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Figure 1: Time series graph raw for full day data for Site 9 I-77 Stark County bridge sensor 
November 1, 2004-January 19, 2005. 
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Figure 2: Time series graph modified for full day data for Site 9 I-77 Stark County bridge sensor 
November 1, 2004-January 19, 2005. 
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Figure 3: Time series graph raw for full day data for Site 9 I-77 Stark County bridge sensor January 
21-April 5, 2005. 
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Figure 4: Time series graph modified for full day data for Site 9 I-77 Stark County bridge sensor 
January 21-April 5, 2005. 
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Figure 5: Time series graph complete raw nighttime data for Site 9 I-77 Stark County bridge sensor 
November 1, 2004- April 5, 2005. 

-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

  0
0:

06

  1
9:

01

  0
1:

26

  0
1:

31

  0
5:

36

  2
1:

41

  0
3:

01

  0
6:

41

  2
0:

56

  0
0:

21

  0
3:

36

  0
0:

41

  0
4:

11

  0
7:

21

  2
1:

56

  0
1:

51

  0
6:

56

  0
2:

36

  1
9:

21

  0
3:

11

  0
1:

06

  1
9:

26

  0
2:

41

  2
3:

06

  2
0:

36

  0
1:

36

  0
0:

46

  0
1:

56

  0
3:

31

  2
0:

16

  0
1:

06

  2
0:

26

  0
4:

41

Time

Te
m

pe
ra

tu
re

 (°
C

)

Air
Ramp Bridge
Bridge Deck Simulator

77

68

59

50

41

32

23

14

5

-4

-13

Te
m

pe
ra

tu
re

 (º
F)

 
 
Figure 6: Time series graph complete modified nighttime data for Site 9 I-77 Stark County bridge 
sensor November 1, 2004- April 5, 2005. 
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Warren County (Site 59): 
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Figure 7: Time series graph for full day data for Site 59 I-71 Warren County road sensor January 
21- April 5, 2005. 
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Figure 8: Average time series graph for full day data for Site 59 I-71 Warren County road sensor 
January 21- April 5, 2005. 
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Figure 9: Time series graph for night time data for Site 59 I-71 Warren County road sensor January 
21- April 5, 2005. 
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Figure 10: Time series graph for full day data for Site 59 I-71 Warren County bridge sensor January 
21- April 5, 2005.   
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Site 59 I71 Warren County bridge sensors January 21- April 5, 2005
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Figure 11: Average time series graph for full day data for Site 59 I-71 Warren County bridge sensor 
January 21- April 5, 2005.   
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Figure 12: Time series graph for night time data for Site 59 I-71 Warren County bridge sensor 
January 21- April 5, 2005. 



8  

Summit County (Site 68): 
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Figure 13: Time series graph for full day data for Site 68 I-271 Summit County road sensor January 
21- April 5, 2005. 
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Figure 14: Average time series graph for full day data for Site 68 I-271 Summit County road sensor 
January 21- April 5, 2005. 
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Figure 15: Time series graph for night time data for Site 68 I-271 Summit County road sensor 
January 21- April 5, 2005. 
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Figure 16: Time series graph for full day data for Site 68 I-77 Summit County road sensor January 
21- April 5, 2005.  
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Figure 17: Average time series graph for full day data for Site 68 I-77 Summit County road sensor 
January 21- April 5, 2005. 
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Figure 18: Time series graph for night time data for Site 68 I-77 Summit County road sensor 
January 21- April 5, 2005. 
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Figure 19: Time series graph for full day data for Site 68 I-271 Summit County bridge sensor 
January 21- April 5, 2005. 
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Figure 20: Average time series graph for full day data for Site 68 I-271 Summit County bridge sensor 
January 21- April 5, 2005. 
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Figure 21: Time series graph for night time data for Site 68 I-271 Summit County bridge sensor 
January 21- April 5, 2005.  
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Hamilton County (Site 69):  
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Figure 22: Time series graph for full day data for Site 69 I-275 Hamilton County road sensor 
January 21- April 5, 2005. 
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Figure 23: Average time series graph for full day data for Site 69 I-275 Hamilton County road sensor 
January 21- April 5, 2005. 
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Figure 24: Time series graph for full day data for Site 69 I-275 Hamilton County bridge sensor 
January 21- April 5, 2005. 
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Figure 25: Average time series graph for full day data for Site 69 I-275 Hamilton County bridge 
sensor January 21- April 5, 2005. 
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Figure 26: Time series graph for night time data for Site 69 I-275 Hamilton County bridge sensor 
January 21- April 5, 2005. 
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Hamilton/Clermont County (Site 70): 

-20

-10

0

10

20

30

40

50

  0
0:

06

  1
7:

26

  1
4:

46

  0
9:

51

  1
2:

31

  1
8:

06

  2
3:

21

  1
9:

21

  1
9:

36

  2
2:

36

  1
7:

06

  1
1:

46

  1
4:

46

  0
9:

51

  0
4:

46

  1
5:

36

  1
9:

31

  1
3:

11

  1
4:

16

  0
9:

21

  2
1:

31

  0
7:

51

  2
3:

21

  1
1:

31

  0
5:

46

  1
7:

06

  1
1:

51

  0
6:

21

  0
0:

41

  1
8:

21

  1
3:

31

  1
2:

51

  1
0:

06

Time

Te
m

pe
ra

tu
re

 (°
C

)

Air
Sensor 4
Bridge Deck Simulator
Sensor 5
Sensor 6

122

104

86

68

50

32

14

-4

Te
m

pe
ra

tu
re

 (º
F)

 
 
Figure 27: Time series graph for full day data for Site 70 I-275 Hamilton/Clermont County road 
sensor January 21- April 5, 2005. 
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Figure 28: Average time series graph for full day data for Site 70 I-275 Hamilton/Clermont County 
road sensor January 21- April 5, 2005. 
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Figure 29: Time series graph for night time data for Site 70 I-275 Hamilton/Clermont County road 
sensor January 21- April 5, 2005. 
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Figure 30: Time series graph for full day data for Site 70 I-275 Hamilton/Clermont County bridge 
sensor January 21- April 5, 2005. 
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Figure 31: Average time series graph for full day data for Site 70 I-275 Hamilton/Clermont County 
bridge sensor January 21- April 5, 2005. 
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Figure 32: Time series graph for night time data for Site 70 I-275 Hamilton/Clermont County road 
sensor January 21- April 5, 2005. 
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Lorain County (Site 86): 
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Figure 33: Time series graph for modified full day data for Site 86 I-90 Lorain County road sensor 
January 21- April 5, 2005. 
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Figure 34: Average time series graph for modified full day data for Site 86 I-90 Lorain County road 
sensor January 21- April 5, 2005. 
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Figure 35: Time series graph for modified full day data for Site 86 I-90 Lorain County bridge sensor 
January 21- April 5, 2005. 
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Figure 36: Average time series graph for modified full day data for Site 86 I-90 Lorain County 
bridge sensor January 21- April 5, 2005. 
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Figure 37: Time series graph for modified night time data for Site 86 I-90 Lorain County bridge 
sensor January 21- April 5, 2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



22  

Ashtabula County (Site 88): 
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Figure 38: Time series graph for full day data for Site 88 I-90 Ashtabula County road sensor January 
21- April 5, 2005. 
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Figure 39: Average time series graph for full day data for Site 88 I-90 Ashtabula County road sensor 
January 21- April 5, 2005. 
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Figure 40: Time series graph for night time data for Site 88 I-90 Ashtabula County road sensor 
January 21- April 5, 2005. 
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Figure 41: Average time series graph for night time data for Site 88 I-90 Ashtabula County road 
sensor January 21- April 5, 2005. 
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Figure 42: Time series graph for full day data for Site 88 I-90 Ashtabula County bridge sensor 
January 21- April 5, 2005. 
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Figure 43: Time series graph for night time data for Site 88 I-90 Ashtabula County bridge sensor 
January 21- April 5, 2005. 
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Portage/Mahoning County (Site 91): 
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Figure 44: Time series graph for full day data for Site 91 I-76 Portage/Mahoning County road sensor 
January 21- April 5, 2005. 
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Figure 45: Average time series graph for full day data for Site 91 I-76 Portage/Mahoning County 
road sensor January 21- April 5, 2005. 
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Figure 46: Time series graph for full day data for Site 91 I-76 Portage/Mahoning County bridge 
sensor January 21- April 5, 2005. 
 

-20

-15

-10

-5

0

5

10

15

20

25

  0
0:

06

  1
9:

31

  0
0:

06

  2
0:

41

  0
4:

26

  1
9:

51

  0
0:

26

  1
9:

31

  1
9:

46

  0
7:

06

  0
0:

56

  2
2:

01

  0
5:

06

  0
1:

51

  2
2:

36

  0
5:

51

  0
2:

46

  2
3:

36

  2
0:

31

  0
3:

31

  0
0:

26

  2
2:

16

  0
5:

46

  0
2:

51

  2
3:

56

  2
1:

16

  2
1:

31

  0
4:

41

  0
2:

01

  2
3:

21

  2
3:

36

  0
6:

46

  0
4:

31

Time

Te
m

pe
ra

tu
re

 (°
C

)

Air

Sensor 3

Sensor 4

Bridge Deck
Simulator

77

68

59

50

41

32

23

14

5

-4

Te
m

pe
ra

tu
re

 (º
F)

 
 
Figure 47: Time series graph for night time data for Site 91 I-76 Portage/Mahoning County bridge 
sensor January 21- April 5, 2005. 
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Appendix B: Finite element analysis – bridge drawings 
and temperature difference graphs 
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Stark County (Site 9): 

Length of bridge = 311.26' (94.87 m)
Orientation:81o0'6"(NE)

BRIDGE NO: STA-77-1433

Average Wind Speed: Max Cooling Gradient = 4.78 mph - 7.69 kmph (84.128 in/sec)
                                        Max Warming Gradient = 2.12 mph - 3.41 kmph (37.31 in/sec) 
Maximum Wind Speed :Max Cooling Gradient =8 mph - 12.87 kmph (140.8 in/sec) 
                      Direction :2o (N) 
Maximum Wind Speed :Max Warming gradient = 3.6 mph - 5.79 kmph (63.36 in/sec)  
                      Direction :190o (S) 

ALL DIMENSIONS ARE IN
INCHES

(1.098m)

(9.144m)

(0.2286m)

 
Figure 48: Cross-Section view of Stark County Bridge (Site 9). 
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Figure 49: Data containing the -8.6oC/hr (-15.48oF/hr) temperature gradient for Stark County (Site 
9) from 1/13/05 18:01 – 1/14/05 04:16. 
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Figure 50: Data containing the 4.3oC/hr (7.74 oF/hr) temperature gradient for Stark County (Site 9) 
from 12/21/05 01:01 – 12/21/05 11:01. 
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Figure 51: Temperature difference between actual values for bridge and block for Site 9 – Stark 
County for delta = 8.6oC/hr (-15.48oF/hr) from 1/13/05 19:01 – 1/13/05 23:31. 
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Figure 52: Temperature difference between simulated values for bridge and block for Site 9 – Stark 
County for delta = 4.3oC/hr (7.74 oF/hr)  from 12/21/05 01:01 – 12/21/05 07:46. 
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Figure 53: Temperature difference between actual values for bridge and block for Site 9 – Stark 
County for delta = 4.3oC/hr (7.74 oF/hr) from 12/21/05 01:01 – 12/21/05 07:46. 
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Warren County (Site 59): 

Length of bridge = 2330' (679 m)
Orientation : 69o29'15" (ENE)

BRIDGE NO: WAR-1-1514
Average Wind Speed: Max Cooling Gradient = 2.32 mph - 3.73 kmph (40.83 in/sec)
                                        Max Warming Gradient = 0.178 mph - 0.286 kmph (3.13 in/sec) 
Maximum Wind Speed :Max Cooling Gradient =5.1 mph - 8.2 kmph (89.76 in/sec)
                    Direction : 254o  (WSW)
 Maximum Wind Speed :Max Warming gradient = 0.6 mph - 0.965 kmph (10.56 in/sec)  
                    Direction : 313o (NW)

(11.176 m)

ALL DIMENSIONS ARE IN 
INCHES

(0.9715 m)

(0.4572 m)
(0.3048 m)

(11.76 m)

 
Figure 54: Cross-Section view of Warren County Bridge (Site 59). y( )
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Figure 55: Data containing the -3oC/hr (-5.4oF/hr) temperature gradient for Warren County (Site 59) 
from 3/30/05 20:36 – 3/31/05 11:01. 
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Figure 56: Data containing the 1.4oC/hr (2.52 oF/hr) temperature gradient for Warren County (Site 
59) from 2/11/05 19:46 – 2/12/05 07:36. 
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Figure 57: Temperature difference between simulated values for bridge and block for Site 59 – 
Warren County for delta = -3oC/hr (-5.4oF/hr) from 3/31/05 01:01 – 3/31/05 06:21. 
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TEMPERATURE GRADIENT -3oC/hr : 03:36 - 04:36

 
Figure 58: Temperature difference between actual values for bridge and block for Site 59 – Warren 
County for delta = -3oC/hr (-5.4oF/hr) from 3/31/05 01:01 – 3/31/05 06:21. 
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FOR t = 0 min ; TIME : 19:46 (hr:min)
         t = 360 min ; TIME : 01:46 (hr:min) 
TEMPERATURE GRADIENT 1.4oC/hr : 21:46 - 22:46

 
Figure 59: Temperature difference between simulated values for bridge and block for Site 59 – 
Warren County for delta = 1.4oC/hr (2.52 oF/hr) from 2/11/05 19:46 – 2/12/05 01:46. 
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Figure 60: Temperature difference between actual values for bridge and block for Site 59 – Warren 
County for delta = 1.4oC/hr (2.52 oF/hr) from 2/11/05 19:46 – 2/12/05 1:46. 
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Summit County (Site 68): 
 

Length of bridge = 319.25 feet (97.3 m)
Orientation: 65o4'(ENE)

BRIDGE NO: SUM-271-0358
Average Wind Speed: Max Cooling Gradient = 4.81 mph - 7.74 kmph (84.65 in/sec)
                                      Max Warming Gradient = 1.75 mph - 2.815 kmph (30.8 in/sec) 
Maximum Wind Speed :Max Cooling Gradient =8 mph - 12.87 kmph (140.8 in/sec)
                       Direction :314o (NW) 
Maximum Wind Speed :Max Warming gradient = 3.7 mph - 5.95 kmph (65.12 in/sec)
                       Direction: 211o (SSW) 

ALL DIMENSIONS ARE 
IN INCHES

(1.009 m) (0.2286 m)

(21.336 m)

 
Figure 61: Cross-Section view of Summit County Bridge (Site 68). 
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Figure 62: Data containing the -4.9oC/hr (-8.82 oF/hr) temperature gradient for Summit County (Site 
68) from 3/7/05 16:01 – 3/8/05 04:01. 
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Figure 63: Data containing the 2.9oC/hr (5.22 oF/hr) temperature gradient for Summit County (Site 
68) from 3/11/05 18:01 – 3/12/05 08:01. 
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Figure 64: Temperature difference between simulated values for bridge and block for Site 68 – 
Summit County for delta = -4.9oC/hr (-8.82 oF/hr) from 3/7/05 19:56 – 3/8/05 04:56. y ( )
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FOR t =0 min  ; TIME : 19:56 (hr:min)
        t = 540 min ; TIME : 04:56 (hr:min)
TEMPERATURE GRADIENT -4.9oC/hr : 20:56 - 21:56

 
Figure 65: Temperature difference between actual values for bridge and block for Site 68 – Summit 
County for delta = -4.9oC/hr (-8.82 oF/hr) from 3/7/05 19:56 – 3/8/05 04:56. 
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FOR t =0 min  ; TIME : 20:01 (hr:min)
        t = 325 min ; TIME : 01:26 (hr:min)
TEMPERATURE GRADIENT 2.9oC/hr : 23:01 - 00:01

 
Figure 66: Temperature difference between simulated values for bridge and block for Site 68 – 
Summit County for delta = 2.9oC/hr (5.22 oF/hr) from 3/11/05 20:01 – 3/12/05 01:26. 
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TEMPERATURE GRADIENT 2.9oC/hr : 23:01 - 00:01

 
Figure 67: Temperature difference between actual values for bridge and block for Site 68 – Summit 
County for delta = 2.9oC/hr (5.22 oF/hr) from 3/11/05 20:01 – 3/12/05 01:26. 
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Hamilton County (Site 69): 

Length of bridge = 572' (174.3 m)
Orientation:88o35'29"(E)

BRIDGE NO: HAM-275-0314

Average Wind Speed: Max Cooling Gradient = 2.5 mph - 4.022 kmph (44 in/sec)
                                     Max Warming Gradient = 0.552 mph - 0.888 kmph (9.71 in/sec) 
Maximum Wind Speed :Max Cooling Gradient = 4 mph - 6.436 kmph(70.41 in/sec)
                       Direction :179o (S) 
Maximum Wind Speed :Max Warming gradient = 3.3 mph - 5.30 kmph (58.08 in/sec)  
                       Direction :234o (SE) 

ALL DIMENSIONS ARE IN 
INCHES

(0.2286 m)

(13.41 m)

(1.162 m)

 
Figure 68: Cross-Section view of Site 69 – Hamilton County Bridge. 
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Figure 69: Data containing the -4.8oC/hr (-8.64 oF/hr) temperature gradient for Hamilton County 
(Site 69) from 2/15/05 19:01 – 2/16/05 09:56. 
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Figure 70: Data containing the 4.1oC/hr (7.38 oF/hr) temperature gradient for Hamilton County (Site 
69) from 3/10/05 20:01 – 3/11/05 12:01. 
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FOR t=0 min ; T = 01:56 (hr:min)
         t=265 min ; T = 06:16 (hr:min)
TEMPERATURE GRADIENT -4.8oC/hr : 00:36 - 01:36

 
Figure 71: Temperature difference between simulated values for bridge and block for Site 69 – 
Hamilton County for delta = -4.8oC/hr (-8.64 oF/hr) from 2/16/05 01:56 – 2/16/05 06:26. 
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TEMPERATURE GRADIENT -4.8oC/hr : 00:36 - 01:36

 
Figure 72: Temperature difference between actual values for bridge and block for Site 69 – Hamilton 
County for delta = -4.8oC/hr (-8.64 oF/hr) from 2/16/05 01:56 – 2/16/05 06:16. 
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Figure 73: Temperature difference between simulated values for bridge and block for Site 69 – 
Hamilton County for delta = 4.1oC/hr (7.38 oF/hr) from 3/11/05 00:11 – 3/11/05 06:26. 
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Figure 74: Temperature difference between actual values for bridge and block for Site 69 – Hamilton 
County for delta = 4.1oC/hr (7.38 oF/hr) from 3/11/05 00:11 – 3/11/05 06:26. 
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Hamilton County (Site 70):  

Length of bridge = 860.75' (262.35 m)
Orientation:50o17'37"(SE)

BRIDGE NO: HAM-275-3200

Average Wind Speed: Max Cooling Gradient = 3.09 mph - 4.97 kmph (54.38 in/sec)
                                        Max Warming Gradient = 0.564 mph - 0.907 kmph (9.92 in/sec) 
Maximum Wind Speed :Max Cooling Gradient =5.9 mph - 9.49 kmph (103.84 in/sec) 
                      Direction :304o (NW) 
Maximum Wind Speed :Max Warming gradient = 2.1 mph - 3.378 kmph (36.96 in/sec)  
                      Direction :131o (SE) 

ALL DIMENSIONS ARE IN
INCHES

(1.0095 m)

(16.459 m)

(0.2286 m)

 
Figure 75: Cross-Section view of Site 70 – Hamilton County Bridge. 
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Figure 76: Data containing the -5oC/hr (-9 oF/hr) temperature gradient for Hamilton County (Site 70) 
from 2/15/05 19:46 – 2/16/05 07:26. 
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Figure 77: Data containing the 3.7oC/hr (6.66 oF/hr) temperature gradient for Hamilton County (Site 
70) from 3/18/05 20:16 – 3/19/05 07:26. 
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Figure 78: Temperature difference between simulated values for bridge and block for Site 70 – 
Hamilton County for delta = -5oC/hr (-9 oF/hr) from 2/16/05 01:56 – 2/16/05 05:56. 
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TEMPERATURE GRADIENT -5oC/hr : 02:46 - 03:46

MODIFIED BDS TEMP = ACTUAL BDS TEMP + 2.88oC (5.2oF)
MODIFIED BRIDGE TEMP = ACTUAL BRIDGE TEMP + 1.33oC (2.4oF)

 
Figure 79: Temperature difference between actual values for bridge and block for Site 70 – Hamilton 
County for delta = -5oC/hr (-9 oF/hr) from 2/16/05 01:56 – 2/16/05 05:56. 



47  

-1.5

-1

-0.5

0

0.5

1

1.5

2

0 15 30 45 60 75 90
105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360 375

Time (min)

T
em

pe
ra

tu
re

 D
iff

er
en

ce
 (o C

)

0

0.2

0.4

0.6

0.8

1

1.2

T
em

pe
ra

tu
re

 D
iff

er
en

ce
 (o F)

MODIFIED BDS TEMP = ACTUAL BDS TEMP + 2.01oC (3.618oF)

FOR t=0 min ; T : 00:11 (hr:min)
         t=385 min T : 06:41 (hr:min)
TEMPERATURE GRADIENT 3.7oC/hr : 02:16 - 03:16

 
Figure 80: Temperature difference between simulated values for bridge and block for Site 70 – 
Hamilton County for delta = 3.7oC/hr (6.66 oF/hr)  from 3/19/05 00:11 – 3/19/05 06:41. 
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FOR t=0 min ; T : 00:11 (hr:min)
         t=385 min T : 06:41 (hr:min)
TEMPERATURE GRADIENT 3.7oC/hr : 02:16 - 03:16

 
Figure 81: Temperature difference between actual values for bridge and block for Site 70 – Hamilton 
County for delta = 3.7oC/hr (6.66 oF/hr)  from 3/19/05 00:11 – 3/19/05 06:41. 
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Lorain County (Site 86): 

Length of bridge = 368.5' (112.38 m)
Orientation: 62o30' (NE)

BRIDGE NO: LOR-90-1426

Average Wind Speed: Max Cooling Gradient = 3.30mph - 5.30 kmph (58.06 in/sec)
                                     Max Warming Gradient = 0.3 mph - 0.53 kmph (5.8 in/sec) 
Maximum Wind Speed :Max Cooling Gradient = 5.6 mph - 9.01 kmph (98.56 in/sec)      
                       Direction : 351o (N) 
Maximum Wind Speed :Max Warming gradient = 1.2 mph - 1.93 kmph (21.12 in/sec)
                       Direction : 24o (NNE) 

ALL DIMENSIONS ARE IN 
INCHES

 
Figure 82: Cross-Section view of Lorain County Bridge (Site 86). 
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Figure 83: Data containing the -3.5oC/hr (-6.3 oF/hr) temperature gradient for Lorain County (Site 
86) from 3/7/05 10:01 – 3/8/05 07:01. 
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Figure 84: Data containing the -3.5oC/hr (-6.3 oF/hr) temperature gradient for Lorain County (Site 
86) from 3/7/05 10:01 – 3/8/05 07:01. 
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FOR t=0 min ; TIME : 20:01 (hr:min)
        t=650 min ; TIME : 06:51 (hr:min)
TEMPERATURE GRADIENT -3oC/hr : 20:01 - 21:01 

 
Figure 85: Temperature difference between simulated values for bridge and block for Site 86 – 
Lorain County for delta = -3.5oC/hr  (-6.3 oF/hr) from 3/7/05 20:01 – 3/8/05 06:51. 
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TEMPERATURE GRADIENT -3oC/hr : 20:01 - 21:01 

 
Figure 86: Temperature difference between actual values for bridge and block for Site 86 – Lorain 
County for delta = -3.5oC/hr (-6.3 oF/hr)  from 3/7/05 20:01 – 3/8/05 06:51. 
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TEMPERATURE GRADIENT 2.9oC/hr : 00:21 - 01:21 

 
Figure 87: Temperature difference between simulated values for bridge and block for Site 86 – 
Lorain County for delta = 2.9oC/hr (5.22 oF/hr)  from 2/2/05 22:21 – 2/3/05 05:21. 
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TEMPERATURE GRADIENT 2.9oC/hr : 00:21 - 01:21 

 
Figure 88: Temperature difference between actual values for bridge and block for Site 86 – Lorain 
County for delta = 2.9oC/hr (5.22 oF/hr)  from 2/2/05 22:21 – 2/3/05 05:21. 
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Ashtabula County (Site 88): y g

Length of bridge = 336' (102.4 m)
Orientation : 89o 36' 9" (SE)

BRIDGE NO: ATB - 1 -1362

Average Wind Speed: Max Cooling Gradient = 4.06 mph - 6.54 kmph (71.45 in/sec)
                                      Max Warming Gradient = 3.85 mph - 6.19 kmph (67.76 in/sec) 
Maximum Wind Speed : Max Cooling Gradient =6.4 mph (112.64 in/sec)
                       Direction : 334o (NNW) 
Maximum Wind Speed : Max Warming gradient = 5.2 mph (91.52 in/sec) 
                       Direction : 74o (ENE)

ALL DIMENSIONS ARE IN 
INCHES

(0.9906 m) (0.2286 m)

(18.288 m)

 
Figure 89: Cross-Section view of Ashtabula County Bridge (Site 88). 
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Figure 90: Data containing the -4.5oC/hr (-8.1 oF/hr)  temperature gradient for Ashtabula County 
(Site 88) from 3/7/05 15:01 – 3/8/05 01:36. 
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Figure 91: Data containing the 3oC/hr (5.4 oF/hr) temperature gradient for Ashtabula County (Site 
88) from 1/23/05 18:01 – 1/24/05 02:21. 
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FOR t = 0 min ; TIME : 19:56 (hr:min)
         t = 245 min ; TIME : 00:06 (hr:min) 
TEMPERATURE GRADIENT -4.5oC/hr : 19:56 - 20:56

 
Figure 92: Temperature difference between simulated values for bridge and block for Site 88 – 
Ashtabula County for delta = -4.5oC/hr (-8.1 oF/hr)   from 3/7/05 19:56 – 3/8/05 00:06. 
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Figure 93: Temperature difference between actual values for bridge and block for Site 88 – 
Ashtabula County for delta = -4.5oC/hr (-8.1 oF/hr)  from 3/7/05 19:56 – 3/8/05 00:06. 
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FOR t = 0 min ; TIME : 22:06 (hr:min)
         t = 255 min ; TIME : 02:21 (hr:min) 
TEMPERATURE GRADIENT 3oC/hr : 00:06 - 01:06

 
Figure 94: Temperature difference between simulated values for bridge and block for Site 88 – 
Ashtabula County for delta = 3oC/hr (5.4 oF/hr) from 1/23/05 22:06 – 1/24/05 02:21.  
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TEMPERATURE GRADIENT 3oC/hr : 00:06 - 01:06

 
Figure 95: Temperature difference between actual values for bridge and block for Site 88 – 
Ashtabula County for delta = 3oC/hr (5.4 oF/hr) from 1/23/05 22:06 – 1/24/05 02:21. 
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Portage County (Site 91):  

Length of bridge = 195.94' (59.72 m)
Orientation:90o E

BRIDGE NO: POR-18-2010

Average Wind Speed :Max Cooling Gradient = 0.422 mph - 0.678 kmph (7.42 in/sec)
                                      Max Warming Gradient = 0.228 mph - 0.366 kmph(4.01 in/sec) 
Maximum Wind Speed :Max Cooling Gradient =2.2 mph - 3.53 kmph (38.72 in/sec)    
                       Direction :33o (NE) 
Maximum Wind Speed :Max Warming gradient = 0.8 mph - 1.28 kmph (14.08 in/sec) 
                       Direction :175o (S) 

ALL DIMENSIONS ARE 
IN INCHES

(1.05625 m)

(13.8 m)

(0.25 m)

 
Figure 96: Cross-Section view of Portage County Bridge (Site 91). 
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Figure 97: Data containing the -2.7oC/hr (-4.86 oF/hr) temperature gradient for Portage County (Site 
91) from 3/26/05 11:01 – 3/27/05 11:01. 
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Figure 98: Data containing the 2.4oC/hr (4.32 oF/hr) temperature gradient for Portage County (Site 
91) from 3/24/05 17:21 – 3/25/05 17:21. 
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FOR t=0 min ; T = 20:16 (hr:min)
         t=515 min ; T = 04:56 (hr:min) 

TEMPERATURE GRADIENT -2.7oC/hr : 23:21 - 00:21

 
Figure 99: Temperature difference between simulated values for bridge and block for Site 91 – 
Portage County for delta = -2.7oC/hr (-4.86 oF/hr) from 3/26/05 20:16 – 3/27/05 04:56. 
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Figure 100: Temperature difference between actual values for bridge and block for Site 91 – Portage 
County for delta = -2.7oC/hr (-4.86 oF/hr) from 3/26/05 20:16 – 3/27/05 04:56. 
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MODIFIED BDS = ACTUAL BDS TEMP + 2.15oC (3.87oF)

FOR t=0 min ; T = 01:16 (hr:min)
         t=240 min ; T = 05:16 (hr:min) 

TEMPERATURE GRADIENT 2.4oC/hr : 04:16 - 05:16

 
Figure 101: Temperature difference between simulated values for bridge and block for Site 91 – 
Portage County for delta = 2.4oC/hr (4.32 oF/hr) from 3/25/05 01:16 – 3/25/05 05:16. 
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MODIFIED BDS = ACTUAL BDS TEMP + 2.15oC (3.87oF)

FOR t=0 min ; T = 01:16 (hr:min)
         t=240 min ; T = 05:16 (hr:min) 

TEMPERATURE GRADIENT 2.4oC/hr : 04:16 - 05:16

 
Figure 102: Temperature difference between actual values for bridge and block for Site 91 – Portage 
County for delta = 2.4oC/hr (4.32 oF/hr) from 3/25/05 01:16 – 3/25/05 05:16. 
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