Bridge No. 999999 Analysis Method: LRFR-LRFD
FDOT Bridge Load Rating Summar
Location CR123 over Culvert Ck & g y
Form (Page 1 of 1)
Description Index 6037 Triple 10x10, 1958
Gross Axle . Live Load . i . Pontis
i i K i Dead Load Live Load . i Span No. - Girder No., Interior/Exterior, K
Rating Type | Rating Type Weight Moment/Shear/Service Distrib. Rating Factor RF-Weight
Factor Factor %Span-L
(tons) Factor (axles) (tons)
Level Vehicle | Weight Member Type Limit DC LL LLDF RF Governing Location RATING
. Strength, )
Inventory HL93 36 Reinf. Concrete Moment 1.25/0.90 1.75 0.000 0.851 Top Slab at 1.40, D.fill = 1.90ft. 30.6
) ) Strength, )
Operating HL93 36 Reinf. Concrete Moment 1.25/0.90 1.35 0.000 1.103 Top Slab at 1.40, D.fill = 1.90ft. 39.7
. . Strength, )
Permit FL120 60 Reinf. Concrete Moment 1.25/0.90 1.35 0.000 0.883 Top Slab at 1.40, D.fill = 1.90ft. 53.0
PermitMax| o1 120 60 Reinf. Concrete strength, | ) ssj090 | 135 0.000 0.883 | TopSlabat1.40, Dfill = 1.90ft. 53.0
Span Moment
. Strength, )
SuU2 17 Reinf. Concrete M ¢ 1.25/0.90 1.35 0.000 2.145 Top Slab at 1.40, D.fill = 1.90ft. 36.5
omen
. Strength, )
SuU3 33 Reinf. Concrete 1.25/0.90 1.35 0.000 1.539 Top Slab at 1.40, D.fill = 1.90ft. 50.8
Moment
. Strength, )
SuU4 35 Reinf. Concrete M ¢ 1.25/0.90 1.35 0.000 1.741 Top Slab at 1.40, D.fill = 1.90ft. 60.9
omen
. Strength, )
Legal c3 28 Reinf. Concrete v . 1.25/0.90 1.35 0.000 2.041 Top Slab at 1.40, D.fill = 1.90ft. 57.2
omen
. Strength, )
c4 36.7 Reinf. Concrete M ¢ 1.25/0.90 1.35 0.000 1.495 Top Slab at 1.40, D.fill = 1.90ft. 54.8
omen
. Strength, )
(6] 40 Reinf. Concrete 1.25/0.90 1.35 0.000 1.609 Top Slab at 1.40, D.fill = 1.90ft. 64.4
Moment
. Strength, )
STS 40 Reinf. Concrete 1.25/0.90 1.35 0.000 1.838 Top Slab at 1.40, D.fill = 1.90ft. 73.5
Moment
Original Design Load H15 or H-15-44 Performed by: Andrew DeVault Date:  04/12/16
Rating Type, Analysis LRFR-LRFD Checked by: Date:
Distribution Method AASHTO Formula Sealed By: Date:
Impact Factor 25.2% (axle loading) FL P.E. No.: 75976
FL120 Gov. Span Length 10.8 (feet) Cert. Auth. No.: Government Agency

Recommended Posting

At/Above legal loads. Posting Not Required.

Phone & email:

850-410-5531, CO-LoadRating@dot.state.fl.us

Recommended SU Posting 99 (tons) Company: FDOT

Recommended C Posting 99 (tons) Address: 2740 Centerview Dr. #1B, Tallahassee FL 32399
Recommended ST5 Posting 99 (tons)

Floor Beam Present? No

Segmental Bridge? No

Project No. & Reason 12345-1234 Update

Plans Status Built

Software Name, Version

FDOT Hinged-End Culvert (2016 04-04)

COMMENTS BY THE ENGINEER

Contents: summary, narrative, plans, calcs, check.

See load rating narrative.

Example. Ficticious Bridge No. and Bridge Name.

This 04-12-2016 table follows the 2016 FDOT Bridge Load Rating Manual, and the BMS Coding Guide. See www.dot.state.fl.us/statemaintenanceoffice/LoadRating.shtm
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DETAILED SUMMARY (1 OF 10)

HL93.INV ft kip start(ft)  end(ft) kIf M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 25 5.8 8.8 2.366 RF = (20.46 - 4.46) / (1.75* 0.1304*1.252*65.8) = 0.85
4 25 1.8 4.8 2.366
HL93.INV ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 2.60ft.
0 25 5.1 9.0 1.597 RF = (20.46 - 5.57) / (1.75* 0.1141*1.223*64.8) = 0.94
4 25 11 5.0 1.597
HL93.INV ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 1.90ft.
0 8 30.6 33.6 0.757 RF = (-20.46 - -5.57) / (1.75* 0.1304*1.252*-47.6) = 1.09
14 32 16.6 19.6 3.029
14 32 2.6 5.6 3.029
HL93.INV ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 2.60ft.
0 8 30.2 34.0 0.511 RF = (-20.46 - -6.95) / (1.75* 0.1141*1.223*-47.0) = 1.18
14 32 16.2 20.0 2.044
14 32 2.2 6.0 2.044
HL93.INV ft kip start(ft)  end(ft) kIf V.neg Top Slab at 1.90, D.fill = 1.90ft.
0 25 6.6 9.6 2.366 RF = (-12.55 - -2.55) / (1.75* 0.1304*1.252*-32.5) = 1.08
4 25 2.6 5.6 2.366
HL93.INV ft kip start(ft)  end(ft) kIf V.neg Top Slab at 1.90, D.fill = 2.60ft.
0 25 6.0 9.8 1.597 RF = (-13.61 - -3.18) / (1.75* 0.1141*1.223*-30.7) = 1.39
4 25 2.0 5.8 1.597
HL93.INV ft kip h.eq(ft) M.wall Ext Wall at 0.48, D.fill = 2.60ft.
0 8 2.6 RF =[1.75/1.75][1.20/1.20][36/36][(12.10 - 7.52) / (3.24)] = 1.41
14 32
14 32
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DETAILED SUMMARY (2 OF 10)

HL93.0PR ft kip start(ft)  end(ft) kIf M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 25 5.8 8.8 1.825 RF = (20.46 - 4.46) / (1.35* 0.1304*1.252*65.8) = 1.10
4 25 1.8 4.8 1.825
HL93.0PR ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 2.60ft.
0 25 5.1 9.0 1.232 RF = (20.46 - 5.57) / (1.35* 0.1141*1.223*64.8) = 1.22
4 25 11 5.0 1.232
HL93.0PR ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 1.90ft.
0 8 30.6 33.6 0.584 RF = (-20.46 - -5.57) / (1.35* 0.1304*1.252*-47.6) = 1.42
14 32 16.6 19.6 2.337
14 32 2.6 5.6 2.337
HL93.0PR ft kip start(ft)  end(ft) kif M.neg Top Slab at 2.00, D.fill = 2.60ft.
0 8 30.2 34.0 0.394 RF = (-20.46 - -6.95) / (1.35* 0.1141*1.223*-47.0) = 1.53
14 32 16.2 20.0 1.577
14 32 2.2 6.0 1.577
HL93.0PR ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 1.90ft.
0 25 6.6 9.6 1.825 RF = (-13.57 - -2.55) / (1.35* 0.1304*1.252*-32.5) = 1.54
4 25 2.6 5.6 1.825
HL93.0PR ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 2.60ft.
0 25 6.0 9.8 1.232 RF = (-13.61 - -3.18) / (1.35* 0.1141*1.223*-30.7) = 1.80
4 25 2.0 5.8 1.232
HL93.0PR ft kip h.eq(ft) M.wall Ext Wall at 0.48, D.fill = 2.60ft.
0 8 2.6 RF =[1.75/1.35][1.20/1.20][36/36][(12.10 - 7.52) / (3.24)] = 1.83
14 32
14 32
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DETAILED SUMMARY (3 OF 10)

FL120 ft kip start(ft)  end(ft) kIf M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 13.334 31.0 34.0 0.811 RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*98.6) = 0.88

14 53.333 17.0 20.0 3.245

14 53.333 3.0 6.0 3.245
FL120 ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 2.60ft.
0 13.334 30.7 345 0.548 RF = (20.46 - 5.57) / (1.35* 0.0951*1.223*93.6) = 1.01

14 53.333 16.7 20.5 2.190

14 53.333 2.7 6.5 2.190
FL120 ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 1.90ft.
0 13.334 30.6 33.6 0.811 RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-79.3) = 1.02

14 53.333 16.6 19.6 3.245

14 53.333 2.6 5.6 3.245
FL120 ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 2.60ft.
0 13.334 30.2 34.0 0.548 RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-78.4) = 1.10

14 53.333 16.2 20.0 2.190

14 53.333 2.2 6.0 2.190
FL120 ft kip start(ft)  end(ft) kIf V.neg Top Slab at 1.90, D.fill = 1.90ft.
0 13.334 345 375 0.811 RF = (-13.09 - -2.55) / (1.35* 0.1087*1.252*-44.2) = 1.30

14 53.333 20.5 23.5 3.245

14 53.333 6.5 9.5 3.245
FL120 ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 2.60ft.
0 53.333 19.9 23.7 2.190 RF = (-13.61 - -3.18) / (1.35* 0.0951*1.223*-43.0) = 1.55
14 53.333 5.9 9.7 2.190
14 13.334 -8.1 -4.3 0.548
FL120 ft kip h.eq(ft) M.wall Ext Wall at 0.48, D.fill = 2.60ft.
0 13.334 2.6 RF =[1.75/1.35][1.20/1.00][36/60][(12.10 - 7.52) / (3.24)] = 1.32
14 53.333
14 53.333
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DETAILED SUMMARY (4 OF 10)

Su2 ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 12 15.9 18.9 0.730 RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*40.6) = 2.15
13 22 2.9 5.9 1.339

SuU2 ft kip start(ft)  end(ft) kIf M.pos Top Slab at 1.40, D.fill = 2.60ft.
0 12 15.5 19.4 0.493 RF =(20.46 - 5.57) / (1.35* 0.0951*1.223*38.6) = 2.46
13 22 25 6.4 0.903

Su2 ft kip start(ft)  end(ft) kif M.neg Top Slab at 2.00, D.fill = 1.90ft.
0 12 16.8 19.8 0.730 RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-29.6) = 2.74
13 22 3.8 6.8 1.339

SuU2 ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 2.60ft.
0 12 16.1 20.0 0.493 RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-29.1) = 2.95
13 22 3.1 7.0 0.903

SuU2 ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 1.90ft.
0 12 19.7 22.7 0.730 RF = (-15.87 - -2.55) / (1.35* 0.1087*1.252*-18.5) = 3.92
13 22 6.7 9.7 1.339

SuU2 ft kip start(ft)  end(ft) kIf V.neg Top Slab at 1.90, D.fill = 2.60ft.
0 12 18.8 22.6 0.493 RF = (-13.61 - -3.18) / (1.35* 0.0951*1.223*-17.8) = 3.73
13 22 5.8 9.6 0.903

SuU2 ft kip h.eq(ft) M.wall Ext Wall at 0.48, D.fill = 2.60ft.
0 12 2.6 RF =[1.75/1.35][1.20/1.00][36/17][(12.10 - 7.52) / (3.24)] = 4.66
13 22

SuU3 ft kip start(ft)  end(ft) kIf M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 22 5.9 9.0 1.339 RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*56.6) = 1.54

4.17 22 1.8 4.8 1.339

11 22 -9.2 -6.2 1.339
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DETAILED SUMMARY (5 OF 10)

Su3

SuU3

SuU3

SuU3

Su3

SuU3

11

4.17

11

4.17

11

4.17

11

4.17

11

4.17

kip
22
22
22
kip
22
22
22
kip
22
22
22
kip
22
22
22
kip
22
22
22
kip
22
22

22

start(ft)
5.3
11
-9.9
start(ft)
16.5
55
14
start(ft)
15.9
4.9
0.7
start(ft)
17.8
6.8
2.6
start(ft)
16.8
5.8
1.6
h.eq(ft)

2.6

end(ft)
9.1

5.0

end(ft)
19.6
8.6
4.4
end(ft)
19.7
8.7
4.5
end(ft)
20.8
9.8
5.6
end(ft)
20.6
9.6

55

kIf

0.903

0.903

0.903

kif

1.339

1.339

1.339

kIf

0.903

0.903

0.903

kIf

1.339

1.339

1.339

kIf

0.903

0.903

0.903

M.pos

M.neg

M.neg

V.neg

V.neg

M.wall

Top Slab at 1.40, D.fill = 2.60ft.

RF = (20.46 - 5.57) / (1.35* 0.0951*1.223*55.7) = 1.70

Top Slab at 2.00, D.fill = 1.90ft.

RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-51.1) = 1.58

Top Slab at 2.00, D.fill = 2.60ft.

RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-50.4) = 1.71

Top Slab at 1.90, D.fill = 1.90ft.

RF = (-14.62 - -2.55) / (1.35* 0.1087*1.252*-28.9) = 2.28

Top Slab at 1.90, D.fill = 2.60ft.

RF = (-13.39 - -3.18) / (1.35* 0.0951*1.223*-27.5) = 2.37

Ext Wall at 0.48, D.fill = 2.60ft.

RF = [1.75/1.35][1.20/1.00][36/33][(12.10 - 7.52) / (3.24)] = 2.40
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DETAILED SUMMARY (6 OF 10)

Su4

Su4

Su4

Su4

Su4

Su4

Su4

kip
18.7
18.7
18.7
13.9
kip
18.7
18.7
18.7
13.9
kip
13.9
18.7
18.7
18.7
kip
13.9
18.7
18.7
18.7
kip
13.9
18.7
18.7
18.7
kip
13.9
18.7
18.7
18.7
kip
13.9
18.7
18.7

18.7

start(ft)

7.2
3.0
-1.2
-10.3
start(ft)
6.9
2.7
-15
-10.6
start(ft)
20.6
11.4
7.3
3.1
start(ft)
15.1
6.0
18
-2.4
start(ft)
15.9
6.7
2.6
-1.6
start(ft)
15.1
6.0
18
-2.4
h.eq(ft)

2.6

end(ft)

10.2

6.0

1.9

-7.3

end(ft)

10.7

6.5

2.4

-6.8

end(ft)

23.6

14.4

10.3

6.1

end(ft)

18.9

9.8

5.6

1.4

end(ft)

18.9

9.7

5.6

14

end(ft)

18.9

9.8

5.6

1.4

kIf

1.138

1.138

1.138

0.846

kif

0.768

0.768

0.768

0.571

kIf

0.846

1.138

1.138

1.138

kif

0.571

0.768

0.768

0.768

kIf

0.846

1.138

1.138

1.138

kif

0.571

0.768

0.768

0.768

M.pos

M.pos

M.neg

M.neg

V.neg

V.neg

M.wall

Top Slab at 1.40, D.fill = 1.90ft.

RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*50.0) = 1.74

Top Slab at 1.40, D.fill = 2.60ft.

RF =(20.46 - 5.57) / (1.35* 0.0951*1.223*49.4) = 1.92

Top Slab at 2.00, D.fill = 1.90ft.

RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-44.9) = 1.81

Top Slab at 2.00, D.fill = 2.60ft.

RF = (-20.46 - -6.95) / (1.35* 0.0951%1.223*-44.2) = 1.95

Top Slab at 1.90, D.fill = 1.90ft.

RF = (-14.86 - -2.55) / (1.35* 0.1087*1.252*-25.6) = 2.62

Top Slab at 1.90, D.fill = 2.60ft.

RF = (-13.29 - -3.18) / (1.35* 0.0951*1.223*-24.1) = 2.67

Ext Wall at 0.48, D.fill = 2.60ft.

RF = [1.75/1.35][1.20/1.00][36/35][(12.10 - 7.52) / (3.24)] = 2.26
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DETAILED SUMMARY (7 OF 10)

C3 ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 22 231 26.1 1.339 RF =(20.46 - 4.46) / (1.35* 0.1087*1.252*42.7) = 2.04
20 22 3.1 6.1 1.339
10 12 -6.9 -3.9 0.730

C3 ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 2.60ft.
0 22 22.6 26.4 0.903 RF =(20.46 - 5.57) / (1.35* 0.0951*1.223*40.5) = 2.34
20 22 2.6 6.4 0.903
10 12 -7.4 -3.6 0.493

C3 ft kip start(ft)  end(ft) kif M.neg Top Slab at 2.00, D.fill = 1.90ft.
0 12 14.3 17.3 0.730 RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-33.4) = 2.42
10 22 4.3 7.3 1.339
20 22 -15.7 -12.7 1.339

C3 ft kip start(ft)  end(ft) kif M.neg Top Slab at 2.00, D.fill = 2.60ft.
0 12 14.1 18.0 0.493 RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-32.8) = 2.62
10 22 4.1 8.0 0.903
20 22 -15.9 -12.0 0.903

C3 ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 1.90ft.
0 12 16.6 19.6 0.730 RF = (-15.81 - -2.55) / (1.35* 0.1087*1.252*-19.0) = 3.80
10 22 6.6 9.6 1.339
20 22 -13.4 -10.4 1.339

C3 ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 2.60ft.
0 12 155 19.4 0.493 RF =(-13.52 - -3.18) / (1.35* 0.0951*1.223*-17.8) = 3.69
10 22 55 9.4 0.903
20 22 -14.5 -10.6 0.903

C3 ft kip h.eq(ft) M.wall Ext Wall at 0.48, D.fill = 2.60ft.
0 12 2.6 RF = [1.75/1.35][1.20/1.00][36/28][(12.10 - 7.52) / (3.24)] = 2.83
10 22
20 22
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DETAILED SUMMARY (8 OF 10)

Cc4 ft kip start(ft)  end(ft) kif M.pos Top Slab at 1.40, D.fill = 1.90ft.
0 7.3 37.7 40.7 0.444 RF =(20.46 - 4.46) / (1.35* 0.1087*1.252*58.3) = 1.50
10 22 27.7 30.7 1.339
21.83 22 5.8 8.9 1.339
4.17 22 1.7 4.7 1.339
C4 ft kip start(ft)  end(ft) kIf M.pos Top Slab at 1.40, D.fill = 2.60ft.
0 7.3 37.3 411 0.300 RF = (20.46 - 5.57) / (1.35* 0.0951*1.223*57.3) = 1.66
10 22 27.3 311 0.903
21.83 22 55 9.3 0.903
4.17 22 1.3 5.1 0.903
Cc4 ft kip start(ft)  end(ft) kif M.neg Top Slab at 2.00, D.fill = 1.90ft.
0 7.3 38.2 41.2 0.444 RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-39.6) = 2.05
10 22 28.2 31.2 1.339
21.83 22 6.4 9.4 1.339
4.17 22 2.2 5.2 1.339
C4 ft kip start(ft)  end(ft) kIf M.neg Top Slab at 2.00, D.fill = 2.60ft.
0 7.3 37.8 41.6 0.300 RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-38.8) = 2.21
10 22 27.8 31.6 0.903
21.83 22 6.0 9.8 0.903
4.17 22 1.8 5.6 0.903
Cc4 ft kip start(ft)  end(ft) kif V.neg Top Slab at 1.90, D.fill = 1.90ft.
0 7.3 38.7 41.7 0.444 RF = (-14.74 - -2.55) / (1.35* 0.1087*1.252*-27.8) = 2.39
10 22 28.7 31.7 1.339
21.83 22 6.9 9.9 1.339
4.17 22 2.7 5.7 1.339
C4 ft kip start(ft)  end(ft) kIf V.neg Top Slab at 1.90, D.fill = 2.60ft.
0 7.3 37.8 41.6 0.300 RF = (-13.61 - -3.18) / (1.35* 0.0951*1.223*-26.6) = 2.50
10 22 27.8 31.6 0.903
21.83 22 6.0 9.8 0.903
4.17 22 1.8 5.6 0.903
C4 ft kip h.eq(ft) M.wall Ext Wall at 0.48, D.fill = 2.60ft.
0 7.3 2.6 RF = [1.75/1.35][1.20/1.00][36/36.65][(12.10 - 7.52) / (3.24)] = 2.16
10 22
21.83 22
4.17 22
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DETAILED SUMMARY (9 OF 10)

C5

C5

C5

C5

C5

C5

C5

10

4.17

17.67

4.17

10

4.17

17.67

4.17

10

4.17

17.67

4.17

10

4.17

17.67

4.17

10

4.17

17.67

4.17

kip
15
15
20
20
10
kip
15
15
20
20
10
kip
10
20
20
15
15
kip
10
20

20

15
kip
10
20

20

15
kip
10
20

20

15
kip
10
20

20

15

start(ft)
27.8
23.6
6.0
1.8
-8.2
start(ft)
27.3
23.1
5.4
1.2
-8.8
start(ft)
15.8
5.8
1.7
-16.0
-20.2
start(ft)
15.6
5.6
15
-16.2
-20.4
start(ft)
16.9
6.9
2.7
-15.0
-19.1
start(ft)
16.2
6.2
2.0
-15.7
-19.9
h.eq(ft)

2.6

end(ft)
30.8
26.6
9.0
4.8
-5.2
end(ft)
311
26.9
9.2
5.1
-4.9
end(ft)
18.8
8.8
4.7
-13.0
-17.2
end(ft)
19.5
9.5
5.3
-12.4
-16.6
end(ft)
19.9
9.9
5.7
-11.9
-16.1
end(ft)
20.0
10.0
5.8
-11.9

-16.0

kIf

0.913

0.913

1.217

1.217

0.608

kIf

0.616

0.616

0.821

0.821

0.411

kIf

0.608

1.217

1.217

0.913

0.913

kif

0.411

0.821

0.821

0.616

0.616

kIf

0.608

1.217

1.217

0.913

0.913

kIf

0.411

0.821

0.821

0.616

0.616

M.pos

M.pos

M.neg

M.neg

V.neg

V.neg

M.wall

Top Slab at 1.40, D.fill = 1.90ft.

RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*54.1) = 1.61

Top Slab at 1.40, D.fill = 2.60ft.

RF = (20.46 - 5.57) / (1.35* 0.0951*1.223*53.2) = 1.78

Top Slab at 2.00, D.fill = 1.90ft.

RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-42.3) = 1.92

Top Slab at 2.00, D.fill = 2.60ft.

RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-41.6) = 2.07

Top Slab at 1.90, D.fill = 1.90ft.

RF = (-14.97 - -2.55) / (1.35* 0.1087*1.252*-25.8) = 2.62

Top Slab at 1.90, D.fill = 2.60ft.

RF = (-13.61 - -3.18) / (1.35* 0.0951*1.223*-24.5) = 2.72

Ext Wall at 0.48, D.fill = 2.60ft.

RF = [1.75/1.35][1.20/1.00][36/40][(12.10 - 7.52) / (3.24)] = 1.98
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DETAILED SUMMARY (10 OF 10)

ST5

ST5

ST5

ST5

ST5

ST5

ST5

24

12

27

24

12

27

24

12

27

24

12

27

24

12

27

24

12

27

27

12

24

kip
18
18
18

18

kip
18
18
18

18

kip
18
18
18

18

kip
18
18
18

18

kip
18
18
18

18

kip
18
18
18

18

kip

18
18
18

18

start(ft)  end(ft)

41.8 44.9
17.8 20.9
5.8 8.9
1.8 4.9

-25.2 -22.1

start(ft)  end(ft)

41.0 44.8
17.0 20.8
5.0 8.8
1.0 4.8

-26.0 -22.2

start(ft)  end(ft)

41.0 44.0
17.0 20.0
5.0 8.0
1.0 4.0

-26.0 -23.0

start(ft)  end(ft)

41.0 44.8
17.0 20.8
5.0 8.8
1.0 4.8

-26.0 -22.2

start(ft)  end(ft)

42.7 45.7
18.7 21.7
6.7 9.7
2.7 5.7
-24.3 -21.3

start(ft)  end(ft)

418 456
17.8 216
5.8 9.6
18 5.6
252 214
h.eq(ft)
2.6

kIf

1.095

1.095

1.095

1.095

0.487

kIf

0.739

0.739

0.739

0.739

0.329

kIf

1.095

1.095

1.095

1.095

0.487

kif

0.739

0.739

0.739

0.739

0.329

kIf

1.095

1.095

1.095

1.095

0.487

kIf

0.739

0.739

0.739

0.739

0.329

M.pos

M.pos

M.neg

M.neg

V.neg

V.neg

M.wall

Top Slab at 1.40, D.fill = 1.90ft.

RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*47.4) = 1.84

Top Slab at 1.40, D.fill = 2.60ft.

RF = (20.46 - 5.57) / (1.35* 0.0951*1.223*46.6) = 2.03

Top Slab at 2.00, D.fill = 1.90ft.

RF = (-20.46 - -5.57) / (1.35* 0.1087*1.252*-39.7) = 2.04

Top Slab at 2.00, D.fill = 2.60ft.

RF = (-20.46 - -6.95) / (1.35* 0.0951*1.223*-39.1) = 2.20

Top Slab at 1.90, D.fill = 1.90ft.

RF = (-15.19 - -2.55) / (1.35* 0.1087*1.252*-24.0) = 2.87

Top Slab at 1.90, D.fill = 2.60ft.

RF = (-13.58 - -3.18) / (1.35* 0.0951*1.223*-22.5) = 2.94

Ext Wall at 0.48, D.fill = 2.60ft.

RF = [1.75/1.35][1.20/1.00][36/40][(12.10 - 7.52) / (3.24)] = 1.98
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NARRATIVE

NOTE: This is an example. Names and identifying numbers are fictitious.

HISTORY. In 1958, Proj. 12345-1234 constructed Culvert No. 999999, CR123 over Culvert Creek, 7.2
miles North of SR40. This bridge load rating is an update.

CONDITION. On 04-01-2016, Mario Bauza performed an interim inspection, finding satisfactory
culvert condition (NBI Item No. 62 = 6), and poor channel condition (NBI Iltem No. 61 = 4). The
channel bends 90 degrees on both sides of this unskewed culvert, two wingwalls are undermined,
and the recommended scour countermeasures have not been implemented. Additional
undermining will compromise the wingwalls, the slopes, and the structural integrity of the culvert.
Repairs have been recommended. However the scouring defects do not affect the load carrying

capacity at this fime, spalling and deterioration is incidental, and full sections still apply.

12 of 64



—1 S0

B2.55

(Lirs? Brratle Ao bo Aemared)
(Struciure #22)

I uil =1

I F2/FI5 Const 47 FE 2 NO Come Bax Culvi
Jndlexy N GO37 S 360

| EFD" [T | 55"

F-¥ o]

I ——

GG FE/FEO Coms? 47 COFND' Come. Box Cold
boex NE GOZS5 AL FicO

20 -] [ 1o 2o Jo

PRPOPOSED DRAINAGE STRUCTURES

13.9f 64

(Birs? Bigle 7 Je Somoved)
( StrucFure /V2/ )



> Note: Fabrication of reinforcing steel shall be according to 125" Varies 1'-23 rroTee]
K the A.A.SH.O. Manual of Recomm ended Practice for E - S 2] T e | sate | secron | woswe |TER| "R | e
X . Detailing Reinforced Concrete Highway Structures. i ®° / Construction joint — 3 FLA ‘
R 1 2 / .
AN X . . Note: Key to stop G"from top of wing. Constructi ! @ i3
RN Construction Joint : 9. Construction T = S S H
R V\ uction Joint Required Joint across top of Wing to be a straight Iino.7 I g © ; X | * REINFORCING STEEL
N 1 : S o [ "
N \ | o s S | | $'tv@ 6"— GULVERT HEIGHT | 7'-0" 8'-0" .o _o" o" ot
AN Construction Joint Permitted ! (- i’1 % = " R i L2 o
N | S e MARK SIZE  |NO.|JLENGTH|NO.|LENGTH[NO.|LENGTH[NO. [LENGTHINO. [LENGTH|NO.|LENGTH
NN \ o [G_ of Roadway | S ] H o — _
R | Ci X rEER He A 1 * [34-7"[# [34°7" | » [34-11" [ 353" # [35-3" | & [35'-7"
N (S T e e e O Sy L . s |z = H—u@I8" LY ¢ | 324" % [32-4" [« |32-8"| % [330" x |33'-0"| x [33-4"
1 e o 2 B e et = —a ] o2 ® =l p Hs B 3"t 8'- 4" 4" ‘4" [ 3-4
N EEEREE | ' i @S- sfaT T~ = - % |8'-4" x| 9-4" |« [10-4"|w | 11-4"] « [12"-4" |« [13"-4"
Place | layerof 55 Lh Smooth Roofing ] M @ r l 3 Fo-—1 = -|a of sHELE = ~ie 2"cl G YO OB3] ax 137] ww [141] xx 145 x » [199] 15
between Barrel Section and Stem of Wing. ] o < : 3 ' = | Slov T&Hom 8 © - Cz 20 (2] wxx [18]xnx |16 18 % 153 » »
. < & ' o s o - v w|m Pl 2 K . 3 LEE.] #nw |20/ wwx |22] xnn
| @ = |‘ > i e 1 ':?*, 2822 > ” 2" ¢l E See Section|64| 3'- 1"|72(3'- 8" |i36| 4~ 2" 132/ 4' - 8"|I96|5'- 2"[I84] 5'- 8"
Nces L ' 3 e \ e 1 4 2l LLES J ™ ) . H3 F . .'; #[9-4"x [10-4"[x [11'-6"]x [12-6" » |i3'-6"| » |ia-8"
& | A i - 1 H DY o0 b
5 ~ F t : 5 : | height . E z y K) HI :". 28[14- 11128117~ 2126 '9:'5: 28|21'-8"28/24"-2"|32|26"5"
L] Ar— 6 . i : ) He e (2 12-4 18 161008 161118 l9'-2" 8 (22108 |23-11"
O g s z ) | i -—JL 4. 3-6" e 2 #% lole-ioefiz-4"lsis-5"]0 is-o'le Jio-4l 8 l20t5"
Sl A A —f a £ 3 M e ! | K 1 H e {85478 1 8-1008 10-0°18 12378 15-10"| 8 [17-0"
el =£=5-9 - | PO T : | D T A - Constiucnon I :5 E, BlI-10186]5-5.86 6-616 6-08 2-4"18 l13-6"
Ln o - H= s = == 2" Chamfer ' , 4 / oin o sl 1-u"{e|3-1"|8|s5-4"{8 |8'-11"|8 |i0-0"
. = 7 ) T TT7T T f | = 0 "¢ " ) 0 P
CISE L SR K InIAL | s e L H gl g e e
. N z g [ - —
> Y T % ® ' M ! I ] =* w g @ o [T . * e ; 8 |I-u"le 31"
N ‘} T a « 4+t E:é ! H : . ) &S o i,j_ v 74 %*Hn K -"0 66 4.'_ 5: 6612-9" |66 5-0" l68]5-3" 68| 5-3"|68|5'_3"
KEY DETAIL g otcuvert |1+ | FHH = ' 235 : P> ¢ 2 N & va. ] ul n—fefe-sljele 6716128718 2718 |2-57 6 2.8
| € 3 - g g W T T T T T
O T § gt i ° LY g " a — L 7 [ [v-oTe s o7 e 4 0"[e [s=id6 [3=o"]e |4-0"
T HH 58§ : o I e of 4 2 8 us o lels-sTels-2"ls s-4"ls]s-2"]s [s-0"[s | 53"
AN 223 | ° | & N T  12FTCUL e 3t l8lc-7"]8le-5"|8 6-7"]8]6.5"8|6-4"|8l6-7"
@ I REAREARE l:.] *35 5 ! g o o ] - [ CULVERT HEIGHT Us ,‘-.: oo Te o Ts o le oals (77 (8 [ 70"
. : I 3 : & : —~ = b o [s"o[s [saTs [omorls [o"ule -
< S88 : 1 g |t ¥ W S 2, U & S T TS S MO PN [T
e ‘ I i % i i LA @ @ - u. !--q 4 (n'-7"|8 |i'-6" |8 |11'-8"
5 } 2y ! | § I51 o o 1 L He ° 3 - : 4 [12'-9"| 8 [13'-0"
S : 'E‘G‘ | : ] s - . w ,’i Vi See Section| 8 [3'-8" [8 [3'-10"]8 [3'-10"|8 [4'-2"[8 [4'-4"|8 | 4'-8"
| (B - = | | o =i [/)] 0 " [ W 8
A2 S | REEREE °%§ ' I \ Ve vw .« |8 |4a-5"]8|a'-9'|8 |4-6"]8|4'-8"[8 [a'-11"[8]5-1"
X T “ 1 . " " '
s e || : = i A w [ Jels-sels. vlsls-os [setls [oefe e
z ; 3 : ! [T AT e 8 l7-0" 16 17-471816-61816-206 6-66 6.4
T : é g I | PN - S Ve w v |8 [7-10"g |8-2"18|7-2"|8 |6'-8"|8 |7'-3"|8 | 610"
g : goi : » : Zie| A—-—Hs Vr " " 8 8].8: 8 Ql_o:l 8 7:_ 9Iu 8 l7-2"e|7-9"|8 | 7-3"
¢ | %) : o : B : " v@I8" Ve « v [8]9°-5"[8 [9-1"|8|8'-5"[8 |7'-8"818'-4"|8 [ 7'-8"
= = 3 ! i ™  fh@s" He Ve v - 8 [10-9"|8 |9'-1" |8 [8'-2"|8 [8'-11"| 8 &' 1"
& - R o H— Vio " " [ w ' W o T "
—Ci CtA L(}| —f 5] 33 =o EIEIZIE I -l A 2" ¢l V.Il “ " - 9-‘ 9-- 818-8186 |9-678 1 8-6
' < = O 22 |E[EE | & : d s 10-4"|8 [9-2"(8 10-1"| 8 | 9-0"
A = ST A — o [i-oTels-s'le lo-arle [o-5
HALF PLAN HALF SECTION : 22apes Y a-el . p 8 lir-6"8 li-3"1s [1I'-3"8 | 9'-i0"
F Length of Barrel ! o o BT o « He Vig . 4 |12'-4"|8 |10'-9"|8 |II'-10" 8 |i0'-3"
inished Grode -7 —] 1 u @@ 6©e = | 3'-2" 1-4" Vis ! d L3 5" _g"
S e ] = @ Az : .2 w u_gm wow 7 7 Vie " w 8 ”- 3« 8 I2l-5 8 110-8
o2, Note: If fill height exceeds Max. height 2 Y H e s> < Construction Hi 8 [n'-9"{s l12'-n*; 8 | 1I'-2"
s special design will be furnished. Az 6 e d | - = I—"“"“;’" it BN | | IS JOiM—\A iz e 8 [12'-3"|8 [13-6"|8 |[I'-7"
= - H 1 4
= o A__d RS k/—‘ : = e 2"cL. p¥te@e | ve v o 8 |12-9"]8 [14-1"|8 [12-0"
______________________ T > L p P = ~ = = o | T Vis " " 1t g g
- . x ) p) K < 7 F e S - 8 |13-3"|4 |14'-8"|8 |I2'-5
Sior 2 I | — 4 L] | o CRIEAT
ll;,;org'lm.'l . ! S £ GENERAL NOTES syt gt v 8 LI3-47
orl0', 11' & 12" Hts. | X ] I — Y 22 " Ll - 9"
! ! AN > DESIGN SPECIFICATIONS: A.A.SHO. 1949, g Va3 v : :i' :"
! R LOADING: H-15-44. Va4 “ " T
' ! AR 1 STRESSES: fs = 20,000 fc=1,000. Il FT. GULVERT HEIGHT v . - 8 I4I-?
A|7\ ! 'l o CHAMFER: All edges and corners to be chamfered %" 2 8 |15'-0"
e H ! 2\!1 unless ctherwise noted. 12" _Ves " ! 12 |15'-5"
e e e ] 5 R REINFORCING STEEL SPECIFICATIONS: A.A.S.H.0. M-137
___________________ T : ALA.S.H.O. .
LA\ o] e L e DIMENSIONS QUANTITIES
P . p— " GULVERT | AREA 32' BARREL LENGTH T
HAL 10, 2 Gl MAXIMUM ADDITIONAL LENGTH
F ELEVATION HALF SECTION o He " HEIG HT OPEor:ING FILL L CONGRETE |REINF. STEEL|CONC. GU. YD. [REINF. STEEL
—He 2. o' 6 HEIGHT GU. YD. LBS. |PER LIN. FT [peelBY ¢y
BENDING DIAGRAMS i i 2o |f20k e puini 7o' 20952 5'-0" | 153" [110.06 |14, 837, | 2.761 |424.05
8 H T o" T m | o .
} ool 2"Gl. Hs 21, A s ) 2' - g" ::% 22 5' 0“ 17.-' 6“ 119.62 |15,641. | 2.860 [439.64
‘ 8o 72 4.ai’ 73 2.6 |7egs : " " 1y . 4 H—uoi8 Y .92 | 5 -0° | 197-9° 1134.25 16,699. | 3.091 |455.46
T T T e o + He Al 4 z V@ 7" Ha - 299.92 | 5'-0" [ 22'- 0" [150.73 |18,C22. | 3.347 [472.88
. X —e ", . = ' " ' " U "
g-2" 73| 4-e6f" 731 2-6" _ioailHts » e oo [ H—va@e - |FtVES" ve 8" ¥ iz eSS 5-0' |24-6" ]162.22 119,923 |3.470 |494.19
. 8. 3" 3 4.ty 13 2-6" 12 . - d Ha 'tva@iztiy - I A Hs K Ha - 359.92 | 5 -0 26'- 9" [180.89 |22,070. | 3.763 [513.49
8 g Py L u@ 18" e Hi o = % Varies with length of Barrel. STATE O:FLORle
o , 5 o [] ) % % Length of Barrel minus 4", STATE ROAD D
| A AL 6" | 7'ut > - 3R] LINFS o g He %X Length of Barrel plus 42" EPARTMENT
s vy 8.”’~ e 2ni0n |l TRIPLE IOFT. SPAN CULVERT
) 10'-4 9' Ht. M T Hi " 7-8-9:°10° .
g |0' it 8 Q' Ht. , X angf" -‘ . H o ll |2 FT HE'GHTS
Symmetrical about ¢ e o 0" l0aIZ His. 1" 7' Ht. "om — Const. JomL\ ROAD NO. COUNTY — | _SECTIoN 108 NO
- : -6 |8 ht 2"cl. e @ 7" 2 _
13-4" 12" Ht. T Y = - TE@7 ) $te@s”
BARS A: "7 9' ht. = f | 4 - N LT REVISIONS Names Dates
BARS K - 0" o' At 2 ';I'; Sy P 5*\_’“ :’ L ‘/ P ‘Q Names | Dates Desoriptions Designed by W.HM| 4-5I
BARS F 20" | II' Ht I aL 2oLl | g <t L\ 2l g™ Cheoxed by RMM| 4-51 N
2'-2" 12' Ht. 7 § - ~ - T Drawn by W.H.W 6-51 —\’1 wo _AAAAAANAL
FT. I [ eze | o
Note: ANl bar di BARS V CULVERT HEIGHT 8 FT CULVERT HEIGHT 9 FT. CULVERT HEIGHT 10 FT. CULVERT HEIGHT - | Cheokedty MEF | 6-51 (,‘ L
ote: ar dimensions are given out to out. Quantitios by P.H.S -
SECTIONS THRU WING WALLS e /i s BT
Traced by W.H.W| 6 -5I |Of I 60 37

~15-

14 of 64




DEPTH OF FILL

"SB Top of Headwall" -5 5.9
"SB Outside Shoulder Stripe" 5 5.0
LOC := "CL Divisor Stripe" Dist:= | 17 |ft FS:=| 45 |ft Dist- horizontal distance from beginning to culvert to rod
"NB Outside Shoulder Stripe” 29 5.1 FS - foresights, vertical rod readings
HI = 0 - say height of instrument elevation is O feet
"NB Top of Headwall" 39 6.1

ELEtop of top.slab,_start := —FSy — 23in + 10.25in = ~6.96 t

ELEtop,of top.sla_end = ~FS s (ps) ~ 23N + 10.25in = ~7.16ft

) EI-Etop.of.top.slab_end - ELEtop.of.top.sIab_start
ELEtop.of.top.sIab = EI-Etop.of.top.slab_start + Dist _ Dist ’
rows(Dist) 1

Dist

FillHeights := —(FS + ELEtop'Ofltop'slab)

FiIIHeigh’(sT =(1.04 199 254 199 1.04)ft . Traffic-carrying fill depthsrange from 2.0 to 2.5 feet. Say 1.9 ff. <D.fill < 2.6 ft.

-2
-FS
_ -4
ELEtop,of.tOp-5|ab //\
-6
-8 0 10 20 30
Dist
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INPUTS

BridgeNo := "999999"

BridgeName := "CR123 over Culvert Ck"

BridgeDescription := "Index 6037 Triple 10x10, 1958"

Pe = 1.00

o 1.9ft
fills == 2 6t

cells:= 3

W, := 10ft

tSlab :=10.25in tEXtWa” := 10in tlntWa” := 10in

A= 0.44in% — 2N _ o g45.in?
0.5-12.5in

d:= ts|ah — (1.25in + %%in) =8.62:in

.2 12in .2
:=0.3%in"-——— = 0.50:in
Aswall 7.5in

. 15, .
dWa" = tEXtWa" - (125"'1 + 5 'glﬂ) = 8.44-in

fy = 40ksi fy:= 3.0ksi
helear = 10t

Phaunch.top = 2iN Phaunch.bot = 4in

Lyall = Nelear = (hhaunch.top T hhaunch.bot) =9.50ft

Example

VehSet =
HL93+FL120+7LGL LRFR-LRFD
HL93+FL120 LRFR-LRFD
HS20+7LGL LOAD FACTOR
HS20 LOAD FACTOR

P - condition factor

Dsiyis - covering fill depths, roadway surface fo top of fop slab

cells- number of barrels

W, - barrel width, length of clear span

ts1ab tExtwall tintwall - Thicknesses: top slab, exterior wall, interior wall

A, - area of tension reinforcement per strip fooft, fop slab

d- distance from compression face to centroid of tension steel, top slab

Ag wall - Qrea of positive moment reinforcement per strip foot, exterior wall

dyyq)l - distance from compression face to centroid of tension steel, exterior wall

fy - steel yield and f;- concrete strength (BLRM Tables 6A.5.2.1-1 and 6A.5.2.2-1)

y

N¢lear - Clear height of box opening

hhaunch.top & Nhaunch.bot - haunch heights, top and bottom

Lyall - effective length of the exterior wall, pin-to-pin
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INSTRUCTIONS

(1) INPUT. Adjust inputs onthe 1st page. All primary inputs are confined fo this one page.
(2) FOOTER. Adjust bottom left footer (View -> Header and Footer -> Footer).
(3) CALCULATE. Scroll to the bottom of the worksheet, or use CTRL+F9 (Tools -> Calculate -> Calculate Worksheet).
This worksheet automatically exports results to "FDOT HINGED-END CULVERT (YEAR MO-DD) xIsm," sheet DATA.
(4) PRINT this MathCAD worksheet (after expanding the collapsed area "Expand this area to print").
(5) PRINT Excel file "FDOT HINGED-END CULVERT (YEAR MO-DD) xIsm™" as follows:
Open sheet "SUMMARY." Review, adjust as necessary, and print.
Open sheet "SUMMARY_DETAILED," select print area, adjust page breaks, and print details.

APPLICABILITY

This worksheet provides actionable guidance for load rating old-style hinged-end cast-in-place box culverts built fo
Florida Standard Indices drawn prior to 1970, where:

(1) Outside corners are unreinforced.

(2) Top and bottom slabs are identically reinforced in the primary direction, and uniformly thick.

(3) "Crank bars" provide identical positive and negative moment reinforcement in the slabs.

(4) Barrel widths are less than 15 feet.

(5) The shoulder is adequate; the distance from any lane centerline to its nearest culvert end is greater than one half
of the lateral distribution strip width.

As with any software, engineers are responsible for verifying applicability, code compliance, and accuracy. Send
questions and suggestions o CO-LoadRating@dot .state fl.us.

Inapplicable. Frame corners are reinforced. Applicable. Outside corners are unreinforced; ends are hinged.
7" i
I 14°Cl
)
S
. B A ] A I ] T

‘%
T~
ol

'S
oint
—_

DISCLAIMER

No warranty, expressed orimplied, is made by the Florida Department of Transportation (FDOT) as to the accuracy
and functioning of this program or the results it produces, nor shall the fact of distribution constitute any such
warranty, and no responsibility is assumed by the Florida Department of Transportation in any connection therewith

[*] EXPAND THIS AREA TO PRINT
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OUTLINE

(1) INPUTS. Primary inputs are highlighted in green, and confined to a single page.

(2) DISCUSSION. Instructions, applicability, outline, references, calculations discussion, and revisions log.
(38) CALCS. Includes discussion, static inputs tuned for Florida, and calculations.

(4) RESULTS. All results are exported to "FDOT HINGED-END CULVERT (YEAR MO-DD).xIsm;" see sheet "DATA."
(5) QUICK CHECK. Reproduce the rating factors for the selected test vehicle.

REFERENCES

ACI 318, Current. Building Code Requirements for Structural Concrete (ACI)

FDOT Bridge Management System Coding Guide, 2015 (FDOT BMS Coding)

FDOT Bridge Load Rating Manual, 2016 (BLRM)

FDOT Structures Design Guidelines Volume 1, 2016 (SDG)

AASHTO LRFD Bridge Design Specifications, 7th Ed. 2014 with 2015 & 201 é Interims (LRFD)

AASHTO Manual for Bidge Evaluation, 2nd Ed. 2010 with 2011,2013, 2014, 2015, & 2016 Interims (MBE)
AASHTO Standard Specifications for Highway Bridges, 17th Ed. 2002 with 2005 Interims (Std.Spec.)
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DIsSCUSsSION

APPLICABILITY. This program applies to typical old-style hinged-end cost-in-place box culvertsin Florida built to Standard Indices priorto 1970,
where (1) the outside corners omit reinforcement, (2) the top and bottom slabs are identically reinforced and uniformly thick, (3) positive
moment reinforcement in the slabs is the same as negative moment reinforcement, thanks to "crank bars," (4) span lengths are less than 15
feet, and (5) the shoulder is adequate; the distance from any lane centerline to its nearest culvert end is greater than one half of the lateral
distribution strip width.

ASSUMPTIONS, TOP SLAB. (1) Neglect the bottom slab. The bottom slab experienceslesslive load than the top slab, because the live load is
distributed laterally through the walls before reaching the bottom slab. (2) Neglect top-slab-to-exterior-wall continuity. The outside face of
the exterior wall omits reinforcement, which renders the connection pinned. Also neglect top-slab-to-interior-wall continuity. Minimal
reinforcement, typically #4 at 12in. OC, is insufficient to fix the connection. (3) Neglect axial action onto the top slab, from horizontal earth
pressures, as mildly beneficial. (4) Approximate the governing location for positive moment as 40% span length for multi-span culverts, and
50% span length forsingle-span culverts. (5) For all top sab distribution calculations, take the effective span length as the clear span.
Meanwhile for load calculations, take the effective span lengths as the distances between wall centerlines. (6] Use singly-reinforced flexural
copacity, which is frivially less than doubly-reinforced capacity among typical 1.25in. clear covers.

ASSUMPTIONS, EXTERIOR WALL. (1) Include axialloading, verify that e.steel > ¢.yield, and apply concepts from MBE Appendix G6A. (2)
Reduce the effective span length to construction-joint-to-construction-joint. (3) Adapt the HL?3 Inventory Rating to all vehicles. Where y =
live load factor, GVW = gross vehicle weight, and GVW.HL93 is assumed to be 36 tons:

RF.Exterior.Wall.Vehicle = (RF.Exterior.Wall.HL?3.Inventory) (y.HL?3 Inventory/y.Vehicle) (GVW.HL?3/GVW.Vehicle).

DISTRIBUTION. ForLFR and LRFR lateral distribution through earth fill, consider one wheel-line and two wheel-lines (one truck). For LFR
distribution through earth fill, additionally consider two adjacent frucks, and two trucks fully overlapped (two frucks), wherein adjacent truck
spacing is 4 feet. For both LFR and LRFR, take the best of (slab distribution, earth distribution). For LFR tire distribution, use point loading
(conservative); for LRFR, use tire patchloading (code). Apply longitudinal disfribution, regardless of fill depth. For LFR, this confroverts a narrow
reading of Std.Spec 6.4.2, which specifies point loading for culverts underless than 2 feet of fill. However, Std. Spec. provides for alternate
rational analysesat 1.1.1, and LRFD 5th Ed. at C4.6.2.10.2 provides that alternative when it explains why longitudinal distribution is reasonable
and warranted, even for shallower fills.

LIVE LOAD. LFR appraisals use all axle effects, whereas LRFR ratings use exireme axle effects (LRFD C.3.6.1.3.1). LFR impact is interpolated to
a linear, rather than step-wise, factor. LRFR lane loading does not apply to barrel widths less than 15 feet inlength (LRFD 3.6.1.3.3), and lane
loading has been removed from this worksheet.

SHEAR. Shearistaken at a distance "d" away from the face of the support. Reinforcement is assumed to be fully developed (the
development length for typical No. é 40ksi straight bars is 12.7in., per LRFD 5.11.2.1, which is typically less than the beginning of the bar to d
away from face). For structures with sensible bearing lengths and reinforcement details, furtherinvestigation is not necessary. However,
considerLRFD 5.11.2.1 and 5.11.2.4 for shearin atypical dabs (shear capacity @V requires minimum reinforcement, and this program assumes
that the reinforcement is developed atf the critical location).

METHODOLOGY. Al loading is interpolated to aninfluence matrix, whose precision is guided by "ips" (increments per span). A one foot

equivalent stripis analyzed throughout. Consider minimum and maximum load factors to achieve the worst-case loading, however apply
only one load factor per load cose type af atime. Forexample, do not vary EV across different spanlengths.
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REVISION NOTES

CHANGE NOTES, JULY 2013

(1) speeded up LLroutine - dismissed needless increments

(2) added true coincidency shear capacity (previously vectorization conservatively took max moment for Vn equation)
(3) removed point load simulation; substituted area influence

(3) added check plots for select vehicle

(4) added explicit RF output for all vehicles

(6) LRFD 12.5.5.1 shear strength reduction factorto 0.85

(7) updated to 2013 LRFD Interim (adjust tire width to 20in. +0.06*L)

CHANGE NOTES FEBRUARY 2015

(1) the program last verified 09-09-13; see #750083 review in EDMS, which compares independent calcs.

(2) excluded the StdSpec. 24kip Military Tandem, as LFR evaluation omits this truck from HS20 evaluation (FDOT clarification for2015)
(3) clarified that ¢V =0.85 for all shear, evenfor LRFD slab-type fills less than 2feet.

(4) changed shear capacity note to cite simplified shear (LRFD - 5.8.3.4.3, which is by inference the 0.06-/ fc-ksi = 1.9/ fc-psi ferms in Vci Vew)
(5) changed note for mpf ="...1.00 for FL120 routine permit (MBE é6A.4.5.4.2c-1, footnote a),"removing reference to 2011 FDOT Load Rating Manual.

CHANGE NOTES JULY - NOVEMBER 2015

(1) greatly simplify the governing output, only keeping what is needed to inform the Excel summary

(2) develop exterior wall assessment

(3) discard exact uniform load engine; use point approximations instead

(4) offer truly coincident loading with the possibility of varying load factors - min & max among same element.
(5) use one location per test, i.e. 1.40 for positive moment multi-cell or 1.50 for positive moment single-cell.

(é) reduce discussion, and make a separate LRFR code summary worksheet

(7) make companion Excel summary form and adjust for direct output

(8) adopt SDG and MBE DF - one lane only, mpflegal =1.00

(9) adopt General Method shear capacity for LRFD shallow fills

CHANGE NOTES JULY - JANUARY 2016
(1) edit preficial notes - disclaimer, intent and outline.
(2) update companion summary (Excel) and LRFR code summary

CHANGE NOTES - MARCH 2016
(1) invehicle list CLVT_VEH_SET(L), row 3 column 2, subrow 2 subcol 1, change "HL93.0OPR" to "HS20.OPR."

(2) remove cdlculations for depth of fill by auto-level; retain this as a separate worksheet

(3) change name from "FDOT OLD CBC" to "FDOTHinged-End Culvert"

(4) re-arrange order of topics on Page 2

(5) include [quick-start] instructions, fop of Page 2

(é) provide slider-bar on Page 6, to select the test vehicle, the vehicle to check on the last 8 pages

(7) move "applicability" section from Page 3 to Page 2

(8) add sxe < 80in LRFD 8.5.3.4.2-5 (no change for d.v ~ 10in., but makes fidelity to code clearer)

(9) remove 3ksi hard code f.c at exteriorwall "a" effective depth of the compression block; substitute with f.c (genuine change)
(10) add "Assumptions, Exterior Wall" section to Page 3

(11) add cartoon examples to Page 3, for inapplicable (frame) and applicable (hinged-end)
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VEHICLES

HS20_FT(L) := | SPACING « L -(0.6 + 1+ 0.4)

HS20(L) :=

HLO3(L) :=

CLVT_VEH_SET(L) :=

Example

SPACING « max{14,Ll~(0.6 +1+ 0.4)}

SPACING <« min(30,SPACING)

0 8
T« |14 32

14 32
return T if rows(L) <3
return T if HS20_FT(L) =14

0 8 i

T 14 32
HS20 FT(L) 32

HS20 « HS20(L)
025
TAND «
4 25

return (HS20 TAND)T if rows(HS20) =3
stack[HS20, ( TAND )]

"HL93.INV" HL93(L) 1
"HL93.0PR" HL93(L) 2
"FL120" FL120 4

"su2" su2 3

"SU3" SU3 3

"Su4" Su4 3

"C3" C3 3

"C4" c4 3

"C5" C5 3

"ST5" ST5 3
"HL93.INV" HL93(L) 1

1 "HL93.0PR" HL93(L) 2
"FL120" FL120 4
"HS20.INV" HS20(L) 1
"HS20.0PR" HS20(L) 2
"su2" suz2 3

"SU3" SU3 3

0 "Su4" Su4 3
"C3" C3 3
"C4" c4 3
"C5" C5 3
"ST5" ST5 3
"HS20.INV" HS20(L) 1
("HSZ0.0PR" HS20(L) 2)

0.00 12.00
1 | "cusT™" 4
L 13.00 22.00 1

_ . 0 12
0 12
10 22
13 22
20 22
0 22
0 73
11 22
10 22
417 22
21.83 22
SuU2 0 139 C3
417 22
SU3 9.17 18.7 Cc4
= = 0 10
su4 4.17 18.7 C5
10 20
ST5 4.17 18.7 FL120
417 20
0 8
17.67 15
27 18
417 15
4 18
0 13.334
12 18
14 53.333
L \24 18/ |
|\ 14 53.333/ ]

CLVT_VEH_SET(L) - standard vehicle sets

COL 1 =Method. 0 means LFR-Std Spec.-Load Factor; 1 means LRFR-LRFD

COL 2 =Vehicle descriptions: Name, Trucks, Rating Level

Rating Level: 1 - Design Inventory, 2 - Design Operating, 3 - Legal Operating, 4 - Permit

NOTES

Trucks follow this format (ft spacing, kip axle loading).

No lane loading, for the HL93 (LRFD 3.6.1.3.3).

A vehicle can have one ormore trucks (Truck and Tandem).
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DIMENSIONS

L:= ] for iel. cells

Li < |05 teypwall + We + 0.5t npwan if 1=1v i=cells

0.5t newall + We + 05t newall otherwise

P= 4 1zin

Be = textwall ZL'ﬂ

10.83
L=110.83 | -spanlengths (feet)
10.83

p =0.0082 - steel/concrete ratio

B, =33.33ft - out-to-out bridge length parallel to the effective span length

DECLARE VEHICLE SELECTION, ANALYSIS METHOD, AND PRECISION

Ds:
fills
Dfl”s = rOUnd[ Tt ,ijt

TRUCKS := |T1 « CLVT—VEH—SET(L)VehSet 2

T2(K) « if[cols(K) = 2,(K),K]
>
T2(T1)

LRFR := CLVT_VEH_SET(l)VehSet 1

(v
AV:= [T« TRUCKs ™

augment(matrix(rows(T),1,f(i,]) « i+ 1),T)

select the test vehicle : —_]I

ips:= 40

ips) | =100

dAFF = 105 teyowal * d if cells=1

0.5t newall + d otherwise

Example

1.90
Dsijls = ft -roundfills fo 0.01ft.; standardize significant figures for check calcs
s 260

TRUCKS - select method and vehicles

LRFR = 1.00 - method is Method := ("LFR" "LRFR" )1 LRFR+1 = "LRFR"

AV =

T 1.00 2.00 3.00 400 500 6.00 7.00 8.00 9.00 10.00)
"HL93.INV" "HL93.0PR" "FL120" "SU2" "SU3" "SU4" "C3" "C4" "C5" "ST5"

= "HL93.0PR"

testVEH = 2.00 - check this vehicle, last 8 pages: AVtestVEH,Z =

ips = 40 - precision, increments per span (10 is OK, 20is good, and 40 is best)
ips| | =100 -increments of truck travel (20 is OK, 50is good, and 100 is best)

dapp = 1.14ft - distance CL of bearing to "d" away from face, for shear RF location
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LOAD FACTORS

"VEH TYPE" "yDESC" ".LF" "~.LRFD"

1 "~N.ANV " 2.17 1.75

LL_MAT = 2 "~.OPR™  1.30 1.35 LL_MAT" live load factor matrix (BLRM Tables 6A.5.12.5-1 & 6B.5.3)
3 "~.OPR ™ 1.30 1.35
4 "~.PERM"  1.30 1.35

L Lmin = (1 0)1,LRFR+1 LLmin = 0.00 -forLFR, apply all effects; for LRFR, apply extreme effects

veh_type(iv) := TRUCKSiV veh_type(iv) - vehicle type equation (1=Des.INV, 2=Des.OPR, 3=Legal . OPR, 4=PERMIT)

,3

mpf_eq(iv) := if(LRFR = 1 A veh_type(iv) < 3,1.20,1.00) mpf_eq(iv) - single lane multiple presence factor equation

LL_eq(iv) := LL_eq(iv) - live load factor equation
LL_ea(iv) ’YLL—MATveh_type(iv)+1,3+LRFR YH-_eq(v) d

_ —_
YL = wLL_eq(AV<1>) mpf = mpf_eq(AV<1>) ALL - live load factors, vector for all vehicles

(D
AV2 := | (LBL Nos) « [("#" "VEH" "TYPE" "mpf* "~.LL") AV L :|— available vehicles: No., name, type No., mpf, y.LL

DAT « augment(AV, veh_type(Nos) , mpf_eq(Nos) ,wLL_eq(Nos))
stack(LBL,DAT)

(2 (@ <5>)

AV3 = augment(AVZ L,AV2 7 AV2 AV3 - available vehicles: name, mpf, y.LL

" "VEH" "TYPE" “"mpf* "~.LL"
1.00 "HL93.INV"  1.00 1.20 1.75
2.00 "HL93.0PR"™  2.00 1.20 135
3.00 "FL120" 4.00 1.00 135
4.00 "su2" 3.00 1.00 1.35
AV2 =| 5.00 "SU3" 3.00 1.00 1.35
6.00 "SuU4" 3.00 1.00 135
7.00 "C3" 3.00 1.00 135
8.00 "C4" 3.00 1.00 1.35
9.00 "C5" 3.00 1.00 1.35
10.00 "ST5" 3.00 1.00 135
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DEAD LOAD

DCmin

“DCmax
MYEVmIn
MEVmax

MYEHmIn

YEHmax

wpg = 150pcf-12in-t

’“{soil = 120pCf

Fe.eq(D) = min(

1.30 0.90
1.30 1.25
1.30  1.00-0.90
130 1.05-1.30
0.50-1.30 1.00-0.90
130 1.05-1.35

slab

1.15,1+ 0.20-—

Dj
Be

WEVAD) 1= Fg gq(D)-Dggjy-ft

wgy(D) =

wpL (D) = (wpg + wey(D)) ki~

Example

Ysoil

D-ft

1

(LRFR+?

DCmin

“DCmax
MEVmIn
MEVmax

MYEHmIn

YEHmax

0.90
1.25
0.90
1.37
0.90
1.42

Load factors (StdSpec. 3.22.1.A, BLRM 6A.5.12.5-1)

wp = 0.128:kIf - component/ddb load (SDG 3.15.4)

Ysoil = 120-pef - unit weight of sail (SDG 3.15.4)

WEV(DfiIIs; = [

1.011

43 1
Fe.eq(DfiIIs “\ 1016

0.231
0.317

j - soil interaction factor (Std.Spec.Eq. 16-16, LRFD 12.11.2.2.1-2)

)klf - vertical earth loading

(D ) [0'114 KIf - lateral earth
W 3 = . - lateral edr ressure
EH\ “fills 0.156 P

45 359
wpi(Dfins) =

24 of 64
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ToP SLAB, DISTRIBUTION & IMPACT (1 OF 2)

LATERAL DISTRIBUTION LRFR = 1.00 Method = "LRFR"

gage := 6ft

gage - gage width, spacing between wheel lines (BLRM Appendix)

lane,, := 12ft lane, - lane width (Std Spec.17th Ed. Fig. 3.7.A, LRFD Fig. 3.6.1.2.2-1)

tire\igth = if(LRFR =0,0,20in + O.OG-WC) tireyyigeh = 27-20-in - tire width (Std.Spec.6.4.1, LRFD 3.6.1.2.6b)

tirelength := if(LRFR = 0,0, 10in) tirelength = 10.00-in - fire length (Std.Spec. 3.30, LRFD 3.6.1.2.5)

DFggrth := If(LRFR = 0,1.75,1.15) DFarth = 1.15 distribution, earth (Std.Spec.17th Ed. 6.4.1, LRFD Table 3.6.1.2.60-1)

Eeq(mpf_1LANE, D_fill) - equivalent strip width for lateral distribution. mpf_1LANE - single-lane multiple presence factor, D - covering fill, from the

roadway s
3.6.1.2.6).

urface to the top of the top slab, (Slab distribution from Std.Spec. 3.24.3.2 & LRFD EqQ. 4.6.2.10.2-1. Earth distribution from Std.Spec. 6.4 & LRFD
For effective span length, say clear span (Std.Spec. 3.24.1.1 & LRFD 4.6.2.102-1).

Eeq(mpf_LLANE, Dgy) := |E_SLAB « 8ft + 0.12-W

E(Dgy) =

LLDFeq(mpf_1LANE, Dgjy;) =

E_EARTH_1TRUCK « min|:2~(tirewidth + Dfjy1DF garth) - L (tireyyiin + DFearthy Dfill + gage)]

E_EARTH_2TRUCKS < minf L-(tire,yjth + Dfilj"DFegrth * 41t), 0.5:(tireyigy + Dy DF garen + 2-9age + 4ft]]

>

maX(E_SLAB ) (E_EARTH_lTRUCK E_EARTH_ZTRUCKSD

1.00 1.00
X( E_SLAB m.n(E_EARTH_lTRUCKD
mpf_1LANE’ mpf_1LANE LRER+1
T« (concat("D.fill =" ,numZStr(Dﬁ”-ff 1) ft) "mpf, 1 lane" "E (ft)") ‘DAl =197 "mpf, 1 lane” "E (f)"
"HL93" 1.20 7.67
return stackl:T ("INV/OPR" 1 Eeq 1 Dﬂ“ ) if LRFR=0 (—j "L GL/FL120" 1.00 9.20
D.

fills ey £l — D q o g m
wHLg3" 12 Eeq(lz Dﬂ”) - 1 D.fill =2.6ft" "mpf, 1 lane” “E (ft)
return stack| T, . if LRFR =1 "HL93" 1.20 8.76
"LGL/FL120" 1  Eeq(1,Dgy )t [\"LGL/FL120"  1.00 1051

ft
Eeq(mpf_1LANE. Dg;;)

LLDFeq(mpf_1LANE, D_fill) - lateral distribution factor (axles per 1 foot strip)

LONGITUDINAL DISTRIBUTION THROUGH FILL

Elong.eq(D) =

Example

DFgarth’D + tirelength E|0ng(D) - longitudinal distribution length (Std.Spec. 1.1.1 & 6.4.1, LRFD 4.6.2.10.2-2)
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ToOP SLAB, DISTRIBUTION & IMPACT (2 OF 2)

IMPACT LRFR = 1.00 Method = "LRFR"

()11223320)T

IM - plot points, step-wise LFR impact(Std.Spec. 3.8.2.3)
1313 121211 111 1 CLVT.Std.Spec.

IMcLVT.Std.Spec. = [

IMeq(Dﬁ”) = |if LRFR=0 IMeq(Dﬁ”) -live loadimpact (Std.Spec. 3.8.2.3 interpolated, LRFD 3.6.2.2-1)
Ds:
IM « min|:1.30,1.30 - 030.[“ - o.sﬂ
3 ft
max(1.00, IM)
if LRFR=1
Dsill
IM < min| 1.33,1+ 0.33:| 1 - ——
8ft
max(1.00, IM)
E vs Dfill
20.0
— E.lateral, mpf = 1.00
— E.lateral, mpf = 1.20 (LRFR-HL93)
— E.longitudinal
g 15.0
w
s
S
=
2
5 100
wn
c
=
=
2
B
&l 5.0
0.0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
D fill (ft)
IM vs D fill
]
S 130
L
S 120
E
L 110
IS
1]
S 100
2 L
099 5 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
D fill (ft)
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TOP SLAB, MAKE INFLUENCE TABLE (1 OF 8)

match2(n, M) - for exact match

match2(n, M) := match(n-lolo, M~1010)1,1

Vinc - shear check location at d away from face of bearing at Pier 2
dAFF -1
vinc := min| 1.999,( L, — —— ~(L ) +1]=1.90
1 ft 1

Brlncseql Brlncseqz & Brincs - bridge increments: span No. + % span length

Brlncseql(L, ips):= Jr< 0
for SpanNo € 1..rows(L)
for iel.ips+1
row « i + (ips + 1)-(SpanNo — 1)

T2 |i-n+10 2 ifi=1

i—-1ifi>1Aani<ips+1
(i-1)-10"° ifi=ips+1

rer+1

T2
T1 <« SpanNo+ —
r ips

T1
Vinc — 0.0001
Brlncsqu(L,ips) = | BrINCS <« csort| stack Vinc ,Brlncseql(L,ips) ,1
Vinc + 0.0001

T (BrlNCSl)

for i e 2..rows(BrINCS)

T« if(BrINCSFl = BrINCSi,T,stack(T, BrINCSi))

T

Brincs := Brlncseqz(L, ips)

RSIFeq & RSIF- influence locations: (R)ow, (S)pan, (Iincrement, (F)eet

RSIFeq(L,BrIncs) = | Lt « stack[(0),L]
for ie 1..rows(Brincs)

span <« trunc(BrIncsi)

span

ft < Z Lty |+ [Lspan'(B”ncsi - span):|
k=1

i
T <—(i+1 span Brlncsi ft)T

T« TT
i 1 rows(T) + 2 i

0 rows(L) + 1
0.001 0.001

T2« ||1- . rows(L)+1+L7

1 rows(L)
-0.001-L, ZL +0.001L,
T « stack(T,T2)
csort(T, 1)
RSIF := RSIFeq(L, Brincs)
Example 27 of 64
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TOP SLAB, MAKE INFLUENCE TABLE (2 OF 8)

RSIF_CHK_LOCS - checklocations: (RJow, (S)pan, (Ijncrement, (Fjeet

RSIF_CHK_LOCS := |r(BrINC) « matchZ(BrINC,RSIF 3>) ROW™ "SPAN" "INC" "FT
(9 18.00 1.00 140 4.33
match2| |1.50 if cells=1 ,RSIF
HDR « ("ROW" “"SPAN" "INC" "FT") =| 45.00 1.00 2.00 10.83
1.40 otherwise
@ stack(HDR, RSIF_CHK_LOCS) 39.00 1.00 1.90 9.70
Get « match(Z.OO,RSIF )1 39.00 1.00 1.90 9.70
§
matchZ(Vinc,RSIF Q)
§
matchZ(Vinc,RSIF Q)
for ie 1. .rows(Get)
o ((Geti)>
2" (RSIFT)
T2T
PMpnc - POsitive moment location
PMriNC = RSIFRSIF_CHK_Locsl = e
pierlocation bridge length
SUML(L) := | for ie 1..rows(L) ENDPIER(L) := ZL
i
SUMLi « Z Lk
k=1
SUML
is xover apiere X isinwhat span?2
axlatpier(x, L) = T1 <1 if x=0 axlspan(x,L) ;== | T« 0 if x<0v x> ENDPIER(L)
T, ¢ 0 otherwise otherwise
T«1
for ie 1..rows(L)
- while >1
! T
Ti+1<—|+1|fx=z Ly Z L
k=1 k=1
Ti+1 <« 0 otherwise TeT+1
max(T) rows(L)
rows(L) + 1 if x= Z Ly
k=1
T otherwise
local distance to necrest left pier El - stiffness
a(x,L) = |x if axlspan(x,L) =1 v rows(L) =1 El:= 10-104
axlspan(x, L)-1
X — Z Ly otherwise
k=1
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TOP SLAB, MAKE INFLUENCE TABLE (3 OF 8)

what's the sign of theta?

signtheta(x, L) := |1 if round(w ,O) =0

—1 otherwise

MEQT1 - unknown 6.1 & areas of moments

MEQ1p(x,L) := | for ie 1..rows(L)

Ti 1< signtheta(x, L)-El-(-1)

for ie 1..rows(L)

0 if rows(L) =1
otherwise

for j € 2..rows(L)

Ti i «— 0 if j>i
otherwise

051

0.5.(|_J.71

if j=i

+ L.) otherwise
]

MEQ3p(x, L) - sum unknowns

MEQSUMp(x, L) := MEQ1p(x, L) + MEQ2p(x, L)

MEQ3ap - known simple point load area

MEQ3ap(x,L):= [T, , « 0 if rows(L) =1

1,1

otherwise
row <« axlspan(x,L)

for ie 1..rows(L)

L
row

T. , «

i1 if row <i

Ti 1< —0 otherwise

MEQ3p(x, L) - sum knowns, and multiply by point moment

MEQ3p(x, L) := (MEQ3ap(x, L) + MEQ3bp(x,L))-MP(x, L)-signtheta(x, L)

Example

simple moment

MP(x,L) := |spanNo « axIspan(x,L)

L —a(x,L)
spanNo el

spanNo

MEQ?2 - unknown area moments * known distance

MEQ2p(x,L) := | for ie 1..rows(L)

for j € 1..rows(L)

ifi=1

AM. . « — if j=2
1,] 6

AMi j < 0 otherwise

>

otherwise
L
AM. . « — if j=i+1
1,] 6

otherwise

L
AM. .« — ifj=i
i3

AMi i < 0 otherwise

AM

MEQbp - known simple point load moment

MEQ3bp(x,L) := | for ie 1..rows(L)

Ti,1<—0

row <« axlspan(x,L)

I‘row B a(x, L)

T “«—
row, 1 3 6

T
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TOP SLAB, MAKE INFLUENCE TABLE (4 OF 8)

MegGO(x, L) whethermoment solution can run

MeqGO(x,L) := |0 if x<0v x> ENDPIER(L)

1 otherwise

SOLNp(x, L) - theta, pier moments

SOLNp(x,L) := Jif MeqGO(x,L) =0
for ie 1..rows(L)

Ti<—0

T

axlIspanpier(x, L) - get span No. if on endpier, report last span. else if on pier, report pier no.

axlIspanpier(x, L) := | SPA « axlIspan(x, L)
PIER « axlatpier(x,L)

min(rows(L) ,max(SPA,PIER))

ReturnAXLonPIER(xaxl, L, xtst, OnPier, span) - if the axle is on a pier, report influence (M,V+,V-)

ReturnAXLonPIER(xaxl, L, xtst, OnPier, span) :=

Example

return

return

return

MEQSUMp(x, L)~ -MEQ3p(x,L) otherwise

if OnPier = span A xaxl = xtst

o B O O B O

J if OnPier = 1 A xaxl = xtst =0

0
0 | if OnPier =span + 1 A xaxl = xtst
-1
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TOP SLAB, MAKE INFLUENCE TABLE (5 OF 8)

R3|ocal(xaxl, L, xtst) - simple span influence (moment, positive shear, negative shear) at xtst span, from 1 kip load at xax|)

R3|ocal(Xaxl, L, xtst,span) := | SPANNOAXL <« axlspanpier(xaxl, L)

SPANNOTST <« span
0

return | 0 | if SPANNoAXL # SPANnoTST v SPANNoTST = 0
0

XlocAXL « |xaxl if SPANnoAXL =1

xax| — otherwise

SUML(L)SPANnoAXLfl
XlocTST « | xtst if SPANnoTST =1

Xtst — otherwise

AL I')SPANnoTSTfl

LspaNnoaxL ~ XI0eAXL

Rleft < L
SPANNoOAXL
XlocAXL
Rright < L
SPANNoAXL
if XlocTST < XlocAXL

M local < XlocTST- Rleft

Viocal_pos < Rleft

Viocal_neg < Rieft

if XlocTST > XlocAXL

Miocal < (L = X|ocTST)-Rright

SPANNoOAXL
Viocal_pos < ~Rright

Viocal_neg < ~Rright
if XlocTST = XlocAXL
Mlocal <« X|OCTST~R|eﬁ

Viocal_pos < Rleft

Viocal_neg < ~Rright
Miocal

Vlocal_pos

Vlocal_neg
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TOP SLAB, MAKE INFLUENCE TABLE (6 OF 8)

R3a(xaxl, L,xtst,span) - get simple and pier influence
R3a(L,TSOLNp,xtst,span) = | SPANNOTST « span

return (0 0 0)T if SPANNOTST < 1 v SPANNOTST > rows(L)
XlocTST « |xtst if SPANnOTST =1

xtst — otherwise

SUML(L) spANnoTST-1
(Mieft Mright Vpier) < (0 0 0)

I if SPANNOTST = 1

XlocTST
Mright < TsoLNp, ™ |
1

TsoLnp,

Ly

Vpier <

I:(Mleft+Mright) Vpier Vpier]T

return if SPANNOTST > rows(L)
Mright < 0
Ltemp « Lrows L
T« |0 if SPANnOTST = rows(L) + 1
1 otherwise
XlocTST
Mg < T J1-—
left = " SOLNPyoyys (L) ( Ltemp )

—
SOLNProws(L)
Vpier &\ = 7o
Ltemp

I:(MlefﬁMright) Vpier Vpier]T

-T +T
SOLNP(spANnoTST) ~  SOLNP(SPANNOTST+1)

LS PANNOTST

[(Mleft+Mright) Vpier Vpier]T

Vpier <

MVVa(L,xaxl, xtst,span, SLN) - if 1 span, use simple solution; otherwise use continuous
MVVa(L, xaxl, xtst,span, SLN) := | R3local « R3|Ocal(xaxl, L, xtst, span)

return R3local if rows(L) =1
R3a(L, SLN, xtst,span) + R3local

MVVb(xaxl, xtst) - get +M +V -V for one test location and one axe location

MV Vb(xaxl, xtst) := |span <« axIspan(xtst, L)
SLN « SOLNp(xaxl, L)
MVVa(L, xaxl, xtst, span, SLN)

Example 32 of 64

return if 1 < SPANNOTST < rows(L)
Vo __ XlocTST
left = "SOLNP(SPANNOTST) |~ LgpannoTsT
v T XlocTST
right < TSOLNp I
(SPANNOTST+1) | Lep\\oorot
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TOP SLAB, MAKE INFLUENCE TABLE (7 OF 8)

R4(xaxl, L) - influence (+M, +V, -V) from 1kip load at location xaxlin bridge feet, when RSIF (bridge geometry matrix) is known.

R4(xaxl,L,RSIF) := | SLN « SOLNp(xaxl,L)
MVV(xtst, span) « MVVa(L,xaxl, xtst, span, SLN)
for j € 1..rows(RSIF)

(span xtst)e(RSIFj RSIF; 4)

2
(j
T° <« MVV(xtst,span)

iy
™ 0o o) if xist<0v xist> 3L

INF2,, & INF2--regularinfluence table (+M,-M, +V,-V)

q
INFZeq(L,RSIF) = | for ie 1..rows(RSIF)

Te R4(RSIFL4,L,RSIF)T

(M<i> Vp<i> Vn<i>)e(T<1> 72 T<3>)
(MT M vp VnT)

INF2 := INFZeq(L, RSIF)

INFgp o - N abbreviated influence matrix, with few increments, for display.

INF L« L

show ‘=
ips < 5

RSIF « RSIF L,Brlncseqz(L,ips))

eq(
S(r) < matrix(r,1,f(i,j) « ™)
l INFZeq(L,RSIF)

SIDE « stack[("#" "SPAN" "BrINC" “FT"),RSIF]

DAT « augment(diag(ll,s),diag(l1,4),Il,l)

LBL « ("V+" "V-")

(cow rs®)
HDR <« augment\LBL,RSIF
T <« augment(SIDE, stack(HDR, DAT))
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ToP SLAB, MAKE INFLUENCE TABLE (8 OF 8)

ABBREVIATED INFLUENCE TABLE , FOR CHECKING

# SPAN BriNC FT V+ V- 0.9999 1.0000 1.2000 1.4000 1.6000 1.8000 1.8951 1.8952 1.8953 2.0000
1 0 1.00 00 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 1 1.00 00 10000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
3 1 1.20 22 07488 -02512 0.0000 0.0000 16224 10781 05339 -0.0104 -02692 -02695 -02697 -05547
4 1 1.40 43 05104 -04896 0.0000 0.0000 11059 2217 11509 00901 -04142 -04148 04153 -09707
5 1 1.60 65 02976 -07024 00000 00000 06448 12896 19344 04125 -03111 -03118 -03126 -11093
6 1 1.80 87 01232 -08768 00000 00000 02669 05339 08008 10677 01645 0.635 01626 -0.8320
7 1 1.90 97 00575 -09425 00000 00000 0.1245 02490 03734 04979 05571 05561 05551 -05141
8 1 1.90 97 00574 -09426 0.0000 0.0000 01243 02487 03730 04974 05565 05566 05556 -05137
9 1 1.90 97 00573 -09427 0.0000 0.0000 01242 02484 03726 04968 05559 05560 05560 -05133
10 1 2.00 108 0.0000 -10000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
n 2 2.00 108 10000 0.0000 00000 00000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 00000 0.0000
12 2 2.20 130 08320 -0.1680 00000 00000 -0.1387 -02773 -0.4160 -05547 -0.6206 -0.6207 -06207 -06933
13 2 2.40 152 056160 -023840 00000 00000 -01733 -03467 -05200 -0.6933 07757 -0.7758 -07759 -0.8667
14 2 2.60 173 03840 -06160 0.0000 0.0000 -01387 -02773 -04160 -05547 -0 6206 -0.6207 -06207 -06933
15 2 2.80 195 01680 -08320 0.0000 0.0000 -0.0693 -01387 -02080 -02773 -03103 -03103 -03104 -03467
16 2 3.00 217 0.0000 -10000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
7 3 3.00 217 10000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
18 3 3.20 238 08768 -01232 00000 00000 00416 00832 01248 0.1664 0.862 0.862 01862 02080
19 3 3.40 260 0.7024 -02976 00000 00000 00555 0.1109 0.1664 02219 02482 02483 02483 02773
20 3 3.60 282 04896 -05104 00000 00000 00485 00971 0.1456 01941 02172 02172 02173 02427
21 3 3.80 303 02512 -0.7488 0.0000 0.0000 00277 00555 00832 01109 01241 01241 01241 01387
22 3 4 .00 325 0.0000 -10000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
23 4 4 .00 325 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

(matrix(40,20,f(i,j) <" 'NFshow)
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TOP SLAB, INFLUENCE VECTORS (1 OF 2)

While LRFR does apply simultaneous minimum and maximum live load factors among a given element orspan (extreme effects, neglecting
axles not contributing to the force under consideration, and patch lane loading), LRFR does not vary minimum and maximum permanent
load factors for one load type, within the same calculation. "In the application of permanent loads, force effects foreach of the specified six
load types should be computed separately. It is unnecessary fo assume that one type of load varies by span, length, orcomponent within a
bridge" (LRFD C3.4.1). At atwo-span culvert, forexample, when considering positive moment in the top slab of span 1, maximize vertical
dead load throughout the entire top slab. Consistently apply maximum component (DC) and vertical earth (EV) load factors to both spans.
However use the minimum horizontal earth (EH) pressure, if its effects benefit the top slab with axial force.

(RSIF_CHK_LOCS, )

iMpos := (INFZl 1 L1 (1) iMpos - unfactored influence vectorat pMpgnc = 140 for positive moment (+M)
<RSIF_CHK_LOCSZ 1>

iMneg := (INFZl 1) i (2) iMneg- unfactored influence vector at 2.00 for negative moment (-M)
<RSIF_CHK_LOCSS 1>

iVneg := (INFZ1 4 i (3) iVneg - unfactored influence vectorat Vinc = 1.90 for negative shear (-V)

(RSIF_CHK_LOCS . 1>

iMv := (INFZ1 1 ’ (4) iMv - unfactored influence vector at Vinc = 1.90 for M coincident with V (Mv)

maX|NF(|NF’"fmax"Ymin) = if(INF > O’WmaX'INFWmin'lNF) maxINF(INF,wmax,wmin) - APPY Ymax OF Ymin t0 emphasize positive influence

minINF(INF,wmaX,wmin) = if(lNF < O,NmaXJNF,’YmmINF) mimNF('NF’"fmax"Ymin) - aPPlY Ymax©F Ymin to emphasize negative influence

COWC(V”engax’”fmin) = if(Vneg < O’Wmax’wmin) CO|NC(Vn99,’YmaX,”fmin) - use Vneg as guidance on whether to use Ypax O Ymin

INF_LL_Mpos := maX|NF(iMp°5’1’"fLLminj (1) INF_LL_Mpos - live load (LL) influence vector at pMgyc = 140 for +M

INF_LL_Mneg:= mimNF(iM”eg’l’"fLLminj (2) INF_LL_Mneg- LL influence vector af 2.00 for -M

INF_LL_Vneg := mimNF(iV”eg»lWLLminj (3) INF_LL_Vneg - LL influence vector af Vinc = 1.90 for -V

INF_LL_Mv := COINC(iVneg,iMv,0-iMv) (4) INF_LL_Mv - LL influence vector at Vinc =1.90 for Mv

INF_yDC_Mpo0s := Ypcmax IMPOS (1) INF_yDC_Mpos - factored (y) component DL (DC) infl. at pMgnc = 140 for +M

INF_yDC_Mneg := Ypcmax IMneg (2) INF_~DC_Mneg - yDC influence vector at 2.00 for -M

INF_YDC_Vneg := Ypcmax 1VNeg (3) INF_~DC_Vneg - yDCinfluence vector at Vinc = 1.90 for -V

INF_YDC_MV := Ypcmax iMV (4) INF_~DC_Mv - yDCinfluence vector at Vinc = 1.90 for Mv

INF_YEV_MPpos := NYgy/max IMPOS (1) INF_YEV_Mpos- factored (y) vertical earth (EV) influence at pMgyc = 1.40 for +M

INF_YEV_Mneg := NYgymax iMneg (2) INF_~EV_Mneg - YEV influence vector at 2.00 for-mM

INF_YEV_Vneg := NYgy/maxiVneg (3) INF_~NEV_Vneg- yEV influence vector at Vinc=1.90 for-V

INF_YEV_MV = mYEy/max iMV (4) INF_~NEV_Mv- yEV influence vector at Vinc = 1.90 for Mv
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ToOP SLAB, INFLUENCE VECTORS (2 OF 2)

POSITIVE MOMENT

4 3

3 2
INF_~DC_Mpos
—_— 2 INF_LL_Mpos
INF_~EV_Mpos — 1
— 1 iMpos
iMpos

0
- 0
-1 2 3 4 ! 2 3 4
RsiFY RsiFY

NEGATIVE MOMENT

0.5 0.5
0] 0 |
INF_~DC_Mneg
— -05 INF_LL_Mneg
INF_~NEV_Mneg — -05
— -1 iMneg
iMneg
-1
- -15
RSIF<3> FeS|F<3>
SHEAR
0.5 0.2
o N
0]
INF_~DC_Vneg ~02
—_— INF_LL_Vneg
INF_~NEV_Vneg- 0.5 — -0.4
— iVneg 06
iVneg _1 :
-0.38
- 157 . 3 p -1 2 3 4
FeS|F<3> FeS|F<3>

MOMENT ASSOCIATED WITH SHEAR

1 1
0.5 05
INF_ADC_Mv
— 0 INF_LL_Mv
INF_~NEV_Mv — 0
i —05 iMv
iMv
-05
— -1
- 157 . 3 p -1 5 3 4
RS|F<3> RS|F<3>
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ToP SLAB, APPLY LOAD TO INFLUENCE (1 OF 4)

UTILITIES

iftoi(FT) - given FEET, get Brinc

iftoi(FT) = Iinterp(RSIF ,RSIF™ FT

(@ (3 )

APPLY w TO AN INFLUENCE VECTOR

iioft(BrINC) - given BrINC, get FEET

iioft(BrINC) := Iinterp(RSIF<

iftor(FT) - given FEET, get NODE No.

(@ (D )

iftor(FT) = Iinterp(RSIF ,RSIF ™ JFT

INFx1x2a - add four nodes to an influence vector, one pair of new nodes adjacent to x1, and another new pair adjacent to x2.

Add a column with bridge feet location. Outputis (feet, influence).

INFx1x2(l,x1,x2) :=

"if the load is not on the bridge, return 0"

0 0
return if x1> Lvx2<0
(0.1 0) Z

"x1 can't be less than 0; X2 can't be greater than XL"

(X1 X2) « (max(o,xl) min(xZ,ZLj)

"add 2 new nodes, before and after x1 &x2"

x1—10"° g
FTadd « stacl )

x1+10 8

x2-10

x2+10° 8

"get influence for all nodes, including FTadd"
for j e 1..cols(l)
T(X) « Iin'(erp(RSIF<4> , I<J> ,x)
; N —
et stack( N ,T(FTadd))
"combine FT & INFLUENCE, sort by FT"

ftINF « augment(stack(RSIF<4> ,FTadd), INFt)
ftINF <« csort(ftINF, 1)

“zero out any increment not within the range x1 to x2"
ZeroLeftRight(X, INF) « if(x < x1 v x > x2,0, INF)
for j e 2..cols(ftINF)

ftINF(j> « ZeroLeftRight(ftINF<1>

ftINF

,ftINF<j>j

INFx1x2w(INF, x1x2w) - foreach row in x1x2w apply w (kIf) to influence from x1 to x2 (ft). Outputisthe force effect of the loading.

INFx1x2w(INF,x1x2w) := | T1 « matrix(1, cols(INF),f(i,j) < 0)

Example

for ie 1..rows(x1x2w)

T2 < INFx1x2(INF,x1x2wi X1x2w, 2)

1

A(K) « T2k,1 = T2k71,1

e (TZk’j +2T2k1’j)

w <« x1x2wi, 3

for j € 2..cols(T2)
rows(T2)
T3« z [A(K)-(I(k,)-w)]
k=2

Ty €Tl 4 +T3

Tl
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ToP SLAB, APPLY LOAD TO INFLUENCE (2 OF 4)

DEAD LOAD

DLeq(INF, w) = INFxlxz{INF,(O L %ﬂ

DLeq(iMpos,ch + DLeq(iMpos, wEV(D))

DLeq(iMneg,wDC + DLeq(iMneg, wEV(D))
DL(D) :=
DLeq(iVneg,wDC

N L

(
(

+ DLeq(aneg wEV(D))
(

DLeq(in,ch + DLeq(iMv wEV(D)

DL:= | for iDe l..roWs(DfiIIS)

A0 DL<DfiIISiD>T

TT

_[(3.37) (-4.21) (-1.92) (—1.79)}
T (418) (-5.22) (-2.39) (-2.22)

DISTRIBUTED TRUCK

DLeq(INF_'yDC_Mpos,wDC + DLeq INF_WEV_Mpos,wEV(D)) u

) + DLed(
) + DLed(
) + DLed(
) + DLed(

DLeq(INF_YDC_MV, wpc) + DLeq(INF_YEV_MV, we/(D))

DLeq(INF_YDC_Mneg, wp ) + DLeq(INF_YEV_Mneg, wg\/(D))
~DL(D) :=
INF_~EV_Vneg, wg\/(D))

DLeq(INF_YDC_Vneg, wpc) + DLeq

~DL:= | for iDe 1..r0W$(DfiIIs)
(iD v
T < L{Dring; )

TT

[(4.45) (-5.57) (-2.55) (—2.37)}
~DL =
(557) (-6.95) (-3.18) (-2.96)

OLAPTRK2(TRK,D) - given atruck (ft kip), make a longitudinally distributed truck (x_start x_end kiIf ). Where axle distribution lengths overlap, the

fributary axles are uniformly distributed over the net length (Std.Spec. 6.4.2 & LRFD MBE C6A.5.12.10.3a). When axle overlapping does occur, heavy axe
areas may be irrationally distributed to light axe areas. However, such overlapping occurs under deep fills, where DL supercedes LL.

OLAPTRK2(TRK.D) = | Ejgng < Ejgng.eq(®)ft

Example 38 of 64

TRKl 2
——— | if rows(TRK) =1

return (O'S'Elong 0.5-E|ong |
ong

(T CL_AXLE) <—[(70.5-E|0ng 0.5-Ejong TRKl,z) (0)}
for i e 2..rows(TRK)
(r CL_AXLE) <—[rows(T) (CL_AXLE—TRKi,l)}
T |stack] T.[(CL_AXLE - 05Egng) (CL_AXLE + 05Ejgng) TRK; , ] if TRK; | > Ejgng
(Tr1 Tro Trg) < [(CLAXLE =05 Eqng) (T, ) (T, 5+ TRK; )] otherwise
for i e 1..rows(T)
Ti,3

PR I
i,3 _
Ti27Tin
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ToP SLAB, APPLY LOAD TO INFLUENCE (3 OF 4)

MAKE DISTRIBUTED TRUCKS

TKLOCS2 - (x_start, x_end, unfactored pressure) and (locations of first wheel in bridge feet), no lateral distribution, no IM, and no load factor)

TKLOCS2(TK,D) := | T < OLAPTRK2(TK, D)

TRK_LEN « max(T<2>) - min(T<1>)

RUN_LEN <« TRK_LEN + 1.2-Ll

for iel.ips | +1

RUN_LEN
X =" (- 1)+ 0.4.L
i ips; | 1

for ie 1..rows(x)

T2i <« augmen'((T<1> + xi,T<2> + xi,T<3))

T2

MIRROR(TRK) - reverse the truck for two-way traffic

MIRROR(TRK) :=

Example

for ie 1..rows(TRK)

T2i 1 0ifi=1
TRKrows(TRK)—i+2,1 CLIELTES
T2 5 < TRK ows(TRK)-i+1,2
return T2 if cols(TRK) = 2

augment(TZ,TRK<3>)

39 of 64
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ToP SLAB, APPLY LOAD TO INFLUENCE (4 OF 4)

RUN LIVE LOAD

~LLWLBL(D) - factored live load with distribution and impact for one fill depth. 1 vehicle perrow.

Main columns are:
(1) LL details

(2) M.positive

(3) M.negative

(4) V.negative

(5) M.coincident.with.Vnegative

NLLWLBL(D) :=

Example

Submaitrix (1) LL detail columns:
(1) Row No.

(2) Veh No.

(3) Veh Name

(4) Truck No.

(5) Forward/Reverse 0/1

(6)0

(7) Factored Truck

VEHS « TRUCKS
IM « IMeq(D)
for ive 1..rows(VEHS)

VEH « VEHS.
iv,1

DF « LLDFeq(mpfiV, D)

(Mp Mn Vn M_Vn row) «< (0 0 0 0 0)

for iTRK e 1.. rows(VEHSiV 2)

TRK1 « (TRUCKS. )
IV, 2iTRK 1

for iIMIRRe 1..2

TRK2 «— | TRK1 if iMIRR=1
MIRROR(TRK1) otherwise
TKS « TKLOCS2(TRK2, D)

for itrk € 1.. rows(TKS)

rer+1

X_lead « (TKSi'(rk)rOWS(TKSitrk)’3
" (&)
i) € NLLiv'DF"M'(TKSi” )

TK « TKS.
itrl

(TKS ‘

k

) . . . T
T <—(r iv VEH iTRK iMIRR-1 0 TKSmk)

{p
Mp r INFx1x2w(INF_LL_Mpos,TK)T
{p
Mn" INFx1x2w(INF_LL_Mneg,TK)T
«—
<r> T
Vn INFX1x2w(INF_LL_Vneg, TK)
<r) T
M_Vn INFX1x2w(INF_LL_Mv, TK)
G i
AL <—(TT Mp' Mn' vil M_VnT)

(T Mp Mn Vn McooincVn) < (0 0 0 0 0)
r<0
T

~LL

40 of 64

Submaitrix (7) Factored Truck Columns are:

(1) x.start - the place in bridge feet at which the loading begins
(2) x.end - the place in bridge feet at which the loading ends
(3) kif loading - v LL*DF*IM*(AXLE, or YAXLES for overlapped axles)
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Topr SLAB, CAPACITY

MOMENT, LFR OR LRFR

f,-A
Mn := fy'As'[ - % 5 E:/S fs fJ Mn = 22.73-kip-ft - nominal flexural capacity (Std.Spec. Eq.8-16, LRFD Eg. 5.7.32.2-1)
B . c'
P = 0.90 o) =0.90 -flexural strengthreduction (Std.Spec. 8.16.1.2.2, LRFD Table 12.5.5-1)
PHMN = P dpg-Mn PdMn = 20.46-kip-ft - factored flexural strength; condition factor is ). = 1.00

SHEAR, LFR OR LRFR D.FILL > 2 FEET

V”DeepFiIIs(M“’V“) = |o « if(cells =1,25 fc~psi,0) - nominal shearstrength, D.fill > 2 feet (Std.Spec. 8.16.6.7.1, LRFD 5.14.5.3)

Vu -d
T« max(c,2.14- fopsi + 4600~psip-min(1, ‘“\: D
u

min(o,4.0- [T psi)-ft-d

SHEAR, LFR D.FILL <2 FEET

Vu|-d
| UL ) - nominal shearstrength for LFR when D.fill <2 feet (Std.Spec. Eq. 8-48)

V”LFR_ShaIIow(MU’V“) = |o « 1.9 /fpsi+ 2500~psip-min(1,

min(o,3.5- [f,psi)-ft-d

SHEAR, LRFR D.FILL <2 FEET

ForLRFR D.fill <2 feet, use LRFD 5.8.3.3. For box culverts that neglect axial loading, LRFD Equations 5.8.3.4.2-2 and Eq. 5.8.3.4.2-4 reduce to:

dy = AM: d,, = 8.07-in - distance between tension and compression centroids at full strength
sy
max(\Mu , Vu -dv)
— "+l
v . . .
€c min(Mu,Vu) = €« min(Mu, Vu)- strain at the centroid of reinforcement
s min ) 29000ksi- A, s.mind )
Sy := Minf max| 12in,d __ 138 80in Sy = 12.00-in - crack spacing parameter, assuming max aggregate size = 3/8in
xe "V 0.375+0.63)’ xe o ' ’
B(Mu,Vu) = 4.8 . -51|n B(Mu, Vu)- shear capacity factor
1+ 750~min(sslmin(Mu,Vu),6~10_ 3) 39In + sye

V”LRFR_ShaIIow(M“’V“) = B(Mu, Vu)- [fpsi-ft-d,, V”LRFR_ShaIIow(M“’V“) - concrete shear capacity

FACTORED SHEAR CAPACITY

by = 0.85 - sfrength reduction factor forshear (Std.Spec. 8.16.1.2.2, LRFD Table 12.5.5-1, neglecting LRFD 5.5.4.2.1 ¢.V =0.90 for slabs & shallow fills)

PdVn(Mu,Vu,D) := [return wc'd)V'VnDeepFills(M“’V“) if D> 2ft - factored shear strength; condition factor is ¢ = 1.00
retun Yooy VN ER shallow(Mu, VU) if LRFR =0
return o P\ VN RER Shallow(MU, VU) if LRFR =1

"ERROR"
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EXTERIOR WALL (1 OF 6)

Dyt = max( D)
YLL.Inventory = YLL,

wpe = 0.128KIf  ~gj) = 120-pcf

ey wall = “v{rill)

VERTICAL LOADS

INFw := (0.5000 0.3750 0.4000 0.3928)1 min(cells 4)~L1~ KIf

INFp = (0 ~0.096 008 ~00789), uc p
DCp := —wpc'INFw

DCp = —Apcmin wpc INFW

EVp = —wev.walr INFw

EVp = ~MEVmin @EV.Wall INF@

LVp := ~IMeq( iy )-LLDFeq(mpf . Dy )-(32kip- INFp)
LVE = YL Inventory VP

|:s = As.wall'fy = 19.84-kip

Fs + (YDCp + 7EVp +1LVp)

a:=
0.85-f, 12in
d ._ Ayl _a
axto.c’™ T, 2
DCpy = DCp-day to.c YDCp 1= 1DCp-day to.c
EV = EVpday 0. VEV):= YEVp-day to.c
LV = LVp-day 0. LV = YLVpday to.c

PepMn_wall:= wc'd’M'Fs'(dwall _ gj

Example

Dgij) = 2.60ft - covering fill

=1.75 -liveload factor, Inventory Level

ALL.Inventory

wpc & Ygj) - Previously defined terms

Wey Wall = 0-317:KIf - vertical earth (EV) loading for exterior wall

Axial loads, designated by "P," are positive for tension, and negative for compression.

ki
INFw = 4.33~£ -influence, kif (@) top slab fo ext. wall rxn: +Areq, -Area, IArea

kip L . . . .
INFp = —0.08~Hp - uplifting influence, kip onto exterior wall per 1 kip axle in span 2

DCp = -0.56-kip - slab component load (DC), axial compression (P) onto exterior wall
ADCp = -0.50-kip - minimized factored DCp

EVp = ~137kip - verfical earth (EV) axial comp. (P) onto ext wall. Fy eq(Dgy) = 1.02
NEVp = -1.24-kip - minimized factored EVp

LVp = 0.36-kip - vertical live load (LV) axial tension (P), 32 kip axle load, where:
IMeq(Driy) = 1223 mpf, =120 LLDFeq(mpf . Dgy) = 0.1141

ALVp = 0.63-kip - minimized factored LVp.

Fs - force of steel at yield

a=0.61-in- effective depth of the compression block

dax to.c = 3:91in- axial load to CG compression

DCyy = —0.18:kip-ft & ~DCy; = ~0.16-Kip-t

Unfactored and factored moment from slab component load (DC)

EVp = ~0.45-kip-ft &

Unfactored and factored moment from vertical earth (EV)

LVp = 0.12-kip-ft & ~LV), = 0.20-kip-ft

Unfactored and factored moment from vertical live load (LV)

PpeodMn_wall = 12.10-kip-ft - factored flexural capacity, exterior wall
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EXTERIOR WALL (2 OF 6)

EQUIVALENT HEIGHT

habutment == Dfill + 2-ts1ab + Nelear Naputment = 14-31ft - overdll height of the abutment

heq.equation(habutment) = |h < hapiutment heq.equation - equivalent surcharge for LL (Std.Spec. 3.20.3, LRFD 3.11.6 4-1)

return 2ft if LRFR =0
return 4ft if h < 5ft

. habutment
return 2ft if h > 20ft 4 T
5) (4 € |
+
linterp| | 10 |ft,| 3 |ft,h g 3 w
= I
20 2 |
2 i
I
0 10 20
Abutment (ft)
heq = heq.equation(habutment) heq =2.57ft - equivalent surcharge height for live load
SIMPLE SPAN EQUATIONS
=ifl0<x< X ix:
“’wl.wZ.eq(‘*’start’“’end’L’X) =ifl0<x <L, wggart + (‘*’end - ‘*’start)' L 0 ix:=1..41
L L x2 ix—1
le.w2.eq(‘*’start’“’end’L’X) =ifl0<x<L, ‘*’start'(z - X) + (‘*’end - ‘*’start)' 5 2L 0 FTi= 40 “Liall

2 3
Mst.002.eq Dstart- Wend- LX) = if[o <x< L,|:wstart~(|2'~x - Xzﬂ + (wogng— wstart)'(l_éx - (;(J ,o} 7 = stack] (~10~ 21t ) 7 (max(eT) + 107 3]

Xorigin = habutment — tstab — Mhaunch.bot Xorigin = 13.12ft - the depth of "x origin," at the bottom construction joint
HORIZONTAL EARTH (EH) HORIZONTAL LL FROM SURCHARGE (LS)
“EH.start = “’EH(Xorigin) = 0.787-kif YL S start = ‘*’EH(heq) = 0.154.-kIf

“EH.end = u’EH(Xorigin - I-wall) = 0.217-kIf “LS.end = “"EH(heq) = 0.154.f

EH, = L"’wl.wz.eq(""EH.start’ WEH.end- Lwall> FTj LSy= L"’wl.wz.eq(“‘JLS.start’ wLS.end: I-waII’FTj

EHy:= le.wZ.eq(“’EH.start’ WEH.end > Lwall> FTj LSy:= le.wz.eq(wLS.start’ w1 s.end- Lwall® FTj

EHy = Mwl.wZ.eq(‘”EH.start"*’EH.end , I-waII’FTj LSpm = Mwl.wZ.eq(‘*’LS.start’wLS.end’Lwall’ FTj

~NEHM = MigHmax EHM - max(YEHy) = 8.10-kip-ft YLSM = YLL InventoryLSm max(1LSyy) = 3.04-kip-ft
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EXTERIOR WALL (3 OF 6)

APPROXIMATE RATING FACTOR, DESIGN INVENTORY

PpedpMn_wall = 12.10-Kip-ft

DCyp = —0.18-kip-ft ~DCy = —0.16-kip-ft DCp; - component dead load, reduces the wall moment (-)

EVp = —0.45-kip-ft ~EV); = ~0.40-kip-ft EV)\ - vertical earth, reduces the wall moment (-)

max(EHM) = 5.72-kip-ft max(wEHM) = 8.10-kip-ft EH), - horizontal earth, increases the wall moment (+)

LV = 0.12-kip-ft LV = 0.20-kip-ft LV - vertical live load uplift, from axle in span 2, increases the wall moment (+)
max(LSM) = 1.74-kip-ft max(wLSM) = 3.04-kip-ft LSy - horizontal LL from a vertical surcharge increases wall moment (+)

YeoMn_wall - (YDCy; + VEVjy + max(EHy )

RF
ALV + max(~yLS )

approx = = 1.405 RFapprox' approximate the Design Vehicle RF at the Inventory Level

RATING FACTOR, DESIGN INVENTORY

DLyyali = DC\ + EV)\y + EHp DLyal1 := YDC\ + YEV) + YEHpy  Dlya)) & VDL - unfactored and factored DL

LLyai = LVpm + LSm ALLyal = YLVpm + LSy LL\yan & LLyyq) - unfactored and factored LL

RFs:= | mx(A,B) <« max(A,B) RFpgg.Iny = Min(RFs) RFpes.Inv = 1413 - exterior wall rating factor, Design Inventory
PpedMn_wall — ADL a1

LL
wallRow_Extwall

mx(107 Gkip'ﬁ"YLLwaID ROW_ExtWall := | T < RFpgg 1y ROW_ExtWall = 21.00 - governing row No. =0.36

DLyyall
match2(T, RFs) ROW_ExtWall
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EXTERIOR WALL (4 OF 6)

VERIFY ¢.M = 0.90

f, - aksi
By eqfc) = if| fo < 4ksi.0.85,max| 0.65.,0.85 - 0.20-— By = By eqlfe) =085 -a/c (LRFD 57.22)
Be= ﬁi =0.72:in c- distance to the neutral axis, under factored loading
1
g=0003-2=C — 0,033 & - steel tension when egone = 0.003
c

f,

Wi)k' ,"OK: e.steel > e.yield","ERROR: ¢ .steel < .yield; revise calculations j .. CHECK = "OK: e.steel > e.yield"
si

CHECK := if(et >

RFpes.Inv = if(CHECK ="OK: e.steel > e.yield" ’RFDes.Inv’O) =141 RFpes.Iny = 141 -if esteel <e.yield, revise the rating factorto O

€ —€
cbeq(et,ec',etl) = if(st < ec|,0.75,min(0.90,0.75 +0.15. ] D cbeq(et,ecl,et') - flexural resistance factor equation (LRFD 5.5.4.2.1)
€ — €
tl cl
fY
gl = Saniie] =0.0014 €cl” compression controlled limit; when €conc = 0-003and g; = Eyield
g = 0.005 g - fension controlled limit; when e.y,. = 0.003 and ; = 0.005
b= ¢eq(et,ec|,et|) =0.90 & =0.90 - flexural resistance/reduction factor (also see Std.Spec.8.16.1.2.2)

Also see Std.Spec. 8.16.1.2.2, and ACI 10.3.5. For factored axial loading less than n 0.1-ftgynq ft = 36.00-Kip, if €.t > 0.004, then ¢ = 0.90.

B.1vsfc $.Moment vs e.Tension
\fc &t
0.9 ksi 0.9 ‘
|
| |
08 w 08 w
— | |
ol ! < :
0.7 | 07 i
| |
| |
0.6 | 06 |
| |
| |
054 2 4 6 8 10 059 0.01 0.02 0.03
f.c (ksi) Strain (in/in)
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EXTERIOR WALL (5 OF 6)

DRAW EXTERIOR WALL

0 0

(D
0333ty \ya — 0-125in 0 DRAWXy(xy) = | T « (xyT) MIRRORX(MATRX) = | T « MATRX
0.375in _1.625in for ie 2..rows(xy) for ie 1..rows(T)
KEY := . @ T T
0.333:t — 0.375in 0 G G I PRl
ExtWall 7 i 1 +(XyT) i1 i,1
0.375in 1.625in T T
. T
0333ty \ya — 0-125in 0
0 0
0 —4in
(tExtWaII w7 0'5'Wc) 0
CBC:= | T « stack JKEY,| 05W 0
-t +05W,) 0
ExtWall C
-05W, 0
0 (tslab + 4in)
F T 0 hejear — 2in) | - 1l
(gtear - 2in) 0 (2in + tyap)
e . o (O'S'Wc + tExtWaII) 0
DRAWNXy stack| T, (0-5-ch 2ln) 0 ,MIRRORX(KEY),
. _(O'S‘Wc + tExtWaII) 0
~(05-W - 2in) 0 ( )
0 —(h +t
i i _2in _2in | L clear ™ ‘slab ]
X w3
CBC ™ :=CBC - (habutment - Xorigin)

DRAW ROADWAY SURFACE

ROAD:= | T« (-2 0)
for ie 1..200

P Ty)(_(Trows(T),l Trows(T),Z)

Tx+ 0.5 Ty
T« stack T,| Tx+ 0.25 Ty - 0.5
Tx + 0.5 Ty

(2 (9

X
origin
T™ «T +7g

ft

T( 1) - T< v

T

— 40

PLOT RANGES

plt_wmin := 1.2-min(~EH,,~LS ) = ~0.94-kIf
plt_Vmin := 1.2-min(~EHy/, ~LSy,) = ~3.40-kip
plt_Vmax := 1.2-max(~EH,,, ~LS\/) = 2.32-kip
plt_Mmin := 1.2-min(~EHy;,~LS ) = ~6.86-kip-ft

FT_ExtWall := FT

Example

DRAW CULVERT TOP SLAB

CBC2:=
T2« (0 0)

LEG(t,X) «

for ie 1..rows(T)

T2 « stack| T2,

T2<2> <~ T2<2>

T2
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X—- 0.5t
x—0.5t -2ft
x—0.5t
X+ 0.5t
X+ 0.5t -2ft
X+ 0.5t

T2 « stack T2,LEG(

T < stack[(0), SUML(L)] ft

0

0
0

0

textwaln IF 1=1v i=rows(T) ’Ti
Yntwall otherwise

(1)
max(TZ L ) tslab
~0.5-texiwall slab
~0.5-teyewan 0

- max(T2<2> )
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EXTERIOR WALL (6 OF 6)

RATING FACTOR DETAILS

n2s(N, DP) - number to string; show trailing zeroes GVW - gross vehicle weights in fons

(2

n2s(N,DP) :=
GVW := | GVWeql(TRK) « 0.5~ZTRK

N2str < num2str(round(N, DP))
N2str «<— concat(N2str,™") if search(N2str,"." ,0) = -1

while strlen(N2str) — search(N2str,"." ,0) < DP + 1

GVWeq2(TRKS) « max(

GVWeql(TRKS))

N2str «— concat(N2str,"0")
N2str

augment(TRUCKS

RF_ExtWall(iv) -exterior wall rating factor details for each vehicle No." iv*

v ,GVWqu(TRUCKS<2> ))

RF_ExtWall(iv) := |r < ROW_ExtWall
- ~LL_eq(1) mpf_eq(1) GVWl,Z RE
ALL_eq(iv) mpf_eq(iv) GVW, Des.Inv
MSSGRE < | T < concat("RF =[",n2s(yLL_eq(1),2),"/" ,n2s(~yLL_eq(iv),2),"][" ,n2s(mpf_eq(1),2),"/" ,n2s(mpf_eq(iv),2),"][")
T« concat[T, num25tr(GVW1’2) (), nusttr(GVWiv, 2),"] [
DCpy + YEVp + YEH LVpg + LS
PcdMn_wall . TEMTAEYIM T M; o =M M, .
concatl T,n2s| ———— , 2|, ,n2s - 20, (", n2s) —————————,2|,")] =", (n2s(RF, 2))
kip-ft kip-ft kip-ft
FT, max{ Diys)
MSSG <« concat| "Ext Wall at" ,n2s| ——,2|,", D.fill =" ,n2s| —— ,2]|,"ft."
LOC ft
wall
[1 "GOV (row#)" 1 1
2 "VEH (#)" iv
3 "VEH (name)" TRUCKSiV 1
4 "TRUCK (#)" 1
5 "TRUCK mirror" 0
6 "TRUCK, (ft, kip)" TRUCKS.
( |V,2)1
heq
7 "TRUCK (h.eq, 0, 0)" e 00
FTr
8 "LOC (inc)" —
Liall
FTr
9 "LOC (ft)" —
(f) -
10 "TEST" "M.wall"
11 "LOC message, Excel" MSSG LOC
12 "RF message" MSSGRrE
13 "RF" RF
14  "RATING (tons)" RF~GVWiV 9
LV, LS
GVWiv,2 M* My
15 “LL/DL" .
GVWL2 DCpy + EV + EHMr
t1ab + Phaunch.bot + FT,
16 "LOC message, CAD" concat| n2s f ,2," from the bottom of the slab™
RFS5EXTWALL := [ for iv e 1..rows(TRUCKS)
(i (
TV RF_Extwall(iv) v
TT

Example
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ToP SLAB RATING FACTORS (1 OF 2)

RFpos(Mr,~DL,~LL) & RFneg(Mr,~DL,~LL) - rating factor equations for positive and negative loads

RFpos(C,DL,LL) := |return 99 if LL < 0.001
min(gg, c- DL)
LL
RFneg(C,DL,LL):= [return 99 if LL > -0.001
min(99, c- DL)
LL

RFs1(iD) - run rating factors forone depth of fill
RFs1(iD) := LL « yLLWLBL( D¢
(B = ||l < ( fullsiD)

for ive 1..rows(TRUCKS)

hpMn )
RF_Mp(~yLLMp) « RFpos| DL LALLM
_Mp(~LLMp) P (kip_ﬁ PLip 1-LLMP

—pMn
RF_Mn(~LLMn) « RFne ,ADL._ _.~ALLMn
_Mn(y ) g( kipft ' 0hiD, 2"
V(YLLV,ALLM) « |Mu « (A{LLM +ADL 4)‘kip‘ft

Vu « (’\{LLV + 'YDLiD’S)klp
—¢¢Vn(Mu,Vu, Dﬁ”siD>
kip
RFneg(C,wDLiD,s,wLLV)

RF,, 1 < RF_Mp('\fLLiV’Z;
R, 5 ¢ RF_Mn('yLLiV’S;

RFiv,3 < V("‘I‘Liv,4"‘f|‘|‘iv,5}

augment(yLL, RF)

C«

RFs2(iD) - run rating factors forone depth of fill, and report the govermning row

RFs2(iD) := | T « RFs1(iD)
for iRFe 1..3
for ive 1..rows(TRUCKS)

minRF,., iRF

MATCH.
iv

. min(Tiv,iRF+5)

<« match2(minRF. T )

LIRF iv,iRF’ "iv,iRF+5

Riv,ire < MATCH, oF

augment(T, minRF,R)
~DFIMshow(iv,D,~LL) - show live load factors (y.LL, DF, IM, and LL)

ft

concal[nZs(wLL_ ,2) ,"* " n2s(DF,4),"*" ,n2s(IM, 3) ,"*" ,n25[
iv

~DFIMshow(iv. Dgjy;.~4LL) = | (DF IM)<—(

Example 48 of 64
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ToP SLAB RATING FACTORS (2 OF 2)

RFdetails1(iv,MMV,DL,~DL,LL,~LL,C,RF,BrINC,D) - show rating factor details for one vehicle and one depth of fill

RFdetails1(iv, MMV, DL,yDL, LL,ALL,C,RF,BrINC,D) := [MMV « ("M.pos” "M.neg" "V.neg"), 1/
RFeq < concat["RF = (* ,n2s(C,2)," - " ,n2s(yDL,2),") / (" ,yDFIMshow(iv,D,~LL),") =" ,(n2s(RF, 2))]
LOC « concat("Top Slab at " ,n2s(BrINC, 2),", D.fill =" ,nZs(g ,2),"ft."j
tExtwall
(MMV LOC RFeq RF RF‘GVWiv’2 — concat(nZs(iioft(BrlNC) + ft,1),"&. to face of ExtWaII"))

RFs3(iD) - show rating factors for all vehicles, for depth of fill DﬁIISiD

RFs3(iD) := | T1 « RFs2(iD)

T3 « matrix(1,16,f(i,j) « 0)

for ive 1..rows(TRUCKS)
for MMV e 1..3

(ROW COL) e[(Tliv,11+|\/||\/|v) (1)}

(DLt NDLt LLt ~LLt) « (DLiD MMV)
; 1,1

(’YDLiD,MMV)l’l

(Tliv,l+MMV)ROW

~LL_eq(iv)

(TliV , 1+M MV) ROW

kip-ft Kip-ft

T2 « RFdetaiIsl iv,MMV,DLt,ADLt,LLt,yLLt,C (Tl

3 4

DET_LABEL «
"NAME"

"ROW#"

(ROW!
DET « ( T)

"VEH#"

'Meq<DfiIIsiD)'ﬁ

> 4

(DET6 DET, DET9)<—(TRUCK RSIF_CHK_LOCS

T3 « stack(TS X augmen'{(DETT ) TZ))
submatrix(T3, 2, rows(T3),1,cols(T3))

RFs5 - run all rating factors for all depths of fill, and stack on top of the exterior wall rating factors

RFs5:= [|RFs4 « | for ie 1..rows(Dﬁ”S)

T1 < |RFs3(i) if i=1

stack(T1,RFs3(i)) otherwise

T1

(r RowsPerDfill) « (0 rows(RFs4) )

YOWS‘ DfI”S)
for i e 1..RowsPerDfill
for iDe 1..rows(Dﬁ"s)

r<r+1

{(iD-1)-RowsPerDfill+i)
27 (RF54T)

stack(TZT , RFSSEXTWALL)

Example

iv,8+MMV)’

MMV, 3

{(wwn) (—wwn) [_WV"HI(HWﬁ)RoM (L., J¥P

5

"TRUCK#" "MIRROR"

(DLt DLt) « [[ iD, Mle coJ [(”DLiD,MMv)l,coLJ]
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RSIF_CHK_LOCS

kip

RSIF_CHK_LOCS

6 7

0 "XIx2yw"

ﬂ}[(nivA)ROW * (”‘DLiD,s)l,l]'kip] : Dﬁ"SiD]:|:|

, Dy
MMV, 3 flllsiD:|

(LLt ALLt) « || ——F—————= INFxIx2] (iMpos iMneg iVneg) ,DET. |:T1. ]

TRUCK <« if|:DET =0, (TRUCKS Z)DET ,MIRROR|:(TRUCKS 2)DETI|
4

MMV,4)
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RATING FACTOR ASSEMBLY (2 OF 4)

MAKE OUTPUT SUMMARIES

DESIGN_ROW_minRF(iv,MorV) := |(minRF minRFrow) < (999 1)
for i e 1..rows(RFs5)
if subst RFSSi,lO’O’l) =MorV A iv= RFsSi’2
MIinRF « mln(mlnRF,RFssi,ls)
minRFrow « i if minRF = RFsSi 13
minRFrow
OUT_CAD := |DET(MorV) « | for iv e 1..rows(TRUCKS)
(iw
TV < |r < DESIGN_ROW._minRF(iv, MorV)
T
(RFsSr,lS RFs5, 15 RFS5 |, RFS5 | RFsSr’lG)

T
HDR « ("LL/DL" “"RF" "“TONS" "LOCATION" "DIMENSION")

(p
R1 < augment stack[("TEST:" "VEH" )T, TRUCKS 1],stack(matrix(1,5,f(i, j) « "MOMENT"),HDR, DET("M")T)]

(D
R3 « augment stack[("TEST:" "VEH" )" TRUCKS llstack(matrix(l,s,f(i, i) < "SHEAR"),HDR, DET("V" )Tﬂ
stack(R1, matrix(1,6,f(i,j) « ™),R3)

OUT_Excel_Verbose:= | for re 1..rows(RFs5)

S

T <« ( RFs5 RFs5 RFs5 RFs5 RFs5 )T
r, r, e r, r,12

8 13 11 10

StackI:("VEH" "RF" "LOCATION" "TEST" "RF.equation"),TT:|

RFSGOV := |row(iv) < |(minRF minRFrow ) « (999 1)
for ie 1..rows(RFs5)
if iv= RFsSi’2

mMIinRF « min(minRF,RFsSi 13)

minRFrow « i if minRF = RFsSi 13

minRFrow
for iv e 1..rows(TRUCKS)

T<iv> <« |r« row(iv)

( RFs5 RFs5 RFs5 RFs5 RFs5 )T
r, r, r, r, r,12

3 13 11 10

stack[("VEH" "Gov.RF" "Governing.LOCATION" "Gov.TEST" "Governing.RF.equation"),TT}
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RATING FACTOR ASSEMBLY (3 OF 4)

SHOW DETAILED RESULTS

CHECKeq(iv) := | for MMVE e 1..4

RF < 999

CHECKalID(iv) := [c« 0

CHECK_DeGook(T) := [T « augment

TEST « ("M.pos” "M.neg" "V.neg"

Mwall )y \ivmve

for ie 1..rows(RFs5)

if RFsSi’13 <RF A RFsSi’2 ER TN RFSSi,lO = TEST
RF « RFsSi’13
[
( )
T MMVE “— (RFSST)
TT

for MMVE e 1..4
TEST « ("M.pos” "M.neg" "V.neg"

Mwall™ ), \ivve

for ie 1..rows(RFs5)

if RFsSi,2 =ivaA RFSSi,lO = TEST
c«cCc+1
W
(
T 0 <« (RFsST)
TT

(T<3> ,T<6> ,T<7> ,submatrix(T, 1, rows(T), 10, 12))

for ie 1..rows(T)

Ti,2 « stack[("ft" "kip" )’Ti,Z]
Tia€ stack[("start(ft)" end(ft)” “KIf), T, 3]
T
T5<(Tis Ti6)
hea(fyr

T <
rows(T),3 (Trows(T) 5 3)2 1

submatrix(T,1,rows(T),1,5)

CHECKeq(iv) := CHECK_DeGook(CHECKeq(iv))

CHECKalID(iv) := CHECK_DeGook(CHECKallD(iv))

QCHECK := CHECKeq(testVEH)
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RATING FACTOR ASSEMBLY (4 OF 4)

RF TABLE, ALL TESTS AT THE GOVERNING FILL

RFs:= |HDR <« ("+M.slab" "-M.slab" "V.slab" "M.wall")
for jel.4

RFt «— 999

for ie 1..rows(RFs5)

RFt « min(RFt, RFs5,

Ti(iv) <

13) 2

RFj <« RFt

RFT

for iv e 1..rows(TRUCKS)

2V )T

(2 T

augment(AVZ X stack(HDR ,T2 ))

if RFsSi =iv A RFs5.

|’10=("M.pos" "M.neg" "V.neg" “M.wall")Lj

RF & TONS, ALL TESTS AT THE GOVERNING FILL

TONS:= |HDR « ("+M.slab" "-M.slab" "V.slab" "M.wall")

T1(iv) « submatrix(RFs,iv + 1,iv + 1,2,5)-GVWiV 2

for ive 1..rows(TRUCKS)

2V iy

augment(AV2<2> N stack(HDR N TZT))

RF_TN := | SUB(M) <« submatrix(M, 1, rows(M),2,5)
HDR(LBL) « matrix(1,4,f(i,j) « LBL)

C1 < stack[("VEH" "VEH" "VEH"),AV3]
C2 « stack(HDR("RF" ), SUB(RFs))

C3 « stack(HDR("TON"), SUB(TONS))

augment(C1,C2)

EXPAND SUB-MATRICES FOR EXCEL OUTPUT

DeFunkl1(M, Rows) - add some blankrows to matrix M

DeFunk1(M, Rows) := | S(r,c) « matrix(r,c,f(i,j) « ™)

M <« rows(M)

return stack[(M),S(Rows — 1,1)] if rM=0
return M if rM = Rows

stack(M, S(Rows — rows(M), cols(M)))

DeFunk3- governing details forone vehicle

DeFunk3(M) := | for itest e 1..rows(M)

ROWS « max(rows(MT))
for j e 1..cols(M)

T1 < DeFunkl(M

itest, j > ROWS)

itest, j

DeFunk2(T1)

CHECK - details for testVEH at the governing fill depths

CHECK := DeFunk3(CHECKeq(testVEH))

Example

DeFunk2(M) - expand submatricesin matrix M with stack and augment

DeFunk2(M) := | for i< 1..rows(M)
for j € 1..cols(M)

TL « if(j =1M, l,augment(Tli,Mi 1))

for ie1..rows(T1)

T2 if(i =1,T1 stack(TZ,Tli))

1’

T2

DeFunkCheck_4 - detdils for all vehicles and all fill depths

DeFunk4(M) := | for iv e 1..rows(M)

T DeFunk3(Miv) if iv=1

stack(T,DeFunkS(Miv)) otherwise

Details_Verbose - details for all vehicles and all fill depths

OUT _Verbose := DeFunk4(CHEC KaIID(AV<1> )
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PREPARE EXPORT TO EXCEL

[ "Bridge No" BridgeNo

"Name" BridgeName

"Description” BridgeDescription el e "999999"
) ) “LER - Load Factor" “Name" "CR123 over Culvert Ck"

Description = Method ( " RFRLRFD" )LRFRH _ | "Description” "Index 6037 Triple 10x10, 1958
"Method" "LRFR-LRFD"
“Impact” n <« search(RFsGOVS’S, "D fill" ,1) "Impact” ey
(IMeq(str2num(substr(RFsGOV3’3,n + 9,4))-ft) = 1) "Span Length" 10.83
"Span Length" L1

NULL(r,¢) := matrix(r,c,f(i,j) « ™)

maxROWS_maxCOLS(Matrices) := | mx(M) < max(M)

(mx(rows(Matrices)) mx(cols(Matrices)) )

AugmentFill(Names, Matrices) - combine Matrices, horizontal direction

AugmentFill(Names, Matrices) := | MaxRows « maxROWS_maxCOLS(Ma’(rices)1 1

STACK(Matrix) < Matrix on error stack(Matrix, NULL(MaxRows — rows(Matrix) , cols(Matrix)))
for ie 1..rows(Matrices)
HEADER <« Namesi on error augment(Namesi,NULL(l,coIs(Matricesi) — 1))

T« stack(HEADER,STACK(Matricesi)) on error augment(T, NULL(MaxRows + 1,1),stack(HEADER,STACK(Matricesi)))

StackFill(Names, Matrices) - combine Matrices, vertical direction

StackFill(Names, Matrices) := | MaxCols <« maxROWS_maxCOLS(Matrices)1 2

AUGMENT (Matrix) < augment(Matrix, NULL(rows(Matrix) , MaxCols — cols(Matrix) + 1))
for i e 1..rows(Matrices)
HEADER « augment(Namesi ,NULL(1, MaxCoIs))

T stack(HEADER,AUGMENT(Matricesl)) on error stack(T, NULL(1, MaxCols + 1), HEADER,AUGMENT(Matricesi))

WRITE_DATA_TO_EXCEL(Name_of_Worksheet) - write all output maftrices to one Excel sheet. Use Excel formulasto link that data to secondary sheets
formatted for printing. To force Excel formula updating, apply a VBAmacro: Private Sub Workbook_Open(), Application.CalculateFull, End Sub.

WRITE_DATA_TO_EXCEL(Name_of_Worksheet) := | Worksheet <~ Name_of_Worksheet
WRITEEXCEL (matrix(500,50, f(i,j) < ™), Worksheet, "DATAIAL")
"Decription™ Description
"RFs" RFs
WRITEEXCEL| AugmentFil "RFs.GOV" s RFsGOV ,Worksheet, "DATAIAL"
"RFs.VERBOSE" OUT_Verbose
"CAD" OUT_CAD
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QUICK CHECK SETUP (1 OF 2)

MAKE INFLUENCE MATRIX, AND ASSIGN RF CHECK OUTPUTS

ol @7 ey ey

RF_Mpos := (QCHECK ) RF_Mneg := (QCHECK ) RF_Vneg := (QCHECK ) RF_ExtWall := (QCHECK )

ips := 20 RSIF_check := RSIFeq(L,Brlncsqu(L,ips)) INF2_check := INerq(L,RSIF_check)
o (3 (®

ROWS := RSIF_check BrINCS := RSIF_check FT := RSIF_check ~ -ft TK:= TRUCKS

testVEH, 1
MpCol MnCol VnCol) := h2{ pM RSIF_ch k<3> h(2 00,RSIF_ch k<3>) h2(V' RSIF_ch k<3>) =(10 25 21
(MpCol MnCol VnCol) := | match2| pMg N> -_checl match\2.00, -_checl 1 matcl inc, -_chec| = )

<MpCol>. kip-ft

<MnCOl>. kip-ft
kip i

kip

(VnCol _kip
kip

<VnCoI>. Kip-ft

Mpos := [ INF2_check
pos ( _chec 151) o

Mneg := (INFZ_checkl 1) Vneg = (INFZ_check1 4) Mv = (INFZ_check1 1)

VLghow{ YL - DFIM, LL) := concaf (" 125y +2).")(" ,n2s(DF, 4),")(1+" ,n2s[(IM — 1)-100,0],"96)(" ,n2s(LL,1),") =" ,n25(~, | -DF-IM-LL, 2]] - show live load

STATE VARIABLES COMMON TO ALL RF CHECKS FOR TEST VEHICLE Tk = "HL93.0PR"

Dfilleq(CHK) := | T « (CHK Dfilleq(CHK) - extract depth of fill from a check output

1,5)1

(start end) « (search(T,"=",1) search(T,"ft",1))
str2num(substr(T, start + 1,end — start — 1))-ft

= f=120 -si - i
mpf : mpftestVEH mp single-lane multiple presence factor

= =135 =1.35 -liveload factor
ML= Mbegtven A
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QUuUICK CHECK SETUP (2 OF 2)

MAKE PLOTS

PLTCIRCLE(r,6) - plot acircle: r-radius, 6 - starting angle

PLTCIRCLE(r,6) := | for ie 1..13

360deg
12

(Ti’l Ti’2)<—r-(cos(62) sin(62) )

02 < 0 +

(i-1)

PLTaxles(TKr, TRKdist, D) - plot the truck axles, and scale for size

PLTaxles(TKr, TRKdist, D) := | CIRCLE « PLTCIRCLE(18in,-90deg)
AXL(x,P) « PLTAXL(x, 18in,P, CIRCLE)

TRKraw « MIRROR(TKr)

T AXL(x,TRKran’Z)

for ie 1..rows(TRKraw)

X < X+ TRKraWi 1-ft

T« |T ifi=1
stack(T, AXL(X,TRKI’aWi ’ 2)) otherwise

T<2) <« T<2> +D
.

(p
X < min(TRKdist L )~ft + 0'5'(D'DFearth + tirelength)

PLTAXL(x,r,P,CIRCLE) - plot an axle weight P at location x

PLTAXL(X,r,P,CIRCLE) := |Scale « 0.1768+/P
CIRCLE « CIRCLE-Scale

( (D % )
augment\CIRCLE = + x,CIRCLE = + r-Scale

PLTdist(TKd, D) - plot longitudinal distribution

PLTdist(TKd, D) := | Side «- 0.5-D-DF g5

x1 + Side D
x1 0
x1 + Side D
x2 — Side D
x2 0
x2 — Side D
T« PLT1DIST(TKdl’l-ft,TKdl’z-ft)

PLTIDIST(x1,X2) «

return T if rows(TKd) =1
for i e 2..rows(TKd)
T« stack(T, PLT1DIST(TKdi ’ 1~ft,TKdi’2‘ft))

T

PLTTRK(CHECK) - plot axles and longitudinal distribution for a RF check output, which contains details for the governing location

PLTTRK(CHECK) := | D « Dfilleg(CHECK)

(T1 T2) <—(CHECK1 , CHECK, 3)

TRUCK < stack(PLTdist, PLTaxles)-ft~ *

( (

PlotRatio < 3

(p (2

(9
if Ymax < 1.1~max(TRUCK 2 )

( (2))
AY « 1.1-max\TRUCK — Ymax

(range Xmin Xmax Ymax TRUCK ROAD)

[«] EXPAND THIS AREA TO PRINT

) )
range « max(TRUCK - ,ZL-l.l) - min(TRUCK - ,—O.l-ZLj

ROAD « augment(ROAD ,ROAD =~ — max(ROAD<2>) + D-ft 1)

PlotRatio
(range Xmin Xmax Ymax) <« |:(range + PlotRatio-AY) (Xmin = TAY) (Xmax +

(TRKraw TRKdist) « (submatrix(T1,2,rows(T1),1,2) submatrix(T2,2,rows(T2),1,2))
(PLTaxles PLTdist) <« (PLTaxles(TRKraw, TRKdist,D) PLTdist(TRKdist,D) )

(p (p
(Xmin Xmax Ymax) <« | | min| TRUCK L range,—O.l-ZL max| TRUCK ¥ + range,zbl.l Lge' —2
10 10 PlotRatio

PlotRati
FlomRalio ‘AY) (Ymax + AY):|
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RESULTS

Z:= WRITE_DATA_TO_EXCEL("FDOT Hinged-End Culvert (2016 04-12).xIsm") - output to Excel, to a sheet named DATA.

"VEH"  "VEH" "VEH" 'RF" "RF" "RF" "RF"
"VEH" "mpf*  "~.LL" "+M.slab" "-M.slab” "V.slab" "M.wall"
"HL93.INV" 120  1.75 0.85 1.09 1.08 1.41
"HL93.0PR" 1.20 135 1.10 1.42 1.54 1.83 bCmin 0.90
"FL120" 1.00 135 0.88 1.02 1.30 1.32 "DCmax 1.25
RE TN - "su2" 1.00 135 2.15 2.74 3.73 4.66 MEVmin _| 090
"Su3" 1.00 1.35 1.54 1.58 2.28 2.40 MEVmax 1.37
"SU4" 1.00 1.35 1.74 1.81 2.62 2.26 TMYEHmin 0.90
"C3" 1.00 135 2.04 2.42 3.69 2.83 1.42
“cq 100 135 150 2.05 239 216 MEHMax
"C5" 1.00 1.35 1.61 1.92 2.62 1.98
"ST5" 1.00 1.35 1.84 2.04 2.87 1.98
"VEH" "Gov.RF" "Governing.LOCATION" "Gov.TEST" "Governing.RF.equation"
"HL93.INV"  0.85  "Top Slab at 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.75* 0.1304*1.252*65.8) = 0.85"
"HL93.0PR"  1.10  "Top Slab at 1.40, Dfill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1304*1.252*65.8) = 1.10"
"FL120" 0.88  "Top Slab at 1.40, Dfill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*98.6) = 0.88"
"Su2" 215  "Top Slab at 1.40, D-fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*40.6) = 2.15"
RFsGOV = "Su3" 1.54  "Top Slab at 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*56.6) = 1.54"
"SU4" 1.74  "Top Slab at 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*50.0) = 1.74"
"C3" 2.04  "Top Slabat 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*42.7) = 2.04"
"C4" 1.50  "Top Slab at 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*58.3) = 1.50"
"C5" 1.61  "Top Slabat 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*54.1) = 1.61"
"ST5" 1.84  "Top Slab at 1.40, D.fill = 1.90ft."  "M.pos"  "RF = (20.46 - 4.46) / (1.35* 0.1087*1.252*47.4) = 1.84"
"HL93.0PR" "ft" “kip" “start(ft)" “end(ft)" "kIf' "M.pos" "Top Slab at 1.40, D.fill = 1.90ft."
0.00 2500 5.83 885 183 ™ "RF = (20.46 - 4.46) / (1.35* 0.1304*1.252*65.8) = 1.10"
400 2500 1.83 48 183 ™
"HL93.0PR" "ft" “kip" “start(f)" “end(ft)" "kIf' "M.neg" "Top Slab at 2.00, D.fill = 1.90ft."
0.00 800 3056 3357 058 ™ "RF = (-20.46 - -5.57) / (1.35* 0.1304*1.252*-47.6) = 1.42"
14.00 32.00 16.56 1957 234 ™
CHECK 14.00 32.00 2.56 557 234 ™
"HL93.0PR" "ft" “kip" “start(f)" “end(ft)" "kIf* "V.neg" "Top Slab at 1.90, D.fill = 1.90ft."
0.00 2500 6.63 965 183 ™ "RF = (-13.57 - -2.55) / (1.35* 0.1304*1.252*-32.5) = 1.54"

400 25.00 263 5.65 1.83

" " . I " " " "

"HL93.0PR" "ft" “kip" ‘h.eq(fty" ™ " Mwall” "Ext Wall at 0.48, D.fill = 2.60ft."
000 800 257 ™ “RF =[1.75/1.35][1.20/1.20][36/36][(12.10 - 7.52) / (3.24)] = 1.83"
14.00 32.00 ™
14.00 32.00 ™
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QUICK CHECK (1 OF 8), POSITIVE MOMENT

"ftr o “kip" “start(ft)" “end(ft)" "kIf*
"Top Slab at 1.40, D.fill = 1.90ft."
RF_Mpos = | "HL93.0PR" | 0.00 25.00 5.83 8.85 1.83 | "M.pos"
"RF = (20.46 - 4.46) / (1.35* 0.1304*1.252*65.8) = 1.10"

4.00 25.00 1.83 4.85 1.83

PehpMn := 4-0.90-f a1 fy'i PepMn = 20.46-kip-ft - factored capacity; P, = 1.00 , d = 8.62:in, A, =0 845.in°
= b 00Ty A 45 0.85-f-12in ' Ce T s e
Dyjj) := Dfilleq(RF_Mpos) Dgijp = 1.90ft - depth of fill, rocadway surface to top of top slab
Drill .
Fg:= min| 1.15,1 + 0.20 ———————— Fe=1011 -earthinteraction factor
ZL'ﬂ + IExtwall

~wDLMax := Ypcmax tslab 150PCT -ft + FonYEymax: Dfilr- 120pcf - ft ~wDLmax = 0.475-kIf - maximum factored DL, Ypomax =125 MYevmax = 1-37

(Z Lft

wDLpM = J linterp(FT , Mpos, X)-ywDLmax dx "fDLpM = 4.46-kip-ft - factored deadload
oft
DF := LLDFeq(mpf,Dﬁ") DF = 0.1304 -live load distribution factor, axles per strip foot
IM = IMeq(Dﬁ”) IM=1.252 - dynamic impact factor
Elong = DFgarth Dsint + tirelength Elong =3.02ft -longitudinal distribution, where DFg, ., = 1.15 tirelength =10.00:in

(39
5.8 8.8 . 8.28
XWw = submatrix(RF_Mpos ,2,rows(RF_Mpos ),1,3) start ;= xw<1> ft = [ )ft end := xw<2>~ft = ( jft w:= Xw K = [ -kif
1,3 1,3 1.8 4.8 L DFIM - (8.28
end
Llpm = Z wj max(linterp(FT , Mpos, x) , 0-kIf) dx LLy = 65.9:kip-ft-raw live load (no ~i, no DF, no IM)

start

LL
pM |, _ " - i
wLLShOW['\{LL,DF,IM,Mj = "(1.35)(0.1304)(1+25.%)(65.9) = 14.52"  (wheMn DLy '\{LL~DF~IM~LLpM)_(20.46 446 14.52)-kip-ft

PpcdMn — ’\{DLpM

— T2 2110
LL-DF-IM-LLpy

LL

Unfactored ratfio LL/DL: LL:= DF-IM~LLpM = 10.75-kip-ft and DL:= -kip-ft = 3.37ft-kip, so= oL 3.19

DL
( matCh(Dfill’Dfills)l’l)l
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QUICK CHECK (2 OF 8), POSITIVE MOMENT PLOT

"ftt "kip" "start(ft)" “end(ft)" "kIf*
RF_Mpos = | "HL93.0PR" | 0.00 25.00 5.83 8.85 1.83

"Top Slab at 1.40, D.fill = 1.90ft."
"M.pos"
4.00 25.00 1.83 485 1.83

"RF = (20.46 - 4.46) / (1.35* 0.1304*1.252*65.8) = 1.10"

PLT_truck := PLTTRK(RF_Mpos)

10.0

5.0

(2 )

IIIIIIIIIII/IXIII/IK/IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0.0

0.0 10.0 20.0 30.0

4.0
3.0
2.0
1.0
1.00*Influence.Moment: (k-ft)/kip \5\\/
—— ~DC*Influence.Moment: (k-ft)/kip ==
= = ~EV*Influence.Moment: (k-ft)/kip
—— ~LL*Influence.Moment: (k-ft)/kip

-10 0.0 10.0 20.0 30.0
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QUICK CHECK (3 OF 8), NEGATIVE MOMENT

"ftt o “kip” “start(ft)" “end(ft)" “kIf"

0.00 8.00 30.56 33.57 058
RF_Mneg = | "HL93.0PR"

14.00 32.00 16.56 1957 2.34

14.00 32.00 2.56 557 234
PehMn := —PpcdMn
Dyiyy := Dfilleq(RF_Mneg)

Drill

Fe :=min| 1.15,1 + 0.20- —MMM
ZL'ﬂ + textwall

ywDLMax := Ypcmax tslap 1900 - ft + FamYevymax: Prif- 120pcf - ft

(Z Lft

DLy = J linterp(FT, Mneg,, X)-ywDLmax dx

oft
DF := LLDFeq(mpf, Dg)
IM:= IMeq(Dgiy)

Eong = DFearth Drill + tirejength

Xw:= subma’(rix(RF_Mneg1 3,2,rows(RF_Mneg1 3),1,3)

end
Ly = Z wj min(linterp(FT, Mneg, x) , 0-kIf) dx
start

LLom

- j = "(1.35)(0.1304)(1+25.%)(-47.6) = -10.48"
Kip-ft

"fLLShOW['YLL’ DF,IM,

Unfactored ratio LL/DL: LL:= DF-IM-LLy\, =

Example

~7.76.kip-ft and DL:= (DL

" ( "Top Slab at 2.00, D.fill = 1.90ft." )
"M.neg"
"RF = (-20.46 - -5.57) / (1.35* 0.1304*1.252*-47.6) = 1.42"

PepMn = —20.46-kip-ft - factored capacity; P, =1.00 , d = 8.62-in, Ag = 0.845~in2

Dgijp = 1.90ft - depth of fill, rocadway surface to top of top slab

Fe=1011 -earthinteraction factor

~wDLmax = 0.475-kIf - max factored deadload, Ypemax =125 MYgvmax = 137
DL\ = —5.56-kip-ft - factored deadload

DF = 0.1304 - live load distribution factor, axles per strip foot

IM =1.252 -dynamic impact factor

= 3.02ft - longitudinal distribution, where DF

Elong earth =1.15 tirelength =10.00-in
N o (36 @ 2.65
start = xw ¥ ft= | 166 [ft  endi=xw? ft=|196 [ft  w= <2 M 11060 [
~LL-DF-IM
26 5.6 10.60

LL,p = —47.6:kip-ft-raw live load (no | |, no DF, no IM)

(weoMn ADLyyy ~L DFIMLL ) = (-20.46 ~556 ~10.48)-kip-ft

PecdMn — ADL;

=142
NLLDFIM-LL

LL
kip-ft= —4.21ftkip, so= — =185
DL

matCh(Dfill’Dfills)l’z)l
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QUICK CHECK (4 oF 8), NEGATIVE MOMENT PLOT

"ftt o "kip" “start(ft)" “end(ft)" "kIf*
0.00 8.00 30.56 3357 0.58 "Top Slab at 2.00, D.fill = 1.90ft."
RF_Mneg = | "HL93.0PR" "M.neg"
14.00 32.00 16.56 19.57 234 "RF = (-20.46 - -5.57) / (1.35* 0.1304*1.252*-47.6) = 1.42"

14.00 32.00 2.56 557 234

PLT_truck := PLTTRK(RF_Mneg)

10.0
5.0
0.0
0.0 10.0 20.0 30.0

0.5

1.00*Influence.Moment: (k-ft)/kip

—— ~DC*Influence.Moment: (k-ft)/kip

= = ~EV*Influence.Moment: (k-ft)/kip

—— ~LL*Influence.Moment: (k-ft)/kip
0.0
-0.5
-1.0
-15
-2.0

0.0 10.0 20.0 30.0
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QuICK CHECK (5 OF 8), SHEAR

"ftt "kip" "start(ft)" “end(ft)" “kIf*
RF_Vneg =| "HL93.0PR" | 0.00 25.00 6.63 9.65 1.83
4.00 25.00 2.63 565 1.83

Dy := Dfilleq(RF_Vneg) = 1.90ft Fg:= min| 1.15,1 + 0.20-

"V.neg" [

D .
fill - 1011

ZL'ﬂ + textwall

[ZL-ﬁ

~DLM ::J
0

rZ:Lft

~(DLV:=J
0

YL =135 mpf := mpf_eq(testVEH) = 1.20

Xw:= subma’(rix(RF_Vneg1 3,2,rows(RF_Vneg1 3),1,3)

LLy = [McoincVLL <« COINC(Vneg, Mv,0-Mv) = —8.58-kip-ft
end
Z w~J linterp(FT , McoincVLL, x) dx
start
LLy/:= | VnegLL « COINC(Vneg, Vneg,0-Vneg) = -32.52-kip

end
z w-j linterp(FT, VnegLL, x) dx
start

Iinterp(FT,WDCmaXMv,x)-(ts|ab~150pcf~ft) + Iinterp(FT,mEVmaXMv,x)-(Fe-Dﬁ”~120pcf~ft) dx

Iinterp(FT,wDCmaaneg,x)~(tslab-150pcf-ft) + Iinterp(FT,mEVmaX~Vneg,x)~(Fe~ Dﬁ”~120pcf~ft) dx

DF := LLDFeq(mpf, Dgy) = 0.1304
() (663
start == xw ¥ ft = ft  end:= xw
2.63
~LLpy = i -DF-IM-LLy; = ~1.89-kip-ft

ALLy =y ‘DFIM-LLy = ~7.17-kip

-d

<2>~ft

"Top Slab at 1.90, D fill = 1.90ft." )
"RF = (-13.57 - -2.55) / (1.35* 0.1304*1.252*-32.5) = 1.54"

COINC(Vneg, yMAX,yMIN) := if(Vneg < 0,yMAX,MIN)

~DLM = —2.36-kip- ft
ADLV = —2.55-kip

IM := IMeq( Dy ) = 1.252
&
9.65 . 8.28
:( jft = — X0 _KIf :( j.klf
5.65 ’Y|_|_'DF'|MEQi Dﬁ”i 8.28

Mu = YDLM + ~LLy; = —4.25-kip-ft

Vu:= ADLV + LLy, = ~9.72-kip

VNpeepFill = —min(max(z.s fopsi,2.14- [f.psi + 4600-psip~min(l, Vuu jj,4.0~ fc~p5ij~(ft~d) = -16.02-kip p = 0.0082 d=8.62:in
Vn ; -——min[lg LC+2500 min(le‘d 35 i ft-d-psi = —12.88-ki f.=3.0-ksi
LFR_ShallowFill = | psi P Tad )7 psi pst = —12.80-KIp c= >
) £ A
-4.8 51in - 1 y s .
VPLRFR_ShallowFill = Af . _ 1.38in {V fC'pS"ﬁ'[d T2 085f iZinﬂ = 1597 kip
maX[ >yl VUJ + vy 30+ max(lz'n’dv' 0.375in + O.63in) ’
1+ 750 .
29000ksi- A
LLy
weoVni= |retum i0.85-Vipeenryyy if Dy > 2ft VLo TLL-DF - IM, - | = "(1.35)(0.1304)(1+25.%)(-32.5) = -7.17"
p
return ’leOSSVnLFR ShallowFill if LRFR=0
b 0.85-VN RER  ShallowFill (weoVn DLV ~ | DF-IMLLy, ) = (~13.57 ~2.55 ~7.17)-kip YegVn - DLV _,
~LL-DF-IM-LLy,

Unfactored ratio LL/DL: LL := DF~IM~LLV =-5.31-kipand DL := (DL

Example

matCh(Dfill’Dfills)1’3)1
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LL

-kip = -1.92-kip, so= — =2.76
p P DL

FDOT Hinged-End Culvert (2016 04-12), 46 of 49



QUICK CHECK (6 OF 8), SHEAR PLOTS

"ftt "kip" "start(ft)" “end(ft)" “kIf*
9.65
5.65

RF_Vneg =| "HL93.0PR" | 0.00 25.00 6.63
4.00 25.00 2.63

PLT_truck := PLTTRK(RF_Vneg)

"V.neg" [

"Top Slab at 1.90, D fill = 1.90ft." )

"RF = (-13.57 - -2.55) / (1.35* 0.1304*1.252*-32.5) = 1.54"

ForLRFR, neglect live load not contributing to the force under consideration (| | RFr.min = 9. Meanwhile forLFR, apply all axles.

10.0|
5.0
0.0
0.0 10.0 20.0 30.0
0.5
0.0 \ e
-05
1.00*Influence
-1.0 —— ~DC*Influence
= = ~EV*Influence
—— ~yLL*Influence
-18 0.0 10.0 20.0 30.0
1.0
0.5
. /--..\
-05
-1.0
-18 0.0 10.0 20.0 30.0
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QUICK CHECK (7 OF 8), EXTERIOR WALL

"t "kip"

RF_ExtWall = | "HL93.0PR"
14.00 32.00

14.00 32.00

2.57

Dy := max{ Dyjyjs) = 2.60ft

INF ,:= (05 0375 0.4 0'3928)1,min(4,cells

kip e . .
INFp := (0 0.096 0'080)1,min(3,cells) = 0.080~Hp - uplifting axial force onto wdll from point load on top slab

Pbe = ~Vocmin'( 150Pef -ty ft)- INF = ~0.50-Kip

000 800 ("h.eq(ﬁ)"

) "M.wall" (
"RF =

“Ext Wall at 0.48, D fill = 2.60ft." j
[1.75/1.35][1.20/1.20][36/36][(12.10 - 7.52) / (3.24)] = 1.83"

Drij

Fe:=min( 1.15,1 + 0.20-

k
)~Ll~ft = 4.333~m - axial force onto wall from uniform DL on top slab

WPy = ~Mevmin(Fe Vsoit Diir ft)- INF,, = ~1.24-kip

ZL'ﬂ + textwall

=1.016 Vsoil = 120-pcf

ASWa” = 050"’12
f,, = 40-ksi
f = 3.0-ksi

Py = 'YLL.Inventory'DF'IM'PLL'INFP = 0.63-kip

dwall  a

-5 =3.91.in- axial force to CG comp.

PLL = 32ip DF := LLDFeq(mpf_eq(1). Dgyy) = 0.1141 IM:= IMeq(Dgjy ) = 1.223
F. +YPpe + Py + P
) swall ¥ ¥*pc * eV + TP LV ) ,_
Fs.wall = AS.WaII'fy =19.84-kip a:= ettt =0.61-in M_arm :=
: c
habutment = Dfill + 2'tsjah + Ncjear = 14311t hLL.surcharge = heq.equation(habutment) = 257ft -LL surcharge

Xorigin = Dfill  tslab + Nclear ~ Phaunch.bot = 13-12ft

Tsoil

VEH:= |weH(X) < MEHmax® 2 '(xorigin - X)'ﬁ

we00-(Lygall = %) " wa () dx ix
x| wgy

L
wall 0

a .
’l]f)(l)ana” = 1bc090Aswa”f (dWa” - E) = 1210k|pﬁ

. ix—-1
ix:=1,2..41 xiX = LWa”T

) soil h
LS := | w () < YL Inventory 5 eq’

fx r'—wall
|
Jo

Lwall

|
|
|
J

L"LH(X)'(Lwall - X)

X
dx — J wp y(x) dxdx
0

ADC := yPp-M_arm = -0.163-kip-ft - factored component sab load, axial compression (-) reduces moment

NEV = yPgy,M_arm = —0.403-kip-ft - factored vertical earthload, axial compression (-) reduces moment

~EH: max(~yEH) = 8.10-kip-ft - maximum factored horizontal earth (+) increases moment

ALV = P \,M_arm = 0.204-kip-ft - factored vertical LL, uplift for multi-cell CBCs, axial tension (+) increases moment

~LS: max(~yLS) = 3.04-kip-ft - maximum factored LL surcharge (+) increases moment

YMn gy — (YDC + NEV + NEH)

RF.\, =
Inv ALV +ALS

|:1bd>ana” ((ch +~EV + wEHr)) max(wLV + qur)} = (12.10 7.52 3.24)-kip-ft

Example
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N
r:= mateh(min(RFyn, ). RFjn )1 = 20 RE . Ldnventory mpf eq(1) 36 RF RF = 1.83
Inv, Inv, L mpf GVW Inv,

testVEH, 2
YL =135 mpfeq(l)=1.20 mpf = 1.20 GVWtestVEH 9= 36
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QUuICK CHECK (8 OF 8), EXTERIOR WALL PLOTS

HORIZONTAL EARTH LOAD (EH)

I T
— Roadwa! — - EH (ki = - EH (ki —— - EH (kip-ft
© y . (if © (ki) © (kip-ft)
e CulveErt
s /S S S S
o L — \ 10 10 10
ft
5 5 5 5
oF— e 0l 0 0 — 0
1 1 1 1 1
-1 0 1 2 -1 -05 0 —3.404 -0.541 2.32 -6 -4 -2 0

HORIZONTAL LIVE LOAD WITH IMPACT (LH)

I T
W Roadway N s LH (kIf) N s LH (kip) N s LH (kip-ft)
e Culvert
s S S S 7
100 ol 10 10 10
T ft
5 5 5 5
o e N—r— ] 0 0 Z— 0
1 1 1 1 1
-1 0 1 2 -0.945 -0.472 0  -3.404 -0.541 2.321 -6 -4 -2 0
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