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TanK  Goometry

‘InS{AE Diameter = 53|'O‘l

(1) i covmag spaced @ 178" o,
Wal heigwt= 1140
overflow @ 156"
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ENGINEERS

County:

UTAH SNOW LOAD STUDY

Version Date: July 20, 2012
Project: Liberty Upper System Tank

Description:
Weber
43 psf
63 psf/1000 ft.
4.5 ft./1000
5975 ft.
. 102.4 psf

author:TAB

AND TOWNS'*

Reviewed by: TMD

Table No. 1608.1.2 (b) REQUIRED SNOW LOADS FOR SELECTED UTAH CITIES

The following jurisdictions require design snow load values that differ from the

equation in the Utah Snow Load Study.
Ground Snow | Roof Snow
County City Elevation Load (psf) Load (psf)6
Carbon Price® 5550 43 30
All other County Locations® - - B,
Davis Fruit Heights® 4500-4850 57 40
Emery Green River® 4070 36 25
Garfield  |Panguitch® 6600 43 30
Rich Woodruff* 6315 57 40
Laketown* 6000 57 40
Garden City® . . -
Randolph* 6300 57 40
San Juan |Monticello® 6820 50 35
Summit Coalville® 5600 86 60
Kamas* 6500 114 80
Tooele Tooele” 5100 43 30
Utah Orem® 4650 43 30
Pleasant Grove® 5000 43 30
Provo® - - -
Wasatch Heber® " = _
Washington |Leeds® 3460 29 20
Santa Clara® 2850 21 15
St. George® 2750 21 15
All other County Locations® = 2 s
Wayne Loa’ 7080 43 30

"The IBC Requires a minimum live load - See 1607.11.2

“This table is informational only in that actual site elevations may vary. Table is only
valid if site elevation is within 100 feet of the listed elevation. Otherwise contact the
local Building Official

*Values adopted from table VIl of the Utah Snow Load Study
*Values based on site-specific study. Contact local Building Official for additional

information.

*Contact Local Building Official

®Based on C.=1.0, C=1.0, and I,;=1.0

Date: 8/17/2016
Job#: 16194

By: DLP
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Environmeatal  Dyrabiy  Factr

CACT 350-06 Sectin  A.A.b

Sy= f N faciored load
d= L h = —
5= 20 k3| (Sfc-}fﬂn ‘T.&.G.Q)

y This apphes to dueck ¢ hoop Feacile  Stress,

0.9- b0kS]
\!\\lﬁ“ | s i 1420k " 193
50:\ Sd = 0.9 . 60 KS' = ['()cr

[b . 0K
B Soil cieatts  compressin forces in hoep . Use 4y = |0

Flexural  S¥ress

_ 330
i Bls*+ 4 (a+d/z) [ Ac1 350-06 E%.JO-H]

fo= 20 Kél ( conser vatue )

0,90. 60 kS|
T 14 Q0ks) - 193
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Circular Concrete Tanks without Prestressing ENGINEERS
(Based on the 1993 PCA Document) sl ey

Design Criteria

Estimation of Tank Wall Thickness

fc

Diank Limit Ring Tension Stress in Concrete Wall from 7% to 12% of fc
H(anh F

twan For given t and H*/Dt, with a hinged basef/free top (Table A-5)

Fluid Pressure

Sail Pressure Max Coefficient= 0.611 (Table A-5)

E,

E. 3823676.24 psi Wy 169 pcf

n 7.6 Trmax 43647 Ibs.

Surcharge 175 pcf T unfactorad 16154 Ibs. Compression Check

Soil on Lid ft Asiraqi) 0.81 in? F'c 423
Load Factor Asiused) : | 0882 0.33fc 1485
Fliquld pressure : T*H? @ ]'&"ﬂ.b . 0K

Fsai pressura ) Eat'l’\ F“Ce

Environmental Fiteoncy 158 psi

Durability Factor

Flexure (liquid) This equates to 3.51 % of f'c

Tension (liquid) Wall thickness is 0K

Flexure (soil)
Compression (soil) E_”g:, 1
H*/Dt 4.83

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, wiLid, wiBackfill

Load Case #4: Full of Water, wiLid, 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 Farce=(A-5 Coef.)w HR wyHR= 71488.4352

Moment =(A-7 Coef.)w H’ wH= 690605.2608
A-5 Coef, RF A-T Coef. Moment
(#) (#-ftift)

Top -0.004 -268 0 0

0.1H 0.118 8429 0.0000 12|

0.2H 0.238 17018 0.0002 139

0.3H 0.358 25583 0.0008 532

0.4H 0.469 33528 0.0019 1304

0.5H 0.559 39970 0.0038 2618

0.6H 0.611 43647 0.0061 4241

0.7H 0.597 42679 0.0085 5865

0.8H 0.493 35279 0.0098 6773

0.9H 0.288 20556 0.0080 5551

Bottom 0.000 0 0 0
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Load Case #2-Empty, No Lid, w/ Backfill |
Y ENGINEERS
Use Durability Coefficients as Noted Previous o -
Soil Over Lid= 1ft
p 175
Ring Force=(A-5 Coef.)w,HR+(A-6 Coef.)pR Moment=(A-7 Coef.)(w_h*+ph?)
w,HR= 74631 wyh®+ph’= 752447
pR= -14320.6
A-5 Coef RF A-6 Coef. RF Total RF A-T Coef. Moment
(#) #) (#) (#-fHUft)
Top -0.004 280 0.996 -14266.8302 -13987 0 0
0.1H 0.118 -8799 1.018 -14577.0198 -23376 0.0000 -13
0.2H 0.238 -17766 1.038 -14865.5934 -32632 0.0002 -152
0.3H 0.358 -26708 1.058 -15149.3034 -41857 0.0008 -579
0.4H 0.469 -35002 1.069 -15308.7214 -50311 0.0018 -1421
0.5H 0.559 41727 1.059 -15167.1366 -56894 0.0038 -2852
0.6H 0.611 45566 1.011 -14471.6418 -60037 0.0061 -4621
0.7H 0.597 -44555 0.897 -12845.5782 -57400 0.0085 -6390
0.8H 0.493 -36830 0.693 -89931.201 -46761 0.0098 -7380
0.9H 0.288 -21460 0.388 -5549.908 -27010 0.0080 -6048
Bottom 0.000 0 0.000 0 0 0 0
Load Case #3-Empty, w/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) = -13987 #
At top of wall (0.0H) from table A-8, Coefficienl= -8.07 #
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= -1046 #
VR/H= 1733 #
Deltagrs=Change in Ring Force Due to V applied @ the top of wall
Deltage=(A-8 Coef.)(VR/H)
Find the change in moment (Delta;,,) due to the V applied @ top.
If Sg for moment is less than Sy, for compression, then V is reduced by (Spw/Spc)
Deltanom=(A-9 Coef JVH
VH= 16742
A-8 Coef. Deltage LC#2 RF Total RF A-9 Coef. Deltapom LC #2 Moment Total Moment
#) (#) (#) (#-ftift) (#-ft/ft) (#-ftift)
Top -8.071 13987 -13987 0 0 0 0 0
0.1H -4.948 8571 -23376 -14805 0.0647 -1083 -13 -1096
0.2H -2.475 4290 -32632 -28342 0.0797 -1334 -152 -1486
0.3H -0.843 1460 41857 -40397 0.0694 -1162 -579 -1741
0.4H 0.059 -102 -50311 -50413 0.0497 -832 -1421 -2253
0.5H 0.434 -753 -56894 -57647 0.0305 -511 -2852 -3364
0.6H 0.480 -831 -60037 -60868 0.0150 -252 4621 -4873
0.7H 0.363 -629 -57400 -58030 0.0042 -70 -6390 -6460,
0.8H 0.198 -344 46761 -47104 -0.0027 45 -7380 -7335]
0.9H 0.060 -104 -27010 -27114 -0.0075 126 -6048 -5922]
Bottom 0.000 0 0 0 -0.0124 207 0 207
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Load Case #4-Full of Water, w/Lid, ignore Backfill i
ENGINEERS
Add the effects of shear @ the top of the tank to LC #1 T
At the top of the wall - Coefficient fram Table A-8= -8.07 #
(Coef. A-8 @ 0.0H)VR/H) = (Ring Force from LC#1)
V= -20 #
VR/H= 33 # (For Ring Force)
VH= =321 # {For Moment)
A-8 Coef. Deltage LC#1 RF Total RF A-9 Coef. Deltayom LC#1 Moment Total Moment
(#) (#) (#) (#-ftift) (#-ft/ft) (#-ft/ft)

Top -8.07 268 -268 0 0 0 0|
0.1H -4.95 164 8429 8593 0.065 -21 12 -9
0.2H -2.48 82 17018 17101 0.080 -26 139 114
0.3H -0.84 28 25583 25611 0.069 -22 532 509
0.4H 0.06 -2 33528 33526 0.050 -16 1304 1288
0.5H 0.43 -14 39970 39956 0.031 -10 2618 2608
0.6H 0.48 -16 43647 43631 0.015 -5 4241 4237
0.7H 0.36 -12 42679 42667 0.004 -1 5865 5864
0.8H 0.20 -7 35279 35272 -0.003 1 6773 6774
0.9H 0.06 -2 20556 20554 -0.008 2 5551 5553

Bottom 0 0 0 0 -0.012 4 0 4
Envelope of Ring Forces
LC#1 LC#2 LC#3 LC#4 Max Min

Top -268 -13087 0 0 o} -13987
0.1H 8429 -23376 -14805 8503 8593 -23378
0.2H 17018 -32632 -28342 17101 17101 -32632
0.3H 25583 -41857 -40397 25611 25611 41857
0.4H 33528 -50311 -50413 33526 33528 -50413
0.5H 39970 -56894 -57647 39956 39970 -57647
0.6H 43647 -60037 -60868 43631 43647 -60868
0.7H 42679 -57400 -58030 42667 42679 -58030
0.8H 35279 46761 -47104 35272 35279 47104
0.9H 20556 -27010 -27114 20554 20556 -27114

Bottom 0 0 0 0 0 0
Tension Compression

Bottom 0 0

0.9H 21 -27

0.8H 35 47 controls

0.7H 43 -58 [./

0.6H

0.5H 40 -58

0.4H 34 -50

0.3H 26 -42

0.2H 17 -33

0.1H 9 -23

Top 0 -14

Envelope Of Ring Forces
— 4
-
= Fge,_gf - -
E 4 - 85 —
- L L o S |
2 Rl o
s |l— S - 03 L
3 i SN—— g2 e
E ——a 4 | _—
TR R
-80 -60 -40 -20 0 20 40 60
(-)=Comp {+) =Ten. (kips)
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Envelope of Moments ENGINEERS
LC#1 LC#2 LC#3 LC#4 Min
Top 0 0 4] 0 0 0
0.1H 12 -13 -1096 9 12 -1096
0.2H 139 -152 -1486 114 139 -1486
0.3H 532 -579 -1741 5098 532 -1741
0.4H 1304 -1421 -2253 1288 1304 -2253
0.5H 2618 -2852 -3364 2608 2618 -3364
0.6H 4241 -4621 4873 4237 4241 -4873]
0.7H 5865 -6390 -6460 5864 5865 -6460
0.8H 6773 -7380 -7335 6774 6774 -7380
0.9H 5551 -6048 -5922 5553 5553 -6048
Bottom 0 0 207 4 207 0
Tension O.F. Tension L.F.
Bottom 0 0
0.9H 6 5 Contvols
cm—1 4
0.7H 6 -6
0.6H 4 -5
0.5H 3 -3
0.4H 1 -2
0.3H 1 -2
0.2H 0 -1
0.1H 0 -1
Top 0 0
Envelope Of Moments
4 _sn
= ./‘r}/_‘r)/I
= Valro® |
‘5 o 07 L
E  os | >,
- 05 M —
= 0.4 T —
£ 03 M—
2 — 0.2 5y
& <-\o,—1-—u _________________://
-10 -8 -6 -4 -2 0 4 6 8
(-)=Ten. L.F. (+)=Ten. O.F. (k-ft)
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Design  of  Wall Steel

‘Pxinﬂ 5'\‘?9'

- Compression

A I FL I
c=bt"@ obH

Yz (4500 psi) = 1500 psi > 473 psi 0. OK

-~ Tensn
K
As = "l"'-O/Oq' £0 S| = 031 Wa

LSE #‘3 BARS @ !Q"o.c. Each Fate = 0,88 ]/Va N O,Ba wa‘ 40K

Minwmum  ShemKage  Stee| « 0.005 (YR = 0.7 Ml“/H

USE #6 BARS @ 3" 0.¢c, Each Fate over full height of wall

F. oK (see Sfrto;\skea’r)
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O 8 T oa45. 3" as

Desian of  Wall 34 eel

 Momeat REEA'TON.?M)

- 5veel at Inveeior Face
mU: 7 K"?"'

M. TE-5Y -1

2 = 0017151

w= 0.0200 [Table A-20]
p= 0.0200 . T3, = 0.00I5

Peun (-}QmP. S'hfmknﬁ() = 0.003
Acusn = 0,003 . JL+Jd = 0.433 Fna/ﬂ_ (Enc\r\ FNQ)

| As,mr-‘\ [{1@‘“”?) = —3@ ] f;l“' DLS = 0. 383 I\’\;/¥'+

60000
ofk

C Asen ‘?'l?%urﬂ 5 &004&"-15"/@ . '0.28 ,-,,&/ﬂ

0000

UsE #6 BAR @ M'ec. EF
oM I > OMBATA ok

¥ This steel also works for einr face

Shear  SYeeaath oF Wall

Sl = 075279500 3" -a5 = 14"

K
U, = 0.2436 (1) (634 pe8)(IL) K= 102" £ 114 oK

)
coe§S. PCA Table A-)a




9 99 | L} 090 | st |og|ov|er |20 |oe|e [oe |8z |0 |cz|8s |8 [oz|st | |ov|a| s |9 ]|z |sdooor OMN 8peJ9 Uo ge|g
e |6EL | €€ | 801 | 9C S8 | ve g, |1z |6 |or |6 |8 |eo |z |oz|vs|ve |8y |e|2|or|Le| 6 €€ |5z | L |Se |6l |!sdoooy DMN sieg doy weag
sieg
9z ov | L1 o |61 |ev |ec|€er |se |62 |2 |ee|cz|or|ez |8 |8 |0z |G| 2 |9 |& | L |9 |e|!sdoooy OMN wopog BuRoo4
. 5 sleg uwnjog
e |L0L | €€ | ¥8 | 92 99 | ¥C 09 [tz |oz|vs |6 |29 |8r |21 |SS |er | vl |BE |62 |2L|LE|¥Z | 6 |G |6k [ L [02]GH | !SdooOk OMN ‘sjeg WoRog Wesg
d sieq doJ bunooq
e |01 | €€ | ¥8 | 9C 99 | L) 09 [ oz |ps|€r|2o|8F |2l |GS|er|OL|BE|[BC| 8 |LE|VE | L |GC |6 ] L |OC |Gk |!SC000F OMN ‘S1eg 12 20N
s L o | sdooor | omn | Mg AL
€ |L0L | €€ | ¥8 | 92 99 | LI 09 |GL | 0L |¥S | €L |29 |8F 2L [SS|er |OL|BE |62 | 8 |LE|¥E| L c | 61 0e Lot IIl4 ‘S1eg (AN “HBA
up) Py up E [ s [ [ s P [ s [ Py B P un 5 [ up, E E [ B P up, 5 P upy s [
| | | | 1 | | | | | | | | [ | | | 1 | | | | | | | | | | | | | yiBualg adk| i
BL# PL# LL# 0L# 6# 8# L o S# h4id e NEe07 Jeg
3ZIS ’vg @j2Jouod

SHLDONIT 3011dS B LNIJWHOTIATA ONIJHOINIFH J1IHINOD

(0% 9. | 6} 69 [ LL |69 | €S | GL |GG [2h | €L |2h |28 | 2L | 92 [ 0C | QF | ¢C | L} 8 8l | vl g gL |zt | 1sdoo0€ OMN 8pelg Uo qe|s

6F | 191 | 8€ |GCl | OFE 86 | L€ 06 |Gz |soL| 18 |2z | ¥#6 (2L | 6L | 2B [ EQ | 9L |9S | €¥ | ¥F | 4F | 9€ 8E | 62 8 6z | gz | 1sd pooe OMN sieg do) weag
sieg

€ aF | 61 v | 4L |8y |28 | SL |ev [€ec | €L | BE|[BE |2CL |92 |02 |0k |22 | Ll 8 8L | ¥I 8 9L | g1 | !sd ooo€ IMN wonog Bunoos

siBg UuWwn|o)
‘sieg woyog weag
6 |¥Cl | 8€ | 96 | O 9. | 61 69 | ZL | LB |29 |Gt |22 |[ss|€ct |eo |8 |2CL |EV |€E|OL|9E (8| 8 6 €2 | 8 zz | L1 | 1sd poog OMN s2e9 doL Bunoo

) _MLNm llepy "ZuoH

FEERICENEE]

6z |2z | 8 |2z | L1 | 1sdoooE OMN

6F |¥ZL | B8E | 96 | O 9L | L2 69 | S |18 | €9 | €& |&L |GG (6L |29 |8F | 9L |EF | EE | PL | 9E|BC

6 |2l | 8 | 96 | 0E 9. | 6} 69 |21 |18 |29 |Gt |2 |ss et |eo |8y |2t |ev|€c|OL|9e |8z |8 |62 |22 |8 Ll | 1sd 00og OMN 's1eg B ‘LA
up, [ up, P [T s [ upy B Py up, e Py up, 5) [ up 5 P up s Py [ E 2 P 5 [ up s [
1A (I {11 =Y | (N | 1| ® | 1] A | 1] 0 | L | (I i | 1] ° 1| ybuens sdfL
gL# rl# L 1# 0L# 6# 84 1# a# S# T E# uoneooTIEg
3718 Hvd 81810U00)

SHLONIT 3D11dS B LNINJOTIAIA ONIDHOANITY ILIHINOD

isd 00009 =44
SaIBd0Id Jegay
0'} = @SByl - §'0 = S8JIm PaULIOap pue sieq J3||ews g "ON 404 oL = Sih
0'} = @SByl - G2'0 = pesn si sjaiouo) ejebaiBby wbemubriusupm 0L =Y
071 = 8SIMUBUIO- Z'| = S8JIM IO Sieq pajeos-Axod3 Jayjo ||e 104 - §'| = gpg uey) sse| Buioeds Jesjo Jo ' qPE UBY) SS3| JBA0D v SBUIM 10 S1eq pajeod-Axod3 1o oL =5h
01 = asimBul0 - €71 = (aodg do 9'1) 8oids 1o yiBus| juawdoaaap au) mojaq JSeD SI 81819UeD YSal JO Ul Z| UBY) 210W Jey) yons padeld Juswadiojutal [ejuczuoy Jo4 oL =i

EL0Z '/ 1 BUN[ UOISIBA 3pUga New Hoyiny
81E 10V 1102 3HL 40 21 ¥31dvHD NO a3svd
379VL N9IS3A A21TdS dV1 ANV LNIINJOTIAIA JLIHINOD

AMM  AB O3uVdTYd 1N *A¥8a : NOILYOOT ONIGTING
vEL0L #80r sue| wajshs saddn - Od7 “ILIL 8OF ERENISN
W St'6 3719Vv.1 32117dS dV1 ILIHIONOD

g1-bny-£2




£ 65 | G ¥S | €} wlz|ler|ee|or|ee|se |6 [te|or ]| 2 |ze]er]| 9 |or|a| 9 [9r]|er | Isdooos IMN 9peIg UO gelg
8€ |SZL | 0E | 46 | €2 9L | L2 69 | 6L €9 | LL [ €L |95 | SL [ ¥9 |6V [EL | #F [ ¥E | LI | 9 | BZ | 8 o€ | €2 9 ze | 41 | 1sd 000S IMN sieg do| weag
sle
4 9 | gt ze | €t 62 |24 [be |9z |ov [oe ez | 6 [t |ov | £ [2L €| 9 [9b|2 |9 [9]2|sd000S | OMN o8 mm__.soo“_
sd sleg uwnjo)
8C | 96 | OE | G4 | €2 65 | 12 S | 61 8F | LL |95 | €¥ | GL [ 6V | 8E | €L [ ¥E |92 | L1 | BE |22 | 8 Zc | L) 9 ZL | €1 | 'sd 000S OMN 'sieg woyog Wweag
sieg do)| Bunyooq
gc | 96 | OE | 6L | €2 65 | G} ¥s | €L gy |2y |os |ev |ov|6r |8e| 6 [ve |9z | £ |62 |22 |9 |2z |4 | 9 |£k|€L | sdooos OMN ‘sieg IEA “ZHOH
3080 [BJ8N UO
BE | 96 | OE | G4 | €€ 65 | St ¥S | €L 8F | €L | 85 | € | OL | 6F | 8€ <] ¥E | 9¢ L 62 |e | 9 g | L) 9 L1 | €1 | 1sd ooos IMN ‘sieg IEM "HBA
upy [ up P up, s [ up, 5 P Upy 5 P up, B [ up, s [ up s, P [ 5, [ up 5 P upy 5 P
| | [ 1 | | | | | | | | | | | | 1 | | | | | | | | | | | 1 | | wybuaag adf | S
8lL# VL# LL# OL# B B# 1# o# Gt # £# uonedo Jeg
3Z1S ¥va 8]8J0U0D)
SHLONIT 3I1T7dS B LNINJOTIAIA ONIDHOANITH JLIHINOD
14 29 | 91 9G | vL | LS | vF | EL | vP | ¥E | LL | GE | L2 6 cc | L1 8 8L | ¥L 9 aL | 2k L gL | g1 | sdoosy JMN IPBIY UC qEIS
ov |LEL| LE |20t | SC 08 | ¢ €L | 0¢ |98 |99 | 8L [ 4L |65 | 9L |99 | S| EL|OF |GE | LL | BE | OE ” 6 LE | tE L ¢z | 81 | 1sdoosy OMN sieg do| weag
sieg
ot L€ | 9l ve |vb |ov |te|er|se ||| |vefle |z |e |8 |t |lo o |a | |9 ]|e | sdoosy IMN wonog Buoo
sd sieg uwno)
ov | LOL | LE | B | SC €9 | e 96 |0z [ 99 | LG | 8L [6S | Sb [ 9L |25 | OF [[E | GE | L2 | LL | OE | €2 6 €2 | 8t L 8L [ L [ 'sdo0Ssy OMN ‘sieg woyog Wweag
- sieg do) Buyooq
OF |LOL| LE | B | ST 29 | 9l 95 | ¥L | 99 | IS | €L | B6S | SV | LL | 25 | OF 6 GE | L2 8 ot | €2 9 €Z | 8t L 8L | ¥I [ IsdO0Sy OMN ‘sieg [[eA ZUOH
3287 |BJa Uo
ov | 1oL | 1e | 6L | SZ ze | 9t 9 | vk |99 |is er [Bs [sp | 1L |25 |ov |6 [Se |4z |8 |08 |z fo (€2 |8 |2 |8 vk |®d0087 [ OMN [ oo o Lon
upy [} up, Py yp| 5 Py up| 5 Py Py 5 Py up, 5, [ upy 5 [ up 5, Py up, s P up, 5 P Ry 5 P
| | | | | | | | | | 1 1 1 1 | | 1 1 1 [ 1 1 | | | | | | 1 | 1 wbusag adky A
8l# YL L 0L# 6# 8# % \ 9% G4 i £H ’
3ZIS ¥vd - 9j2J0U0)

SHLONIT I217dS 8 LNINJOTIAIA ONIJHOINITH ILIHINOD




£L0Z 'L BUNT IUOISIBA

SsnJedold Jegey

AMM ‘A8 d3¥vd3yd
6191 #8or
WY £0°0L

g1-Bny-9z

3pUGON B HoyIny
BLE 1DV L10Z FHL 40 21 HILdvHI NO Q3Sve

0’} = @SIMIBLIO - §'0 = SSJIM PAULIOJSP PUB SIBG J3J[BWS § ON 404
0’} = @smuBYlQ - G4 0 = pesn si ejesouo)) aebeibby ybem-1ybr usup

0'} = @SIMUBLIO- Z'| = S8am 1o S1eq pajeoa-Axods Jayjo (e 104 - §'} = gpg uey) sse| Buneds Jes|o Jo ' gpg UBY) S$S9] JAADO Ujim SB1m JO Sieq pajecd-Axod3 Jog

0L = asmBy0 - €'} = (aoyds doy o) soids Jo yiBus) Juawdoaaap ay) Mojaq ISED SI BJ810UGD YSaY JO “Ul Z| UBY} aJow Jey] yans pade|d Juawadlouial [ejuozuoy Jo4
Saniadold 9jeiouo)

319V1L N9IS3A 3011dS dV'1 ANV LNJWJOTIAIA FLIHINOD

379vL 3011dS dV1 ILIHINOD

4

AV W D210

KW

-

g o e

ok
ok
ol
£l

10 ‘Auegr @ NOILYDO1 ONIgTINg
JUBLWBDIoJUIBY [[BAA [BJUOZIOH - Yue] we)sAg Jeddn - D41 :31L1IL 90r

9z g8 | L1 g/ |st | sz |oo et |o|zr|e |2b|oe|oL|os|ez| 8 |sz|6k]| 2 [02|G | 2 |9L |2k |sdoooy [ OMN apeIg Uo geIS
eF |18 | €8 [1p) | 92 LLL | v2 woi |z |ewe| e |6 |sor| e |z |es |z v |va|er |2 |es|ivr | 6 [er [€e| 2 |ee |se | sdoooy [ OMN sieg do) wesg
sleg
az 1S | 21 w|or|ss|er e |8v|2e|a |ev|ec|or|oc|ez| 8 |ge|6L | £ |02 |st]| 2 |o9L |2 | sdoooy OMN wonog Buico
ed sleg uwnion
e |B6EL | €€ [80L | 92 g8 | ve 8L | vz | 46 | 0L | 6L | 1B |29 | £ | OL | VS | ¥L 8 | LE | 2L | OF | VE | B |€E | S| 4 | SE | 6L |1S0000V | OMN |.gaq ionog wesg
sd sieg do] Bunoo4
£ |6EL | €8 [804 | 92 g8 | 4L sz st | |oz]er|e|eofer |oz|ws|oL |8y |2e |8 [Oov|Le]| £ |€e |G| £ [G2|6L|!Sd000F [ OMN 's1 B “ZHOH
g sz | 6t | 1sdoooy | omn | TegIEewue
e |B6EL | €€ [80L | 92 sg | Lt g2 s |6 |0L]€er |18 |zofa |oL|vs|OL |8y |LE| 8 [OF L L |ee|sz| 2 z ! 4 'S188 2A LOA
uny Pl upy P ury 5 Bl R 5 ] L] 9 P Wy 9 [ uy 5 Al Ry 5 ] ) 9 [ ] 5 ] 4P| 5 7l iiipsHS Ha
8L# Pl Li# OL# 64 o H o# S# [ 5] uogesat feg
3ZI1S Hva 2)9.10U00)
SHLONIT 3017dS B INFWJOTIAIT ONIDHOANITY ILIYINOD
0g g6 | 61 06 |2+ | o6 |69 |5t |0z | w5 |€r |ss|2v |2 |ve |9z |0t |62 |2z |8 [ez |8 | 8 | L | €L | tsdoooE OMN 8peig uo gejg
6F |60z | 8 |20t | oe gzl | Le oLl | sz |26 |soL| 2z [tzL |6 | 6L |sor|te [ oL |es | 9s | v | Lo v [ L1 [6F | 8E| 8 | 98 | 82 | 1sd000E JMN sieg do wesg
sleg
0g 65 | 61 v | 21 | v9 | 6v | g1 |95 [ev [ el |6 |8 |2 |ve |9z | 0L |62 |2z | 8 [z | 8L | 8 | £k | €L | 1sd0008 JMN wopog Buiaoy
il sleg uwno)
67 |LOL | 8E [G2L | OE 86 | iz 06 sz |sor| e |ze |¥6 |2L |61 |28 |€a |9 |95 |ev ¥ |2v |9E |LL |8 |62 | 8 |62 |22 | !Sd000E OMN 15100 wonog wesg
sd sieg do] Bujjcoy
6 | 191 | 82 [g2L | o€ 86 | 61 06 | ZL |soL |18 |t |v6 |2r €L |28 |e9 |2 |95 ey |0 |4k |9E| 8 |8 |62 | 8 |62 |2 | !sd0o00E JMN e1eq [GA “2LOH
3087 |8y U0
d
67 |19} | 8E [GeEL | OE 86 | 61 06 | ZL |soL| 18 |sL [¥6 |22 e |28 | €9 |2 |9s |ev [0 |2y |9e | 8 |88 |62 | 8 |62 |2z | !sdoooe OMN |\ s ieq em oA
up, P up, Py up, s Py up, E L P up| E [ up, 5, P s Py upy B s Py upy 5, P
! (I [ I (O IR [ [ N I O I O 1L 1P yeueng | sdhy
BL# FL# Ll OL# 6# 8# 1# ¥ G# r# E# ucnesas. =g
3ZIS Yva 8)8J0U0D
SHLONIT 3211dS ® LNIWJOTIAIA ONIDHOANITH FLIHINOD
sd  pooog =44

=Sh

=%h

=ih

SHIANIONI




€ 9L | SL 69 | €1 v |zt |ss |ev |ov |er|ec | 6 |og|oz| £ |2z |er | 9 (@ |+ | 9 [9b |2 |1sdooos | OMN apeig o geig
8¢ |29t | 0g |92l | €2 66 | L2 06 | 6L e |z | w6 |zz|sr |es|eo|er |2s|wvp | 1L |2v|oe| 8 [8E |62 | 9 |62 |2z |1sdooos | OMN sieg do| weeg
sieg
£z 9r | Gl Zv | €L ge |zL |vv |¥E |OL |88 |62 | 6 |92 |0z | 2L |2z || @ 9 ZL | 1sdooos | OMN e Aot
i sd sleg uwnp)
8¢ |szL | 0 | 26 | €2 9L | 1z 69 | 6L €9 [ £ | €2 |95 | st |va|av [er | vv |ve |11 |08 [B2 | 8 |06 | €2 | O |22 [k | 80005 [ OMN |igoo ionog weag
il sieqg do) Bunood
8¢ |GzL | 08 | 46 | €2 9. | SL 69 | €L co |zt |ez|os|ov|va|ev |6 |vp|¥ve| L |0e |8z | @ [0€|€z| 9 [2e |4 |1sd000S | OMN A oy
yoeq |ele uo
d
8¢ |GeL | 08 | 26 | €2 9. | 51 69 | €L co |zt |ez|os o |va|6r | 6 |#¥ |¥ve| 2 |9e |8z | 9 |0c|ez| 9 [2e |4 |1sd000S | OMN i
up P P = E [ up E 2 upy 5) P [ 5 P up) s, P Py E [ up 5 P upy 5 [ up, B P
1] | HE | [ n BERE HERE R || [ EEEE o | A | | mime | sy
gL# FlL# LL# OL# 6 B# # 9# G# i £# uoneonT Jeg
37I1S Wvg 8jeJouoD
SHLONI1 3017dS ® LNIWOTIAIA ONIDHOINIZYE FLIYINOI
oz 08 | 91 g2 | vv | w2 |as|er |zs | o | v |br | ve| 6 |22 || 8 |cz |8 | o |8 v | 2 |9 |2 |sdoosy [ OMN apeJg uo qe|g
of |1eL| e [eeL | s voL | zz g6 |0z |zvL| o8 |8 |66 |9z |01 |28 |20 | €L |o0a|ov |1 |6y |8E| 6 [OF [be ]| 2 |0 | €2 |Isdoosy [ OMN sieg do| weeg
sieg
5z gy | 9l vp | b1 |25 |ov [ et |ov |se | |ov|ie| 6 ||| 8 |ce|o |9 |8 || £ |9 |2l |!sdoosy | OMN G
or |1er | ie |20 | s 08 £l L 65 isd RARH LS
z ez 0z |98 |99 | 8L | 22 ol | oo |is|erov |ce | |6e |08 |6 [LE vz |2 |ez |8 [18d00SF [ OMN o iionog wesg
sieg do) bunooH
or |LeL| Le [zoL | sz 08 | at €2 |vL |98 |99 |er |2z |65 |1t |o9|1s| 6 |or|se| s [ee|oe]| 9 [Le|v2| 2 |€2 |8 |sdoosy [ OMN i s
398( |El8N Uo
d
or |1EL | 1e [zoL | sz 08 | at €2 | v (o8 |99 [el |2z [6e |tk |09 |1 |6 |ov|ce| 8 [68|0E |9 |be|ve| L |Ez|8L|1d00Sk | OMN | oo e wen
up, P upy P upy 5 [ upy 5 [ up, E [ up 5) P up) 5 P up, 5 P Py 5 [ up, s [ up) 5, P
(I (I (O I (0 I (I | | NN NN 1| | ol I o | " | weueng | sany
uopeacT Jeg
BL# [ LIE 0L# 6t B L | o# G# i £t
3ZIS dvg 2j210u0)

SHL9ONIT 3211dS 8 LNJWHO13ATA ONIDHOLNITH ILIHINOD




Project No. Hs’GH Sheet No.
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B 1506ct (B7) + 15 psF + 75 b = 190 pes

Gaow: 100 K§ T
50:1

s SEE  SPEEADSHEET

USE & SLAB W/ 4" drp pantls that are 'R




ENGINEERS
Roof Slab Design

Min Thickness

Slab Span

hmin

Use Slab Thickness
fie

Loads
Dead Load
Live Load
Soil Load
Snow Load
Wy
Shear Capacity of Slab

Round Column Dim
bO

Vu

¢V (No Drop Panel)

Drop Panel Dimension
New b,

¢V Drop Panel

Drop Panel Thickness
b,

oV¢

Concrete Water Tank - Roof Design

8/23/2016
9:46:06 AM

Version Date: 10/28/10
Job Title LPC - Upper System Tank

17.667 ft
5.94 in

8 in d
4500 psi fy

Est. Column Thickness

115 psf
0 psf
75 psf
100 psf
388 psf

16 in
67.5442 in
121.104 kips

74.7616 kips NG Use Drop Panel

6 ft square
310 in

343.125 kips Ok

4 in
80.1106 in

153.159 kips Ok

min NS = g"/;a = 643 L8 slab s

Author
Job #

TAB
16194

16 in

55 in
60 ksi

ok [AcT 350 95.32)



Flexural Design by Direct Design Method Of ACI 318

2

n
Mo

Exterior Span M" factor
Exterior Span M factor
Interior Span M" factor

Interior Span M factor

Col Strip Factored Mom.

M+
Exterior M
Interior M

Exterior Positive Moment

Column Strip

Moment per foot of width
Mu/

Mul/ep

As

a

#4 Bar Spacing

@Bar Spaclnb

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

Exterior Negative Moment
Enter new d for Col strip

Column Strip

Moment per foot of width

Mu/p

Mu/@

As

a

#4 Bar Spacing

(#5 Bar Spacing

#6 Bar Spacing

#7 Bar Spacing

#8 Bar Spacing

17.667 ft
16.3337 ft
228.598 K-t

0.63
0.75
0.35
0.65

0.6
0.75
0.75

166.771 k-ft
18.8805 k-ft/ft
20.9783 k-ft/ft
251.74 k-in/ft
0.84838 in"2
1.10899
2.83 inoc

" 4.38inoo)

6.22 in oc
8.49 in oc
11.17 in oc

9.5
248.171 k-ft
28.0959 k-ft/ft
31.2177 k-ft/ft
374.613 k-in/ft
0.68997 in"2
0.90192
__348inoc

5.39 in oc)
7.65 inoc
10.44 inoc
13.74 inoc

Sy
Strip Width

Exterior M" factored Moment
Exterior M™ factored Moment
Interior M* factored Moment
Interior M" factored Moment

Mid Strip Factored Mom

Middle Strip
Moment per foot of width
Mu/p
Mu/p
As
a
#4 Bar Spacing

(#5 Bar Spacing

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

Middle Strip
Moment per foot of width
Mu/ep
Mu/ep
As
a
#4 Bar Spacing

(#5 Bar Spacing

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

1.93
8.833 ft

144.02 k-ft
171.45 Kk-ft
80.009 k-ft
148.59 k-ft

04
0.25
0.25

111.18 Kk-ft
12.587 k-ft/ft
13.986 k-ft/ft
167.83 k-in/ft
0.5437 in"2
0.7107

4.41 in oc

~684inoc)

9.71 in oc
13.24 inoc
17.44 in oc

82.724 Kk-ft
9.3653 Kk-ft/ft
10.406 k-ft/ft
124.87 k-infft
0.3971 in"2
0.5191
6.04 in oc
9.37 inoc)
13.30 inoc
18.13 in oc
23.87 inoc



Interior Positive Moment

Column Strip

Moment per foot of width
Mu/gp

Mu/ep

As

a

#4 Bar Spacing

92.6507 Kk-ft
10.4892 k-ft/ft
11.6546 k-ft/ft
139.855 k-in/ft
0.44761 in?2
0.58512

5.36 inoc

(#5 Bar Spacing__ 8.31in 00)

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

Interior Negative Moment

Enter new d for Col strip
Column Strip
Moment per foot of width
Mu/ep
Mu/ep
As
a

#4 Bar Spacing
L #5 Bar Spacmg

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

11.80 in oc
16.09 in oc
21.18 in oc

95in

215.082 k-ft
24.3498 k-ft/ft
27.0553 k-fifft
324.664 Kk-in/ft
0.59385 in*2
0.77627
4.04 in oc
_ 6. 26 inc o)

8.89 inoc
12.12 in oc
15.96 in oc

Middle Strip
Moment per foot of width
Mu/ep
Mu/gp
As
a
#4 Bar Spacing
( #5 Bar Spacmg

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

Middle Strip
Moment per foot of width
Mu/p
Mu/g
As
a

#4 Bar Spacing
\,#5 Bar Spacmg______

#6 Bar Spacing
#7 Bar Spacing
#8 Bar Spacing

How Far past support must negative moment reinf. Extend?

Column Strip
Middle Strip

5.39011 ft
3.59341 ft

Use
Use

61.767 k-ft
6.9928 k-ft/ft
7.7697 k-ft/ft
93.237 k-in/ft
0.2927 in"2
0.3826

820 inoc
12.71 |n~6a
~18.04 in oc
24.60 in oc
32.39 in oc

71.694 k-ft
8.1166 k-ft/ft
9.0184 k-ft/ft
108.22 k-infft
0.3418 in"2
0.4468

7.02 in oc
10 88 in oc‘f'
15.45 inoc
21.06 in oc
27.73 inoc

6 ft
4 ft



1/ ENGINEERS

I Project No. ’ (9! =1 Lf Sheet No.
i. Project L PC- Upper  System  TankK

‘ Prepared By _ WY Date _8/33 /’6

*

§ Calumn DfSi?ﬂ

Loads on  Colima yses PCA  Tabl A-13 cotsS. = 1,320

Desd Load = 115 ps§ (;7‘-8")3(1 + 0.2 o.-ua)(;laao): 542"
S Laad = 100 ps§ (17=3) (1.320) = 4).2"

sed = 75 ps® (119)Y (1} 0.3 719) (1.320) = 353

E =T (10)(e¥ M/ﬁ*) (gd/ia)a + 04 (0.112)(1.25) (. 15008 '(""7/&)&/4} bl pgf]

A SEE EWERCALC  SOLUTION

CUSE D el w/  (8) 45 Bas SR = O.THD

3
COUSE 14O coumn wf  (3) #b Bars 5.5.:{3857

Tronslise  Rew§, (ACI 350 ;ZIHH)
Pi= 00 (4500) /40000 = O.009

spcwy 7 M7, < 35"
8 ( 3/!1 ) =45

Su= o+ (HB) oy e

Ag=T 5/ =a0" A = 11355 = 433>

PER 1093
Qol i-f|5
P5=0'l’5 —fﬁ_l) /éo = 0,0‘37
Rea/d pitch F 43 spia) = O.OBT:O.IIL:B(TT)(B.*:“] 5= 239
5
0.30 (1) (3.5") .
' Road pitch of 44 Spial = 00137 = I‘B-s( Seeatt = .32

| SP,;\C.‘N? d; #3 MUPS = O‘OGﬁ e 9%(;')()(’—35.) SM‘J:E.LQ“

OSE 44 spral W/ 4" pidel or K3 hows @ 3‘/3“ 0.C.




ARW Engineers
1594 W Park Circle
«— Ogden, UT 84404

ENGINEERS

Project Title:
Engineer:
Project Descr:

Project ID:

Printed: 22 AUG 2016, 1:47PM

 Concrete Column
Jl Lic. # : KW-06002489
Description : g olumn Design - Circuiar_/,

T s

Code References

Calculations per ACI 318-11, IBC 2012, CBC 2013, A_SCE 7-10 -

Load Combinations Used : ASCE 7-10
General Information

‘ojects 2016116134 - LPC - Upper System Tank\Engineering\Calculations\Other\16194_Ipc - upper system tank.ec6

J

ENERCALC, INC. 1983-2016, Build:6.16.6.7, Ver:6.16.6.7
Licensee : ARW ENGINEERS

fic: Concrete 28 day strength = 4.50 ksi
E= = 3,122.0 ksi
Density = 150.0 pcf
B = 0.8250
fy - Main Rebar = 60.0 ksi
E - Main Rebar = 29,000.0 ksi
Allow. Reinforcing Limits ASTM AB15 Bars Used
Min. Reinf. = 1.0 9%
Max. Reinf. = 8.0 %

(Column Cross Section)

Column Dimensions :

Edge Cover = 2.50in

Column Reinforcing : 8 - #5 bars

16.0in Diameter, Column Edge to Rebar

Overall Column Height =

18.0 ft
End Fixity Top & Bottom Pinned

Brace condition for deflection (buckling) along columns :

X-X (width) axis :

Unbraced Length for X-X Axis buckling = 18.0 ft, K=1.0
Y-Y (depth) axis :

Unbraced Length for X-X Axis buckling = 18.0 ft, K=1.0

5 | w5\

*s

i

|
#5 |

%5

A
16.0in

-— —

Entered loads are factored per load combinations specified by user.

(Applied Loads )

Column self weight included : 3,769.91 Ibs * Dead Load Factor
AXIAL LOADS . ..

Axial Load at 18.0 ft above base, Xecc = 3.0in, Yecc = 3.0in, D=54.20, 5=41.20, H=35.30 k

BENDING LCADS . ..
Lat. Uniform Load creating Mx-x, E = 0.1620 k/ft

 DESIGN SUMMARY

* Load Combination +1.20D+0.50L+1.60S+1.60H
Location of max.above base 17.8791

Maximum Stress Ratio
Ratio = (Pur2+Mu*2)A.5 / (PhiPn"2+PhiMnA2) 5

Pu= 191964 k (¢ *Pn= 253.337k
Mu-x = -53.902 k-t P *Mnx= -70.966 k-t
Mu-y = -53.902 k-t P> Mny= 70.966 k-ft
Mu Angle = 45.0 deg
Mu at Angle = 76.229 k-t (Mn at Angle = 100.351 k-ft

Pn & Mn values located at Pu-Mu vector intersection with capacity curve
Column Capacities . ..
Pnmax : Nominal Max. Compressive Axial Capacity 908.38 k
Pnmin : Nominal Min. Tension Axial Capacity -148.80 k
¢ Pn, max : Usable Compressive Axial Capacity 579.09 k

( Pn, min : Usable Tension Axial Capacity -111.60 k
Governing Load Combination Results e
Governing Factored Moment Dist. from :Ii\xial Load

Load Combination XX
+1.40D+1.60H Aclual Actual  17.88 13754

Y-Y base ft Pu ¢ *Pn

Maximum SERVICE Load Reactions ..

Top along Y-Y 1.815k
Top along X-X 2.438k

Bottom along Y-Y 1.815k
Bottom along X-X 1.815k

Maximum SERVICE Load Deflections . ..

Along Y-Y -0.1179in at 10.510ft above base
for load combination : +D+S+H
Along X-X -0.1179in at 10.510ft above base

for load combination : +D+S+H

General Section Information. ¢y = 0.750 B =08250 g = 0830

P : % Reinforcing 1.233 % Rebar % Ok
Reinforcing Area 2.480 in"2
Concrete Area  201.062 in*2

Bending Analysis  k-ft

Utilization
8x 8x*Mux §Y &y*Muy Alpha (deg) §Mu g Mn Ratio
1.000 -32.87 1.000 -32.87 45.000 46.48 9999  0.465



ARW Engineers Project Title:

1594 W Park Circle Engineer: Project ID;
= Ogden, UT 84404 Project Descr:

ENGINEERS

ALrUCLIrH Corauitanta B . . . Printed: 22 AUG 2016, 1:47PM .
| vjects 2016116194 - LPC - Upper System Tank\Engineering\Calculations\Other\16194_Ipc - upper system tank.ec |
' Concrete Column ENERCALC, INC. 1983-2016, Build:5.16.6.7, Ver.16.6.7

Lic. # : KW-06002489 : Licensee : ARW ENGINEERS

Description : Column Design - Circular

Governing Load Combination Results

Governing Factored TRSTREH e i l;Axial Load e Bending Analysis k-t Ein
Load Combination | XX  YY  base ft Pu ¢ *Pn dx x*Mux 3y ~ By * Muy Alpha (deg) & Mu @ Mn  Ratio
+1.200+0.50Lr+1.60L+1.60H Aclual Actual 17.88 126.04 20486 1.000 -30.18 1.000 -30.18  45.000 4268 9999 0427
+1.20D+1.60L+0.505+1.60H Actual Actual 17.88 14664 29486 1.000 3529 1.000 -35.29  45.000 4981 9999  0.499
+1.200+1.60Lr+0.50L+1.60H Actual Actual 17.88 126.04 29486 1000 -30.18 1.000 -3018  45.000 4268  99.99 0427
+1.200+1.60Lr+0.50W+1.60H Actual Actual 17.868 12604 29486 1000 -30.18 1.000 -30.18  45.000 4268  99.99 0427
+1.200+0.50L+1.60S+1.60H Actual Actual  17.88 18196 25334 1158 -53.90 1.158 -53.90  45.000 7623 10035  0.760
+1.20D+1.605+0.50W~+1.60H Actual Actual 17.88 19196 25334 1158 5390 1.158 -53.90  45.000 7623 10035  0.760

+1.200-+0.50Lr+0.50L+W~+1.60H Actual Actual  17.88 12604 29486 1.000 -30.18 1.000 -30.18  45.000 4268  99.99 0427
+1.200+0.50L+0.505+W+1.60H Actual Actual 17.88 14684 29486 1000 -3529 1.000 -3529 45000 4991 9999  0.499
+1.200+0.50L+0.20S+E+1.60H Actual Actual  17.88 13428 23099 1509 -48.34 1000 -32.22 45000 5810 100.03  0.581

+0.80D-+W-+0.90H Actual Actual  17.88 83.94 29746 1.000 -20.00 1.000 -20.00 45.000 28.29 99.92  0.283

+).80D+E+0.90H Actual Actual  17.88 83.94 26293 1267 -2512 1.000 -20.00 45.000 3211 10039 0.320

Maximum Reactions Note: Only non-zero reactions are listed.

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

Load Combination @ Base @ Top @ Base @ Top @ Base

+D+H ' 1.243 1.243 k 1.243 1.243k 93.270k -

+D+L+H 1.243 1.243 k 1.243 1.243k 93.270k

+D+Lr+H 1.243 1.243 1.243 1.243k 93.270 k

+D+5+H 1.815 1815 k 1.815 1815k 134.470 k

+D+0.750Lr+),750L-+H 1.243 1.243 k 1.243 1243k 93.270k

+D+).750L+0.750S+H 1.672 1672 k 1.672 1672k 124170 k

+D+0.60W-+H 1.243 1.243 k 1.243 1.243k 93.270k

+D+0.70E+H 1.243 1.243 k 0.222 2.264 k 93270k

+D+0.750Lr+0.750L+0.450W-+H 1.243 1.243 k 1.243 1.243k 93.270k

+D+0.750L+0.7505+0.450W+H 1,672 1672 1672 1672k 124170k

+D+0.750L+0.7505+0.5250E+H 1.672 1.672 k 0.907 2438k 124170k

+0.60D-+0.60W+0.60H 0.746 0.746 k 0.746 0.746 k 55.962 k

+).60D-+0.70E+0.60H 0.746 0.746 k 0.275 1.766 k 55.962 k

D Only 0.753 0.753 k 0.753 0.753k 57970k

Lr Only k k k

L Only k k k

S Only 0.572 0.572 k 0.572 0.572k 41.200 k

W Only k k k

E Only k 1.458 1458k k

H Only 0.490 0.490 k 0.490 0.490 k 35.300k

Maximum Moments Note: Only non-zero reactions are listed.
Moment About X-X Axis Moment About Y-Y Axis

Load Combination @ Base @ Top @ Base @ Top

+D+H - ’ kAt ' kft

+D+L+H k-ft k-t

+D+Lr+H k-t k-ft

+D+8+H k-t k-ft

+D+0.750Lr+0.750L+H e-ft k-ft

+D+0.750L+0.7505+H k-ft k-ft

+D+0.60W+H k-ft k-ft

+D+0.70E+H k-t k-ft

+D+0.750Lr+0.750L+0.450W-+H k-ft k-ft

+D+0.750L+0.7505+0.450W-+H k-ft k-ft

+D+(.750L+0.750S+0.5250E+H k-ft k-t

+0.60D+0.60W+0.60H k-ft k-ft

+0.60D+0.70E+0.60H k-ft k-ft

D Only keft k-ft

Lr Only k-ft k-ft

L Only k-ft k-ft

S Only k-ft k-ft

W Only k-ft k-ft

E Only k-ft k-ft

H Only k-ft keft
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Maximum Deflections for Load Combinations

Load Combination Max. X-X Deflection Distance Max. Y-Y Deflection Distance
+D+H 0.0807 in 10510  # 0081 in 10510 ft
+D+L+H -0.0807 in 10510 ft -0081 in 10510 ft
+D+Lr+H -0.0807 in 10510 f -0.081 in 10510 ft
+D+8+H 014178 in 10510 f# 0118 in 10510 ft
+D+0.750Lr+0.750L+H -0.0807 in 10510 ft -0.081 in 10510 ft
+D+0.750L+0.750S+H -0.1086 in 10510  ft 0109 in 10510 ft
+D+0.60W-+H -0.0807 in 10510 0.081 in 10510 ft
+D+0.70E+H -0.0807 in 10510 ft 0055 in 11114  ft
+D+0.750Lr+0.750L+0.450W+H -0.0807 in 10510 ft 0.081 in 10510 ft
+D+0.750L+0.750S5+0.450W+H -0.1086  in 10510 ft 0.108 in 10510 ft
+D+0.750L+0.7505+0.5250E+H -0.1086 in 10510  ft -0.088 in 10,752 ft
+0.60D+0.60W+0.60H -0.0484  in 10510  ft -0.048 in 10510 ft
+0.60D+0.70E+0.60H -0.0484  in 10510 ft <0023 in 12081 ft
D Only 0.0489 in 10510  ft 0049 in 10510 it
Lr Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
L Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
S Only -0.0372 in 10510 ft 0037 in 10510 f
W Only 0.0000 in 0.000 ft 0.000 in 0.000 ft
E Only 0.0000 in 0.000 ft 0.039 in 9060 ft
H Only 00318 in 10510 ft 0.032  in 10510 ft
Sketches 4 -
Y "My Loads
] P —t .
| : 1 ;
e \ = |
o, l & N \ |
‘ \ ‘
| ‘ = g
e e :
®ys & / i
L B
i |
Y ! =4l IR [
L __16.0in - Leaking along X-X Axis Locking along Y-¥ Asis
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Description :

Concrete Column P-M Interaction Diagram

6500 Phi * Mn @ Alpha  (k-ft)

585.0 |

520.0 | SR
455.0 | S
3900 |

1 \
325.0 | N

Phi * Pn

260.0 |
195.0 | /
130.0 | Q

65.0 |

! Load Comb. = +1 40D+1.60H, Alpha= 45 Odeg. (137,64, 46 48)

Concrete Column P-M Interaction Diagram
Phi* Mn @ Alpha  (k-ft)

/
Phi*Pn (k)

0 105 211 316 422 527 632 738 B43 U409 1054
) Load Comb. = +1.200+160Lr+0.50L+160H, Alpha= 45 Ddeq, (126.04, 42.68)

=1}
o
o
Querperte ooy liogtinlorgerri s
o
\

vjects 2016116194 - LPC - Upper System Tank\Engineering\Calculations\Other\16194_lpc - upper system tank.ec6

ENERCALC, INC. 1983-2016, Build:6.16.6.7, Ver5.16.6.7
Licensee : ARW ENGINEERS

Concrete Column P-M Interaction Diagram

6500 Phi * Mn @ Alpha  (k-ft)

\
585.0
i L
5200 p

|
455.0 3
‘ .

390.0 |

325.0 | \
' \

260.0 | )

Phi*Pn (k)

195.0 [
130.0 | o

65.0 | S

e
0.0 105 27117 316 422 527 632 738 843 949 1054

0 Load Comb. = +1.200+0.50Lr+ 1 G0L+1.60H, Alpha= 45.0deg. (126,04, 42.68)

Concrete Column P-M Interaction Diagram
650.0 Phi * Mn @ Alpha (k-ft)

585.0

IFEERYE ATTVER |

520.0

455.0

390.0 |

325.0

| \

Phi*Pn (k)

260.0

sryereabyiepeeplienpes i)

195.0

130.0

]

65.0 | B

Gj{] 105 2117 316 422 &27 63:2 738 843 949 1054
) Load Comb, = +1.20D+1 G0Lr+0.50W+1.G0H, Alpha= 45.0deg, (126 04, 42 68)




ARW Engineers
1594 W Park Circle
~ Ogden, UT 84404

Project Title:
Engineer:
Project Descr:

Project ID:

ENGINEERS
) Printed: 22 AUG 2016, 1.47PH

‘ojects 2016116194 - LPC - Upper System Tank\Engineering|Calculations\Other\16194_Ipc - upper system tank.ec6
ENERCALC, INC. 1983-2016, Build:6.16.6.7, Ver6.16.6.7
Licensee : ARW ENGINEERS

' Concrete Column
B Lic. # : KW-06002489

Description : Column Design - Circular

Cancrete Column P-M Interaction Diagram
Phi * Mn @ Alpha  (k-ft)

Concrete Column P-M Interaction Diagram
Phi * Mn @ Alpha (k-ft)

650.0 650.0
585.0 585.0 |
i s =
et e
5200 | o 520.0 | S
455.0 4550 | =
3900 390.0
Y = E N =
3250 | S 3250 | R
N i wl
260.0 & 260.0 | £
/
195.0 | o 195.0 | (
130.0 | 130.0 |
65.0 2 65.0 y
e = ) 5>t
/’/’ T 5
0.0 105 2T 316 422 527 632 738 843 949 1054 00 705 271 316 422 527 632 738 843 949 1054
71 Load Comb. = +1 2001 6050 50W+4 B0H, Alpha= 45.0deg, (18196, 76.23) " Load Comb = +1 200+0.50Lr+0. SOL+W+1 60H, Alpha= 450deg, (126.04, 42 68)
Congcrete Column P-M Interaction Diagram Concrete Column P-M Interaction Diagram
— Phi * Mn @ Alpha  (k-ft) 6500 Phi * Mn @ Alpha  (k-ft)
i
585.0 | 5850 |
-‘\\-.\ | \\""-\
520.0 | S 520.0 | =
\\\\\ i \.\‘\\
455.0 | . 4550 | G
“.\.. | =
390.0 | - 3900 | \ _
325.0 | o e 325.0 | e
| N i | Nk
260.0 | ! -4 260.0 " g
f !
195.0 | 195.0 |
| |
130.0 | = 130.04
| A / |
65.0 | 3 650 | ) >
AT | e

0.0 105 27171 316 422 527 bd,';i' 738 843 949 1054

‘! Load Comb. = +1.200+0.50L+0 205+E+1.60H, Alpha= 45 0deg, {13428, 5B.10)

U‘.U 05 211 316 422 527 bd.ﬂZ‘ 738 843 949 1054

2 Load Comb. = +0.30D+W+0 90H, Alpha= 45 0dsg, (83 54, 28 29
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' Concrete Column
B Lic. # : KW-06002489

Description ; Column Design - Square

Code References

Calculations per ACI 318-11, IBC 2012, CBC 2013, ASCE 7-10

Load Combinations Used : ASCE 7-10
General Information

fic : Concrete 28 day strength = 4.50 ksi

= = 3,122.0 ksi

Density = 150.0 pcf

= 0.8250

fy - Main Rebar = 60.0 ksi

E - Main Rebar = 29,000.0 ksi

Allow. Reinforcing Limits ASTM A615 Bars Used
Min. Reinf. = 1.0 9,
Max. Reinf. = 8.0 94

Column Cross Section B
Column Dimensions : 14.0in Square Column, Column Edge to

Rebar Edge Cover = 2.0in

Column Reinforcing : 4 - #6 bars @ comners,, 1.0 - #6 bars top &
bottom between comner bars, 1.0 - #6 bars

left & right between corner bars

{ Applied Loads)

ojects 2016116194 - LPC - Upper System Tank\Engineering\Calculations\Other\16194_Ipc - upper system tankech |

ENERCALC, INC. 1983-2016, Build:6.16.6.7, Ver:6.16.6.7
Licensee : ARW ENGINEERS

Overall Column Height = @g@
End Fixity Top & Bottom Pinned
Brace condition for deflection (buckling) along columns :
X-X (width) axis :
Unbraced Length for X-X Axis buckling = 18.0 ft, K=1.0
Y-Y (depth) axis ;
Unbraced Length for X-X Axis buckling = 18.0ft, K=1.0

s #6 6
| |
X X
6 \ 46
1 |
® .‘ @
e % 6
|
v

Entered loads are factored per load combinations specified by user.

Column self weight included : 3,675.0 Ibs * Dead Load Factor
AXIALLOADS. ..

Axial Load at 18.0 ft above base, Xecc = 3.0in, Yecc = 3.0in, D=54.20, S=41.20, H=35.30 k

BENDING LOADS. ..
Lat. Uniform Load creating Mx-x, E = 0.1620 k/ft
DESIGN SUMMARY
Load Combination +1.20D+0.50L+1.60S+1.60H

Location of max.above base 17.8791t

Maximum Stress Ratio
Ratio = (Pu*2-+Mu”2)*.5 / (PhiPn*2+PhiMn*2)".5

pu=  191.850 k ®*Pn= 224157k
Mu-x = -54.118 kit @ *Mn-x = -62.840 k-t
Mu-y = -54 118 kit @ *Mn-y = 63.483 k-t
Mu Angle = 45.0 deg
Mu at Angle = 76.534 kft  @OMnat Angle = 89.329 k-t

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

Pnmax ; Nominal Max. Compressive Axial Capacity 947.44
Pnmin : Nominal Min. Tension Axial Capacity -211.20k
(o Pn, max : Usable Compressive Axial Capacity 492,667 k
® Pn, min : Usable Tension Axial Capacity -137.280 k
Governing Load Combination Results -
Govérning Faciored . Moment Dist. from
Load Combination XX - YY |base f Pu
+1.40D+1.60H Actual Actual  17.88  137.51

/:\xial Load
¢ *Pn

~ Maximum SERVICE Load Reactions ..

1.815k
2.438k

1.816k
1.815k

Top along Y-Y
Top along X-X

Bottom along Y-Y
Bottom along X-X

Maximum SERVICE Load Deflections .. ..

Along Y-Y -0.1184in at 10.510ft above base
for load combination : +D+S+H
Along X-X -0.1184in at 10.510ft above base

for load combination : +D+S+H

General Section Information. ¢ = 0.650 B =08250 @ = 080
p : % Reinforcing 1.796 % Rebar % Ok
Reinforcing Area 3.520 in*2
Concrete Area 196.0 in*2

Bending Analysis  k-ft i
Utilization
&x Bx*Mux &y §y*Muy Alpha (deg) FMu @ Mn Ratio
26316 1000 -32.87 1.000 -3287 45,000 46.48 88.61 0.524
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Lic. # : KW-06002489 -
Description : Column Design - Square

Governing Load Combination Results

Govemning Factored Mt Bittan ﬁ\xial Load Bending Analysis  k-ft Utizafion
Load Combination X-X YY base ft Pu @ *Pn 8% {x*Mux &Y §y*Muy Alpha (deg) §Mu @ Mn Ratio
+1.20D+0.50Lr+1.80L+1.60H Actual Actual 17.88 12593 26068 1.000 -30.18 1.000 -30.18 45,000 42.68 86,69  0.481
+1.20D+1.60L+0.505+1.60H Actual Actual 17.88 14653 260.68 1000 -3529 1.000 -35.29 45.000 4391 88.69  0.563
+1.20D+1.60Lr+0.50L+1.60H Actual Actual 17.88 12593 26068 1.000 -30.18 1.000 -30.18 45.000 42 68 88.69  0.481
+1.20D+1.60Lr+0.50W+1.60H Actual Actual 17.88 12593 26068 1000 -3018 1.000 -30.18 45,000 42.68 88.69  0.481
+1.20D+0.50L+1.60S+1.60H Actual Actual 17.88 19185 22416 1.163 -54.12 1.163 -54.12 45,000 76.53 89.33  0.857
+1.20D+1.60S+0.50W+1.60H Actual Actual 1788 19185 22416 1163 -5412 1163 -54.12 45.000 76.53 89.33  0.857

+1.20D-+0.50Lr+0.50L+W~+1.60H Actual Actual 17.88 12593 260.68 1.000 -3018 1.000 -30.18  45.000 4268 8869  0.481
+1.20D+0.50L+0.505+W+1.60H Actual Actual  17.88 14653 260.68 1.000 -3529 1000 -3529  45.000 49.91 88.69  0.563
+1.20D+0.50L+0.20S+E+1.60H Actual Actual 17.88 13417 20574 1512 -4844 1000 -3222 45000 58.18 8926  0.652

+0.90D+W-+0.90H Actual Actual  17.88 83.86 26316 1.000 -20.00 1.000 -20.00 45,000 28.29 88.61 0.319
+0.90D+E+0.90H Actual Actual  17.88 8386 23315 1268 -25.15 1.000 -20.00 45.000 3213 89.26  0.360
Maximum Reactions Note: Only non-zero reactions are listed.
Reaction along X-X Axis Reaction along Y-Y Axis Axial Reaction
Load Combination {@ Base @ Top @ Base @ Top @ Base
+D+H 1.243 1.243 k 1.243 1.243k 93.175k
+D+L+H 1.243 1.243 k 1.243 1.243k 93.175k
+D+Lr+H 1.243 1.243 k 1.243 1.243k 93.175k
+D+8+H 1.815 1.815 k 1.815 1815k 134,375k
+D+0.750Lr+0.750L+H 1.243 1.243 k 1.243 1.243k 93175k
+D+0.750L+0.7505+H 1.672 1.672 k 1.672 1.672k 124,075k
+D+0.60W-+H 1.243 1.243 k 1.243 1.243k 93175k
+D+0.70E+H 1.243 1.243 k 0.222 2.264 k 93175k
+D+0,750Lr+0,750L+0.450W-+H 1.243 1.243 k 1.243 1.243k 93175k
+D+0.750L+0.750S8+0.450W+H 1.672 1.672 k 1672 1672k 124.075k
+D+0.750L+0.750S5+0.5250E+H 1672 1.672 k 0.907 2438k 124075k
+0.60D+0.60W+0.60H 0.746 0.746 Kk 0.746 0.746 k 55.905k
+0.60D+0.70E+0.60H 0.746 0.746 k 0.275 1766k 55.905k
D Only 0.753 0.753 k 0.753 0.753 k 57.875k
Lr Only k k k
L Only k “k k
S Only 0.572 0572 0.572 0.572k 41200k
W Only k k k
E Only k 1458 1.458k k
H Only 0.490 0.490 0.490 0.490k 35.300 k
Maximum Moments Note: Only non-zero reactions are listed.
Moment About X-X Axis Moment About Y-Y Axis
Load Combination @ Base @ Top @ Base @ Top
+D-+H Kt - k-ft
+D+L+H k-ft k-ft
+DLr+H ket k-t
+D+5+H k-ft C
+D-+0.750Lr+0.750L+H k-ft k-ft
+D+0.750L+0.7505-+H k-ft k-ft
+D-+0.60W-+H k-ft k-ft
+D+0.70E+H k-ft k-ft
+D+0.750Lr+0.750L+0.450W-+H k-ft k-ft
+D+0.750L+0.7505+0.450W-+H k-ft k-ft
+D+0.750L+0.7505+0.5250E +H k-ft k-ft
+0.600-+0.60W-+0.60H k-ft K-ft
+),60D+0.70E+0.60H k-ft k-ft
D Only k-ft k-ft
Lr Only k-ft k-ft
L Only k-ft k-ft
S Only k-ft k-ft
W Only k-ft k-ft
E Only k-ft k-ft

H Only k-t k-ft
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' General Footing
Lic. # : KW-06002489
Description : Column Footing

Code References

Calculations per ACI 318-11, IBC 2012, CBC 2013, ASCE 7-10
Load Combinations Used : ASCE 7-10

General Information

Material Properties Soil Design Values

fc : Concrete 28 day strength 3.0 ksi Allowable Soil Bearing @
fy : Rebar Yield 60.0 ksi Increase Bearing By Footing Weight N
Ec : Concrete Elastic Modulus 3,122.0 ksi Sail Passive Resistance (for Sliding)
Concrete Density 145.0 pof Soil/Concrete Friction Coeff.
(p Values  Flexure 0.90

_  Shear 0.750 Increases based on footing Depth
Analysis Settings Footing base depth below soil surface

Min Steel % Bending Reinf. Allow press. increase per faot of depth
Min Allow % Temp Reinf. 0.00180 when footing base is below

Min. Overturning Safety Factor 1.0:1
Min. Sliding Safety Factor 1.0:1 Increases based on footing plan dimension
Add Ftg Wt for Soil Pressure : Yes Allowable pressure increase per foot of depth

Use ftg wt for stability, moments & shears : Yes = ksf

Add Pedestal Wt for Soil Pressure ; No when max. length or width is greater than _ ft

Use Pedestal wt for stability, mom & shear : No

250.0 pef
0.30

| LI | O A | B T [

i omn
=
w
s

6.50
6.50
18.0 in e

Width parallel to X-X Axis
Length parallel to Z-Z Axis
Focting Thickness

]

Pedestal dimensions...
px : parallel fo X-X Axis 14.0 in
pz : parallel fo Z-Z Axis 14.0 in
Height in
Rebar Centerline to Edge of Concrete...
at Bottom of footing = 3.01in

Bars parallel to X-X Axis
Number of Bars - 6.0
Reinforcing Bar Size =

Bars parallel to Z-Z Axis
Number of Bars
Reinforcing Bar Size

I n

Bp3

o
W«£=718la8

1
=
jo3]

non
ok
o

B-#68ars | i G-#6Bas -

Bandwidth Distribution Check (ACI 15.4.4.2) e TSRS
Direction Requiring Closer Separation n/a
# Bars required within zone n/a
# ired on each side of zone n/a

58.0 ’ 41.20 35.30 k

P : Column Load
OB : Overburden

M-xx
M-zz
Vex
V-z

o
TE.
=
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Description Column Footing
DESIGN SUMMARY I 7 Design OK B
Min. Ratio Item Applied Capacity Governing Load Combination
PASS 0.8503 Soil Bearing 3.401 ksf 4.0 ksf +D+S+H about Z-Z axis
PASS n/a Overturning - X-X 0.0 k-t 0.0 kAt No Overturning
PASS n/a Qveriurning - Z-Z 0.0 k-t 0.0 kAt No Qverturning
PASS n/a Sliding - X-X 0.0 k 0.0k No Sliding
PASS n/a Sliding - Z-Z 0.0 k 0.0 k No Sliding
PASS n/a Uplift 0.0 k 00k No Uplift
PASS 0.6053 Z Flexure {+X) 16.154 k-ft 26.688 k-t +1.200+0.50L+1.605+1.60H
PASS 0.6053 Z Flexure {-X) 16.154 k-ft 26.688 k-t +1.20D+0.50L+1.605+1.60H
PASS 0.6053 X Flexure (+Z) 16.154 k-t 26.688 k-t +1.20D+0.50L+1.605+1.60H
PASS 0.6053 X Flexure (-Z) 16.154 k-t 26.688 k-t +1.20D+0.50L+1.605+1.60H
PASS 0.4328 1-way Shear (+X) 35.556 psi 82.158 psi +1.20D+0.50L+1,608+1.60H
PASS 0.4328 1-way Shear (-X) 35.556 psi 82.158 psi +1.20D+0.50L+1,608+1.60H
PASS 0.4328 1-way Shear (+2) 35.556 psi 82.158 psi +1.20D+0.50L+1.60S+1.60H
PASS 0.4328 1-way Shear (-Z) 35.556 psi 82.158 psi +1.20D+0.50L+1.605+1.60H
PASS 0.5813 2-way Punching 95.510 psi 164.317 psi +1.20D+0.50L+1.60S+1.60H
Detailed Results N _ B o
Soil Bearing e - -
Rotation Axis & Xecc  Zecc Actual Soil Bearing Stress @ Location Actual | Allow
~ Load Combination... ~ Gross Allowable (in) Bottom, -Z Top, +Z Left -X  Right, +X Ratio
XX, +D+H 4.0 n/a 0.0 2426 2426 n/a n/a 0.607
XX, +D+H+H 4.0 n/a 0.0 2426 2426 n/a n/a 0.607
XX, +D+Lr+H 4.0 n/a 0.0 2426 2.426 n/a n/a 0.607
X-X, +D+8+H 4.0 n/a 0.0 3.401 3.401 nfa nfa 0.850
X-X, +D+0.750Lr+0.750L+H 4.0 n/a 0.0 2426 2.426 nfa n/a 0.607
K#-X, +D+0.750L+0.750S+H 4.0 n/a 0.0 3,157 3.157 n/a nla 0.789
X-X, +D+0.60W-+H 40 n/a 0.0 2426 2426 n/a nfa 0.607
X-X, +D+0.70E+H 4.0 n/a 0.0 2426 2426 n/a nla 0.607
X-X, +D+0.750Lr+0.750L+0.450W-+H 4.0 nla 0.0 2.426 2426 n/a nfa 0.607
X-X, +D+0.750L+0.750S+0.450W+H 4.0 n/a 0.0 3.157 3.157 n/a nla 0.789
X-X, +D+0.750L+0.750S+0.5250E+H 4.0 n/a 0.0 3457 3.157 n/a nla 0.789
X-X, +0.60D+0.60W-+0.60H 4.0 n/a 0.0 1.455 1.455 n/a nla 0.364
X-X, +0.60D+0.70E+0.60H 40 n/a 0.0 1.455 1.455 n/a n/a 0.364
Z-Z, +D+H 40 0.0 n/a n/a n/a 2426 2426 0.607
Z-Z, +D+L+H 40 0.0 n/a n/a n/a 2425 2426 0.607
Z-Z, +D+Lr+H 40 0.0 n/a n/a n/a 2426 2426 0.607
Z-Z, +D+5+H 40 0.0 n/a n/a n/a 3.401 3.401 0.850
Z-Z, +D+0.750Lr+0.750L+H 4.0 0.0 nla n/a n/a 2426 2426 0.607
Z-Z, +D+).750L+0.7505+H 40 0.0 nfa nla n/a 3.157 3.157 0.789
Z-Z, +D+0.60W+H 40 0.0 n/a n/a n/a 2426 2426 0.607
Z-Z, +D+).70E+H 4.0 0.0 n/a n/a n/a 2.426 2426 0.607
Z-Z, +D+0.750Lr+0.750L+0.450W+H 4.0 0.0 n/a nla n/a 2.426 2.426 0.607
Z-Z, +D+0.750L+0.7505+0.450W-+H 4.0 0.0 n/a nfa n/a 3.157 3.157 0.789
Z-Z. +D+0.750L+0,7505+0.5250E+H 4.0 0.0 n/a nla n/a 3.157 3.157 0.789
Z-Z, +0.60D+0.60W-+0.60H 40 0.0 n/a n/a nfa 1.455 1.455 0.364
Z-Z, +0.60D+0.70E+0.60H 4.0 0.0 n/a n/a nla 1.455 1.455 0.364
Overturning Stability - B S
Rotation Axis &
Load Combination... Overturning Moment Resisting Moment Stability Ratio Status
Footing Has NO Cverturning
Sliding Stability - Mgk
Force Application Axis
Load Combination... Sliding Force Resisting Force ~ Stability Ratio  Status

Footing Has NO Sliding
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1594 W Park Circle Engineer: Project ID:
Ogden, UT 84404 Project Descr.

ENGINEERS

o Printed: 22 AUG 2018, 3:05PM

- ojects 2016116194 - LPC - Upper System Tank\Engineering\Calculations\Other\16194_lpc - upper system tank.ec6 |
Wall Footing ENERCALC, INC, 19832016, Build:6.16.6.7, Ver6.166.7
Lic. # : KW-06002489

. Licensee : ARW ENGINEERS
Description Continuous Wall Footing

Code References

Calculations per ACI 318-11, IBC 2012, CBC 2013, ASCE 7-10
Load Combinations Used : ASCE 7-10

General Information

Material Properties Soil Design Values
f'c : Concrete 28 day strength = 4.50ksi Allowable Soil Bearing = 4.0 ksf
fy : Rebar Yield = 60.0ksi Increase Bearing By Footing Weight = No
Ec: Concrete Elastic Modulus = 3,122.0ksi Soil Passive Resistance (for Sliding) - 250.0 pcf
Concrete Density = 145.0 pcf Soil/Concrete Friction Coeff, = 0.30
( Values  Flexure = 0.90 .
Shear N 0.750 Increases based on footing Depth
Analysis Settings Reference Depth below Surface = 0.01t
Min Steel % Bending Reinf. - Allow. Pressure Increase per foot of depth = 0.0 ksf
Min Allow % Temp Reinf. = 0.00180 when base foofing is below - —
Min. Overturning Safety Factor = 1.0:1 Increases based on footing Width
Min. Sliding Safety Factor = 1.0:1 Allow. Pressure Increase per foot of width = 0.0 ksf
AutoCalc Footing Weight as DL~ : Yes when footing is wider than E 0.0t
Adjusted Allowable Bearing Pressure = 4.0 ksf
Footing Width = 3.01t Footing Thickness = 16.0in Bars along X-X Axis
Wall Thickness = 12.0in Rebar Centerline to Edge of Concrete... Bar spacing = 12.00
Wall center offset at Bottom of feoting = 3.0in Reinforcing Bar Size = # 6
from center of footing = 3in
| |
[ - e oo | |
I ¥ j
: \
o i
¥ : |
B 340" e e
q : ] . #Bbars@12inoc|
&’ . ars In 0.C. : ‘
: CEX.X Section Looking o +2Z | ‘
‘ 1
Gpplied Loads - - -
— D Lr L s w H
P : Column Load = 3.570 0.0 0.0 0.8850 0.0 0.0 0.6650 k
OB : Overburden = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ksf
VX = 0.0 0.0 0.0 0.0 0.0 0.0 0.0k
M-zz = 0.0 0.0 0.0 0.0 0.0 0.0 0.0 k-t

Vx applied 0.0 in above top of footing



- ARW Engineers Project Title:
E ‘ 1584 W Park Circle Engineer: Project ID:
_E  Ogden, UT 84404 Project Descr.
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ENGINEERS

o Printed: 22 AUG 2015. 3:05PM
| - ojects 2016116194 - LPC - Upper System Tank\Engineering\Calculations\Other\16194_lpc - upper system tank.ec6
~Wall Footing ENERCALC, INC. 1983-2016, Build:5.16.6.7, Ver$.16.6.7
Lic. # : KW-06002489 : - Licensee : ARW ENGINEERS
Description : Continuous Wall Footing
DESIGN SUMMARY S B ] Design OK )
Factor of Safety Item Applied Capacity Governing Load Combination
PASS nfa Overturning - Z-Z 0.0 k-ft 0.0 k-t No Overturning
PASS nia Sliding - X-X 0.0 k 0.0 k No Sliding
PASS n/a Uplift 0.0k 0.0k No Uplift
Utilization Ratio  Item Applied Capacity Governing Load Combination
PASS 0.6855 Soil Bearing 2.742 ksf 4.0 ksf +D+5+H
PASS 0.03827 Z Flexure (+X) 0.9634 k-ft 25171 k-ft +1.20D+0.50L+1.60S+1
PASS 0.03060 Z Flexure {-X) 0.7701 k-t 25171 k-t +).90D+E+0.90H
PASS nfa 1-way Shear (+X) 0.0 psi 100.623 psi nfa
PASS 0.02535 1-way Shear (-X) 2.550 psi 100.623 psi +1.20D0+0.50L+1.60S+1
Detailed Results - - -
Soil Bearing - -
Rotation Axis & Actual Soil Bearing Stress Actual | Allowable
Load Combination... Gross Allowable Xecc X WX Ratio
,+D+H 4.0 ksf 2.638in 0.9086 ksf 2.301 ksf 0.575
, +D+L+H 4.0 ksf 2.6391in 0.9086 ksf 2.301 ksf 0.575
,+D+Lr+H 4.0 ksf 2.639in 0.9086 ksf 2.301 ksf 0.575
, +D+S5+H 4.0 ksf 2.695in 1.058 ksf 2.742 ksf 0.686
, +D+0.750Lr+0.750L+H 4.0 ksf 2.639in 0.9086 ksf 2.301 ksf 0.575
, +D+0.750L+0.750S+H 4.0 ksf 2.682in 1.021 ksf 2,632 ksf 0.658
. +D+0.60W-H AD ksf 2.63%in 0.9086 ksf 2.301 ksf 0.575
, +D+0.70E+H 4.0 ksf 2.6391n 0.9086 ksf 2.301 ksf 0.575
, +D+0.750Lr+0.750L+0 450 W-+H 4.0 ksf 2.639in 0.9086 ksf 2.301 ksf 0.575
. +D+0.750L+0.7505+0.450W-+H 4.0 ksf 2.6821n 1.021 ksf 2632 ksf 0.658
. +0+0.750L+0.7505+0.5250E+H 4.0 ksf 2.6821n 1.021 ksf 2.632 ksf 0.658
. +0.60D+0.60W-+0.60H 4.0 ksf 2.639in 0.5451 ksf 1.381 ksf 0.345
. +0.60D+0.70E+).60H 4.0 ksf 2639 in 0.5451 ksf 1.381 ksf 0.345
Overturning Stability - - Units : k-ft
Rotation Axis &
Load Combination... Overturning Moment Resisting Moment Stability Ratio Status

Footing Has NO Overturning

Sliding Stability

Force Application Axis

~ Load Combination... e Sliding Force Resisting Force Sliding SafetyRatio Status
Footing Has NO Sliding

Footing Flexure

: - Mu  Which Tension @ Bot.  As Req'd Gvrn. As Actual As Phi*Mn

EivireAZIE S Load Combinatian Kt Side?  orTop? in2 in2 in2 et Status
. +1.40D+1.60H 1.22 -X Bottom 0.3456  Min Temp % 0.44 25171 oK
. +1.40D+1.60H 0.881 +X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.20D+0.50Lr+1.60L+1.60H 1.071 -X Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.20D+0.50Lr+1.60L+1.60H 0.7783 +X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.200+1.60L+0.505+1.60H 1.145 X Bottom 0.3456  Min Temp % 0.44 25171 0K
. +1.20D0+1.60L+0.505+1.60H 0.8341 +X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.20D+1.60Lr+0.50L+1.60H 1.071 -X  Bottom 0.3456  Min Temp % 0.44 25171 OK
, +1.20D+1.60Lr+0.50L+1.60H 0.7753 +X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.20D0+1.60Lr+0.50W+1.60H 1.071 - Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1,20D+1.60Lr+0.50W~+1.60H 0.7753 +X  Boitom 0.3456  Min Temp % 0.44 25171 OK
. +1,20D+0.50L+1.605-+1.60H 1.307 -X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.200+0.50L+1.605+1.60H 0.9634 + Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.20D+1.60S+0.50W~+1.60H 1.307 -X  Bottom 0.3456  Min Temp % 0.44 25171 0K
, +1.200+1.605+0.50W+1.60H 0.9634 +X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.200+0.50Lr+0.50L+W~+1.60H 1.071 -X  Bottom 0.3456  Min Temp % 0.44 25171 OK
. +1.20D+0.50Lr+0.50L+W+1.60H 0.7753 +X  Bottom 0.3456  Min Temp % 0.44 25171 oK
. +1.200+0.50L+0.505+W+1.60H 1.145 -X  Bottom 0.3456  Min Temp % 0.44 25171 OK

. +1.20D+0.50L+0.505+W+1.60H 0.8341 +X  Bottom 0.3456  Min Temp % 0.44 25171 OK



8/17/2016 Design Maps Summary Report

=USGS Design Maps Summary Report
User-Specified Input

Report Title Liberty Upper System Tank
Wed August 17, 2016 16:17:16 UTC

Building Code Reference Document ASCE 7-10 Standard
(which utilizes USGS hazard data available in 2008)

Site Coordinates 41.3864°N, 111.9022°W
Site Soil Classification Site Class B - “"Rock”

Risk Category I/II/III

=7

i t i JNorth Ogden < ¥
Plain City >
USGS-Provided Output
S.= 1.068¢g Sus= 1.068¢g S,s= 0.712 g
S,= 0370¢ Swm.= 0.370¢g Sy = 0.247 g

For information on how the SS and S1 values above have been calculated from probabilistic (risk-targeted) and

deterministic ground motions in the direction of maximum horizontal response, please return to the application and
select the "2009 NEHRP” building code reference document.

MCEg Response Spectrum Design Response Spectrum

Sa (qg)
Sal(qg)

011 +

0 t t u + u t t u + i 0.a0 t t + t t + +
0.00 0.20 0.40 0.60 ©0.20 1.00 1.20 1.40 1.80 1.20 2.00 0.00 0.20 040 060 0.20 1.00 1.20 1.40
Period, T (sec) Period, T (sec)

t + !
1.60 1.0 2.00

For PGA,, T, Cp., and C,, values, please view the detailed report.

Although this information is a product of the U.S. Geological Survey, we provide no warranty, expressed or implied, as to the
accuracy of the data contained therein. This tool is not a substitute for technical subject-matter knowledge.

http://ehp2-earthquake.wr.usgs.gov/designmaps/us/summary.php?template=minimal&latitude=41.38648longitude=-111.9022&siteclass=1&riskcategory=08editi... 1/1



Project Name LPC - Upper System Tank

Program Authors:  TAB & DOC
Project # 16194 Last Revised 1/19/2006
Prepared By WWY Reviewed By: TAB
Date 8/23/2016
Dlank 53|ft
H 16|f -
L L s ENGINEERS
g 32.17|ft/s
A 9.758527418
Te 4.687416198|s
Sp 0.247|g
Sos 0.712|g
Ts 0.346910112(s
Ce 0.077772167
| 1.25
Aimax 2.576203046|ft Required Freeboard
Tank Volume 255802|Gallons
Ht to Water 15.5|ft
New H_ 15.5|ft Height to Liquid after Freeboard Check (IF desired to change from above)
New dy 0.5]ft
hn 17|ft height above base to highest level of structure
T 0.167442881|s Approximate Fundamental Period as Per ASCE 7 eqn 12.8-7
To 0.069382022(s Per ASCE 7
T, 8|s Per ASCE 7 (fig 22-15)
S, 0.456457993|g For periods less than T,
S, 0.712|g For periods >=to T,and <=to T,
0.8 T
0.7 '}
B
8 o064
S L 2 ”Q%
< 05 3
@ T 1 e Up to TO
S 1
é 204 ‘1 ==To ta Ts
m o 1
3 E 03 | s Ts 0 TL
gao \
E 0.2 wapiues TL Beyond
g
¥ on
Q.
] R it g s
0 s . J s O )
0 2 4 6 8

10 12

Period T (s)

14




Find Pressure at Roof to Shell interface from insufficient freeboard depth.

SA (Tc)
Theta
hy

Vemery
d

dy/d
hy/d
XiR
X

P

PITIBX

F max

0.052694275

3.01636981

0.5

1470.788961

1.396398298

0.358064029

0.358064029

0.95

25.175

1.94

32.21

405.48

g
degrees
ft

ﬂd

ft

ft
slugs/ft®
psf

plf

Spectral Acceleration at Tc

Angle of free surface at sloshing load

height from top of wall to underside of topmost point of lid
Empty Volume of tank above water

Vertical displacement of liquid surface

Fig 6 from "Earthquake Induced Sloshing in Tanks with insufficient Freeboard"

mass density of liquid i =
Weight of Roof is heavier, therefore ok Slab wt = /50pct &ha -0.6= 60 psk

#5 Radial Dowels @ 16" 0.c. okay (Roof Slabto Wall) ), _ GOks|. 031w’ &
GOKsl- O.51="~ ¥ /b

(¥

ho
T = 8353 Pﬂ-?

0.8 >

Nomalized Wetted Width, v,/ R

04}

o hJjd =0 (flat roof)

Iy

Fig. 6: Cone roof ank. Normalized wetted width of wank roof
xR as a function of actual/required freeboard di/d and
nennalized roof height h/d

4 0.6 0.8 1

Actual/Required Freeboard, d, /d




Weight

D/H, 3.419354839

Winw, 0.33 PCA EB219 fig 4-4 (b)

We/W, 0.61 PCA EB219 fig 4-4 (b)

Wi 2223 kips Weight Of Water

Wi 734 Kips Impulsive Weight

Wc 1356 kips Convective Weight

Tw 12 inches Wall Thickness Douter
Tr 8 inches Roof Thickness

Wy 407 kips Weight of Walls

Wg 238 kips Weight of Roof

Period

Cw 0.142 PCA EB219 fig 4-10

C, 0.28

Ec 3605 ksi Elastic Modulus of Concrete
Pe 4.66 #-s/ft’ Mass Density of Concrete
w 187.8341836 rad/s

T 0.03 s

Base Shear

R 1.5 Response Modification Factor

Cai 0.59

Csi (min) 6.15

Csc 0.59

Csc (miny 0.04

Vi 1022 kips Impulsive Base Shear

Ve 74 kips Convective Base Shear

Vr 1025 kips Total Base Shear

55.00 ft



Overturning Moment

hy/HL 0.375 PCA EB219 fig 4-5 (b)

he/H 0.54 PCA EB219 fig 4-5 (b)

hy 5.8125 ft

he 8.37 ft

N 8 ft

M; 6718 kip ft Impulsive

Mg 6733 kip ft Convective (Per ACI 350)
My 9511 kip ft Total

Overall Stability Check

Sliding (Neglecting Backfill)
Weight of tank w/out contents:

Walls 407 kips
Roof 238 kips
Columns 30 kips
Base Slab 229 kips
Water 2223 kips
Total Weight 3127 kips
Friction Coeff 0.41

Base Shear 1025
Safety Factor 1.25 ok
Qverturning

O™ 9511 kip ft
RM 82856 kip ft
Safety Factor 8.7 ok

Design of Walls for In-Plane Loading

Vy 1025 kips Base Shear

Ve 9.8 kips/ft Shear in wall

a 3 See ACI 318 eqn 21-7

Pt 0.006111 See ACI 318 eqgn 21-7 #6 at 12" oc EF

pvn 60.1 kips/ft ok (bunz (70.,;/” N uc - 9% F/ﬂ .. 0K

PER PCA EB219 for D>>H out of plane bending effects are small and can be neglected.
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Seismc Forces e Empty Toank

seismic Actie Prossure = MG pc ¥ ulb = 736 ps§

At-Resy Prossure = 5Tpef b = 912 ps§ W=

Muy = LE1IEFY @ 7.8¢3
* SEE EWERCALC SOLUTION

g Eq,uiw.im W

1649 KFY = %’—") 7868 (w1785
2.0
W= 104 pcf
T

This is used in spreadshect




ARW Engineers Project Title:

1594 W Park Circle Engineer. Project ID:
«— Ogden, UT 84404 Project Descr:
ENGINEERS
i T S - N - Printed: 23 AUG 2016, 832441
| ojects 2016116194 - LPC - Upper System Tank\Engineering\Calculations\Othe\16194_Ipc - upper system fank ec6
 Steel Beam ENERCALC, INC. 1983-2016, Build:6.16.6.7, Ver:6.16.6.7

Lic. # : KW-06002489 Licensee : ARW ENGINEERS

Description :
CODE REFERENCES

Calculations per AISC 360-10, IBC 2012, ASCE 7-10
Load Combination Set : ASCE 7-10
Material Properties

Analysis Method : Allowable Strength Design ' Fy : Steel Yield 50.0 ksi
Beam Bracing:  Beam is Fully Braced against lateral-torsional buckling E: Medulus 29,000.0 ksi
Bending Axis:  Major Axis Bending

—_— = 1 D(0.0570) ]
x 4 o - s —
I y
” -
Wax18
Applied Loads Service loads entered. Load Factors will be applied for calculations.
Beam self weight NOT internally calculated and added
Load for Span Number 1
Varying Uniform Load : D(S,E) = 0.0570->0.0 k/ft, Extent = 0.0 -->> 16.0 ft, Trib Width = 1.0 ft
Varying Uniform Load : D(S,E) = 0.0->0.0460 k/ft, Extent = 0.0 —>> 16.0 ft, Trib Width=1.01t
DESIGN SUMMARY | DesignOK
Maximum Bending Stress Ratio = 0.039:1 Maximum Shear Stress Ratio = 0.011 : 1
Section used for this_span W8x18 Section used for this span W8x18
Ma : Applied 1.649 k-ft Va : Applied 0.4267 k
Mn / Omega : Allowable 42 415 k-t Vn/Omega : Allowable 37.444 k
Load Combination +D+H Load Combination +D+H
Location of maximum on span 7.863ft Location of maximum on span 0.000 ft
Span # where maximum occurs Span # 1 Span # where maximum occurs Span # 1
Maximum Deflection
Max Downward Transient Deflection 0.000 in Ratio = 0 <360
Max Upward Transient Deflection 0.000 in Ratio= 0 <360
Max Downward Total Deflection 0.042 in Ratio= 4518 >=180
Max Upward Total Deflection 0.000 in Ratio= 0 <180
Maximum Forces & Stresses for Load Combinations 7 _ - ) )
Load Combination Max Stress Ratios _ _Summary of Moment Values ] ~ Summary of Shear Values
_ Segment Length Span # M v Mmax + Mmax-  Ma Max Mnx  Mnx/Omega Cb Rm Va Max Vnx  Vnx/Omega
Fr i ; _ i : _ g
Dsgn. L= 16.001t 1 0.039 0.011 1.65 1.65 70.83 4242 1.00 1.00 043 56.17 37.44
+D+L+H
Dsgn. L= 16.00 ft 1 0.039 0.011 1.65 1.65 70.83 4242 1.00 1.00 043 56.17 37.44
+D+Lr+H
Dsgn.L= 16.00ft 1 0.039 0.011 1.65 1.65 70.83 4242 1,00 1.00 043 56.17 37.44
+D+5+H
Dsgn.L= 16.00ft 1 0.039 0.011 1.65 1.65 70.83 4242 1,00 1.00 043 56.17 37.44
+D-+0.750Lr+0.750L+H
Dsgn. L= 16.00t 1 0.039 0.011 1.65 1.65 70.83 4242 100 1.00 043 56.17 37.44
+D+0.750L+0.750S+H
Dsgn.L= 16.00ft 1 0.039 0.011 1.65 1.65 70.83 4242 1.00 1.00 043 56.17 37.44
+D-+0.60W+H
Dsgn.L= 16.00ft 1 0.039 0.011 1.65 1.65 70.83 4242 1.00 1.00 043 56.17 37.44
+D+),70E+H
Dsgn. L= 16.00 ft 1 0.039 0.011 1.65 1.65 70.83 4242 100 1.00 043 56.17 37.44
+D+0.750Lr+0.750L+0.450W+H
Dsgn.L= 16.00ft 1 0.039 0.011 1.65 1.65 70.83 4242 1.00 1.00 043 56.17 37.44
+D+0.750L+0.7505+0.450W+H
Dsgn. L= 16.00ft 1 0.039 0.011 1.65 1.65 70.83 4242 100 1.00 043 56.17 37.44
+D+0.750L+0.750S+0.5250E+H
Dsgn. L= 16.00 ft 1 0.039 0.011 1.65 1.65 70.83 4242 100 1.00 043 56.17 37.44

+).60D+0.60W-+0.60H



Project Name LPC - Upper System Tank
Project # 16194
Prepared By WWY
Date 8/23/2016

Program Authors: ~ TAB & DOC
Last Revised 10/20/2010
Reviewed By: TAB

Circular Concrete Tanks without Prestressing
(Based on the 1993 PCA Document)

ENGINEERS

Design Criteria

Estimation of Tank Wall Thickness

fc

Diank Limit Ring Tension Stress in Concrete Wall from 7% to 12% of fc
H(:m)( )

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

Fluid Pressure
Scil Pressure

Max Coefficient=

E. 29000000 D5

E, 3823676.24 psi Wy 169 pcf
n 7.6 Trmax 43647 Ibs.
Surcharge %,« 5 pef T unfactored 16154 Ibs.
Soil on Lid b F 1 in?
Load Factor As[used)

F\lqu\n pressura £

Fsull prassure

Environmental Ficone) 158 psi

Durability Factor
Flexure (liquid)
Tension (liquid)
Flexure (soil)

This equates to
Wall thickness is

0.611 (Table A-5)

Compression Check

F'c 684
0.33fc 1485
OK

3.51
0K

% of f'c

Compression (soil)
H*/Dt

4.83

The Following Load Cases were used in Analysis:

Load Case #1:
Load Case #2:
Load Case #3:
Load Case #4:

Full of Water, No Lid, No Backfill
Empty, No Lid, w/Backfill

Empty, wiLid, w/Backfill

Full of Water, wiLid, Ignore Backfill

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

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

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.)w,HR wHR= 71488.4352

Moment =(A-7 Coef. JwH’ wyH= 690605.2608
A-5 Coef. RF A-7 Coef. Moment
(#) (#-ftIft)

Top 0.004 268 0 0|

0.1H 0.118 8429 0.0000 12

0.2H 0.238 17018 0.0002 139

0.3H 0.358 25583 0.0008 532

0.4H 0.469 33528 0.0019 1304

0.5H 0.559 39970 0.0038 2618

0.6H 0.611 43647 0.0061 4241

0.7H 0.597 42679 0.0085 5865

0.8H 0.493 35279 0.0098 6773

0.9H 0.288 20556 0.0080 5551

Bottom 0.000 0 0 0




Project Name LPC - Upper System Tank Program Authors: ~ TAB & DOC
Project # 16194 Last Revised 1/19/2006
Prepared By WWY Reviewed By: TMD
Date 8/23/2016
Load Case #2-Empty, No Lid, w/ Backfill ‘-
- ENGINEERS
Use Durability Coefficients as Noted Previous h - -
Soil Over Lid= 1ft
p 175
Ring Force=(A-5 Coef.)w HR+({A-6 Coef.)pR Moment={A-7 Coef.)(wuh3+phz)
wyHR= -136168 wyh’+ph’= -1273000
pR= -14320.6
A-5 Coef RF A-6 Coef. RF Total RF A-7 Coef. Moment
(#) # (# (#-ft/ft)
Top -0.004 511 0.996 -14266.8302 -13756 0 0|
0.1H 0.118 -16055 1.018 -14577.0198 -30632 0.0000 -22
0.2H 0.238 -32418 1.038 -14865.5934 47281 0.0002 -257)
0.3H 0.358 -48730 1.058 -15149.3034 -63880 0.0008 -980
0.4H 0.469 -63863 1.069 -15308.7214 -79172 0.0019 -2404
0.5H 0.559 -76134 1.059 -15167.1366 -91301 0.0038 -4825
0.6H 0.611 -83137 1.011 -14471.6418 -97609 0.0061 -7818
0.7H 0.597 -81293 0.897 -12845.5782 -94138 0.0085 -10811
0.8H 0.493 -67198 0.693 -9931.201 -77129 0.0098 -12485
0.9H 0.288 -39155 0.388 -5549.908 -44705 0.0080 -10232]
Bottom 0.000 0 0.000 0 0 0 0
Load Case #3-Empty, wiLid, 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) = -13756 #
At top of wall (0.0H) from table A-8, Coefficient= -8.07 #
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 Farce from LC#2)
Therefore
V= -1029 #
VR/H= 1704 #
Deltage=Change in Ring Force Due to V applied @ the top of wall
Deltage=(A-8 Coef )(VR/H)
Find the change in moment (Deltay.y,) due to the V applied @ top.
If Sp for moment is less than Sp for compression, then V is reduced by (Spw/Spc)
Deltayem=(A-9 Coef )VH
VH= -16465
A-8 Coef. Deltagr LC#2 RF Total RF A-9 Coef. Deltamom LC #2 Moment Total Moment
(#) (#) (#) (#-ftlft) (#-ftift) (#-ftift)
Top -8.071 13756 -13756 0 ] 0 0 0
0.1H -4.946 8430 -30632 -22202 0.0647 -1065 -22 -1087
0.2H -2.475 4219 -47281 -43062 0.0797 -1312 -257 -1569
0.3H -0.843 1436 -63880 -62443 0.0894 -1142 -980 -2122
0.4H 0.059 -101 -79172 -79272 0.0497 -819 -2404 -3223
0.5H 0.434 -740 -91301 -92041 0.0305 -503 -4825 -5328
0.6H 0.480 -817 -97609 -98426 0.0150 -248 -7818 -8066
0.7H 0.363 -619 -94138 -94757 0.0042 -69 -10811 -10880
0.8H 0.198 -338 -77129 -77467 -0.0027 44 -12485 -12441
0.9H 0.060 -102 -44705 -44807 -0.0075 124 -10232 -10108
Bottom 0.000 Q 0 )] -0.0124 203 0 203
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Load Case #4-Full of Water, w/Lid, ignore Backfill
LOAG Eane go-rUNOf Yvalet, Wil id, JONoTE sacksilt ENGINEERS
Add the effects of shear @ the top of the tank to LC #1 .
At the top of the wall - Coefficient from Table A-8= -8.07 #
{Coef. A-8 @ 0.0H)(VR/H) = (Ring Force from LC#1)
V= 20 #
VRIH= -33 # (For Ring Force)
VH= =321 # (For Moment)
A-8 Coef. Deltage LC#1 RF Total RF A-9 Coef. Deltamom LC#1 Moment Total Moment
(#) (#) (#) (#-ft/ft) (#-ft/ft) (#-ftift)

Top| -8.07 268 -268 0 0 0 0 0
0.1H -4.95 164 8429 8593 0.065 -21 12 -9
0.2H -2.48 82 17018 17101 0.080 -26 139 114
0.3H -0.84 28 25583 25611 0.069 -22 532 509
0.4H 0.06 -2 33528 33526 0.050 -16 1304 1288
0.5H 0.43 -14 39970 39956 0.031 -10 2618 2608
0.6H 0.48 -16 43647 43631 0.015 -5 4241 4237
0.7H 0.36 -12 42679 42667 0.004 -1 5865 5864
0.BH 0.20 -7 35279 35272 -0.003 1 8773 6774
0.9H 0.06 -2 20556 20554 -0.008 2 5551 5553

Bottom 0 0 0 0 -0.012 4 0 4
Envelope of Ring Forces
LC#1 LC#2 LC#3 LC#4 Max Min

Top -268 -13756 0 [ ] -13756
0.1H 8429 -30632 -22202 8583 8593 -30632
0.2H 17018 47281 43062 17101 17101 -47281
0.3H 25583 -63880 -62443 25611 25611 -63880
0.4H 33528 -79172 -79272 33526 33528 -79272
0.5H 39970 -91301 -92041 39956 39970 -92041
0.6H 43647 -97609 -98426 43631 43647 -98426
0.7H 42679 -94138 -94757 42667 42679 -94757
0.8H 35279 -77129 -17467 356272 35279 -77467
0.9H 20556 44705 -44807 20554 20556 -44807

Bottom 0 0 0 0 0 0
Tension Compression
Bottom 0 0
0.9H 21 -45
0.8H 35 =77
0.7H 43 95 Lra¥rol$
s
0.5H 40 92
0.4H 34 -79
0.3H 26 -64
0.2H 17 A7
0.1H 9 =31
Top 0 -14
Envelope Of Ring Forces
£ o S—"; - I i P
E — [ 58 \-..
5 o 67 Fote— ]
b — / I 06
5 = 0:4
s o
-120 -100 -80 -60 -40 -20 0 20 40 60
{-}=Comp (+) =Ten. (kips)
- |
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Envelope of Moments

ENGINEERS
LC#1 LC#2 LC#3 LC#4 Max Min
Top 0 0 0 0 0 0
0.1H 12 -22 -1087 -9 12 -1087
0.2H 139 -257 -1569 114 139 -1569
0.3H 532 -980 -2122 509 532 -2122
0.4H 1304 -2404 -3223 1288 1304 -3223
0.5H 2618 -4825 -5328 2608 2618 -5328
0.6H 4241 7818 -8066 4237 4241 -8066
0.7H 5865 -10811 -10880 5864 5865 -10880|
0.8H 6773 -12485 -12441 6774 6774 -12485)
0.9H 5551 -10232 -10108 5553 5553 -10232
Bottom 0 0 203 4 203 0
Tension O.F. Tension L.F.
Bottom 0 0
f9H p— -10 xeold
0.8H G il Con
0.7H 6 1
0.6H 4 -8
0.5H 3 -5
0.4H 1 -3
0.3H 1 -2
0.2H 0 -2
0.1H 0 -1
Top 0 0
Envelope Of Moments
-
= 4
g v 7&‘*_“"
=
o B:F
£ 6.
2 gl Ty
& B4 T~
g 63 N
4 0-2 >
& ——— o g
e
-15 10 -5 0 5 10
(-)=Ten. L.F. (*)=Ten. O.F. (k-ft)
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Design of Wall Steel

| Ring Steel
~ Compypssien
98"
fe= C/A = 3 = L& psi
c= a8 @ O0.bH

Uz (4500 86) = 1500 pst > L8l esc ., 0K
- Teasvn

Ty B 2
o Aﬂ'wm = 0.3

JSE #6 BARS @ [RTec. Each Face = Q.3FM > 03 M 0K

F. oK (SEE SPI‘QO«JSK@H*)
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Desian af Wall Sheel

Mdment ﬁemﬁrmo,
- stee| at Tnderior Fsce

mu: )Q K"F+
My = Ig\"{"‘t" ]a |
¢ e bd* 09:4,5 Jal a.6* © 0.033%
W= 0.034 [Tﬂlnle A- QG]

p= 0,034 .45) = 0.00255

Pron (Yemp. shrmkeqe) = 0.003

L MW RewSurcemiat provided is  ade uate
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