Shear.....Allowable = 75.0psi

Wall Weight = 100.0psf

Rebar Depth  'd' = 4.00in

Masonry Data
f'm =psi

Fs =psi

Solid Grouting =

Modular Ratio 'n' =

Short Term Factor =

Equiv. Solid Thick. =

Concrete Data
f'c = 2,500.0psi
Fy = 60,000.0

Masonry Design Method ASD=

psi

Service Level

= 1,792.0lbsStrength Level

Service Level

Strength Level = 4,778.7ft-#

Service Level

Strength Level = 37.3psi

Design Method = LRFD

Anet =in2
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Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing

As (based on applied moment) : 0.2885 in2/ft

(4/3) * As : 0.3846 in2/ft Min Stem T&S Reinf Area 1.536 in2

200bd/fy : 200(12)(4)/60000 : 0.16 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.192 in2/ft

0.0018bh : 0.0018(12)(8) : 0.1728 in2/ft Horizontal Reinforcing Options :

============ One layer of :        Two layers of :

Required Area : 0.2885 in2/ft #4@ 12.50 in          #4@ 25.00 in

Provided Area : 0.31 in2/ft #5@ 19.38 in          #5@ 38.75 in

Maximum Area : 0.5419 in2/ft #6@ 27.50 in          #6@ 55.00 in

7.00

1.67

14.00 =Min. As % 0.0018

Footing Dimensions & Strengths

f'c = 2,500 psiToe Width = ft

Heel Width =

Key Distance from Toe

Key Depth
Key Width 0.00

0.00

0.00

= in
= in

= ft

@ Top

=

Footing Thickness = in

8.67 ft=

Rebar Cover = 2.00

in@ Bottom 3.00

in

Total Footing Width = 150.00 pcfFooting Concrete Density

Fy = 60,000 psi

Footing Data

Footing Torsion, Tu =

Toe Heel

ft-lbs

Footing Design Results

0.00

Key:

Footing Allow. Torsion, phi Tu

=

=

No key defined

ft-lbs

Factored Pressure

If torsion exceeds allowable, provide supplemental design for footing torsion.

Mu' : Upward

0.00

Mu' : Downward

Mu:  Design

Actual 1-Way Shear

Allow 1-Way Shear

Toe: #4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

#4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

= None Spec'd

=

=

=

=

=

518

244,548

238,140

534

3.89

75.00

Heel:

1,685

1,097

1,894

-1,339

7.04

75.00

psf

ft-#

ft-#

ft-#

psi

psi

Heel Reinforcing = # 6 @ 16.00 in

Other Acceptable Sizes & Spacings

Key Reinforcing

Toe Reinforcing = # 7 @ 16.00 in

Min footing T&S reinf Area

Min footing T&S reinf Area per foot

If two layers of horizontal bars:

2.62

0.30

#4@ 15.87 in
#5@ 24.60 in
#6@ 34.92 in

in2

in2 /ft

If one layer of horizontal bars:
#4@  7.94 in
#5@ 12.30 in
#6@ 17.46 in
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Tilt

Horizontal Deflection at Top of Wall due to settlem ent of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.070 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Rebar Lap & Embedment Lengths Information

(Applying TMS 402 provisions) or (Applying IBC modifications to TMS 402 provisions)

________________________________________________________________________________________________________________________

Stem Design Segment: Bottom

Stem Design Height:       0.00 ft above top of footing

Lap Splice length for #5 bar specified in this stem design segment = 23.40 in

Development length for #5 bar specified in this stem design segment = 18.00 in

Hooked embedment length into footing for #5 bar specified in this stem design segment = 10.50 in

As Provided = 0.3100 in2/ft

As Required = 0.2885 in2/ft
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7.00

0.00

0.00

24.00

0.0

Criteria

Retained Height = ft

Wall height above soil = ft

Slope Behind Wall

Height of Soil over Toe in

Water height over heel = ft

=

=

Load Factors

Building Code IBC 2012,ACI
Dead Load 1.200
Live Load 1.600

Earth, H 1.600

Wind, W 1.000
Seismic, E 1.000

Soil Data and Lateral Earth Pressure

2,000.0

35.0

200.0

Active Heel Pressure = psf/ft
=

125.00= pcfSoil Density, Heel

=
Passive Pressure = psf/ft

Allow Soil Bearing = psf
Soil Density, Toe 125.00 pcf
Footing||Soil Friction = 0.350
Soil height to ignore

for passive pressure = 12.00 in

Equivalent Fluid Pressure Method

Surcharge Loads

0.0 0.0Surcharge Over Heel = psf Surcharge Over Toe
Used To Resist Sliding & Overturning Used for Sliding & Overturning

=

0.0

0.0

0.0

Axial Load Applied to Stem

Axial Dead Load = lbs

Axial Live Load = lbs

Axial Load Eccentricity = in

Lateral Load = 0.0 #/ft

Wind on Exposed Stem psf0.0=

Lateral Load Applied to Stem

...Height to Top = 0.00 ft

...Height to Bottom = 0.00 ft

(Service Level)

Load Type
(Service Level)
Wind (W)=

Wind on Exposed Stem

Adjacent Footing Load

Wall to Ftg CL Dist = 0.00 ft

Adjacent Footing Load = 0.0 lbs Footing Type Line Load

Footing Width = 0.00 ft

Eccentricity = 0.00 in = 0.0 ft

Base Above/Below Soil

=Poisson's Ratio 0.300
at Back of Wall
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Wall Design Summary

Stability Ratios
Overturning = 4.13 OK

Sliding = 2.21 OK

Soil Bearing
Total Bearing Load = 4,802 lbs

...resultant ecc. = 1.26 in

Soil Pressure @ Toe = 805 psf  OK
Soil Pressure @ Heel = 1,069 psf  OK

Allowable = 2,000 psf
Soil Pressure Less Than Allowable

ACI Factored @ Toe = 1,128 psf
ACI Factored @ Heel = 1,496 psf

Footing Shear @ Toe = 0.5 psi  OK
Footing Shear @ Heel = 4.3 psi  OK

Allowable = 75.0 psi

*

Vertical component of active lateral soil pressure IS considered in the
calculation of soil bearing pressures.

lbs

*Includes water table effect

lbs

0.0

4,802.1

Totals =

0.0

585.5

Seismic-Self-weight
0.0

Sliding

Seismic Load

0.0

787.5

0.0

0.0

Added Lateral Load

700.0

0.0

0.0

Load @ Stem Above Soil

250.0

0.0

0.0

Surcharge Over Toe

0.0

0.0

0.0 Adjacent Footing

0.0 0.0

lbs

Surcharge over Heel

lbs

1,167.2

Force

Omit

Heel Active Pressure

Vertical Forces Force

**

Lateral Forces

Lateral on Key

Total Vertical Loads

1,167.2

Vert. Component

Sliding Calcs

Sloped Soil Over Heel

Lateral Sliding Force

Surcharge Over Heel

= 1,167.2

Axial Dead Load on Stem
Adjacent Footing Load

lbs

Soil Over Toe

less 100% Passive Force

less 100% Friction Force

Added Force Req'd

....for 1.5 Stability =

0.0=

1,680.7

902.8

=

=

0.0

-

lbs

lbs

lbs  OK

lbs  OK

-

Axial Live Load on Stem  *

Surcharge Over Toe

Earth @ Stem Transitions

Stem Weight(s)

Key Weight

Footing Weight

* Axial live load NOT included in total displayed , or used for overturning

Resisting Forces Sliding Forces

or sliding  resistance, but is included for soil pressure calculations.

Buoyant Force 0.0

0.0Water Over Heel
0.0Soil Over Heel (below water table, if any)

Soil Over Heel (above water table, if any) 2,479.2

Hydrostatic Force 0.0
0.0Heel Active Pressure (below water table, if any)

Heel Active Pressure (above water table, if any) 1,167.2
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Resisting Moments Force Distance Moment

Soil Over Heel 2,479.2

lbs

3.08

ft

7,644.1

ft-#

Sloped Soil Over Heel 0.0
Surcharge Over Heel 0.0
Adjacent Footing Load 0.0
Axial Dead Load on Stem 0.0

Axial Live Load on Stem  * 0.0
Soil Over Toe 250.0 0.50 125.0
Surcharge Over Toe 0.0
Stem Weight(s) 700.0 1.33 933.3
Earth @ Stem Transitions 0.0
Footing Weight 787.5 2.25 1,771.9

Key Weight 0.0
Vert. Component 585.5 4.50 2,634.6

Total Vertical Loads 4,802.1 lbs

13,108.9 ft-#

Eccentricity -2.2

Overturning

in

* Axial live load NOT included in total displayed, or used for overturning or sliding  resistance, but is included for soil pressure calculations.

Resisting Moment

Resisting Moments

0.0Water Table
Soil Over Heel  (below water table, if any) 0.0

7,644.13.082,479.2Soil Over Heel  (above water table, if any)

Overturning Moments Force Distance Moment
lbs ft ft-#

Surcharge over Heel 0.0
Adjacent Footing 0.0
Surcharge Over Toe 0.0
Load @ Stem Above Soil 0.0
Added Lateral Load 0.0
Seismic Load 0.0
Seismic-Self-weight 0.0

Totals = 1,167.2 lbs
Overturning Moment 3,177.2 ft-#

Overturning

Overturning Moments

Buoyant Force 0.0

0.0Hydrostatic Force
Heel Active Pressure (below water table, if any) 0.0

3,177.22.721,167.2Heel Active Pressure (above water table, if any)
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Stem Design Summary

Masonry Block Type = Medium Weight

Bottom

Stem OK

Design Height Above Ftg = 0.00ft

Wall Material Above "Ht" = Concrete

Thickness = 8.00
Rebar Size = # 5

Rebar Spacing = 12.00

Rebar Placed at = Center

Design Data

fb/FB + fa/Fa = 0.631

Total Force @ Section
=lbs

Moment....Actual
=ft-#

Moment.....Allowable = 5,069.7

Shear.....Actual
=psi

Shear.....Allowable = 75.0psi

Wall Weight = 100.0psf

Rebar Depth  'd' = 4.00in

Masonry Data
f'm =psi

Fs =psi

Solid Grouting =

Modular Ratio 'n' =

Short Term Factor =

Equiv. Solid Thick. =

Concrete Data
f'c = 2,500.0psi
Fy = 60,000.0

Masonry Design Method ASD=

psi

Service Level

= 1,372.0lbsStrength Level

Service Level

Strength Level = 3,201.3ft-#

Service Level

Strength Level = 28.6psi

Design Method = LRFD

Anet =in2
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Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing

As (based on applied moment) : 0.1933 in2/ft

(4/3) * As : 0.2577 in2/ft Min Stem T&S Reinf Area 1.344 in2

200bd/fy : 200(12)(4)/60000 : 0.16 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.192 in2/ft

0.0018bh : 0.0018(12)(8) : 0.1728 in2/ft Horizontal Reinforcing Options :

============ One layer of :        Two layers of :

Required Area : 0.1933 in2/ft #4@ 12.50 in          #4@ 25.00 in

Provided Area : 0.31 in2/ft #5@ 19.38 in          #5@ 38.75 in

Maximum Area : 0.5419 in2/ft #6@ 27.50 in          #6@ 55.00 in

1.00

3.50

14.00 =Min. As % 0.0018

Footing Dimensions & Strengths

f'c = 2,500 psiToe Width = ft

Heel Width =

Key Distance from Toe

Key Depth
Key Width 0.00

0.00

0.00

= in
= in

= ft

@ Top

=

Footing Thickness = in

4.50 ft=

Rebar Cover = 2.00

in@ Bottom 3.00

in

Total Footing Width = 150.00 pcfFooting Concrete Density

Fy = 60,000 psi

Footing Data

Footing Torsion, Tu =

Toe Heel

ft-lbs

Footing Design Results

0.00

Key:

Footing Allow. Torsion, phi Tu

=

=

No key defined

ft-lbs

Factored Pressure

If torsion exceeds allowable, provide supplemental design for footing torsion.

Mu' : Upward

0.00

Mu' : Downward

Mu:  Design

Actual 1-Way Shear

Allow 1-Way Shear

Toe: #4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

#4@ 7.93 in, #5@ 12.30 in, #6@ 17.46 in, #7@ 23.80 in, #8@ 31.34 in, #9@ 39

= None Spec'd

=

=

=

=

=

1,128

6,930

3,060

322

0.52

75.00

Heel:

1,496

5,293

7,712

-2,446

4.32

75.00

psf

ft-#

ft-#

ft-#

psi

psi

Heel Reinforcing = # 8 @ 31.34 in

Other Acceptable Sizes & Spacings

Key Reinforcing

Toe Reinforcing = # 5 @ 12.30 in

Min footing T&S reinf Area

Min footing T&S reinf Area per foot

If two layers of horizontal bars:

1.36

0.30

#4@ 15.87 in
#5@ 24.60 in
#6@ 34.92 in

in2

in2 /ft

If one layer of horizontal bars:
#4@  7.94 in
#5@ 12.30 in
#6@ 17.46 in
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :West Planter Wall - Grid 'B' Page :  6
Dsgnr: STT Date: 22 MAR 2021
Description....
West Planter Wall - Grid 'B'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Tilt

Horizontal Deflection at Top of Wall due to settlem ent of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.070 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :West Planter Wall - Grid 'B' Page :  7
Dsgnr: STT Date: 22 MAR 2021
Description....
West Planter Wall - Grid 'B'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :

Rebar Lap & Embedment Lengths Information

(Applying TMS 402 provisions) or (Applying IBC modifications to TMS 402 provisions)

________________________________________________________________________________________________________________________

Stem Design Segment: Bottom

Stem Design Height:       0.00 ft above top of footing

Lap Splice length for #5 bar specified in this stem design segment = 23.40 in

Development length for #5 bar specified in this stem design segment = 18.00 in

Hooked embedment length into footing for #5 bar specified in this stem design segment = 10.50 in

As Provided = 0.3100 in2/ft

As Required = 0.1933 in2/ft
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :West Planter Wall - Grid 'B' Page :  8
Dsgnr: STT Date: 22 MAR 2021
Description....
West Planter Wall - Grid 'B'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number :
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Petrie Pool Terrace
2431 60th Avenue SE
Mercer Island, Washington

Title :West Planter Wall - Grid 'B' Page :  9
Dsgnr: STT Date: 22 MAR 2021
Description....
West Planter Wall - Grid 'B'

This Wall in File:
Enercalc EARTH (c) 1987-2019,  Build 11.20.03.31

Cantilevered Retaining Wall Code: IBC 2012,ACI 318-11,ACI 530-11License : KW-06011595
License To : archeng2330, KW-06011595

Project Name/Number : 72
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