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Client: Victorville Fuel Station

Project: Generator Concrete Pad

Project #: 2OBR010100

Date: 10/7/2020

Prepared by: Doug Fredericks

Generator CIP Concrete Pad and Anchors
ASCE 7-16 Section 15 for Rigid Non-Building Structure

Dead Loads
Component W z to Component CG

Generator Open Set 2.425 k 5.375 ft
Enclosure 0.625 k 5.375 ft
Tank 1.365 k 1.792 ft

Wtop 3.05 kip
Wbot 1.365 kip (total weight of components)

Wind Load
ASCE 7-16 Section 29.4 
V 110 mph
Exposure Cat = C
Kz = 0.85
Kzt = 1
Ke = 1
Kd 0.85
qz = 22.38
GCpi = 0.85
Cf 1.45
F 27.58 x Af
Width of Unit 10.667 ft
Height of Unit 7.167 ft
Af 76.44 ft^2
F 2108.61 p
Wind OM 7.56 k-ft

Seismic Calculations
ASCE 7-16 Section 15 for Rigid Non-Building Structure; 0.3 x Ie x Sds
Risk Category III
Ie 1.25 (importance factor)
SDS 1.036 g (design short period spectral acceleration)
V 0.388 x W (ASCE 15.4-5) (S1 is not > 0.6g)
Vertical: 0.2 x Sds
Vert 0.207 x W
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Seismic Overturning Moment about Anchors

Item W (k) V (k) z (ft) Mmt (k-ft)
Generator Open Set 2.425 0.942 5.375 13.034
Enclosure 0.625 0.243 5.375 3.359
Tank 1.365 0.530 1.792 2.446
Total 4.415 1.714 18.839

Seismic Vertical  Overturning Moment about One Row of Anchors

Item W (k) Vert  (k) b/2 (ft) Mmt (k-ft)
Total 4.415 0.914 1.667 1.372

Resisting Overturning Moment about One Row of Anchors

Item W (k) b/2 (ft) 0.9*Mmt (k-ft)
Total 4.415 1.667 6.623

Anchor Tie Down Force

Resisting Mmt 6.623 k-ft
Total Seismic Mmt 20.211 k-ft
Remainder 13.588 k-ft
Tu 4.077 kips per row

Concrete Pad
W 5.50 ft (width)
L 12.00 ft (length)
t 1.25 ft (thickness)
A 66.00 ft2 (area of pad)
I 166.38 ft4 (Mmt of Inertia of pad)
g 0.15 kcf (unit weight of concrete)
P 82.50 kip (weight of pad)

Slab Overturning Moment Check
Slab OT Mmt 20.02 k-ft (Slab weight x Seismic factor x thickness/2)
Equipment OT Mmt 9.46 k-ft (Equip weight x seismic factor x (z+thickness)
OM 29.48 k-ft (overturning moment)
Wind OM 7.56 k-ft (overturning moment)
RM 239.02 k-ft (resisting moment)
OT Factor of Safety 8.11

 OK 
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Soil Pressures at Seismic Overturning
P/A 1.3 ksf Sum of Weight / Area of pad
Mc/I 0.49 ft (eccentricity)
qmax 1.804 ksf (maximum soil pressure)
qmax 0.830 ksf (minimum soil pressure)
Max Allow Soil Pressure 2.000 ksf Use 1500 psf for non-seismic allowable

 OK and apply 1.333 

Concrete Pad Capacity
f'c 4 ksi (compressive strength of concrete)
fy 60 ksi (yield strength of steel)
b 12 in (effective width for 1' strip)
bar #6 (bar size)
dbar 0.75 in (diameter of bar)
clr 3 in (clear to rebar)
s 12 in (rebar spacing)
As 0.44 in2

(area of steel)
d 11.25 in (effective depth)
rprov'd 0.0033 (reinforcement ratio)
rmin 0.0032 (min reinforcement ratio)
fVc 6.40 kip/ft (shear capacity of concrete)
fMn 267.3 k-in (moment capacity)

22.28 k-ft/ft (moment capacity)

Concrete Slab Loading Demand

L 2.5 ft (Length of slab overhanging equipment base)
Vu 4.51 k (qmax applied to overhang)

 OK, No Shear Reinforcement Needed 
Mu 5.64 k-ft (qmax applied to overhang)

 OK, Flexural Reinforcement Adequate 

Anchor Bolts Load Demand
Tu 4.08 k-ft
# of anchors / row 5 (number of anchors per side)
Tu per anchor 0.815 kip (max tension for bolts to resist)
V of Equipment 1.714 kip (Seismic shear of equipment)
Sliding Resistance 0.915 kip (Use 0.3 friction factor)
V Remainder 0.799 kip
Vu per anchor 0.080 kip
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Anchor Bolts Resistance
Type Stainless Steel KB-TZ Hilti anchors
Design Strength per Manufacturer
f'c 4000 psi
Anchor diameter 0.50 in
Nominal Embedment 3.25 in
Tension 2.735 k < OK >
Shear 6.880 k < OK >
Unity check 0.134 < OK >

Bar Sizes diam (in) area (in^2)

#4 0.500 0.20

#5 0.625 0.31

#6 0.750 0.44

#7 0.875 0.60

#8 1.000 0.79

#9 1.128 1.00

#10 1.270 1.27

#11 1.410 1.56

#14 1.693 2.25

#18 2.257 4.00
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Client: Victorville Fuel Station

Project: Generator Concrete Pad

Project #: 2OBR010100

Date: 10/7/2020

Prepared by: Doug Fredericks

Above Ground Tank CIP Concrete Pad and Anchors
ASCE 7-16 Section 15 for Rigid Non-Building Structure

Dead Loads
Component W z to Component CG

Each Tank Shell 45 k 6.6666667 ft
Diesel 66.5 k 6.6666667 ft
Other 0 k 0.000 ft

Wtop 111.5 kip
Wbot 0 kip (total weight of components)

Wind Load
ASCE 7-16 Section 29.4 
V 110 mph
Exposure Cat = C
Kz = 0.85
Kzt = 1
Ke = 1
Kd 0.85
qz = 22.38
GCpi = 0.85
Cf 1.45
F 27.58 x Af
Width of Unit 20.250 ft
Height of Unit 12.000 ft
Af 243.00 ft^2
F 6702.80 p
Wind OM 40.22 k-ft

Seismic Calculations
ASCE 7-16 Section 15 for Rigid Non-Building Structure; 0.3 x Ie x Sds
Risk Category III
Ie 1.25 (importance factor)
SDS 1.294 g (design short period spectral acceleration)
V 0.485 x W (ASCE 15.4-5) (S1 is not > 0.6g)
Vertical: 0.2 x Sds
Vert 0.259 x W
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Seismic Overturning Moment about Anchors

Item W (k) V (k) z (ft) Mmt (k-ft)
Each Tank Shell 45.000 21.844 6.667 145.625
Diesel 66.500 32.280 6.667 215.201
Other 0.000 0.000 0.000 0.000
Total 111.500 54.124 360.825

Seismic Vertical  Overturning Moment about One Row of Anchors

Item W (k) Vert  (k) b/2 (ft) Mmt (k-ft)
Total 111.500 28.866 5.333 138.557

Resisting Overturning Moment about One Row of Anchors

Item W (k) b/2 (ft) 0.9*Mmt (k-ft)
Total 111.500 5.333 535.200

Anchor Tie Down Force

Resisting Mmt 535.200 k-ft
Total Seismic Mmt 998.764 k-ft Omega = 2
Remainder 463.564 k-ft
Tu 43.459 kips per row

Concrete Pad
W 16.00 ft (width)
L 20.00 ft (length)
t 1.00 ft (thickness)
A 320.00 ft2 (area of pad)
I 6826.67 ft4 (Mmt of Inertia of pad)
g 0.15 kcf (unit weight of concrete)
P 320.00 kip (weight of pad)

Slab Overturning Moment Check
Slab OT Mmt 77.67 k-ft (Slab weight x Seismic factor x thickness/2)
Equipment OT Mmt 414.95 k-ft (Equipment weight x seismic factor x (z+thickness)
OM 492.62 k-ft (overturning moment)
Wind OM 40.22 k-ft (overturning moment)
RM 3452.00 k-ft (resisting moment)
OT Factor of Safety 7.01

 OK 
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Soil Pressures at Seismic Overturning
P/A 1.3 ksf Sum of Weight / Area of pad
Mc/I 0.58 ft (eccentricity)
qmax 1.926 ksf (maximum soil pressure)
qmax 0.771 ksf (minimum soil pressure)
Max Allow Soil Pressure 2.000 ksf Use 1500 psf for non-seismic allowable

 OK and apply 1.333 

Concrete Pad Capacity
f'c 4 ksi (compressive strength of concrete)
fy 60 ksi (yield strength of steel)
b 12 in (effective width for 1' strip)
bar #6 (bar size)
dbar 0.75 in (diameter of bar)
clr 3 in (clear to rebar)
s 12 in (rebar spacing)
As 0.44 in2

(area of steel)
d 8.25 in (effective depth)
rprov'd 0.0044 (reinforcement ratio)
rmin 0.0032 (min reinforcement ratio)
fVc 4.70 kip/ft (shear capacity of concrete)
fMn 196.02 k-in (moment capacity)

16.34 k-ft/ft (moment capacity)

Concrete Slab Loading Demand

L 2 ft (Length of slab overhanging equipment base)
Vu 3.85 k (qmax applied to overhang)

 OK, No Shear Reinforcement Needed 
Mu 3.85 k-ft (qmax applied to overhang)

 OK, Flexural Reinforcement Adequate 

Anchor Bolts Load Demand
Tu 43.46 k-ft
# of anchors / row 8 (number of anchors per side)
Tu per anchor 5.432 kip (max tension for bolts to resist)
V of Equipment 54.124 kip (Seismic shear of equipment)
Sliding Resistance 33.450 kip (Use 0.3 friction factor)
V Remainder 20.674 kip
Vu per anchor 1.292 kip
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Anchor Bolts Resistance
Type Stainless Steel KB-TZ Hilti anchors
Design Strength per Manufacturer
f'c 4000 psi
Anchor diameter 0.75 in
Nominal Embedment 4.75 in
Tension 8.11 k < OK >
Shear 12.890 k < OK >
Unity check 0.534 < OK >

Bar Sizes diam (in) area (in^2)

#4 0.500 0.20

#5 0.625 0.31

#6 0.750 0.44

#7 0.875 0.60

#8 1.000 0.79

#9 1.128 1.00

#10 1.270 1.27

#11 1.410 1.56

#14 1.693 2.25

#18 2.257 4.00
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