Solutions to Problem Set 6
L. Fu

Q1

· Design Parameters and Assumptions:
Asphat Concrete
5 in



a1 = 0.44




Soil-Cement

9 in

m2 = 1.0

a2 = 0.20



Crashed Stone
10 in

m3 = 1.0

a3 = 0.11




MR = 5,000 psi








PSI = 4.2 (assumed)

TSI = 2.5 (assumed)

(PSI = 1.7 

S0 = 0.40  (assumed)

· Load Analysis:

SN = a1 D1 + a2 D2 m2 + a3 D3 m3 = 0.44 * 5 + 0.20 * 9*1.0 + 0.11*10*1.0 = 5.1

LEF = ?

By axle



LEF (Table 4.2 , 4.3, 4.4)

2-kip
single axle


0.0002

10-kip
single axle


0.088

18-kip
tandem axle


0.077

22-kip tandm axle


0.180

50-kip triple axle



1.22

By vehicle



ESAL

Cars, van


0.0002*2 = 0.0004

Single unit trunk

0.088+ 0.077 = 0.165

Tractor semi-trailer

0.088 + 0.180 + 1.22 = 1.488

Average Daily ESAL= (Car and Van Volume * 0.0004 + Single unit truck volume * 0.165




Tractor semi–trailer volume * 1.488)*directional distribution factor * lane distribution factor

Assume: 
directional distribution factor =0.50

. lane distribution factor = 0.80

Average Daily ESAL=(60,000 * 0.0004 + 700* 0.165 + 800 * 1.488)*0.50*0.80 = 531.96

Annual ESAL = 531.96* 365 = 194,165.4

· Design Life - (a)

Assume design life n years:

Total ESAL=( [(1+r)n –1]/r(* 194,165.4

The ESAL's that the pavement can stand can be determined based on the design equation:

Log10W18 = ZR S0 + 9.36[Log10(SN + 1)] –0 .20+Log10[(PSI/2.7]/{0.40+[1094/(SN+1)5.19 } + 2.32 *Log10 MR  -  8.07…………………….(1)

Where R = 95%, 
ZR = -1.645

Log0W18 = 6.596
W18 = 3,942,966 ( Total ESAL the pavement can support


3,942,966 = {[(1+r)n – 1]}/r}* 194,165.4

 (1.01)n = 1.203
n =18.6 ( 19 years

· Use equation (1) but different ZR value - (b)

	R
	ZR
	Life

	80%
	-0.842
	35.5

	90%
	-1.282
	25.1

	99%
	-2.326
	10.3
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· Probability for Rehabilitation - (c)

Assume that the pavement needs a main rehabilitation when its terminal PSI drops to 2.5. 

Total ESAL's in n years:

Total ESAL (W18) = {[(1.01)n-1]/0.01}* 194,165.4

Based on given W18, using Equation (1) to calculate ZR, and then R value:

	Years,n
	Total ESAL (W18)
	R
	Probability for a rehabilitation

	5
	990438.7
	100%
	0%

	10
	2031399.7
	99.25%
	0.75%

	25
	5484852
	90%
	10%
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· Similar to (a) , with r=1.5%

3,942,966 = [(1.015n – 1)/0.015] * 194,165.4

~1.015n = 1.3046
~ n=17.8years

Q2
· Design Parameters and Assumptions:

Po = 4.2




Pt = 2.5




(PSI = 4.2 – 2.5 = 1.7

R = 95%

S0 = 0.40

Paving Materials:


Surface layer:
Asphalt concrete


a1 = 0.44


Base

Dense graded crushed stone
a2 = 0.18


Subbase:
Crushed stone


a3 = 0.11

Drainage:


m2 = m3 = 1.0

· Design ESAL’s ( W18 =?)

Assume SN = 4.0

Axle Load


LEF

20 kips single axle 

1.47

40 kips tandam axle

2.03

__________________________________





3.50
(
one truck pass

Daily ESAL’S = 100 * 3.50 = 350

Annual ESAL’s = 350 * 365 = 127,750

W18 = 127,750 *12 = 1.53 * 106 

· Design SN = ?

{ W18, ( PSI, R, S0, Mr } ( SN ( 3.0

Because SN = 3.0 ( 4.0 ( assumed in calculating ESAL’s), recalculate ESAL’s (W18)

Axle load

LEF

20 kips single

1.49

40 kips tandem

2.06

___________________________





3.55

Daily ESAL’s = 100* 3.55 = 355

Annual ESAL’s = 355* 365 = 129575

W18 = 129575*12 = 1.55 * 106 

With the new W18:

{ W18, ( PSI, R, S0, Mr } ( SN ( 3.0

· Pavement structure

SN = a1 * D1 + a2 * D2 * m2 + a3 *D3 m3
~3.0 = 0.44D1 + 0.18D2 + 0.11D3 

Alternatives

D1(assumed)
D2(assumed) 
D3 (calculated)
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Q3

h=10 in

E=4,000,000 psi

µ=0.30

p=100 psi

P=14,000 lb

Assume edge loading
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[image: image7.emf]k Calculated Stress Measured Stress Calculated Deflection Measured Deflection

10 395.358 343.345 0.1057 0.0232

20 369.452 343.345 0.0747 0.0232

30 354.298 343.345 0.061 0.0232

40 343.546 343.345 0.0529 0.0232

50 335.206 343.345 0.0473 0.0232

100 309.3 343.345 0.0334 0.0232

150 294.146 343.345 0.0273 0.0232

200 283.394 343.345 0.0236 0.0232

210 281.571 343.345 0.0231 0.0232


Average K=125
Q4

· Design Parameters and Assumptions

Ec = 4.5 * 106 psi

Sc’ = 900 psi

k = 250 psi

P0 = 4.2

Pt = 2.5

( PSL = 1.7

R = 95%

S0 = 4.0

Drainage coefficient Cd = 1.0

Load transfer: Pavement with dowel bars: J = 3.2

· Design ESAL’s

Assume D = 8 inch, Pt = 2.5

Axle Load

LEF

20 kips single
1.55

40 kips tondem
3.55

___________________________


5.10 ( one  truck pass

Daily ESAL’s = 100 * 5.10 = 510

Annual ESAL’s = 510 * 365 = 186150

W18 = 186150 * 12 = 2.23 * 106
· Design D = ?

{ W18, (PSI, Pt, R, S0, J, Cd, Sc’,Ec, k }---------( D = 7.2 in

D = 7.2 
differ from assumed thickness ( 8 inch)

Assume D = 7 in  ( Design ESAL’s =?

Axle Load

LEF

20 kips single
1.52

40 kips tandem 
3.42

___________________________





4.94

Daila ESAL’s = 100 * 4.94 = 494

Annual  = 494 * 365 = 180310

W18 = 180310 * 12 = 2.16 * 106 

Design D = ?

{{ W18, (PSI, Pt, R, S0, J, Cd, Sc’,k } ………( D ( 7.0 in
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