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Section 1.0:   Mast Arm Design
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Mast Arm Design Narrative 
Moccasin Wallow Rd., Manatee County, FL 

 
Description 

Mast arm designs are part of a larger Public Works Department project along Moccasin Wallow 
Road from US 41 to West of I-75.  Mast arm designs were performed using FDOT Excel program 
“StandardMastArm” v1.5, dated 10/01/2021. Drilled shafts designs were performed using FDOT 
Mathcad program Drilled Shaft v1.1, dated 11/07/2018.  

 
Specifications 

The structural design shall be in accordance with the following: 

FDOT Structures Design Guidelines, January 2021. (SDG) 

FDOT Modifications to LRFD Specifications for Structural Supports for Highway Signs, 
Luminaires, and Traffic Signals, January 2021. (LRFDLTS-1) 

AASHTO LRFD Bridge Design Specifications, 9th Ed., 2020. (LRFD) 

AASHTO LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and 
Traffic Signals, 1st Edition 2015 with 2017, 2019, & 2020 Interim Revisions. (LTS-1) 

Design Method 

The design of all components utilize the Load and Resistance Factor Design (LRFD) methodology 
in accordance with the FDOT Structures Manual. 

 
Design Loads 

Wind Load 

In accordance with FDOT Structures Manual, Volume 1 Section 2.4 and Volume 3. 

 Mast Arm Signal Structures:  700 year Extreme Event Limit State = 150 mph 

 



Structures Design Guidelines Topic No. 625-020-018
2 - Loads and Load Factors January 2021

2-6
Structures Manual Home

2.4 WIND LOADS
2.4.1 Wind Loads on Completed Structures: WL and WS (LRFD 3.8) 
A. Design Wind Speed
Use the design 3-second gust wind speed, V, from Table 2.4.1-1 in lieu of LRFD Figure 
3.8.1.1.2-1. 
Table 2.4.1-1 Design Wind Speed, V

County (Dist)
Design 
Wind 

Speed 
(mph)

County (Dist)
Design 
Wind 

Speed 
(mph)

County (Dist)
Design 
Wind 

Speed 
(mph)

Alachua (2) 130 Hardee (1) 150 Okaloosa (3) 150
Baker (2) 130 Hendry (1) 150 Okeechobee (1) 150
Bay (3) 150 Hernando (7) 150 Orange (5) 150

Bradford (2) 130 Highlands (1) 150 Osceola (5) 150
Brevard (5) 170 Hillsborough (7) 150 Palm Beach (4) 170
Broward (4) 170 Holmes (3) 150 Pasco (7) 150
Calhoun (3) 130 Indian River (4) 170 Pinellas (7) 150
Charlotte (1) 170 Jackson (3) 130 Polk (1) 150

Citrus (7) 150 Jefferson (3) 130 Putnam (2) 130
Clay (2) 130 Lafayette (2) 130 St. Johns (2) 150

Collier (1) 170 Lake (5) 150 St. Lucie (4) 170
Columbia (2) 130 Lee (1) 170 Santa Rosa (3) 150
DeSoto (1) 150 Leon (3) 130 Sarasota (1) 170

Dixie (2) 130 Levy (2) 150 Seminole (5) 150
Duval (2) 130 Liberty (3) 130 Sumter (5) 150

Escambia (3) 170 Madison (2) 130 Suwannee (2) 130
Flagler (5) 150 Manatee (1) 150 Taylor (2) 130
Franklin (3) 150 Marion (5) 150 Union (2) 130
Gadsden (3) 130 Martin (4) 170 Volusia (5) 150
Gilchrist (2) 130 Miami-Dade (6) 170 Wakulla (3) 130
Glades (1) 150 Monroe (6) 170 Walton (3) 150

Gulf (3) 150 Monroe Islands (6)1

1 For non-bridge structures use 170 mph or as modified by Vol. 3

180 Washington (3) 150
Hamilton (2) 130 Nassau (2) 130

Modification for Non-Conventional Projects:

See the RFP for possible supplemental requirements to SDG 2.4.1.A.

3
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FDOT Modifications to LRFDLTS-1 Topic No. 625-020-018
January 2021

6
Structures Manual Home

3 LOADS

C 3.8 
FDOT continues the past practice of 
determining wind speeds based on 
structure type.
Luminaire support structures shall include 
all support elements including all poles, 
arms, connections and anchorages for all 
high-mast lighting, roadway lighting, sign 
lighting, underdeck lighting, landscape 
lighting, and bridge aesthetic lighting.

Based on the ASD-LTS Specifications, the 
design life is:
- 10 years for ground signs.
- 25 years for conventional light poles and 
strain poles.
- 50 years for mast arms, high mast light 
poles and overhead sign structures.

3.8 Wind Load 
Delete Table 3.8.1 and replace it with the 

following:

C 3.8.2
Add the following:
FDOT SDG Table 2.4.1-1 was derived 
from the ASCE 7-10 wind speed map.

To simplify the design process, FDOT has 
designated one wind speed per county for 
the 700 year and 300 year Extreme Event 
Limit States. To maintain consistency with 
past practice, a 110 mph design wind 
speed was chosen for the 10 year 
Extreme Event Limit State, and an 80 mph 
design wind speed was chosen for 
temporary ground sign supports.

3.8.2 Basic Wind Speed (Rev. 01/21)
Delete the entire paragraph including 

Figures 3.8-1,
3.8-2, 3.8-3 and 3.8-4 and add the 
following:

For the 700 year Extreme Event Limit 
State, use the wind speeds (mph) shown 
in FDOT SDG Table 2.4.1-1

For the 300 year Extreme Event Limit 
State, use the wind speeds (mph) shown in 
FDOT SDG Table 2.4.1-1 minus 10 mph.
For the 10 year Extreme Event Limit State, 
use a design wind speed of 110 mph for 
the entire state.
For the Service Limit State, use a design 
wind speed of 90 mph for the entire state.
For temporary ground signs, luminaires 
and span wire traffic signals, for both the 
Extreme Event and Service Limit States, 

Structure Support Type Interval 
(years)

• Overhead sign structures
• Luminaire support structures 

>50' in height.
• Mast Arm Signal Structures
• Monotubes
• High Mast Light Poles
• ITS Camera Poles >50' in 

height
• Bridge Aesthetic Lighting 

Structures

700

• Luminaire supports and other 
structures ≤ 50' in height.

• Concrete and Steel Strain 
Poles

300

• Roadside sign structures 10

4
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DAVID J. ALLEN , P.E.

P.E. LICENSE NUMBER 58540

CARDNO

3905 CRESCENT PARK DRIVE

RIVERVIEW , FLORIDA  33578

CERTIFICATE OF AUTHORIZATION 29915

PROJECT IDROAD NO.

MOCCASIN WALLOW RD

MANATEE COUNTY

665-1-11 1 EA

3 AS

3-SECT., 1-WAY

4S

630-2-11

646-1-11 1 EA

R

G

Y

1 AS

3-SECT., 1-WAY

PED. SIGNAL
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COUNT-DOWN
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P6 P8

P2 P4

DZ-4L
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P4

P4

P2
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650-1-14 650-1-14 653-1-11

MOCCASIN

WALLOW RD

635-2-11 2 EA

665-1-11 1 EA

630-2-11

646-1-11 1 EA

6'X40' DETECTION ZONE (TYP)

635-2-11 2 EA

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

Bishop Harbor Rd
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Watch For
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DON'T START
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DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

630-2-11(HV, LV) 2 RUNS @ 10'
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DAVID J. ALLEN , P.E.

P.E. LICENSE NUMBER 58540

CARDNO

3905 CRESCENT PARK DRIVE

RIVERVIEW , FLORIDA  33578

CERTIFICATE OF AUTHORIZATION 29915

PROJECT IDROAD NO.

MOCCASIN WALLOW RD

MANATEE COUNTY
REVISIONS

1. MAJOR STREET IS MOCCASIN WALLOW RD, MINOR STREET IS BUD RHODEN

RD/ELLENTON GILLETTE RD.

TIMINGS ARE INITIAL AND MAY REQUIRE FIELD ADJUSTING

AS DIRECTED BY PROJECT ENGINEER.

MINIMUM GREEN

PED. CLEARANCE

EXTENSION

MAXIMUM GREEN 1

MAXIMUM GREEN 2

YELLOW CLEARANCE

ALL RED

PEDESTRIAN WALK

RECALL

TIMING FUNCTION

MOVEMENT NUMBER

T
I
M
I
N
G
 
F
U
N
C
T
I
O
N

CONTROLLER  TIMINGS

 2  4

20

2.5

30

4.8

2.0

MIN

7

2.5

20

4.0

2.0

7

31

 6

20

2.5

30

4.8

2.0

MIN

7

31

 8

7

2.5

20

4.0

2.0

7

17

 3 1

7

2.5

12

4.8

2.0

 5

7

2.5

12

4.8

2.0

 7

665-1-11 1 EA

6 AS

6

3-SECT., 1-WAY

2 4

8

630-2-11

CONTROLLER OPERATION

646-1-11 1 EA

NOTES:

1. POSTED SPEED FOR MOCCASIN WALLOW ROAD IS 45 MPH.

POSTED SPEED FOR 36TH AVENUE EAST IS 40 MPH AND

ELLENTON GILLETTE ROAD IS 45 MPH.

POLE LOCATION=

STA. 340+14.1

OFF. = 88.3' LT

ELEV. = 38.30

7

17

1

R

G

FY

SY

4 AS

4-SECT., 1-WAY

1 3

PED. SIGNAL

1-SECT., 1-WAY

COUNT-DOWN

8 AS

P6 P8

P2 P4

M

B

DZ-6R

DZ-2R

D
Z
-
8

1

P6

P8

P8

P2
P2

P4

P4

P6

8
3

2

5

RD-3

RADAR/

MVDS

NO.

NO. OF

DETECTION

ZONES

DELAY

TIME

(SEC)

RD-4

DETECTOR ZONES

DZ-1 0

ZONE

LOCATION

NO.

1

DZ-4

DZ-2 RD-2

RD-3

2

1

0

0

DZ-5 RD-2 1 0

DZ-3 1 0RD-1

DZ-6 RD-4 2 0

650-1-14 650-1-16 653-1-11

2 RUNS @ 20' (HV, LV)

MOCCASIN

WALLOW RD

649-21-15

660-3-12 1 EA

1 EA

635-2-11 2 EA

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

6'X40' DETECTION ZONE (TYP)

670-5-600 1 AS

634-4-600

639-1-610 1 AS

1 PI

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

635-2-11 2 EA

POLE LOCATION=

STA. 340+06.2

OFFSET = 78.8' RT

ELEV. = 39.80

2

649-21-21 1 EA

649-21-151 EA

635-2-112 EA

POLE LOCATION=

STA. 338+94.2

OFFSET = 90.3' RT

ELEV. = 39.50

3

630-2-113 RUNS @ 10'

639-2-1(3 CONDUCTORS) 10 LF

670-5-1101 AS

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

Bud Rhoden Rd

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

684-1-11 EA

630-2-11(HV, LV) 2 RUNS @ 15'

665-1-111 EA

646-1-111 EA

630-2-11 2 RUNS @ 10'

665-1-111 EA

646-1-111 EA

LEFT TURN

YIELD ON

FLASHING

YELLOW

ARROW

700-3-201

O

630-2-11(HV, LV) 2 RUNS @ 20'

665-1-111 EA

646-1-111 EA

630-2-11(PS) 10 LF

639-2-1(3 COND) 10 LF

639-1-1221 AS

649-21-211 EA

641-2-121 EA

POLE LOCATION=

STA. 338+87.5

OFF. = 79.6' LT

ELEV. = 39.80

4

R/W

LINE

R/W

LINE

R/W

LINE

R/W

LINE

FTP-68B-06

D
Z
-
4

DZ-7 RD-3 1 0

630-2-124 RUNS @ 170'

(HV, LV, 2-SP)

660-3-121 EA

635-2-112 EA

C

H

G

ELEV.

39.29

ELEV.

41.25

ELEV.

39.34

ELEV.

41.26
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D
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D

DZ-6

DZ-6

DZ-1

DZ-2

DZ-2
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D
Z
-
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-
4
R

630-2-11 3 RUNS @ 25' (HV, LV)

E
L
L
E
N
T
O
N

G
I
L
L
E
T
E
 
R
D

630-2-11 3 RUNS @ 20'

B

6

6

630-2-12 4 RUNS @ 105'

(HV, LV, 2-SP)

(HV, LV, SP)

2

2

4 4

635-2-111 EA

630-2-11(PS) 50 LF

639-2-1(3 COND) 50 LF

630-2-11(HV, LV, PS, SP) 9 RUNS @ 10'

685-1-131 EA

SEE INTERCONNECT PLAN (8)

660-6-1221 EA

632-7-11 PI

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 25' (HV, LV)

SEE INTERCONNECT PLAN (8)

6R

DZ-8 RD-1 1

DZ-2R RD-2 1 8

DZ-6R RD-4 1 8

Ellenton

Gillette Rd

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

Moccasin

Wallow Rd

G H

8" E

8" E

O

8' 9' 9'

700-5-22 4 EA

POWER

SOURCE

630-2-12 4 RUNS @ 90'
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MV-2
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DZ-2A MV-2 2
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0
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N/A
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G G

Y Y
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5-SECT., 1-WAY
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4 4R
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PHASE 5

PHASE 1 PHASE 3

PHASE 2

PHASE 2
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5 2 6

1 6

2 5

SPECIAL SOP
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700-3-201
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2 RUNS @ 10' (HV, LV)

REMOVE EXISTING SPAN
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DAVID J. ALLEN , P.E.

P.E. LICENSE NUMBER 58540

CARDNO

3905 CRESCENT PARK DRIVE

RIVERVIEW , FLORIDA  33578

CERTIFICATE OF AUTHORIZATION 29915

PROJECT IDROAD NO.

MOCCASIN WALLOW RD

MANATEE COUNTY

1. MAJOR STREET IS MOCCASIN WALLOW RD, MINOR

STREET IS ARTISAN LAKES PARKWAY.

TIMINGS ARE INITIAL AND MAY REQUIRE FIELD ADJUSTING AS

DIRECTED BY PROJECT ENGINEER.

MINIMUM GREEN

PED. CLEARANCE

EXTENSION

MAXIMUM GREEN 1

MAXIMUM GREEN 2

YELLOW CLEARANCE

ALL RED

PEDESTRIAN WALK

RECALL

TIMING FUNCTION

MOVEMENT NUMBER

T
I
M
I
N
G
 
F
U
N
C
T
I
O
N

CONTROLLER  TIMINGS

 2  4

20

2.5

30

4.8

2.0

MIN

7

2.5

20

4.0

2.2

7

XX

 6

20

2.5

30

4.8

2.0

MIN

7

XX

 8

7

2.5

20

4.0

2.1

7

XX

 3 1

7

2.5

12

4.8

2.0

 5

7

2.5

12

4.8

2.0

 7

CONTROLLER OPERATION

NOTES:

1. POSTED SPEED FOR MOCCASIN WALLOW ROAD IS 45

MPH. POSTED SPEED FOR ARTISAN LAKES PARKWAY IS

35 MPH.

D
Z
-
3

1

P8

P8

P2

P2

8R 3

2

MOCCASIN

WALLOW RD

635-2-11 2 EA

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

6'X40' DETECTION

ZONE (TYP)

635-2-11 2 EA

POLE LOCATION=

STA. 368+42.6

OFFSET = 76.9' RT

ELEV. = 31.80

2

649-21-21 1 EA

649-21-151 EA

635-2-113 EA

POLE LOCATION=

STA. 366+92.5

OFFSET = 81.0' RT

ELEV. = 33.00

3

630-2-11(HV, LV, SP) 3 RUNS @ 10'

639-2-1(3 CONDUCTORS) 10 LF

660-3-111 EA

670-5-1101 AS

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

684-1-11 EA

630-2-11(HV, LV) 2 RUNS @ 10'

665-1-111 EA

646-1-111 EA

630-2-11(HV, LV) 2 RUNS @ 50'

665-1-111 EA

646-1-111 EA

649-21-21

660-6-1221 EA

1 EA

POLE LOCATION=

STA. 366+89.4

OFFSET = 79.4' LT

ELEV. = 33.76

4

R/W

LINE

R/W

LINE

R/W

LINE

FTP-68B-06

630-2-125 RUNS @ 175'

(HV, LV, PS, 2-SP)

635-2-113 EA

D

J

ELEV.

31.97

ELEV.

33.43

ELEV.

33.90

A
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T
I
S
A
N

L
A
K
E
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P
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W
Y

DZ-6

DZ-6

DZ-1

DZ-2

DZ-2

D
Z
-
8
R

630-2-11 3 RUNS @ 15'

6

6

630-2-12 4 RUNS @ 150'

(HV, LV, 2-SP)

(HV, LV, SP)

2

2R

630-2-11(HV, LV, PS, SP) 9 RUNS @ 10'

685-1-131 EA

682-1-1331 EA

632-7-11 PI

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 25' (HV, LV)

SEE INTERCONNECT PLAN (13)

Artisan

Lakes Pkwy

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

Moccasin

Wallow Rd

I

O

700-5-22 4 EA

630-2-12 4 RUNS @ 130'

(HV, LV, 2-SP)

O

630-2-11(HV, LV, SP) 3 RUNS @ 20'

6092560

MV-2

MV-1

660-6-1211 EA

660-3-122 EA

660-3-12 2 EA

2 AS

3-SECT., 1-WAY

PED. SIGNAL

1-SECT., 1-WAY

COUNT-DOWN

6 AS

P6 P8

P2

650-1-14 653-1-11

LEFT TURN

YIELD ON

FLASHING

YELLOW

ARROW

700-3-201

G G

Y Y

R

650-1-19

4 AS

5-SECT., 1-WAY

8 8R

VEHICLES

TO

YIELD

TURNING

FTP-85-13

2 EA

700-3-201

R10-15R

3 EA

700-3-201

R3-5 MOD

2 EA

165'

105'

DZ-6ADZ-6B

DZ-2BDZ-2A

165'

105'

630-2-11(PS) 20 LF

639-2-1(3 COND) 35 LF

639-1-1221 AS

641-2-121 EA

8

N

M

N

630-2-11(PS) 10 LF

635-2-111 EA

639-2-1(3 COND) 10 LF

639-2-1(3 COND) 150 LF

2

641-2-12 1 EA

639-3-11

639-2-1 15 LF (3 COND)

1 EA

15 LF (PS)
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N
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8" E
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D
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CCTV
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POLE LOCATION=

STA. 368+39.5

OFFSET = 81.6' LT

ELEV. = 33.00

1

D

N

5

660-3-12 1 EA

630-2-11

649-21-15 1 EA

3 RUNS @ 10'

 (HV, LV, SP)

M

DZ-5

3

7 4R7 4 4

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

POWER SOURCE
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2 AS

5-SECT., 1-WAY

7 4

3 8

RADAR/

MVDS

NO.

NO. OF

DETECTION

ZONES

DELAY

TIME

(SEC)

RD-4

DETECTOR ZONES

DZ-1 0

ZONE

LOCATION

NO.

1

DZ-4

DZ-2 RD-2

RD-3

2

1

0

0

DZ-5 RD-2 1 0

DZ-3 1 0RD-1

DZ-6 RD-4 2 0

DZ-7 RD-3 1 0

DZ-8 RD-1 1

DZ-4R RD-3 1 8

DZ-2A MV-2 2

DZ-2B MV-2 2

DZ-6A MV-1 2

DZ-6B MV-1 2

0

N/A

N/A

N/A

N/A

PHASE 1 PHASE 3

PHASE 2

PHASE 2

or

5 2 6

2 5

SPECIAL SOP
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1 5
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1 6 8R
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DAVID J. ALLEN , P.E.

P.E. LICENSE NUMBER 58540

CARDNO

3905 CRESCENT PARK DRIVE

RIVERVIEW , FLORIDA  33578

CERTIFICATE OF AUTHORIZATION 29915

PROJECT IDROAD NO.

MOCCASIN WALLOW RD

MANATEE COUNTY

1. MAJOR STREET IS MOCCASIN WALLOW RD, MINOR

STREET IS GATEWAY BLVD/49TH AVE EAST.

TIMINGS ARE INITIAL AND MAY REQUIRE FIELD ADJUSTING AS

DIRECTED BY PROJECT ENGINEER.

MINIMUM GREEN

PED. CLEARANCE

EXTENSION

MAXIMUM GREEN 1

MAXIMUM GREEN 2

YELLOW CLEARANCE

ALL RED

PEDESTRIAN WALK

RECALL

TIMING FUNCTION

MOVEMENT NUMBER

T
I
M
I
N
G
 
F
U
N
C
T
I
O
N

CONTROLLER  TIMINGS

 2  4

20

2.5

30

4.8

2.0

MIN

7

2.5

20

4.0

2.0

7

31

 6

20

2.5

30

4.8

2.0

MIN

7

31

 8

7

2.5

20

4.0

2.0

7

17

 3 1

7

2.5

12

4.8

2.0

 5

7

2.5

12

4.8

2.0

 7

665-1-11 1 EA

630-2-11

CONTROLLER OPERATION

646-1-11 1 EA

NOTES:

1. POSTED SPEED FOR MOCCASIN WALLOW ROAD IS

45 MPH. POSTED SPEED FOR GATEWAY BLVD IS

ASSUMED 35 MPH AND 35 FOR 49TH AVE EAST.

POLE LOCATION=

STA. 386+18.5

OFF. = 91.7' LT

ELEV. = 28.60

7

17

1

D
Z
-
3

1

P6

P8

P8

P2

P2

P4

P4

P6

8
8

2

5

2 RUNS @ 20' (HV, LV)

MOCCASIN

WALLOW RD

649-21-15

660-3-12 1 EA

1 EA

635-2-11 2 EA

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

6'X40' DETECTION

ZONE (TYP)

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 10' (HV, LV)

635-2-11 2 EA

POLE LOCATION=

STA. 386+15.6

OFFSET = 79.0' RT

ELEV. = 29.92

2

649-21-21 1 EA

649-21-151 EA

635-2-112 EA

POLE LOCATION=

STA. 384+81.6

OFFSET = 78.1' RT

ELEV. = 29.70

3

630-2-11(HV, LV, SP) 3 RUNS @ 10'

639-2-1(3 CONDUCTORS) 10 LF

660-3-111 EA

670-5-1111 AS

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

49th Ave E

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

684-1-11 EA

630-2-11(HV, LV) 2 RUNS @ 15'

665-1-111 EA

646-1-111 EA

O

630-2-11(PS) 10 LF

639-2-1(3 COND) 10 LF

639-1-1221 AS

649-21-21

660-6-1221 EA

1 EA

641-2-121 EA

POLE LOCATION=

STA. 384+55.3

OFFSET = 78.8' LT

ELEV. = 30.50

4

R/W

LINE

R/W

LINE

R/W

LINE

FTP-68B-06

D
Z
-
4

630-2-124 RUNS @ 155'

(HV, LV, 2-SP)

660-3-121 EA

L

K

ELEV.

29.50

ELEV.

31.15

ELEV.

29.50

ELEV.

31.76

G
A
T
E
W
A
Y

B
L
V
D

DZ-6

DZ-6

DZ-1

DZ-2

DZ-2

DZ-5

D
Z
-
8

D
Z
-
4
R

630-2-11 3 RUNS @ 25' (HV, LV)

4
9
T
H
 
A
V
E
 
E

630-2-11 3 RUNS @ 20'

E

6

6

630-2-12 4 RUNS @ 125'

(HV, LV, 2-SP)

(HV, LV, SP)

2

2R

4

635-2-111 EA

630-2-11(PS) 30 LF

639-2-1(3 COND) 30 LF

630-2-11(HV, LV, PS, SP) 9 RUNS @ 10'

685-1-131 EA

SEE INTERCONNECT PLAN (16)

682-1-1331 EA

632-7-11 PI

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 25' (HV, LV)

SEE INTERCONNECT PLAN (16)

6

Gateway Blvd

START CROSSING

Watch For

Vehicles

DON'T START

Finish Crossing

If Started

TIME REMAINING

To Finish Crossing

DON'T CROSS

PUSH BUTTON

TO CROSS

STEADY

TIMER

FLASHING

Moccasin

Wallow Rd

K L

8" E

8" E

M

9' 9'

700-5-22 4 EA

F

D
Z
-
7

POWER

SOURCE

660-6-1211 EA

630-2-11(HV, LV, SP) 3 RUNS @ 10'

630-2-12 4 RUNS @ 155'

(HV, LV, 2-SP)

6092560

632-7-6 1 PI

REMOVAL ITEMS

639-1-620 1 AS

641-2-60 1 EA

641-2-80 2 EA

670-5-600 1 AS

MV-2

MV-1

660-3-122 EA

660-3-12 2 EA

9 AS

6

3-SECT., 1-WAY

2 4

8

R

G

FY

SY

4 AS

4-SECT., 1-WAY

5 7

PED. SIGNAL

1-SECT., 1-WAY

COUNT-DOWN

8 AS

P6 P8

P2 P4

M

650-1-14 650-1-16 653-1-11

LEFT TURN

YIELD ON

FLASHING

YELLOW

ARROW

700-3-201

G G

Y Y

R

650-1-19

3 AS

5-SECT., 1-WAY

6

4 4R

6R

O

FTP-85-13

4 EA

700-3-201

R10-15R

4 EA

700-3-201

7 4 4R

N

N

N

N

M

RD-1

RD-2

RD-3

RD-4

1

RADAR/

MVDS

NO.

NO. OF

DETECTION

ZONES

DELAY

TIME

(SEC)

RD-4

DETECTOR ZONES

DZ-1 0

ZONE

LOCATION

NO.

1

DZ-4

DZ-2 RD-2

RD-3

2

1

0

0

DZ-5 RD-2 1 0

DZ-3 1 0RD-1

DZ-6 RD-4 2 0

DZ-7 RD-3 1 0

DZ-8 RD-1 1

DZ-2R RD-2 1 8

DZ-6R RD-4 1 8

DZ-4R RD-3 1 8

DZ-2A MV-2 2

DZ-2B MV-2 2

DZ-6A MV-1 2

DZ-6B MV-1 2

0

N/A

N/A

N/A

N/A

165'

105'

165'

105'

DZ-6ADZ-6B

DZ-2BDZ-2A

O

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 25'

(HV, LV)

MATCH LINE A

630-2-12(FP) 100 LF

SEE SIGNALIZATION PLAN (9)

N

1
"
 
=
 
4
0
'

639-4-61 EA

E

8'

2
.
5
'

6" E

8" E

8'

F

M

TO NORMAL

OPERATION

SPECIAL P.O.P.

FROM NORMAL

OPERATION

DWELL 45 SECONDS

TIMINGS TO BE ADJUSTED BY THE COUNTY

4800 4900 4900 4800

6R

M

3 8

PHASE 5

PHASE 1 PHASE 3

PHASE 2

PHASE 2

or

5 2 6

1 6

2 5

SPECIAL SOP

4R

4R
1

PHASE 5

or

4 7 6R

PHASE 4

7 2R
3 4 8

3 8 2R

PHASE 6

6R

3

3

2

2 2R

665-1-11 1 EA

630-2-11

646-1-11 1 EA

2 RUNS @ 15' (HV, LV)

635-2-11 2 EA

VEHICLES

TO

YIELD

TURNING

R3-5 MOD
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O

N
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POLE FOUNDATION DETAIL

SPECIAL NOTES

A. EACH POLE AND MAST ARM SHALL BE IDENTIFIED WITH A PERMANENT ONE INCH (1") HIGH ENGRAVED OR

IMPRESSED MARK WHICH BEARS THE POLE IDENTIFICATION NUMBER SHOWN ON THE PLANS.

B. ANCHOR BOLT COVERS (ORNAMENTAL, NON-ORNAMENTAL, AND/OR PAINTED) SHALL BE GALVANIZED STEEL

OR CAST ALUMINUM AND SHALL BE SECURED BY A MINIMUM OF TWO (2) THREADED FASTENERS. THE BOLT

COVERS SHALL BE OF SUFFICIENT SIZE SO THAT THERE IS NO GAP BETWEEN ITSELF AND THE POLE SHAFT.

C. IT SHALL BE THE CONTRACTOR'S RESPONSIBILITY TO FIELD VERIFY ALL ELEVATIONS LISTED IN THE PLANS.

D. ALL MAST ARM POLES SHALL BE GALVANIZED, NON-PAINTED.

MOUNTING ASTRO BRACKET

FEED CABLE THROUGH

DRILLED WIRE ENTRANCE HOLE

MAST ARM

CCTV CABLE DRIP LOOP

(DO NOT TWIST CABLE)

1.5" SCHEDULE 40 ALUMINUM CONDUIT

ITS EXPRESS CANDY CANE CCTV MOUNT

OR APPROVED EQUIVALENT

CCTV

LUMINAIRE ROTATION TO BE

MEASURED IN A COUNTER

CLOCKWISE DIRECTION FROM ARM

ARM #1

SMARTSENSOR MOUNT

FEED CABLE THROUGH DRILLED

WIRE ENTRANCE HOLE

MAST ARM

MVDS CABLE DRIP LOOP

(DO NOT TWIST CABLE)

SS BANDING

SMARTSENSOR ADVANCE EXTENDED RANGE

CRITICAL ROAD ELEVATION

HIGHEST POINT OF

ROADWAY (UNDER SIGNALS)

TOP OF FOUNDATION

GROUT PAD

6" IF LOCATED IN TURF

FLUSH IF ADJACENT TO

SIDEWALK

91.5"

123

W1

H1

SIGN A

A

TOTAL ARM LENGTH

   ARM

 MOUNTING

  HEIGHT

(ARM M.H.)

ALL SIGNS ARE RIGIDLY MOUNTED TO MAST ARM

W2

H2

SIGN B

BCCTVMVDS

VIDEO

VEHICLE

DETECTION

TOP OF FOUNDATION ELEVATION

ARM #1-SINGLE ARM OR LONGER

ARM FOR DOUBLE ARM POLE

ARM #2- D0UBLE ARM POLE ORIENTATION

TO BE MEASURED IN A COUNTER CLOCKWISE

DIRECTION FROM ARM 1.

CCTV MOUNTING DETAILDILEMMA ZONE MVDS

MOUNTING DETAIL

ARM ORIENTATION DETAILSTOP BAR DETECTION

MVDS MOUNTING DETAIL

RADAR UNIT MOUNT

SS BANDING

MATRIX RADAR UNIT

MAST ARM UPRIGHT

MAST ARM TABULATION (1)
DESCRIPTIONDATE DESCRIPTION DATE

REVISIONS

SHEET

NO.

C:\Projects\Moccasin Wallow\dwg\00000000000\Signals\MSSGSG01.dwg

Howard Holley
12/21/2021 9:29:53 AM

----
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UB

(ft.)

UAA

(ft.)

POLE

STANDARD MAST ARM ASSEMBLIES DATA TABLE

LL

(deg)

UF

(deg)

SECOND ARM

FAA

(ft.)

FIRST ARM

SHEET-POLE

NO.

DRILLED

SHAFT

ID

ARM

ID

ARM

ID

DESIGNATION

POLE

ID

SAA

(ft.)

NOTES [Notes Date 11-01-16]:

1.If an entry appears in column FAA, a shorter arm is required.  This is obtained by removing length from the arm

tip and the arm length shortened from FA to FAA. SAA Similar.

2.If an entry appears in column UAA, a shorter pole is required.  This is obtained by removing length from the

pole tip and the pole height shortened from UA to UAA.

3.Work this sheet with the Signal Designer’s “Mast Arm Tabulation”.  See “Mast Arm Tabulation” for special

instructions that include non-standard Handhole location, paint color, terminal compartment requirement, and

pedestrian features.

4.Work with Index 649-030 and 649-031.

A78/S-P6/S-DS/16/4.5

A78/S-P6/S-DS/25/5.0

A70/S-P5/S-DS/25/5.0

A78/S/H-P6/S-DS/20/5.0

A78/S-P6/S-DS/25/5.0

A70/S-P5/S-DS/20/5.0

A78/S/H-P6/S-DS/25/5.0

A78/S

A70/S

A78/S/H

A78/S

A78/S

A70/S

A78/S/H

--- ---

--- ---

--- ---

--- ---

---
---

--- ---

---
---

--- ---

P6/S
DS/25/5.0

P5/S

P6/S

DS/20/5.0

P6/S

P6/S

P5/S

P6/S

32.0

33.0

32.0

24.0

24.0

22.0

21.0

22.0

22.0

22.0

21.0

22.0

DS/25/5.0

DS/25/5.0

DS/25/5.0

DS/25/5.0

DS/20/5.0

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---

---A78/S

P6/S

24.0
21.0 DS/16/4.5

---

---

---

---

---

FDOT

STRUCTURE

ID NUMBER

T-10-2

T-13-1

T-13-3

T-13-4

T-15-1

T-15-2

T-15-3

T-17-1

T-17-2

T-17-3

T-17-4

---

13M144

---

---

---

---

---

---

---

---

---

A78/S-P6/S-DS/25/5.0

T-15-4

---

A78/S-P6/S/L-DS/25/5.0 --- --- P6/S/L
DS/25/5.0

22.0

---

---

---
T-13-2

---

A70/S-P5/S-DS/25/5.0
A70/S --- ---

P5/S
22.0 DS/25/5.0

---

---

A70/S-P5/S-DS/25/5.0

A70/S

--- ---
P5/S 23.0

20.0 DS/25/5.0
---

---

---

---

A78/S/H-P6/S-DS/25/5.0
A78/S/H

--- --- P6/S
21.0

DS/25/5.0

---

---

A78/S-P6/S-DS/25/5.0
A78/S

---
---

P6/S

21.0
DS/25/5.0

---

---

---

---

A78/S

24.0

24.0

---

---

---

---

---

---

---

STANDARD MAST ARM
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DESCRIPTIONDATE DESCRIPTION DATE

REVISIONS

SHEET

NO.

J:\00193\00193012.01\ACAD\dwg\00000000000\Signals\MSSGSG01.dwg
Michael Regan 12/22/2021 4:25:09 PM

----

 
 

 

 
 

 
 

T-48

----

 
 

 

 
 

 
 

CHRISTOPHER P. GAMACHE, P.E.

P.E. LICENSE NUMBER 82122

CARDNO

380 PARK PLACE BLVD SUITE 300

CLEARWATER, FLORIDA 33759

CERTIFICATE OF AUTHORIZATION 29915

ROAD NO. PROJECT ID

MOCCASIN WALLOW RD

MANATEE COUNTY

6092560

T
H
E
 
O
F
F
I
C
I
A
L
 
R
E
C
O
R
D
 
O
F
 
T
H
I
S
 
S
H
E
E
T
 
I
S
 
T
H
E
 
E
L
E
C
T
R
O
N
I
C
 
F
I
L
E
 
D
I
G
I
T
A
L
L
Y
 
S
I
G
N
E
D
 
A
N
D
 
S
E
A
L
E
D
 
U
N
D
E
R
 
R
U
L
E
 
6
1
G
1
5
-
2
3
.
0
0
4
‚
 
F
.
A
.
C
.

AutoCAD SHX Text
Table Date 11-01-16



Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 75 68 65 59 59 55 13 75.5 38 26

1 1 1 1 1 1 5 2 4 2

Sign Width (in.) 22 60 24 24 24 36 72 120 120 120

Sign Height (in.) 36 50 36 36 36 36 30 24 24 24

Area (SF) 0.0 0.0 0.0 0.0 0.0 0.0 15.0 9.8 14.8 9.8

Mwl. (kip*ft) 0 0 0 0 0 0 13 49 38 17

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

271 300

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S-P6/S-DS/14/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

10

117

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-10-2.xlsx Arm1Design

christopher.gamache
Text Box
See separate calc for foundation



Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 494.6 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 472.4 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 450.2 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 450.2 NoGood Okay NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 428.0 Okay Okay Okay 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 428.0 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 405.8 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 405.8 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 0.0 13.1 49.3 37.7 17.0 117.0 5 5 0 dl att N/A 9.8 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 0.0 0.9 4.2 3.3 1.4 9.8 5 0 dl arm N/A 121.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm 

/ HD Arm
5 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm 

/ HD Arm
wl att 3.3 72.7 0.0 0.0

270.6 300.5 wl arm 5.2 113.5 0.0 0.0

One Arm Two Arms Tor wl att N/A 117.0 N/A 0.0

130.8 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 239.1

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 272.5 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 236.8 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 11.1 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S P6 /S DS

P6/S- DS/14/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S-P6/S-DS/14/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0236.8

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S-

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s) 78 0

0.95

0.00

0.000.62

0.67

Drilled Shaft

Pole ID

A78/S-P6/S-DS/14/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

125

166

244

340

422

512

107

145

215

300

380

422

300

271

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-10-2     LOCATION:   Sta. 300+97.6, 57.0' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 30 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 15:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 50 pcf:=

Geometry 

b 4.5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 239.1 kip ft:= Vx 0 kip:= Torsion 236.8 kip ft:=

Mz 130.8 kip ft:= Vz 11.1 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]

12/22/2021 T-10-2.xmcd 1



 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 272.5 kip ft=:=

Pu Vx
2

Vz
2

+ 11.1 kip=:=

Tu Torsion 236.8 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

3=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 12.7 ft=:=

LotSand ceil
LotSand

ft









ft 13 ft=:= (round up to next foot)

12/22/2021 T-10-2.xmcd 2



short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 25.1 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 10.8 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 11 ft=:= (round up to next foot)

12/22/2021 T-10-2.xmcd 3



short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 355 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
6.8 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 14 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 13 ft= required shaft embedment depth to resist overturning

12/22/2021 T-10-2.xmcd 4



 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 15=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








1.5=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 13 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 14.1 ft=:=

LtorSand ceil
LtorSand

ft









ft 15 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 12.3 ft=:=

LtorClay ceil
LtorClay

ft









ft 13 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 15 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 4.6=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 15.5 ft=
shaft length

12/22/2021 T-10-2.xmcd 5



 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.3 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 309.7 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 290.9 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 355 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 290.9 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 309.7 kip ft=:=

12/22/2021 T-10-2.xmcd 6



 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 16:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 4.5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









20.6 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 25 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 39.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.7 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.31 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 11.1 kip=:=

Tu 236.8 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.3 ft=:= de

b

2

Dr

π
+ 3.3 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.2 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 265.4 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
60.3 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.2-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 169.6 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2290.2 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 41.4 in=:= ph π doh 130 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.3 10
3

 in
2

=:= Ao 0.85 Aoh 1.1 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

885.7 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

442.8 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

295.2 kip ft=:=

ϕv 0.9= Tu 236.8 kip ft= LreqdTor 15 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 234.1 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 148.9 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 236.8 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 81.9 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 234.1 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 148.9 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.27=:=

TorsionRation2

Tor2

ϕtor Tn2
0.53=:=

TorsionRation3

Tor3

ϕtor Tn3
0.5=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.53=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 644.1 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.5=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005874 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 272.5 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

2.9 in
2

=:=

Numbar Along.bar 25 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 75 68 65 59 72.5 48.5 14 68.5 60.5 52.5

1 1 1 1 5 5 5 3 2 4

Sign Width (in.) 22 60 24 24 30 30 96 120 120 120

Sign Height (in.) 36 50 36 36 36 30 30 24 24 24

Area (SF) 0.0 0.0 0.0 0.0 7.5 6.3 20.0 12.3 9.8 14.8

Mwl. (kip*ft) 0 0 0 0 36 20 19 56 40 52

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

370 399

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

18

223

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S-P6/S-DS/16/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-13-1.xlsx Arm1Design
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 554.6 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 529.5 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 504.5 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 504.5 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 479.4 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 479.4 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 454.3 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 454.3 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 36.4 20.3 18.8 56.3 39.5 52.1 223.4 5 5 0 dl att N/A 17.8 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 2.4 1.3 1.2 4.9 3.3 4.6 17.8 3 0 dl arm N/A 121.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm 

/ HD Arm
3 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm 

/ HD Arm
wl att 4.7 104.0 0.0 0.0

370.2 398.9 wl arm 5.2 113.5 0.0 0.0

One Arm Two Arms Tor wl att N/A 223.4 N/A 0.0

138.8 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 270.4

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 304.0 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 343.2 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 12.5 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S P6 /S DS

P6/S- DS/16/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A78/S-P6/S-DS/16/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

78 0

0.95

0.00

0.000.82

0.92

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0343.2

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S-P6/S-DS/16/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422

399

370

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-13-1     LOCATION:   Sta. 340+14.1, 88.3' LT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 11:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 270.4 kip ft:= Vx 0 kip:= Torsion 343.2 kip ft:=

Mz 138.8 kip ft:= Vz 12.5 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 303.9 kip ft=:=

Pu Vx
2

Vz
2

+ 12.5 kip=:=

Tu Torsion 343.2 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 13.8 ft=:=

LotSand ceil
LotSand

ft









ft 14 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 24.8 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 11.2 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 12 ft=:= (round up to next foot)

12/22/2021 T-13-1.xmcd 3



short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 406.3 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
6.9 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14.8 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 15 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.7=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 14 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 11=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








1.1=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 14 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 19.3 ft=:=

LtorSand ceil
LtorSand

ft









ft 20 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 14.2 ft=:=

LtorClay ceil
LtorClay

ft









ft 15 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 20 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 6.1=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 20.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.8 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 349.8 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.1 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 325.1 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 406.3 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 325.1 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 349.8 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 12.5 kip=:=

Tu 343.2 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1

12/22/2021 T-13-1.xmcd 8



Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 343.2 kip ft= LreqdTor 20 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 341.1 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 275.4 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 343.2 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 152 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 341.1 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 275.4 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.3=:=

TorsionRation2

Tor2

ϕtor Tn2
0.59=:=

TorsionRation3

Tor3

ϕtor Tn3
0.71=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.71=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.7=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005358 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 303.9 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.3 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=

12/22/2021 T-13-1.xmcd 10



Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 75 54 76 68 17 10.5 72 60 48 21

1 5 5 5 5 5 3 2 2 4

Sign Width (in.) 22 2 30 30 30 108 96 120 120 120

Sign Height (in.) 36 92 36 36 30 30 30 24 24 24

Area (SF) 0.0 1.3 7.5 7.5 6.3 22.5 12.3 9.8 9.8 14.8

Mwl. (kip*ft) 0 5 38 34 7 16 59 39 31 21

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

396 424

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

19

250

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S-P6/S/L-DS/16/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/21/2021 T-13-2.xlsx Arm1Design

christopher.gamache
Text Box
See separate calc for foundation



Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 611.3 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 583.5 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 555.6 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 555.6 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 527.7 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 527.7 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 499.8 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 499.8 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 4.6 38.2 34.2 7.1 15.8 59.2 39.2 31.3 20.8 250.5 5 5 0 dl att N/A 19.5 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.3 2.5 2.2 0.5 1.0 5.1 3.3 2.6 1.8 19.5 3 0 dl arm N/A 121.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm / 

HD Arm
3 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm / 

HD Arm
wl att 6.1 135.0 0.0 0.0

396.0 424.5 wl arm 5.2 113.5 0.0 0.0

One Arm Two Arms Tor wl att N/A 250.5 N/A 0.0

140.5 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 301.4

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 332.5 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 370.3 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 13.9 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S P6 /S /L DS

P6/S/L- DS/16/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A78/S-P6/S/L-DS/16/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

78 0

0.95

0.00

0.000.87

0.99

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0370.3

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S-P6/S/L-DS/16/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422
424

396

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-13-2     LOCATION:   Sta. 340+06.2, 78.8' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 8.5:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 2 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 301.4 kip ft:= Vx 0 kip:= Torsion 370.3 kip ft:=

Mz 140.5 kip ft:= Vz 13.9 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 332.5 kip ft=:=

Pu Vx
2

Vz
2

+ 13.9 kip=:=

Tu Torsion 370.3 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 2 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14.5 ft=:=

LotSand ceil
LotSand

ft









ft 15 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 25.9 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 11.8 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 12 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 467.5 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.4 ft=:=

Lot2Clay 1.5 b f+ g+( ) 15.4 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 16 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.7=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 15 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 8.5=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.9=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 15 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 22.8 ft=:=

LtorSand ceil
LtorSand

ft









ft 23 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 15.2 ft=:=

LtorClay ceil
LtorClay

ft









ft 16 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 23 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 7=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 25 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
5 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 406.8 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.3 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 378.3 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 467.5 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 378.3 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 406.8 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 13.9 kip=:=

Tu 370.3 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 370.3 kip ft= LreqdTor 23 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 370.3 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 334.6 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 370.3 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 219.6 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 370.3 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 334.6 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.32=:=

TorsionRation2

Tor2

ϕtor Tn2
0.64=:=

TorsionRation3

Tor3

ϕtor Tn3
0.86=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.86=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.9=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005959 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 332.5 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.5 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=

12/22/2021 T-13-2.xmcd 10



Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 75 54 76 68 60 34 14 56 47 38

1 1 1 1 5 5 5 3 2 4

Sign Width (in.) 22 2 30 30 30 30 96 120 120 120

Sign Height (in.) 36 92 36 36 36 30 30 24 24 24

Area (SF) 0.0 0.0 0.0 0.0 7.5 6.3 20.0 12.3 9.8 14.8

Mwl. (kip*ft) 0 0 0 0 30 14 19 46 31 38

70 Regular Heavy Duty

Regular Heavy Duty 94 110

17 18 95 103

0.3750 0.3750

380 422

293 307

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A70/S-P5/S-DS/14/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

14

178

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/21/2021 T-13-3.xlsx Arm1Design
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 509.9 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 486.4 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 463.0 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 463.0 NoGood Okay NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 439.5 Okay Okay Okay 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 439.5 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 416.0 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 416.0 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 30.1 14.2 18.8 46.1 30.7 37.7 177.6 5 5 0 dl att N/A 14.1 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 2.0 0.9 1.2 4.0 2.6 3.3 14.1 5 0 dl arm N/A 93.5 N/A 0.0

Arm 1

Mwl 

(kip*ft)

94.5 102.5
Reg Arm / 

HD Arm
5 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

93.5 110.0
Reg Arm / 

HD Arm
wl att 4.7 104.0 0.0 0.0

292.6 306.8 wl arm 4.4 96.2 0.0 0.0

One Arm Two Arms Tor wl att N/A 177.6 N/A 0.0

107.6 Tor wl arm N/A 94.5 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 253.1

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 275.0 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 272.1 0.0
Arm 1 

Length
70

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 11.7 0.0 Pole ID P5

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A70 /S P5 /S DS

P5/S- DS/14/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A70/S-P5/S-DS/14/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0272.1

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A70/S-

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s) 70 0

0.95

0.00

0.000.77

0.81

Drilled Shaft

Pole ID

A70/S-P5/S-DS/14/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

125

166

244

340

422

512

107

145

215

300

380

422

307

293

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-13-3     LOCATION:   Sta. 338+90.7, 90.3' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 8.5:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 253.1 kip ft:= Vx 0 kip:= Torsion 272.1 kip ft:=

Mz 107.6 kip ft:= Vz 11.7 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 275 kip ft=:=

Pu Vx
2

Vz
2

+ 11.7 kip=:=

Tu Torsion 272.1 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 13.3 ft=:=

LotSand ceil
LotSand

ft









ft 14 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 24 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 10.8 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 11 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.3 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 370.7 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
6.6 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14.5 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 15 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 14 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 8.5=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.9=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 14 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 19.6 ft=:=

LtorSand ceil
LtorSand

ft









ft 20 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 11.6 ft=:=

LtorClay ceil
LtorClay

ft









ft 12 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 20 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 6.1=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 20.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.6 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 316.8 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 294.1 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 370.7 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 294.1 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 316.8 kip ft=:=

12/22/2021 T-13-3.xmcd 6



 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 11.7 kip=:=

Tu 272.1 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 272.1 kip ft= LreqdTor 20 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 270.5 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 219.7 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 272.1 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 80.9 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 270.5 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 219.7 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.23=:=

TorsionRation2

Tor2

ϕtor Tn2
0.47=:=

TorsionRation3

Tor3

ϕtor Tn3
0.57=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.57=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.6=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005015 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 275 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

2.8 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 55 42 77 69 26 14.5 73 61 49 30

5 5 5 5 5 5 3 2 2 4

Sign Width (in.) 2 2 30 30 30 108 96 120 120 120

Sign Height (in.) 92 92 36 36 30 30 30 24 24 24

Area (SF) 1.3 1.3 7.5 7.5 6.3 22.5 12.3 9.8 9.8 14.8

Mwl. (kip*ft) 5 4 39 35 11 22 60 40 32 30

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

421 449

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S/H-P6/S-DS/18/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

21

276

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/21/2021 Copy of T-13-4.xlsx Arm1Design

christopher.gamache
Text Box
See separate calc for foundation



Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 657.5 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 628.3 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 599.1 Okay NoGood NoGood 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 599.1 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 569.9 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 569.9 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 540.7 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 540.7 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

4.7 3.6 38.7 34.7 10.9 21.9 60.0 39.8 32.0 29.7 276.0 5 5 0 dl att N/A 21.4 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.3 0.2 2.5 2.3 0.7 1.4 5.2 3.4 2.7 2.6 21.4 2 0 dl arm N/A 143.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm / 

HD Arm
2 #N/A wl pole 2.6 63.5 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm / 

HD Arm
wl att 6.2 136.9 0.0 0.0

420.7 448.9 wl arm 5.7 126.1 0.0 0.0

One Arm Two Arms Tor wl att N/A 276.0 N/A 0.0

164.4 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 326.5

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 365.5 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 395.8 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 14.6 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S /H P6 /S DS

P6/S- DS/18/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S/H-P6/S-DS/18/5

Use Heavy Duty Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0395.8

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S/H-

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s) 78 0

0.95

0.00

0.000.92

1.05

Drilled Shaft

Pole ID

A78/S/H-P6/S-DS/18/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

125

166

244

340

422

512

107

145

215

300

380

422 449

421

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-13-4     LOCATION:   Sta. 338+87.5, 79.6' LT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 10:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 1 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 326.5 kip ft:= Vx 0 kip:= Torsion 395.8 kip ft:=

Mz 164.4 kip ft:= Vz 14.6 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 365.6 kip ft=:=

Pu Vx
2

Vz
2

+ 14.6 kip=:=

Tu Torsion 395.8 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 1 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14.8 ft=:=

LotSand ceil
LotSand

ft









ft 15 ft=:= (round up to next foot)

12/22/2021 T-13-4.xmcd 2



short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 26 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 12.1 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 13 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 492.8 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.6 ft=:=

Lot2Clay 1.5 b f+ g+( ) 15.6 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 16 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 15 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 10=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








1=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 15 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 21.8 ft=:=

LtorSand ceil
LtorSand

ft









ft 22 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 16.2 ft=:=

LtorClay ceil
LtorClay

ft









ft 17 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 22 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 6.7=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 23 ft=
shaft length

12/22/2021 T-13-4.xmcd 5



 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
5.1 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 430.2 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.4 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 399.8 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 492.8 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 399.8 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 430.2 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 14.6 kip=:=

Tu 395.8 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 395.8 kip ft= LreqdTor 22 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 395 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 341.2 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 395.8 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 218.1 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 395 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 341.2 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.34=:=

TorsionRation2

Tor2

ϕtor Tn2
0.68=:=

TorsionRation3

Tor3

ϕtor Tn3
0.88=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.88=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.9=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.006259 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 365.6 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.8 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 55 42 77 69 22 22 14 66 55 44

1 1 1 1 1 5 5 2 4 4

Sign Width (in.) 2 2 30 30 30 2 96 120 120 120

Sign Height (in.) 92 92 36 36 30 92 30 24 24 24

Area (SF) 0.0 0.0 0.0 0.0 0.0 1.3 20.0 9.8 14.8 14.8

Mwl. (kip*ft) 0 0 0 0 0 2 19 43 55 44

70 Regular Heavy Duty

Regular Heavy Duty 94 110

17 18 95 103

0.3750 0.3750

380 422

278 292

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

14

162

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A70/S-P5/S-DS/14/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/21/2021 T-15-1.xlsx Arm1Design
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 483.0 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 460.9 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 438.7 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 438.7 NoGood Okay NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 416.6 Okay Okay Okay 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 416.6 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 394.4 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 394.4 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 1.9 18.8 43.1 54.5 43.6 161.9 5 5 0 dl att N/A 13.7 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 0.1 1.2 3.6 4.8 3.9 13.7 5 0 dl arm N/A 93.5 N/A 0.0

Arm 1

Mwl 

(kip*ft)

94.5 102.5
Reg Arm / 

HD Arm
5 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

93.5 110.0
Reg Arm / 

HD Arm
wl att 4.1 89.4 0.0 0.0

277.9 292.4 wl arm 4.4 96.2 0.0 0.0

One Arm Two Arms Tor wl att N/A 161.9 N/A 0.0

107.2 Tor wl arm N/A 94.5 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 238.5

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 261.4 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 256.4 0.0
Arm 1 

Length
70

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 11.1 0.0 Pole ID P5

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A70 /S P5 /S DS

P5/S- DS/14/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A70/S-P5/S-DS/14/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

70 0

0.95

0.00

0.000.73

0.77

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A70/S-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0256.4

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A70/S-P5/S-DS/14/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422

292

278

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-15-1     LOCATION:   Sta. 368+39.5, 81.6' LT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 8.5:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 238.5 kip ft:= Vx 0 kip:= Torsion 256.4 kip ft:=

Mz 107.2 kip ft:= Vz 11.1 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]

12/22/2021 T-15-1.xmcd 1



 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 261.5 kip ft=:=

Pu Vx
2

Vz
2

+ 11.1 kip=:=

Tu Torsion 256.4 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 13.1 ft=:=

LotSand ceil
LotSand

ft









ft 14 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 24.1 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 10.5 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 11 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.3 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 352.1 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
6.5 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14.3 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 15 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 14 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 8.5=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.9=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 14 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 19 ft=:=

LtorSand ceil
LtorSand

ft









ft 19 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 11 ft=:=

LtorClay ceil
LtorClay

ft









ft 11 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 19 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 5.8=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 19.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.5 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 300.2 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 1.9 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 279.1 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 352.1 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 279.1 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 300.2 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 11.1 kip=:=

Tu 256.4 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 256.4 kip ft= LreqdTor 19 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 254.8 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 204 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 256.4 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 65.2 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 254.8 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 204 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.22=:=

TorsionRation2

Tor2

ϕtor Tn2
0.44=:=

TorsionRation3

Tor3

ϕtor Tn3
0.53=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.53=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.5=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.004758 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 261.5 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

2.6 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 55 52 74 66 23 14 70 58 46 27

1 5 5 5 5 5 3 2 2 4

Sign Width (in.) 2 2 30 36 30 96 96 120 120 120

Sign Height (in.) 92 92 36 30 30 30 30 24 24 24

Area (SF) 0.0 1.3 7.5 7.5 6.3 20.0 12.3 9.8 9.8 14.8

Mwl. (kip*ft) 0 4 37 33 10 19 58 38 30 27

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

401 429

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

20

255

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S-P6/S-DS/16/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-15-2.xlsx Arm1Design
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 604.8 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 577.3 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 549.7 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 549.7 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 522.2 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 522.2 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 494.6 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 494.6 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 4.5 37.2 33.2 9.6 18.8 57.6 37.9 30.0 26.8 255.4 5 5 0 dl att N/A 19.9 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.3 2.4 2.2 0.6 1.2 5.0 3.2 2.5 2.4 19.9 3 0 dl arm N/A 121.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm 

/ HD Arm
3 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm 

/ HD Arm
wl att 6.0 131.3 0.0 0.0

400.8 429.2 wl arm 5.2 113.5 0.0 0.0

One Arm Two Arms Tor wl att N/A 255.4 N/A 0.0

140.9 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 297.7

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 329.4 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 375.2 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 13.8 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S P6 /S DS

P6/S- DS/16/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A78/S-P6/S-DS/16/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

78 0

0.95

0.00

0.000.88

1.00

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0375.2

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S-P6/S-DS/16/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422
429

401

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-15-2     LOCATION:   Sta. 368+42.6, 76.9' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 9:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 297.7 kip ft:= Vx 0 kip:= Torsion 375.2 kip ft:=

Mz 140.9 kip ft:= Vz 13.8 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 329.4 kip ft=:=

Pu Vx
2

Vz
2

+ 13.8 kip=:=

Tu Torsion 375.2 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14.3 ft=:=

LotSand ceil
LotSand

ft









ft 15 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 24.4 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 11.6 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 12 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 442.6 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.2 ft=:=

Lot2Clay 1.5 b f+ g+( ) 15.2 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 16 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.7=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 15 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 9=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.9=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 15 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 22.3 ft=:=

LtorSand ceil
LtorSand

ft









ft 23 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 15.4 ft=:=

LtorClay ceil
LtorClay

ft









ft 16 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 23 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 7=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 23.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
5 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 382.2 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.3 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 354 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 442.6 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 354 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 382.2 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 13.8 kip=:=

Tu 375.2 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 375.2 kip ft= LreqdTor 23 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 373.5 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 319.7 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 375.2 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 184 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 373.5 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 319.7 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.32=:=

TorsionRation2

Tor2

ϕtor Tn2
0.64=:=

TorsionRation3

Tor3

ϕtor Tn3
0.83=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.83=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.8=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005916 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 329.4 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.6 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 55 52 74 66 26 38 14 64 53 42

1 1 1 1 5 5 5 2 4 4

Sign Width (in.) 2 2 30 36 2 30 96 120 120 120

Sign Height (in.) 92 92 36 30 92 30 30 24 24 24

Area (SF) 0.0 0.0 0.0 0.0 1.3 6.3 20.0 9.8 14.8 14.8

Mwl. (kip*ft) 0 0 0 0 2 16 19 42 53 42

70 Regular Heavy Duty

Regular Heavy Duty 94 110

17 18 95 103

0.3750 0.3750

380 422

288 303

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

14

173

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A70/S-P5/S-DS/14/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-15-3.xlsx Arm1Design
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 500.1 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 477.1 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 454.1 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 454.1 NoGood Okay NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 431.1 Okay Okay Okay 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 431.1 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 408.1 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 408.1 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 2.2 15.9 18.8 41.8 52.6 41.6 172.9 5 5 0 dl att N/A 14.3 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.1 1.0 1.2 3.5 4.7 3.7 14.3 5 0 dl arm N/A 93.5 N/A 0.0

Arm 1

Mwl 

(kip*ft)

94.5 102.5
Reg Arm 

/ HD Arm
5 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

93.5 110.0
Reg Arm 

/ HD Arm
wl att 4.5 98.6 0.0 0.0

288.3 302.7 wl arm 4.4 96.2 0.0 0.0

One Arm Two Arms Tor wl att N/A 172.9 N/A 0.0

107.8 Tor wl arm N/A 94.5 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 247.7

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 270.1 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 267.4 0.0
Arm 1 

Length
70

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 11.5 0.0 Pole ID P5

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A70 /S P5 /S DS

P5/S- DS/14/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A70/S-P5/S-DS/14/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

70 0

0.95

0.00

0.000.75

0.80

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A70/S-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0267.4

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A70/S-P5/S-DS/14/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422

303

288

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-15-3     LOCATION:   Sta. 366+92.5, 81.0' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 8:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 247.7 kip ft:= Vx 0 kip:= Torsion 267.4 kip ft:=

Mz 107.8 kip ft:= Vz 11.5 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 270.1 kip ft=:=

Pu Vx
2

Vz
2

+ 11.5 kip=:=

Tu Torsion 267.4 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 13.2 ft=:=

LotSand ceil
LotSand

ft









ft 14 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 24 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 10.7 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 11 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.3 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 364.1 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
6.6 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14.4 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 15 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 14 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 8=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.8=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 14 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 20 ft=:=

LtorSand ceil
LtorSand

ft









ft 20 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 11.4 ft=:=

LtorClay ceil
LtorClay

ft









ft 12 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 20 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 6.1=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 20.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.6 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 310.9 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 288.7 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 364.1 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 288.7 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 310.9 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 11.5 kip=:=

Tu 267.4 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1

12/22/2021 T-15-3.xmcd 8



Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 267.4 kip ft= LreqdTor 20 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 265.9 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 218.1 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 267.4 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 76.2 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 265.9 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 218.1 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.23=:=

TorsionRation2

Tor2

ϕtor Tn2
0.46=:=

TorsionRation3

Tor3

ϕtor Tn3
0.56=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.56=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.6=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.00493 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 270.1 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

2.7 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 67 42 76 69 26 14 73 61 49 30

5 5 5 5 5 5 3 2 2 4

Sign Width (in.) 2 2 30 30 30 96 96 120 120 120

Sign Height (in.) 92 92 36 36 30 30 30 24 24 24

Area (SF) 1.3 1.3 7.5 7.5 6.3 20.0 12.3 9.8 9.8 14.8

Mwl. (kip*ft) 6 4 38 35 11 19 60 40 32 30

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

418 446

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

21

273

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S/H-P6/S-DS/18/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-15-4.xlsx Arm1Design

christopher.gamache
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 650.8 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 621.9 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 593.1 Okay NoGood NoGood 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 593.1 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 564.2 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 564.2 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 535.4 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 535.4 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

5.7 3.6 38.2 34.7 10.9 18.8 60.0 39.8 32.0 29.7 273.4 5 5 0 dl att N/A 21.3 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.4 0.2 2.5 2.3 0.7 1.2 5.2 3.4 2.7 2.6 21.3 2 0 dl arm N/A 143.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm 

/ HD Arm
2 #N/A wl pole 2.6 63.5 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm 

/ HD Arm
wl att 6.1 133.2 0.0 0.0

418.2 446.4 wl arm 5.7 126.1 0.0 0.0

One Arm Two Arms Tor wl att N/A 273.4 N/A 0.0

164.3 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 322.8

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 362.2 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 393.2 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 14.4 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S /H P6 /S DS

P6/S- DS/18/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A78/S/H-P6/S-DS/18/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

78 0

0.95

0.00

0.000.92

1.04

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S/H-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0393.2

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S/H-P6/S-DS/18/5

Use Heavy Duty Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422 446

418

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-15-4     LOCATION:   Sta. 366+89.4, 79.4' LT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 9:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 322.8 kip ft:= Vx 0 kip:= Torsion 393.2 kip ft:=

Mz 164.3 kip ft:= Vz 14.4 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 362.2 kip ft=:=

Pu Vx
2

Vz
2

+ 14.4 kip=:=

Tu Torsion 393.2 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14.7 ft=:=

LotSand ceil
LotSand

ft









ft 15 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 25.7 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 12.0 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 12 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 480.5 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.5 ft=:=

Lot2Clay 1.5 b f+ g+( ) 15.5 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 16 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.7=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 15 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 9=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.9=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 15 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 22.9 ft=:=

LtorSand ceil
LtorSand

ft









ft 23 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 16.1 ft=:=

LtorClay ceil
LtorClay

ft









ft 17 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 23 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 7=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 23.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
5.1 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 418.4 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.4 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 388.6 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 480.5 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 388.6 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 418.4 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10

12/22/2021 T-15-4.xmcd 7



 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 14.4 kip=:=

Tu 393.2 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 393.2 kip ft= LreqdTor 23 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 391.5 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 337.7 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 393.2 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 202 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 391.5 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 337.7 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.34=:=

TorsionRation2

Tor2

ϕtor Tn2
0.67=:=

TorsionRation3

Tor3

ϕtor Tn3
0.87=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.87=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.9=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.006173 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 362.2 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.8 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 67 42 76 67 59 37 14 63 53 41

1 1 1 5 5 5 5 3 2 4

Sign Width (in.) 2 2 30 30 30 30 96 120 120 120

Sign Height (in.) 92 92 36 36 36 30 30 24 24 24

Area (SF) 0.0 0.0 0.0 7.5 7.5 6.3 20.0 12.3 9.8 14.8

Mwl. (kip*ft) 0 0 0 34 30 15 19 52 35 41

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

371 400

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

17

225

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S-P6/S-DS/16/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-17-1.xlsx Arm1Design

christopher.gamache
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See separate calc for foundation



Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 574.4 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 548.3 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 522.2 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 522.2 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 496.1 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 496.1 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 470.1 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 470.1 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 33.7 29.6 15.5 18.8 51.8 34.6 40.7 224.6 5 5 0 dl att N/A 17.4 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 2.2 1.9 1.0 1.2 4.5 2.9 3.6 17.4 3 0 dl arm N/A 121.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm 

/ HD Arm
3 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm 

/ HD Arm
wl att 5.2 115.1 0.0 0.0

371.2 399.9 wl arm 5.2 113.5 0.0 0.0

One Arm Two Arms Tor wl att N/A 224.6 N/A 0.0

138.4 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 281.5

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 313.7 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 344.4 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 13.0 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S P6 /S DS

P6/S- DS/16/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A78/S-P6/S-DS/16/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

78 0

0.95

0.00

0.000.82

0.93

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0344.4

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S-P6/S-DS/16/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422

400

371

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-17-1     LOCATION:   Sta. 386+18.5, 91.7' LT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 8:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 281.5 kip ft:= Vx 0 kip:= Torsion 344.4 kip ft:=

Mz 138.4 kip ft:= Vz 13.0 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 313.7 kip ft=:=

Pu Vx
2

Vz
2

+ 13 kip=:=

Tu Torsion 344.4 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14 ft=:=

LotSand ceil
LotSand

ft









ft 14 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 24.6 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 11.3 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 12 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 420.2 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.1 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14.9 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 15 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.7=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 14 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 8=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.8=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 14 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 22.7 ft=:=

LtorSand ceil
LtorSand

ft









ft 23 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 14.3 ft=:=

LtorClay ceil
LtorClay

ft









ft 15 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 23 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 7=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 23.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.9 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 362.2 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.2 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 336.2 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 420.2 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 336.2 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 362.2 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 13 kip=:=

Tu 344.4 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 344.4 kip ft= LreqdTor 23 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 342.9 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 295.1 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 344.4 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 153.2 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 342.9 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 295.1 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.3=:=

TorsionRation2

Tor2

ϕtor Tn2
0.59=:=

TorsionRation3

Tor3

ϕtor Tn3
0.76=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.76=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.8=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005573 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 313.7 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.3 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 67 42 54 76 25 14.5 72 60 48 29

1 1 5 5 5 5 3 2 2 4

Sign Width (in.) 2 2 2 30 30 108 96 120 120 120

Sign Height (in.) 92 92 92 36 30 30 30 24 24 24

Area (SF) 0.0 0.0 1.3 7.5 6.3 22.5 12.3 9.8 9.8 14.8

Mwl. (kip*ft) 0 0 5 38 10 22 59 39 31 29

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

380 409

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S-P6/S-DS/16/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

19

234

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/21/2021 T-17-2.xlsx Arm1Design

christopher.gamache
Text Box
See separate calc for foundation



Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 590.9 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 564.0 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 537.2 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 537.2 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 510.3 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 510.3 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 483.4 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 483.4 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 4.6 38.2 10.5 21.9 59.2 39.2 31.3 28.8 233.6 5 5 0 dl att N/A 18.6 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.3 2.5 0.7 1.4 5.1 3.3 2.6 2.6 18.6 3 0 dl arm N/A 121.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm / 

HD Arm
3 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm / 

HD Arm
wl att 5.6 123.9 0.0 0.0

380.0 408.6 wl arm 5.2 113.5 0.0 0.0

One Arm Two Arms Tor wl att N/A 233.6 N/A 0.0

139.6 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 290.3

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 322.2 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 353.4 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 13.4 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S P6 /S DS

P6/S- DS/16/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S-P6/S-DS/16/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0353.4

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S-

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s) 78 0

0.95

0.00

0.000.84

0.95

Drilled Shaft

Pole ID

A78/S-P6/S-DS/16/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

125

166

244

340

422

512

107

145

215

300

380

422

409

380

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-17-2     LOCATION:   Sta. 386+15.6, 79.0' LT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 10:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 1 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 290.3 kip ft:= Vx 0 kip:= Torsion 353.4 kip ft:=

Mz 139.6 kip ft:= Vz 13.4 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 322.1 kip ft=:=

Pu Vx
2

Vz
2

+ 13.4 kip=:=

Tu Torsion 353.4 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 1 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14.2 ft=:=

LotSand ceil
LotSand

ft









ft 15 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 25 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 11.5 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 12 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 438.7 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.2 ft=:=

Lot2Clay 1.5 b f+ g+( ) 15.1 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 16 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.7=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 15 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 10=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








1=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 15 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 20.6 ft=:=

LtorSand ceil
LtorSand

ft









ft 21 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 14.6 ft=:=

LtorClay ceil
LtorClay

ft









ft 15 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 21 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 6.4=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 22 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.9 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 379.5 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.2 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 352.4 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 438.7 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 352.4 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 379.5 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 13.4 kip=:=

Tu 353.4 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 353.4 kip ft= LreqdTor 21 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 352.6 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 298.8 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 353.4 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 175.7 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 352.6 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 298.8 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.3=:=

TorsionRation2

Tor2

ϕtor Tn2
0.61=:=

TorsionRation3

Tor3

ϕtor Tn3
0.77=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.77=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.8=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005744 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 322.1 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.4 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 67 42 54 58.5 50 33.5 14 54.5 45.5 37.5

1 1 1 5 5 5 5 3 2 2

Sign Width (in.) 2 2 2 30 30 30 96 120 120 120

Sign Height (in.) 92 92 92 36 36 30 30 24 24 24

Area (SF) 0.0 0.0 0.0 7.5 7.5 6.3 20.0 12.3 9.8 9.8

Mwl. (kip*ft) 0 0 0 29 25 14 19 45 30 24

70 Regular Heavy Duty

Regular Heavy Duty 94 110

17 18 95 103

0.3750 0.3750

380 422

301 315

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A70/S-P5/S-DS/14/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

14

186

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/21/2021 T-17-3.xlsx Arm1Design
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Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 516.6 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 492.8 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 468.9 Okay Okay Okay 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 468.9 NoGood Okay NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 445.1 Okay Okay Okay 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 445.1 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 421.3 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 421.3 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 29.4 25.1 14.0 18.8 44.8 29.7 24.5 186.3 5 5 0 dl att N/A 14.2 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 1.9 1.7 0.9 1.2 3.9 2.5 2.1 14.2 5 0 dl arm N/A 93.5 N/A 0.0

Arm 1

Mwl 

(kip*ft)

94.5 102.5
Reg Arm / 

HD Arm
5 #N/A wl pole 2.6 52.9 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

93.5 110.0
Reg Arm / 

HD Arm
wl att 4.9 107.6 0.0 0.0

300.8 314.9 wl arm 4.4 96.2 0.0 0.0

One Arm Two Arms Tor wl att N/A 186.3 N/A 0.0

107.7 Tor wl arm N/A 94.5 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 256.7

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 278.4 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 280.8 0.0
Arm 1 

Length
70

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 11.9 0.0 Pole ID P5

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A70 /S P5 /S DS

P5/S- DS/14/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A70/S-P5/S-DS/14/5

Use Regular Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0280.8

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A70/S-

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s) 70 0

0.95

0.00

0.000.79

0.83

Drilled Shaft

Pole ID

A70/S-P5/S-DS/14/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

125

166

244

340

422

512

107

145

215

300

380

422

315

301

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-17-3     LOCATION:   Sta. 384+81.6, 78.1' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 10:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 256.7 kip ft:= Vx 0 kip:= Torsion 280.8 kip ft:=

Mz 107.7 kip ft:= Vz 11.9 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 278.4 kip ft=:=

Pu Vx
2

Vz
2

+ 11.9 kip=:=

Tu Torsion 280.8 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 13.4 ft=:=

LotSand ceil
LotSand

ft









ft 14 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 23.9 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 10.8 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 11 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 375.7 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
6.7 ft=:=

Lot2Clay 1.5 b f+ g+( ) 14.5 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 15 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 3.4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 14 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 10=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








1=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 14 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 18.3 ft=:=

LtorSand ceil
LtorSand

ft









ft 19 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 11.9 ft=:=

LtorClay ceil
LtorClay

ft









ft 12 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 19 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 5.8=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 19.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
4.6 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 321.1 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.1 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 298 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 375.7 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 298 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 321.1 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 11.9 kip=:=

Tu 280.8 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 280.8 kip ft= LreqdTor 19 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 278.9 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 219.2 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 280.8 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 89.6 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 278.9 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 219.2 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.24=:=

TorsionRation2

Tor2

ϕtor Tn2
0.48=:=

TorsionRation3

Tor3

ϕtor Tn3
0.57=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.57=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.6=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.005101 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 278.4 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

2.8 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Signal\Sign 

#10

Signal\Sign 

#9

Signal\Sign 

#8

Signal\Sign 

#7

Signal\Sign 

#6

Signal\Sign 

#5

Signal\Sign 

#4

Signal\Sign 

#3

Signal\Sign 

#2

Signal\Sign 

#1

Dist to Pole (ft.) 54 42 76 68 25 14.5 72 60 48 29

5 5 5 5 5 5 3 2 2 4

Sign Width (in.) 2 2 36 30 30 108 96 120 120 120

Sign Height (in.) 92 92 30 36 30 30 30 24 24 24

Area (SF) 1.3 1.3 7.5 7.5 6.3 22.5 12.3 9.8 9.8 14.8

Mwl. (kip*ft) 5 4 38 34 10 22 59 39 31 29

78 Regular Heavy Duty

Regular Heavy Duty 121 143

18 20 120 141

0.3750 0.3750

422 512

416 444

Notes:

Run the FDOT Mast Arm Mathcad Program for more accurate results.

For new designs, always design with backplates.

Mast Arm Assembly ID consists of three parts for a single arm and 4 parts for a double Arm.  Each part is separated by "-".

Part 1 is Arm 1: Axx/y/z, where xx is the arm length, y is "S" for single arm or "D" for double arms and z is "H" for heavy duty arm or blank for regular arm.

Part 2 is Arm 2 and has the same nomenclature as the 1st arm.  For single arm assemblies, Part 2 is omitted.

Part 3 is the Pole: Px/y/z where x is the pole ID, y is "S" for single arm or "D" for double arms and z is "L" for luminaire or blank for no luminaire.

Part 4 is the Drilled Shaft: DS/xx/y where xx is the shaft length and y is the shaft diameter.

Arm to pole connection is at 22 ft.

No foundation offset is considered.  If the top of drilled shaft > 2 feet above ground, run the Mathcad Mast Arm Program.

Resistance (Mr=φMn) (kip*ft)

Total Moment (Mextreme)

21

271

1.1*Sign/Signal Mdl (kip*ft) 

Sign/Signal Mwl (kip*ft) 

Wall Thickness (in)

Design Standard Index 17743

Dia. at Arm Base (in)

Arm 1 Length, Signal/Sign Location and Size

Mast Arm Assembly Designation

Design Aid for FDOT Standard Mast Arm Assemblies (Standard Plans Index 649-030)

Arm 1 Loads

1.1*Arm Mdl (kip*ft) One Arm Assembly

A78/S/H-P6/S-DS/18/5

Mast Arm Assembly Information

Arm Mwl (kip*ft) 

Arm 1 Length (ft)

Back Plate Width

Signal Orientation

-5

5

-505101520253035404550556065707580

Arm Signal/Sign 10 Signal/Sign 9 Signal/Sign 8 Signal/Sign 7 Signal/Sign 6

Signal/Sign 5 Signal/Sign 4 Signal/Sign 3 Signal/Sign 2 Signal/Sign 1 Pole

Vertical

Horizontal

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

None

3 Head

4 Head

5 Head

Sign

Arm 1 Length

Wind Speed

130 mph 150 mph

Luminaire?

No

Yes

170 mph

6.0 in.

0 in.

2.5 in.

12/22/2021 T-17-4.xlsx Arm1Design

christopher.gamache
Text Box
See separate calc for foundation



Tube Wind 

Pressure 

(psf)

44.1
Fy 

(ksi)
50

Sign/Sig. 

Wind 

Pressure 

(psf)

67.0

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130 mph

(kip*ft)

Mr=φMn

(kip*ft)

wall thk   

(in)

base dia 

(in)

S 

(in3)

Z 

(in3)

Mdl

(kip*ft)

Mwl 130mph

(kip*ft)

Mr=φMn

(kip*ft)

DS 

Index #
ID Length Diameter φMn φTn

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

Mu+

Pu*Lshaft

Tu

Check 

Mom. & 

Min Dia.

Check 

Torsion
Check 

30 0.25 11 23 29 10 10 107 0.25 12 27 34 11 11 125 1 DS/20/5 20 5 1800 589 657.4 Okay Okay Okay 0.0 0 0 0

40 0.25 13 32 40 20 20 145 0.25 14 37 47 22 22 166 2 DS/18/5 18 5 1312 477 628.2 Okay Okay Okay 0.0 0 0 0

50 0.3125 14 46 58 36 33 215 0.3125 15 53 67 40 37 244 3 DS/16/5 16 5 922 377 599.0 Okay NoGood NoGood 0.0 0 0 0

60 0.375 15 63 79 56 48 300 0.375 16 72 91 62 53 340 4 DS/16/4.5 16 4.5 829 305 599.0 NoGood NoGood NoGood 0.0 0 0 0

70 0.375 17 81 103 85 71 380 0.375 18 91 115 100 77 422 5 DS/14/5 14 5 617 289 569.8 Okay NoGood NoGood 0.0 0 0 0

78 0.375 18 91 115 110 90 422 0.375 20 113 143 130 106 512 6 DS/14/4.5 14 4.5 556 234 569.8 NoGood NoGood NoGood 0.0 0 0 0

7 DS/12/4.5 12 4.5 350 172 540.6 NoGood NoGood NoGood 0.0 0 0 0

8 DS/12/4 12 4 311 136 540.6 NoGood NoGood NoGood 0.0 0 0 0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total

1 Arm DS

Index #

2 Arm DS

Index #

Arm 1 

Shear

Arm 1 

Moment

Arm 2 

Shear

Arm 2 

Moment

Sign/Sig 

Mwl 

(kip*ft)

4.6 3.6 38.2 34.2 10.5 21.9 59.2 39.2 31.3 28.8 271.4 5 5 0 dl att N/A 21.1 N/A 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.3 0.2 2.5 2.2 0.7 1.4 5.1 3.3 2.6 2.6 21.1 2 0 dl arm N/A 143.0 N/A 0.0

Arm 1

Mwl 

(kip*ft)

119.8 141.1
Reg Arm 

/ HD Arm
2 #N/A wl pole 2.6 63.5 0.0 0.0

Arm 1

1.1*Mdl

(kip*ft)

121.0 143.0
Reg Arm 

/ HD Arm
wl att 6.2 136.9 0.0 0.0

416.2 444.4 wl arm 5.7 126.1 0.0 0.0

One Arm Two Arms Tor wl att N/A 271.4 N/A 0.0

164.1 Tor wl arm N/A 119.8 N/A 0.0

Signal/ 

Sign 10 

Signal/ 

Sign 9 

Signal/ 

Sign 8

Signal/ 

Sign 7

Signal/ 

Sign 6

Signal/ 

Sign 5 

Signal/ 

Sign 4 

Signal/ 

Sign 3

Signal/ 

Sign 2

Signal/ 

Sign 1
Total 326.5

Sign/Sig 

Mwl 

(kip*ft)

0.0 0.0 0.0 0.0 0.0 47.6 24.2 40.2 15.0 7.8 134.8 365.4 0.0

Sign/Sig 

1.1*Mdl

(kip*ft)

0.0 0.0 0.0 0.0 0.0 4.2 2.0 2.6 1.3 0.7 10.8 391.2 0.0
Arm 1 

Length
78

Arm 2 

Length
0

Arm 2

Mwl 

(kip*ft)

0.0 0.0 14.6 0.0 Pole ID P6

Arm 2

1.1*Mdl

(kip*ft)

0.0 0.0

Shaft 

2-Arm 

Factor

1.1

used for 

OT & 

Torsion 

0.0 0.0

A78 /S /H P6 /S DS

P6/S- DS/18/5

DS

-

Note: Poles are designed to have a smaller CFI than Arms

Drilled Shaft

Pole ID

A78/S/H-P6/S-DS/18/5

Arm 1 Arm 2

-

Design Arm Designation Pole Designation Drilled Shaft

Use Regular Arm

Torsion

Forces at Top of DS 

Arm Without Attachments: Dead Load Moment, Wind Load Moment and Moment Capacity at Base Connection

Total Arm 

Length (ft)

Regular

78 0

0.95

0.00

0.000.91

1.04

Max Design CFI %

Est. Regular Arm CFI

Est. HD Arm CFI

Arm Length(s)

Assembly ID

Required Drilled Shaft Index Number Required (see Table for size)

Load Case

Drilled Shaft Index req'd for Overturning including Min. 

Diamter

Arm 2 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

Extreme Event Arm Moment (kip*ft)

2 Arm Assembly

Shear

Moment Total

Drilled Shaft Index req'd for Torsion

Drilled Shaft Controlling Load Case

Moment dl

Moment wl

A78/S/H-

Heavy Duty

Min Shaft 

Diameter

Arm 1 Attachments: Extreme Event Dead Load Moment, Wind Load Moment at Base Connection

0.0391.2

Index 17743 Drilled Shaft Capacities 1 Arm Assembly Loads And Capacity Check 2 Arm Assembly Loads and Capacity Check

assume a 37.5' pole 

wl with lum

Pole Base Shears & Moments

A78/S/H-P6/S-DS/18/5

Use Heavy Duty Arm1 Arm Assembly

Design Arm Designation Pole Designation Drilled Shaft

Ensures 

anchor 

bolts fit 

inside 

rebar 

cage

N/A

125

166

244

340

422

512

107

145

215

300

380

422 444

416

0

100

200

300

400

500

600

25 35 45 55 65 75

A
rm

 M
o

m
e

n
t

Arm Lengths (ft)

Arm Loads And Resistances
HD Arm 1 Resistance Reg Arm 1 Resistance HD Arm 1 Load Reg. Arm 1 Load



  

Drilled Shaft Foundation for 
Sign, Signal, and Lighting Support Structures v1.1

  

SUBJECT:     Moccasin Wallow Road 

Struct #  T-17-4     LOCATION:   Sta. 384+81.6, 78.1' RT

DESIGNED BY:  MPR             DATE:  12/2021

CHECKED BY:                         DATE:  12/2021

 © 2018 Florida Department of Transportation

FDOT

 Program Changes

 InputSoil Properties SoilType
Sand

Clay

:=

ϕsoil 29 deg:= soil friction angle (sand)

csoil 1.25
kip

ft
2

:= soil shear strength (clay)

number of blows per foot.  If N< 5, contact the

district geotech EngineerNblows 9:=

effective soil weight (typical

design value = 45 ~ 50 pcf) γsoil 42.6 pcf:=

Geometry 

b 5 ft:= shaft diameter, "DB"

Offset 0.5 ft:= groundline to top of foundation

Applied Loads (Extreme I)

Mx 326.5 kip ft:= Vx 0 kip:= Torsion 391.2 kip ft:=

Mz 164.1 kip ft:= Vz 14.6 kip:= Axial 4.0 kip:=

StructureType
Cantilever Overhead Sign Structure

Mast Arm Signal Structure

Concrete/Steel Strain Poles

Ground Sign

:= StructureType 1=

ϕot if StructureType 3= 0.8, 0.6, ( ):= ϕot 0.6= ϕ factor against overturning [SM Vol-3 13.6.1.1]

ϕtor if StructureType 0= 0.9, 1.0, ( ):= ϕtor 1= ϕ factor against torsion [SM Vol-3 13.6.1.1]
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 Shaft Depth Required to Resist Overturning

Mu Mx
2

Mz
2

+ 365.4 kip ft=:=

Pu Vx
2

Vz
2

+ 14.6 kip=:=

Tu Torsion 391.2 kip ft=:=

short free-head pile in  cohesionless soil using Broms method

Deflection, load, shear and moment diagram for a short pile in cohesionless soil that is unrestrained against rotation.

Kp tan 45 deg
ϕsoil

2
+









2

2.9=:= esand Offset 0.5 ft=:=

Guess value LotSand 8 ft:=

Given Pu esand LotSand+( ) Mu+ ϕot 3 γsoil b LotSand Kp( ) 1

2
LotSand









1

3
LotSand
















=

LotSand Find LotSand( ) 14.7 ft=:=

LotSand ceil
LotSand

ft









ft 15 ft=:= (round up to next foot)

12/22/2021 T-17-4.xmcd 2



short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

csoil if csoil 0 ksf= 0.1 ksf, csoil, ( ) 1.3 ksf=:=

Slope 8
csoil

3 b
 0.7

kip

ft
3

=:= eclay

Mu

Pu

Offset+ 25.5 ft=:=

nforce M N, ( ) Slope 2 M N+( ) 2 csoil+  N
b

2
:= mforce M( ) 2 csoil M Slope+( ) M

b

2
:=

m_arm M( ) eclay

M

3

2 M Slope csoil+( ) csoil+

M Slope 2 csoil+
+:=

n_arm M N, ( ) eclay M+
N

3

2 N Slope M Slope+ csoil+( ) M Slope csoil+( )+

Slope 2 M N+( ) 2 csoil+
+:=

Guess value M 4.0 ft:= N 4.0 ft:=

Given Pu ϕot nforce M N, ( )+ ϕot mforce M( )= mforce M( ) m_arm M( ) nforce M N, ( ) n_arm M N, ( )=

M

N









Find M N, ( ):= Lot1Clay M N+ 12.0 ft=:=

Lot1Clay ceil
Lot1Clay

ft









ft 13 ft=:= (round up to next foot)
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short free-head pile in  cohesive soil using Regular Broms method for L > 3b

Deflection, load, shear and moment diagram for a short pile in cohesive soil that is unrestrained against rotation.

Mmax.clay  equation is derived from the integration of the upper part of the shear diagram to the point of zero shear.

f
Pu

ϕot 9 csoil b
0.4 ft=:=

Mmax.clay Pu eclay 1.5 b+ 0.5 f+( ) 485.4 kip ft=:=

g
Mmax.clay

2.25 ϕot csoil b
7.6 ft=:=

Lot2Clay 1.5 b f+ g+( ) 15.5 ft=:=

Lot2Clay ceil
Lot2Clay

ft









ft 16 ft=:= (round up to next foot)

LotClay if Lot1Clay 3 b< Lot1Clay, Lot2Clay, ( ) 4=:= (If Lot < 3b, use Modified Broms method)

LreqdOT if SoilType "Sand"= LotSand, LotClay, ( ):=

LreqdOT 15 ft= required shaft embedment depth to resist overturning
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 Shaft Depth Required to Resist Torsion

short free-head pile in  cohesionless soil NOTE:ωfdot is based upon  concrete soil interaction.  This torsion

methodology is not to be used with permanent casing.

Nblows 9=

load transfer ratio, If  5<N<15, ωfdot  is

reduced by a factor of 
Nblows

15

ωfdot if Nblows 5< 0, if Nblows 15 1.5, 1.5
Nblows

15
, 









, 








0.9=:=
 SM Vol-3 13.6

Guess value LtorSand LreqdOT 15 ft=:=

Given Tu ϕtor π b LtorSand( ) γsoil
LtorSand

2









 ωfdot( )
b

2










=

LtorSand Find LtorSand( ) 22.8 ft=:=

LtorSand ceil
LtorSand

ft









ft 23 ft=:= (round up to next foot)

short free-head pile in  cohesive soil

CohesionFactor 0.55:=

fse CohesionFactor csoil 0.7 ksf=:=

Guess value LtorClay LreqdOT:=

Given Tu ϕtor fse π b( ) LtorClay 1.5 ft-( )
b

2






=

LtorClay Find LtorClay( ) 16 ft=:=

LtorClay ceil
LtorClay

ft









ft 16 ft=:= (round up to next foot)

LreqdTor if SoilType "Sand"= LtorSand, LtorClay, ( ):=

LreqdTor 23 ft= required shaft embedment depth to resist torsion

Lembedded if LreqdTor LreqdOT> LreqdTor, LreqdOT, ( ) 7=:=

Lshaft.length Lembedded Offset+:=

Lshaft.length 23.5 ft=
shaft length
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 Maximum Moment in Shaft

short free-head pile in  cohesionless  soil using Broms method

fsand

2 Pu

3 γsoil b Kp ϕot
5.1 ft=:=

MmaxSand Pu esand fsand+( )
Pu fsand

3
- Mu+ 422.8 kip ft=:=

short free-head pile in  cohesive soil using Modified Broms method for L < 3b (see reference file for derivation)

Guess value fmod 4.0 ft:=

Given Pu

fmod b

2
2ϕot csoil ϕot fmod Slope+( )=

fmod Find fmod( ) 2.4 ft=:=

MmodBroms Pu eclay fmod+( )
ϕot csoil b fmod

2


2
-

ϕot b fmod
3

 Slope

6
- 392.4 kip ft=:=

short free-head pile in  cohesive soil using Regular Broms method for L > 3b

MBroms Pu eclay 1.5 b+ 0.5 f+( ) 485.4 kip ft=:=

MmaxClay if Lot1Clay 3 b< MmodBroms, MBroms, ( ) 392.4 kip ft=:= (If Lot < 3b, use Modified Broms method)

Mmax if SoilType "Sand"= MmaxSand, MmaxClay, ( ) 422.8 kip ft=:=
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 Minimum Reinforcing and Spacing

Fy.rebar 60 ksi:= reinforcing yield strength

fc 4.0 ksi:= concrete strength  Spec 346-3

Cover 6 in:= cover  SDG Table 1.4.2-1

Numbar 18:= number of longitudinal bars, "RB"

Along.bar 1.56 in
2

:= longitudinal bar area

dlong.bar 1.41 in:= longitudinal bar diameter

Av.bar 0.31 in
2

:= stirrup area  SM Vol-3 13.6.2

dv.bar 0.625 in:= stirrup diameter

sv1 4 in:= stirrup spacing, depth = 0 ft-2 ft  SM Vol-3 13.6.2

sv2 8 in:= stirrup spacing, depth = 2 ft-depth.stir, "RD"

sv3 12 in:= stirrup spacing, depth > depth.stir, "RF"

depthstir 9.083 ft:= stirrup depth, see s.v2 and s.v3 above

b 5 ft= shaft diameter

Areq min 0.135
π b

2


4


fc

Fy.rebar

 0.015
π b

2


4
, 









25.4 in
2

=:=  LRFD 5.7.4.2

Along Numbar Along.bar 28.1 in
2

=:= total area of longitudinal steel

CheckLongitudinalReinf if Along Areq "OK", "No Good", ( ):= CheckLongitudinalReinf "OK"=

Diabar.circle b 2 Cover- 2 dv.bar- dlong.bar- 45.3 in=:=

Spacingvert.reinf Diabar.circle

π

Numbar

 7.9 in=:= Clearancevert.reinf Spacingvert.reinf dlong.bar- 6.5 in=:=

CheckReinfClearSpacing if Clearancevert.reinf 6in "OK", "No Good", ( ):= CheckReinfClearSpacing "OK"=  SDG 3.6.10
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 Check Shear and Torsion

ϕv 0.90:= Shear Resistance Factor  LRFD 5.5.4.2.1

Vu Vx
2

Vz
2

+ 14.6 kip=:=

Tu 391.2 kip ft=

Effective shear depth

Dr b 2 Cover dv.bar+
dlong.bar

2
+









- 3.8 ft=:= de

b

2

Dr

π
+ 3.7 ft=:=

 LRFD C5.8.2.9-2

dv max 0.9 de 0.72 b, ( ) 3.6 ft=:=

Check Shear Strength

Vc 0.0316 2.0( )
fc

ksi


b

in








dv

in









 kip 327.6 kip=:=  LRFD Eqn 5.8.3.3-3  LRFD 5.8.3.4.1  ACI 11.3.3

Vs

Av.bar Fy.rebar dv

max sv1 sv2, sv3, ( )
67 kip=:=  LRFD Eqn 5.8.3.3-4

ShearRatio
Vu ϕv Vc-

ϕv Vs
4.7-=:=

ShearRatio if ShearRatio 0 0, ShearRatio, ( ) 0=:=

Check Torsion Strength

pcp 2 π
b

2







 188.5 in=:= Area and perimeter of concrete

cross-sectionAcp π
b

2







2

 2827.4 in
2

=:=

doh b 2 Cover
dv.bar

2
+









- 47.4 in=:= ph π doh 148.8 in=:= Diameter, perimeter and area enclosed by

the centerline of the outermost closed

transverse torsion reinforcement

Aoh π
doh

2









2

1.8 10
3

 in
2

=:= Ao 0.85 Aoh 1.5 10
3

 in
2

=:=

Tn1

2 Ao Av.bar Fy.rebar

sv1

1.2 10
3

 kip ft=:=  LRFD Eqn 5.8.3.6.2-1

Tn2

2 Ao Av.bar Fy.rebar

sv2

580.6 kip ft=:=  LRFD 5.8.3.4.1
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Tn3

2 Ao Av.bar Fy.rebar

sv3

387.1 kip ft=:=

ϕv 0.9= Tu 391.2 kip ft= LreqdTor 23 ft=

Tor2sand Tu if 2ft Offset> π b 2 ft Offset-( ) γsoil
2 ft Offset-

2









 ωfdot( )
b

2









, 0 kip ft, 







- 389.5 kip ft=:=

Tor3sand Tu if depthstir Offset> π b depthstir Offset-( ) γsoil
depthstir Offset-

2









 ωfdot( )
b

2










, 0 kip ft, 








- 335.7 kip ft=:=

Tor2clay Tu if 2ft 1.5ft- Offset> fse π b( ) 2.0 ft Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 391.2 kip ft=:=

Tor3clay Tu if depthstir 1.5ft- Offset> fse π b( ) depthstir Offset- 1.5 ft-( )
b

2






, 0 kip ft, 





- 200 kip ft=:=

Tor2 if SoilType "Sand"= Tor2sand, Tor2clay, ( ) 389.5 kip ft=:=

Tor3 if SoilType "Sand"= Tor3sand, Tor3clay, ( ) 335.7 kip ft=:=

TorsionRation1

Tu

ϕtor Tn1
0.34=:=

TorsionRation2

Tor2

ϕtor Tn2
0.67=:=

TorsionRation3

Tor3

ϕtor Tn3
0.87=:=

TorsionRatio max TorsionRation1 TorsionRation2, TorsionRation3, ( ) 0.87=:=

Tcr 0.125
fc

ksi

Acp
2

pcp in
3













 kip in 883.6 kip ft=:=  LRFD Eqn 5.8.2.1-4

TorsionRatio if Tu 0.25 ϕtor Tcr 0, TorsionRatio, ( ) 0.9=:=  LRFD Eqn 5.8.2.1-3

ShearRatio 0=

CheckShearTorsion if ShearRatio TorsionRatio+ 1 "OK", "No Good", ( ):=

CheckShearTorsion "OK"=

Check Maximum Spacing Transverse Reinforcement

vu

Vu

ϕv b dv
0.006259 ksi=:= 0.125 fc 0.5 ksi=

 LRFD Eqn 5.8.2.9-1

( )
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smax1 if 0.8 dv 24 in< 0.8dv, 24 in, ( ) 24 in=:=  LRFD Eqn 5.8.2.7-1

smax2 if 0.4 dv 12 in< 0.4dv, 12 in, ( ) 12 in=:=  LRFD Eqn 5.8.2.7-2

smax if vu 0.125 fc< smax1, smax2, ( ) 24 in=:=

max sv1 sv2, sv3, ( ) 12 in=

CheckMaxSpacingTransvReinf if max sv1 sv2, sv3, ( ) smax "OK", "No Good", ( ):=

CheckMaxSpacingTransvReinf "OK"=

Check Longitudinal Reinforcement for Combined Shear and Torsion  LRFD Eqn 5.8.3.6.3-1

 LRFD 5.8.3.4.1
Mu 365.4 kip ft=

Vtemp if
Vu

ϕv

0.5 Vs- 0 kip>
Vu

ϕv

0.5 Vs-, 0 kip, 








0 kip=:=

LongReinfshr.tor

Mu

ϕv dv
Vtemp( )2 0.45 ph Tu

2 Ao ϕv









2

++

Fy.rebar

3.8 in
2

=:=

Numbar Along.bar 28.1 in
2

=

CheckLongReinfshr.tor if Numbar Along.bar LongReinfshr.tor "OK", "No Good", ( ):=

CheckLongReinfshr.tor "OK"=
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Project: Moccasin Wallow Road
Owner: Manatee County

Calcs:  MPR      11/21
Check:  TRH   12/21 

Arm ID FAA (ft.) Arm ID SAA (ft.) Pole ID UAA (ft.) UB (ft.)

T‐10‐2 A78/S - - - - - P6/S 24.0 21.0 DS/16/4.5

T‐13‐1 A78/S - - - - - P6/S - 22.0 DS/25/5

T‐13‐2 A78/S - - - - - P6/S/L - 22.0 DS/25/5

T-13-3 A70/S 32 - - - - P5/S 24.0 21.0 DS/25/5

T-13-4 A78/S/H - - - - - P6/S - 22.0 DS/20/5

T-15-1 A70/S - - - - - P5/S - 22.0 DS/25/5

T-15-2 A78/S - - - - - P6/S 24.0 21.0 DS/25/5

T-15-3 A70/S - - - - - P5/S 23.0 20.0 DS/25/5

T-15-4 A78/S/H - - - - - P6/S 24.0 21.0 DS/25/5

T-17-1 A78/S 33 - - - - P6/S - 22.0 DS/25/5

T-17-2 A78/S - - - - - P6/S - 22.0 DS/25/5

T-17-3 A70/S 32 - - - - P5/S 24.0 21.0 DS/20/5

T-17-4 A78/S/H - - - - - P6/S - 22.0 DS/25/5

Structure ID
First Arm Second Arm

UF (deg) LL (deg)

A78/S/H-P6/S-DS/20/5

Pole Drilled 
Shaft IDDesignation

A78/S/H-P6/S-DS/25/5

A70/S-P5/S-DS/25/5

A78/S-P6/S-DS/25/5

A70/S-P5/S-DS/25/5

A78/S-P6/S-DS/25/5

A78/S-P6/S-DS/25/5

A70/S-P5/S-DS/20/5

A78/S/H-P6/S-DS/25/5

A78/S-P6/S-DS/16/4.5

A78/S-P6/S-DS/25/5

A78/S-P6/S/L-DS/25/5

A70/S-P5/S-DS/25/5
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Project: Moccasin Wallow Road
Owner: Manatee County

Calcs:  MPR      11/21
Check:  TRH   12/21 

FAA/SAA  =  FA/SA - (Stardard Total Arm Length - Actual Total Arm Length)

UAA (with luminaire)  =  Luminaire Mounting Height - 1.0 ft UAA (without luminaire)  =  UB + 3.0 ft

Structure ID First Arm Second Arm Pole

Total (ft.) FA (ft.) FAA (ft.) Total (ft.) SA (ft.) SAA (ft.) Found EL Road EL UB (ft.) UAA (ft.)

T-10-2 78.0 78.0 - - - - 14.30 14.78 21.0 24.0

T-13-1 78.0 78.0 - - - - 38.30 39.40 22.0 -

T-13-2 78.0 78.0 - - - - 39.80 41.25 22.0 -

T-13-3 64.0 70.0 32 - - - 39.50 39.29 21.0 24.0

T-13-4 78.0 78.0 - - - - 39.80 41.26 22.0 -

T-15-1 70.0 70.0 - - - - 33.00 34.44 22.0 -

T-15-2 78.0 78.0 - - - - 33.40 33.30 21.0 24.0

T-15-3 70.0 70.0 - - - - 34.20 33.79 20.0 23.0

T-15-4 78.0 78.0 - - - - 33.76 33.90 21.0 24.0

T-17-1 72.0 78.0 33 - - - 28.60 29.50 22.0 -

T-17-2 78.0 78.0 - - - - 29.92 31.15 22.0 -

T-17-3 64.0 70.0 32 - - - 29.70 29.50 21.0 24.0

T-17-4 78.0 78.0 - - - - 30.50 31.76 22.0 -

Summary Table.xlsx 2 of 2 00193012.01



Section 2.0:   MVDS Concrete Pole Design



 PROJ:  Moccasin Wallow Rd. CALCS: MPR DATE: 12/2021 
 PROJ NO:  00193012.01 CHECK: CPG DATE:  12/2021 
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DVMS Design Narrative 
Moccasin Wallow Rd., Manatee County, FL 

 
Description 

Mast arm designs are part of a larger Public Works Department project along Moccasin Wallow 
Road from US 41 to West of I-75.    

 
Specifications 

The structural design shall be in accordance with the following: 

FDOT Structures Design Guidelines, January 2021. (SDG) 

FDOT Modifications to LRFD Specifications for Structural Supports for Highway Signs, 
Luminaires, and Traffic Signals, January 2021. (LRFDLTS-1) 

AASHTO LRFD Bridge Design Specifications, 9th Ed., 2020. (LRFD) 

AASHTO LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and 
Traffic Signals, 1st Edition 2015 with 2017, 2019, & 2020 Interim Revisions. (LTS-1) 

 

Design Method 

The design of all components utilize the Load and Resistance Factor Design (LRFD) methodology 
in accordance with the FDOT Structures Manual. 

 
Design Loads 

Wind Load 

In accordance with FDOT Structures Manual, Volume 1 Section 2.4 and Volume 3. 

 MVDS Concrete Pole:  300 year Extreme Event Limit State = 140 mph 

 



Structures Design Guidelines Topic No. 625-020-018
2 - Loads and Load Factors January 2021
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2.4 WIND LOADS
2.4.1 Wind Loads on Completed Structures: WL and WS (LRFD 3.8) 
A. Design Wind Speed
Use the design 3-second gust wind speed, V, from Table 2.4.1-1 in lieu of LRFD Figure 
3.8.1.1.2-1. 
Table 2.4.1-1 Design Wind Speed, V

County (Dist)
Design 
Wind 

Speed 
(mph)

County (Dist)
Design 
Wind 

Speed 
(mph)

County (Dist)
Design 
Wind 

Speed 
(mph)

Alachua (2) 130 Hardee (1) 150 Okaloosa (3) 150
Baker (2) 130 Hendry (1) 150 Okeechobee (1) 150
Bay (3) 150 Hernando (7) 150 Orange (5) 150

Bradford (2) 130 Highlands (1) 150 Osceola (5) 150
Brevard (5) 170 Hillsborough (7) 150 Palm Beach (4) 170
Broward (4) 170 Holmes (3) 150 Pasco (7) 150
Calhoun (3) 130 Indian River (4) 170 Pinellas (7) 150
Charlotte (1) 170 Jackson (3) 130 Polk (1) 150

Citrus (7) 150 Jefferson (3) 130 Putnam (2) 130
Clay (2) 130 Lafayette (2) 130 St. Johns (2) 150

Collier (1) 170 Lake (5) 150 St. Lucie (4) 170
Columbia (2) 130 Lee (1) 170 Santa Rosa (3) 150
DeSoto (1) 150 Leon (3) 130 Sarasota (1) 170

Dixie (2) 130 Levy (2) 150 Seminole (5) 150
Duval (2) 130 Liberty (3) 130 Sumter (5) 150

Escambia (3) 170 Madison (2) 130 Suwannee (2) 130
Flagler (5) 150 Manatee (1) 150 Taylor (2) 130
Franklin (3) 150 Marion (5) 150 Union (2) 130
Gadsden (3) 130 Martin (4) 170 Volusia (5) 150
Gilchrist (2) 130 Miami-Dade (6) 170 Wakulla (3) 130
Glades (1) 150 Monroe (6) 170 Walton (3) 150

Gulf (3) 150 Monroe Islands (6)1

1 For non-bridge structures use 170 mph or as modified by Vol. 3

180 Washington (3) 150
Hamilton (2) 130 Nassau (2) 130

Modification for Non-Conventional Projects:

See the RFP for possible supplemental requirements to SDG 2.4.1.A.

3
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3 LOADS

C 3.8 
FDOT continues the past practice of 
determining wind speeds based on 
structure type.
Luminaire support structures shall include 
all support elements including all poles, 
arms, connections and anchorages for all 
high-mast lighting, roadway lighting, sign 
lighting, underdeck lighting, landscape 
lighting, and bridge aesthetic lighting.

Based on the ASD-LTS Specifications, the 
design life is:
- 10 years for ground signs.
- 25 years for conventional light poles and 
strain poles.
- 50 years for mast arms, high mast light 
poles and overhead sign structures.

3.8 Wind Load 
Delete Table 3.8.1 and replace it with the 

following:

C 3.8.2
Add the following:
FDOT SDG Table 2.4.1-1 was derived 
from the ASCE 7-10 wind speed map.

To simplify the design process, FDOT has 
designated one wind speed per county for 
the 700 year and 300 year Extreme Event 
Limit States. To maintain consistency with 
past practice, a 110 mph design wind 
speed was chosen for the 10 year 
Extreme Event Limit State, and an 80 mph 
design wind speed was chosen for 
temporary ground sign supports.

3.8.2 Basic Wind Speed (Rev. 01/21)
Delete the entire paragraph including 

Figures 3.8-1,
3.8-2, 3.8-3 and 3.8-4 and add the 
following:

For the 700 year Extreme Event Limit 
State, use the wind speeds (mph) shown 
in FDOT SDG Table 2.4.1-1

For the 300 year Extreme Event Limit 
State, use the wind speeds (mph) shown in 
FDOT SDG Table 2.4.1-1 minus 10 mph.
For the 10 year Extreme Event Limit State, 
use a design wind speed of 110 mph for 
the entire state.
For the Service Limit State, use a design 
wind speed of 90 mph for the entire state.
For temporary ground signs, luminaires 
and span wire traffic signals, for both the 
Extreme Event and Service Limit States, 

Structure Support Type Interval 
(years)

• Overhead sign structures
• Luminaire support structures 

>50' in height.
• Mast Arm Signal Structures
• Monotubes
• High Mast Light Poles
• ITS Camera Poles >50' in 

height
• Bridge Aesthetic Lighting 

Structures

700

• Luminaire supports and other 
structures ≤ 50' in height.

• Concrete and Steel Strain 
Poles

300

• Roadside sign structures 10

4
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MVDS POLE DETAIL

N.T.S. N.T.S. N.T.S.

FRONT VIEW SIDE VIEW

MECHANICAL GROUNDING

CONNECTION

N.T.S.

AIR TERMINAL AND

ATTACHMENT DETAIL

MVDS POLE VARIABLES

MVDS

STATION

DIM. A

(FT)

DIM. B

(FT)

DIM. D

(FT)

LOCATION

NOTES:

1. WORK THIS SHEET WITH FDOT STANDARD PLAN INDEX 641-010.

2. THE NEMA 3R BOX AND MOUNTING ARMS FOR THE MVDS SHALL BE ATTACHED TO THE POLE USING 3/4"

STAINLESS STEEL BANDING.

3. INSTALL GROUNDING FOR THE MVDS SITE AS PER SECTION 620 OF THE FDOT STANDARD SPECIFICATIONS

FOR ROAD AND BRIDGE CONSTRUCTION. ACHIEVE A GROUND RESISTANCE OF 5 OHMS OR LESS AS DESCRIBED

FOR ITS POLES/STRUCTURES WITH ELECTRONIC EQUIPMENT. FOLLOW PROCEDURES FOR TESTING AND

DOCUMENTATION. THE MAIN POLE GROUND ROD ASSEMBLY SHALL BE LOCATED IN THE NEAREST PULL BOX

FOR MAINTENANCE ACCESS.

4. THE CONTRACTOR SHALL CONFIRM MANUFACTURER RECOMMENDATIONS FOR ALL EQUIPMENT AND MOUNTING

HEIGHT DIMENSIONS PRIOR TO INSTALLATION.

5. THE CONTRACTOR SHALL INTEGRATE THE MVDS INTO THE COUNTY'S EXISTING ATMS SYSTEM AND CALIBRATE

THE MVDS UNITS IN THE PRESENCE OF COUNTY STAFF.

DIM. L

(FT)

310+07 6 4.5 10 2' BEHIND SHARED USE PATH36
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334+41 6 4.5 3.5' BEHIND SHARED USE PATH

395+00 6 4.5 2' FRONT OF SHARED USE PATH

10 36

10 36

MVDS DETAILS
DESCRIPTIONDATE DESCRIPTION DATE
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Project: Moccasin Wallow Rd 
Owner: Manatee County

MVDS Concrete Pole
CLS   TRH     DATE 12/2021
CHK   MPR    DATE 12/2021              

Concrete MVDS Pole 3
Location: 395+00

This Mathcad determines required embedment depth for a pre-cast, pre-stressed concrete pole. Design for Extreme Event Limit
State.
References:
2020-21 FDOT Standard Plans Index 641-010
FDOT Structures Manual, January 2019
AASHTO LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and Traffic Signals, First Edition 2015 (LTS-1)
AASHTO LRFD Bridge Design Specifications, Eight Edition (LRFD)

 Geometry Pole Type P-111, FDOT Standard Plans Index 641-010

Pole length (includes buried depth) Lpole 48 ft

Buried depth depthburied 10ft

Pole length (minus buried depth) Hpole Lpole depthburied 38 ft

Wall thickness at pole tip twall_tip 2.50in

Wall thickness at pole butt twall_butt 2.50in

Width at pole tip diatip 7.5in

Pole taper taperpole 0.162
in

ft


Minimum void taper
given step option

tapervoid 0.162
in

ft


Strand taper taperstrand taperpole

Diameter of void at pole tip diavoid.tip diatip 2 twall_tip 2.5 in

Number of sections (must be even) #sections 50

 Mounted Camera Properties
Camera properties are used to calculate the axial force, wind load moment, and drag due to the camera.

Area of camera (EPA) Acamera 1.17ft
2

 Index 641-020 SPI

Weight of camera Weightcamera 50lbf

Drag coefficient Cd.camera 1.0

Width of camera arm Widthcamera 1.17ft

J:\00193\00193012.01\Doc\Structure\Conc Pole\ page 1 of 6 00193012.01
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Project: Moccasin Wallow Rd 
Owner: Manatee County

MVDS Concrete Pole
CLS   TRH     DATE 12/2021
CHK   MPR    DATE 12/2021              

 Height and Exposure Factor (K z )
[ref. LTS-1, 3.8.4]

The segment number ns 1 #sections

Maximum Fill height measured from
natural ground

FillHeight 0ft

The y distance to the CG of each pole 
segment 

ysegmentns
Hpole

ns( ) 2 1

2 #sections
Hpole

ysegment0
Hpole

z
ns

if ysegmentns
FillHeight





15 ft 15 ft ysegmentns
FillHeight













z
0

if ysegment0
FillHeight





15 ft 15 ft ysegment0
FillHeight













[ref. LTS-1, 3.8.4-1]
The height and exposure factor that 
varies with height above the ground
depending on the local exposure 
conditions.  (Assumes Exposure C with
zg=900 ft.)

Kzns
2.0

z
ns

900ft









2

9.5



Kz0
2.0

z
0

900ft









2

9.5



max Kz  1.03

 Importance Factor (I r ) and Gust Effect Factor (G) and Unmodified Wind Pressure

Interval 300 years for Luminaire supports and other structures less than 50' in height.  FDOT Str. Manual Vol. 3, 3.8 Wind Load

Manatee County Design
Wind Speed minus 10 mph,
per Vol. 3

Wind speed WindSpeed 140mph [ref. FDOT SDG Vol. 3, 3.8.2,
& Vol. 1 Table 2.4.1-1]

Directionality Factor
(for square pole)

Kd 0.90 [ref. LTS-1, Table 3.8.5-1]

Gust Effect Factor G 1.14 [ref. LTS-1, 3.8.6]

Wind pressure
(Kz and Cd not included)

Pressure 0.00256 psf( ) Kd G
WindSpeed

mph






2

 51.48 psf [ref. LTS-1, 3.8.1-1]
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Project: Moccasin Wallow Rd 
Owner: Manatee County

MVDS Concrete Pole
CLS   TRH     DATE 12/2021
CHK   MPR    DATE 12/2021              

 Total Forces and Applied Loads to the Pole

Axial forces due to camera dead load Ncamera Weightcamera 0.05 kip

Forces due to wind load on the camera Forcecamera Acamera Cd.camera  Pressure Kz1
 0.06 kip

Shear forces due to wind load on 
the camera

Vcamera Forcecamera 0.06 kip

 Upright Bare Steel Section Properties, Axial Force

Pole forces are assumed to act at the CG of each segment and a sectional analysis is performed at the end of each segment.
Therefore, the pole has 1 more section than segment, where nx is the section number ns is the segment number.  Section
properties are calculated for each section location and will be used for axial, bending, and shear stress calculations.

Section number nx 0 #sections

distwind.sectionn

n

#sections
Hpole 

Height of each section ysectionnx
Hpole Hpole

nx

#sections








 Wind Load Shear and Moments on Bare Pole    

Each segment on the pole may have a different height and exposure factor Kz , coefficient of drag Cd, and diameter,

therefore forces on each segment are different.  Note: the average diameter is used to calculate the wind loading.

Average Diameter
d

ns

diasectionns 1
diasectionns



2


Coefficient of Drag Cdns
1.25 Square [ref. LTS-1, Table 3.8.7-1]

Cd0
Cd1



max Cd  1.25

min Cd  1.25

SegmentForce
ns

Hpole 
#sections

d
ns

 Pressure Cdns
 Kzns

Maximum Segment Force

max SegmentForce( ) 0.05 kip
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Project: Moccasin Wallow Rd 
Owner: Manatee County

MVDS Concrete Pole
CLS   TRH     DATE 12/2021
CHK   MPR    DATE 12/2021              

Pole Moments and Shears at each section
Note: ysegment and ysection  are the distances measured from the base to the centroid of the each pole segment and each

pole cross section respectively.  Segment 0 and Section 0 are at the top of the pole. 

Pole Moment Mx.polens
1

ns

p

SegmentForce
p

ysegmentp
ysectionns

















max Mx.pole  36.4 kip ft

Pole Shear Vpolens
1

ns

p

SegmentForce
p





max Vpole  2.1 kip

Pole Axial Load Npolens
CummulativeWeight

ns


max Npole  3.5 kip

 Total Forces at a Section (bare pole plus camera)

All forces (camera and pole) are combined and calculated per segment.
Mxnx

Mx.polenx
Vcamera Hpole 2 ft  ysectionnx









Mznx
0.2 Mx.polenx



Vznx
Vpolenx

Vcamera

Vxnx
0.2 Vpolenx



Ntotalnx
Npolenx

Ncamera

 Total  Loads at a Section

Total Shear Load VTnx
Vxnx






2
Vznx






2


max VT  2.2 kip

Total Moment MTnx
Mxnx






2
Mznx






2


max MT  39.28 kip ft
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Project: Moccasin Wallow Rd 
Owner: Manatee County

MVDS Concrete Pole
CLS   TRH     DATE 12/2021
CHK   MPR    DATE 12/2021              

 Foundation Analysis

0 - clay
1 - sandSoilType 1

SoilWeight 42.6 pcf ShaftDiameter 3.0 ft Offset 0 ft
(saturated weight)

SoilFrictionAngle 29 deg (sand) SoilShearStrength 3
kip

ft
2

 (clay)

SFot 2 (safety factor against overturning)

Shaft Depth Required to Resist Overturning

γsoil SoilWeight b ShaftDiameter

ϕsoil SoilFrictionAngle csoil SoilShearStrength

max MT  39.28 kip ft Mtotal SFot max MT  78.56 kip ft

max VT  2.2 kip Ptotal SFot max VT  

 Pole Embedment Depth

short free-head pile in  cohesionless  soil using Broms method

Kp tan 45 deg
ϕsoil

2










2

2.88 esand Offset 0

Guess value LSand depthburied 10 ft

Given
γsoil b LSand

3
 Kp

2
Ptotal esand LSand  Mtotal 0 kip ft=

Temp Find LSand  8.57 ft LotSand max Temp Offset( ) 8.57 ft

(round up to next foot) LotSand ceil
LotSand

ft









ft 9 ft

short free-head pile in  cohesive  soil using Modified Broms method for L < 3b
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Project: Moccasin Wallow Rd 
Owner: Manatee County

MVDS Concrete Pole
CLS   TRH     DATE 12/2021
CHK   MPR    DATE 12/2021              

Slope 8
csoil

3 b
 2.67

kip

ft
3

 eclay

Mtotal

Ptotal
Offset 18.04 ft

mforce M( ) 2 csoil M Slope  M
b

2


nforce M N( ) Slope 2 M N( ) 2 csoil  N
b

2


mmoment M N( ) eclay
M

3

2 M Slope csoil  csoil

M Slope 2 csoil










2 csoil M Slope  M
b

2








nmoment M N( ) eclay M
N

3

2 N Slope M Slope csoil  M Slope csoil 

Slope 2 M N( ) 2 csoil










Slope 2 M N( ) 2 csoil  N
b

2








Guess value M 4 ft N 4 ft

Given Ptotal nforce M N( ) mforce M( )=

mmoment M N( ) nmoment M N( )=

Mm

Nn







Find M N( )
2.65

1.34









ft Lot1Clay max Mm Nn Offset  3.99 ft

(round up to next foot) Lot1Clay ceil
Lot1Clay

ft









ft 4 ft

short free-head pile in  cohesive  soil using Regular Broms method for L > 3b

fclay

Ptotal

9 csoil b
0.05 ft Mmaxtemp Ptotal eclay 1.5 b 0.5 fclay  98.28 kip ft

g
Mmaxtemp

2.25 csoil b
2.2 ft

Lot2Clay max 1.5 b fclay g Offset  6.76 ft

(round up to next foot) Lot2Clay ceil
Lot2Clay

ft









ft 7 ft

LotClay Lot1Clay Lot1Clay Offset 3 bif

Lot2Clay otherwise

 LotClay 4 ft

(If Lot < 3*b, use Modified Broms method)

LengthShaft LotSand SoilType 1=if

LotClay otherwise



LengthShaft 9 ft
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Section 3.0:   Cantilever Sign Structure



 PROJ:  Moccasin Wallow Rd. CALCS: MPR DATE: 12/2021 
 PROJ NO:  00193012.01 CHECK: CPG DATE:  12/2021 
 

   1 of 1  

Cantilever Sign Design Narrative 
Moccasin Wallow Rd., Manatee County, FL 

 
Description 

Mast arm designs are part of a larger Public Works Department project along Moccasin Wallow 
Road from US 41 to West of I-75.  For this project, an existing cantilever overhead sign is being 
relocated to a new drilled shaft foundation.  The foundation for the existing cantilever overhead 
sign design was performed using FDOT Mathcad program “Cantilever Overhead Sign” v1.5, dated 
10/01/2021.  

 
Specifications 

The structural design shall be in accordance with the following: 

FDOT Structures Design Guidelines, January 2021. (SDG) 

FDOT Modifications to LRFD Specifications for Structural Supports for Highway Signs, 
Luminaires, and Traffic Signals, January 2021. (LRFDLTS-1) 

AASHTO LRFD Bridge Design Specifications, 9th Ed., 2020. (LRFD) 

AASHTO LRFD Specifications for Structural Supports for Highway Signs, Luminaires, and 
Traffic Signals, 1st Edition 2015 with 2017, 2019, & 2020 Interim Revisions. (LTS-1) 

Design Method 

The design of all components utilize the Load and Resistance Factor Design (LRFD) methodology 
in accordance with the FDOT Structures Manual. 

 
Design Loads 

Wind Load 

In accordance with FDOT Structures Manual, Volume 1 Section 2.4 and Volume 3. 

 Overhead Sign Structures:  700 year Extreme Event Limit State = 150 mph 

 



Structures Design Guidelines Topic No. 625-020-018
2 - Loads and Load Factors January 2021
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2.4 WIND LOADS
2.4.1 Wind Loads on Completed Structures: WL and WS (LRFD 3.8) 
A. Design Wind Speed
Use the design 3-second gust wind speed, V, from Table 2.4.1-1 in lieu of LRFD Figure 
3.8.1.1.2-1. 
Table 2.4.1-1 Design Wind Speed, V

County (Dist)
Design 
Wind 

Speed 
(mph)

County (Dist)
Design 
Wind 

Speed 
(mph)

County (Dist)
Design 
Wind 

Speed 
(mph)

Alachua (2) 130 Hardee (1) 150 Okaloosa (3) 150
Baker (2) 130 Hendry (1) 150 Okeechobee (1) 150
Bay (3) 150 Hernando (7) 150 Orange (5) 150

Bradford (2) 130 Highlands (1) 150 Osceola (5) 150
Brevard (5) 170 Hillsborough (7) 150 Palm Beach (4) 170
Broward (4) 170 Holmes (3) 150 Pasco (7) 150
Calhoun (3) 130 Indian River (4) 170 Pinellas (7) 150
Charlotte (1) 170 Jackson (3) 130 Polk (1) 150

Citrus (7) 150 Jefferson (3) 130 Putnam (2) 130
Clay (2) 130 Lafayette (2) 130 St. Johns (2) 150

Collier (1) 170 Lake (5) 150 St. Lucie (4) 170
Columbia (2) 130 Lee (1) 170 Santa Rosa (3) 150
DeSoto (1) 150 Leon (3) 130 Sarasota (1) 170

Dixie (2) 130 Levy (2) 150 Seminole (5) 150
Duval (2) 130 Liberty (3) 130 Sumter (5) 150

Escambia (3) 170 Madison (2) 130 Suwannee (2) 130
Flagler (5) 150 Manatee (1) 150 Taylor (2) 130
Franklin (3) 150 Marion (5) 150 Union (2) 130
Gadsden (3) 130 Martin (4) 170 Volusia (5) 150
Gilchrist (2) 130 Miami-Dade (6) 170 Wakulla (3) 130
Glades (1) 150 Monroe (6) 170 Walton (3) 150

Gulf (3) 150 Monroe Islands (6)1

1 For non-bridge structures use 170 mph or as modified by Vol. 3

180 Washington (3) 150
Hamilton (2) 130 Nassau (2) 130

Modification for Non-Conventional Projects:

See the RFP for possible supplemental requirements to SDG 2.4.1.A.

3
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FDOT Modifications to LRFDLTS-1 Topic No. 625-020-018
January 2021

6
Structures Manual Home

3 LOADS

C 3.8 
FDOT continues the past practice of 
determining wind speeds based on 
structure type.
Luminaire support structures shall include 
all support elements including all poles, 
arms, connections and anchorages for all 
high-mast lighting, roadway lighting, sign 
lighting, underdeck lighting, landscape 
lighting, and bridge aesthetic lighting.

Based on the ASD-LTS Specifications, the 
design life is:
- 10 years for ground signs.
- 25 years for conventional light poles and 
strain poles.
- 50 years for mast arms, high mast light 
poles and overhead sign structures.

3.8 Wind Load 
Delete Table 3.8.1 and replace it with the 

following:

C 3.8.2
Add the following:
FDOT SDG Table 2.4.1-1 was derived 
from the ASCE 7-10 wind speed map.

To simplify the design process, FDOT has 
designated one wind speed per county for 
the 700 year and 300 year Extreme Event 
Limit States. To maintain consistency with 
past practice, a 110 mph design wind 
speed was chosen for the 10 year 
Extreme Event Limit State, and an 80 mph 
design wind speed was chosen for 
temporary ground sign supports.

3.8.2 Basic Wind Speed (Rev. 01/21)
Delete the entire paragraph including 

Figures 3.8-1,
3.8-2, 3.8-3 and 3.8-4 and add the 
following:

For the 700 year Extreme Event Limit 
State, use the wind speeds (mph) shown 
in FDOT SDG Table 2.4.1-1

For the 300 year Extreme Event Limit 
State, use the wind speeds (mph) shown in 
FDOT SDG Table 2.4.1-1 minus 10 mph.
For the 10 year Extreme Event Limit State, 
use a design wind speed of 110 mph for 
the entire state.
For the Service Limit State, use a design 
wind speed of 90 mph for the entire state.
For temporary ground signs, luminaires 
and span wire traffic signals, for both the 
Extreme Event and Service Limit States, 

Structure Support Type Interval 
(years)

• Overhead sign structures
• Luminaire support structures 

>50' in height.
• Mast Arm Signal Structures
• Monotubes
• High Mast Light Poles
• ITS Camera Poles >50' in 

height
• Bridge Aesthetic Lighting 

Structures

700

• Luminaire supports and other 
structures ≤ 50' in height.

• Concrete and Steel Strain 
Poles

300

• Roadside sign structures 10

4
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CERTIFICATE OF AUTHORIZATION No. 5564

TAMPA, FLORIDA 33634

9119 CORPORATE LAKE DR., SUITE 150

GANNETT FLEMING

P.E. NO.: 63835

PHUC H. DUONG, P.E.

100120
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  434026-1-52-01MANATEE

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION

NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
DMS CROSS SECTIONS 

            

            
SR-93A

19.38'

CENTER OF POLE

11.20'

ROADWAY TO BOTTOM OF DMS SIGN

19.5' MIN FROM HIGHEST POINT OF
24.00'12.00'

44.17' FROM CENTER OF POLE

19
.5

0
'

2
.0

0
'

5.00'

EASTBOUND

BOULEVARD 

MOCCASIN WALLOW

EL = 26.84'

EL = 27.92'

EDGE OF TRAVEL

BASELINE

S-10

PRIOR TO FABRICATION OF SIGN AND SIGN STRUCTURE.

1) UTILITY LOCATIONS SHALL BE FIELD VERIFIED BY THE CONTRACTOR

NOTE:
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3) DMS SIGN SHALL BE IN MOUNTED OVER TRAFFIC LANES AS SHOWN.

IS 1975 LBS

2) THE ESTIMATED WEIGHT OF THE DMS SIGN

58.77' FROM MOCCASIN WALLOW RD. BASELINE

ELEVATION 28.48'

NO. 13S331

FDOT STRUCTURE

LOOKING BACK (EAST)

STA. 12+84.00

ADMS 1

2
.9

1'

B
L
 

O
F
 

S
U

R
V

E
Y
 

M
O

C
C

A
S
IN
 

W
A

L
L

O
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R
D
.

ADMS #1 EB

SIGN  NO. 1

DYNAMIC MESSAGE

(FRONT)

6
.6

5
'



EOR: DEREK M. GIL, P.E.

1713 E. 9th AVENUE

P.E. LICENSE NUMBER 54798

ELEMENT ENGINEERING GROUP

TAMPA, FL 33605

CERTIFICATE OF AUTHORIZATION 26921
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      434026-1-52-01  MANATEE   SR-93A

ROAD NO. FINANCIAL PROJECT IDCOUNTY

DATE DESCRIPTION

REVISIONS

DATE DESCRIPTION
NO.

SHEETSTATE OF FLORIDA

DEPARTMENT OF TRANSPORTATION

                        

                        
                               

            

            

    CANTILEVER SIGN     

  STRUCTURE DATA TABLE  
 S-13 

CANTILEVER SIGN STRUCTURES DATA TABLE

CANTILEVER SIGN STRUCTURES DATA TABLE (CONT.)

CANTILEVER SIGN STRUCTURES DATA TABLE (CONT.)

BACKRAKE

G

inO. D. x Wall Thk. (in)

F (UPRIGHT)E (WEB)

MEMBER SIZES

Angle (in)O. D. x Wall Thk. (in)

D (CHORD)

#

N

in

C

in

B

DIMENSIONS

ftft

ASIGN NO.

SIGN NO. GA

in

GB

in ft in

GC GD

ft in ft

GE

in ft

GF

in ft

GG

in ft in

GH

ft in

GJ GK

in

TA

in

TB

# #

TC

in

TD TE

in

TRUSS CONNECTION

in

TF TG

in

TH

in

TJ

in Angle (in)

SA

SPLICE

SB

# in #

SDSC

PANELS

GUSSET PLATES

SIGN NO.

in

BA BB

#

BC

in

BD

in ft in

BE

BASE CONNECTION

in

BF BG

in

BH

in

BJ

in ft

BK

in

ANCHOR

ft in

FA

FOOTING - DRILLED SHAFT

FB

ft in # / Size

FC FG

# in

Table Date 07-01-14

Table Date 01-01-11

Table Date 07-01-15

Design Water Table is 0 ft. below surface

Soil Weight = 48.6 pcf

Soil Friction Angle = 31 deg.

Soil Layer Thickness = 25 ft.

Soil Type Non-Cohesive

2.Assumptions and Values used in design:

sealed by H2R CORP.

1.Design based on Borings taken XX-XX-17

FOUNDATION NOTES [Notes Date 7-01-12]:

3.Upright wall thickness given is a minimum dimension.

2.Design Wind Speed = 130 mph.

1.Work these Data Tables with Index 11310.

NOTES [Notes Date 7-01-13]:

FF

STATION

FE

# in

FD

  ADMS-1      3/4     3/4  1    5         6-1/2  1   2-1/4      5-1/2      7-1/2         5       11-3/4    3/16   7/8   6   6   1/2    1/2    1/4   3/16    3/16    3/16     5 x 5 x 1/2        4     7/8   3 

  ADMS-1        2    12    1-1/2     1/2   2    3      5/16    5/16   5/16    3/16    3    4   21     0     5    0       19 / 11     7    4     31     6   

  ADMS-1           12+84.00/58.77         24.465    8   8-3/4     60      5           5.56 x 0.375             3 x 3 x 5/16            24.00 x 0.750          5.6878



      

GENERAL NOTES

OTHERWISE NOTED)  WITH A 140 LB HAMMER DROPPED 30 INCHES.

" I.D.,  2" O.D. SPLIT-SPOON FOR 12" PENETRATION (UNLESS8
3OF 1

WITH ASTM D 1586. NUMBER TO THE LEFT OF BORING INDICATES BLOWS

DRILL AND PENETRATION TESTING WERE PERFORMED IN ACCORDANCE

BY THIS DRAWING.

BETWEEN OR OUTSIDE BORING LOCATIONS IS EXPRESSED OR IMPLIED

SUBSURFACE CONDITION, STRATA DEPTH OR SOIL CONSISTENCY

THE BOREHOLE AT THE TIME OF DRILLING. NO WARRANTY AS TO THE

THE BORING LOGS SHOWN REPRESENT SUBSURFACE CONDITIONS WITHIN

30 - 50

10 - 30

Greater than 50

Less than 4

4 - 10

Very Loose

Dense

Loose

Very Dense

Medium Dense

Less than 3

Greater than 40

24 - 40

3 - 8

8 - 24

Less than 2

15 - 30
8 - 15

Very Soft

Stiff

Firm

Soft

Hard
Very Stiff

4 - 8

2 - 4

Less than 1

Greater than 24

3 - 6

6 - 12
12 - 24

1 - 3

SPT N-Value

Safety Hammer

Relative Density

SPT N-Value

Automatic Hammer

(Blow/Foot) (Blow/Foot)

Consistency

SPT N-Value

Safety Hammer

SPT N-Value

Automatic Hammer

(Blow/Foot) (Blow/Foot)

SILTS AND CLAYS-

GRANULAR MATERIALS-

 BORING LOCATION PLAN 

0 0

-5 -5

-10 -10

-15 -15

-20 -20

-25 -25

-30 -30

-35 -35

-40 -40

D
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h
 
(f
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t
)

D
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p
t
h
 
(f

e
e
t
)

-45-45

-50-50

B1B0RING01

SATURATED

(feet)

SOIL

LAYER

DEPTHS

UNIT

SUBMERGED

UNIT

INTERNAL

ANGLE OF

COHESION

WEIGHT

(pcf) (pcf) (tsf)(degrees)

STRENGTH

SHEAR

OF

(tsf)

LIMESTONE

WEIGHT

BORING

from to

FRICTION

NUMBER

RECOMMENDED SOIL PARAMETERS

Greater than 30

-

-

- -33

- -300.0

LEGEND

BORING INFORMATION.

REFER TO GEOTECHNICAL REPORT BY H2R CORP FOR DETAILED

N

= Groundwater Table

= Casing used

N

LOOSE to MEDIUM DENSE tan fine SAND (SP)

MEDIUM DENSE gray SAND (SP)

Clayey LIMESTONE FORMATION

5

14

4

12

22

8

3

16

18

5

6

7

50=3"

Casing Length 5ft

 

at Depth of 45ft

Boring Terminated

B-ADMS #1 EB

97TH STREET E/MOCCASIN WALLOW RD

RIG

HAMMER

DRILLER

DATE

LOCATION

BOR #

CME 75  

AUTOMATIC

T. CARNEY

4/21/2017

12+83, 57'RT CL MOCCASIN WALLOW RD

B-ADMS #1 EB

MEDIUM DENSE gray slightly silty SAND (SP-SM)

FIRM green slightly sandy CLAY (CL)

-200 =

NM = 

3

25

B-ADMS #1 EB

-40.0 -45.0

-17.0

-17.0 -25.0

-25.0 -40.0

111.0

114.0

114.0

120.0

48.6

51.6

51.6

57.6

0.48

5.99

0.008

0.001

VERY LOOSE to MEDIUM DENSE gray slightly silty SAND (SP-SM)

NM = 109

SP or SP-SM, Sand or slightly silty sand

Limestone Soft

SC, Clayey Sand

SM, Silty Sand

CL or CH, Sandy Clay

      

      

-200 = % Passing -200 Sieve

ORG = % Organic Content

NM = % Natural Moisture Content

LL = % Liquid Limit

PI = % Plasticity Index
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P.E. NO. 55438

Daniel C. Hart, P.E.

H2R CORP

3921 76th Avenue North

Pinellas Park, Florida  33781

Certificate of Authorization  31828

REF. DWG. NO.

SHEET NO.

SHEET TITLE:

PROJECT NAME:

TEJ

DRAWN BY:

SD

CHECKED BY:

DCH

DESIGNED BY:

SD

CHECKED BY:

ROAD NO. COUNTY FINANCIAL PROJECT ID

REVISIONS

DATE BY DESCRIPTION DATE BY DESCRIPTION

  MANATEE   434026-1-52-01
S-17

                REPORT OF CORE BORINGS                
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XS_DMS - DMS CROSS SECTION
----

DESCRIPTIONDATE DESCRIPTION DATE

REVISIONS

SHEET

NO.

C:\Projects\Moccasin Wallow\dwg\00000000000\Signals\XS_DMS.dwg

Howard Holley
12/20/2021 3:27:46 PM
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1" = 20' Horizontal

1" = 10' Vertical

FINANCIAL PROJECT ID

MANATEE COUNTY

ROAD NO.

MOCCASIN WALLOW RD

6092560

DAVID J. ALLEN , P.E.

P.E. LICENSE NUMBER 58540

CARDNO

3905 CRESCENT PARK DRIVE

RIVERVIEW , FLORIDA  33578

CERTIFICATE OF AUTHORIZATION 29915

ELEV. 28.44'

GROUND ELEV. 26.98'

TOP OF FOUNDATION

ELEV. 27.57'

DMS RELOCATION

STA. 393+05

LOOKING EAST

FDOT STRUCTURE NO. 13S331

DMS

(FRONT)

12' 12' 25'

44.17'

68.8' FROM MOCCASIN WALLOW ROAD BASELINE

CENTER OF POLE

19.38'

6
.
6
5
'

2
0
.
1
8
'

EDGE OF

TRAVEL

6"

8.22"

BASELINE

NOTE:

1. THE DMS SIGN SHALL BE MOUNTED OVER TRAVEL LANES AS SHOWN.

2. EXISTING DMS SIGN AND STRUCTURE DIMENSIONS ARE AS PER

AS-BUILTS FOR FDOT PROJECT ID 434026-1-52-01

RELOCATED EXISTING DMS ASSEMBLY

PROPOSED FOUNDATION

5'



CANTILEVER SIGN STRUCTURES DATA TABLE

CANTILEVER SIGN STRUCTURES DATA TABLE (CONT.)

CANTILEVER SIGN STRUCTURES DATA TABLE (CONT.)

BACKRAKE

G

inO. D. x Wall Thk. (in)

F (UPRIGHT)E (WEB)

MEMBER SIZES

Angle (in)O. D. x Wall Thk. (in)

D (CHORD)

#

N

in

C

in

B

DIMENSIONS

ftft

ASIGN NO.

SIGN NO. GA

in

GB

in ft in

GC GD

ft in ft

GE

in ft

GF

in ft

GG

in ft in

GH

ft in

GJ GK

in

TA

in

TB

# #

TC

in

TD TE

in

TRUSS CONNECTION

in

TF TG

in

TH

in

TJ

in Angle (in)

SA

SPLICE

SB

# in #

SDSC

PANELS

GUSSET PLATES

SIGN NO.

in

BA BB

#

BC

in

BD

in ft in

BE

BASE CONNECTION

in

BF BG

in

BH

in

BJ

in ft

BK

in

ANCHOR

ft in

FA

FOOTING - DRILLED SHAFT

FB

ft in # / Size

FC FG

# in

FOUNDATION NOTES [Notes Date 7-01-12]:

1. Design based on Borings taken 4/21/2017

sealed by H2R Corp.

2. Assumptions and Values used in design:

Soil Type Non-Cohesive

Soil Layer Thickness = 25 ft.

Soil Friction Angle = 31 deg.

Soil Weight = 48.6 pcf

Design Water Table is 0 ft. below surface

FF

STATION

FE

# in

FD

NOTES [Notes Date 7-01-13]:

1. Work these Data Tables with Index 700-040.

2. Design Wind Speed = 150 mph.

3. Relocate existing DMS sign to new foundation.

13S331 2 12 2 1/2 2 3-1/4 5/16 5/16 5/16 5/16 3 4 24 0 5 0 19 / 11 7 4 31 6

CANTILEVER SIGN
STRUCTURE DATA TABLE

DESCRIPTIONDATE DESCRIPTION DATE

REVISIONS

SHEET

NO.

C:\Users\christopher.gamache\OneDrive - Cardno\Desktop\SSDTSG01.dwg
Christopher Gamache 12/22/2021 2:59:03 PM
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CHRISTOPHER P. GAMACHE, P.E.

P.E. LICENSE NUMBER 82122

CARDNO

380 PARK PLACE BLVD SUITE 300

CLEARWATER, FLORIDA 33759

CERTIFICATE OF AUTHORIZATION 29915

ROAD NO. PROJECT ID

MOCCASIN WALLOW RD

MANATEE COUNTY

6092560
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Cantilever Overhead Sign Program LRFD v1.5
  

 © 2021 Florida Department of Transportation

 User manual including
 Program Changes

FDOT

 Design Specifications & References:
[LTS] - AASHTO LRFD Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals
[AASHTO] - AASHTO LRFD Bridge Design Specifications
[SMn] - FDOT Structures Manual  n=1:  Structures Design Guidelines; n=3:  FDOT Modifications to LRFD
Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals (LRFD LTS).
[Index] - FDOT Standard Plans
[AISC] - Steel Construction Manual

Reference:C:\Users\christopher.gamache\OneDrive - Cardno\Desktop\OverheadSign-CantileverV1.5\LRFD Equation Module.xmcd(R)

Change Folder Data Files Folder

C:\Users\christopher.gamache\OneDrive - Cardno\Desktop\OverheadSign-CantileverV1.5\Data\

 Open Existing Data File (optional)

Refresh List

Sign Name

Station/Offset

 Project Data

Project Name

6092560Project No.

12 / 2021Designed by Date

TRH 12 / 2021Checked by Date

 Sign Structure Data

CPG

Moccasin Wall Rd from US 41 to West of I-75

393+05

393+05 / 68.8' RT

Ex1 - Static Sign Panels with Drilled Shaft.dat
Ex2 - Static Sign Panels with Spread Footing.dat
Ex3 - Static Sign Panels Front and Back.dat
Ex4 - Walk-In DMS.dat
Ex5 - Walk-In DMS with Walkway.dat
Ex6 - Front-Access DMS with Static Signs.dat
Moccasin Wallow Rd.dat

Open File

CantileverOverheadSignV1.5.xmcd Page 1 of 14 Printed: 12/22/2021 8:26 AM



Cantilever Overhead Sign Program

 Material Properties Data Upright and Chords: ASTM A500,  Web Angles: ASTM A709 Grade 36

58Fy of Upright ksi Fu of Upright ksi

36 58Fy of Web ksi Fu of Web ksi

42 58Fy of Chord ksi Fu of Chord ksi

 Truss Data

Truss Length ft

Truss Height ft

No. of Truss Panels

Vert. Truss Depth ft

 Wind Load Data

150
 Standard Plans and

 Instructions Index 700-040Design Wind Speed mph

30Wind Height ft

Vertical Clearance ft

44.17

5

42

24.465

20.18

5

12/22/2021 CantileverOverheadSignV1.5.xmcd Page 2/14



Cantilever Overhead Sign Program

 Load Data

Reset Load Data

2

Sign Panels

 Sign Panel 
Number

 
 

 Panel 
Length

(ft)
 

 Panel 
Height

(ft)
 

 Horizontal 
Offset

(ft)
 

 Vertical 
Offset*

(ft)
 

 Back-side 
Mounted?

 
 

 Panel
Weight
(psf)

     

3

Walkways

 Walkway 
Number

  
 

 Walkway 
Length

(ft)
 

2

 Walkway 
Width

(ft)
 

 Number of 
Hangers

   
 



 Horizontal 
Offset

(ft)
 

3

 Vertical 
Offset*

(ft)
 

 Walkway 
Weight

(plf)
     

1

4

2

5

Attachments

6

 Attachment 
Number

  
 

 Projected
Area

(sq. ft)
 

 Drag Coeff.,
Cd

  
 

 Attached to Which
Chord Member?

(Top / Bottom / Back) 

7

 Horizontal 
Offset

(ft)
 

1

2

8

9

3

10

* Vertical offsets are input as negative values when element centroid is below the truss centerline.

 Attachment 
Weight

(lb)
     

DMS Panels

 DMS Panel
Number

 
 

 Panel
Length

(ft)
 

 Panel 
Height

(ft)
 

 Panel 
Depth

(ft)
 

 Horizontal 
Offset

(ft)
 

 Vertical 
Offset*

(ft)
 

 Panel
Weight
(psf)

     

6.65 15.321

1

















Show Panels 11-20



19.38 1.25 34.48 0
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   Member Data

 Member Properties

Chord Size Design Properties

Nominal Weight

5.56Outside Diameter ( D ) in

0.349Wall Thickness ( t ) in

5.72Area ( A ) in2

19.5Moment of Inertia ( I ) in4

1.85Radius of Gyration ( r ) in

39Torsional Constant ( J ) in4

20.8Nominal Weight plf

Web Size Design Properties

plf

3Leg Length ( b ) in

0.313Leg Thickness ( t ) in

1.78Area ( A ) in2

0.86Dist. to Centroid ( x

 ) in

1.5X Moment of Inertia ( Ix ) in4

0.918X Rad. of Gyration ( rx ) in

0.583Z Rad. of Gyration ( rz ) in

6.1Nominal Weight plf

Upright Size Design Properties

Outside Diameter ( D ) in

Wall Thickness ( t ) in

Area ( A ) in2

Moment of Inertia ( I ) in4

Radius of Gyration ( r ) in

Torsional Constant ( J ) in4

24

0.75

3.50" O.D. Pipe, 0.216" Wall
4.00" O.D. Pipe, 0.226" Wall
4.50" O.D. Pipe, 0.237" Wall
4.50" O.D. Pipe, 0.337" Wall
5.563" O.D. Pipe, 0.258" Wall
5.563" O.D. Pipe, 0.375" Wall
6.625" O.D. Pipe, 0.432" Wall
8.625" O.D. Pipe, 0.500" Wall
CUSTOM

Angle 2-1/2" x 2-1/2" x 1/4"
Angle 3" x 3" x 1/4"
Angle 3" x 3" x 5/16"
Angle 3-1/2" x 3-1/2" x 5/16"
Angle 3-1/2" x 3-1/2" x 3/8"
Angle 4" x 4" x 3/8"
Angle 4" x 4" x 1/2"
Angle 5" x 5" x 1/2"
CUSTOM

12.75" O.D. Pipe, 0.375" Wall
14" O.D. Pipe, 0.375" Wall
16" O.D. Pipe, 0.375" Wall
18" O.D. Pipe, 0.438" Wall
20" O.D. Pipe, 0.500" Wall
24" O.D. Pipe, 0.375" Wall
24" O.D. Pipe, 0.562" Wall
24" O.D. Pipe, 0.750" Wall
30" O.D. Pipe, 0.500" Wall
30" O.D. Pipe, 0.625" Wall
30" O.D. Pipe, 0.750" Wall

54.8

3705

8.22

7411

186.4
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Truss Bolt
Diameter

Min. Gusset Bolt
Diameter

Min. Gusset Plate
Thickness

Min. Horizontal
Plate Thickness

Min. Vertical Plate
Thickness

Min. Base Plate
Thickness

Min. Stiffener Plate
Thickness

 Connection Data

Splice

3/4''
7/8''
1''

4
6
8

Splice Bolt
Diameter

Number of
Splice Bolts

Gusset Plates

Truss Connections

6
8
10
12

6
8
10
12

Number of
Truss Back 
Bolts

Number of
Truss Front 
Bolts

Base Connection

8
10
12

Number of
Anchor Bolts

3/8''
1/2''
5/8''
3/4''
7/8''
1''

1/2''
5/8''
3/4''
7/8''
1''

1/2''
5/8''
3/4''
7/8''
1''

3/8''
1/2''
5/8''
3/4''
7/8''
1''

5/8''
3/4''
7/8''
1''
1-1/4''

7/8''
1''

1''
1-1/2''
1-3/4''
2''
2-1/4''
2-1/2''

Anchor Bolt
Diameter

1''
1-1/4''
1-1/2''
1-3/4''
2''
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 Foundation Data

Ground to Top of Pedestal Offset

Drilled Shaft
Spread Footing
None

Foundation Type

Drilled Shaft Data

ft

Soil Type

48.6Soil Density, soil  

Typical Design Value 45-50 pcf
pcf

31Friction Angle,  deg

10SPT Number (Nblows)

run/rise

Shear Strength, c ksf

5Shaft Diameter (FB) ft

1Ground to Top of Shaft Offset ft

First Set Stirrups:

7Number of Stirrup Spaces (FD)

4Stirrup Spacing (FE) in

Second Set Stirrups:

31Number of Stirrup Spaces (FF)

6Stirrup Spacing (FG) in

#5 Stirrup
#6 Stirrup

Stirrup Bar Size

Spread Footing Data
φb qnFactored Bearing Resistance psf

Soil Density (Ground Cover) pcf

Coeff. of Passive Pressure

Coeff. Friction between Slab and Soil

Pedestal Height (FE) ft

 Cross Slope Present

Sand
Clay
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   Save Data

 Save Data File (optional)

   Total Forces

   Truss Diagram Data

File Name

Note: Select an output folder by using the "Change Folder" option above.

   Data Initialization

   Geometry Check Calculations

 Preliminary Geometry Checks

CheckLTrussPanel "OK" LTrussPanel 8.83 ft OK if LTrussPanel 12 ft

CheckClrWeb "OK" Check for Web members interfere with upright.

CheckClrGusPlate "OK" DHorz dUpright dChord  1.87 ft OK if > 18 in

CheckLayoutSign "OK" Check that panels fit on the chord members.

CheckOverlapPanel "OK" Check that panels do not overlap.

CheckDMS "OK" For DMS, checks vertical depth and span-to-depth ratio

 Member Slenderness Checks

CheckSlendernessChord "OK" KLrChord 57.3

CheckSlendernessWeb "OK" KLrWeb 197.86

CheckClassification.chord "OK" SectionClassification.local.buckling.chord "Compact"

CheckClassification.web "OK" SectionClassification.local.buckling.web "Compact"

   3D Model Data and Wireframe Diagram

   Design Forces

   Fatigue Forces

Save Data

 Use current input file

Moccasin Wallow Rd.dat
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 Truss Diagram

Note: Use your mouse and keyboard to zoom in, zoom out or rotate the 3D plot above.
(See "Rotating, Spinning, or Zooming a 3D Plot" in Mathcad Help for instructions.)

 3D Structural Analysis

Note: A new analysis MUST be run after any change in program input.

   PC-SAP Output Data and Design Check Calculations

   Maximum Reactions and Results Output

Run Analysis
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ProjectName "Moccasin Wall Rd from US 41 to West of I-75"

SignName "393+05"

SignStation "393+05 / 68.8' RT"

vwind 150 mph

 Results

 Standard Plans and
 Instructions Index 700-040Sign Structure Geometry

(A) HTruss 24.46 ft

(B) NumberOfTrussPanels "5 @ 8' 10"  ( Total_Length = 44.17 ft. )"

(C) VerticalTrussDepth 60.00 in

HorizontalTrussDepth 51.96 in

Sign Structure Members

(D) ChordMember "5.563" O.D. Pipe, 0.375" Wall" CFIChord "0.524  OK"

(E) WebMember "Angle 3" x 3" x 5/16"" CFIWeb "0.583  OK"

(F) UprightMember "24" O.D. Pipe, 0.750" Wall" CFIUpright "0.484  OK"

Additional Design Checks

CheckSignHangers "OK"

CheckDeflectionUpright "OK"
MaxDeflection 0.92 in ΔLimit 2.5% HTruss 7.34 in

CheckRotationUpright "OK"
MaxRotation 0.3 deg RotLimit 1.67 deg

Max. Reactions at Base of Upright

MLong 374.7 kip ft

VLong 15.4 kip

MTrans 245.3 kip ft

VTrans 2.9 kip

Axial 13.4 kip

Torq 443.3 kip ft

(G) BackRake 5.75 in

   Splice Calculations

   Gusset Plate Calculations

   Truss Connection Calculations
   Base Plate Calculations and Anchor Bolt Design

   Connection Output
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 Connection Values

Note: All truss bolted connections use A325 bolts, and upright anchor bolts are ASTM F1554.
All welds are sized assuming E70xx electrodes.

Splice Connection

(SA) SizeAngle "Angle 5" x 5" x 1/2""

(SB) #BoltsReqd.in.Splice "4"

(SC) dBoltReqd.for.Splice "7/8" Dia."

(SD) NPanel.Where.1st.Splice.Allowed "3 (from upright)"

CheckBoltSplice "OK"

Gusset Plates

(GA) tGus "3/4""

(GB) d Bolt.Gus "3/4" Dia."

(GC) LBack.Chord.Gus "1' 5-1/4""

(GD) HBack.Chord.Gus "6-1/2""

(GE) LFront.Chord.Gus "1' 2-1/2""

(GF) HFront.Chord.Gus "5-1/2""

(GG) LBack.Truss.End.Plate "10""

(GH) HBack.Truss.End.Plate "6-1/4""

(GJ) LFront.Truss.End.Plate "11-3/4""

(GK) WeldGusset.to.Chord "3/16""

CheckThicknessGusset "OK"

Truss Connections

(TA) dRequired "7/8" Dia."

(TB) #BoltsReqd.Back.Chord.Connection "6"

(TC) #BoltsReqd.Front.Chord.Connection "6"

(TD) tHorz.Connec.Plate "1/2""

(TE) tVert.Connec.Plate "1/2""

(TF) WeldHorz.PL.to.Upright "1/4""

(TG) WeldVert.PL.to.Upright "5/16""

(TH) WeldChord.to.Connec.PL "3/16""

(TJ) WeldVert.PL.to.Horz.PL "3/16""
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Additional Truss Connection Checks

CheckBoltTrussBack "OK" D/Cbolt.truss.back 0.70

CheckBoltTrussFront "OK" D/Cbolt.truss.front 0.07

CheckThicknessHorz.Plate "OK"

CheckThicknessVert.Plate "OK"

CheckThicknessConnec.Plate "OK"

CheckThicknessHorz.Vert "OK"

CheckStressHorz.Plate "OK"

CheckStressVert.Plate "OK"

CheckBendingUpright "OK"

Base Connection

(BA) DAnchor "2" Dia."

(BB) #AnchorBoltsReqd "12"

(BC) tBase.Plate "2""

(BD) tStiffener.Plate "1/2""

(BE) HStiffener.Plate "2' 3-1/4""

(BF) WeldInside.Base.PL "5/16""

(BG) WeldOutside.Base.PL "5/16""

(BH) WeldStiffener.to.Base "5/16""

(BJ) WeldStiffener.to.Upright "5/16""

Additional Base Connection Check

CheckThickenssStiffener "OK"

CheckWeldSizeLimitBaseUpright.in "OK"

CheckWeldSizeLimitBaseUpright.out "OK"

CheckWeldSizeLimitStiffBase "OK"

CheckWeldSizeLimitStiffUpright "OK"

CheckSpacingStiffener "OK"
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   Fatigue Calculations

 Fatigue Design Checks

Base Connection

CheckFatigueUpright "OK  (1.6 ksi < 7 ksi)"

CheckFatigueBase "OK  (0.92 ksi < 10 ksi)"

CheckFatiqueAnchor.Bolt "OK  (0.16 ksi < 7 ksi)"

Chord Member and Connections

CheckFatigueChord.Truss "OK  (2.09 ksi < 4.5 ksi)"

CheckFatigueChord.Splice "OK  (1.16 ksi < 7 ksi)"

CheckFatigueChord.Slot "OK  (2.09 ksi < 2.6 ksi)"

CheckFatigueHalf.Chord "OK  (1.26 ksi < 2.6 ksi)"

CheckFatigueTruss.Bolts "OK  (0.25 ksi < 7 ksi)"

Gusset Plates

CheckFatigueBack.Plates "OK  (0.03 ksi < 1.2 ksi)"

CheckFatigueBack.End.Plates "OK  (0.12 ksi < 1.2 ksi)"

CheckFatigueFront.Plates "OK  (0.03 ksi < 1.2 ksi)"

CheckFatigueFront.End.Plate "OK  (0.09 ksi < 1.2 ksi)"

CheckFatigueFront.Tip.Plate "OK  (0.02 ksi < 1.2 ksi)"

Web Members

CheckFatigueWeb "OK  (1.04 ksi < 7 ksi)"

   Drilled Shaft Calculations

   Spread Footing Calculations

   Anchor Bolt Embedment and Breakout Strength
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 Drilled Shaft Design ReinfClearSpacing 6.1 in should be > 6 inches

Drilled Shaft Design Checks

CheckMassConcrete "OK"

CheckLong.Reinf.Spacing "OK"

CheckCapacity.Long.Reinf "OK"

CheckComb.Shear.Torsion "OK"

CheckMax.Stirrup.Spacing "OK"

CheckStirrupSpacing "OK"

Drilled Shaft Dimensions/Reinforcing

(FA) LDrilled.Shaft 24.0 ft

(FB) DDrilled.Shaft 5.0 ft

(FC) LongitudinalReinforcement "19 No. 11 bars evenly spaced"

(FD) #SpacesStirrup 7

(FE) SpacingShear.Stirrup 4.00 in

(FF) #SpacesStirrupb 31

(FG) SpacingShear.Stirrupb 6.00 in

SizeStirup "5"

 Spread Footing Design

Spread Footing Design Checks

CheckFooting.Design "n/a"

CheckPedestal.Height "n/a"

Spread Footing Dimensions/Reinforcing

(FA) LSlab "n/a"

(FB) WSlab "n/a"

(FC) tSlab "n/a"

(FD) DPedestal 0.0 ft

(FE) HPedestal "n/a"

(FF) LongitudinalRebarBot "n/a"

(FG) TransverseRebararBot "n/a"

(FH) LongitudinalRebarTop "n/a"

(FJ) TransverselRebarTop "n/a"

(FK) StirrupBars "n/a"

(FL) VerticalBars "n/a"
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 Anchor Bolt Design

Anchor Bolt Length

(BK) LAnchor.Bolt.Embed 40 in

Additional Anchor Bolt Checks

CheckAnchor.Bolt.Capacity "OK"

D/Canchor.bolt 0.6

CheckConcrete.Breakout "OK"

Checkclear.bar.to.bolt "OK" Spacingclear.bar.to.bolt 4.1 in should be >= 2 inches 

SpacingClearFooting "n/a" in

   MicroStation Data

 Create Micro Station Text File

File Name

MicroStation Table Directions 
1. Open the text menu and select "TableData" on the menu.  This sets the text font for correct 

placement in the table.  
2. Open the key‐in dialog box and type in “include” and then add the full path to the text file. 
3. Place the text using the text node provided in the Table.  Some minor adjustment may be 

necessary to center the text.  

Check All

CheckAll_Results "1 check is not OK"

Checks_Not_OK 0
0 "CheckFatigue.Chord.Splice - OK "



Create MicroStation FileMoccasin Wallow Rd.txt

 Use same name as current data file
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Dear Mr. Faraji:

Universal Engineering Sciences, Inc. (UES) has completed the subsurface exploration for 
the above referenced project.  The scope of our exploration was planned in conjunction 
with and authorized by you.  

This report contains the results of our exploration, an engineering interpretation of these 
results with respect to the project characteristics described to us, and recommendations to 
aid in foundation design, and site preparation.

We appreciate the opportunity to have worked with you on this project and look forward to 
a continued association.  Please do not hesitate to contact us if you should have any 
questions, or if we may further assist you as your plans proceed.

Respectfully submitted,

UNIVERSAL ENGINEERING SCIENCES, INC.
Certificate of Authorization Number 549
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1.0 INTRODUCTION

1.1 GENERAL

In this report, we present the results of the subsurface exploration of the proposed mast arm
structures.  A general location plan of the project appears in Appendix A: Site Location Plan.  
We have divided this report into the following sections:

SCOPE OF SERVICES - Defines what we did
FINDINGS - Describes what we encountered
RECOMMENDATIONS - Describes what we encourage you to do
LIMITATIONS - Describes the restrictions inherent in this report
APPENDICES - Presents support materials referenced in this report.

2.0 SCOPE OF SERVICES

2.1 PROJECT DESCRIPTION

The project consists of the construction of mast arms structures within three (3) intersections 
along Moccasin Wallow Road in Palmetto, FL. A site plan showing the pole locations was 
provided to us. 

Our recommendations are based upon the above considerations.  If any of this information is 
incorrect or if you anticipate any changes, inform Universal Engineering Sciences so that we 
may review our recommendations.

2.2 PURPOSE

The purposes of this exploration were:

· To explore the general subsurface conditions at the site;

· To interpret and review the subsurface conditions with respect to the proposed 
construction; and

· To provide geotechnical engineering recommendations for foundation design, and 
site preparation.

Recommendations concerning other soil related considerations were beyond the scope of our 
exploration.  This report presents an evaluation of site conditions on the basis of traditional 
geotechnical procedures for site characterization. Our work did not address the potential for 
surface expression of deep geological conditions, such as sinkhole development related to karst 
activity. The recovered samples were not examined, either visually or analytically, for chemical 
composition or environmental hazards. Universal Engineering Sciences would be pleased to 
perform these services, if you desire.
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2.3 FIELD EXPLORATION

The subsurface conditions were explored by drilling and sampling eleven (11) Standard 
Penetration Test (SPT) borings within the intersection areas to a depth of 40 feet below existing 
grades.

We performed the Standard Penetration Test using our truck mounted drill rig utilizing mud 
rotary procedures according to the procedures of ASTM D-1586, with continuous sampling 
performed above a depth of 10 feet, to detect slight variations in the soil profile at shallow 
depths, and then at five-foot intervals thereafter. The basic procedure for the Standard 
Penetration Test is as follows:  A standard split-barrel sampler is driven into the soil by a 140-
pound hammer falling 30 inches.  The number of blows required to drive the sampler 1-foot, 
after seating 6 inches, is designated the penetration resistance, or N-value; this value is an 
index to soil strength and consistency.

The boring locations were located by our drill crew based on the site plan and existing site 
conditions.  The test boring locations are shown on the attached Boring Location Plan in 
Appendix A as B-1 through B-11.

2.4 LABORATORY INVESTIGATION

The soil samples recovered from the soil test borings were returned to our laboratory and then 
an engineer visually examined and reviewed the field descriptions. We selected representative 
soil samples for laboratory testing consisting of ten (10) wash 200 determinations and moisture 
content tests.

We performed these tests to aid in classifying the soils and to help evaluate the general 
engineering characteristics of the site soils. See Appendix A: Boring Logs and Description of 
Testing Procedures for further data and explanations. Jar samples of the soils will be held in our 
laboratory for your inspection for sixty days unless we are notified otherwise.

3.0 FINDINGS

3.1 SURFACE CONDITIONS

A Universal Engineering Sciences representative performed a visual site observation of the 
subject property to gain a "hands-on" familiarity of the project area.  The overall existing roadways 
are relatively level and generally elevated above surrounding grade and consist of ditches along the 
roadside for drainage.  

3.2 SOIL SURVEY-PUBLISHED INFORMATION

The “Soil Survey of Manatee County, Florida”, published by the published by the United States 
Department of Agriculture (USDA) - Soil Conservation Service (SCS), was reviewed for general 
near-surface soil information prior to development within the general project vicinity. The USDA, 
SCS primary soil mapping groups within the proposed project area, and some characteristics 
and properties are summarized below. The location of these groups can be observed on the 
SCS Soil Survey Map provided in the Appendix A. 
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EauGallie (Soil Group No. 20): Under natural conditions, this soil group consists of fine sands
from the surface to a depth of about 42 inches, sandy clay loam from 42 to 50 inches, and
fine sand from 50 to 65 inches below grade. Based on the soil survey, the water table is
from 6 to 18 inches below grade.

Felda (Soil Group No. 22): Under natural conditions, this soil group consists of fine sands
from the surface to a depth of about 35 inches, f ine  sandy loam from 35 to 43 inches, and
extremely paragravelly fine sand from 43 to 80 inches below grade. Based on the soil
survey, the water table is from the ground surface to 12 inches below grade.

Floridana-Immokalee-Okeelanta (Soil Group No. 26): Under natural conditions, this soil group 
consists of fine sand and muck from the surface to a depth of about 20 inches, fine sand from 
20 inches to 36 inches; sandy clay loam from 36 to 63 inches, and fine sand from 63 to 80
inches below grade. Based on the soil survey, the water table is at the ground surface.

Palmetto (soil Group No. 38): Under natural conditions, this soil group consists of sand from the 
surface to a depth of 45 inches, sandy clay loam from 45 to 64 inches, and loamy sand from 64 
to 68 inches below grade. Based on the soil survey, the water table is at the ground surface.

Tavares (soil Group No. 45): This soil group consists of fine sand from the surface to a depth of 
about 80 inches below grade. Based on the soil survey, the water table is from 42 to 72 inches
below grade, under natural conditions.

Wabasso (Soil Group No. 48): Under natural conditions, this soil group consists of fine sands
from the surface to a depth of about 37 inches, sandy clay loam from 37 to 65 inches, and
fine sand from 65 to 80 inches below grade. Based on the soil survey, the water table is
from 6 to 18 inches below grade.

3.3 SUBSURFACE CONDITIONS 

The boring locations and detailed subsurface conditions are illustrated in Appendix A:  Boring 
Location Plan and Boring Logs.  The classifications and descriptions shown on the logs are 
generally based upon visual characterizations of the recovered soil samples.  Also, see 
Appendix A:  Soils Classification Chart, for further explanation of the symbols and placement of 
data on the Boring Logs. The following table summarizes the soil conditions encountered.
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TABLE 1
General Soil Profile

Typical depth 
(ft) Soil Descriptions

From To

B-1 – B-4: Moccasin Wallow Rd and 36th Ave Intersection

0 2 Fine sand with silt [SP-SM]

2 6 Fine sand [SP]

6 8 Loose to medium dense fine sand with trace silt [SP]

8 12 Loose fine sand with trace silt [SP]

12 17 Medium dense to loose fine sand [SP]

17 32 Very dense clayey sand, and stiff to very hard clay [SC, CL/CH]

32 40* Very hard clay [CL/CH]

B-5 – B-7: Moccasin Wallow Rd and Artisian Lakes Pkwy Intersection

0 4 Very loose to loose fine sand, and fine sand with silt and roots [SP, SP-SM]

4 8 Medium dense fine sand, and clayey sand [SP, SC]

8 17 Very loose to loose fine sand, and clayey sand [SP, SC]

17 22 Very loose clayey sand, and medium stiff clay [SC, CL]

22 40* Very hard clay [CL]

B-8 – B-11 Moccasin Wallow Rd and Gateway Blvd Intersection

0 4 Fine sand with silt [SP-SM]

4 6 Fine sand, and fine sand with silt [SP, SP-SM]

6 12 Loose to medium dense fine sand with trace silt [SP]

12 17 Loose to medium dense silty clayey sand with shell, phosphates, and 
limestone fragments [SC-SM]

17 22 Loose silty clayey sand with shell, phosphates, and limestone fragments, and 
still clay [SC-SM, CL]

22 32 Loose clayey sand, and stiff to very hard clay [SC, CL]

32 40* Very hard clay [CL]

* Termination Depth of Deepest Boring
[ ] Bracketed Text Indicates: Unified Soil Classification
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Variations in the depth, thickness and consistency of the aforementioned soil strata occurred at 
the individual test boring locations.  We encountered groundwater at depths ranging from 3.5 to 
6 feet below existing grade at the time of our investigation. The variations in the measured water 
levels are attributed to the variation in the ground surface elevation at this site as well as the soil 
type encountered. 

Shallow clayey soils were encountered in the soil borings. These soils may be moisture 
sensitive and difficult to compact if encountered during construction. 

Very dense cemented sands and very hard cemented clays (rock-like material) were 
encountered in the borings below a depth of 22 feet with N-values of more than 50 blows per 
foot. This soil may vary across the site in depth and consistency, and may be difficult to 
excavate.

4.0 RECOMMENDATIONS

4.1 GENERAL

The following recommendations are made based upon a review of the attached soil test data, 
our understanding of the proposed construction, and experience with similar projects and 
subsurface conditions.  If the assumed structural loadings, building locations, building sizes, or 
grading plans change or are different from those discussed previously, we request the 
opportunity to review and possibly amend our recommendations with respect to those changes.

Additionally, if subsurface conditions are encountered during construction which was not 
encountered in the borings, report those conditions immediately to us for observation and 
recommendations.

In this section of the report, we present our detailed recommendations for groundwater control, 
building foundations, and site preparation.

4.2 GROUNDWATER CONSIDERATIONS

The groundwater table will fluctuate seasonally depending upon local rainfall and tidal 
fluctuation. Temporary dewatering may be required for deeper excavations, such as large 
foundation elements, elevator pits and utility trenches.  Surface drainage and dewatering 
measures may be required during site preparation procedures such as proof-compacting of 
the existing soils, and fill placement particularly if construction proceeds during the wet 
season. Further, we recommend that the groundwater table be maintained 18 to 24 inches 
below earthwork and compaction surfaces.

We recommend sufficient quantities of fill be placed in the building and pavement areas to 
mitigate the effect of groundwater on shallow excavations, such as foundations. Further, we 
recommend the bottom of the base course used in pavement construction be maintained at 
least 18 inches above the seasonal high water levels.

Temporary dewatering may be required during site preparation, especially if construction 
proceeds during the wet season or periods of heavy rainfall.  Temporary dewatering may 
also be required for deeper excavations, such as utility trenches, the backfilling of the 
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drainfield area and other excavations.  We recommend that the contract documents provide 
for determining the groundwater level just prior to construction and for any dewatering 
measures which might be required.  We recommend that the groundwater table be 
maintained at least 24 inches below all earthwork and compaction surfaces.

4.3 SOIL DESIGN PARAMETERS

Based on the SPT test results and soils encountered with the borings along the evaluated 
roads, soil design parameters of angle of internal friction, earth pressure coefficient, unit 
weights, cohesion, shear modulus, and bearing pressure were estimated and are presented 
in Table 2 below.

Table 2 
Estimated Soil Design Parameter 

Typical 
Depth Effective 

Unit 
Weight 

(pcf) 

Saturated 
Unit 

Weight 
(pcf) 

Dry 
Unit 

Weight 
(pcf) 

Friction 
Angle 
(psf) 

Cohesion 
(psf) 

Recommended Earth 
Pressure Coefficients Allowable 

Bearing 
Pressure 

(Ksf) 

Shear 
Modulus 

(psf) From To 
At 

Rest 
KO 

Active 
KA 

Passive 
KP 

B-1 – B-4: Moccasin Wallow Rd and 36th Ave Intersection
0 6 42.6* 105 100 29 0 0.52 0.34 2.88 1.5 86,400 
6 12 47.6 110 105 30 0 0.50 0.33 3.00 2.0 259,200 

12 22 42.6 105 100 29 0 0.52 0.34 2.88 2.5 86,400 
22 32 57.6 120 115 0 1,250 1.00 1.00 1.00 3.0 72,000 
32 40 62.6 125 120 0 6,250 1.00 1.00 1.00 4.0 308,571 

B-5 – B-7: Moccasin Wallow Rd and Artisian Lakes Pkwy Intersection
0 4 42.6* 105 100 29 0 0.52 0.34 2.88 1,5 86,400 
4 8 47.6 110 105 30 0 0.50 0.33 3.00 2.0 259,200 
8 17 42.6 105 100 29 0 0.52 0.34 2.88 2.5 86,400 

17 22 52.6 115 110 0 750 1.00 1.00 1.00 3.0 72,000 
22 40 57.6 62.6 125 120 6,250 1.00 1.00 1.00 4.0 308,571 

B-8 – B-11 Moccasin Wallow Rd and Gateway Blvd Intersection
0 6 42.6* 105 100 29 0 0.52 0.34 2.88 1.5 86,400 
6 8 47.6 110 105 30 0 0.50 0.33 3.00 2.0 259,200 
8 17 42.6 105 100 29 0 0.52 0.34 2.88 2.5 86,400 

17 32 57.6 120 115 0 1,250 1.00 1.00 1.00 3.0 72,000 
32 40 62.6 125 120 0 6,250 1.00 1.00 1.00 4.0 308,571 
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4.4 DRILLED SHAFTS FOR MAST ARM STRUCTURES

The finished grade elevations of the mast arm footings are assumed to be at the existing ground 
surface.  The shaft tips are recommended to be embedded a minimum depth below the ground 
surface following the site preparation recommendations.  The estimated allowable resistance 
values were based on static analysis, as determined during the field exploration and laboratory 
testing.  Geotechnical information to aid in mast arms foundation design, for the specific boring 
locations, is shown at the above table.

4.4.1 Drilled Shaft Installation

The previously recommended allowable pile resistance values are estimates based on 
anticipated installation techniques, the subsurface conditions at the site, and our experience in 
the area.  Significant movement of a pile may be necessary to develop the full shear strength of 
the soil.  The magnitude of this movement may not be compatible with the desired structural 
“fixity”, and allowable deflection may become the governing criterion for capacity rather than the 
ultimate shear strength of the soil.  This is particularly true for piles subjected to uplift.  Based on 
our experience, the previously recommended capacities should result in deflections tolerable to 
the proposed self supported cell tower.  

Installation of the drilled shafts must also be monitored by a representative from UES.  The 
auger teeth used to install the drilled shafts should have cutting teeth in good condition to 
prevent soil from being smeared on the shaft sidewalls.  All production shafts should contain at 
least the neat-line volume of concrete calculated for the length of shaft installed.  

Groundwater was encountered at the boring locations at depths ranging from 3.5 to 6 feet below 
existing ground surface, therefore depending on the design depth of the drilled shafts, and the 
rainfall variations, water may be encountered during the placement of the drilled shafts.  Water 
in the bottom of the drilled shafts should be removed by pumping.  Due to possible presence of 
groundwater, a temporary steel casing should be installed along the entire length of the shaft 
during drilling operations.  Once the drilled shaft has been advanced to its designed depth the 
bottom of the shaft should be evaluated by a representative of UES to verify the proper diameter 
and that the bottom of the shaft is free of loose soil.  The steel reinforcing cage should be 
installed upon the satisfactory evaluation of the drilled shaft excavation.  The concrete should 
then be placed as soon as practicable to reduce the deterioration of the supporting soils due to 
sidewall caving and groundwater intrusion.

If the contractor elects to install the drilled shafts by ‘wet’ or ‘slurry’ methods a temporary casing 
may be needed in conjunction with the slurry.  The slurry level should be at least a minimum of 
5 feet or one shaft diameter, whichever is greater, above the groundwater level.  The pH, 
specific gravity, and sand content of the drilling slurry should be periodically tested during the 
placement of the shafts.  A significant change in any of these parameters during the drilling of 
the shafts may indicate excess soil migration into the slurry, which may settle on the bottom of 
the excavation and consequently result in a reduction of the allowable end bearing capacity of 
the drilled shafts.
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We recommend a thorough testing program for the concrete placed in drilled shafts.  During 
concrete placement the concrete may be allowed to fall freely through the open area in the 
reinforcing steel cage as long as the concrete is not allowed to strike the rebar or the casing 
prior to reaching the bottom of the shaft.  If the shafts are advanced utilizing the ‘wet’ method 
the concrete should be placed using a tremie pipe which should be placed about 1 shaft 
diameter above the bottom of the shaft.  The bottom of the tremie pipe must be below the 
concrete during placement.  Qualified personnel should be present to cast compressive 
representative test specimens of the concrete being placed in the drilled shafts.  We 
recommend that at least two sets of specimens, four specimens per set, be cast per day and 
that at least one set of specimens be cast for every 50 cubic yards of concrete placed.  Batching 
tickets should reference the mix approved in the specifications and show batching times.  The 
concrete mix shall have a slump of 6 to 8 inches.  Admixtures, such as super plasticizer, may be 
needed to achieve this specified slump.  The protective steel casing should be extracted as the 
concrete is being placed, however a head of concrete should be maintained above the bottom 
of the shaft casing to prevent soil and water intrusions into the shaft.

Buried obstructions such as debris or boulders can prevent shaft installation.  If drilled shafts 
stop short of their design depths, it may be necessary to make backhoe explorations or one or 
more exploratory borings to evaluate the condition.  Based on the findings, it may be necessary 
to add shafts.  Likewise, it is possible that longer shafts may be required in some areas.  
Therefore, the contract documents should contain provisions for adding or deducting shaft 
length or installing additional shafts.

4.5 CONSTRUCTION RELATED SERVICES

We recommend the owner retain Universal Engineering Sciences to perform construction 
materials tests and observations on this project.  Field tests and observations include 
verification of foundation and pavement subgrades by monitoring proof-rolling operations and 
performing quality assurance tests on the placement of compacted structural fill and pavement 
courses.

The geotechnical engineering design does not end with the advertisement of the construction 
documents.  The design is an on-going process throughout construction.  Because of our 
familiarity with the site conditions and the intent of the engineering design, we are most qualified 
to address problems that might arise during construction in a timely and cost-effective manner.
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5.0 LIMITATIONS

This report has been prepared in order to aid the architect/engineer in the design of the 
proposed mast arm structures. The scope of services provided was limited to the specific 
project and locations described herein. The description of the project's design parameters 
represents our understanding of significant aspects relevant to soil and foundation 
characteristics.

The recommendations submitted in this report are based upon the data obtained from the 
limited number of soil borings performed at the locations indicated on the Boring Location Plan 
and from other information as referenced. This report does not reflect any variations which may 
occur between the boring locations or unexplored areas of the site. This report should not be 
used for estimating such items as cut and fill quantities. 

Borings for a typical geotechnical report are widely spaced and generally not sufficient for 
reliably detecting the presence of isolated, anomalous surface or subsurface conditions, or 
reliably estimating unsuitable or suitable material quantities. Accordingly, UES does not 
recommend relying on our boring information to negate presence of anomalous materials or for 
estimation of material quantities unless our contracted services specifically include sufficient 
exploration for such purpose(s) and within the report we so state that the level of exploration 
provided should be sufficient to detect such anomalous conditions or estimate such quantities. 
Therefore, UES will not be responsible for any extrapolation or use of our data by others beyond 
the purpose(s) for which it is applicable or intended.

All users of this report are cautioned that there was no requirement for Universal to attempt to 
locate any man-made buried objects or identify any other potentially hazardous conditions that 
may exist at the site during the course of this exploration. Therefore no attempt was made by 
Universal to locate or identify such concerns. Universal cannot be responsible for any buried 
man-made objects or environmental hazards which may be subsequently encountered during 
construction that are not discussed within the text of this report. We can provide this service if 
requested.

For a further description of the scope and limitations of this report please review the document 
attached within Appendix B "Important Information About Your Geotechnical Engineering 
Report" prepared by ASFE, an association of firms practicing in the geosciences.
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