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STABILITY ANALYSES FOR STORM WATER PUMP STATION
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STABILITY ANALYSES
STORM WATER PUMP STATION

Index of Excel Spreadsheets:

Center of Gravity of various structure components:
File name: CG of building side walls

File name: CG of conc Upper side wall

File name: CG of conc Lower side wall

File name: CG of conc Upper counterfort

File name: CG of conc Lower counterfort

Counterfort:
File name: Counterfort.xls

Stability:
File name: PS Stability.xls
Tab name: Load Case 1
(Construction Case - Unusual)
Tab name: Load Case 2
(Maintenance or Construction Case - Unusual)
Tab name: Load Case 3
(Normal (drained soil) - Usual)
Tab name: Load Case 4
(Normal (undrained soil) - Usual)

Bearing Pressure:
File name: PS Bearing Pressure.xls
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Center of Gravity (CG)
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Storm Water Pump Station

Center of Gravity (CG) spreadsheets for various components:

1. Building Side Walls (File: CG of building side walls.xls)

2. Upper Concrete Side Wall (File: CG of conc Upper side wall.xls)

3. Lower Concrete Side Wall (File: CG of conc Lower side wall.xls)

4. Upper Counterfort for Lateral Force (File: CG of conc Upper counterfort.xls)

5. Lower Counterfort for Lateral Force (File: CG of conc Lower counterfort.xls)



3:47 PM 1/20/2005

CDM Project: TRWD-FWCC Storm Water P.S. Engineer: EJB Project #
8140 Walnut Hill Lane Date: 18-Jan 42275
Dallas, TX 75231 Subject: Building side walls Checker: Page:
tel. (214) 346-2800 Date:

Units:

Nodes Coordinates . Section Fropertics L
' 5 About Centroidal Axis Parallel to Original Axis
X Y o = 28.643 deg X-dim = 20 ft
1 0.000 0.000 A= 315.00 ftr2 Y-dim = 20 ft
2 0.000]  20.000 ¢ Xcg = 9.101 ft ) Sx(top) = 923.4 ftr3
3 20.000 20.000 Yeg = 11.934 ft Sx(bot) = 624.1 ftr3
4 20.000 8.500 Ixo = 7448.4 fird Sy(left) = 1125.8 fin3
5 0.000 0.000 lyo = 10245.1 ftrd Sy(right)= 940.0 ft"3
6 0.000 0.000 ixyo = 2177.1 ftM4
7 0.000 0.000
8 0.000 0.000 Section Properties About Principal Axis - ;
9 0.000 0.000 ¢ = 28.643 deg Sxp(top) = 547.1 fth\3
10 0.000 0.000 Ixp = 6259.3 ftr\d Sxp(bot) = 759.8 "3
11 0.000 0.000 lyp = 11434.3 ftr4 Syp(left) = 834.2 tr3
12 0.000 0.000 Ixyp = 0.0 ftrd Syp(right)= 851.3 fir3
13 0.000 0.000 J= 17693.6 ftrd
14 0.000 0.000
15 0.000 0.000] 25
16 0.000 0.000
17 0.000 0.000
18 0.000 0.000
19 0.000 0.000
20 0.000 0.000
21 0.000 0.000
22
23
24
25
26
27
28
29
30
31 ;
32 0 ; ; ; j
33 0 5 10 15 20 25
0 9.000 /0,899 .
Sey 20,9 -
30’ ¢ 2
/7.¢ moment @ras
Toe.

Engineer: Sheet: Section_by_nodes File: CG of building side walls.xls



3:48 PM 1/20/2005

CDM Project: TRWD-FWCC Storm Water P.S. Engineer: EJB  |Project #
8140 Walnut Hill Lane Date: 18-Jan 42275
Dallas, TX 75231 Subject: Upper Conc Side Wall Checker: Page:
tel. (214) 346-2800 Date:

Nodes'Coordinates ' : Sectlon Properties ;
, . About Centroidal Axis Parallel to Original Axis

X Y ¢ = -42.716 deg X-dim = 30 ft
1 0.000 0.000 A= 892.50 ftr2 Y-dim = 33.5 ft
2 0.000]  26.000 Cygg = 15.630 ft ) Sx(top) = 3661.8 ftA3
3 30.000 33.500 Yeg = 14.954 ft Sx(bot) = 4541.5 ftA3
4 30.000 0.000 Ixo = 67912.8 fird Sy(left) = 4259.9 ftA3
5 0.000 0.000 lyo = 66583.0 ft"4 Sy(right)= 4633.6 ftr3
6 0.000 0.000 Ixyo = 8322.9 ftrd
7 0.000 0.000
8 0.000 0.000 -~ Section Properties About Principal Axis
9 0.000 0.000 o = -42.716 deg Sxp(top) = 3234.2 ftr3
10 0.000 0.000 Ixp = 75597.3 fthd Sxp(bot) = 3501.5 ftr3
11 0.000 0.000 lyp = 58898.5 fin4 Syp(left) = 3103.6 ft"3
12 0.000 0.000 Ixyp = 0.0 ft"4 Syp(right)= 2845.1 ftn3
13 0.000 0.000 J= 134495.8 fti"4
14 0.000 0.000
15 0.000 0.000 46
16 0.000 0.000
17 0.000 0.000
18 0.000 0.000
19 0.000 0.000
20 0.000 0.000
21 0.000 0.000
22
23
24
25
26
27
28
29
30
31
32 : : + +
33 5 0 5 10 15 20 25 30 35

|
/563 , i oment aran
Toe.

Engineer:

Sheet: Section_by_nodes

File: CG of conc Upper side wall.xIs



3:47 PM 1/20/2005

CDM Project: TRWD-FWCC Storm Water P.S. Engineer: EJB Project #
8140 Walnut Hill Lane Date: 18-Jan 42275
Dallas, TX 75231 Subject: Lower Conc Side Wall Checker: Page:
tel. (214) 346-2800 Date:

Units:
e Section Properties
Nodes Coordinates About Centroidal Axis Parallel to Original Axis
X Y ¢ = -13.679 deg X-dim = 30 ft
1 0.000 0.000 A= 1102.50 ft"2 Y-dim = 41 ft
2 0.000] 32.500 (Xeg= 155781t ) | Sx(top)=  5651.2 ft"3
3 30.000 41.000 Yeg = 18.457 ft Sx(bot) = 6902.3 ft"3
4 30.000 0.000 Ixo = 127394.5 fird Sy(left) = 5284.2 ft"3
5 0.000 0.000 lyo = 82318.9 find Sy(right)=  5708.0 ftA3
6 0.000 0.000 Ixyo = 11661.8 fird
7 0.000 0.000
8 0.000 0.000 Section Properties About Principal Axis
9 0.000[  0.000 o = 13.679 deg | Sxp(top)=  5144.7 "3
10 0.000 0.000 Ixp = 130232.9 fird Sxp(bot) = 6024.4 fir3
11 0.000 0.000 lyp = 79480.5 fird Syp(left) = 4306.2 fir3
12 0.000] _ 0.000 Ixyp = 0.0 ft’d | Syp(right)=  4324.9 ftA3
13 0.000 0.000 J= 209713.4 find
14 0.000 0.000
15 0.000 0.000 45
16 0.000 0.000
17 0.000 0.000 40
18 0.000 0.000
19 0.000 0.000 35
20 0.000 0.000
21 0.000 0.000 30
22
23 25
24
o5 20
26
57 15
28
9 10 §
30 5
31
32 o , :
33 -10 0 10 | 20 30 40
ey ¢
/ < ¢ éég , JT1 QT @eny Fé el
|

Engineer:

Sheet: Section_by_nodes

File: CG of conc Lower side wall.xis




3:48 PM 1/20/2005

CDM Project: TRWD-FWCC Storm Water P.S. Engineer: EJB Project #
8140 Walnut Hill Lane Date: 18-Jan 42275
Dallas, TX 75231 Subject:  Upper Counterfort for lateral force | Checker: Page:
tel. (214) 346-2800 Date:

Units:
' . Section Properties
Nodes Coordinates About Centroidal Axis Parallel to Original Axis
X Y (i= 20.155 deg X-dim = 10 ft

1 0.000 0.000 A= 110.00 ftA2 ) Y-dim = 19 ft
2 0.000 19.000 Xcg = 3.788 ft Sx(top) = 173.9 "3
3 10.000 3.000 { Yeg= 6.470 ft ) Sx(bot) = 336.8 ft"3
4 10.000 0.000 Ixo = 2179.1 fird Sy(left) = 199.3 fir3

5 0.000 0.000 lyo = 755.1 fird Sy(right)= 121.5 ft"3

6 0.000 0.000 Ixyo = -604.0 fth\4

7 0.000 0.000

8 0.000 0.000 - Section Properties About Principal Axis

9 0.000 0.000 0 = 20.155 deg Sxp(top) = 183.7 fir3
10 0.000 0.000 Ixp = 2400.8 ft™4 Sxp(bot) = 292.3 "3
11 0.000 0.000 lyp = 533.3 fird Syp(left) = 92.2 tr3
12 0.000 0.000 Ixyp = 0.0 ftr4 Syp(right)= 115.0 ft"3
13 0.000 0.000 J= 2934.1 fird
14 0.000 0.000
15 0.000 0.000 26
16 0.000 0.000
17 0.000 0.000
18 0.000 0.000
19 0.000 0.000 ¢
20 0.000 0.000 Y
21 0.000] __ 0.000 N
22 i
23 v
24 5
25 §
26
27 B -
28 N
29 I
30 2
31
32 i i ! 3%
33 10 5 0 5 10 15 20 N

1

Hrea ///@ /z’é/ for  [ateral force.

Engineer: Sheet: Section_by_nodes File: CG of conc Upper counterfort.xls



3:47 PM 1/20/2005

CDM Project: TRWD-FWCC Storm Water P.S. Engineer: EJB Project #
8140 Walnut Hill Lane Date: 18-Jan 42275
Dallas, TX 75231 Subject: Lower Counterfort for lateral force Checker: Page:
tel. (214) 346-2800 Date:

Units:
e e : , Section Properties ,

Nodes Coordmates : About Centroidal Axis Parallel to Original Axis
X Y 0 = -10.803 deg X-dim = 9.5 ft
0.000 0.000 C A= 152.00 ftA2 ) Y-dim = 29 ft
-9.500 0.000 Xeg = -3.464 ft Sx(top) = 366.6 ft"3
-9.500 3.000 (Ycg = 9.760 ft Sx(bot) = 722.6 fir3
0.000 29.000 Ixo = 7052.9 fird Sy({left) = 147.7 "3
0.000 0.000 lyo = 891.6 ftrd Sy{right)= 257.4 "3
0.000 0.000 Ixyo = 1220.1 {tr4
0.000 0.000
0.000 0.000 ~Section Properties About Principal Axis
0.000 0.000 o = -10.803 deg Sxp(top) = 372.7 ft~3
0.000 0.000 Ixp = 7285.8 find Sxp(bot) = 679.7 "3
0.000 0.000 lyp = 658.8 {th4 Syp(left) = 141.3 ft"3
0.000 0.000 Ixyp = 0.0 find Syp(right)= 125.9 ft"\3
0.000 0.000 J= 7944.6 ftrd
0.000 0.000

0.000 0.000 35
0.000 0.000 : . '
0.000 0.000
0.000 0.000
0.000 0.000

0.000 0.000 v
0.000 0.000 ¢
S
3
.
v
Qz
£
S
~
o

wlwlwlwlnmolmln|oiooinoloin] 2 2= === =] ===
I R B N I R RN s D B S R e B ) S PN I N N F= T e R i R R Rl e R

-25 -20 -156 -10 -5 0 5 10 15

Use  Area (152 {1 ‘j for Sateral force

Engineer: Sheet: Section_by_nodes File: CG of conc Lower counterfort.xls
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Storm Water Pump Station

Counterfort

(File: Counterfort.xls)



PROJECT: TRWD - STORM WATER PUMP STATION
PROJECT NO: 2521-42275-PRSTR.PS
DESIGNED BY: E. BJORKLUND DATE: 1/17/2005
CHECKED BY: DATE:
UPPER COUNTERFORT
E.F.P.= |70 psf / ft of depth
Depth= |38 it from grade to upper counterfort base
Centroid =16.47 ft from centroid to upper counterfort base - SEE CG SPREADSHEET
ground to pressure at Section | Total Force | Centroid Moment Arm
Section  |centroid centroid Area on Area Location | about upper slab | Moment
Trapezoid | 31.53 2207 110 242781 6.47 6.47 1570793
LLOWER COUNTERFORT
EF.P= |70 psf / ft of depth
Depth= 455 ft from grade to base
Centroid =19.76 ft from centroid to base - SEE CG SPREADSHEET
ground to pressure at Section | Total Force | Centroid Moment Arm
Section  |centroid centroid Area on Area Location | about lower slab | Moment
Trapezoid | 35.74 2502 152 380273.6 9.76 9.76 3711470
UPPER COUNTERFORT
E.F.P= 105 psf / ft of depth
Depth= (38 ft from grade to upper counterfort base
Centroid =16.47 ft from centroid to upper counterfort base - SEE CG SPREADSHEET
ground to pressure at Section | Total Force | Centroid Moment Arm
Section |centroid centroid Area on Area Location | about upper slab | Moment
Trapezoid | 31.53 3311 110 364171.5 6.47 6.47 2356190
LOWER COUNTERFORT
E.F.P.= /105 psf / ft of depth
Depth= 455 ft from grade to base
Centroid =|9.76 ft from centroid to base - SEE CG SPREADSHEET
ground to pressure at Section | Total Force | Centroid Moment Arm
Section  |centroid centroid Area on Area Location | about lower slab | Moment
Trapezoid | 35.74 3753 152 570410.4 9.76 9.76 5567206

Counterfort.xls
COUNTERFORT



Section 4
Storm Water Pump Station Stability Analysis
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Storm Water Pump Station
Stability

(File: PS Stability.xls with Tabs for Load Cases)
Load Case 1 - During Construction
1. Dead loads + equipment.

2. No live loads, no soil, no water.



PROJECT: TRWD - STORM WATER PUMP STATION

PROJECT NO: 2521-42275-PRSTR.PS

DESIGNED BY: E. BJORKLUND DATE: 1/18/2005

CHECKED BY; DATE:

STABILITY

Load Condition 1 - During Construction

(dead loads + equipment loads, no live loads Total or Avg | Total or Avg | Total or Avg Moment Arm | Resisting | Overturning

no soil, no water) Unit force Quantity Length Width Height Removed portions Weight to Toe Moment Moment

(ft) (ft) (ft) (Ibs) (ft) (Ibs-ft) (Ibs-ft)

VERTICAL
It wt conc on metal deck/bar joists at 6" spacing/

Roof D.L. lighting/etc. minus roof openings 50 |pst 23 53 4 x 36sf = 144 53,750 20 1,075,000

Building Walls 12" CMU at 20’ height minus vent openings 80 psf 53 20 16x16sf= 256 64,320 9.25 594,960
12" CMU at 16.5" avg height minus vent openings 80| psf 2 20 16.5 5x 16 sf= 80 40,000 19.1 764,000
12" CMU at 11.5" height minus vent openings 80 psf 53 11.5 8x16 sf= 128 38,520 30.75 1,184,490

Top Floor Slab 18" thick 225 psf 215 50 241,875 19.25 4,656,094

Top Floor Beams 2 beams at 2.5 x 1.5’ each (beneath slab) 563 pLF 2 50 56,300 16 900,800
Upper exterior end wall - 24" avg thickness

C.I.P. Walls El548.0 10 513.0 =35 height 300|psf 39.25 35 412,125 31.17 12,845,936
Upper exterior side wall - 24" avg thickness
El (546.5-538.0) to 513.0 =29.25" avg height 300/ psf 30 29.25 263,250 15.63 4,114,598
Lower (deep) exterior end wall - 27" avg thickness
El 548.0 to 505.5 =42.5 height 338|psf 15.08 42.5 216,624 31.17 6,752,176
Lower (deep) exterior side wall - 27" avg thickness
El (546.5-538.0) to 505.5 =36.75" avg height 338 |psf 30 36.75 372,645 15.58 5,805,809
channel divider wall 18" thick
El538.0 to 513.0 =25 height 225|psf 3 30 25 506,250 15 7,593,750
Lower channel divider (side) wall 18" thick 225\ psf 30 7.5 50,625 15 759,375
Upper counterfort (SOUTH) 24" thick 300|psf 1 5 16 24,000 1 24,000
Upper counterfort (MID) 24" thick 300 psf 1 5 16 24,000 16 384,000
Upper counterfort (NORTH) 24" thick 300 psf 1 5 16 24,000 31 744,000
Lower counterfort (SOUTH) 24" thick 300 psf 1 4.75 23 32,775 1 32,775
Lower counterfort (MID) 24" thick 300 psf 1 4.75 23 32,775 16 524,400
Lower counterfort (NORTH) 24" thick 300, psf 1 4.75 23 32,775 31 1,016,025

Base Slab 36" thick 450 psf 75 51 1,721,250 25.5 43,891,875

Pumps Upper vertical pumps 30500!Ibs 3 91,500 25.5 2,333,250
Lower vertical pump 34500/lbs 1 34,500 25.5 879,750
at Upper channels w/ 11.33’ width each

Trash Racks using 55 ~ 5/8"x6" steel bars x 25’ long @ 2.5"¢/c 319ilbs 165 52,635 4.25 223,699
at Lower channel w/ 11.33" width
using 55 ~ 5/8"x8" steel bars x 32’ long @ 2.5"c/c 545ilbs 55 29,975 4.25 127,394

4,416,469 22.01 97,228,155!

PS Stability.xls
Load Case 1



Storm Water Pump Station

Stability

(File: PS Stability.xls with Tabs for Load Cases)

Load Case 2 - During Construction or Maintanence

1. Dead loads.

2. No equipment, no live loads, low water (empty inlet).
3. Undrained (saturated) backfill.

4. Uplift



PROJECT: TRWD - STORM WATER PUMP STATION |
PROJECT NO: 2521-42275-PRSTR.PS i
DESIGNED BY: E. BJORKLUND DATE: 1/18/2005
CHECKED BY: DATE:
STABILITY
Load Condition 2 - During Construction/Maintenance
(dead loads, no equipment, no live loads Total or Avg | Total or Avg | Total or Avg Lateral Moment Arm | Resisting Overturning
saturated backfill + low water/empty + uplift) Unit force Quantity Length Width Height Removed portions | Weight/force Force to Toe Moment Moment
(ft) (ft) (ft) (Ibs) (Ibs) (ft) (Ibs-ft) (Ibs-ft)
VERTICAL
It wt conc on metal deck/bar joists at 6’ spacing/
Roof D.L. lighting/etc. minus roof openings 50| psf 23 53 4 x 36sf = 144 53,750 20 1,075,000
Building Walls 12" CMU at 20’ height minus vent openings 80|psf 53 20 16 x16sf= 256 64,320 9.25 594,960
12" CMU at 16.5' avg height minus vent openings 80|psf 2 20 16.5 5x16sf= 80 40,000 19.1 764,000
- 12" CMU at 11.5' height minus vent openings 80|psf 53 11.5 8x16sf= 128 38,520 30.75 1,184,490
Top Floor Slab 18" thick 225|psf 215 50 241,875 19.25 4,656,094
Top Floor Beams 2 beams at 2.5" x 1.5’ each (beneath slab) 563 pLF 2 50 56,300 16 900,800
Upper exterior end wall - 24" avg thickness
C.1.P. Walls El548.0 to 513.0 =35’ height 300|psf 39.25 35 412,125 31.17 12,845,936
Upper exterior side wall - 24" avg thickness !
- El (546.5-538.0) to 513.0 =29.25' avg height 300 psf 30 29.25 263,250 15.63 4,114,598
Lower (deep) exterior end wall - 27" avg thickness
El 548.0 to 505.5 =42.5 height 338psf 15.08 42.5 216,624 31.17 6,752,176
Lower (deep) exterior side wall - 27" avg thickness
Ef (546.5-538.0) to 505.5 =36.75' avg height 338|pst 30 36.75 372,645 15.58 5,805,809
channel divider wall 18" thick
EI538.0 to 513.0 =25’ height 225 psf 3 30 25 506,250 15 7,693,750
| Lower channel divider (side) wall 18" thick 225 psf 30 7.5 50,625 15 759,375
Upper counterfort (SOUTH) 24" thick 300|psf 1 5 16 24,000 1 24,000
L Upper counterfort (MID) 24" thick 300 psf 1 5 16 24,000 16 384,000
Upper counterfort (NORTH) 24" thick 300 | psf 1 5 16 24,000 31 744,000
Lower counterfort (SOUTH) 24" thick 300 |psf 1 4.75 23 32,775 1 32,775
Lower counterfort (MID) 24" thick 300 !Ipsf 1 4.75 23 32,775 16 524,400
Lower counterfort (NORTH) 24" thick 300pst 1 4.75 23 32,775 31 1,016,025
Base Slab 36" thick 450|pst 75 51 1,721,250 25.5 43,891,875
on Upper Heel Footing
Soil weight (vertical volume, no cone action) 130 pct 51.17 18.5 35 4,307,235 41.75 179,827,051
on Lower Heel Footing
(vertical volume, no cone action) 130|pcf 23.83 18 42.5 2,369,894 42 99,535,527
on Upper Counterfort Footing
(vertical volume, no cone action) 130 pctf 1 30 10 29.25 1,140,750 15 17,111,250
on Lower Counterfort Footing
(vertical volume, no cone action) 130 |pef 1 30 9.5 36.75 1,361,588 15 20,423,813
13,387,325 30.67 410,561,703
LATERAL
Saturated soil forces  |on Upper end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL resuilts, rotation about bottom
includes effects from 260 psf surface surcharge 105|pcf 51.17 38 3,879,198 12.65 49,087,368 of UPPER foundation
on Upper end wall counterfort area only.
Pressure of 105 psf is per CTWALL resuits, Assumes moment-arm
(see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3311 pcf 10 11 364,210 6.47 2,356,439 of UPPER foundation
on Lower end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105|pcf 23.83 45.5 2,590,038 15.15 39,242,961 |of LOWER foundation
on Lower end wall counterfort area only.
Pressure of 105 psf is per CTWALL resuits, Assumes moment-arm
(see COUNTERFORT jincludes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3753|pct 9.5 16 570456 9.76 5,567,651 of LOWER foundation
7,403,902 13.00 96,254,418
UPLIFT
at Upper channel at inlet/bar screen (UPPER TOE):
High Groundwater/Saturated soil up to Elev. 513.0,
Uplift bottom of base at 510.0 = 3.0 ft head (uniform load) 624 pct 49.5 51 3 -472,586 25.5 12,050,953
at Upper channel at end wall (UPPER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 513.0 = 35.0 ft head (triangular load) 62.4 pcf 49.5 51 35 -2,756,754 34.02 93,784,771
at Lower channel at inlet/bar screen (LOWER TOE):
High Groundwater/Saturated soil up to Elev. 505.5,
bottom of base at 502.5 = 3.0 ft head (uniform load) 62.4|pcf 25.33 51 3 -241,831 25.5 6,166,680
at Lower channel at end wall (LOWER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 505.5 = 42.5 ft head (triangular load) 62.4|pcf 25.33 51 425 -1,712,967 34.02 58,275,123
-5,184,138 32.85 170,277,527
8,203,187 7,403,902 410,561,703 266,531,945

PS Stability.xls
lLoad Case 2



Storm Water Pump Station
Stability

(File: PS Stability.xls with Tabs for Load Cases)

Load Case 3 - Normal

1. Dead loads + equipment + live loads.

2. Maximum design water surface (full inlet) at Elevation 527.3.
3. Drained (dry) backfill.

4. No uplift.



PROJECT: TRWD - STORM WATER PUMP STATION
PROJECT NO: 2521-42275-PRSTR.PS
DESIGNED BY: E. BIORKLUND DATE: 1/18/2005
CHECKED BY: DATE:
STABILITY
Load Condition 3 - Normal
(dead loads + equipment + live loads, Total or Avg | Total or Avg | Total or Avg Lateral Moment Arm | Resisting | Overturning
unsaturated backfill + max. water surface, no uplift) Unit force Quantity Length Width Height Removed portions | Weight/force Force to Toe Moment Moment
(ft) (ft) (ft) (Ibs) (Ibs) (ft) (Ibs-ft) (lbs-ft)
VERTICAL
Roof L.L. 55|psf 23 53 67,045 20 1,340,900
It wt conc on metal deck/bar joists at 6’ spacing/
Roof D.L. lighting/etc. minus roof openings 50 |psf 23 53 4 x 36sf = 144 53,750 20 1,075,000
Building Walls 12" CMU at 20’ height minus vent openings 80, psf 53 20 16x16sfs 256 64,320 9.25 594,960
12" CMU at 16.5’ avg height minus vent openings 80 psf 2 20 16.5 5x16sf= 80 40,000 19.1 764,000
12" CMU at 11.5 height minus vent openings 80|psf 53 11.5 8x 16 sf= 128 38,520 30.75 1,184,490
Top Floor Slab L.L. 200|psf 20 50 200,000 20 4,000,000
Top Floor Slab 18" thick 225|psf 21.5 50 241,875 19.25 4,656,094
1Top Floor Beams 2 beams at 2.5' x 1.5’ each (beneath slab) 563 pLF 2 50 56,300 16 900,800
Upper exterior end wall - 24" avg thickness
C.1.P. Walls El548.0 to 513.0 =35’ height 300 psf 39.25 35 412,125 31.17 12,845,936
Upper exterior side wall - 24" avg thickness
El (546.5-538.0) to 513.0 =29.25" avg height 300, psf 30 29.25 263,250 15.63 4,114,598
Lower (deep) exterior end wall - 27" avg thickness
El548.0 to 505.5 =42.5" height 338 psf 15.08 42.5 216,624 31.17 6,752,176
Lower (deep) exterior side wall - 27" avg thickness
El (546.5-538.0) to 505.5 =36.75" avg height 338 pst 30 36.75 372,645 15.58 5,805,809
channel divider wall 18" thick
EI538.0 to 513.0 =25' height 225 psf 3 30 25 506,250 15 7,593,750
Lower channel divider (side) wall 18" thick 225 psf 30 7.5 50,625 15 759,375
Upper counterfort (SOUTH) 24" thick 300ipsf 1 5 16 24,000 1 24,000
B Upper counterfort (MID) 24" thick 300|pst 1 5 16 24,000 16 384,000
Upper counterfort (NORTH) 24" thick 300|psf 1 5 16 24,000 31 744,000
Lower counterfort (SOUTH) 24" thick 300 psf 1 4.75 23 32,775 1 32,775
Lower counterfort (MID) 24" thick 300 psf 1 4.75 23 32,775 16 524,400
Lower counterfort (NORTH) 24" thick 300|psf 1 4.75 23 32,775 31 1,016,025
Base Slab 36" thick 450|pst 75 51 1,721,250 255 43,891,875
Pumps Upper vertical pumps 30500/ Ibs 3 91,500 25.5 2,333,250
Lower vertical pump 34500}ibs 1 34,500 25.5 879,750
at Upper channels w/ 11.33' width each
Trash Racks using 55 ~ 5/8"x6" steel bars x 25’ long @ 2.5"c/c 319ilbs 165 52,635 4.25 223,699
at Lower channel w/ 11.33' width
using 55 ~ 5/8"x8" steel bars x 32' long @ 2.5"c/c 545|lbs 55 29,975 4.25 127,394
on Upper Heel Footing
Soil weight (vertical volume, no cone action) 100|pct 51.17 18.5 35 3,313,258 41.75 138,328,501
on Lower Heel Footing
(vertical volume, no cone action) 100|pcf 23.83 18 42.5 1,822,995 42 76,565,790
on Upper Counterfort Footing
(vertical volume, no cone action) 100|pcf 1 30 10 29.25 877,500 15 13,162,500
on Lower Counterfort Footing
(vertical volume, no cone action) 100|pct 1 30 9.5 36.75 1,047,375 15 15,710,625
Upper channels w/ Max Design Flow WS Elev.
Water weight Elev. 527.3 to 513.0 base = 14.3' water height 62.4 pcf 3 30 11.33 14.3 909,899 15 | 13,648,481
Lower channels w/ Max Design Flow WS Elev.
Elev. 527.3 to 505.5 base = 21.8’ water height 62.4|pcf 1 30 11.33 21.8 462,373 15 6,935,592
12,996,118 28.23 366,920,543
LATERAL
Unsaturated soil forces{on Upper end wall area. Assumes moment-arm
Pressure of 70 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 70 pct 51.17 38 2,586,132 12.65 32,724,912|of UPPER foundation
on Upper end wall counterfort area only.
Pressure of 70 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 2207 |pcf 10 11 242,770 6.47 1,570,722 |of UPPER foundation
on Lower end wall area. Assumes moment-arm
Pressure of 70 psf is per CTWALL results, rotation about bottomn
includes effects from 260 psf surface surcharge 70 pef 23.83 45.5 1,726,692 15.15 26,161,974 |of LOWER foundation
on Lower end wall counterfort area only.
Pressure of 70 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 2502|pcf 9.5 16 380,304 9.76 3,711,767|of LOWER foundation
4,935,898 13.00 64,169,375
12,996,118 4,935,898 366,920,543 64,169,375

PS Stability.xls
Load Case 3




Storm Water Pump Station

Stability

(File: PS Stability.xls with Tabs for Load Cases)
Load Case 4 - Normal

1. Dead loads + equipment.

2. No live loads, low water (empty inlet).

3. Undrained (saturated) backfill.

4. Uplift



PROJECT: TRWD - STORM WATER PUMP STATION I
PROJECT NO: 2521-42275-PRSTR.PS |
DESIGNED BY: E. BJORKLUND DATE: 1/18/2005
CHECKED BY: DATE:
STABILITY
Load Condition 4 - Normal
(dead loads + equipment loads, no live loads Total or Avg | Total or Avg | Total or Avg Lateral Moment Arm | Resisting | Overturning
saturated backfill + fow water/empty + uplift) Unit force Quantity Length Width Height Removed portions | Weight/force Force to Toe Moment Moment
(ft) (ft) (ft) (lbs) (lbs) (ft) (Ibs-ft) (Ibs-ft)
VERTICAL
It wt conc on metal deck/bar joists at 6' spacing/
Roof D.L. lighting/etc. minus roof openings 50Ipst 23 53 4 x 36sf = 144 53,750 20 1,075,000
Building Walls 12" CMU at 20’ height minus vent openings 80| psf 53 20 16x16sf= 256 64,320 9.25 594,960
12" CMU at 16.5' avg height minus vent openings 80 psf 2 20 16.5 5x16sf= 80 40,000 18.1 764,000
12" CMU at 11.5’ height minus vent openings 80|psf 53 11.5 8x16sf= 128 38,520 30.75 1,184,490
Top Floor Slab 18" thick 225 psf 215 50 241,875 19.25 4,656,094
Top Floor Beams 2 beams at 2.5’ x 1.5' each (beneath slab) 563|pLF 2 50 56,300 16 900,800
Upper exterior end wall - 24" avg thickness
C.I.P. Walls El1548.0 to 513.0 =35 height 300ipsf 39.25 35 412,125 31.17 12,845,936
Upper exterior side wall - 24" avg thickness
El (646.5-538.0) to 513.0 =29.25’ avg height 300|psf 30 29.25 263,250 15.63 4,114,598
Lower (deep) exterior end wall - 27" avg thickness
E1548.0 to 505.5 =42.5" height 338|psf 15.08 42.5 216,624 31.17 6,752,176
Lower {deep) exterior side wall - 27" avg thickness
El (546.5-538.0) to 505.5 =36.75" avg height 338|psf 30 36.75 372,645 15.68 5,805,809
channel divider wall 18" thick
El 538.0 to 513.0 =25 height 225 pst 3 30 25 506,250 15 7,693,750
Lower channel divider (side) wall 18" thick 225 psf 30 7.5 50,625 15 759,375
Upper counterfort (SOUTH) 24" thick 300{psf 1 5 16 24,000 1 24,000
Upper counterfort (MID) 24" thick 300|psf 1 5 16 24,000 16 384,000
Upper counterfort (NORTH) 24" thick 300|psf 1 5 16 24,000 31 744,000
Lower counterfort (SOUTH) 24" thick 300|pst 1 4.75 23 32,775 1 32,775
Lower counterfort (MID) 24" thick 300|psf 1 4.75 23 32,775 16 524,400'
Lower counterfort (NORTH) 24" thick 300|psf 1 4.75 23 32,775 31 1,016,025
Base Slab 36" thick 450ipst 75 51 = 1,721,250 255 43,891,875
Pumps upper vertical pumps 30500,lbs 3 91,500 255 2,333,250
lower vertical pump 34500]Ibs 1 34,500 255 879,760
at Upper channels w/ 11.33" width each
Trash Racks using 55 ~ 5/8"x6" steel bars x 25' long @ 2.5"c/c 319|ibs 165 52,635 4.25 223,699
at Lower channel w/ 11.33 width
using 55 ~ 5/8"x8" steel bars x 32’ long @ 2.5"c/c 545ilbs 55 29,975 4.25 127,394
on Upper Heel Footing
Soil weight {vertical volume, no cone action) 130, pcf 51.17 18.5 35 4,307,235 41.75 179,827,051
on Lower Heel Footing
(vertical volume, no cone action) 130|pcf 23.83 18 42.5 2,369,894 42 99,635,527
on Upper Counterfort Footing
(vertical volume, no cone action) 130|pcf 1 30 10 29.25 1,140,750 15 17,111,250
on Lower Counterfort Footing
(vertical volume, no cone action) 130ipcf 1 30 9.5 36.75 1,361,688 15 20,423,813
13,695,935 30.46 414,125,796
LATERAL
Saturated soil forces |on Upper end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105 psf 51.17 38 3,879,198 12.65 49,087,368 | of UPPER foundation
on Upper end wall counterfort area only.
Pressure of 105 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3311 psf 10 1 364,210 6.47 2,356,439 of UPPER foundation
on Lower end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105|psf 23.83 45.5 2,590,038 15.15 39,242,961 ,of LOWER foundation
on Lower end wall counterfort area only.
Pressure of 105 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT lincludes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3753(psf 9.5 16 570,456 9.76 5,567,651)0f LOWER foundation
7,403,902 13.00 96,254,418
UPLIFT
at Upper channel at inlet/bar screen (UPPER TOE):
High Groundwater/Saturated soil up to Elev. 513.0,
Uplift bottom of base at 510.0 = 3.0 ft head (uniform load) 62.4ipcf 49.5 51 3 -472,586 25.5 12,050,953
at Upper channel at end wall (UPPER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 513.0 = 35.0 ft head (triangular load) 62.4|pcf 49.5 51 35 2,756,754 34.02 93,784,771
at Lower channel at inlet/bar screen (LOWER TOE):
High Groundwater/Saturated soil up to Elev. 505.5,
bottom of base at 502.5 = 3.0 {t head {uniform load) 62.4 pcf 25.33 51 3 -241,831 255 6,166,680
at Lower channel at end wall (LOWER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 505.5 = 42.5 ft head (triangular load) 62.4|pcf 25.33 51 425 -1,712,967 34.02 58,275,123
-5,184,138 32.85 170,277,527
8,411,787 7,403,902 414,125,796, 266,531,945

PS Stability.xls
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Bearing Pressure
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CELL FORMULAS FOR EXCEL SPREADSHEETS

(Exception is the Center of Gravity (CG) spreadsheets, which were produced using a
freeware spreadsheet with the sheet protected by the author)



1HO4HALNNOD

S|X"SB[NWIOY [|80-LOUBIUN0D

£V9.EPA= 4= ovg= £7d.E70= Gt 8cd.Evd=| Ovg-6£9= piozadel |

JUSWIOW qe|s Jamo| Inoqe Uo|1ea0 ealy Uuo ealy ploJjuao ploiuad uonoes
LY JUBLION plojuen 20104 [€]01 uonoas 1e ainssaid 01 puno.b

133HSAVYIHIS ©O IS - 98Bq 0} PIOJJUSD Wolj I 9.6 = plojjua)

8SEQ 0] apEIb WOy 1] GGy =yideq

yidep jo 3/ §sd S0L =d'd4'3

1HOJHILNNOD HaIMOT

YEDVET= Yed4= Led= YEAFED= 0L} 6249.ved= L£8-0£8= piozade) |

JUENT qejs Jeddn 1noge uoneoo Baly U0 Boly pIOIUBD ploiuso uonoes
WY JUBWIOWN plonuan 80104 [€10] uonoag 1e ainssaud 01 puncb

133HSAYIHJS DD IS - 9SBq HOKDIUN0D Jaddn 0} ploiusd woiy 3 19 = plonua)

oseq Jouaunod Jaddn o} epeib woi iy 8c =ydeq

yidep jo 3/ ysd SOL =d'43

1HOAHAINNOD H3ddN

2CD«CCA= ccd= 6lg= 2C(+CCO= oSt Li8.ced=| 619-8l9= piozadely

JUBWON qe|s Jamo| Jnoqe UoEed0 BalY UO Baly plosusD FIINER) uoN09S
WY JUSWION proiuen 90104 [B10] uoNoas 1e ainssaid 0} punolb

13IHSAYIHGS DO 3IS - 8SEQ 0} PIOjUS0 Wol) Y 9/°6 = ploJjua)

aseq 0] apelb woiy 1 GGy =yidaq

uidep jo 3 / 4sd 0L =d'43

1HOAHIINNOD HIMOT

ELD.£13= gid= olg= £1a.£1L0= 0Ll 8d.£ 9= oLg-6d= plozadel |

JUBWON gejs Jeddn inoqe uoneao Baly UO ealy plosuad plojuao uonoes
Wy 1UBWOW pioijusn 90104 |B10] uonoes 1e ainssaud 0} punoib

133HSAVIHJS HO J3S - 85eq HOpeIUNoD Jaddn 0} ploJjudd Wiol) i A4S = ploijus)

aseq Uopaiunod taddn o1 apelb wolj I} 8¢ = yideq

o yidep Jo i/ jsd 0L =d'4'3

1HOJHIINNOD HAddN

44ivda ‘A8 IMOIAHD

S002/LHL A1lva aNnMdord '3 ‘A8 G3INDISAA

Sd'HLSHd-G/22h-1eSe ‘ON L03Aroyd

NOILY1S dNNd HILVM WHOLS - AMHL - 103rodd




Storm Water Pump Station
Stability
Excel Spreadsheet with Cell Formulas Displayed



PROJECT: TRWD - STORM WATER PUMP STATION

PROJECT NO: 2521-42275-PRSTR.PS

DESIGNED BY: E. BJORKLUND DATE: [1/18/2005

CHECKED BY: DATE:

STABILITY

Load Condition 1 - During Construction

(dead loads + equipment loads, no live loads Total or Avg | Total or Avg | Total or Avg Moment Arm Resisting Overturning

no soil, no water) Unit force Quantity Length Width Height Removed portions Weight to Toe Moment Moment

(ft) () (ft) (lbs) (ft) (Ibs-ft) (Ibs-ft)

VERTICAL
It wt conc on metal deck/bar joists at 6’ spacing/

Roof D.L. lighting/etc. minus roof openings 50 psf 23 53 4x36sf= (144 =C11*((F11*G11)-J11) 20 =K11*L11

Building Walls 12" CMU at 20’ height minus vent openings 80 psf 53 20 16 x 16 sf = |256 =C12*((F12*H12)-J12) 9.25 =K12*L12
12" CMU at 16.5’ avg height minus vent openings 80 psf 2 20 16.5 5x16sf= |80 =C13*E13*((F13*H13)-J13) |19.1 =K13*L13
12" CMU at 11.5' height minus vent openings 80 psf 53 11.5 8x16sf= |[128 =C14*((F14*H14)-J14) 30.75 =K14*L14

Top Floor Slab 18" thick 225 psf 215 50 =C15*F15*G15 19.25 =K15*L15

Top Floor Beams 2 beams at 2.5’ x 1.5’ each (beneath slab) 563 pLF 2 50 =C16*E16*F16 16 =K16*L16
Upper exterior end wall - 24" avg thickness x .

C.I.P. Walls El 548.0 to 513.0 =35’ height 300 psf 39.25 35 =C17*F17*H17 31.17 =K17*L17
Upper exterior side wall - 24" avg thickness :
El (546.5-538.0) to 513.0 =29.25’ avg height 300 psf 30 29.25 ) =C18"F18*H18 15.63 =K18*L.18
Lower (deep) exterior end wall - 27" avg thickness
El 548.0 to 505.5 =42.5" height 338 psf 15.08 425 =C19*F19*H19 31.17 =K19*L19
Lower (deep) exterior side wall - 27" avg thickness
El (546.5-538.0) to 505.5 =36.75' avg height 338 psf 30 36.75 =C20*F20*H20 15.58 =K20*L20
channel divider wall 18" thick
EI538.0to 513.0 =25’ height 225 psf 3 30 25 =C21*E21*F21*H21 15 =K21*L21
Lower channel divider (side) wall 18" thick 225 psf 30 7.5 =C22*F22*H22 15 =K22*.22
Upper counterfort (SOUTH) 24" thick 300 psf 1 5 16 =C23*F23*H23 1 =K23*L23
Upper counterfort (MID) 24" thick 300 psf 1 5 16 =C24*F24*H24 16 =K24*L24
Upper counterfort (NORTH) 24" thick 300 psf 1 5 16 =C25*F25*H25 31 =K25*L25
Lower counterfort (SOUTH) 24" thick 300 pst 1 4.75 23 =C26*F26*H26 1 =K26*L26
Lower counterfort (MID) 24" thick 300 psf 1 4.75 23 =C27*F27*H27 16 =K27*L27
Lower counterfort (NORTH) 24" thick 300 psf 1 4.75 23 =C28*F28*H28 31 =K28*L.28

Base Slab 36" thick 450 psf 75 51 =C29*F29*G29 25.5 =K29*L29

Pumps Upper vertical pumps 30500 |lbs 3 =C30*E30 25.5 =K30*L30
Lower vertical pump 34500 |lbs 1 =C31*E31 25.5 =K31*L31
at Upper channels w/ 11.33’ width each

Trash Racks using 55 ~ 5/8"x6" steel bars x 25’ long @ 2.5"c/c 319 Ibs 165 =C32*E32 4.25 =K32*L32
at Lower channel w/ 11.33 width
using 55 ~ 5/8"x8" steel bars x 32’ long @ 2.5"c/c 545 Ibs 55 =C33*E33 4.25 =K33*L33

=SUM(K11:K33) =M34/K34 =SUM(M11:M33)

PS Stability-cell formulas.xls
Load Case 1



PROJECT: TRWD - STORM WATER PUMP STATION
PROJECT NO: 2521-42275-PRSTR.PS
DESIGNED BY: E. BJORKLUND DATE: |1/18/2005
CHECKED BY: DATE:
STABILITY
Load Condition 2 - During Construction/Maintenance
(dead loads, no equipment, no live loads Total or Avg | Total or Avg | Total or Avg Lateral Moment Arm Resisting Overturning
saturated backfill + low water/empty + uplift) Unit force Quantity Length Width Height Removed portions Weight/force Force to Toe Moment Moment
(ft) (ft) (ft) (Ibs) (Ibs) (ft) (Ibs-ft) (Ibs-ft)
VERTICAL
It wt conc on metal deck/bar joists at 6’ spacing/
Roof D.L. lighting/etc. minus roof openings 50 psf 23 53 4x36sf= 1144 =C11*{(F11*G11)-J11) 20 =K11*M11
Building Walls 12" CMU at 20’ height minus vent openings 80 psf 53 20 16 x 16 sf = [256 =C12*((F12*H12)-J12) 9.25 =K12*M12
12" CMU at 16.5' avg height minus vent openings 80 psf 2 20 16.5 5x16st= |80 =C13*E13*((F13*H13)-J13) 19.1 =K13*M13
12" CMU at 11.5 height minus vent openings 80 psf 53 11.5 8x16sf= [128 =C14*((F14*H14)-J14) 30.75 =K14*M14
Top Floor Slab 18" thick 225 psf 215 50 =C15*F156*G15 19.25 =K15*M15
Top Floor Beams 2beams at 2.5' x 1.5’ each (beneath slab) 563 pLF 2 50 =C16*E16*F16 16 =K16*M16
Upper exterior end wall - 24" avg thickness
C.I.P. Walls El1548.0 t0 513.0 =35 height 300 psf 39.25 35 =C17*F17*H17 31.17 =K17*M17
Upper exterior side wall - 24" avg thickness
El (546.5-538.0) to 513.0 =29.25’ avg height 300 pst 30 29.25 =C18*F18*H18 15.63 =K18*M18
Lower (deep) exterior end wall - 27" avg thickness
El548.0 to 505.5 =42.5" height 338 psf 15.08 425 =C19*F19*H19 31.17 =K19*M19
Lower (deep) exterior side wall - 27" avg thickness
El (546.5-538.0) to 505.5 =36.75 avg height 338 psf 30 36.75 =C20*F20*H20 15.58 =K20*M20
channel divider wall 18" thick
EI538.0 to 513.0 =25 height 225 psf 3 30 25 =C21*E21*F21*H21 15 =K21*M21
Lower channel divider (side) wall 18" thick 225 psf 30 7.5 =C22*F22*H22 15 =K22*M22
Upper counterfort (SOUTH]) 24" thick 300 pst 1 5 16 =C23*F23*H23 1 =K23*M23
Upper counterfort (MID) 24" thick 300 psf 1 5 16 =C24*F24*H24 16 =K24*M24
Upper counterfort (NORTH) 24" thick 300 psf 1 5 16 =C25*F25*H25 31 =K25*M25
Lower counterfort (SOUTH) 24" thick 300 psf 1 4.75 23 =C26*F26*H26 1 =K26*M26
Lower counterfort (MID) 24" thick 300 psf 1 4.75 23 =C27*F27*H27 16 =K27*M27
Lower counterfort (NORTH) 24" thick 300 psf 1 4.75 23 =C28*F28*H28 31 =K28*M28
Base Slab 36" thick 450 pst 75 51 =C29*F29*G29 25.5 =K29*M29
on Upper Heel Footing
Soil weight (vertical volume, no cone action) 130 pcf 51.17 18.5 35 =C30*F30*G30*H30 41.75 =K30*M30
on Lower Heel Footing
(vertical volume, no cone action) 130 pet 23.83 18 42.5 =C31*F31*G31*H31 42 =K31*M31
on Upper Counterfort Footing
(vertical volume, no cone action) 130 pct 1 30 10 29.25 =C32*E32*F32*G32*H32 15 =K32*M32
on Lower Counterfort Footing
(vertical volume, no cone action) 130 pcf 1 30 9.5 36.75 =C33*E33*F33*G33*H33 15 =K33*M33
=SUM(K11:K33) =N34/K34 =SUM(N11:N33)
LATERAL
Saturated soil forces  |on Upper end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105 pcf 51.17 38 =C36*H36/2/2*F36 |=H36*0.333 =L36*"M36 of UPPER foundation
on Upper end wall counterfort area only.
Pressure of 105 psf is per CTWALL resuits, Assumes moment-arm
(see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3311 pcf 10 11 =C37*G37*H37 6.47 =L37*M37 of UPPER foundation
on Lower end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105 pct 23.83 45.5 =C38*H38/2/2*F38 |=H38*0.333 =1.38*M38 of LOWER foundation
on Lower end wall counterfort area only.
Pressure of 105 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3753 pef 9.5 16 =C39*(G39*H39 9.76 =L.39*M39 of LOWER foundation
=SUM(L36:L39) =040/L40 =8SUM(036:039)
UPLIFT
at Upper channe! at inlet/bar screen (UPPER TOE):
High Groundwater/Saturated soil up to Elev. 513.0,
Uplift bottom of base at 510.0 = 3.0 ft head (uniform load) 624 pef 49.5 51 3 =-C42*F42*G42*H42 255 =-K42*M42
at Upper channel at end wall (UPPER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 513.0 = 35.0 ft head (triangular load) |62.4 pef 49.5 51 35 =-0.5%(C43*F43*G43*H43) 34.02 =-K43*M43
at Lower channel at iniet/bar screen (LOWER TOE):
High Groundwater/Saturated soil up to Elev. 505.5,
bottom of base at 502.5 = 3.0 ft head (uniform oad) 62.4 pef 25.33 51 3 =-C44*F44*G44*H44 25.5 =-K44*M44
at Lower channel at end wall (LOWER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 505.5 = 42.5 ft head (triangular load) |62.4 pct 25.33 51 42,5 =-0.5%(C45*F45*G45*H45) 34.02 =-K45*M45
=SUM(K42:K45) =046/-K46 =SUM(042:045)
=K34+K46 =140 =N34 =040+046

PS Stability-cell formulas.xis
Load Case 2



PROJECT: TRWD - STORM WATER PUMP STATION |
PROJECT NO: 2521-42275-PRSTR.PS !
DESIGNED BY: E. BJORKLUND DATE:  {1/18/2005
CHECKED BY: DATE:
STABILITY
Load Condition 3 - Normal
(dead loads + equipment + live foads, Total or Avg | Total or Avg | Total or Avg Lateral Moment Arm Resisting Overturning
unsaturated backfill + low water/empty, no uplift) Unit force Quantity Length Width Height Removed portions Weight/force Force to Toe Moment Moment
(ft) (ft) (ft) (Ibs) (Ibs) (ft) (lbs-ft) (Ibs-ft)
VERTICAL
Roof L.L. 55 psf 23 53 =C11*F11*G11 20 =K11*M11
It wt conc on metal deck/bar joists at 6’ spacing/
Roof D.L. lighting/etc. minus roof openings 50 psf 23 53 4 x36sf= |144 =C12*((F12*G12)-J12) 20 =K12*M12
Building Walls 12" CMU at 20’ height minus vent openings 80 psf 53 20 16 x 16 sf = 1256 =C13%((F13*H13)-J13) 9.25 =K13*M13
12" CMU at 16.5" avg height minus vent openings 80 psf 2 20 16.5 5x16sf= |80 =C14*E14*((F14*H14)-J14) 1941 =K14*M14
12" CMU at 11.5’ height minus vent openings 80 psf 53 115 8x16sf= 128 =C15*((F15"H15)-J15) 30.75 =K15*M15
Top Floor Slab L.L. 200 psf 20 50 =C16°F16*G16 20 =K16*M16
Top Floor Slab 18" thick 225 psf 215 50 =C17*F17*G17 19.25 =K17*M17
Top Floor Beams 2 beams at 2.5' x 1.5’ each (beneath slab) 563 pLF 2 50 =C18*E18*F18 16 =K18*M18
Upper exterior end wall - 24" avg thickness
C.I.P. Walls El 548.0 to 513.0 =35’ height 300 psf 39.25 35 =C19*F19*H19 31.17 =K19*M19
Upper exterior side wall - 24" avg thickness
El (546.5-538.0) to 513.0 =29.25' avg height 300 psf 30 29.25 =C20*F20*H20 15.63 =K20*M20
Lower (deep) exterior end wall - 27" avg thickness
El1548.0 to 505.5 =42.5 height 338 psf 15.08 42.5 =C21*F21*H21 3117 =K21*M21
Lower (deep) exterior side wall - 27" avg thickness
El (546.5-538.0) to 505.5 =36.75" avg height 338 psf 30 36.75 =C22*F22*H22 15.58 =K22*M22
channel divider wall 18" thick
E| 538.0 to 513.0 =25’ height 225 psf 3 30 25 =C23*E23*F23*H23 15 =K23*M23
Lower channel divider (side) wall 18" thick 225 psf 30 7.5 =C24*F24*H24 15 =K24*M24
Upper counterfort (SOUTH) 24" thick 300 psf 1 5 16 =C25*F25*H25 1 =K25*M25
Upper counterfort (MID) 24" thick 300 psf 1 5 16 =C26"F26"H26 16 =K26*M26
Upper counterfort (NORTH) 24" thick 300 psf 1 5 16 =C27*F27*H27 31 =K27*M27
Lower counterfort (SOUTH) 24" thick 300 psf 1 4.75 23 =C28*F28*H28 1 =K28*M28
Lower counterfort (MID) 24" thick 300 psf 1 4.75 23 =C29*F29*H29 16 =K29*M29
Lower counterfort (NORTH) 24" thick 300 psf 1 4.75 23 =C30*F30*H30 31 =K30*M30
Base Slab 36" thick 450 psf 75 51 =C31*F31*G31 255 =K31*M31
Pumps Upper vertical pumps 30500 lbs 3 =C32*E32 255 =K32*"M32
Lower vertical pump 34500 Ibs 1 =C33"E33 255 =K33*M33
at Upper channels w/ 11.33" width each
Trash Racks using 55 ~ 5/8"x6" steel bars x 25’ long @ 2.5"¢c/c 319 lbs 165 =C34"E34 4.25 =K34*M34 -
at Lower channel w/ 11.33' width
using 55 ~ 5/8"x8" steel bars x 32’ long @ 2.5"¢c/c 545 Ibs 55 =C35*E35 4.25 =K35*M35
on Upper Heel Footing
Soil weight {vertical volume, no cone action) 100 pcf 51.17 18.5 35 =C36"F36*G36"H36 41.75 =K36*M36
on Lower Heel Footing
(vertical volume, no cone action) 100 pcf 23.83 18 42.5 =C37*F37*G37*H37 42 =K37*M37
on Upper Counterfort Footing
(vertical volume, no cone action) 100 pef 1 30 10 29.25 =C38*E38*F38*G38*H38 15 =K38*M38
on Lower Counterfort Footing
(vertical volume, no cone action) 100 pef 1 30 9.5 36.75 =C39*E39*F39*G39*H39 15 =K39*M39
Upper channels w/ Max Design Flow WS Elev.
Water weight Elev. 527.3 to 513.0 base = 14.3' water height 62.4 pef 3 30 11.33 14.3 =C40*E40*F40*G40*H40 15 =K40"M40
Lower channels w/ Max Design Flow WS Elev.
Elev. 527.3 to 505.5 base = 21.8" water height 62.4 pcf 1 30 11.33 21.8 =C41*E41*F41*G41*H41 15 =K41*M41
=SUM(K13:K41) =N42/K42 =SUM(N11:N41)
LATERAL
Unsaturated soil forces |on Upper end wall area. Assumes moment-arm
Pressure of 70 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 70 pef 51.17 38 =C44*H44/2/2*F44 |=H44*0.333 =L44*M44 of UPPER foundation
on Upper end wall counterfort area only.
Pressure of 70 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 2207 pef 10 11 =C45*G45*H45 6.47 =L45*M45 of UPPER foundation
on Lower end wall area. Assumes moment-arm
Pressure of 70 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 70 pcf 23.83 45.5 =C46*H4612/2°F46 |=H46*0.333 = 46*M46 of LOWER foundation
on Lower end wall counterfort area only.
Pressure of 70 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT lincludes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 2502 pcf 9.5 16 =C47"G47*H47 9.76 =L47*M47 of LOWER foundation
=SUM(L44:L47) =048/L48 =8UM(044.:047)
=K42 =L48 =N42 =048
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STABILITY
Load Condition 4 - Normal
(dead loads + equipment foads, no live loads Total or Avg | Total or Avg | Total or Avg Lateral Moment Arm Resisting Qverturning
saturated backfill + low water/empty + uplift) Unit force Quantity Length Width Height Removed portions Weight/force Force to Toe Moment Moment
(ft) (fh) (ft) (Ibs) (Ibs) (ft) (Ibs-ft) (Ibs-ft)
VERTICAL
It wt conc on metal deck/bar joists at 6’ spacing/
Roof D.L. lighting/etc. minus roof openings 50 psf 23 53 4 x36sf= (144 =CH1*{(F11*G11)-J11) 20 =K11*M11
Building Walls 12" CMU at 20" height minus vent openings 80 psf 53 20 16 x 16 sf = 256 =C12*((F12*"H12)-J12) 9.25 =K12*M12
12" CMU at 16.5’ avg height minus vent openings 80 psf 2 20 16.5 5x16sf= |80 =C13*E13*((F13*H13)-d13) 191 =K13*M13
12" CMU at 11.5' height minus vent openings 80 psf 53 115 8x16sf= |128 =C14*((F14*H14)-J14) 30.75 =K14*M14
Top Floor Slab 18" thick 225 pst 215 50 =C15*F15*G15 19.25 =K15"M15
Top Floor Beams 2 beams at 2.5’ x 1.5’ each (beneath slab) 563 pLF 2 50 =C16*E16*F16 16 =K16"M16
Upper exterior end wall - 24" avg thickness
C.I.P. Walls El 548.0 to 513.0 =35’ height 300 pst 39.25 35 =C17*F17*H17 31.17 =K17*M17
Upper exterior side wall - 24" avg thickness
El (546.5-538.0) to 513.0 =29.25" avg height 300 psf 30 29.25 =C18*F18*H18 15.63 =K18"M18
Lower (deep) exterior end wall - 27" avg thickness
El 548.0 to 505.5 =42.5" height 338 psf 15.08 42.5 =C19*F19*H19 31.17 =K19*"M19
Lower (deep) exterior side wall - 27" avg thickness
El {546.5-538.0) fo 505.56 =36.75" avg height 338 psf 30 36.75 =C20*F20*H20 15.58 =K20*M20
channel divider wall 18" thick
E1538.0 to 513.0 =25’ height 225 psf 3 30 25 =C21*E21*F21*H21 16 =K21*M21
Lower channel divider (side) wall 18" thick 225 psf 30 7.5 =C22*F22*H22 16 =K22*M22
Upper counterfort (SOUTH) 24" thick 300 psf 1 5 16 =C23*F23*H23 1 =K23*M23
Upper counterfort (MID) 24" thick 300 pst 1 5 16 =C24*F24*H24 16 =K24*M24
Upper counterfort (NORTH) 24" thick 300 psf 1 5 16 =C25*F25*H25 31 =K25*M25
Lower counterfort (SOUTH) 24" thick 300 psf 1 4,75 23 =C26*F26*H26 1 =K26*M26
Lower counterfort (MID) 24" thick 300 psf 1 475 23 =C27*F27*H27 16 =K27*M27
Lower counterfort (NORTH) 24" thick 300 psf 1 4.75 23 =C28*F28*H28 31 =K28*M28
Base Slab 36" thick 450 psf 75 51 =C29*F29*G29 255 =K29*M28
Pumps upper vertical pumps 30500 Ibs 3 =C30*E30 25.5 =K30*M30
lower vertical pump 34500 lbs 1 =C31*E31 255 =K31*M31
at Upper channels w/ 11.33’ width each
Trash Racks using 55 ~ 5/8"x6" steel bars x 25’ long @ 2.5"¢c/c 319 Ibs 165 =C32*E32 4.25 =K32"M32
at Lower channel w/ 11.33 width
| using 55 ~ 5/8"x8" steel bars x 32’ long @ 2.5"¢c/c 545 tbs 55 =C33*E33 4.25 =K33"M33
on Upper Heel Footing
Soil weight (vertical volume, no cone action) 130 pcf 51.17 18.5 35 =C34*F34*G34*H34 41.75 =K34*M34
on Lower Heel Footing
(vertical volume, no cone action) 130 pcf 23.83 18 42.5 =C35*F35*G35*H35 42 =K35*M35
on Upper Counterfort Footing
{vertical volume, no cone action) 130 pcf 1 30 10 29.25 =C36*E36*F36*G36*H36 15 =K36*M36
on Lower Counterfort Footing
(vertical volume, no cone action) 130 pcf 1 30 9.5 36.75 =C37*E37*F37*G37*H37 15 =K37*M37
=SUM(K11:K37) =N38/K38 =SUM(N11:N37)
LATERAL
Saturated soil forces  {on Upper end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105 psf 51.17 38 =C40*H40/2/2*F40 |=H40%0.333 =L.40*M40 of UPPER foundation
on Upper end wall counterfort area only.
Pressure of 105 psf is per CTWALL results, Assumes moment-arm
(see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3311 psf 10 11 =C41*G41*H41 6.47 =L41*M41 of UPPER foundation
on Lower end wall area. Assumes moment-arm
Pressure of 105 psf is per CTWALL results, rotation about bottom
includes effects from 260 psf surface surcharge 105 psf 23.83 45.5 =C42*H42/2/2*F42 =H42*0.333 =L42*M42 of LOWER foundation
on Lower end wall counterfort area only.
Pressure of 105 psf is per CTWALL results, Assumes moment-arm
{see COUNTERFORT |includes effects from 260 psf surface surcharge. rotation about bottom
spreadsheet) Unit force shown is at centroid of counterfort area. 3753 psf 9.5 16 =C43*G43*H43 9.76 =L43*M43 of LOWER foundation
=SUM(L40:L43) =044/L44 =SUM(040:043)
UPLIFT
at Upper channel at inlet/bar screen (UPPER TOE):
High Groundwater/Saturated soit up to Elev. 513.0,
Uplift bottom of base at 510.0 = 3.0 ft head (uniform load) 62.4 pcf 49.5 51 3 =-C46*F46*G46*H46 25.5 =-K46*M46
at Upper channel at end wall (UPPER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
__._ibottom of base at 513.0 = 35.0 ft head (trlangular load) [62.4 pcf 49.5 51 35 =-0.5*(C47*F47*G47"H47) 34.02 =-K47"M47
at Lower channel at inlet/bar screen (LOWER TOE):
High Groundwater/Saturated soil up to Elev. 505.5,
bottom of base at 502.5 = 3.0 ft head (uniform load) 62.4 pcf 25.33 51 3 =-C48*F48*G48*H48 25.5 =-K48*M48
at Lower channel at end wall (LOWER HEEL):
High Groundwater/Saturated soil up to Elev. 548.0,
bottom of base at 505.5 = 42.5 ft head (triangular load) |62.4 pcf 25.33 51 42.5 =-0.5*(C49*F49*G49*H49) 34.02 =-K49*M49
=SUM(K46:K49) =050/-K50 =SUM(046:049)
1
|=K38+K50 =L44 =N38 =044+050

PS Stability-cell formulas.xls
Load Case 4



Storm Water Pump Station
Bearing Pressure Analysis
Excel Spreadsheet with Cell Formulas Displayed
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L Values from STABILITY spreadsheet
Fdn Length Fdn Width Weight Lateral force Mom. Resist Mom. Overturn
ft ft ibs Ibs Ib-ft Ib-ft
Case 1 51 75 4416469 0 97228155 0
Case 2 51 75 8203187 7403902 410561703 266531945
Case 3 51 75 12996118 4935898 366920543 64169375
Case 4 51 75 8411797 7403902 414125796 266531945
friction coefficient =|0.4
Case 1 Case 2 Case 3 Case 4
sliding ratio =| {(weight x friction coeff) / lateral force = n/a =(D10*B16)/E10 =(D11*B16)/E11 =(D12*B16)/E12
overturning ratio =| moment resist / moment overturn = n/a =F10/G10 =F11/G11 =F12/G12

eccentricity (from CL) (ft) =

1/2 Fdn Iength - (moment resist - moment overturn) / weight =

=(0.5"B9)-((F9-G9)/D9)

=(0.5*B10)((F10-G10)/D10)

=(0.5"B11)-((F11-G11)/D11)

=(0.5"B12)-(F12-G12)/D12)

( (weight/ Fdn length) x (1 +\- (6 x (eccen / Fdn length))} ) / Fdn width =

bearing pressure (psf) =
max bearing pressure (psf) =

( (weight / Fdn length) x (1 + (6 x (eccen / Fdn length))) ) / Fdn width =

=((D9/BY)*(1+(6*(G20/B9))))/C9

=((D10/B10)*(1+(6*(H20/B10))))/C10

=((D11/B11)*(1+(6*(120/B11))))/Ci1

=((D12/B12)*(1+(6*(J20/B12))))/C12

min bearing pressure {psf) =

((weight / Fdn length) x (1 - (6 x (eccen / Fdn length))) ) / Fdn width =

=((D9/BY)*(1-(6*(G20/B9))))/C9

=((D10/B10)*(1-(6*(H20/B10))))/C10

=((D11/B11)*(1-(6*(120/811))))/C11

=((D12/B12)*(1-(6"(J20/B12))))/C12

PS Bearing Pressure-cell formulas.xis
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Design of H-Piles
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Design of Steel H-Piles
(Manual Calculations)
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Seismic Load Case Check
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Stability Analysis
Seismic Load Case Check
(Manual Calculations)
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