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STRUCTURAL CALCULATIONS 
 

FOR 
 

OSPREY RANCH WATER TANK 

 
Client: Great Basin Engineering, Inc. 
 
Project Number: 21498 
 
 

DESIGN CRITERIA 
 
GOVERNING CODE: IBC 2018 
 
GENERAL: Risk Category = IV 
 
SEISMIC: Seismic Design Category = D 
  IE = 1.5    

SDS= 0.810 SD1= 0.364  
 

SOILS: Site Class: C 
Design Allowable Soil Bearing Pressure = 3000 psf 
Soils report by: Christensen Geotechnical 
Report Number: 133-014 
Dated: January 7, 2021 





Hazards by Location

Search Information

Address: 137 W 17th St, Ogden, UT 84404, USA

Coordinates: 41.29328, -111.84988

Elevation: 5705 ft

Timestamp: 2022-01-26T00:51:27.088Z

Hazard Type: Seismic

Reference

Document:

ASCE7-16

Risk Category: IV

Site Class: C

MCER Horizontal Response Spectrum Design Horizontal Response Spectrum

Basic Parameters

Name Value Description

SS 1.013 MCER ground motion (period=0.2s)

S1 0.364 MCER ground motion (period=1.0s)

SMS 1.215 Site-modified spectral acceleration value

SM1 0.546 Site-modified spectral acceleration value

SDS 0.81 Numeric seismic design value at 0.2s SA

SD1 0.364 Numeric seismic design value at 1.0s SA

Additional Information

Name Value Description

SDC D Seismic design category

Fa 1.2 Site amplification factor at 0.2s

Fv 1.5 Site amplification factor at 1.0s

CRS 0.874 Coefficient of risk (0.2s)
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CR1 0.871 Coefficient of risk (1.0s)

PGA 0.45 MCEG peak ground acceleration

FPGA 1.2 Site amplification factor at PGA

PGAM 0.54 Site modified peak ground acceleration

TL 8 Long-period transition period (s)

SsRT 1.013 Probabilistic risk-targeted ground motion (0.2s)

SsUH 1.158 Factored uniform-hazard spectral acceleration (2% probability of

exceedance in 50 years)

SsD 1.623 Factored deterministic acceleration value (0.2s)

S1RT 0.364 Probabilistic risk-targeted ground motion (1.0s)

S1UH 0.418 Factored uniform-hazard spectral acceleration (2% probability of

exceedance in 50 years)

S1D 0.682 Factored deterministic acceleration value (1.0s)

PGAd 0.633 Factored deterministic acceleration value (PGA)

The results indicated here DO NOT reflect any state or local amendments to the values or any delineation lines made during the building code

adoption process. Users should confirm any output obtained from this tool with the local Authority Having Jurisdiction before proceeding with

design.

Disclaimer

Hazard loads are provided by the U.S. Geological Survey Seismic Design Web Services.

While the information presented on this website is believed to be correct, ATC and its sponsors and contributors assume no responsibility or liability

for its accuracy. The material presented in the report should not be used or relied upon for any specific application without competent examination

and verification of its accuracy, suitability and applicability by engineers or other licensed professionals. ATC does not intend that the use of this

information replace the sound judgment of such competent professionals, having experience and knowledge in the field of practice, nor to substitute

for the standard of care required of such professionals in interpreting and applying the results of the report provided by this website. Users of the

information from this website assume all liability arising from such use. Use of the output of this website does not imply approval by the governing

building code bodies responsible for building code approval and interpretation for the building site described by latitude/longitude location in the

report.
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Program Authors: TAB & DOC

21498 Last Revised 10/20/2010

MOW Reviewed By: TAB

2/8/2022

f'c 4500 psi

Dtank 70 ft Limit Ring Tension Stress in Concrete Wall from 7% to 12% of f'c

Htank 10.33 ft

twall 12 in For given t and H
2
/Dt, with a hinged base/free top (Table A-5)

Fluid Pressure 62.4 pcf

Soil Pressure 103 pcf Max Coefficient= 0.380 (Table A-5)

Es 29000000 psi

Ec 3823676.24 psi wu 169 pcf

n 7.6 Tmax 23158 lbs.

Surcharge 100 pcf Tunfactored 8571 lbs.

Soil on Lid 1 ft As(req'd) 0.43 in
2 F'c 377

Load Factor As(used) 0.62 in
2 0.33f'c 1485

Fliquid pressure 1.4 OK

FSoil pressure 1.6

Environmental Ft(conc) 94 psi

Durability Factor

Flexure (liquid) 1.93 This equates to 2.09 % of f'c

Tension (liquid) 1.93 Wall thickness is OK

Flexure (soil) 1.69

Compression (soil) 1

H
2
/Dt 1.52

The Following Load Cases were used in Analysis:

Load Case #1: Full of Water, No Lid, No Backfill

Load Case #2: Empty, No Lid, w/Backfill

Load Case #3: Empty, w/Lid, w/Backfill

Load Case #4: Full of Water, w/Lid, Ignore Backfill

Load Case #1-Full of Water, No Lid, No Backfill

Assume Free Top/Hinged Base (Tables A-5 and A-7)

Effects of Possible outward movement will be handled by designing the entire portion of the wall for the maximum Ring Tension and Moment

Ring Force=(A-5 Coef.)wuHR wuHR= 60959.06544

Moment =(A-7 Coef.)wuH
3

wuH
3
= 185853.5662

A-5 Coef. RF A-7 Coef. Moment

(#) (#-ft/ft)

Top 0.286 17430 0 0

0.1H 0.313 19070 0.0013 237

0.2H 0.345 21017 0.0047 867

0.3H 0.368 22413 0.0095 1762

0.4H 0.380 23158 0.0151 2807

0.5H 0.377 22985 0.0203 3772

0.6H 0.352 21457 0.0244 4541

0.7H 0.303 18473 0.0263 4883

0.8H 0.224 13662 0.0238 4421

0.9H 0.119 7259 0.0158 2937

Bottom 0.000 0 0 0

Compression Check

OK

Design Criteria

(Based on the 1993 PCA Document)

Circular Concrete Tanks without Prestressing

Estimation of Tank Wall Thickness

Project Name Osprey Ranch Water Tank

Project #

Prepared By

Date



Program Authors: TAB & DOC

21498 Last Revised 1/19/2006

MOW Reviewed By: TMD

2/8/2022

Load Case #2-Empty, w/ Lid, w/ Backfill

Use Durability Coefficients as Noted Previous

Soil Over Lid= 1 ft

p 100

Ring Force=(A-5 Coef.)wuHR+(A-6 Coef.)pR Moment=(A-7 Coef.)(wuh
3
+ph

2
)

wuHR= -114996 wuh
3
+ph

2
= -335859

pR= -10808

A-5 Coef RF A-6 Coef. RF Total RF A-7 Coef. Moment

(#) (#) (#) (#-ft/ft)

Top 0.286 -32881 1.286 -13898.3148 -46779 0 0

0.1H 0.313 -35974 1.213 -13108.22696 -49082 0.0013 -428

0.2H 0.345 -39648 1.145 -12372.77529 -52021 0.0047 -1567

0.3H 0.368 -42281 1.068 -11539.45545 -53821 0.0095 -3183

0.4H 0.380 -43687 0.980 -10590.73616 -54277 0.0151 -5073

0.5H 0.377 -43361 0.877 -9479.300687 -52840 0.0203 -6816

0.6H 0.352 -40477 0.747 -8074.856864 -48552 0.0244 -8206

0.7H 0.303 -34848 0.603 -6517.654853 -41366 0.0263 -8825

0.8H 0.224 -25773 0.424 -4583.872864 -30357 0.0238 -7989

0.9H 0.119 -13695 0.219 -2367.89052 -16062 0.0158 -5307

Bottom 0.000 0 0.000 0 0 0 0

Load Case #3-Empty, No Lid, w/Backfill

Apply a shear force (V) @ top of wall to make Ring Tension = 0 @ top of Wall

When top of tank is free, Ring Force (LC#2) = -46779 #

At top of wall (0.0H) from table A-8, Coefficient= -4.45 #

Therefore, the shear force (V) required to produce zero ring force at the top of the tank=

(Coef. A-8 @ 0.0H)(VR/H)=(Ring Force from LC#2)

Therefore

V= -3101 #

VR/H= -10505 #

DeltaRF=Change in Ring Force Due to V applied @ the top of wall

DeltaRF=(A-8 Coef.)(VR/H)

Find the change in moment (Deltamom) due to the V applied @ top.

If SD for moment is less than SD for compression, then V is reduced by (SDM/SDC)

Deltamom=(A-9 Coef.)VH

VH= -32029

A-8 Coef. DeltaRF LC#2 RF Total RF A-9 Coef. Deltamom LC #2 Moment Total Moment

(#) (#) (#) (#-ft/ft) (#-ft/ft) (#-ft/ft)

Top -4.453 46779 -46779 0 0 0 0 0

0.1H -3.470 36455 -49082 -12627 0.0796 -2548 -428 -2977

0.2H -2.570 26996 -52021 -25025 0.1239 -3968 -1567 -5535

0.3H -1.798 18890 -53821 -34931 0.1424 -4561 -3183 -7744

0.4H -1.185 12450 -54277 -41827 0.1429 -4577 -5073 -9650

0.5H -0.713 7487 -52840 -45353 0.1314 -4209 -6816 -11025

0.6H -0.383 4020 -48552 -44532 0.1126 -3605 -8206 -11811

0.7H -0.177 1860 -41366 -39507 0.0897 -2873 -8825 -11697

0.8H -0.059 625 -30357 -29732 0.0654 -2096 -7989 -10085

0.9H -0.012 125 -16062 -15937 0.0402 -1288 -5307 -6595

Bottom 0.000 0 0 0 0.0150 -479 0 -479

Project #

Date

Project Name Osprey Ranch Water Tank

Prepared By



Program Authors: TAB & DOC

21498 Last Revised 1/19/2006

MOW Reviewed By: TMD

2/8/2022

Load Case #4-Full of Water, w/Lid, ignore Backfill

Add the effects of shear @ the top of the tank to LC #1

At the top of the wall - Coefficient from Table A-8= -4.45 #

(Coef. A-8 @ 0.0H)(VR/H) = (Ring Force from LC#1)

V= 1155 #

VR/H= 3914 # (For Ring Force)

VH= 11934 # (For Moment)

A-8 Coef. DeltaRF LC#1 RF Total RF A-9 Coef. Deltamom LC#1 Moment Total Moment

(#) (#) (#) (#-ft/ft) (#-ft/ft) (#-ft/ft)

Top -4.45 -17430 17430 0 0 0 0 0

0.1H -3.47 -13583 19070 5487 0.080 950 237 1187

0.2H -2.57 -10059 21017 10958 0.124 1479 867 2345

0.3H -1.80 -7038 22413 15375 0.142 1699 1762 3461

0.4H -1.19 -4639 23158 18519 0.143 1706 2807 4513

0.5H -0.71 -2790 22985 20196 0.131 1568 3772 5340

0.6H -0.38 -1498 21457 19959 0.113 1343 4541 5884

0.7H -0.18 -693 18473 17780 0.090 1070 4883 5954

0.8H -0.06 -233 13662 13429 0.065 781 4421 5202

0.9H -0.01 -47 7259 7213 0.040 480 2937 3417

Bottom 0 0 0 0 0.015 179 0 179

Envelope of Ring Forces

LC#1 LC#2 LC#3 LC#4 Max Min

Top 17430 -46779 0 0 17430 -46779

0.1H 19070 -49082 -12627 5487 19070 -49082

0.2H 21017 -52021 -25025 10958 21017 -52021

0.3H 22413 -53821 -34931 15375 22413 -53821

0.4H 23158 -54277 -41827 18519 23158 -54277

0.5H 22985 -52840 -45353 20196 22985 -52840

0.6H 21457 -48552 -44532 19959 21457 -48552

0.7H 18473 -41366 -39507 17780 18473 -41366

0.8H 13662 -30357 -29732 13429 13662 -30357

0.9H 7259 -16062 -15937 7213 7259 -16062

Bottom 0 0 0 0 0 0

Tension Compression

Bottom 0 0

0.9H 7 -16

0.8H 14 -30

0.7H 18 -41

0.6H 21 -49

0.5H 23 -53

0.4H 23 -54

0.3H 22 -54

0.2H 21 -52

0.1H 19 -49

Top 17 -47

Date

Prepared By

Project Name Osprey Ranch Water Tank

Project #
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Program Authors: TAB & DOC

21498 Last Revised 1/19/2006

MOW Reviewed By: TMD

2/8/2022

Envelope of Moments

LC#1 LC#2 LC#3 LC#4 Max Min

Top 0 0 0 0 0 0

0.1H 237 -428 -2977 1187 1187 -2977

0.2H 867 -1567 -5535 2345 2345 -5535

0.3H 1762 -3183 -7744 3461 3461 -7744

0.4H 2807 -5073 -9650 4513 4513 -9650

0.5H 3772 -6816 -11025 5340 5340 -11025

0.6H 4541 -8206 -11811 5884 5884 -11811

0.7H 4883 -8825 -11697 5954 5954 -11697

0.8H 4421 -7989 -10085 5202 5202 -10085

0.9H 2937 -5307 -6595 3417 3417 -6595

Bottom 0 0 -479 179 179 -479

Tension O.F. Tension I.F.

Bottom 0 0

0.9H 3 -7

0.8H 5 -10

0.7H 6 -12

0.6H 6 -12

0.5H 5 -11

0.4H 5 -10

0.3H 3 -8

0.2H 2 -6

0.1H 1 -3

Top 0 0

Prepared By

Date

Project Name

Project #
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4:57:52 PM

Version Date:  12/16/20 Author TAB

Job Title Job # 21498

Engineer MOW

Roof Slab Design

Min Thickness

Slab Span 17.5 ft Est. Column Thickness 16 in

hmin 5.88 in

Use Slab Thickness 8 in d 5.0625 in

f'c 4500 psi fy 60 ksi

Loads

Dead Load 115 psf

Live Load 20 psf

Soil Load 0 psf

Snow Load 86 psf

WU 295.6 psf

Shear Capacity of Slab

Round Column Dim 16 in

bo 66.1698 in

VU 90.5275 kips

φVC (No Drop Panel) 67.4143 kips NG Use Drop Panel

Drop Panel Dimension 6 ft square Wide enough to reduce negative moment reinforcing

New bo 308.25 in

φVC Drop Panel 314.048 kips Ok

Drop Panel Thickness 4 in

bo 80.1106 in

φVC 153.159 kips Ok

Concrete Water Tank - Roof Design

Osprey Ranch Water Tank



Flexural Design by Direct Design Method Of ACI 318

l2 17.5 ft Sd 1.93

ln 16.1667 ft Strip Width 8.75 ft

MO 169.003 K-ft

Exterior Span M
+
 factor 0.63 Exterior M

+
 factored Moment 106.47 k-ft

Exterior Span M
-
 factor 0.75 Exterior M

-
 factored Moment 126.75 k-ft

Interior Span M
+
 factor 0.35 Interior M

+
 factored Moment 59.151 k-ft

Interior Span M
-
 factor 0.65 Interior M

-
 factored Moment 109.85 k-ft

Col Strip Factored Mom. Mid Strip Factored Mom

 M
+

0.6 0.4

Exterior M
-

1 0.25

Interior M
-

0.75 0.25

Exterior Positive Moment

Column Strip 123.294 k-ft Middle Strip 82.196 k-ft

Moment per foot of width 14.0908 k-ft/ft Moment per foot of width 9.3938 k-ft/ft

Mu/φ 15.6564 k-ft/ft Mu/φ 10.438 k-ft/ft

Mu/φ 187.877 k-in/ft Mu/φ 125.25 k-in/ft

As 0.67785 in^2 As 0.437 in^2

a 0.88607 a 0.5712

#4 Bar Spacing 3.54 in oc #4 Bar Spacing 5.49 in oc

#5 Bar Spacing 5.49 in oc #5 Bar Spacing 8.51 in oc

#6 Bar Spacing 7.79 in oc #6 Bar Spacing 12.08 in oc

#7 Bar Spacing 10.62 in oc #7 Bar Spacing 16.48 in oc

#8 Bar Spacing 13.99 in oc #8 Bar Spacing 21.69 in oc

Exterior Negative Moment

d 5.0625 in

Column Strip 244.631 k-ft Middle Strip 61.158 k-ft

Moment per foot of width 27.9579 k-ft/ft Moment per foot of width 6.9895 k-ft/ft

Mu/φ 31.0643 k-ft/ft Mu/φ 7.7661 k-ft/ft

Mu/φ 372.772 k-in/ft Mu/φ 93.193 k-in/ft

As 1.5291 in^2 As 0.32 in^2

a 1.99882 a 0.4183

#4 Bar Spacing 1.57 in oc #4 Bar Spacing 7.50 in oc

#5 Bar Spacing 2.43 in oc #5 Bar Spacing 11.62 in oc

#6 Bar Spacing 3.45 in oc #6 Bar Spacing 16.50 in oc

#7 Bar Spacing 4.71 in oc #7 Bar Spacing 22.50 in oc

#8 Bar Spacing 6.20 in oc #8 Bar Spacing 29.62 in oc

Reduced column strip negative reinforcement if drop panel is wide enough to increase d

Increased d 9.0625 in extend drop panel L/6 past column each side to increase d

Column Strip 244.631 k-ft

Moment per foot of width 27.9579 k-ft/ft

Mu/φ 31.0643 k-ft/ft

Mu/φ 372.772 k-in/ft

As 0.74373 in^2

a 1.41779

#4 Bar Spacing 3.23 in oc

#5 Bar Spacing 5.00 in oc

#6 Bar Spacing 7.10 in oc

#7 Bar Spacing 9.68 in oc

#8 Bar Spacing 12.75 in oc



Interior Positive Moment

Column Strip 68.4968 k-ft Middle Strip 45.665 k-ft

Moment per foot of width 7.8282 k-ft/ft Moment per foot of width 5.2188 k-ft/ft

Mu/φ 8.698 k-ft/ft Mu/φ 5.7987 k-ft/ft

Mu/φ 104.376 k-in/ft Mu/φ 69.584 k-in/ft

As 0.36039 in^2 As 0.2363 in^2

a 0.4711 a 0.3089

#4 Bar Spacing 6.66 in oc #4 Bar Spacing 10.16 in oc

#5 Bar Spacing 10.32 in oc #5 Bar Spacing 15.74 in oc

#6 Bar Spacing 14.65 in oc #6 Bar Spacing 22.35 in oc

#7 Bar Spacing 19.98 in oc #7 Bar Spacing 30.47 in oc

#8 Bar Spacing 26.30 in oc #8 Bar Spacing 40.12 in oc

Interior Negative Moment

d 5.0625 in

Column Strip 159.01 k-ft Middle Strip 53.003 k-ft

Moment per foot of width 18.1726 k-ft/ft Moment per foot of width 6.0575 k-ft/ft

Mu/φ 20.1918 k-ft/ft Mu/φ 6.7306 k-ft/ft

Mu/φ 242.301 k-in/ft Mu/φ 80.767 k-in/ft

As 0.90297 in^2 As 0.2757 in^2

a 1.18035 a 0.3604

#4 Bar Spacing 2.66 in oc #4 Bar Spacing 8.70 in oc

#5 Bar Spacing 4.12 in oc #5 Bar Spacing 13.49 in oc

#6 Bar Spacing 5.85 in oc #6 Bar Spacing 19.15 in oc

#7 Bar Spacing 7.97 in oc #7 Bar Spacing 26.11 in oc

#8 Bar Spacing 10.50 in oc #8 Bar Spacing 34.38 in oc

Reduced column strip negative reinforcement if drop panel is wide enough to increase d

Increased d 9.0625 in extend drop panel L/6 past column each side to increase d

Column Strip 159.01 k-ft

Moment per foot of width 18.1726 k-ft/ft

Mu/φ 20.1918 k-ft/ft

Mu/φ 242.301 k-in/ft

As 0.46872 in^2

a 0.89353

#4 Bar Spacing 5.12 in oc

#5 Bar Spacing 7.94 in oc

#6 Bar Spacing 11.26 in oc

#7 Bar Spacing 15.36 in oc

#8 Bar Spacing 20.23 in oc

How Far past support must negative moment reinf. Extend?

Column Strip 5.335 ft Use 5.5 ft

Middle Strip 3.55667 ft Use 4 ft







Concrete Column
ARW ENGINEERSLic. # : KW-06002489

DESCRIPTION: Columns

Title Block Line 1

You can change this area

using the "Settings" menu item

and then using the "Printing &
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.
Code References

Calculations per ACI 318-14, IBC 2018, CBC 2019, ASCE 7-16

Load Combinations Used : IBC 2018

ASTM A615 Bars Used

4.50 ksi

fy - Main Rebar 60.0 ksi

Density = 150.0 pcf

E - Main Rebar 29,000.0

=

ksi

β 0.8250

ksi

Min. Reinf. 1.0%
=Max. Reinf. 8.0%

10.330

Allow. Reinforcing Limits

3,823.68E =
Overall Column Height ft=

General Information

=

=

f'c : Concrete 28 day strength
End Fixity Top & Bottom Pinned=

=
=

Y-Y (depth) axis :

X-X (width) axis :

Unbraced Length for buckling ABOUT X-X Axis = 10.330 ft, K = 1.0

Unbraced Length for buckling ABOUT Y-Y Axis = 10.330 ft, K = 1.0

Brace condition for deflection (buckling) along columns :

..

16.0in Diameter, Column Edge to Rebar

Edge Cover = 2.0in

Column Reinforcing :

Column Dimensions :

8 - #5 bars

Column Cross Section

.Applied Loads Entered loads are factored per load combinations specified by user.

Column self weight included : 2,163.51 lbs * Dead Load Factor

AXIAL LOADS . . .

Axial Load at 10.330 ft above base, D = 54.0, S = 34.80 k

BENDING LOADS . . .

Lat. Uniform Load creating Mx-x, H = 0.210 k/ft
.DESIGN SUMMARY

Maximum Stress Ratio                   =

Location of max.above base 10.261 ft

Pu = 123.076 k * Pn = 472.355 k

Mu-x = 4.482 k-ft

Load Combination +1.20D+1.60S+1.60H

0.0 k-ft

General Section Information . . .

: 10.260

Ratio = (Pu^2+Mu^2)^.5 / (PhiPn^2+PhiMn^2)^.5

* Mn-x =

ϕ
-16.664 k-ft

* Mn-y =Mu-y = 0.0 k-ft

Maximum SERVICE Load Reactions . .

Top along Y-Y 0.0 k Bottom along Y-Y 0.0 k
Top along X-X 1.085 k Bottom along X-X 1.085 k

Maximum SERVICE Load Deflections . . .

Along Y-Y 0.004421 in at 5.20 ft above base
ϕ

for load combination : +D+H

Along X-X 0.0 in at 0.0 ft

Column Capacities . . .

above base0.0 degMu Angle =
for load combination :k-ft

Pn & Mn values located at Pu-Mu vector intersection with capacity curve

ϕMu at Angle =

0.8250

k-ft17.449Mn at Angle =4.482

1.233 % Rebar % Ok

0.650

201.062 in^2

2.480 in^2

ϕ

ρ
k908.38

Pn, max : Usable Compressive Axial Capacity

Pnmax : Nominal Max. Compressive Axial Capacity

k

: % Reinforcing
β = θ

Pnmin : Nominal Min. Tension Axial Capacity

472.355

ϕ

k
Pn, min : Usable Tension Axial Capacity k

ϕ Concrete  Area

ϕ

0.80

Reinforcing Area

==

.Governing Load Combination Results

Load Combination
Dist. from

δ

Axial Load
k

k-ft
MomentGoverning Factored Bending Analysis

Utilization
δbase ftY-Y Pu * Pn x * Mux MuδAlpha  (deg)x δ yϕ ϕX-X Mn Ratioδy * Muy

+1.40D+1.60H 78.6310.26 472.36 4.48 27.19 0.1660.000Actual 4.481.000
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Governing Load Combination Results

Load Combination
Dist. from

δ

Axial Load
k

k-ft
MomentGoverning Factored Bending Analysis

Utilization
δbase ftY-Y Pu * Pn x * Mux MuδAlpha  (deg)x δ yϕ ϕX-X Mn Ratioδy * Muy

+1.20D+1.60H 67.4010.26 472.36 4.48 31.28 0.1430.000Actual 4.481.000
+1.20D+0.50S+1.60H 84.8010.26 472.36 4.48 25.74 0.1780.000Actual 4.481.000
+1.20D+1.60S+1.60H 123.0810.26 472.36 4.48 17.45 0.2600.000Actual 4.481.000
+1.20D+0.70S+1.60H 91.7610.26 472.36 4.48 23.18 0.1940.000Actual 4.481.000
+0.90D+0.90H 50.5510.26 472.36 2.52 23.18 0.1070.000Actual 2.521.000

.

k k-ft

Note: Only non-zero reactions are listed.

Load Combination

X-X Axis Reaction Y-Y Axis Reaction Axial Reaction

@ Base @ Top @ Base@ Base @ Top

Maximum Reactions

@ Base @ Base@ Top @ Top

My - End Moments Mx - End Moments

+D+H 1.085 56.1641.085

+D+S+H 1.085 90.9641.085

+D+0.750S+H 1.085 82.2641.085

+0.60D+0.60H 0.651 33.6980.651

D Only 56.164

S Only 34.800

H Only 1.0851.085

Note: Only non-zero reactions are listed.

Load Combination

Moment About X-X Axis Moment About Y-Y Axis

@ Base @ Top@ Base @ Top

Maximum Moment Reactions

+D+H k-ft k-ft
+D+S+H k-ft k-ft
+D+0.750S+H k-ft k-ft
+0.60D+0.60H k-ft k-ft
D Only k-ft k-ft
S Only k-ft k-ft
H Only k-ft k-ft

.Maximum Deflections for Load Combinations
Max. X-X Deflection Max. Y-Y Deflection DistanceLoad Combination Distance

+D+H 0.0000 0.004 5.200 ftft inin 0.000

+D+S+H 0.0000 0.004 5.200 ftft inin 0.000

+D+0.750S+H 0.0000 0.004 5.200 ftft inin 0.000

+0.60D+0.60H 0.0000 0.003 5.200 ftft inin 0.000

D Only 0.0000 0.000 0.000 ftft inin 0.000

S Only 0.0000 0.000 0.000 ftft inin 0.000

H Only 0.0000 0.004 5.200 ftft inin 0.000

.
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JOB TITLE:  Osprey Ranch Water Tank JOB #: 21498

WALL LOCATION:  0 DESIGNED BY: MOW

Dtank 70 ft

HL 10.33 ft

g 32.17 ft/s
2

λ 7.657462694

TC 6.865054648 s

SD1 0.364 g

SDS 0.81 g

TS 0.449382716 s

CC 0.04124851

I 1.5

dmax 2.165546764 ft Required Freeboard 

Tank Volume 250000 Gallons

Ht to Water 8.684072089 ft

New HL 8.68 ft Height to Liquid after Freeboard Check (IF desired to change from above)

New df 1.65 ft

hn 9.35 ft height above base to highest level of structure

T 0.106939637 s Approximate Fundamental Period as Per ASCE 7 eqn 12.8-7

To 0.089876543 s Per ASCE 7

TL 8 s Per ASCE 7 (fig 22-15)

Sa 0.405463317 g For periods less than To

Sa 0.81 g For periods >= to To and <= to Ts
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Find Pressure at Roof to Shell interface from insufficient freeboard depth.

SA (TC) 0.053022156 g Spectral Acceleration at Tc

Theta 3.035103656 degrees Angle of free surface at sloshing load

hr 1 ft height from top of wall to underside of topmost point of lid

VEMPTY 7632.761151 ft
3

Empty Volume of tank above water

d 1.855775468 ft Vertical displacement of liquid surface

df/d 0.889116183

hr/d 0.538858293

Xf/R 0.1 Fig 6 from "Earthquake Induced Sloshing in Tanks with insufficient Freeboard"

Xf 3.5 ft

ρ 1.94 slugs/ft
3

mass density of liquid

Pmax 6.60 psf Weight of Roof is heavier, therefore ok

Fmax 11.55 plf #5 Radial Dowels @ 8" o.c. okay (Roof Slab to Wall)



Weight

D/HL 8.064516129

Wi/WL 0.17 PCA EB219 fig 4-4 (b)

Wc/WL 0.76 PCA EB219 fig 4-4 (b)

WL 2171 kips Weight Of Water

Wi 369 kips Impulsive Weight

Wc 1650 kips Convective Weight

Tw 12 inches Wall Thickness Douter 72.00 ft

Tr 8 inches Roof Thickness

WW 346 kips Weight of Walls

WR 407 kips Weight of Roof

Period

Cw 0.117 PCA EB219 fig 4-10

CL 0.20

Ec 3824 ksi Elastic Modulus of Concrete

ρc 4.66 #-s/ft
4

Mass Density of Concrete

ωI 247.6733874 rad/s

TI 0.03 s

Base Shear

R 1.5 Response Modification Factor

Csi 0.81

Csi (min) 14.35

Csc 0.81

Csc (min) 0.05

Vi 909 kips Impulsive Base Shear

Vc 87 kips Convective Base Shear

VT 913 kips Total Base Shear



Overturning Moment

hi/HL 0.38 PCA EB219  fig 4-5 (b)

hc/HL 0.54 PCA EB219  fig 4-5 (b)

hi 3.2984 ft

hc 4.6872 ft

hw 5.165 ft

Mi 5839 kip ft Impulsive

Mc 518 kip ft Convective (Per ACI 350)

MT 5862 kip ft Total

Overall Stability Check

Sliding (Neglecting Backfill)

  Weight of tank w/out contents:

Walls 346 kips

Roof 407 kips

Columns 19 kips

Base Slab 396 kips

Water 2171 kips

Total Weight 3339 kips

Friction Coeff 0.35

Base Shear 913

Safety Factor 1.280278195 ok

Overturning

OTM 5862 kip ft

RM 116881 kip ft

Safety Factor 19.9 ok

Design of Walls for In-Plane Loading

Vu 913 kips Base Shear

Vc 6.6 kips/ft Shear in wall

αc 3 See ACI 318 eqn 18.10.4.1

ρt 0.004306 See ACI 318 eqn 18.10.4.1 #5 at 12" oc EF

φVn 48.4 kips/ft ok

PER PCA EB219 for D>>H out of plane bending effects are small and can be neglected.


