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Chapter 1
Introduction

1-1. The wheel configuration,fdr a dual-tandem axle 1S as
follows
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The 40 Kip load is applied over 8 tires. Thus, each tire
bears 5000 Lbs (22.2 kN) load with 100 Psi (690 kPa) tire
pressure. The contact area of each tire, Ac= Load 0f each
tire/tire pressure = 5000/100 = 50 in.?¢ (8.2 x 10% mm<).
The dimension of the contact area is

From Eq.1.7. (Lecture Text) : V/,

JAc/0.5227 = /50/0.5227

9.78 in. (248 mm). V//,
0.6 L = 5.87 in (149 mm.)
The most realistic ;qoiltact area consisting a

rectangle and two semi-circles as shown “in following
figure : :

W

L

width

(___.91'm___,
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Each tire imprint,if considered
as a rectangular area,should have

a length Of 0.8712 L, or 8.52 in. ©
_.? N

€< 72 M.-—)

. and a width of 0.6 L, or 5.87 in.
Freezing Index = (32 - 24) x 30 +(32 + 3) x 31 + (32 - 14) x 31 + (32 - 16)

X 28 + (32 - 22) x 31 + (32 -25) x.30 = 2851 degree days.

Yes, this value is likely to be different because the last few days in
October and the first few days in May may have mean daily temperatures
lower than 32° F, so the degree days for these two months may not be zero.
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Chapter 2
Stresses and Strains in Flexible Pavements
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Chapter 3
KENLAYER Computer Program

1 (1) NPROB

Problem 3.1

2 o 1 1 (3) MATL NDAMA NPY NILG
0.001 (4) DEL

2 1 80 1 O© (5) NL NZ ICL NSTD NUNIT

12 {(6) TH
0.35 0.35 (7) PR
0 (8) zcC

1 (9) NBOND
3000 3000 (11) E

- (13) LOAD

100 (14) CR CP

(16) NR

(17) RC
2 (25) NOLAY ITENOL

0 2 0 (26) LAYNO NCILAY
2 12 (27) ZCNOL
0 0 0 0.01 (28) RCNOL XCNOL YCNOL SLD DEILNOL

(29) RELAX

5 0 (30) GAM
.55 0.6 (31) K2 KO .
55 0.6 (31) K2 KO . e
3000 (33) PHI K1 ANsWET : o o ‘533 2 :
3000 (33) PHI K1

A O

COOOKHRORERKNMNMNOM

1 (1) NPROB
PROBLEM 3.2
0 1 1 (3) MATL NDAMA NPY NLG
.001 (4) DEL
2 80 5 0 (5) NL Nz ICL NSTD NUNIT
(6) TH

0.5 (7) PR
8 (8) zC > .
(9) NBOND . azs/ ",
00000 10000 (11) E dnswer . e S .
(13) LoD o0.0cZ3%] /7
.308 80 (14) Cr cp ) .
(16) MR 1/7. 399 s

(17) R

U]

O AONKFOOWMNOM

1 (1) NPROB
PROBLEM 3.3
o 1 1 (3) MATL NDAMA NPY NLG
.001 (4) DEL
1 80 9 0 (5) NIL NZ ICL NSTD NUNIT
(6) TH
.5 0.5 (7) PR
(8) zcC wer: -— o - -0
S ns 20685 E-o4
1500000 30000  (11) E .
2 (13) LOAD 0.05/°D 19,
12.616 100  (14) CR CP
1 (19) NeT
60 28 0 0 (20) XW YW XPT

HOOWMNOHK



1 (1) NPROB

PROBLEM 3.4

1 0 1 1 (3) MATL NDAMA NPY NLG
0.001 (4) DEL

3 2 80 9 0 (5) NL Nz ICL NSTD NUNIT
5.75 23 (6) TH

0.5 0.5 0.5 (7) PR

5.75 28.7501 (8) 2cC

1 (9) NBOND

400000 20000 10000 (11) E

0 (13) LOAD

9.213 150 (14) CR CP

1 (16) NR

0 (17) RC

2 (1) NPROB

PROBLEM 3.5 (a)

ArIswe? :
- 7289 E-o4
/o5 E-03

2 0 1 1 (3) MATL NDAMA NPY NLG
0.001 (4) DEL

4 2 80 9 0 (5 NL Nz ICL NSTD NUNIT

8 2 2 (6 TH

0.45 ©0.3 0.3 0.4 (7) PR

8 12.0001 (8) ZC

1 (9) NBOND

500000 30000 15000 5000 (11) E

0 (13) LOAD

4.5 175 (14) CR CP

1 (16) MR

0 (17 RC

3 15 (25) NOLAY ITENOL

2 0 3 0 4 1 (26) LAYNO NCLAY

9 11 13  (27) ZCNOL

0 0 0 0 0.01 (28) RCNOL XCNOL YCNOL SLD DELNOL

0.5 (29) RELAX .

145 135 135 130 (30) GAM answer

0.5 0.6 (31) K2 KO —

0.5 0.6 (31) K2 KO ~ ). ol E-24
6.2 1110 178 0.8 (31) K2 K3 K4 KO

0 10000 (33) PHI KL 2.845E —o 4
0 10000 (33) PHI Kl

1827 7682 3020  (33) EMIN EMAX K1

PROBLEM 3.5 (b)

2 0 1 1 (3) MATL NDAMA NPY NLG

0.001 (4) DEL

3 2 80 9 0 (5) NL NZ ICL NSTD NUNIT

8 4 (6) TH

0.45 0.3 0.4 (7) PR

8 12.0001 (8) zC

1 (9) NBOND

500000 20000 5000 (11) E

0  (13) LOAD .

4.5 75 (14) CR CP answer .

1 (16) NR —

0 (17) RC — 1, 0940E -o4
2 15 (25) NOLAY ITENOL —

2 0 3 1 (26) LAYNO NCLAY 2 883 £-o4
9 13  (27) zCNOL

0 0 0 0 0.01 (28) RCNOL XCNOL YCNOL SLD DELNOL

0.5 (29) REIAX

145 135 130  (30) GAM

0.5 0.6 (31) K2 KO

6.2 1110 178 0.8 (31) K2 K3 K4 KO

10000 10000  (33) PHI K1

1827 7682 3020  (33) EMIN EMAX K1



1 (1) NPROB
PROBLEM 3.6
1 1 1 (3) MATL NDAMA NPY NLG
.001 (4) DEL
0 80 9 O (5) NL NZ ICL NSTD NUNIT
8 (6) TH
4 0.3 0.45 (7) PR
(9) NBOND
00000 10000 10000 (11) E
(13) LOAD
.5 75 (14) CR CP
(19) NPT
13.5 0 0 0 4.5 0 6.75 (20) XW YW XPT
15 (25) NOLAY ITENOL
0 (26) LAYNO NCLAY
(27) ZCNOL
0 0 0 0.01 (28) RCNOL XCNOL YCNOL SID DELNOL
.5 (29) RELAX
45 135 0 (30) GAM
.5
0

0.6 (31) K2 KO
0 8000 (33) PHI K1 answer : S5 .49 7’€q75
1 (46) NLBT NLTC

(47) LNBT

(48) INTC

36500  (49) TNLR

0.0796 3.291 0.854 (50) FT1 FT2 FT3

1.365E-09 4.477 (51) FT4 FTS

OB WON

WHHOOHOQOANFHO W H b

1 (1) NPROB

PROBLEM 3.7

2 1 1 1 (3) MATL NDAMA NPY NLG

0.001 (4) DEL

6 0 80 9 0 (5) NL NZ ICL NSTD NUNIT
2 2 2 2 (6) TH

4 0.3 0.3 0.3 0.3 0.45 (7) PR
(9) NBOND

00000 50000 40000 30000 20000 10000 (1) E
(13) LoaDp

5 75 (14) CR CP
(19) NPT

13.5 0 O0 O 4.5 0 6.75 (20) XW YW XPT
15 (25) NOLAY ITENOL

0 3 0 4 0 5 0 (26) LAYNO NCLAY

7 9 11 (27) zCNOL

0 0 0 0.01 (28) RCNOL XCNOL YCNOL SLD DELNOL

.5  (29) RELAX
45 135 135 135 135 130 (30) GAM
5 0.6 (31) K2 KO
5 0.6 (31) K2 KO
5 0.6 (31) K2 KO
5 0.6 (31) K2 KO
8000 (33) PHI K1 .
8000 (33) PHI K1 answer: 5,08 7@”5

8000 (33) PHI K1

8000 (33) PHI K1

1 (46) NLBT NLTC

(47) LNBT

(48) INTC

36500 (49) TNIR

.0796 3.291 .854 (50) FT1l FT2 FT3
1.365E-09 4.477 (51) FT4 FTS

OHMHOOOOCOOOOHOOUMINAOWBARKEBEKOD



1 (1) NPROB
PROBLEM 3.8
0 1 1

.001 (4) DEL
1 80 9 0
8 (6) TH
.4 0.3 0.45
(8) zC
(9) NBOND
00000 8000
(13) LOAD
.5 75 (14) CR CP
(19) NPT
13.5 0 6.75
15 (25) NOLAY ITENOL
0 (26) LAYNO NCLAY
(27) 2ZCNOL
0 0 0 0.01
.5  (29) RELAX
45 135 0 (30) GAM
.5 0.6 (31) K2 KO
8000 8000  (33) PHI K1

(7) PR

AO hWON

10000 (11) E

OHOOANHOHAKNMER

1 (1) NPROB
PROBLEM 3.9

(3) MATL NDAMA NPY NLG

(5) NL NZ ICL NSTD NUNIT

(20) XW YW XPT

2ot Etod Psc

GHSK/EY ; ‘
|G =23 Ps~

[ 11 3 PSS~

._3033 /95()

(28) RCNOL XCNOL YCNOL SLD DELNOL

3 0 1 1 (3) MATL NDAMA NPY NLG
0.001 (4) DEL

2 1 80 1 0 (5) NL NZ ICL NSTD NUNIT

8 (6) TH . -
o @ GosweEr: 00156/ M., @elbs] .,
1 (9) NBOND 0.0125] . 5 602086 1n,,
0 10000 (11) E . .

o (13) LOAD ; 2020 79
6 75 (14) CR CP QOZ°37"3) 02232 /4,
1 (16) MR

0 (17) RC

0 (36) DUR

1 1 (37) NVL INV

6 (38) NTYME

0 0.01 0.1 1 10 100 (39) TYME

0.113 70 (41) BETA TEMPREF

0.000002 2.37E-06 3.81E-06 4.38E-06 4.57E-06 0.0000046  (42) CREEP

70  (44) TEMP

1 (1) NPROB

PROBLEM 3.10

3 1 1 1 (3) MATL NDAMA NPY NLG

0.001 (4) DEL

2 0 80 9 0 (5) NL. NZ ICL NSTD NUNIT
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Chapter 4
Stresses and Deflections in Rigid Pavements
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Chapter 5
KENSLABS Computer Program

5-1.
(a) Given ¢ =400psiandh =7 in, find bending moment per in. width of slab

o =6M/h? | so M = ch?/6 =(400 x 49)/6 = 3267 |b-in./in. of slab.
(b) Given: E; =7 x10° psi, E2 = 4 x10° psi and two bonded layer with h; = 3 in. and

hz = 5 in. Find bending stress at top and bottom. With E4/E; = 0.175, from Eq. 5.8,

_0.175%x3(0.5x3+ 7) + 0.5(7)
0.175x3+7

I, = 0.175[%(3)3 +3(0.5x3+7 - 3.849)2] + 1_12-(7)3 +7(3.849 - 0.5x7)

d =3.849in. From Eq.5.9,

=11.750 + 28.583+0.853 =41.186 in°>
Bending stress at bottom of PCC
_3267x3.849

= =305.3 psi
2= 1186 —="¥
Bending stress at top of HMA
f, = 3267x(10-3849) 175854 psi
41.186 —_—

5-2. Same as 5-1, but the two layers are unbonded.

From Egs. 5.12, the modulus of rigidity of each layer

R. — 7}\:105x(3)3
1= 2
12[1-(0.4)°]
__4x10°x(7)°
21— (0150

=1.875x10% 1b —in.?

=1.1696x10% Ib—in 2

R; + R, = 1.1884x10® The moment carried by each layer is proportional to R,
M, = (1.875x10°%1.1884x10%)x 3267 = 51.545 in.-ibfin.

M, = 3267 — 51.545 = 3215.455 in.-Ibfin.

fi = (51.545 x 6)/(3)* = 34.4 psi

f2 = (3215.455 x 6)/(7)* = 393.7 psi
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Problem 5-3

0O 0 1 1 (3) NFOUND NDAMA NPY NILG

1 0 (4) NSLAB NJOINT

9 6 0 0 0 4] (5) NX NY JONOl JONO2 JONO3 JONO4

i1 1 0 0 0 O O 1 O 1 O 0O 9 6 0 0O 2 1 2 {(6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

-24 150 0 500 0 0.000005 0.001 1 (7)) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1l(1) F1(2) F2(l) F2(2)

0 12 28 44 60 76 92 108 120 0 12 28 44 60 72 (9) X's and then Y's ‘
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1 (22) FSAF
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Problem 5.4

0 0 1 1 (3) NFOUND NDAMA NPY NLG

1 0 (4) NSLAB NJOINT

7 6 0 0 0 0 (5 NX NY JONO1L JONO2 JONO3 JONO4

110 0 0 0 0 0 0 1 0 0 0 0 O 0 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(1l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) Fl(1) F1(2) F2(1) F2(2)

0 12 24 36 54 78 120 O 17.6 36 54 18 120 (9) X's and then Y's
10 0.15 4000000 (10) T PR YM .
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Problem 5.5
0 0 1 1 (3) NFOUND NDAMA NPY NLG
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110000000 T1G0 037 70 0 1 2 2 (6 NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL
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11 0 0 0 0 0O 0 0 1 O O O 7 0 O 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEXL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1) F2(2)
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Problem 5.7

0 0 1 1 (3) NFOUND NDAMA NPY NLG

1 0 (4) NSLAB NJOINT

7 7 0 0 0 0 (5) NX NY JONOl1l JONO2 JONO3 JONO4

1 1 0 0 0 0 0 0 0 1 0 O 7 7 0O 0 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0©0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) ¥2(1) F2(2)
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0 0 1 1 (3) NFOUND NDAMA NPY NLG

1 0 (4) NSLAB NJOINT
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1 1 0 0 0 0 0 O 0 1 0 O O 7 O O 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA (2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1l) F2(2)
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0.15 4000000 (10) T PR YM
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0  (14) NNMX NNMY
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100 (24) NAS SUBMOD
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Problem 5.9

0 0 1 1 (3) NFOUND NDAMA NPY NLG

1 0 (4) NSLAB NJOINT
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i1 1 0 0 0 0 0 1 0 1 0 0 O 6 0O O 1 1 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NATZ NSX NSY MDPO NUNIT UL TC CL

13.5 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA (1) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1l) F2(2)

0 12 30 54 90 138 186 240 0 12 24 48 84 132 (9) X's and then Y's

0.15 4000000 (10) T PR ¥M ‘
{12) NUDL . . _ >
(13) NCNF answer : ak Aode 1 158,257 /ose

0 (14) NNMX NNMY
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NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 (o] (8) F1(1) F1(2) F2(1) F2(2)
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0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEIL FMAX
17.61 o] 17.61 ] (8) F1(1) F1(2) F2(1l) F2(2)
0 30 60 90 108 120 4] 6 18 30 42 54 66 78 90 102 114
126 138 144 (9) X's and then ¥Y's
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NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 ©0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1) F2(2)
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0 12 0 0 0 2 2 1 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL
0 150 0 500 0 0.000005 0.001 10 (7) TEMP GAMA(l) GAMA(2) PMR({1) PMR(2) CT DEIL. FMAY
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1) ¥2(2)
0 30 60 90 108 120 0 15 30 42 54 72 (9) X's and then Y's
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(13) NCNF answer : al Aede 3¢ -Z22&7. ¢ e
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NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1l NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 10 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1l) F2(2)

0 30 60 90 108 120 O 6 18 30 42 54 66 72 (9) X's and then Y's
0 12 30 60 90 120 O 6 18 30 42 54 66 72 (9) X's and then Y's
10 0.15 4000000 (10) T PR YM
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1 34 0 0 1 0 0 0 0 1 O 0 12 0 O O 2 2 1 (6) NLAYER NNCK NOTCON NGAP

NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1l NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1) F1(2) F2(1) F2(2)

0 30 60 90 108 120 0 15 30 42 54 72 (9) X's and then Y's

0 12 30 60 20 120 0 15 30 42 54 72 (9) X's and then Y's
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0 (12) NUDL ‘

3 (()13) (i‘i?rmnm Gnswer : al Nede 34 —/655,9 5

34 12000 (16) NN FF

34 (18) NP

1 7 13 19 25 31 37 413 49 55 61 67 (19) NODsX

1 (22) FSAF

0 300 (24) NAS SUBMOD

29000000 0.3 (34) YMSB PRSB

0 0 1500000 1 12 0.25 0.01 0 (35) SPCON1 SPCON2 SCKV BD BS WJ GDC NNAJ

1 (1) NPROB
Problem 5.16

0 0 1 1 (3) NFOUND NDAMA NPY NLG

1 0 (4) NSLAB NJOINT

9 6 0 0 0 0 (5 NXNY JONOL JONO2 JONO3 JONOA

1 22 60 0 00 0 0 0 1 0O 9 6 0 0 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA (1) GAMA(2) PMR(1) DPMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) FL(l) F1(2) F2(1l) F2(2)
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0.15 4000000 (10) T PR YM
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6 14 1 0 0 (5) NX NY JONO1l JONO2 JONO3 JONO4

1 46 0 0 42 0 0 0 O 1 0 O O 0O O O 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 500 0 0.000005 0.001 1 (7) TEMP GAMA(1l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
17.61 0 17.61 0 (8) F1(1l) F1(2) ¥2(l) F2(2)

0 30 60 90 108 120 0 6 18 30 42 54 66 78 90 102 114
126 138 144 (9) X's and then Y¥'s

0 12 30 60 20 120 0 6 18 30 42 54 66 78 90 102 114

126 138 144 (9) X's and then Y's  Apsprey 1 g Mafe 22 —~308 7. G A5

10 0.15 4000000 (10) T PR YM

2 (12) NUDL 78 ISz A<
0  (13) NCNF 5/ CeZlYd »

0 0 (14) NNMX NNMY

1 108 120 0 12 83.333 (15) Ls X1l XL2 YL1 YL2 QO

1 108 120 72 84 83.333 (15) Ls XL1 XIL2 YL1 YL2 QQ

43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59
60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76
77 78 79 80 81 82 83 84 (18) NP

1 (22) FSAF

16000 0.4 (28) YMS PRS

29000000 0.3 (34) YMSB PRSB

o 0 1500000 1 12 0.25 0 14 (35) SPCON1 SPCON2 SCKV BD BS WJ GDC NNAJ
0 1 1 1 1 1 1 1 1 1 1 1 1 0 (36) BARNO

2 (1) NPROB

PROBLEM 5.18 (1st step)

1 0 1 1 (3) NFOUND NDAMA NPY NILG

2 1 (4) NSLAB NJOINT

7 8 (o] 1 0 0 (5) NX NY JONOl JONOZ JONO3 JONO4

6 8 1 0 4] 4] (5) NX NY JONO1 JONO2 JONO3 JONO4

1 49 0 0 11 0 0 O 1 10 0 O O O O O 2 1 2 (6) NLAYER NNCK NOTCON
NGAP NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 0 0 O 0.000005 0.001 1 (7) TEMP GAMA (1) GAMA (2) PMR{(1l) PMR(2) CT DEL FMAX

o 0 0 (o} (8) F1(1) F1(2) F2(l) F2(2)

0 60 110 128 146 164 180 O 16 41 66 82 98 121 144 (9) X's and then Y's
0 16 40 80 120 180 0 16 41 66 82 98 121 144 (9) X's and then ¥'s
7 0.15 4000000 (10) T PR ¥M

o (12) NUDL

0 (13) NCNF

0 0 (14) NNMX NNMY

17 25 29 33 41 49 50 51 52 53 54 (18) NP

1 (22) FSAF

5000 0.45 (28) YMS PRS
29000000 0.3 (34) YMSB PRSB
0 0 1500000 1 12 0.25 0] 0 (35) SPCON1 SPCON2 SCKV BD BS WJ GDC NNAJ

PROBLEM 5.18 (2nd step)

1 0 1 1 (3) NFOUND NDAMA NPY NLG

2 1 ({(4) NSLAB NJOINT

7 8 0 1 o] 0 {(5) NX NY JONOl1l JONO2 JONO3 JONO4

6 8 1 0 0 0 (5) NX NY JONO1l JONO2 JONO3 JONO4

1 49 0 0 11 121 0 O O 10 0 O O O O O 1 1 2 (6) NLAYER NNCK NOTCON

NGAP NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NMAT2 NS¥Y NSY MDPC NUNIT UL TC CL

0150 0 O O 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
0 (¢] 0 0 (8) F1(1) F1(2) F2(1l) F2(2)

0 60 110 128 146 164 180 O 16 41 66 82 98 121 144 (9) X's and then Y's
0 16 40 80 120 180 0 16 41 66 82 98 121 144 (9) X's and then Y's
7 0.15 4000000 (10) T PR YM

8 (12) NUDL

0 (13) NCNF



0 0 (14) NNMX NNMY

1 123.983 132.017 0 5.532 90.007 * (15) LS XLl XL2 YLl YL2 QQ

1 123.983 132.017 13.234 18.766 90.007  (15) LS XLl XL2 YLl YL2 QQ

1 123.983 132.017 72.484 78.016 90.007 (15) LS XLl XL2 YL1 YL2 QQ

1 123.983 132.017 85.984 91.516 90.007 (15) LS XLl XL2 YL1 YL2 QQ

1 171.967 180 0 5.532 90.007  (15) LS XLl XL2 YLl YL2 QQ

1 171.967 180 13.234 18.766 90.007 (15) LS XLl XL2 YL1 YL2 QQ

1 171.967 180 72.484 78.016 90.007  (15) LS XLl XI2 YL1 YL2 Q0

1 171.967 180 85.984 91.516 90.007 (15) LS XLl XI2 YL1 YL2 QQ

17 25 29 33 41 49 50 51 52 53 54 (18) NP .
1 (22) FsaF Answer T at Nede 28 —226.33) F<
5000 0.45  (28) YMS PRS 49 a.0838% 1.

29000000 0.3 (34) YMSB PRSB
0 0 1500000 1 12 0.25 0 (o} (35) SPCON1 SPCON2 SCKV BD BS WJ GDC NNAJ

1 (1) NPROB

PROBLEM 5.19

1 2 2 3 (3) NFOUND NDAMA NPY NLG

1 0 (4) NSLAB NJOINT

9 9 0 0 0 0 (5) NX NY JONOl1l JONO2 JONO3 JONO4

110 0 3 0 0 0 0 1.0 0 0 9 0 O 1 2 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL
0O 0 O 600 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
14.75 0 17.61 0 (8) F1(1) F1(2) F2(1l) F2(2)

0 12 24 36 48 72 96 132 168 0 10 20 39 58 77 97 120 144 (9) X's and then Y's
0.15 4000000 (10) T PR YM

4 8 (12) NUDL

(13) NCNF

(14) NNMX NNMY

4.042 0 5.567 100 (15) Ls XLl XI.2 YL1 YL2 QQ

4.042 14.433 20 100 (15) Ls XLl XL2 YL1 YL2 QQ

4.042 77 82.567 100 (15) Ls XLl XL2 YL1 YL2 QQ

4.042 91. 433 97 100 (15) Ls XL1 XL2 YLl YL2 QQ

19.958 28.042 0 5.567 100 (15) Ls XLl XL2 YL1 YL2 QQ

19.958 28.042 14.433 20 100 (15) Ls XLl XL2 YL1 YL2 QO
19.958 28.042 77 82.567 100 (15) Ls XL1 XL2 YL1 YL2Z2 QQ
19.958 28.042 91.433 97 100 (15) Ls XLl XL2 YL1 YL2 QQ

o 4.042 0 5.567 100 (15) Ls XLl X2 YL1 YL2 QQ

0 4.042 14.433 20 100 (15) LS XL1 XL2 YLl YLZ2 QQ

0 4.042 77 82.567 100 (15) Ls XLl XL2 YL1 YL2 QQ

0 4.042 91.433 97 100 (15) Ls XLl XL2 YL1 YL2 QQ

43.958 52.042 0 5.567 100 (15) Ls XLl X2 YL1 YL2 QQ

43.958 52.042 14.433 20 100 (15) Ls XLl XL2 YL1 YLZ QQ
43.958 52.042 71 82.567 100 {(15) LS XL1 XL2 YL1 YL2 QQ
43.958 52.042 91.433 97 100 (15) Ls XL1 XL2 YL1 YLZ QQ

19 37 (18) NP

2 3 4 5 6 7 8 9 (20) NODSY

0.8 (22) FsSaArF

5000 0.4 (28) YMS PRS

3650 3650 3650 (37) TNLR

3650 3650 3650 (37) TNLR

Answer : es g7 /ﬁ 7@)‘ Exqm/p/c 4’ /5 /7, ¢ }4’:’7?:5.

Zy F1= 1475 Jhe Jesign life 15 1747 S,
The Jccondary Cmckf;;ogfan&x = O ool 307 +
0_0000/735+0_ooa¢025'3 -+ o.ocooleb7 =
0 0ocod3b, Which is ©.97& p4

a): < 7167‘4/
of 00857433

[~ = NalNel

e T e o e e e T -



2 (1) NPROB

PROBLEM 5.20 (first step)

2 0 1 1 (3) NFOUND NDAMA NPY NLG

2 1 (4) NSLAB NJOINT

8 9 0 1 0 0 (5) NX NY JONOl1 JONO2 JONO3 JONO4

8 9 1 0 0 0 (5) NX NY JONOl1l JONO2 JONO3 JONO4

1 68 0 32 0 0 0 1 1 10 0 0 1 0 1 O 2 1 2 (6) NLAYER NNCK NOTCON
NGAP NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

-20 150 135 0 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
0 0 0 o (8) F1(1) F1(2) F2(1l) F2(2)

0 40 80 120 140 160 170 180 0 26 52 62 72 82 92 118 144 (9) X's and then Y's
0 10 20 40 60 100 140 180 0 26 52 62 72 82 92 118 144 (9) X's and then Y's

10 0.15 4000000 (10) T PR YM

0 (12) NUDL

0 (13) NCNF

0 0 (14) NNMX NNMY

1 (19) NODSX

9 0.05 18 0.05 27 0.05 36 0.05 45 0.05 54 0.05 63 0.05 72
0.05 81 0.05 90 0.05 99 0.05 108 0.05 117 0.05 126 0.05 135

.05 144 0.05 64 0.05 65 0.05 66 0.05 67 0.05 68 0.05 69
0.05 70 0.05 71 0.05 73 0.05 74 0.05 75 0.05 76 0.05 77
0.05 78 0.05 79 0.05 80 0.05 (21) NG CURL

1 (22) FSAF
2
8

o

30 (30) NL MAXIC

20000 5000 (32) B

0.3 0.4 (33)

29000000 0.3 (34) YMSB PRSB

0 0 1000000 1 12 0.125 0 0 (35) SPCON1 SPCON2 SCKV BD BS WJ GDC NNAJ
PROBLEM 5.20 (second step)

0 1 1 (3) NFOUND NDAMA NPY NLG

1 (4) NSLAB NJOINT

9 (o] 1 0 0 (5) NX NY JONO1l JONO2 JONO3 JONO4

9 1 0 0 0 (5) NX NY JONOl1l JONO2 JONO3 JONO4

68 0 0 0 1 O O O 10 0 O 1 O O O 1 1 2 (6) NLAYER NNCK NOTCON NGAP
NPRINT INPUT NBOND NTEMP RWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0 150 135 0 0 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
4] 0 0 o (8) F1(1) F1(2) F2(1) F2(2)

0O 40 80 120 140 160 170 180 0 26 52 62 72 82 92 118 144 (9) X's and then Y's
0 10 20 40 60 100 140 180 0 26 52 62 72 82 92 118 144 (9) X's and then Y's
10 0.15 4000000 (10) T PR YM

(12) NUDL

(13) NCNF

~ g

4] (id4) INMX NINMY

170 180 67 77 200 (15) LS XL1 XL2 YL1 YL2 QQ

(19) NODSX

(22) FSAF

30 (30) NL MAXIC

(31) TH

20000 5000 (32) E

0.3 0.4 (33) PREBF

29000000 0.3 (34) YMSB PRSB

0 0 1000000 1 12 0.125 0 0 (35) SPCON1 SPCON2 SCKV BD BS WJ GDC NNAJ
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1 (1) NPROB

Problem 5.21

1 0 1 1 (3) NFOUND NDAMA NPY NLG

2 1 (4) NSLAB NJOINT

6 6 0 1 0 0 (5) NX NY JONOl1 JONO2 JONO3 JONO4

6 6 1 0 o] (4] (5) NX NY JONOl JONO2 JONO3 JONO4

1 34 0 0 1 0 0 O O 1 0 O 12 0 O O 2 2 1 (6) NLAYER NNCK NOTCON NGAP

NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL

0

17.

0
0
10
0
1
0
34
34
1
1

150 0 500 O 0.000005 0.001 1 (7) TEMP GAMA(l) GAMA(2) PMR(1l) PMR(2) CT DEL FMAX
61 0 17.61 0 (8) F1(1l) F1l(2) F2(1l) F2(2)
30 60 90 108 120 0 15 30 42 54 72 (9) X's and then Y's
12 30 60 90 120 0 15 30 42 54 72 (9) X's and then Y's
0.15 4000000 (10) T PR YM
(12) NUDL )
(13) NCNF —
0 (14) NNMX NNMY /945%/67’ : aé A/p:;(e ?;“ ZOfO. Z /0.542
12000 (16) NN FF¥
(18) NP
7 13 19 25 31 37 43 49 55 61 67 (19) NODSX
(22) FSAF

15000 0.4 (28) YMS PRS
29000000 0.3 (34) YMSB PRSB

0

1

0 1500000 1 12 0.25 0 0 (35) SPCON1l SPCON2 SCKV BD BS WJ GDC NNAJ

(1) NPROB

Problem 5.22

1
2

6
6
1

0 1 1 (3) NFOUND NDAMA NPY NLG

1 (4) NSLAB NJOINT

8 0 1 0 0 (5) NX NY JONO1l JONO2 JONO3 JONO4
8 1 0 0 0 (5) NX NY JONO1l JONO2 JONO3 JONO4
5

45 0 0 1 0 0 0 0 1 0 0 12 0 O 0 2 2 1 (6) NLAYER NNCK NOTCON NGAP

NPRINT INPUT NBOND NTEMP NWT NCYCLE NAT1 NAT2 NSX NSY MDPO NUNIT UL TC CL
0 150 0 500 0 0.000005 0.001 10 (7) TEMP GAMA(1l) GAMA(2) PMR(l1) PMR(2) CT DEL FMAX

17.

0
0
10
1]
1
0
45
45
1
1

61 0 17.61 0 (8) Fl(1) F1(2) F2(1) F2(2)
30 60 90 108 120 O 6 18 30 42 54 66 12 (9) X's and then Y's
12 30 60 90 120 O 6 18 30 42 54 66 712 (9) X's and then Y's
0.15 4000000 (10) T PR ¥YM
(12) NUDL 12 2 .
(13) NCNF . A - Qo “
0  (14) NNMX NNMY /9'7.516’67" até < #; 2063, rS
12000 (16) NN FF
(18) NP
9 17 25 33 41 49 57 65 73 81 89 (19) NODSX
(22) FSAF

15000 0.4 (28) ¥YMS PRS
29000000 0.3 (34) YMSB PRSB

0
0

0 1500000 1 12 0.25 0 8 (35) SPCON1l SPCON2 SCKV BD BS WJ GDC NNAJ
1 1 1 1 1 1 0 (36) BARNO



Chapter 6
Traffic Loading and Volume
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Dval Loadds /ﬁr P/ /%;: /667 ) "
Ubg Ldufre obf [#fte) tuagp)

. Lo 7 P 7] 24
~PoTnT ~ fLaf. ¢ Lupht 474 Jfg‘
@ ’ F a F y= Fu = 0.6s2 S Frs 0&T
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63 Guen . W Yons = 20 5 365 dago

D TAT . y toble é.q 2> LALF ==
). TATL . / _ F={=%z/
Ly Fi n;
Ayle Load ZALF Nl 2 EALF
(Kip D pe’ 4
1 2 ) 0.189 00 0, 19%
/4 0.3é0 jird c.366
16 0.623 84.5 0.624
18 {. 000 £/ 4 1,090
20 1. 51 “7.2 [ 524
2 <18 2.4 2232
24 3.03 129 3./60
YA 4.0§ 6.1 4.35%
27 539 29 £.855
30 £97 /02 7. 71é
3L $é0 07 9983
24 118 0:3 12.729
n’
D EAL = -Z- Fin, #3657+2p = 2.99 £ 0 ¢
1=/ /

n

2 4 EZ/ Fiofli 4265 #30 = 307 v 4p¢
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@7/=f Clrry dn = U209
) ‘ /&L[/'f'y)

/Qm(/'l‘>> = y- L z

> 7 oo

Oherr 7 05 puch Smaller o /| The Second ana
a) the higher order Hermys < be h{"?)Ec_t;L or
/ém [+ D = So

g ro | (/f—r)Y/
+ —
v re 7

74{ IssumpFion ;S Yy << /
c-¢
From &2 630 £sp, = (ADTYTIC T D(GI(DICLYSICY)

(ADT‘% (T) = /000’ F)-M /qb/e é /0 7‘; = 0.5'2.

from Bp 633 (GXYD= “*Z"»:} = 3306

From Table 6.15 (D)= o 4¢

ESAL = Jooox 0.62 x o 4t x 365X 3396

= 2822 659




-7
LOAD EALF
(TABLE 6.4)
1.5 .0001
5 .005
7.5 .02695
10 .0877
14 .36 -
17 .796
18.5 1.12
19.5 1.375
21 1.83
23 2.58
25 3.53
28 5.39
LOAD EALF
(TABLE 6.4)
3 0
9 0
15 .036
21 .148
27 . 426
30.758 .72925
31.75 .831
33 .971
35 1.23
37 1.53
39 1.89
4] 2.29
43 2.76
45 3.27
48 4.17
%52 5.63

COMBINED ESAL FOR 24 DAY PERIOD

SINGLE
AXLE

NUMBER

TANDEM
AXLE

NUMBER

ESAL DURING FIRST YEAR (365.25 DAYS)

3188
2843
9942
3111
1899
1078
423
598
144

7
2631
2541

2362

3103
703
141
503
388
280
247
183
160

51
64

/

ESAL

0

15.94
76.61885
871.9134
1119.96
1511.604
1207.36
581.625
1094.34
371.52
21.18
32.34

ESAL

0

0

91.476
345.576
1321.878
512.66275
117.171
488.413
477.24
428.4
466.83
419.07
441.6
166.77
266.88
39.41

12491.778
190109

N ——————————



&8

Load EALF Number ESAL
kips Table 6.7 Table P6.7 colCxcolD
Single Axle
5 0.006 3188 19.128
7.5 0.0265 2843 75.3395
10 0.082 9942 815.244
14 0.341 3111 1060.851
17 0.802 1899 1522.998
18.5 1.1425 1078 1231.615
19.5 1.4275 423 603.8325
21 1.955 598 1169.09
23 2.85 144 4104
25 4.015 6 24.09
28 6.29 6 37.74
6970.328
Tandem Axle
3 0.0003 7 0.0021
9 0.009 2631 23.679
15 0.065 2541 165.165
21 0.257 2362 607.034
27 0.736 3103 2283.808
30.75 1.271 703 893.513
31.75 1.446 141 203.886
33 1.705 503 857.615
35 2175 388 843.9
37 273 280 764.4
39 3.385 247 836.095
41 4.145 183 758.535
43 5.015 160 802.4
45 6.005 51 306.255
48 7.73 64 494,72
52 10.6 7 74.2
Sum 9915.2071
Total Sum 16885.5351
$.835
EsalL ( For 25t Year) = /6828?. x 345 25

256,277




: é o
_Totad Vehicdes Cownted
+or o4 dM(f >
= 12197
E%lvl«ﬁ&ﬂi Totad Ve‘);c(e
Cownted  fov One Tjé’;ur

> 12197 « 2E€S
Za

= 185496.0417
Totad BAL G One year
= 191992, 4

Truck factor
(91992.49 /
1854940417 L1235

C-12.

To#a) Vebrcle COwoyéq 7C)— z# 447,( = /2 -V

Total Vehicle <ounteqd For one }éq)‘ /2/97)( ;,_

= /85 Soo
Toda) ESHL Frems prblerm €-8 = 257 coo




Chapter 7
Material Characterization
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p7.1

log x log y
1.079181 4.014730
1.477121 4.306854
1.778151 4.499398

Regression Output:
Constant 3. 243085
Std Err of Y Est 0111520
R Squared(Adj,Raw) .9987188 .9990391

A

HR = K, © “e
Log Mo = Ref K, + I, 426

2.079181 4.721250 P 7//
1.079181 4 No. of Observations 5 - '
Degrees of Freedom 3 /VR = /]fo &
Coefficient(s)  .7109222< Kz
Std Err of Coef. .0127294
p7.3 - _ (3
x log y %Ea S Ea AI
278 5 Regression Output: £ ¥
254 5.056905 Constant 5. 773954 Z? F—g = /e? E,+ S /"; A
228 5.060698 Std Err of Y Est .0740420

197 5.127105

R Squared(Adj,Raw) .8558775 .8738928

IE = S9¢ 2229 A

185 5.204120 No. of Observations 9
165 5.457882 Degrees of Freedom 7 (E ° /8"89 (8_) {4__ 67/8 ,3.!_753
137 5.346353 s o o.01 R
115 5.444045 Coefficient(s)  -.002891 X (282Xl 3
91 5.498311 Std Err of Coef.  .0004151 = 8ox/0° Ps¢o
p7.4 7(
logx logy l‘}f‘ N_= f Cét> -
-2.50169 1.544068 Regression Output: ’C 4
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Chapter 8
Drainage Design
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8-4. (a) Can geotextiles be used as a filter for soil C in Figure P8.3? Why?
Soil C is a clayed soil with 100% passing #200 sieve. Geotextiles cannot
be used as a filter because the soail is too fine and will cause clogging.
(b) If geotextiles are used for soil B, what AOS do you recommend?
Soil B has 65% passing #200 sieve with Dgs = 0.25 mm or #60.
If woven fabric is used, AOS < Dgs or AOS = #60
(c) If geotextiles are used for soil A, what AOS do you recommend?
Soil C has less than 50% passing #200, so AOS < B x Dss
Cu =Dep /D19 =0.9/0.3 = 3, which is between 2 and 4, soB=0.5C,=1.5
Dgs=2 mm, AOS < 1.5x2=3 mm or AOS 2> #8
8-5. (a) Estimate the permeability of soil B in Figure P8.3 by Eq. 8.3
From Figure P8.3, D1p = 0.0052 mm From Table 84, Cx=5t0 8

From Eq. 8.3, k= CxDqo so

1ft )( 60x60x24 sec)

k=5 (0.0052) = 1.352 x 10 mm/s
304.8mm lday

= 0.0383 ft/day (lower limit)
k= 8 (0.0052)? = 2.163 x 10 mm/s = 0.0613 ft/day (upper limit)

(b) Given yay= 110 Ib/ft®, estimate the permeability of soil B by Eq. 8.5a

Assume Gs =2.7, fromEq. 8.5b, n=1- ~——EO—— =0.3471
62.4x2.7

From Figure P8.3, percent passing #200 (0.075 mm) is Po0 = 65%

6.214x10°(0.0052)"478(0.3471)%*

65 = = 0.0189 f/day

From Eq. 8.5a, k=
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Chapter 9
Pavement Performance

9-1. Given PSI = Ay + A log(RI) and Table P9.1
Derive equations and find Ag and A, '

E = X(PSR -PSI)? = TIPSR - Ag— A; log(RI)?

OE

— =-23[PSR - Ao— A; log(RI)] = 0

o, | Ao— A log(RI)]

PSR=Ay+AlogRL) ....cooooiiii (D)
OE

—— = -2 3{[PSR - Ag— A; log(RI)] log(RI)} =0

0A,

Y(PSR) log(RI) = Ao X log(RI) + Ay [log(RDP ... (2)

Egs. 1 and 2 can be used to solve Ag and Aq
PSR=(1+2+3+4+5)/5=25
log(RI) = (log 800 + log 300 + log 200 + log 150 + log 80)/5 =

(2.903 + 2.477 + 2.301 + 2.176 + 1.903)/5 = 11.76/5 = 2.352

FromEq. 1 25=Ag+2352A1 ...ccoooiiiiiiiiiiee e (3)

FromEqQ. 2 1x 2.903 +2x2.477 +2.5x2.301 + 3x2.176 + 4 x1.903
=11.76 Ao + [(2.903)? + (2.477)* + (2.301)% + (2.176)? + (1.903)3] A,
27,75=1176 Ao+ 28214 A1 ... oo oo (4)

Solve Egs. 3and 4 27.75-2.5x 11.76 = (28.214 — 2.352 x 11.76) A,
-1.65=0.554 Ay or A =-298

Ay=25-2352x(-2.98)=9.5

PSI = 9.5 — 2.98 log(RI)




9-2. Given Table P9.2

Develop equation for PSI

— —2 — _ — _

Section log(1+8V) RD vC+P PSR R1-R; R,-R; D1-D; PSr- PSR

No. Rl R2 Dl‘

1 0.580 0.0036 0 4.3 -0.519 -0.013% -2.994 1.34

2 0.833 0.0100 1 3.8 -0.266 -0.0075 -1.994 0.84

3 1.076 0.0121 3.606 3.2 -0.023 -0.0054 0.612 0.24

4 1.250 0.0256 4.796 2.4 0.151 0.0081 1.802 0.56

5 1.756 0.0361 5.568 1.1 0.657 0.0186 2.574 1.86
Average 1.099 0.0175 2.994 2.96
From Eq. 9.9

296=Ag+1.099 A +0.0175 A+ 2.994 B, ...... i (1)

From Eq. 9.11

[(-0.519)% + (-0.266)° + (-0.023)? + (0.151)2 + (0.657)2 ] Ay + [(-0.519)

(-0.0139) +(-0.266)(-0.0075) + (-0.023)(-0.0054) + (0.151)(0.0081) +

(0.657)(0.0186)] A, + [(-0.519)(-2.994) +(-0.266)(-1.994) + (-0.023)(0.612)

+(0.151)(1.802) + (0.657)(2.574)]B1 = (-0.519)(1.34) +(-0.266)(0.84) +

(-0.023)(0.24) + (0.151)(-0.56) + (0.657)(-1.86) or

0.7951 A; +0.0228 A2+ 4.033 B, =-2.231 .................

From Eq. 9.12

0.0228 A +[(-0.0139)° + (-0.0075)% + (-0.0054)? + (0.0081)? +

(0.0186)*] A, + [(-0.0139)(-2.994) + (-0.0075)(-1.994) + (-0.0054)(0.612)
+(0.0081)(1.802) + (0.0186)(2.547)] By = (-0.0139)(1.34) + (-.0075)(0.84)
+(-0.0054)(0.24) + (0.0081)(-0.56) + (0.0186)(-1.86) or

0.0228 A; +0.00069 A, + 0.1152 B;=-0.0654 ...............

From Eq. 9.13

(2)

(3)



4.033 A + 0.1152 Ay + [(-2.994) + (-1.994)? + (0.612) + (1.802)% +

(2.574)% ] By =[(-2.994)(1.34) + (-1.994)(0.84) + (0.612)(0.24) + (1.802)
(-0.56) + (2.574)(-1.86)] or

4033 A1 +0.1152 A, +23.187 B1=-11.337 ...............(3)

FromEgs. 2, 3, and 4 |

A, =-1.70, A,=-38.09, and B;=-0.004

FromEq. 1 Ag=2.96—1.099 (-1.7) + 0.0175 (-38.09) —2.994 (-0.004)

A =551 PSI =S8 -1)70 /0t (1#5v)—-3809 Rp= ool [coP

9-3. Derive Eq. 9.29

F=ma Average speed = X Time to stop = —
2 A"
v V2 w V2 v?2
== =— =—0 — e e 9.29
2528 g 25 28 6.29)
A"

9-4. Given volume of beads = 2 in.3, diameter of patch = 10 in., and SN4 = 40
Determine SNy and SNeo

MTD = 2 =0.02551n.

1 2

—x(10

;7(10)

‘From Eq. 9.33 PNG = 0.157 (0.0255)°%4 = 0.881

0.881
From Eq. 9.31 40=SN, exp| — —
q 0 P( 100

x40) SNo =56.9

WhenV =20 mph SN2 =56.9 x exp (-0.881 x0.2) =47.7

When V = 60 mph SNgo = 56.9 x exp (-0.881 x 0.6) = 33.5



1 (1) NPROB
PROBLEM 9.5
0 1 1 (3) MATL NDAMA NPY NLG
.001 (4) DEL
1 80 1 0 (5) NL N2 ICL NSTD NUNIT
12 (6) TH
.35 0.35 0.45 (7) PR
(8) zC

00000 35000
79.5775 (14) CrR CP

(16) NR
8 12 24 48 72 96 (17) RC

ONONOULHFOOKWOR

1 (1) NPROB
PROBLEM 9.6

8000 8000 (33) PHI K1

K,

2 0 1 1 (3) MATL NDAMA NPY NLG
0.001 (4) DEL

3 1 80 1 O (5) NL NZ ICL NSTD NUNIT

4 12 (6) TH

0.35 0.35 0.45 (7) PR

0 (8) zc E

1 (9) NBOND 3

500000« 35000 9000  (11) E

0 (13) LoAD =

6 79.5775 (14) CR CP

7  (16) NR

0 8 12 24 48 72 96 (17) RC

1 15 (25) NOLAY ITENOL

2 0 (26) LAYNO NCIAY

7  (27) 2ZCNOL

0 0 0 0 0.01 (28) RCNOL XCNOL YCNOL SLD DELNOL
0.5 (29) RELAX

145 135 0 (30) GAM

0.5 0.6 (31) K2 KO

NBOND ' E
¥ 9000 (11) E < Téefe gqre E} Ez/ g2< 3
(13) romo oblarncd by Frial & €777

E = Soo 000 oS
/
E, = 20°° psc
K, = Booa
{



1 (1) NPROB

PROBLEM
o 1
.001 ¢

1 80
2
.35 0
(8)

00000
(13)
79.5

- (16)
8

O UMK OOMDMON

0
7

4 13

5
5
5
.5
5
5
5
5

[el~NeleNoNol
[ 0 - e N N

8000
8000
8000
8000
8000
8000

OO0O0OO0CO0OO0OOCOOOOHODWUVLING ON

9.7
1 (3
4) DEL
1 0
2 2

MATL NDAMA NPY NLG

(5) NL NZ ICL NSTD NUNIT
2 2 2 (6) TH

.35 0.35 0.35 0.35 0.35 0.35 0.45 (7) PR

ZC

(9) NBOND

35000
LOAD
7175 (
NR
12 24

3 0
9 11

5 135
(31)
(31)
(31)
(31)
(31)
(31)

(33)
(33)
(33)
(33)
(33)
(33)

1 (1) NPROB

35000 ° 35000 35000 35000 35000 9000 (11) E

14) CR CP

48 72 96 (17) RC

15 (25) NOLAY ITENOL

4 0 5 0 6 0 7 0 (26) LAYNO NCILAY
i3 15 (27) zcCNoL

0 0 0.25 0.01 (28) RCNOL XCNOL YCNOL SLD DELNOL
(29) RELAX

135 135 135 135 0 (30) caM
KO

K2
K2 KO :
K2 KO E = Soeg ooo FS~
K2 !

K2

KO ZEiS - 7i o900 /53;4;
'K, = &aoa

=
ERERAR

PROBLEM 9.8
1 0 1 1 (3) MATL NDAMA NPY NLG
0.001 (4) DEL
3 1 80 1 0 (5) NL NZ ICL NSTD NUNIT
8 12 (6) TH
0.35 0.35 0.45 (7) PR
0 (8 zC
1 (9) NBOND - _
240000 19200 4800  (11) E else a Feakstic Eg of /4800/754,
(4] (13) LOAD :
6 80 (14) CR CP
5 (16) MR
] 12 24 36 48 (17) RC
% =/00 PSL, @ =G in  Ez= $8oe pse, 5= /3, 200 PS4,
= = ' < Lo x .
< - 2Fa 002 P 3 W, = & 1;:; = o/ J;;<, , Se
48ac 7 |
< < :
7("; = /o K. W, are Fhe Swrface alef/fc#xooj of

©. 0297/ o0.0Z427, 0.0/907 s o0/830, At 0,0/125 m.
a5 Computed, ,6} KENLAYER



;‘ 9 (7/}/:67 W
. o T 00047 ,, W =
. = daa?
2 ’ s /’9 w T o o0 35/

T NG T 0028, fram g g
ARZEA = s+ 0. o g- so0035 Coo2b
2 00
f <a°°¢_7 ) '2( co 47 )T- EX-r1v4

T P8 . #¢ 8
F}‘&ng F:?qre 939) K =2 ;'7_

F)‘om /‘_‘-'7‘/"3 99_0’ d. = 0'/23/ 4/ = o, //// dz=407{ 4}3:4068

/-z’-réﬁv : Pd, Sa o :
FF 742 ke DL Femo diy L,
We £ s\ w, W

Based on 4, a0a W, , K= /-97( 2123 5 2 280,06 peu

cool)
2y and W, = /07(”" ) = 296,2 Pe
v dz 924 Wz, K=o (::; = 278 2 P

" ‘43 and Wz k= /0.7(:;‘3) = 2798 P

@yemje K = 2823, €227 pco, Say 285 p<a
iven E, = *7%x s0€ ,o.;(‘ 9()‘407 é? 3. 48

f3= (AL 35285 7x020)T Lo 3
k7% ro®
h= 7.9% Sy 8 o,

9~ so.
Frem Fi 2.39 4= 14 s

Fre ’
" ER 94, = e)82, d,z0/82, d:=2/68, ;% ‘°°73

From g 945 £ 2 2L/=Co4)*]xGovo = 080C 50

Z
5 I W,
Based 09 4, WL, & 2 Jogp (:"3:7) = ¢/ 82/ o
L G0
. o, 9t W, E =/080 (24£2 5 = 4[olo psi

geop



Biset o _
dz o, Nz, Z‘_;(: /oSo ¢ O‘/og) = 32324 s,
Qoo2¢ >
h 4 God K/ = = 5078
3 5. & /08 Coj—~—0°a‘) 232 foo ose,

A = -
e £ 237007 e

63- é__[/‘(d-/gzjszlgyx (/9‘-‘)
Li=coawy*Ix $7x,,6

3

/Z;’OM Ef g 9 :/f/ﬁt-,‘.,B

h= S, 40 in
Tl Guet s bz gn e g fears, Syy 200 e,
d=3 (/cqm_)’ m= Ro%e
@e7ui7c¢t : Cqu(}q;_ sndex I ;;- Jow k%;q%me Cmck,‘»gL_,
SoluPon . From E?. 2524
T= 303970 + ( 679460874/ x & + 1.3388x 60 lop (013272
- 2./616r3F = /, 2494 X 20 + Q06024 % 200 /on 3
= /9.8 ft/fao,t‘t ar 32 fﬁ'//o-ao Ft

7-12. Frem &5 954 03388
FAuLT = (20) [e)204 + 004048 (3)
e, \
~ol¥92 (1) 5.5'9!/] = 0089 In
- o . 2.56 2
9-13 F7MEZ‘ 278 fol—-a,o‘l‘/9§|)2
[eczz]=20°l35%) ) Lo

JTSpatl = C15)
+ o o362 % ) oe° 3
[ &o yoints per m.le For Lreforried Jea/

N (72 594/
Z 16.3 jo/Oﬁ per mile Sor o (4



Chapter 10
Reliability

13
10-1. Given: f(x) = { 112

1/6

0
1 Find: expectation and variance of x

X % X

2

From Eq. 10.23, E[x]=0xl+1xl+2xl=§ = 0,833
3 2 6 6

From Eq. 10.7b,
2 2 2
V[x]=(0—§) x1+(1-§) xl+(2—§) X1 = 0472
6) 3 6) 2 6) 6 ——

t2

10-2. Given: f(t)=te 2 whent>0
=0 when t<0

Find: Mean and variance of x

2
t
Q0 oo} -
— —| 2 2
Eft]= [ tf(t)t fo t%e 2dt
From mathematical handbook, we can find the following definite integral

Jn

f:xze_x dx = —4— so E[t] must be transformed to the same form, or
2
2 t
wf t '(”) t Jn
=22 | —=e \V2 d(—-—j=2«/§——
k (J’z‘ J V2 4
T 1253

FromEqg. 10.8

vli-Ef]- (E[tl)2

[]jtert— jt 2d(t)

From mathematical handbook, we can find the following integral



ax

Jxeaxdx =§3—(ax—1)
With x=t2anda=——;- ,

When t = «, the value is O because the exponential term predominates.

When't = 0, the value is —2. so E[t?] = 0 - (-2) = 2. V[x] =2 — (1.253)? = 0.429

10-3. Given: Yo x=1 y=2 Find: Cov(x, y), p(X, ¥), V[x + Y]
fix,y)={ % x=2 y=3
12 x=3 y=4

From Eq. 10.2a
1 1 1 1 1 1
E[x]=1x=+2x>+3x==225  E[Y]=2x—+3x=>+4x==325
4 774 T2 4 T4 2
From Eqg. 10.15b
Covlx,y]=(1-2.25)2 - 3.25)x% +(2-22503- 3.25)x% +

(3-2.25)(42 ~ 3.25)x% =0.6875
From Eq. 10.7b
VIx] = (1-2.25x0.25 + (2 -2.25)?x 0.25 + (3 — 2.25)* x 0.5 = 0.6875

Vly] = (2 -3.25)°x 0.25 + (3 —3.25)°x 0.25 + (4 — 3.25)° x 0.5 = 0.6875
0.6875

J0.6875x0.6875 —

FromEq. 10.18  p(x,y)=

From Eg. 10.21  V[x, y]=0.6875 + 0.6875 + 2 x 0.6875 = 2.75
104. Given: f(x, y) = 6xy(2-x-y) x<x<1 0L y<1

=0 otherwise



Find:

Covlx, y] and p[x,y]

Note Cov[x, y] = E[x, y] —E[x] E]y], so it is necessary to compute E[X, y],

E[x], and E[y].

Elx,y]

'; jolxy(lzxy — 6x2y — 6xy2)dxdy

ol ol
Ojo(l2x2y2 - 6x°y? — 6x2y?)dxdy

20 0
1

45 25 2,1 41 1.1

[3y rad 4y}0"3 27273

E[x]= j; J'(:x(12xy - 6x2y - 6xy?)dxdy

1
= j;fo(12x2y —6x3y - 6x2y? )dxdy

Because of symmetry of xand y, E[y]=E[x] =7/12

7 7 1

Cov[x,y]=l— —X—=

Since p[X, Y] = —\/—\/‘—)—(_—[—]V[—J—y—

3 12712 144

Co
v[x,y] , itis necessary to determine V[x] and V[y].

Because V[x] = V[y] = E[x?] —(E[x])?, E[x?] must be determined first.



E[x2]= Iolﬁxz(ley - 6x’y - 6xy2)dxdy

1pl
= Jo -[0 (12x°y - 6x*y - 6x°y?)dxdy

6 1
_I[3x y—~x Sy - 2] dy
4 0

Because of symmetry of x and y, E[y] = E[x] = 2/5

2
2 (1Y 2 49 43
viklevlvle2 [ L] =2_ %
bx]=Vyl=3 (12] 5 144 720
1
[ ] COVXY 144

,/VIxIVIyI / T 43
720 720
75P’ E
10-5. Given t=(0.25+0.125logn) (———) —a’ | —
nE Ep

t=6.5in, n = 100,000, P = 9000 Ib, E = 10,000 psi, a = 6 in., and E, =400,000 psi.

The coefficients of variation of all the above variables are 10 .%

Find: Reliability of t based on Taylorseries expansion.

(a) Variance of tdue ton

After substituting the values of all variables, except n, the following equation is

obtained.



t =6.03266(0.25+ 0.125logn)

2 _ 6.03266x0.125x 08¢
on

n
=7.5408x107%x0.4343=3.275x107°

= (3.275x107¢ J} (100,000x0.1) =1.0726x10>

(b) Variance of t due to P

t=0.25585v5.6993x10° P — 36

ot 0.25585

2 -
=6.36x107*

(5.6993x10¢ P2 - 36] *”x11.3986P

Vith = (6.36x10’4)2(9000x0.1)2 =0.328

(c) Variance of tdue to E

t=0.0119 ¥E V4.616x10°E-2 - 36

2

% - 0.0119(4.616x10"°E2 - 36)0'SX§(E) ’

+0.0119 %/E(%)(4.616x101°15‘2 -36) "*(-9.232x10°E )

~1.76314x10™* _6.21x107(- 9.232x1072 )= -3.9699x10~*
Vitk = (— 3 .9699x10‘4)2(1o,000x0. 1)*=0.1576

(d) Variance of t due to a

t=0.2559+/461.64 — a?

gt = 0.2559x0.5(461.64 — a2 (= 2a)= ~7.442x10"2

oa
vit], = (— 7.442x10“2)z(6xo.1)2 =0.1994x1073



(e) Variance of t due to Ep

1
t=388.917(E, )3
o 388917

a3
V[t]Ep = (—- 4.399x10_6)2(400000x0. D% =0.031

(€, )5 =-4.399x107

Variance of t
Vltl= VIt + Vit + Vitl + VIt], + Vitk
=0.0011+0.328+0.1576 + 0.002 + 0.031=0.5197

Standard deviation of t

S, =/ V]|t]=+0.5297 =0.721

Ep

. .
E[t]=(0.25+ 0.12510gn)[\/(%3) —a? J3 E
T

x10,000

400000

2
—[025+ O.125log(lOOOOO){\/(——————%X%OO ] _ 36}3 10,000

=0.875x20.631x0.2924 =528 in.

7 6.5-5.28
0.721

=1.692

From Tabble 10.1

Area under normal curve = 0.5 + 0.455 = 0.955

Reliability = 95.5%



/0-& Gven ¢ = (o Zj’ro_/zs,f?n)[[(%f_’ %Qz)j_;%

N =fog 000t sg00p = //Qo0o g4 Dosoo

9900 and & /oo Iib

1/, 000 gqnd Qooo Fso

E.& an=l $ 4 1n

Ep = Gon 200 t Jovoo = FF0so00 G S oo PS5

QNN

3}, uj}o} Excel -5/9709456ee£ g2t Grrang L Variqbles

-—
—

-
P

o
-—

9'000 i’ 960 =

/ooco T /, coo

&t 26 =

-

—

7%

Proaps of 16, 8 ¢ 2 1/, Fh ﬁ)/ow;bbv sesully were optrmed, :

n
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000
110000

90000
80000
90000
90000
90000
90000
90000
90000
90000
80000
90000
90000
90000
90000
90000
90000

P (ib)
9900
9900
9500
9900
9900
9900
9900
9900
8100
8100
8100
8100
8100
8100
8100
8100
9900
9900
9900
9900
9900
9900
9900
9900
8100
8100
8100
8100
8100
8100
8100
8100

E (psi)
11000
11000
11000
11000
9000
9000
9000
9000
11000
11000
11000
11000
9000
9000
9000
9000
11000
11000
11000
11000
9000
9000
9000
9000
11000
11000
11000
11000
8000
8000
9000
9000

E[{j = /70-09‘9'9/32 =
From EZ_ 10,€/, V[é] = 28768 - (-ﬁ}/{‘)z:

Grven t: 6.5/ zZ =

a(

in.)
6.6
6.6
54
54
6.6
6.6
54
54
6.6
6.6
54
54
6.6
6.6
54
54
6.6
6.6
54
54
6.6
6.6
5.4
54
6.6
6.6
54
5.4
6.6
6.6
54
54

Ep (PSI)
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
Sum

t (in.)
5.262368
5.626408
5.352226
5.722482
6.118354
6.541609
6.186164
6.614111
4.193347
4.483434
4.305574
4.603425
4.921882
5.262368
5.005926
5.352226
5.197236
5.556771
5.285982
5.651656
6.042628
6.460645
6.109599
6.532249
4.141446
4.427943
4.252284
4.546449
4.860964
5.197236
4.943968
5.285982
170.0449

"2 (sq. in.)
27.69251
31.65647
28.64632

32.7468

37.43425

42.79265

38.26863

43.74646

17.58416

20.10118

18.53796

2119152

24.22492

27.69251

25.05929

28.64632

27.01126

30.8777

27.94161

31.94122

36.51335

41.73993

37.3272

42.67028

17.15158

19.60668

18.08192

20.6702

2362897 -
27.01126 // AN
24.44282 53 Nes
27.94161 ¢
920.5796

$31% EI[4%]= 9295796/32 = 28. 768

65~ 52149

Nree Uoder naormq/ <wrve

/aeﬁ*?6.7915/ =

S48 %

0727
0448 + o5 = 0.9¢8

0.529 5é = e )27

1 43) From 7sble r0.7



10-7. Find reliability based on n by Taylor’s series expansion

2
t=(0.25+0.125logn) (Z_S_I:] —a? s £
nE E,
logn = 5 8t -2
[75P) | [E
nE E,
alggn _ 8 _ _ 8 . ~1326
t
(@T 2| [E 75%9000)" _ ; | ,[10,000
nE E, 7x10,000 400,000
2 2
5 St(ﬁj (2p) 8x6.5(—%5666j (9000)
ogn :(_%) nE _ ik =-1.0388 x107>

3 3
(Ejz—aZ JE 75x90001* _ 5 | ,[10,000
nE E, 010,000 400,000

T
E : 3
(E) ~a? (Elijz—az
nE nE
_ 8x6.53 400,000 (75x9000) 400,000
3 10,0004 10,000'°
3
75x9000 )" o
7x10,000

=-2873x107* +9.349x10™* = 6.476x107*

75%9000"
7x10,000

dlogn _ 8ta 8x6.5x6 : 01215

3
(Ejz—aZ JE 75x9000)" _, | ,[10,000
nE E, 7x10,000 400,000




§t : §x6.5

Ologn _ 3 = 3 —7.183x107°

E, 2 2
p 75P
(—) -a* |3/EE,’ 7>x9099 1. _ 62 12/10,000x400,000
nE mx10,000

V]iogn], = ( 8I§gnjz(tC[t])2

t

V[logn), =(1.326) +(6.5x0.1)* = 0.7429

Vliogn], = (~1.0388x107 ' +(9000x0.1)* = 0.8741

V]ioga]; = (6.476x107*f +(10,000x0.1)* = 0.4194

Vllogn], =(0.1215)* +(6x0.1)* = 0.005314

Vliogn]; | = (7.183x10 J' +(400,000x0.1)" = 0.08255
V[logn]=0.7429 + 0.8741+ 0.4194 +0.0053 14 + 0.08255 = 2.1242

S[log n] = ,/Vllog n l =1.4574

8x6.5
75x9000 )" g2 | 5[ 10,000
x10,000 400,000
logny =10g100,000 =5

70 logny —Eflogn] _5-6.62
Sflogn] 14572

Eflogn]=

=-1.1116

Reliability =86.75%




./57"é; C;7¢ksn

¢ =

t
7.15
7.15
715
7.15
715
715
7.15
7.15
715
7.15
7.15
715
7.15
715
7.15
7.15
5.85
5.85
5.85
5.85
5.85
5.85
5.85
585
5.85
5.85
5.85
5.85
5.85
5.85
5.85
5.85

Zf[jégi'uj

by

3t

-Z

6.5 % 0.65 = 7./8 ana 585, by Excel
Spresd sheet  Fhe SollwmE, Yesuily were obipined

P(b) E (psi)
9900 11000
9900 11000
9900 11000
9900 11000
9900 9000
9900 9000
9900 9000
9900 9000
8100 11000
8100 11000
8100 11000
8100 11000
8100 9000
8100 9000
8100 9000
8100 9000
9900 11000
9900 11000
9900 11000
9900 11000
9900 8000
9900 9000
9900 9000
9900 8000
8100 11000
8100 11000
8100 11000
8100 11000
8100 9000
8100 9000
8100 9000
8100 9000
_ 218,128
2

a (in.)
6.6
6.6
5.4
5.4
6.6
6.6
5.4
5.4
6.6
6.6
5.4
5.4
6.6
6.6
54
5.4
6.6
6.6
54
5.4
6.6
6.6
5.4
5.4
6.6
6.6
5.4
5.4
6.6
6.6
5.4
5.4

Ep (PSI)
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
440000
360000
Sum

log n
7.567168
6.948153
7.406546
6.797923
6.228677
5.696265
6.138478
5.611901
10.00615
9.229329
9.693206
8.936631
8.229006
7.567168
8.057272
7.406546
5.827683
5.321216
5.696265

5.1983
4.732554
4.296944
4.658754
4.227919
7.823215
7.187633
7.567168
6.948153
6.369187
5.827683
6.228677
5.696265

215.128

(log n)*2
57.26204
48.27683
54.85692
46.21175
38.79642
32.44743
37.68091
31.49344
100.1231
85.18051
93.95824
79.86337
67.71654
57.26204
64.91964
54.85692
33.96189
28.31534
32.44743
27.02233
22.39707
18.46373
21.70399

17.8753

61.2027
51.66207
57.26204
48.27683
40.56654
33.96189
38.79642
32.44743
1517.269

32

/
& 4.677
/aj,")

- 6723 E[(yn) ] Y22 = 47018

Z
Lrom ng /0.6/, \/[[?nj = $P.HE - (6723) = 2.2/&
Gven n= jogaeo o /?'7‘15‘

Segn

= f2216 = /482

Z = S- 6722 o ) 157 From Jable 10.7,

1.489

Normal Corve =

0,376 + .5 = < 8746 So /ec//‘qf/'//‘é'

Are< wnder
-8/6




10-9. Given
N; =1} (St )_fz

f, = 0.00462, C[f;] = 30%
f,=2.69, Clfy] = 5%
€ = 0.0021, C[&] = 10%

p (f, f) = -0.867

Find Expectation and variance of N; based on the first order Taylor series
expansion.

First order approximation of expectation or mean is E[g] = E[]

E[N¢] = 0.00462 (0.0021)2%° = 73,769

V[Ne[=VINe L + V[N | + V[N ] + (‘;ij ](%f&)(:ov[fl,fz]
1 2

(@ V[NeL
Np _, (

. — £, e, ) "2 7! = —0.00462x2.69x(0.0021)>%° = -94,494.180
€y

V[N ] (aNf] g, |=(- 94,494 180)2(0 0021x0.1)° =3.94x108

(@L] =(g, )2 =(0.0021)*% = 0.1597x10®

2
V[Ng | =(%f~] VIf; ]=(0.1597x10%)?(0.00462x0.3)
1

=4.899x103



() V[N¢k,

Nt £, [Infe, e, )2 = ~0.00462{1n(0.0021)](0.0021)

of,
=4.55x10°

VN, =(%—]2V[f2]= (4.55x105)2(2.69x0.05)2

=37.45x10%

(d) Cross — Product

Covlf,.f, |=p(f;.f, )\/W

JVIf]=0.00462x0.3=0.001386
Vif, |=2.69x0.05=0.1345

Cov]f,,f, ]=-0.867x0.001386x0.1345 = —1.616x10™*

Me 1 Nt |Covff,, f,]=0.1597x10° x4.55x10° x(- 1.616x10~
oN;, )\ ONg,

=-11.75x10%

V[N, ]=3.94x108 + 4.899x10% + 37 45x10° - 2x(11.75x10°
=2.28x10°



10-10. Serviceability index
PSI = p;—1.91 log(1 + SV) - 1.38 RD? - 0.01+/C

(a) The expected value of PSI using second order Taylor series

13,8
Elgl=g()+; 22 VIl g(xix2.%5,%,) = PSI(p,, SV.RD,C)
i=1 i
2
OPSI -1 0 stI -0
op; op;

oPSI 191 ( 1 )_ 191 1 )_ 032
oSV~ 1+Svlin10 1+1.572In10 '

0% pSI 1.91 1 1.91 1
= - = . =0.125
oSv?  (1+SV)*\In10) (1+1.572)* {In10

2
OPSL _ 1 3842xRD =1.38x2x0284 = —0.784 2. ESI
dRD z

=-138x2=-2.76

1 1

APSI 1 1
S 001 = | —=-0.01] = | —— = 0.000456
aC [2)«/6 (2) V120

2
Q—P—fl =-0.01 (lj (— l] 1 _oo01 (l) 1 00000019
oC 2)\ 2/4c? 4) 1203
E[PSI] = 4.2 — 1.91 log(1+1.572) — 1.38 x (0.284) — 0.01+/120
+0.5(0 x 0.06 + 0.125 x 0.32 — 2.76 x 0.003 + 0.0000019 x 0) =3.211

(b) Variance

Vig) = g[%TV[xi]

V[PSI] = 1 x 0.06 + (-0.323)? x 0.32 + (-0.784)% x 0.003 + (0.000456)? x 0= 0.09522
(c) Terminal serviceability index for 95 % reliability
From Table 8.1, u = 1.645 for 95% reliability

(PSI); - E[PSI]

,/VIPSI'

=-1.645




(PSI), -3.211

=-1.645 or PSl)yr =2.703
+0.04522 (PSlir -

10-11. Given g_l 2r+ 2tr -+ 5
I+ 3+6r+r (4+r X6+r)

Find V[g] when r=1, C[r]=0.2
V[r]=(0.2x1)>=0.04

og _(A+n)(=2)-(- 2r)(1) GB+6r+13) D) -2 +1)6+ 2r) (4+12)6+1)(1) -r(4+12r +3r?)
or (1+r1)? (3+6r+r1?)? [(4+12)6+1)]

Forr=1, %:—%+0.14+0.0131=—O.5969

2
Vig]= [?a%j V[r] = (-0.5969)%(0.04) = 0.01425

1-2r-s r+s s
+ +

10-12. Given g= >
l+r1s 3+6s+1%  (r+s)?

, Find V[g] when r = v[r] =10, s = V[s] =20

gg: (A+r1s)(-2)-(1-2r-s)(s) (3 +6s+12)1D) - (r+ s)(2r) (r+5s)*(s) - rs(2r + 2s) _
or (1+1s)? (3+6s+r2)? (r+s) (r+s)*

(1+200)(-2) - (1-20~20)(20) _ (3+6x20+10%) - (30)x2x10 (10 +20)*x20~20x10(2x10 + 2x20)
(1+20x10)> 3+120+100)> (30)(30)?

= 0.00936 — 0.00758 + 0.00741 = 0.00919

og _ (A+r1s)(-1)-(1-2r- s)(r) GB+6s+r)1)-(r+ s)x6 (r+s)*r—rs(2s+2r)

Os (1+r1s)? (3 +6s+r1?)? (r+5)*(r+s)?

_ =201-(-39)(10) , 223180  900x10 - 200(40 +20)
(201)? (223)? 900x900

= 0.004678 + 0.000865 — 0.003704 = 0.001839

vo=(2) Vil+{ %] vi

V[g] = (0.00919)?x10 + (0.001839)*x20 = 0.00139



Chapter 11
Flexible Pavement Design

11-1 Find moisture content at Points A and B.
From Eq. 11.2 u=S+ap

U=-Z7yw

4

3 st S
Ao——riz  ¥=120pef S=-zyw-ap

8 ‘ 25 c<lay
’Bﬁ: 7 =/o0 [ef

il

wWT

At Point A with sand, o = 0,
S =-zZyw=-7x62.4 =-463.8 psf = - 3.033 psi
From Fig. P11.1 w =_19_°/?'
At Point B with clay, a= 0.5,
P =5x120+ 2 x 100 = 800 psf
S =-3x62.4-0.5x800 =-587.2 psf = -4.08 psi

From Fig. 11.1 w=21%

11-2. Estimate the coefficients of permanent deformation (a, b, and m) in the Ohio State
Model in Eq. 11.16 based on the test results in Figs. 11.4 and 11.5.

£y =a(e (N) " - a(%_&]"m)l-m

d

Mg ) M
Let A= a(—&) or logA=loga- blog(——&J
Gd od

From Fig. 11.5, when A = 0.0002, Mgr/og = 10* when A = 0.0006, Mr/c4 = 3000
Log(0.0002) = log a — b log(10*) or -3.69897 =loga—4b
Log(0.0006) = log a — b l1og(3000) or  -3.22185=log a-3.47712b

Solvingaand b a=0.89324, b=09125

—r—



Fig. 11.4 shows a straight line relationship between log(ep/N), thus m is a constant,
which is equal to the slope of the straight line

From Fig. 11.4

__logx107*)-loglox107)
log10,000 - log 70 -

Sp _ 0.8932(8)0.9125 (N)O.Zl

11-3. Given: Ni=5x10% (&)™ &= 0.0005, and C[N{] = 0.8.
Find: Percent area cracked if the pavement is subjected to 5000 thermal cycles.
N¢= 5 x 10 (0.0005)" = 40,000
VIN{] = (0.8 x 40,000)? = 1.024 x 10°

Cracking Index ¢ =n/ N¢=5000/40,000 = 0.125

Vie]= {— ZEI:—)E—JZV[N ]= [—- (4—(1%(;—%?]2)(1.024“09 =0.01

0.1886 0.1886
|- 01886 ). 0188

x0.01=0.1207
¢’ (0.125)

V]loge

Sioge =V0.1207 =0.3474

logc =1log(0.125)=—0.903

_ 0+0.903
T 0.3474

I

2 b

From Table 10.1, Area under normal curve = 0.5 + 0.495 or |

Reliability = 99.5 % Or Area cracked = 100-99.5=05%
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Chapter 12
Rigid Pavement Design

12-1. Given: a concrete pavement on untreated subbase without concrete shoulders.
h=10in., k= 150 pci, and n = 2 x 10° repetitions.

Estimate: Allowable corner deflection.

C,n;
From Eq. 12.9 % erosion damage = 100 Z——;}—‘—

i
When damage is 100 %, allowable number of repetitions N = Con
C,= 0.06 for pavements with concrete shoulders, so
N=0.06x2x10°=0.12x10°

FromEg. 127  log N = 14.524 - 6.777(C4P - 9.0)*'%

C4 = 1 for untreated subbase

log (0.12x10°%= 14.524 —6.777(P - 9.0)*'%

P=34.0946 FromEqg. 12.8

p2

0.73 4 0.73
_ \/Phk _ \/34.0946x10x(150) 7014 psi
268.7 268.7
w=R 7% 4 4676n.
kK 150 ——

12-2. Same as Problem 12-1 but with concrete shoulders.
C2=094, soN=094x2x10%=1.88x 10°

Log(1.88 x 10%) = 14.524 — 6.777(P — 9.0)*1%

P=157485 FromEq. 12.8 p=4767 Asc oy w= ¥767/750=023/8 1.

12-3. Total number of trucks during design period on design lane

= 2500 x 365 x 20 x 0.35x 0.5 = 3,193,750



Calculation of Pavement Thickness

Pro ject pkélé’ﬁ /12 -3

Trial thickness 8 in Doweled joints: yes_‘i no
Subbase-subgrade k 200 pci Concrete shoulder: Yes nol
Modulus of rupture, MR 45e psi . Design period years

Load safety factor, LSF__/-/

Fatigue analysis Erosion analysis

Axle Multiplied Expected Allowable Fatigue Allowable Erosion
load by repetitions | repetitions damage repetitions damage
kips LSF % %

1 2 3 4 5 6 7

8. Equivalent stress 24z 10. Erosion

Single Axles 9. Stress ratio factor 2372 factor 2‘20
2% 30.8 2874 / S 083 157/ Jogooo | ©.3
24 286 5068 4.5050 /3.5 /, $oo, 00D o4
Ad 264 7346 /6000 | 44 | 2 00080 &4
zz 2> | 49823 g00000 | 62| 3 swaoe0 [ 4
Zo 220 | 203,87/ - 7260099 2.9
3 (1.8 353,548 — /é00g000| 2.2~
b 1 7.6 419 eb2- - Foocvoeo /. O

Tandem Axles

11. Equivalent stress 208 13. Erosion

12. Stress ratio factor 2. ?&0 factor 2‘93

48 52.8 30 6o /0,600004 0.3 ool F.2-
Hy &y 33,834 - Lbosood | 2.1
Fo it 53,655 - 242070 | 2./
36 329.6 $S4933 - dooooo| /O
72 352 76,650 - /2000009 . O L

25 20.8 (7,568 - 9oo0000d 0.3
74 264 256139 - —

Total 39,7 Total /1 7.9




12-4. Determine the thickness of a concrete pavement using the PCA procedure

and check the result by the simplified procedure.

Trial thickness = 8.5 in.

Doweled joints: yes

Eq. Stress = 191
Stress Ratio F = 0.29
Erosion Factor= 2.32

Eq. Stress = 166
Stress Ratio F = 0.26
Erosion Factor = 2.45

K =150 pci Shoulders: yes
MR = 650 psi Design period = 20 years
LSF=1.2
Total no. of trucks on the design lane during the design period = 3460 x 365 x 20
=25,258,000

Load |Multiplied Expected Fatigue Analysis Erosion , Analysis

kips § by LSF |RepetitionjAllowable Rl% Damage{ Aliowable R.[ % Damagg
Single Axle
30| 36 11,383 110,000 11.4 680,000 1.67
28| 33.6 21,500 300,000 7.17 1,200,000 1.79
26f 31.2 45,024 1,750,000 2.57 2,000,000 2.25
24| 2838 131,784 5,000,000 2.63
22| 26.4 198,562 15,000,000 1.32
20} 24 413,059
18| 21.6 636,157
16| 19.2 804,871
14| 16.8 |1,207,306
12| 14.4 | 4,604,105
Tandem Axies
52| 62.4 30,100 680,000  4.43
48| 57.6 73,607 1,300,000 5.66
44| 52.8 202,609 3,000,000 6.75
40| 48 539,026 8,000,0000 6.74
36| 43.2 |1,422,816
32| 384 |2621,269
28| 33.6 |3,066,199
24| 28.8 |1,834,863
20| 24 |2,173,809
16] 19.2 12512756
Total 21.1 33.2

For h = 8.0 in., the fatigue damage is greater than 100 %, so h =8.5in.

For the simplified procedure, from Table 12.15, the allowable ADTT is 5,700 for an
8-in. slab with medium support, which is greater than the actual ADTT of 3460, so the
thickness required is 8 in.

—



12-5. Same as Problem 12-4 but without concrete shoulder

Trial thickness = 9.5 in.
K =150 pci

MR = 650 psi
LSF=12
Total no. of trucks on the design lane during the design period = 25,258,000

Doweled joints: yes
Concrete shoulders: no
Design period = 20 years

From Table 12.15, a thickness of 9.5 in. is required. A 9-in. slab is not adequate
because an allowable ADTT of 2700 is smaller than the actual ADTT of 3460.

Trial thickness = 9.5 in.

———

Load] Muttiplieq Expected Fatigue Analysis Erosion Analysis |
kips| by LSF | Repetition| Allowable Rl% Damage| Allowable R]% Damag_;g
Single Axle
30] 36 11,383 40,000 28.5 1,400,000 0.81
28] 336 21,5001 120,000 17.92 2,000,000 1.08
26| 31.2 45,024 400,000 11.26 3,400,000 1.32
24| 28.8 131,784 3,000,000 44 5,800,000 2.27
221 26.4 198,562 10,000,000 1.99
20] 24 413,059 21,000,000 1.97
18] 216 636,157 60,000,000 1.06
16] 19.2 804,871
14] 16.8 1 1,207,306
12] 144 ] 4,604,105
Tandem Axles

521 624 30,100] 4,000,000 0.75 900,000 3.34
481 57.6 73,607 1,400,000 5.26
44| 52.8 202,609 2,100,000 9.65
40| 48 539,026 4,000,000] 13.48
36| 43.2 | 1,422,816 8,000,000 17.79
32| 38.4 | 2,621,269 20,000,000 13.11
28| 33.6 | 3,066,199 80,000,000 3.83
24 | 28.8 | 1,834,863
20 24 | 2,173,809
16 1 19.2 | 2.512.756

Total 62.83 76.96

Eq. Stress = 200
Stress Ratio F =0.308
Erosion Factor =2.59

Eq. Stress =183
Stress Ratio F=0.282
Erosion Factor=2.775
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12-7. Given a concrete pavement with Sc = 650 psi, J = 3.3, APSI=4.5-2.0=25, and
poor drainage with 5% of time near saturation.

Determine W5 by Eq. 12.21 without the reliability term and compare the resuit
with Figure 11.25.

From Table 12.20, C = 0.9 for poor drainage with 5% of time near saturation.

With Dsg= 8 in., Mr= 5000 psi, Esg = 30,000 psi, from Figure 12.18, the composite
modulus of subgrade reaction k = 350 pci. From Eqg. 12.21

lo (—2——5]
83

1.624x107
(8 + 1)8.46

log Wjg =7.35log(8+1)-0.06 + +

1+

075 _
(422 - 0.32x2.0)log{ —220x9-98 1132) }

215.63x3.2(8%7° ——Eﬁo—ﬁ
4x10° )
L 350

log Wig = 7.01368 —~ 0.06 — 0.069621 + 0.050309 = 6.9343678

W13 = 8'597:41 3

By assuming a reliability of 50% and drawing a line along the scale of overall
standard deviation, from the AASHTO design chart, W;3= 8.5 x 10%. Both solutions
check very closely.

12-8. Given D = 8.5 in. and the subgrade modulus, Mg, for each month
Determine the effective modulus, ke, by assuming k = Mg /19.4

Ur - (D0.75 -0.39 k0.25)3.24

The computed k and U, are listed below:



Month MR k Ur

(psi) (pci) (%)

JAN 15,900 819.6 31.2
FEB 27,300 1407.2 21.8
MAR 38,700 1994.8 16.4
APR 50,000 2577.3 12.9
MAY 900 46.4 86.4
JUN 1,620 83.5 75.5
JUL 2,340 120.6 68.5
AUG 3,060 167.7 63.2
SEP 3,780 194.8 59.0
oCcT 4,500 232.0 55.6
NOV 4,500 232.0 55.6
DEC 4,500 232.0 55.6

Sum 601.8

U,=60.18/12=50.15 50.15 = [8.5%7% — 0.39 (ke)* > or ket = 305 pci
Ir

12-9. Same as Problem 12-8 except that the relationship between Mg and k is

1

E:)3 E
k=0.95 —-f—] f
(E ‘1—-v§5h

with E = Ec =4 x10° v=045,andh=D =85 in.

The computed k and Uy are listed below:

Month MR k Ur

(psi) (pci) (%)
JAN 15,900 353.0 47.3
FEB 27,300 725.7 33.4
MAR 38,700 1155.6 25.1
APR 50,000 1626.2 19.5
MAY 900 7.9 115.3
JUN 1,620 16.8 103.6
JUL 2,340 27.4 95.6
AUG 3,060 39.2 89.4
SEP 3,780 52.0 84.4
oCT 4,500 65.6 80.1
NOV 4,500 65.6 80.1
DEC 4,500 65.6 80.1
Sum 853.9

U,=853.9/12=7116 71.16 = [8.5°7 — 0.39 (Ketr)>?I*** or ket = 105 pci



/Z-10.
C@) Dcy/(r’n/;)-e -fé,z/(oeg O; 5/&6

Gives K= 75 Ped, Bxqan ps, S ésv 50, Jez9
Cy= /a8, R295T, S, =03 ESALZ joxs0%
Qo APST 22, from FiJure 12,72
Thickness o Shkb D= 9.5 ’o.

b Defermine humber of Ko S bar ;” ) 2-5 fane

Grven D= D& m, Wheel Loqd due Yo consfrucfiog
SrafFie = [ 8 ooo 16 ant K=725 fr-o»y /:; 12,22
S, = 235 e
The P2 mumy gmount o8 Sthee/ /2,;,, must sadisfy Hre
Sollowting Fhree criderre X< B FE cw<o‘a§l—_ /"7,’4»4,
S, < 62000 PSe
Given Fu= o088 S.2 557 P A, =S58/ F,
o = 3888/ %k (Limestone Casnse agpreiie,Sec Trbke 1223
75" g o= 0. 825 m Z = 2o0e 3l (Se< Ll 12,2)

From Eb?-' 12,33 (bqjeclt”o‘o X :,‘3 St )oa_s 51;-7/,

P = AOAZ((r f-"'S) <I+zx;g~a) €| +e428) _,)

" 2(88)0' + 225 520 14 loooxqoeeds) 0
%7 ez

From Bz 1234 ( 645«. &0 cw-oi;tm)

p - ozE(t 2 5" 4 628D

9 Coopp )P 25¢ |4 225 31272 -
0.8564 rece

Sose | =38 %



frem E? /12,38 (/345«—,{, on 6s=é2,m = @T:éooF)
o o Se83¢( |+ ;-—‘5 °"”(,_,_ 557 A993 . 2

Min 2.34 /ooqzr o150 —/
(e2000)°285¢ 4 ZZE 51 HEC I+ 000 x 00036)”
/6.9
- = O %o
755463 ! 4o

W i T 0t T

The maxS mum ameount of SHee! (R Shou)d be based
on 4 &rack f/"?’c’;’dt pot [ess Hhan 2.8 FE.
From &L 12,33 ( Brsed on X< 3

2: 13 ey 0.2%5 6.5;6'7%
Emﬂx _ 1062(] 559) (1.658) ((1.625)

(5'3)42/7 (/'235_) L1713 (/‘3é>o_;39
2.87/6
= - = .53

 {

' 2
Ny = 201273 %x 04-%12%12 x9.§ ftos) =17 8
Use @ mimvimem oF )8 bars Per )2-Ft Jare
z
Mooy = 50,273 % 0.63 %12 %12 % F.5/C0625) = 236

use a maxmun of 2% bars [P’ /2-5¢ [99=.



Calculation of Pavement Thickness

froblem 1z -7/

Pro ject
Trial thickness 5 S in Doweled joints: yes 7 no
Subbase-subgrade k /5@ pci Concrete shoulder: Yes no :
Modulus of rupture, MR 6<§D psi Design period Z0 years
Load safety factor, LSF_ /' &

Fatigue analysis Erosion analysis
Axle Multiplied Expected Allowable Fatigue Allowable Erosion
load by repetitions repetitions damage repetitions damage
kips LSF % %
1 2 3 4 5 6 7

8. Equivalent stress_23% 10. Erosion

Single Axles 9. Stress ratio factor_f_'_;_é factor z-23
3o 26 227 2400 9.5 &/0,000 o0
2§ 336 727 §000 sS4 stooon | o./
26 3.z 900 23000 | 32 J#es°® | o]
z¢ 258 263 £202° | §/ Z,[e20%0| o,/
zz 264 396 | 300000 | 13 2z 48,082 5.2
2O 240 249 4 000,027 0,2~ -7 pag,000| &
(2 216 1,708 - /% 000 0F o-[
16 9.2 1697¢ —_ 3S poo,00D 9O
s 163 2% 11 - . —
(7 I3 S/, 9% - —
11. Equivalent stress_29 9 13. Erosion
Tandem Axles 12. Stress ratio factor 2:3Z~ factor_<.99
sz o2 4 &=/ /90,009 | 23 F30000| o]
4% | 576 )47 Socoeo| 07- |  &3eco| o2
44 £2.8 qo b /8,060,000 O /, 202,050 0.9
4o 4g.0 12,765 - | /. Foc0eR| 0.b
36 43,2 28,415 - 2. 80000 2.7
3z 3814 52,350 - Foocoen| 07
282 33.b é/,z}f - 20 000 000 0.5
2| 258 36,64 - Joos0000| O
2° 2¥ 43,413 - —
16 192~ £0,183 > —
Total 259 Total 3,7




Calculation of Pavement Thickness

Lrobkm 12-1R

Project
Trial thickness 7 in. Doweied joints: yes ‘/‘ no
Subbase-subgrade & /'-{—O pci Concrete shoulder: yes ‘/ no
ot of e, M5 —&B— 28 b s 20 o
Fatigue analysis Erosion analysis
Axle Multipiied Expected
ll?i?g' Lbsy;: repetitions Allowable Fatigue, Allowable Damage,
repetitions percent repetitions percent
1 2 3 4 5 6 7
8. Equivalent stressﬁi?_ 10. Erosion factor __2‘_5_:.;‘;_
Single Axies 9, Stress ratio factor.ﬁg_Z/
30 | 36 z22¥ 730 | 2172 ffmeee | 2/&
28 23.6 430 Z bo® /6.5 2z sz | 020
2b 21.z e 7 [t (18~ 3zo0 g0 | &2¥
¥ | 288 | 2436 30059 | g&| fzoo°0| o5/
2z 26 ¢ 297/ } &0 65D 4.0 Loa2,099 | o 40
2° Z2%o gzbl doo, oV /-4 2,50005° | 533
(¥ | 216 (2723 i Z 002,779 0¥
e | 17| 16097
(Y 1.8 24146
(| 1r¥| s208*
11. Equivalent stress__ZLO__ 13. Erosion factor ié_Z:’_
Tandem Axles 12. Stress ratio factor_a_‘&}_ :
{2 6z.¢ Lo Z 140 06O 2¥3 ) Fo,060| 033 j
8 | 574 7% 760,000 | 0.2 z§por D _o5>
¢ | 2.9 Lo 5t fozov) 0§l
Yo | 4go 1e.28! L oco 570 |97
26 | 43v| 844 2 poc,@0 4T
37| z23¥ £2,42% 10, 000,652 o 51
2% | 236 L1.3224
2t | 243 39,6927
20 | 240 43,476
1o | (9.2 s 258
Total 7?0 Total é\z




Chapter 13
Design of Overlays

/3-1.

@) W.H mean /Oéwﬂoeﬂé 7%'7,004-/076 of &éF Pt < 77704//43’
base af IR ., Fren /Z:/} 133 F = e5¢
Guten 5= 003y m qod Sz oo s Fram & 13,7

/

S, . = (0otproxecos/dxonsx] = cow iy
7y

Wrsh EshHL = /0 202 o=a Srons /Z..’,} /3.;/
MH1M4 overA}z e Kness = 4 & (57, Gesizn Cha »2 D,
(4 Che ek éj Z':?-’ /129 Gug /2,10

ey - /-5 x 2o x é'q:. - /é'gda PJ’; FM/‘j EE. /3|9
tz - o.cf— _o‘gl /61&0
S = IS X Do x4 4 (i/ L) +o$’( )J ) S o
“ / &, Fos -0 )
% ¢ Soe oo J
e Lesx = (Srgs ?3

= ooy (00osT + 24994 ) = eo020yy

f)um Ez% (3. /0
,Zé; o020/ = ,é? /0243 - 0. 2¢3% ,é%'f ESAHL

o coo ; 14 < 9‘:_5"“7; /'S
7Han Ahe /o, Fiven So Hhe ’fe_ f e
Sqh 7(2:4-/-093/. Zs He <omputed ES59
Hhay Jo 280 coo G Jarder Hhrekness éy Srral gt €xroy
Shoulq be ased.

/] 5-Z

Given Syra = 2085 0 Frors ?i /3.7
/ 03é % G127
(EspL), = (o) = /67, 57/




Grven Quancal Frowr, rate of £ % am a eszi
joeriad ef é‘ﬂf%f, From Table é,/g‘ Gore 7447‘07:5‘755"

From Ef /3,/2,1 CEs6L), = f}?—z— = 3¢/23

/3-3

Given & shkb /607—/6 of 10 ft and. a Lemperatui<

4:;ﬁmq}w‘a/ of 8¢°F' f)o,,? F/?QN /3 .7} G P00 PPy

oyer/a’y HhieKness of f’__ m, Shoolt jpe uS2E,

Def'/é‘-f""? 4;‘74'—.01,{’-'&? = o cco] — Gx c.08 % o,aao7
= D000t ( Assume ea<h nch of HMA Gin reduce

4<;A-<Jm¥a 6; <o 7% )
Becacise e 4ef/e<—/mé s Jess Han o0c0d /:7, , ne
ap‘-ferje‘g),@ /S8 7@7’0/}?4,_

}3-F (4‘) ,gzsmq'caé Cas<
Jo= [k (St 3 ssq ¥ Gge 5B T WEHSI

+Pr S22+ 520t k20t S56 ) = 4372 /@(‘,
vIf3 [(zs)+c+;»z)+ cs6.8Y% (2 158"

F (2.5 Cr 8% r (297_) r 3%+ (225) + (779

L s 52/ = 80876

S= /81476 = 42.4 Pse

From é:f 12,13
Foe = 4972 1E5X p2.6
e .
From &g 13, 1% S.= 145r09X $26,3 = 557 Pse
So cCuorve | " JE 13,1 ShouH pe “Sed

= 4249 FPso



from FZ 13,04 Combimed Hyckpess = 7.8 o

So Fbhrhpess of Loysled overky = 7.5-8 = 3¢ m

(b) 0')50/)’#&(, Case
wse FP 1202 Jor <sse 3 ( €S/ iz Pavement.

/9 Geod Condg:s e ) SUerky Fhictness = S t\n‘
/3-S5
(2> Determmne. SA/;. So> pew /2“/‘-‘”’?"% From E?' 13.2 =

- O-ZPX oD N _. - R .

’ = ;;.2;—82;32— 868 psi /%=033X7868 = 3287 Psa

675)"?@ ,?: 75%1 54 = o.g Ejeé = /%mal /\7&=3. =2 K-S«:

an<, APS.I = 5‘72"2:; = /7/ J;-om /_:.1} y/arid
SA;( = 3.4 ( r mere qccyrate resvits So/ve Z;:? 13D

by rial Quds €FYTOY Gy 5/\)/( 3247

(b) Dekrmoe 2, by NDT pretbay
Gen Ao = Vel ), Me= G848 pr . L= Focolb,
I D= T8 m S )P = 78E8x 16.1 )/ Foos =/ /-7
Fram Fc; /2.07, E/’/% = $o or E,= 7848 xS$o
= 493, oo Pse From &z 13,24
YV Qoaféfxy,;\;/;;g;; = 2¢y7 From 2?? /1332,
Lor = 327.;:67 = /. &2n use |9 -

(€O Dekrmme 2D, by cosdidion Swrvey

SMesr T 035 x 15 + A X 6 = 203
:D - 3#7"2’3
o o 1

= 327 ;”./ Gse 33 .



) Detormue 2, by Yemnmz life
SN = o 44x St 033x¢ = 2.4 # o Frem iz #3727
/e?,lel‘;=0f-7,5’é,é?(z.élr9/0.2+ o -/—.2-32,%?257 - &, 87
=5218 -0zt 8150~-80) = £098
Nyp= 125314 Frem & /3. 30

RL=jou( (- 25222 5 = 2949  [Fem Fi7 1323

125 34
<F =278  [Lrom & 133/ SAyo = @782 28 =226
_ 2 77' Z'Oé_ - ,
aoL B o, P - -3—-—2-‘ 7

/13-6.
&, Z{p)( ?aoo A .
. i~ = = 22222
@A) From &2 1222 e eeeiin 3¢ g Pre

wit, M. /P =22222x%1/900 = Jo.12 A, D= /4 .

From Fig 13.17, Ep/t7, = 32 o7 E,:39%22222= 8644658 o

Wity %o _ ZooMx2222E L, 188 aud %:lﬁﬂ.w
T 7&0 . £9 59
7(sP*

7/»», ]::; /3 20 E',//‘fk-fﬁ'o o gf‘,:,sox 22222 = /414,100 PSS,
(b)) WH Czo/6], Mg=9/67%x22222 = 3711 pPsi
Wit R=952% S =049 K, = & 709 000, A= 3701 52

a1t BPSI = 2.0 Srom FEI1L285 SN =&

<
<’ 5'\)6;;: C.28x/0F005%¢8 = 2.8
go-238

QL:W=7,27/5 Use 2.2



/5 -/ =) Z?e,éwwige E Gt SHALe
ARES = 6] 1+ 2 %S

K- Vgloe

$or2(Z5)r 22 7 =278
From /—:? /3 Z/ 4)704"9'< K = _)760 /Dc'u

So
SHidic K = /}"0 ,Ocau ,

/—70»4 /—/7- /3 22’) W'% /(;?oﬁka;
B2 =i05xs07 B2 PR 24ept s

<

( b) Determ /;79_ >’

O L.

é
Lrom E; 204 \.S:-'-‘ $3 8 X 3% %0

/0%
Wit K= /S0 per £ = 34x 0%

r 4P L T 634 % Pse

‘-§<.= 436 ,9.5&// j':. 2.2,

&=/, 2APST = 2o K= ST, =03, e Mg,sgax/qé

7C’o»1 /":/j 12,17 @; =//.6 m D%(: FxoTixaqs= J22
o8 pPcc.

From 53. 1234 A =22233+coogsx (;e;@z'- oU 4 $ 25
= A7H Do = TR H3E = 24 m

D, /b~ 722 = 439 5

/13- Jrom % 13.37, with F3<.= 28 E,=08, 9 E_=o8¢

Pegp = 29 x03x 7 + <3-'07r)x~45xas:: 4% in

With K= 342/& 1 & P<o E. "Z~/X/o P, D=12.4¢, <y= !
5 - ?’3:5)(3/)(/0

= €2 S APST = &
Jo G t4Ews = €23 15,

R=95 2, S, = 035, 92 Wjp = [cogeos om FLE /2.0
D=95 "
7

D, = 95— St = oo

a

A= 22233+ 00039 (4’94} - o/83 %XQOé = /‘76}'
D, = 176 R o€ = 7 /6 7 Use 7.2 im.

w—



/3’? from Previeus P)*aé/ew) D,c = 95 M,

Def,f: 29X ) =T &.3 in

13-12
(@) Defermme &, dnd Shde K

AREA = é[/-f-Z( )-r (;f;)f %&f; = 28.3

From Figare 13.2) ”'*‘7 <L, = Jépngac/Gsm = 3.5 m)
dyramic Kz 380 pee So shkhe K= /Fo pcl
3 & .
Frem Fiqure 1322 &, D = 2.5 x /o E. =246 x/o psa
(b Dermeire D,y

6 .
Weth K= 190 Pee E = %exfp Pso, T=4 =/
S = 43.$x %é*/oi

(—

+ 9.5 - 6886 F.ﬁe‘_/ .A/D5I:2_

J0é
Gt W/Sf: /faeeaoéo) k""?‘rz Gl “S; :c.}!)
From FiE 12,17 D= 116 m,
D?f; = 3,2.;( 0-9.5— = 7 3 "
D= /é6-78 =387
/3-11  Frem previous probles; Dy < M in:
Degg = 028 % §:2 = .ol in,

Dé(_: \(A(//. 6)‘-“62092' = 834 in ) Se é—é" 2




13-12

Grven r=36m dypcooobys i, Jan, gg; /2.22

A = 2.24-X Fooo =y N
R S0 b9 % 3¢ 3 #53 ps<

Wiy PMedo/P = /3483X 2%1/Feca = F6.) g4
D= S5+ 12 = IAS i SFren FiE (3417
Ep /M =3 >r Ep=3>"3’,54‘5= G/, o0 Ps<

With Dy=17.5in  Pom EF 12,18 dpmeiz K= 90 P

5727‘7& K= G450 PC{\,

. ' é N .
W K=dsopcd, E .= FZx0 pse, S = &30 pPso
Y'j-_-}”z./ C‘t:’-/} SPST = Z/ e.—.-.?;z/ S, =0.25 and

K/'? = 4;2“2 000) J)m /:} /2, ’7’ D= 2. 3 ;")

E————

From éf )2, 2/

Aoy Wiy = = 1645 x 035 + 226 b (§3¢1) — 206

N Loz 0.c667 (tz2-022x 2.5
,  Z2-0,52x 250 %
| + / é2¢xsp 7/( g3+ gre t (% :
690x/ ¢ 23" "= 1132) 1
/&?i SSF pA O2¢
15,6332 [(53) <1842/ (k2xr0/%50)7 )

= —0S826 + 7218 -0k -0/59 +0327

—

= 4.45

Wio = & 4668536 Whieh ChecKs w.h Fhe Grves
Trafiic of % 208 2D
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