PCA Design Method



PCA Design Method

 Two failure modes considered:
— Fatigue failure due to slab flexure
— Erosion failure due to foundation compression

e Edge loads produce the worst stresses
— Fatigue based on tensile stress due to edge loads

e Corner loads produce the worst deflections
— Erosion based on deflections due to corner loads




Design Parameters

1. Concrete modulus of rupture (MR)
2. Modulus of subgrade reaction (k)
3. Design traffic volume

4. Axle load spectrum



Modulus of Subgrade Reaction

Design k Values for Untreated Subbases

Subgrade Subbase k value, pci
k value,
pei 4in. 6in. gin. 12in.
50 65 75 85 110
100 130 140 160 190
200 220 230 270 320
300 320 .. 330 370 430

Design k Values for Cement-Treated Subbases

Subgrade Subbase k value, pci
k value, . . ‘ .
pei 4in. 6in. 8in. 10in.
50 170 230 310 390
100 280 400 520 640
200 470 640 830 —




Design Traffic Volume

Average Direction Traffic
Daily Traffic Distribution Growth
(two-way) Factor Multiplier

| L

V =365(ADT)(T)(D)(L)(G)(Y)

[

Percent Lane Design
Trucks Distribution Life
Factor (Years)



Traffic Growth Multiplier

Annual
Growth
Rate

|

G=(1+r)">
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Frequency

600 -

500 +

400 -

300 -
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100 -

Axle Load Spectrum

3000-6999 7000-7999  8000- 12000- 16000- 18000- 20000- 22000-
11999 15999 17999 19999 21999 23999

Single Axde Load (lbs)

24000-
25999

26000-
29999
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PCA Design Method

Based on Miner’s Hypothesis:
n.
D=)» <1
2N

D = pavement life consumed by axle loads
n, = actual number of axle loads in class |
N. = axle loads needed to produce failure



Design Procedure

1. Choose a trial slab thickness (h).

2. For each axle load class:
a) Determine N, for fatigue failure.
b) Divide n; by N, to determine fatigue damage factor d..
c) Determine N, for erosion failure.
d) Divide n, by N; to determine erosion damage factor d..

3. Sum fatigue and erosion damage factors over all of the
axle load classes.

4. If both sums are less than 1 (life) your design is good,;
otherwise you need to increase your slab thickness.



Example

Four-lane rural interstate

ADT = 12,900 (two-way)
T=19%
r=4%
D = 0.5 (assumed)
Y = 20 years



Traffic Growth Multiplier

G=(1+r)2=(1.04)° =1.5



Design Traffic Volume

12,900 019 0.5 1.5 20

V =365(ADT)(T)(D)(L)(G)(Y)

(ADT)(D)(G) = (12,900)(0.5)(1.5) = 9675
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Design Traffic Volume

12,900 019 05 081 1.5 20

V =365(ADT)(T)(D)(L)(G)(Y)

V = 10,880,000 trucks



Example

Clay subgrade
k =100 psi/in
4" untreated subbase
Concrete MR = 650 psi
Doweled JPCP
Asphalt Shoulders



Modulus of Subgrade Reaction

Design k Values for Untreated Subbases

Subgrade Subbase k value, pci
k value,
pei 4in. 6in. gin. 12in.
50 65 75 85 110
100 130 140 160 190
200 220 230 270 320
300 320 .. 330 370 430

Design k Values for Cement-Treated Subbases

Subgrade Subbase k value, pci
k value, . . ‘ .
pei 4in. 6in. 8in. 10in.
50 170 230 310 390
100 280 400 520 640
200 470 640 830 —
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Axle Load Spectrum
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Calculation of Pavement Thickness
Project
Trial thickness in. Doweled joints: yes no
Subbase-subgrade k pci Concrete shoulder: yes no
Modulus of rupture, MR psi Design period years
Load safety factor, LSF
) Fatigue analysis Erosion analysis

Axle Multiplied Expected

load, by repetitions .

Kips LSF Allowable Fatigue, Allowable Damage,

repetitions percent repetitions percent
1 2 3 4 5 6 7

Single Axles

8. Equivalent stress

9. Stress ratio factor

10. Erosion factor




Calculation of Pavement Thickness
Project
Trial thickness in. Doweled joints: yes no
Subbase-subgrade k pci Concrete shoulder: ves no
Modulus of rupture, MR psi Design period years
Load safety factor, LSF
) Fatigue analysis Erosion analysis

Axle Multiplied Expected

load, by repetitions '

kips LSF Allowable Fatigue, Allowable Damage,

repetitions percent repetitions percent
1 2 3 4 5 6 7

Tandem Axles

11. Equivalent stress
12. Stress ratio factor

13. Erosion factor




Project

Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: yes no X
e50 i
Modulus of rupture, MR___©9O0  psi Design period 20 years
Load safety factor, LSF
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7

Single Axles

8. Equivalent stress

9. Stress ratio factor

10. Erosion factor




Load Safety Factor

Traffic Volume LSF

High

(interstates, multilane highways) 1.2
Moderate 11

(highways and arterials) -
Low 10

(collectors, residential streets)

Multiplication factor for axle loads



Project

Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: yes no X
e50 i
Modulus of rupture, MR___©9O0  psi Design period 20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7

Single Axles

8. Equivalent stress

9. Stress ratio factor

10. Erosion factor




Equivalent Stress

Equivalent Stress — No Concrete Shoulder
(Single Axle / Tandem Axle)

Equivalent Stress — Concrete Shoulder
(Single Axle / Tandem Axle)

Slab = .
thickness, k of subgrade-subbase, pci
in. 50 100 150 200 300 500 700
4 825/679  726/585  671/542  ©34/516  584/486  523/457  484/443
4.5 699/586  616/500 571/460 540/435  498/406  448/378  417/363
5 602/516  531/436  493/399  467/376  432/349  390/321  363/307
5.5 526/461  464/387 .431/353  409/331  379/305  343/278  320/264
6 465/416  411/348  382/316  362/296  336/271  304/246  285/232
6.5 417/380  367/317  341/286  324/267  300/244  273/220  256/207
7 375/349 331/290 307/262 292/244 271/222 246/199 231/186
7.5 340/323  300/268  279/241  265/224  246/203  224/181  210/169
8 311/300  274/249  255/223 242/208  225/188  205/167  192/155
8.5 285/281  252/232  234/208 222/193 206/174  188/154  177/143
9 264/264  232/218  216/195  205/181  190/163  174/144  163/133
9.5 245/248  215/205  200/183  190/170 176/1563  161/134  151/124
10 228/235 200/193 186/173 177/160 164/144 150/126 141/117
10.5 213/222  187/183  174/164  165/151 153/136  140/119  132/110
11 200/211  175/174  163/155  154/143  144/128  131/113  123/104
11.5 188/201  165/165  153/148  145/136  135/122  123/107 116/98
12 177/7192  155/158  144/141  137/130 127/116  116/102  109/93
12.5 168/183 147/151 1367135 129/124 120/111 109/97 103/89
13 159/176  139/144  129/129  122/119  113/106  103/93 97/85
13.5 152/168  132/138  122/123  116/114  107/102 98/89 92/81
14 144/162  125/133  116/118  110/109  102/98 93/85 88/78

Slab o i
thickness, k of subgrade-subbase, pci
in. 50 100 150 200 300 500 700
4 640/534  559/468  517/439  489/422  452/403  409/388  383/384
4.5 547/461  479/400  444/372  421/356  390/338  355/322  333/316
5 475/404  417/349  387/323  367/308  341/280  311/274 294/267
5.5 418/360  368/309  342/285 324/271 302/254  276/238 261/231
6 372/325  327/277  304/255  289/241  270/225  247/210  234/203
8.5 334/2905  294/251  274/230  260/218  243/203  223/188  212/180
¥ 302/270  266/230 248/210 236/198  220/184  203/170 192/162
7.5 275/250  243/211  226/193  215/182  201/168  185/155  176/148
8 252/232  222/196  207/179 197/168 185/155 170/142 162/135
8.5 232/216 205/182 191/166 182/156 170/144 157/131 150/125
9 215/202 190/171 177/155 169/146 158/134 146/122 139/116
9.5 200/190  176/160  164/146  157/137  147/126  136/114  129/108
10 186/179  164/151  158/137  146/129  137/118 127/107 121/101
10.5 174/170 154/143 144/130 137/121 128/111 119/101 113/95
11 164/161 144/135 135/123 129/115 120/105 112/95 106/90
11.5 154/153 136/128  127/117 121/109 113/100 105/90 100/85
12 145/146 1287122  120/111 114/104 107/95 99/86 95/81
12.5 137/139 121117 113/106 108/99 101/91 94/82 90/77
13 130/133 115/112 107/101 102/95 96/86 89/78 85/73
135 124/127  109/107  102/97 97/91 91/83 85/74 81/70
14 118/122 104/103 97/93 93/87 87/79 81/71 77/67




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project

Trial thickness 9.5 in. Doweled joints: yes X no

Subbase-subgrade k 130 pci Concrete shoulder: vyes no X
e50 i

Modulus of rupture, MR @98  psi Design period 20 years

Load safety factor, LSF 1.2

) Fatigue analysis Erosion analysis

Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,

repetitions percent repetitions percent

1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor
. 9. Stress ratio factor_0-317 €— 206/MR.
Single Axles

30 326.0 e=210
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Fig. 5. Fatigue analysis—allowable load repetitions based
on stress ratio iactOf (with and without concrete shoulder).

ALLOWABLE LOAD REPETITIONS




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project

Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: yes no X
e50 -
Modulus of rupture, MR _ @9 __ psi Design period 20 years
Load safety factor, LSF 12
. Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor
) 9. Stress ratio factor_0-317
Single Axles

320 26.0 ©310 27,000 23.4




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: vyes no X
e50 i
Modulus of rupture, MR_ @2 psi Design period 20 years
Load safety factor, LSF 1.2 —
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor
. 9. Stress ratio factor_o. -3_21
Single Axles
30 326.0 e=210 27,000 3.4
28 33.6 14,690 FF,000 19.1
20 21.2 20,140 230,000 131
24 2.8 o4,410 1,200,000 5.4

22 26.4 106,900
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Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 Doweled joints: yes X no
Subbase-subgrade k 130 Concrete shoulder: yes no X
Modulus of rupture, MR____©50 Design period 20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor
. 9. Stress ratio factor _0-317
Single Axles
30 326.0 e=210 27,000 23.4
28 33.6 14,690 FF,000 19.1
20 21.2 20,140 230,000 131
24 2.8 o4,410 1,200,000 5.4
22 6.4 106,900 unlimited 0.0

= ©1.0




Calculation of Pavement Thickness

Design 1 — Four-lane rural interstate, dowels, asphalt shoulder

Project

Trial thickness 9.5 in. Doweled joints: yes X no

Subbase-subgrade k 130 pci Concrete shoulder: ves no X
e50 i

Modulus of rupture, MR _ @90 psi Design period 20 years

Load safety factor, LSF 1.2

. Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7

11. Equivalent stress 13. Erosion factor

12. Stress ratio factor

Tandem Axles




Equivalent Stress

Equivalent Stress — No Concrete Shoulder
(Single Axle / Tandem Axle)

Equivalent Stress — Concrete Shoulder
(Single Axle / Tandem Axle)

Slab = .
thickness, k of subgrade-subbase, pci
in. 50 100 150 200 300 500 700
4 825/679  726/585  671/542  ©34/516  584/486  523/457  484/443
4.5 699/586  616/500 571/460 540/435  498/406  448/378  417/363
5 602/516  531/436  493/399  467/376  432/349  390/321  363/307
5.5 526/461  464/387 .431/353  409/331  379/305  343/278  320/264
6 465/416  411/348  382/316  362/296  336/271  304/246  285/232
6.5 417/380  367/317  341/286  324/267  300/244  273/220  256/207
7 375/349 331/290 307/262 292/244 271/222 246/199 231/186
7.5 340/323  300/268  279/241  265/224  246/203  224/181  210/169
8 311/300  274/249  255/223 242/208  225/188  205/167  192/155
8.5 285/281  252/232  234/208 222/193 206/174  188/154  177/143
9 264/264  232/218  216/195  205/181  190/163  174/144  163/133
9.5 245/248  215/205  200/183  190/170 176/1563  161/134  151/124
10 228/235 200/193 186/173 177/160 164/144 150/126 141/117
10.5 213/222  187/183  174/164  165/151 153/136  140/119  132/110
11 200/211  175/174  163/155  154/143  144/128  131/113  123/104
11.5 188/201  165/165  153/148  145/136  135/122  123/107 116/98
12 177/7192  155/158  144/141  137/130 127/116  116/102  109/93
12.5 168/183 147/151 1367135 129/124 120/111 109/97 103/89
13 159/176  139/144  129/129  122/119  113/106  103/93 97/85
13.5 152/168  132/138  122/123  116/114  107/102 98/89 92/81
14 144/162  125/133  116/118  110/109  102/98 93/85 88/78

Slab o i
thickness, k of subgrade-subbase, pci
in. 50 100 150 200 300 500 700
4 640/534  559/468  517/439  489/422  452/403  409/388  383/384
4.5 547/461  479/400  444/372  421/356  390/338  355/322  333/316
5 475/404  417/349  387/323  367/308  341/280  311/274 294/267
5.5 418/360  368/309  342/285 324/271 302/254  276/238 261/231
6 372/325  327/277  304/255  289/241  270/225  247/210  234/203
8.5 334/2905  294/251  274/230  260/218  243/203  223/188  212/180
¥ 302/270  266/230 248/210 236/198  220/184  203/170 192/162
7.5 275/250  243/211  226/193  215/182  201/168  185/155  176/148
8 252/232  222/196  207/179 197/168 185/155 170/142 162/135
8.5 232/216 205/182 191/166 182/156 170/144 157/131 150/125
9 215/202 190/171 177/155 169/146 158/134 146/122 139/116
9.5 200/190  176/160  164/146  157/137  147/126  136/114  129/108
10 186/179  164/151  158/137  146/129  137/118 127/107 121/101
10.5 174/170 154/143 144/130 137/121 128/111 119/101 113/95
11 164/161 144/135 135/123 129/115 120/105 112/95 106/90
11.5 154/153 136/128  127/117 121/109 113/100 105/90 100/85
12 145/146 1287122  120/111 114/104 107/95 99/86 95/81
12.5 137/139 121117 113/106 108/99 101/91 94/82 90/77
13 130/133 115/112 107/101 102/95 96/86 89/78 85/73
135 124/127  109/107  102/97 97/91 91/83 85/74 81/70
14 118/122 104/103 97/93 93/87 87/79 81/71 77/67




Calculation of Pavement Thickness

Design 1 — Four-lane rural interstate, dowels, asphalt shoulder

Project

Trial thickness 9.5 in. Doweled joints: yes X no

Subbase-subgrade k 130 pci Concrete shoulder: ves no X
e50 i

Modulus of rupture, MR _ @90 psi Design period 20 years

Load safety factor, LSF 1.2

. Fatigue analysis Erosion analysis

Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,

repetitions percent repetitions percent

1 2 3 4 5 6 7
11. Equivalent stress*_lﬂ 13. Erosion factor
: 0.295 €«—192/MR
Tandem Axles 12. Stress ratio factor—,9_ j

52 o4 21,320
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Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pei Concrete shoulder: ves no X
e50 i
Modulus of rupture, MR psi Design period 20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
11. Equivalent stress*_lﬂ 13. Erosion factor
- 0.295
Tandem Axles 12. Stress ratio factor_,9_
52 0.4 21,320 1,100,000 1.9




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 Doweled joints: yes X no
Subbase-subgrade k 130 Concrete shoulder: ves no X
e50
Modulus of rupture, MR Design period ______20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
11. Equivalent stress*_lﬂ 13. Erosion factor
- 0.295
Tandem Axles 12. Stress ratio factor_,9_
52 0.4 21,320 1,100,000 1.9
4L 5F.0 42,8F0
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on stress ratio iactOf (with and without concrete shoulder).



Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 Doweled joints: yes X no
Subbase-subgrade k 130 Concrete shoulder: ves no X
e50
Modulus of rupture, MR Design period ______20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
11. Equivalent stress*_lﬂ 13. Erosion factor
- 0.295
Tandem Axles 12. Stress ratio factor_,9_
52 0.4 21,320 1,100,000 1.9
48 5F#.6 42,870 unlimited 0.0
X F 62.9




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: vyes no X
e50 i
Modulus of rupture, MR_ @2 psi Design period 20 years
Load safety factor, LSF 1.2 —
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor
. 9. Stress ratio factor_o. -3_21
Single Axles
30 326.0 e=210 27,000 3.4
28 33.6 14,690 FF,000 19.1
20 21.2 20,140 230,000 131
24 2.8 o4,410 1,200,000 5.4

22 206.4 106,900 unlimited 0.0




Erosion Factor

Erosion Factor — Doweled Joints, Concrete Shoulder
(Single Axle / Tandem Axle)

Erosion Factor — No Dowels, Concrete Shoulder
(Single Axle / Tandem Axle)

Slab _ .
thickness, k of subgrade-subbase, pci
in. 50 100 200 300 500 700
4 3.28/3.30 3.24/3.20 3.21/313 3.19/310 3.15/3.09 3.12/3.08
45 3.13/3.19  3.09/3.08 3.06/3.00 3.04/296 3.01/293 2.98/2.91
5 3.01/3.09  2.97/2.98 2.93/2.89 2.90/2.84 2.87/279  2.85/2.77
5.5 2.90/3.01 2.85/2.89 2.81/279 279/2.74 2.76/2.68 273/2.65
6 2.79/2.93 2.75/2.82 2.70/271 2.68/265 2.65/2.58 2.62/2.54
6.5 2.70/2.86  2.65/2.75 2.61/263  2.58/2.57 2.55/2.50  2.52/2.45
7 2.61/2.79  2.56/2.68 2.52/2.56 2.49/2.50 2.46/2.42  2.43/2.38
7.5 2.53/2.73 2.48/2.62 2.44/250 2.41/2.44 2.38/236  2.35/2.31
8 2.46/2.68 2.41/2.56  2.36/2.44  2.33/2.38 2.30/230 2.27/2.24
8.5 2.39/2.62  2.34/251  2.29/2.39 2.26/2.32 2.22/224 2.20/2.18
9 2.32/2.57 2.27/246 222/2.34 2.19/2.27 216/219 2.13/2.13
9.5 2.26/2.52 2.21/241  2.16/2.29  2.13/2.22 2.09/214 2.07/2.08
10 2.20/2.47 2.15/2.36 2.10/2.25 2.07/2.18 2.03/2.09 2.01/2.03
10.5 2.15/2.43  2.09/2.32 2.04/2.20 2.01/214 1.97/2.05 1.95/1.99
11 2.10/2.39  2.04/2.28 1.99/2.16  1.95/2.09  1.92/2.01 1.89/1.95
11.5 2.05/2.35 1.99/2.24  1.93/2.12 1.90/2.05 1.87/1.97 1.84/1.91
12 2.00/2.31 1.94/2.20 1.88/2.09  1.85/2.02 1.82/1.93  1.79/1.87
12.5 1.95/2.27 1.89/2.16  1.84/2.05 1.81/1.98 1.77/1.89  1.74/1.84
13 1.91/2.23 1.85/2.18  1.79/2.01 1.76/1.95  1.72/1.86  1.70/1.80
13.5 1.86/2.20 1.81/2.09  1.75/1.98 1.72/1.91 1.68/1.83  1.65/1.77
14 1.82/2.17  1.76/2.06 1.71/1.95 1.67/1.88 1.64/1.80 1.61/1.74

Slab _ :
thickness, k of subgrade-subbase, pci
in. 50 100 200 300 500 700
4 3.46/3.49  3.42/3.39 3.38/3.32  3.36/3.29 3.32/3.26  3.28/3.24
45 3.32/3.39 3.28/3.28  3.24/3.19 3.22/3.16  3.19/3.12  3.15/3.09
5 3.20/3.30 3.16/3.18  3.12/3.09 3.10/3.05 3.07/3.00 3.04/2.97
5.5 3.10/3.22  3.05/3.10 3.01/3.00 299/2.95 2.96/2.90 2.93/2.86
6 3.00/3.15 2.95/3.02 2.90/2.82 2.88/2.87  2.86/2.81 2.83/2.77
6.5 2.91/3.08 2.86/296 2.81/2.85 2.79/2.79 2.76/273 2.74/2.68
7 2.83/3.02 2.77/2.90 2.73/278 2.70/2.72 2.68/2.66  2.65/2.61
7.5 2.76/2.97 2.70/2.84 2.65/2.72 2.62/2.66 2.60/2.59 2.57/2.54
8 2.69/2.92 2.63/2.79 2.57/267 2.55/2.61 2.52/2.53  2.50/2.48
8.5 2.63/2.88 2.56/2.74 2.51/2.62 2.48/2.55 2.45/2.48  2.43/2.43
9 2.57/2.83  2.50/2.70  2.44/2.57 2.42/2.51 2.39/2.43  2.36/2.38
9.5 2.51/2.79 2.44/265 2.38/253 236/246  2.33/2.38 2.30/2.33
10 2.46/2.75  2.39/2.61 2.33/2.49 2.30/2.42 2.27/2.34 2.24/2.28
10.5 2.41/2.72 2.33/2.58 2.27/245 2.24/2.38 2.21/2.30 2.19/2.24
1 2.36/2.68  2.28/2.54  2.22/2.41 2.19/2.34 2.16/2.26 2.14/2.20
11.5 2.32/2.65  2.24/2.51 2.17/2.38 2.14/2.31 2.11/2.22  2.09/2.16
12 2.28/2.62 2.19/2.48 2.13/2.34 2.10/227 2.06/219  2.04/2.13
12.5 2.24/2.59  2.15/2.45  2.09/2.31 2.05/2.24  2.02/2.15 1.99/2.10
13 2.20/2.56 2.11/2.42  2.04/2.28 2.01/2.21 1.98/2.12  1.95/2.06
13.5 2.16/2.53 2.08/2.39 2.00/2.25 1.97/218 1.93/2.09 1.91/2.03
14 2.13/2.51 2.04/236 1.97/2.23 1.93/215 1.88/2.06  1.87/2.00




Erosion Factor

Erosion Factor — Doweled Joints, No Concrete Shoulder Erosion Factor — No Dowels, No Concrete Shoulder
(Single Axle / Tandem Axle) (Single Axle / Tandem Axle)
Slab ) - Slab B )
thickness, k of subgrade-subbase, pci thickness, k of subgrade-subbase, pci
in. . 50 100 200 300 500 700 in. 50 100 200 300 500 700
4 3.74/3.83  3.73/379 3.72/3.75 3.71/3.73 3.70/3.70  3.68/3.67 4 3.94/4.03 3.91/395 3.88/3.89 3.86/3.86 3.82/3.83 3.77/3.80
4.5 3.59/3.70  3.57/3.65 356/3.61 3.55/3.58 3.54/3.55 3.52/3.53 4.5 379/3.91 3.76/3.82 373/375 3.71/3.72 3.68/3.68 3.64/3.65
5 3.45/3.58 3.43/3.52 3.42/348 3.41/3.45 3.40/3.42  3.38/3.40 5 3.66/3.81 3.63/3.72 3.60/3.64 358/3.60 3.55/3.55 3.52/3.52
55 3.33/3.47 3.31/3.41 3.29/3.36 3.28/3.33 3.27/3.30 3.26/3.28 5.5 3.54/3.72 3.51/3.62 3.48/3.53 3.46/3.49 3.43/3.44 3.41/3.40
6 3.22/3.38  3.19/3.31 3.18/3.26 3.17/3.23  3.15/3.20 3.14/3.17 6 3.44/3.64  3.40/3.53 3.37/3.44 . 3.35/3.40 3.32/3.3¢  3.30/3.30
6.5 3.11/3.29  3.09/3.22 3.07/3.16 3.06/3.13  3.05/3.10  3.03/3.07 6.5 3.34/3.56  3.30/3.46 3.26/3.36 3.25/3.31 3.22/3.25  3.20/3.21
7 3.02/3.21  2.99/3.14 2.97/3.08 2.96/3.05 2.95/3.01 2.94/2.98 7 3.26/3.49  3.21/3.39 3.17/3.29  3.15/3.24  3.13/3.17  3.11/3.13
75 2.93/3.14 2.91/3.06 2.88/3.00 2.87/2.97 2.86/2.93  2.84/2.90 7.5 3.18/3.43  3.13/3.32  3.09/3.22 3.07/3.17 3.04/3.10  3.02/3.086
8 2.85/3.07 2.82/2.99 2.80/2.93 2.79/2.89 2.77/2.85 2.76/2.82 8 3.11/3.37 3.05/3.26 3.01/3.16  2.99/3.10 2.96/3.03  2.94/2.99
85 2.77/3.01  2.74/2.93 2.72/2.86 2.71/2.82 2.69/2.78  2.68/2.75 85 3.04/332 298/3.21 293/3.10 2.91/3.04 2.88/2.97 2.87/2.93
9 2.70/2.96 2.67/2.87 2.65/2.80 2.63/276 2.62/271 2.61/2.68 9 2.98/3.27 2.91/3.16  2.86/3.05 2.84/2.99 2.81/2.92  2.79/2.87
9.5 2.63/2.90 2.60/2.81 2.58/2.74 2.56/2.70 2.55/2.65 2.54/2.62 9.5 2.92/3.22 2.85/3.11 2.80/3.00 2.77/2.94 2.75/2.86 2.73/2.81
10 2.56/2.85 2.54/2.76 2.51/2.68 2.50/2.64 2.48/2.59 2.47/2.56 10 2.86/3.18  2.79/3.06  2.74/2.95 2.71/2.89 2.68/2.81 2.66/2.76
10.5 2.50/2.81  2.47/2.71  2.45/2.63  2.44/259 2.42/254 2.41/2.51 10.5 2.81/3.14  2.74/3.02 2.68/291 2.65/2.84 262/2.76 2.60/2.72
11 2.44/276  2.42/2.67 2.39/2.58 2.38/254 2.36/2.43  2.35/2.45 1 2.77/3.10 2.69/2.98 2.63/2.86 260/2.80 257/2.72 2.54/2.67
11.5 2.38/2.72 2.36/2.82 2.33/2.54 2.32/2.49 2.30/2.44  2.29/2.40 11.5 2.72/3.06 2.64/2.94 2.58/2.82 255/2.76 2%31/2.68 2.49/2.63
12 2.33/2.68 2.30/2.58 2.28/2.49  2.26/2.44 2.95/239 2.23/2.36 12 2.68/3.03 2.60/2.90 2.53/2.78 2.50/2.72 2.46/2.64 2.44/2.59
12.5 2.28/2.64 2.25/2.54 2.23/245 2.21/2.40 2.19/2.35  2.18/2.31 12.5 2.64/2.99  2.55/2.87 2.48/2.75 2.45/2.68 241/260 2.39/2.55
13 2.23/2.61 2.20/2.50 2.18/2.41 2.16/2.36 2.14/2.30 213/2.97 13 2.60/2.96 2.51/2.83 2.44/2.71 2.40/2.65 2.36/2.56 2.34/2.51
13.5 2.18/2.57  2.15/2.47 2.13/2.37 2.11/2.32  2.09/2.26  2.08/2.23 13.5 2.56/2.93  2.47/2.80 2.40/2.68 2.36/2.61 2.32/2.53 2.30/2.48
14 2.13/2.54 2.11/2.43 2.08/2.34 2.07/2.29 2.05/2.23 2.03/2.19 14 2.53/2.90 2.44/2.77 2.36/2.65 2.32/2.58 2.28/2.50 2.25/2.44




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: vyes no X
e50 i
Modulus of rupture, MR_ @9  psi Design period 20 years
Load safety factor, LSF 1.2 —
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor _;:_2_&_
] 9. Stress ratio factor_o. -3_21
Single Axles
30 326.0 e=210 27,000 23.4
28 32.0 14,690 FF,000 19.1
20 21.2 20,140 230,000 131
24 2.8 o4,410 1,200,000 5.4

22 206.4 106,900 unlimited 0.0
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Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pci Concrete shoulder: vyes no X
e50 i
Modulus of rupture, MR_ @9  psi Design period 20 years
Load safety factor, LSF 1.2 —
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
Kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_io_é_ 10. Erosion factor _;:_2_&_
. 9. Stress ratio factor _0-317
Single Axles
30 326.0 e=210 27,000 23.4 1,500,000 0.4
28 32.0 14,690 FF,000 19.1
20 21.2 20,140 230,000 131
24 2.8 o4,410 1,200,000 5.4

22 206.4 106,900 unlimited 0.0




Calculation of Pavement Thickness

Project __Desian 1 — Four-lane rural interstate, dowels, asphalt shoulder

Trial thickness 9.5 in. Doweled joints: yes X no

Subbase-subgrade k 130 pci Concrete shoulder: vyes no X
Modulus of rupture, MR__ 650 psi Design period 20 years
Load safety factor, LSF 1.2 —

) Fatigue analysis Erosion analysis

Axle Multiplied Expected

load, by repetitions .

Kips LSF Allowable Fatigue, Allowable Damage,

repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stress_ioﬁé__ 10. Erosion factor _;:_2_&_
; 0.31
Single Axles 9. Stress ratio factor_z
30 326.0 e=210 27,000 23.4 1,500,000 O.4
28 33.6 14,690 FF,000 19.1 2,200,000 0.7
20 231.2 20,140 230,000 121 3,500,000 0.9
24 2.8 o4,410 1,200,000 5.4 5,900,000 1.1
22 206.4 106,900 unlimited 0.0 11,000,000 1.0
23,000,000 1.0
4,000,000 0.5
unlimiteo O




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 2.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pei Concrete shoulder: yes no X

e50 i
Modulus of rupture, MR psi Design period 20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
11. Equivalent stress*_lﬂ 13. Erosion factor
- 0.295
Tandem Axles 12. Stress ratio factor—9_
52 0.4 21,320 1,100,000 1.9
48 5F#.6 42,870 unlimited 0.0




Erosion Factor

Erosion Factor — Doweled Joints, No Concrete Shoulder Erosion Factor — No Dowels, No Concrete Shoulder
(Single Axle / Tandem Axle) (Single Axle / Tandem Axle)
Slab ) - Slab B )
thickness, k of subgrade-subbase, pci thickness, k of subgrade-subbase, pci
in. . 50 100 200 300 500 700 in. 50 100 200 300 500 700
4 3.74/3.83  3.73/379 3.72/3.75 3.71/3.73 3.70/3.70  3.68/3.67 4 3.94/4.03 3.91/395 3.88/3.89 3.86/3.86 3.82/3.83 3.77/3.80
4.5 3.59/3.70  3.57/3.65 356/3.61 3.55/3.58 3.54/3.55 3.52/3.53 4.5 379/3.91 3.76/3.82 373/375 3.71/3.72 3.68/3.68 3.64/3.65
5 3.45/3.58 3.43/3.52 3.42/348 3.41/3.45 3.40/3.42  3.38/3.40 5 3.66/3.81 3.63/3.72 3.60/3.64 358/3.60 3.55/3.55 3.52/3.52
55 3.33/3.47 3.31/3.41 3.29/3.36 3.28/3.33 3.27/3.30 3.26/3.28 5.5 3.54/3.72 3.51/3.62 3.48/3.53 3.46/3.49 3.43/3.44 3.41/3.40
6 3.22/3.38  3.19/3.31 3.18/3.26 3.17/3.23  3.15/3.20 3.14/3.17 6 3.44/3.64  3.40/3.53 3.37/3.44 . 3.35/3.40 3.32/3.3¢  3.30/3.30
6.5 3.11/3.29  3.09/3.22 3.07/3.16 3.06/3.13  3.05/3.10  3.03/3.07 6.5 3.34/3.56  3.30/3.46 3.26/3.36 3.25/3.31 3.22/3.25  3.20/3.21
7 3.02/3.21  2.99/3.14 2.97/3.08 2.96/3.05 2.95/3.01 2.94/2.98 7 3.26/3.49  3.21/3.39 3.17/3.29  3.15/3.24  3.13/3.17  3.11/3.13
75 2.93/3.14 2.91/3.06 2.88/3.00 2.87/2.97 2.86/2.93  2.84/2.90 7.5 3.18/3.43  3.13/3.32  3.09/3.22 3.07/3.17 3.04/3.10  3.02/3.086
8 2.85/3.07 2.82/2.99 2.80/2.93 2.79/2.89 2.77/2.85 2.76/2.82 8 3.11/3.37 3.05/3.26 3.01/3.16  2.99/3.10 2.96/3.03  2.94/2.99
85 2.77/3.01  2.74/2.93 2.72/2.86 2.71/2.82 2.69/2.78  2.68/2.75 85 3.04/332 298/3.21 293/3.10 2.91/3.04 2.88/2.97 2.87/2.93
9 2.70/2.96 2.67/2.87 2.65/2.80 2.63/276 2.62/271 2.61/2.68 9 2.98/3.27 2.91/3.16  2.86/3.05 2.84/2.99 2.81/2.92  2.79/2.87
9.5 2.63/2.90 2.60/2.81 2.58/2.74 2.56/2.70 2.55/2.65 2.54/2.62 9.5 2.92/3.22 2.85/3.11 2.80/3.00 2.77/2.94 2.75/2.86 2.73/2.81
10 2.56/2.85 2.54/2.76 2.51/2.68 2.50/2.64 2.48/2.59 2.47/2.56 10 2.86/3.18  2.79/3.06  2.74/2.95 2.71/2.89 2.68/2.81 2.66/2.76
10.5 2.50/2.81  2.47/2.71  2.45/2.63  2.44/259 2.42/254 2.41/2.51 10.5 2.81/3.14  2.74/3.02 2.68/291 2.65/2.84 262/2.76 2.60/2.72
11 2.44/276  2.42/2.67 2.39/2.58 2.38/254 2.36/2.43  2.35/2.45 1 2.77/3.10 2.69/2.98 2.63/2.86 260/2.80 257/2.72 2.54/2.67
11.5 2.38/2.72 2.36/2.82 2.33/2.54 2.32/2.49 2.30/2.44  2.29/2.40 11.5 2.72/3.06 2.64/2.94 2.58/2.82 255/2.76 2%31/2.68 2.49/2.63
12 2.33/2.68 2.30/2.58 2.28/2.49  2.26/2.44 2.95/239 2.23/2.36 12 2.68/3.03 2.60/2.90 2.53/2.78 2.50/2.72 2.46/2.64 2.44/2.59
12.5 2.28/2.64 2.25/2.54 2.23/245 2.21/2.40 2.19/2.35  2.18/2.31 12.5 2.64/2.99  2.55/2.87 2.48/2.75 2.45/2.68 241/260 2.39/2.55
13 2.23/2.61 2.20/2.50 2.18/2.41 2.16/2.36 2.14/2.30 213/2.97 13 2.60/2.96 2.51/2.83 2.44/2.71 2.40/2.65 2.36/2.56 2.34/2.51
13.5 2.18/2.57  2.15/2.47 2.13/2.37 2.11/2.32  2.09/2.26  2.08/2.23 13.5 2.56/2.93  2.47/2.80 2.40/2.68 2.36/2.61 2.32/2.53 2.30/2.48
14 2.13/2.54 2.11/2.43 2.08/2.34 2.07/2.29 2.05/2.23 2.03/2.19 14 2.53/2.90 2.44/2.77 2.36/2.65 2.32/2.58 2.28/2.50 2.25/2.44




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 Doweled joints: yes X no
Subbase-subgrade k 1230 Concrete shoulder: vyes no X
e50
Modulus of rupture, MR Design period ______20 years
Load safety factor, LSF 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
11. Equivalent stress*_lﬂ 13. Erosion factor EL
- 0.295
Tandem Axles 12. Stress ratio factor_,9_
52 0.4 21,320 1,100,000 1.9
48 5F#.6 42,870 unlimited 0.0
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Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 in. Doweled joints: yes X no
Subbase-subgrade k 130 pei Concrete shoulder: ves no X
e50 i
Modulus of rupture, MR psi Design period 20 years
Load safety factor, LSF __ 1.2
) Fatigue analysis Erosion analysis
Axle Multiplied Expected
load, by repetitions .
kips LSF Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7

11. Equivalent stress*_lﬂ 13. Erosion factor EL
12. Stress ratio factor _9_0'2 5

Tandem Axles

52 624 21,320 1,100,000 1.9 920,000 2.3
48 5#.6 42,8F0 wnlimiteo 0.0




Calculation of Pavement Thickness

Design 1 - Four-lane rural unterstate, dowels, asphalt shoulder

Project
Trial thickness 9.5 Doweled joints: yes X no
Subbase-subgrade k 130 Concrete shoulder: yes no X
Modulus of rupture, MR___ 50 Design period 20 years
Load safety factor, LSF 1.2
. Fatigue analysis Erosion analysis
IAxga Multiplied Expected
i?i%s' Ltg,: repetitions Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
11. Equivalent stress*_lj"'z_ 13. Erosion factor 27.9
Tandem Axles 12. Stress ratio factor Bﬁ
52 62.4 21,320 1,100,000 1.9 920,000 2.3
4L 5#.6 42,870 unlimited 0.0 1,500,000 2.9
44 52.8 124,900 2,500,000 5.0
40 4L.0 372,900 4,600,000 .1
26 43.2 RR5,200 9,500,000 9.3
32 38.4 930,700 24,000,000 3.9
28 23.0 1,656,000 92,000,000 1.2
24 28.8 984,900 unlimited 0.0
2 F 389




