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FOREWORD 


Highway administrators and engineers must select among alternative pavement 
investment and maintenance strategies. These decisions should be based upon 
economic analyses of the impacts expected for each pavement management 
strategy. Prestressed pavements offer an alternative type of strategy because 
of thinner slabs, fewer joints, and an expected reduction in maintenance costs. 

In Volume 2, a computerized procedure for thickness design of prestressed 
pavements is presented. The other volumes are: 

FHWA/RD-82/090, Volume 1, "Joint Designs" 

FHWA/RD-82/092, Volume 3, "Construction Manual" 

FHWA/RD-82/l15, Volume 4, "Prestressed Pavement Accelerated Testing 


Program" (available only from NTIS)
FHWA/RD-82/114, Volume 5, "Evaluation of Innovative Concepts Relating to 

Prestressed Concrete Pavements" (available only from NTIS). 

l fUlo/k
Richard E. Hay, Directo~ 
Office of Engineering 

and Highway Operations 
Research and Development 

NOTICE 

This document is disseminated under the sponsorship of the Department 
of Transportation in the interest of information exchange. The United 
States Government assumes no liability for its contents or use thereof. 

The contents of t his report reflect the views of the contractor, who is 
responsible for t he accuracy of the data presented herein. The contents 
do not necessarily reflect t he official policy of the Department of 
Transportation. 

This report does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers I names appear herein only beca'use they are consi dered 
,essential to the object of this document. 
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PREFACE 


This report has been prepared as part of a con t rac t be twee n 

FHWA and the Construction Technology Laboratories, Div is i o n o f 

the Portland Cement Association. 

It is the second of a five-volume series concerning design 

of prestressed concrete pavements. The series consists of the 

following reports. 

1. 	 Prestressed Pavement Joint Designs 

2. 	 Prestressed Pavement Thickness Design 

3. 	 Prestressed Pavement Construction Manual 

4. 	 Prestressed Pavement Accelerated Testing Program 

5. 	 Evaluation of Innovative Concepts Relating to 


Prestressed Concrete Pavements 
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INTRODUCTION 


The objective of Federal Highway Administration's Research 

Project 5E, Premium Pavements for "Zero Maintenance" is to 

exploit modern materials and technology in developing "Zero 

Maintenance" pavements for warranted use. 

As a portion of this research project, an inv stigation 

has been conducted by the Construction Technology abo ratories, 

a Division of the Portland Cement Association, t o de velop 

design and construction techniques for prestres sed concrete 

pavements. This work will be co-presented in r ports cove r ing 

the foll o wing: 

(1) Transverse joint design 

(2) Thickness design procedure 

(3) Construction techniques 

(4) Accelerated testing program 

(5) Laboratory studies 

Conventional concrete pavements are designed on the basis 

of concrete's relatively low modulus of rupture without effec

tJvely utilizing the natural advantage of its high compressive 

strength. In prestressed pavements, precompr ess ion in the 

concrete due to prestressing increases the all owab le stress in 

the flexural zone. This permits a reduction o r elimination of 

cracking and a large decreas e 1n the number of transverse 

joints. Consequently, a more comfortable riding surface, and a 

reduct i o n in maintenance costs results. 

Prestressed pavement design includes determi nation of 

leguired pavement thickness and joint hardware se l ection based 

on anticipated slab movement and length. Fig ure 1 shows the 

basic steps involved in prestressed pavement d si gn. 

As shown in Figure 1, the design process i s iterative and 

involves interaction o f many factors. The process starts with 

selection of an initial slab thickness. Then, under joint 

design, trial main slab length and prestress te nd o n size, spac

ing, and force are selected. Effective mid-sl ab prestress is 

1 ~ (!Hlputed. A minimum of about 50 psi mid-slab pr es tress should 
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____ ____ 

Prestressed Pavement Design 
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Figure 1 - Prestressed Pavement Design Process 
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be obtained. If not obtained, s lab leng th, tendo n si ze, spac

ing, or f orce is v ar ied unti l t he desired mi d-sl ab prestres s is 

obtain ed. 

Once the mid -slab prestr es s cr i t er ia i s met , anti c i pated 

maximum joint movement is compu t e d . The s election of an i n fi l

t r a tion pr evention device s uch as a stri p seal, comp ress ion 

seal, or stee l cover p l a te d epends on t he magnitude of j oi n t 

movement. Slab length is va r i ed until the c omputed j o i nt move

ment can be accommodated by the dev i c e selected . At this time 

a decision is made r e garding use of a single a c t i ve joint or 

two active joints between adjacent main slabs. 

After an acceptable slab length, midslab prestress level, 

and joint hardware a r rangeme n t are established , a structura l 

analysis i s performed. The a na l ys i s requi res the val ue of 

effective mi d- sl ab pres t r es s as an input. Al t er nati ve ly , a 

minimum l evel of mid-sl ab pr estr e ss value may be ass ume d in t h e 

s t ructural ana lysis . The str uc t ural a na lysi s comp u t es fatig ue 

c onsumpt ion d ue t o edge s tres ses at mid-sl a b . I f f a tig ue con

sumpt ion is more than 100 pe r cen t , the des ign process is 

r epeate d using a l a rger s lab t h ickness . 

This repor t pr esents a t h ickness d es i gn proced ur e for pre

str e sse d concrete pave ments. Factor s cons i d e red in develop ing 

the proced ure inc lude traffic load i ng, t emperat ure and moisture 

varia tions in concrete s lab, loss of s ubba s e support , prop e rties 

o f c oncr e te, s ub ba s e and subgrade , and e ffecti ve mid-slab 

prestress. 

DESIGN PROCEDURE 

A c omp ut e rize d program for th ickness d e sign of prestressed 

p avements is p resented. Requir ed pa ement thickness is a func

tion o f stresses resulting from traffic loads, temperature and 

moistur e variations, los s of subbase support , and mid-sla b 

effective prestr ess. Summation of these stresses is balanced 

against fat ig ue consumed to obtain a pavement designed to r e sist 

bottom flex ural crack i ng . 
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An accep t able criterion for design based on deflection is 

not available. Therefore, deflections are not comp uted. How

ever, it is recognized that prestressed concrete pavements are 

thinner than conventional concrete pavements. For this reason, 

it is recommended that high quality stabilized subbases be 

specified for use with prestressed pavements. 

Procedures used for computing stresses and decisions 

regarding inputs are discussed. A program users manual and 

program listing are presented in the Appendix. 

Traffic Load Stresses 

A finite element computer program for analysis of slabs on 

a Winkler (liquid) foundation was used to compute moments for 

the case of edge loading. These moments expressed as a function 

of the radius of relative stiffness ( ~ are stored in this com

puter program. They are used together with a coefficient to 

determine edge stresses resulting from loads located at or 

inward from the pavement edge. The program also considers 

optional use of a tied concrete shoulder with a variable input 

for load transfer efficiency at the longitudinal joint. 

Slab width is 12 ft (3.66 m) and length is sufficient to 

represent a very long slab. Either a single or a tandem axle 

load configuration may be selected as input. However, wheel 

imprint dimensions and wheel and axle spacings are constant. 

Dimensions selected for tandem axle loading are shown in Fig. 2. 

For single axle loading, wheel imprint size and spacings are the 

same. 

Moments at the pavement edge due to loads at the edge are 

given by the following equations. 

For a single-axle load, 

M = 483 34
• 

P
18,000 

(.Q,)0.S711 in -lb (1) 

where: M = bending moment at edge 

.Q, = radius of relative stiffness of pavement, in 

.Q, = 4 /

V 12 

Eh 3 

(l-~ 2) k 
(2) 
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o 

o 

Dimensions in Inche s 

Figure 2 - Tandem Axle Load Con f igurat ion 

-5



where: 	 E = Modulus of elasticity o f concrete, psi 
h = slab thi ckness, in 

~ Poisson's ratio = 0.15::: 

k = modulus of subgrade react ion , psi 

For a tandem-axle load: 

M ::: 185.14 P ( ~ )0.8197 in -lb ( 3)36,000 

Moment equa t i ons are based on the assumpti o n of loss of 

subbase support for a 20-in (508 rnrn) distance inward from the 

pavement edge. This adjustment is made to recognize upward s l ab 

warping due to moisture differentials. 

Load stress, a L , is determined by the equation: 

a 6M P = ) C psi 	 (4 ) L h2 18,000 n e 

where: 	 P = single-axle or tandem-axle load, lb 

n = 1 for 	single-axle load 

n = 2 for tandem-axle load 

C = load placement coefficient 
e 

Load placement coefficients shown in Fig. 3 are provided as 

program input. These coefficients are used to reduce stress at 

the pavement edge when loads are applied in wheel paths located 

inward from the edge. 

Equation 4 for load stress, a L , can be further modified 

to incorporate the contribution of a tied-shoulder. This is 

done by using the following equation: 

P 1 
18,000 n ) Ce 1 + JE ) psi (4 a) 

where: JE = joint efficiency 

deflection at shoulder side of joint
JE deflection at main pavement side of joint 

Traffic Characteristics 

Axle-loads and lateral placement of loads across the pave

ment during different periods of the day are program inputs. 
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1.0 

o t = 8 in , k =500 pc i 
• t = 8 in, k=300 pc i 
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0.6 

0.4 

0.2 

o ~--------~--------~--------~--------~ o 10 20 30 40 

Distance From Pavement Edge to Outer Ti re Imprint, in 

Figure 3 - Load Placement Coefficient , C 
e 
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Curling s t resses vary during the day and maximum curling 

stres s es ex ist for only short durations. Therefore, traffic 

distribution during the day is required to equate maximum 

stresses to number of load applications during selected time 

periods. T ime periods and traffic during the selected periods 

are program inputs. 

States accumulate traffic loadometer data in the format 

used in Federal Highway Administration W4 loadometer tables. 

These tables tabulate number of axles observed within load 

groups, and are generally reported for 2,000 lb (18 kN) incre

ments. Traffic projections are made for design periods that 

usually range from 20 to 40 years for concrete pavements. 

A recommended lateral distribution of traffic is shown in 

Table 1. These values were selected based on information 

obtained by Emery. (1) Traffic volume is subdivided with 

respect to time of day. A recommended distribution is given in 

the use r s manual. 

TABLE 1 - LATERAL LOAD DISTRIBUTION 

Distance from Outside 
Wheel to Pavement Edge, in Truck Traffic, % 

0 6 
6-12 

12-18 
18-24 
24- 30 
30- 36 

20 
20 
25 
15 
10 

5 

Tempe rature Effects 

Curling stres ses develop in a slab when temper a t ures vary 

with depth. Dur ing daytime, when the top surf ace is wa rme r th an 

t he bo ttom, tens ile s tresses develop at the slab bottom. During 

ni g httime , wh en tempe r at ur e gradients are reversed , tensi l e 

stres ses devel op at s l a b top. For stress calcula t i o ns , it is 

ge ne r ally assume d that the t emperature gradient i s l inear . 

Ma ximum gradient is assumed about 3 F/in (0.07 C/ mm ) during 
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daytime and about IF/in (O.02 C/ mrn) during n ighttime . I n 

practice, the temperature distribu t i on i s usually non-l inea r 

and constantly changing. Also, ma x i mum daytime a n d nightt ime 

temperature differentials exist for shor t time d urati o n s . 

Temperature distributions measured at t he AASHTO Ro a d Test (2) 

are shown in Fig. 4. 

Since daily variation of air t e mpe r at ure f ollows an a pp r ox

imate sinusoidal cycle, temperature va ri a ti o ns a t he s a b s ur

face can be assumed sinusoidal. Thi s va r iation c a n be rep r e

sented as (3,4) 

e = e sin (2rrt) ( t: )
T 0 T 

ewhe r e : = temperature at surfac e of slabT 

e = constant = ampli tud e of t he temperature c yc l e a t 
0 

slab surface 

t = time of day (24- hour c lock) 

T = 24 hr 

This equation represents daytime conditions we l l but gi ve s 

an incorrect distribution for nighttime conditions. For ni ght 

time , the amplitude is about one-third of that comp uted usi ng 

this equation. Therefore, for nighttime cond i tions, e is o 

replaced by e~ which is equal to 8 0 /3. Accuracy of night-t i me 

temperature distribution is not as c r itical because these 

stresses are subtracted from load stresses. 

For homogeneous semi-infinite solids whose surface tempera

ture varies sinusoidally, the temperature, e , at any time t z 
on a plane at depth z below the surface is given by 

-13 (2IT te = 8 e sin -8 ) ( 6 ) 
z 0 T 

where: S = zJ+iV """"iiI 

1jJ2 = diffusivity of the material, in 2/ hr 

= 
A 
Yc 
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Figure 4 - Measured Changes in Temperature Distribution 



~ = thermal conductivity of the mat e rial, Btu/hr-ft-F 

y = weight per unit volume of t he material, lb/ft 

c = specific heat of the materi al, Btu/lb-F 

For a con rete slab resting on earth or subbase, Eq. 6 is 

applicable, as diffusivities of the materials a r e similar. 

For concrete: 

~ = 1. 20 Btu/hr-ft-F 

y .- 145 lb/ft 3 

c = 0.22 Btu/lb-F 
1/1 2 :: 5.4168 in 2/hr 

Using t lis procedure, calculated variatio s in temperature 

distribution with time for concrete pavement thicknesses of as 

much as 10 in (254 mm) are shown in Fig. 5. These data are 

more representative of measured field data than the assumption 

of a linear temperature distribution. 

Average slab temperature, 8 M, at time t is obtained by 

integrating Eq. 6 for 8 between 0 and slab thickness, H, and z 
dividing by H. The difference, 8 D , between average slab tem

perature and slab bottom temperature, 8B , is given by: 

8 
D 

- 8 
- M 

_ 8 
B ( 7 ) 

Curling stress at the bottom of the edge of a long slab is 

given by: 

a = (8 )c 

where: a = coefficient of thermal expansion. 

This non-linear temperature distribution formulation is used 

in the computerized design procedure to calculate curling 

stresses. 

Its use requires an input value for e shown in Eq. 5. o 
For United States conditions a recommended value is 30 F; how

ever, other values may be substituted where local information is 

available and conditions are substantially different. 
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Moisture Effects 

Top to bottom variations in pavement moisture content result 

in bottom fiber compressive stresses. Ideally, these stresses 

would be calculated for cyclical seasonal changes in moisture 

content. Calcclated stresses would then be used in the thick

ness design procedure in the same manner as temperature 

stresses. However, only limited data are available regarding 

top to bottom moisture distribution, seasonal moisture varia

tion, or stress magnitude. Friberg(5) and Nagataki (6) report 

that restrained warping strain at slab bottom may be about 150 

millionths. These data are valuable and serve to direct future 

Lesearch , However, for the present it is being assumed that 

warping stresses for 7- and 8-in (178 and 203 mm) thick pave

ments are 190 and 220 psi (1,310 and 1,517 kPa), respectively. 

WatpL.s also results in a loss of support along the pavement 

edge. Loss of support causes an increase in edge stress due to 

traffic l eading. Effects of upward warping on load stress cal

culations are included in Eqs. 1 and 3. 

Subbase Support 

Pavement peLformance is related to the quality of subbase 

and subgrade supp rt. Ideally, as shown in Figure 1, the thick

ness design procedure should also incorporate allowable subbase 

and subgrade deformations as limiting criteria. However, suffi

cient dat~ are not available to develop such criteria for con

crete pavements. Mea Ired concrete pavement deformations are 

influenced by the tempe rature gradient in the concrete at time 

of testing. Therefore, concrete pavement deformation data have 

tc be cOrI f' lated with pa ement temperatures. 

Prestr('ss ed concrete pavements are thinner than conventional 

concrete pil'lements. Thus, subbase support requirements are more 

critical. FDr zero-maintenance projects it is recommended that 

high qualt:! subhase be used with prestressed pavements. Modu

lu~ of sub~[ade leaction at the top of the subbase should be 

about 500 pei (ll57 kPa/cm). 
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Fa,tig e of Concrete 
Flexural fatigue re s e ar c h on concrete has shown that as h 

ratio of flexural str2 s to modulus of rupture decreases, the 

number of stres £ r e p e t Jtions to failure incre a ses . (7) Allow

able load repe t itions r s t e ss ratios between 0.50 and 0. 8 5 

are shown in Tab le 2. (8) These values are used in the p r og r am 

fatigue model. However, at l designer's option other a 10ue 

models may be used as program input. 

Mid-Sla~ P restress 

Mid-slab prestress is comp u ted by accounting for prest e s s 

losses due to tendon friction, concrete shrinkage, concre e 

creep, steel relaxation r and subbase friction restraint. 

Tendon Friction 

Tendon friction results from curvature and wobble. 

Curvature is due to inten t ional and wobble to unintentional 

tendon profile variations , Tendon friction, at' is 

determined from the equation: 

a a pe ( 1 - e - (UK + K~ )) p s i= t 

where: a = end prestress, psi,
pe 

u = curvature friction c oefficient 

x = angular change of tendon from jacking end to 

mid-slab, radians 

K = wobble friction coefficient per foot 

L = slab length, ft 

For straight portions of pavements, intentional angular 

changes are negligible. Therefore, tendon friction can be 

obtained from 

a - (KL)) ps l' 
= 0 1- e 2 (10)(t pe 
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TABLE 2 - STRESS RATIOS AND Al,LOWABLE 
LOAD REPETITIONS 

Stress* 
ratio 

0.51** 
0.52 
0.53 

Allowable 
r epetition 

400, 00 0 
300 , 000 
240 , 00 

S t re s~* 
ra tio 

0 .69* 
0. 70 
0. 71 

Al l ~wable 

t l p t ition 
- -

2, 500 
L, OOO 
1 , 500 

0.54 
0.55 
0.56 

180, 00 0 
130, 000 
100,000 

0.72 
0.73 
0.74 

1,100 
850 
650 

I 0.57 
0.58 
0.59 

75,000 
57,000 
42,000 

0.75 
0.76 
0.77 

490 
360 
270 

0.60 32, 000 0.78 210 
0.61 24 ,000 0.79 16 0 
0.62 18,000 o. 80 1 20 

-

0.63 14,000 0 . 81 90 
0 .64 11,000 0. 82 70 
0 .65 8, 000 0. 83 50 

0. 6 6, 00 0 0. 8 40 
0 .6 7 4 ,5 00 0 85 30 
0.6 8 3,500 

. oad stress divided by modulus of rupture. 
* Unl i mi ted repetitions for stress r atio s of 0 . 50 or less. 
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Concrete Shrinkage 
Prestress loss due to concrete shrinkage, a , is given bys 

the following equation: 

a E psi (11 )= € 
s s s 

where: € = concrete shrinkage strain s 

E = modulus of elasticity of tendon steel, psis 
2= area of tendon per unit width of slab, in 

= area of slab per unit width of slab, in 2 

Concrete Creep 

Prestress loss due to concrete creep, ocr' is given by 

the following equation: 

E A 
a sa = C s psi (12)cr u E pe A 

c c 

where: C = ultimate creep coefficient u 

E = modulus of elasticity of concrete, psi
c 

steel Relaxation 

Prestress loss due to steel relaxation, or' is given by 

the following equation: 

Or = po psi (13 )pe 

where: P = relaxation coefficient for appropriate stress 

level 

Subbase Friction 

Prestress loss due to subbase friction, of' is given by 

the following equation: 

11 sy La = psi (14 )f 288 
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o 
Tijkl 

~ 0 
P 

where: ~ = slab to subbase friction factors 


y = concrete unit weight, lb/ft 3 


L = slab length, ft 

Effective mid-slab prestress, 0p' is given by the 

following equation: 

= cr - 0 r (15 )- 0 

Example calculations for computing prestress losses and mid

slab prestress are given in Table 3. Coefficients and other 

values used for the computations are listed in Table 4. 

PROGRAM FORMULATION 

Total flexural stress at mid-slab edge is computed using 

the following equation. 

(16) 

where: 0 = total flexural stress for the ith axle group
'l'ijkl 

at the jth period of the day of kth month of 

lth year, 

0 = traffic load stress due to the ith axle groupL ijkl 
at the jth period of day of kth month of 

lth year, 

0 = curling stress at the j th period of day of 
Cj kl 

kth month of lth year, 

0 = effective prestress at mid-slab at the jth
P 

period of day of kth month of lth year, 

a 
= warping stress during kth month of lth year.Wkl 
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TABLE 3 - PRESTRESS CALCULATIONS 


. 

Slab Thi Ck n e S"3, i n 8 


Slab Len,] tl'l f t 


7 


250 
 350 


Strand Diame t er, in 
 0.6 0.6 

Strand Fo r c e , kip 41 
 41 


Strand Spacing, n 
 24 
 18 

_c _ -


End of Slab Pre Lr ,,~ ss , psi 
 244 
 285 


Prestress Losses 


Shrinkage, psi 
 6 
 6 


Cr eep, psi 
 4 
 6 


Relaxation, psi 
 20 
 23 


Strand Friction, psi 
 62 


Subbase Frict i on, psi 


39 


100 
 140 


Total Los s e s ~ ,esi 
 237
169 


:---- -.---- -- 

-S l ab Pr es tress, psi 48
75 

t i 

1 in = 25.4 rom 
1 ft = 0.30 rn 
1 kip = 4.448 kN 
1 psi = 6.894 kPa 
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TABLE 4 - PRESTRESS LOSS 

COMPU'l ATION COEFFICIENTS 


-..

It e m Magnitude 

Tendon Ultimate Streng th, psi 270,000 

2Area 0.6 in diameter tendon, in 0.217I 
- 

I- I 

Concrete Creep Coefficient 2,5 

Concrete Shrink age Strain, 150 
millionths 

.-- -
Strand Relaxation Coefficient 
70 percent of Ultimate Stress 0.081
75 percent of Ultimate Stress J 0.10 

Wobble Friction Coefficient per foot 0.0014 

1
Subbase Friction Factor 1 0.8 

1 
Modulus of El c:- ti ci y of Steel, I 

i 28 
million psi 

Modulus of Elasticity of Concrete, 5 
million psi 

I 
1 psi = 6.894 kPa 
1 in = 25.4 mm 
1 ft = 0.30 m 

-19



Anticipated number of repetitions, Ni , of stress of mag

nitude aT is determined. Then, the allowable number of 
ij kl 

stress repetitions , NN., of magnitude aT is calculated 
I 

i J kl 
using the fatigue model. Fal ~ gue consumption, F., due to 

I 

repeated stress applications of magnitude aT is obtained 
ijkl 

as follows: 

N. 
I 

(17)F i = NN. 
1 

Total fa.tigue l ' lSullI p Li n n , F ' during the design periodTOT 
is obtained by S ll J 1W i ng j ~ ti g ue consumed by load repetitions for 

each stress levpJ. ':,\nd 1. B gI ven by 

(18)F'l'o'r ;, 

I _ t al fat i gue c o nsump tion at the end of the design per iod 

i s ] ';:> 8 S ..1an 100 pe r c ent. , the thickness obtained meets design 

cri.teria. 

DESIGN EXAMPLE 

Thickness design of a prestressed pavement for a heavily 

trafficked highway in central Illinois is presented. The high 

volume of .eavy loads used is representative of traffic at 

locations where the concept of zero-maintenance pavements is 

applicab l e, The concept of "zero-maintenance" implies use of a 

premium pavement at locations where higher first costs is 

justified by a reduction in future costs due to repairs, user 

travel delays, and accidents. 

The design procedure may be used to determine pavement 

thickness for any traffic mix. However, use of a thickness 

less than 6-in (152 mm) may not be practical as the space 

necessary for placing joint hardware such as nchors, seal 

holders, load transfer devices, reinforcement, and posit i on ing 

bars may not be available. 
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Project Traffic Dar: 

Traffic distn ution used '!V a s ('jetermined from data (~lt.ained 

from fie 1 d sur v (~ is and i t e r vi e Ws by Dar t e r d nd Bar (: n b et g. (9) 

Average daily traffic f II:" t he desiqn period was selected a s 6000 

vehicles per day. 

Def 0n life - 20 ye a rs 

S ; ngle ~~le lo- ~ d istribution during design period: 

Number 

"[ --20 80,422 

20- 22 62,144 

/ "- 24 25,589 


4 26 8,530 

, ~ lj-2 8 3,,65 6 

':' - 30 1 ,.2 J9 

\ 11,- 32 1.-09 

\ / - 34 1 13 


'1' ar ! ~~1 ~ load distribut i l r ( lr ing design period ~ 

. J :...-.!Q~.~-, ki p N II bet:- - - .

3 .. - 4 0 29, 14 4 

41) - 4 2 11 , 5 7 6 

42 - 44 4,874 

4 4 ···46 3,656 

46 -- 48 1,828 

48- . 0 1,219 

5 0-:i 2 1,219 

5 2-5 4 609 

54 -S 6 183 


~te .~ _., 1 l!r o~r li e ~ 

Cn )t 1 _t e mo Dlus of elasticity = 5,000,000 psi 

Cr !1 12 . modulus of rupture = 700 psi 

/.1<;. :1, ti C: o f c: ubba se reaction = 500 pci 
2= 5.24 in /hr 

:: _I ' , f lC j :n t ( ) f thermal 

2 . pansion of concrete = 0.000005 in lin IF 

Pr e s 1- 5 5 

: £f e c t i ve mid-slab prestress = 50 psi 
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cl 

tress 

thi c k sl a b = 190 psi 

fer In t h ick s l ab = 220 psi 

. .:;1...1 s ub tained using t he compute t:'ogram .:e I r ' nted 

5 b Tt 'I ness I Joint Effici e ncy, 'I t.igue r~ ons me 
i percen t per ' e nt 

7 0 2,0 7 
60 1 

0 0 3 E 

- i1 3 S d pn abo \ ... results a 7-in (178 mrn ) ncre e pave-

m 1 'i t 1 t' d t;, nc rete shoulder or an 8- i n .! 0 3 crn) th i c k 

v n. nt a i e d concrete shoulder may b~ used. 

SUMMARY 

A Ler' e1 1~s lgn procedure fo r p r e st r esse concrete 

pave n p ese : ed The pr ocedure i s based f exural 

s ~r e na l ~i s a rd r eve n on of bottom transverse crack ing a 

S:::..:lt ed p. L p resen., on l y . im i ted da ta are a va i l a ble to 

det- va 1 e s fc r tempe r.a tur e cycle arnpli tud , e0' and 

wat ~ r ..:. t.:ai1t stress. The r e fore, r ecomme nded d e s i.g n values 

rna ' be The desi gn pr ocedure is simple t o us e a nd can be 

im ~ern immedia t ely. 
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APPENDIX 

USER'S MANUAL AND PROGRAM LISl lNG 

PROGRAM PCP (Pres tressed Concr_~~c> P ...i v e ment) 

USER'S MANUAL 

Data Card 1 

~~ROB I 


NPROB = number of problems 

h e follo l ing set of cards are repeated NPROB times. 

Data Ca d 2 

[1:' I T LE (20 ) 
20A4 


TITLE (1) to TITLE (20) = problem title 


Data Card 3 

AL ALPHA H U DIFUS 

FlO.2 F10.2 F10.2 F '_0 • 2 F10.2 


Ed . = slab length, f t 
ALPHA == coefficient of thermal expansion, in lin IF 
H -. initial slab thickness. If NSUBP~ (data card 10) 

i s greater than one, slab thi ·.kness is incremented 
b y 1. a inch. 

U == Po isson's ratio for concrete 
DI FUS = diffusivity of concrete, in 2/h0ur (see text for 

explanation) 

Data _a r d 4 

TRAF TC GROWTH NYEARS NTAXLE NTEMP NLOC 1
~F_l_O_.__2__+-F_l_O__.2_ ~____I_5__~______~___I_S_· __~____~______~___I_5__~_~ 

TRAFIC = 1.0 
· R )WTH == percent traffic growth per year 

NY P'JI ,8 -. design per iod, years. NYEARS e'Juals one if NPROP = 1 
NAXLE = numb .~r of single axle load types 
NTAXLE == number of tandem axle load type~ 
NP08 = number of lateral positions for wheel loads 
NPROP == o if different material properties and temperature 

values are used for each month of the year 
= 1 i f material properties and temperature values are 

same for each month of the year 

-24



NTEMP = 	number of periods during the day. If each period 
is 4 hours, then NTEMP equals 6. Th is option is 
used to compute the approprinte curling stress for 
each period. 

NLOC = 	0 (zero) 

Data Ca rd 5 (Repeat for 1=1 to NPOS tim~ s ) 

[PPP(I) COEFF(I) 

F10.2 F10.2 


--~------------~-----------------

PPP (I) = 	 fraction of traffic along lateral position 1 . For 
example, if first l ateral p C:3 ition bet \/een edge 
and 6 in inward from edge as 20 percent of 
traffic, then PPP (1) equals o . '.0 . 

COEFF(I) = 	 coefficient to compute edge S 55 f or wheel 
position inward from edge. [JI e ~ mp l ~ . for first 
lateral position between e( q~ ~n~ ; in inwa rd 
from edge, coefficient eq a la F c t he second 
lateral position between 6 in and 1 2 i n inward 
from edge, coefficient eq uals 0.75. Se e te t for 
more details. 

Data Card 6 (Repeat for 1=1 to NAXLE times) 

PP (I)[1(1)
F1O.2 F10.2 

P (I) = single axle load type 1, lb 

PP (I) = total number of axle loads of type 1 per year 
= total number of axle loads of type I for the design 

period if NYEARS equals 1. 

Data Card 7 (Repeat for I=l to NTAXLE times) 

TT (1)II (I)
FlO.2 F10.2 

T (I) = tandem axle load type 1, lb 
II (1) = total number of axle loads of type I per year 

= total number of axle loads of type I for the design 
period if NYEARS equals 1. 
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----------------------------

(If NTEMP (data card 4) is greater than eight, 
continue on second card) 

I
I TRT ' MP (l ) t o TRTEMP (NTEMP) 

8F 1 0. 2 

TRTEMP(I) = 	f r a c t ion of truck traffic du r ing period I of the 
da y . I f each period is 4 hours long, then the fir s t 
peri o d would be from mi d- night to 4 hours (on the 24 
hour clock). TRTEMP(l) is the fracti n of traffic 
that i s o n the road during that peri o~. TRTEMP(2) 
is the fraction of traf f ic on the roa d between 4 
hours and 8 hours. An example of the traffic 
breakdown during a day i s given below 

Period, I Time (24-hour c l o c k) TRTEMP (I) 

1 0 to 4 0.05 
2 <1 to 8 0.20 
3 8 to 12 0.25 
4 12 to 16 0.25 
5 16 to 20 0.20 
6 20 to 24 0.05 

Da t e=, Card 9 (Repeat for each month of th e year if NPROP (data 
card 4) is equal to O. If NPROP equals 1 v only 
one card is needed.) 

[EM(I)
FIO.2 

SIGW(I) 
FIO.2 

THETA(I) 
FIO.2 

TMAX(I) 
FIO.2 

DTEMP(l,I) 
FIO.2 

DTEMP(2,I) 
FIO.2 

RM (I) = modulus of rupture of concrete, psi 
E (I) = modulus of elasticity of concrete, psi 
AK (I) = modulus of subgrade reaction for the Ith month, psi 
SIGW (I) = warping restraint stress for the Ith mont h , psi 
'rHE 'rA (I) = amplitude of temperature cycle at slab surface in 

degrees Fahrenheit if non-linear temperatu r e 
distribution is used. See text for detail s . 

TMAX (I) = time on 24-hour clock when maximum temperature 
occurs at slab top for month I. If maximum 
temperature occurs at 2 p.m., then TMAX(I) equals 
14.0. 

DTEMP(l,I) = Maximum daytime temperature difference in degrees 
Fahrenheit between slab top and slab bottom during 
month I of the year if linear temperature distri 
bution is used. 

DTEMP(2,I) = Maximum nighttime temperature difference in degrees 
Fahrenheit between slab top and slab bottom during 
month I of the year if linear temperature distri 
bution is used. DTEMP(2,I) is a negative value. 

NOTE: 	 If linear temperature distribution is considered, then 
NSUBR (data card 10) should equal 1. The solution is 
found individually for each slab thickness as DTEMP(l,I) 
and DTEMP(2,I) would vary with thickness. 
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Data Card 10 

PRESTR 	 FATIGE NSUBPR 

F1O.2 F10.2 
 15 

PRESTR = 	initial value of effective prestress at mid-slab, psi. 
If NPST is greater than 1, the prestress value is incre
mented by 10 psi. 

FATIGE = 1~0 if a fatigue model is input (see Note 1 below) 
= 2.0 if program dependent fatigue model is used (see 

Note 2 below) 
AA 	 = constant described below 
BB = constant described below 
NSUBPR = number of different slab thickness values to be con

sidered. Thickness value is incremented by 1.0 in 
each time if NSUBPR is greater than 1. 

NFAT == 1.0 
NPST = number of different mid-slab prestress values to be 

considered. Prestress value is incremented by 10 psi 
each time if NPST is greater than 1. 

NLNR = 1 if non-linear temperature distribution in the slab is 
considered. 

= 2 if linear temperature distribution is considered. 
NOTES: 
(1) 	 The fatigue model is of the following form: 


log N = AA + BB (Combined Stress/Modulus of Rupture) 

where N = allowable number of stress applications equal in 


magnitude to the combined stress 
AA, BB = constants determined from laboratory fatigue tests 

(2) 	 Program dependent fatigue model is as follows: 
log N = 11.829 - 12.195 (Combined Stress/Modulus of Rupture) 

Data Card 11 

DECYJEIYJE 
F10.2 F10.2 

YJE = initial joint efficiency when tied-shoulder is con
sidered 

DECYJE = percent decrease in joint efficiency per year if NYEARS 
is greater than 1. 

Typical input and output are given in the following pages. 
The output contains a listing of the input and fatigue consump
tion at end of each month for the design period. If NYEARS in 
the input equals one, then fatigue consumption is given at end of 
each month for one year. A satisfactory slab thickness is one 
that produces fatigue consumption which is less than 100%. 

-27



1CON CRE TE P AVE MF~T DES luN - BASe d ON EDGE STRESS 

PRES1 ESSED PAVEMENT DESIG N EXAMPLE 
*****.NON- LI NEAR T E MP ER AT IJR[ : I ' ~(;H"i: :!: *:I:H: 

*****SLAE PROPERTIES***** 
SLAB LENGTH~FT=350.00 

ALPHA,IN/IN/OF= .0000050 
DIFFUSjVITY OF CONCRETE= 

SLAB THIC KN ESS1IN= 8.00 
POISSON RATIO= .15 

5.41680 
NO. OF MATERIAL PROPERTIES= 1 

*****TRAFFIC DATA***** 
I ANNUAL TRAFFIC OR FACTOR= 1.00 ANNUAL TRAFFIC GROWTH= 0 

N DESIGN PERIOD,YR= 1OJ 
I NO.OF SAL TY PES= 9 NO. OF TAL TYPES= 9 

LATERA L POSI TIDN S= 4 DAILY TRAFFIC PERIODS= 6 

~ A TERAL POSITI ON FRA CTIOH OF ~RAFFI C STR ESS COEFFI CI ENT 
1 .20 1.00 

'1 '7 co.20 I oJt- o 

3 . 25 .50 
4 • 15 .40 

SAL,LBS NO OF AXLESIFRACTION) 

34000.00 183.00 


32000.00 609.00 

- 30000.00 1219.00 


28000.00 3656.00 

26000.00 8530.00 

24000.00 25589.00 

22000.00 62144.00 

20000.00 80422.00 


http:80422.00
http:20000.00
http:62144.00
http:22000.00
http:25589.00
http:24000.00
http:26000.00
http:28000.00
http:30000.00
http:32000.00
http:34000.00
http:LENGTH~FT=350.00


TAL,LBS NO OF AXLE5(FRACTION) 
56000.00 183.00 

:)4000.00 6i)9.00 
~j 2000. 00 1219.00 
~.}OOOO. 00 1219.00 
48000 .. 00 1\i:~ 8 .00 

..., ". I r ....46000. 00 jC),)O.V\} 


'H 0 00.00 4874.00 

42000.00 1 i::i 76 ~0() 


40000.00 29244.00 

r") c· TRAFFIC DISTRIBUTION DURING DAY= .05 .20 • 2~':'; .':J .::0 c 0~5 

JOINT EFFICIENCY ALONG LONG JOINT= 0 

DECREASE IN JE ALONG LONG JNT /YEAR= 0 


I t10NTH R~ E K SIGW THETA fHAX DTEMP(DAY) DTEMP(NGT)
N 
<.0 700.0 5000000.0 500.0 220.0 30.0 14.0 18.0 -6.0 
I 

*t*t*FATIGUE CURVE DATA*t*tt 
FATIGUE MODEL= 2.0 
CONSTANT AA= 11.82900 CONSTANT BB= -12.19500 

LONGITUDINAL PRESTRESS AT MIDLENGTH= 50.00 


t****UHEEL LOADS AT MIDSLABtt***** 


YEAR NUMBER= 1 ANNUAL TI~AFFIC Ol~ FACTOI~= 1J) 

PERCENT FATIGUE CONSUMED= 3. 0 6.0 9.0 11. 9 14.9 1;1 • 9 ,;;.0.9 '3.7 •. 0 L:. , ::, e 


m 

http:29244.00
http:40000.00
http:42000.00
http:56000.00


PROGRAM PCP - LISTING 


10 C I PROGRAM THICK (KEYBRD,CONSOL,TAPE5=KEYBRD,TAPE6=CONSOL) 

20 C PRESTRESSED PAVEMENT THICKNESS DESIGN 

30 DIMENSION FF(12),TITlE(20),SIGU(12) 

40 C 

50 COMMON/ONE/AK(12),E(12),RM(12),H,U,P(10),COEFF(10),SIGL(12,10,10), 

60 1 NAXlE,T(10),SIGT(12,10,10),NTAXLE,TT(10),NPOS,COEF2(10) 

70 COM MON IT U 0 / S I G C C ( 12,12) , N TE MP , DTE MP ( 2 , 12) , ALPHA, DI FUS , THETA (12) , 

80 1 THAX(12),NLNR 

90 COMMON/FOUR/SIGDAY ,PP(10),TRAFIC,GRO~rH 


100 COHMON/FIVE/PPP(10),FATIGE,AA,BB,TRAF,TRTEMP(12) 

110 COMMON/SIX/NYEARS,NPROP 

120 C 

130 C READ(S,.) NPROB 

140 READ(S,501) NPROB 

150 501 FORMAT(I5) 

160 DO 100 NPR=l,NPROB 

170 REA D(5, °196) (TI TL I:: (1) , 1:= 1 ,20) 

180 196 FORMAT(20A4) 

190 WRITE(6,35) 

200 WI~ITE(6,101) 


210 101 FORMAT( ~ I~, ~ CONCRETE PAVEMENT DESIGN - BASED ON EDGE STRESS ' ,! ) 

220 C READ(5,.) AL,ALPHA,H,U,DIFUS 


(S,C OR RETURN» 
230 READ(5,502) AL,ALPHA,H,U,DIFUS 
240 502 FORMAT(8Fl0.2) 
250 C READ(5,.) TRAFIC,GROUTH,NYEARS,NAXLE,NTAXLE,NPOS,NPROP,NTEMP,NLOC 
260 READ(5,503)TRAFIC,GROUTH,NYEARS,NAXlE,NTAXlE,NPOS,NPROP,NTEMP,NLOC 
270 503 FORMAT(2Fl0.2,8IS) 
280 DO 14 1=1, NPOS 
290 C REA D ( 5 , * ) P P P ( I ) , CO EF F ( 1 ) , CO EI ~ 2 ( I ) 
300 READ(5,S02) PPP(I),COEFF(I),COEF2(1) 
310 14 CONTINUE 
320 DO 5 I=I,NAXLE 
330 C READ(S,.) P(I),PP(I) 
340 REA D ( S , 50:2) P ( 1) , I:'P ( I ) 
350 5 CONTINUE 
360 DO H 1::: °1, NT AXLE 
370 C READ(S,*> T(I),TTO) 
380 READ(5,502) T(I),TT(I) 
390 B CONTINUE 
400 C READ(5,:+:) ITRTEMP(Il ,1 :=1 ,NTEi'1F') 
410 READ(5,S02) (TRTEMP(Il,I ::: l,NTEMF'l 
420 DO 10 1=1,12 
430 IF(NPROF'.ElLL(~N[t.L6T.1) GO TO 1°1 
440 C REA 0 ( 5 , *) R M ( I ) , E ( I ) , M( ( I ) , S I G W (I ) , THEr A ( Il , TI1 A X ( II , Ii TE ~l F' ( 1 , I ) I 

(S,C OR RETURN» 

-30



PROGRAM PCP - LISTING (CONTINUED) 


450 C * DHMP(2~I) 


460 RE A D ( :5 , 502 )I~ II( 1) , E ( I ) , t~ K ( I ) , SI G U (I ) , T H ET A ( 1) , TIl A X ( I ) , DTE IIF' ( "I , 1) , 


470 * [lTEMP(2,I) 

480 GO TO 10 

490 11 RM(I)=RM(l) 

500 E ( 1) =E ( 1 ) 
510 M( I):::AI-« 1) 

520 SIGtJ(l)=SIGW(I) 

530 THETA(!)=THETA( "I) 

540 HIAX(I) :=TMAX(I) 

5S0 DTEMP(I,I>=IITEMP(I,1> 

560 DTEMP(2,I)=IITEMP(2,1) 

570 10 CONTINUE 

580 C READ(S,*) PRESTR,FATIGE,AA,BB,NSUBPR,NFAT,NPST,NLNR 

590 REA[I(5,504)PRESTR,FATIGE,AA,BB,NSU£WI~,FiH,Nf'ST,NLNR 


600 504 FORMAT(4Fl0.2,4I5) 

610 C READ(S,.) YJE,DECYJE,XJE,DECXJE 

620 READ(S,502) YJE,DECYJE,XJE,DECXJE 

630 C 

640 URI TE (6 , 1 9?l (TI T L E (II-() , 11-( =1 ,20) 

650 197 FORMAT(' ' ,20A4) 

660 C NONL=1 


(S,C OR RETURN) :> 
670 C IF(NLNR.EU.3) NONL=2 
680 C DO 410 NNLNR=I,NONL 
690 C IF(NNLNR.EQ.1.AND.NONL.EIl.2) NLNR=1 
700 C IF(NNLNR.EQ.2.AND.NONL.EQ.2) NLNR=2 
710 IF(NLNR.EIl.l) URITE<6,411) 
720 411 FORMAT( ' ' , '* ****NON-LINEAR TEMPERATURE**********'/) 
730 IF(NLNR.EIl.2) URITE(6,412) 
740 412 FORMAT( ! ' , ' *****LINEAR TEMPERATURE**************'/) 
750 C 
760 00 311 NPS=I,NPST 
770 00 211 NFT=I,NFAT 
780 DO 210 NSUB=I,NSUBPR 
790 IF ( N FT • E G. 1 . AND. NPS. E(L 1 ) UI" ITE ( 6 ,3) AL, H, ALPH A, U, (I IFUS, NPI,OF' 
800 3 FORMAT( ' ' ,I ' ' , '* ****SLAB PROPERTIES***** ' I 
810 ' ' , ' SLAB LENGTH,FT= ' ,F6.2,5X,'SLAB THICKNESS,IN= ', F5.21 
820 2 ' ' , ' ALPHA,IN/INIOF=',F9.7,5X, ' POISSON RATIO=' ,F4.21 
830 3 ' ','OIFFUSIVITY OF CONCRETE= ' ,F8.5/ 
840 4 ' ','NO. OF MATERIAL PROPERTIES=',I2/) 
850 IF(NSUB.EG.1.ANO.NFT.EQ.1.AND.NPS.EQ.l )60 TO 903 
860 GO TO 901 
870 903 URITE(6,9) TRAFIC,GRDWTH,NYEARS,NAXLE,NTAXLE,NPOS,NTEMP 
880 9 FORMAT(' ','*****TRAFFIC DATA*****'I 

(S,C OR RETURN) 
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PROGRAM PCP - I,ISTING (CONTINUED) 


I 

1390 1 / " , -' ANNUAL TRMFIC OR f 'IUOH ::: " ,Fl0 . 2 ,~,) X , 


900 2 ' ANNUAL TRAFFIC GROW IH=' ,F 4.1/' ' , ' DESIGN PERIOD,YR= ' ,I2! 

910 3 ' 'v'NO.OF SAL TYPES ~', I 2 , 5 X, ' NO . OF TAL TYPES= ' ,I21 

920 4 ' ' , ' LATERAL POSITI ONS ',I ~ , ~X , ' DAILY TRAFFIC PERIODS= ' ,I2/) 

930 IJRITE(6,16) (I,PPP II),L OEH(Il, =l,NF'OS) 

940 16 FORMATI ' ', ' LATERAL PUS 1 IN Fk' CfIDN OFfRAFFIC ' ,3X, 

95 0 ' STRESS COEFFICIENT ' I ' 6X,1 2,16 X,F5.2,15X,F4.2)) 

960 IJRITEI6,3S) 

970 35 FORMATI' ' ,I) 

980 IJRITEI6,4) IP(l),PF'( l) , I =- I, N XL!: ) 

990 4 FORMAT( "" , "SAL,L li5 , IX,' NO uF AX LESIFI~A C TION) ' ,I 


1000 1 ' ' ,IF8.2,13X,F12 ~ ) ) 

'\ 01 0 IJ RITE I 6 1 44 ) I T I I ), rI I ) , I =1f NlA XLE ) 
"1020 44 FORMATI " ", , "TAL,L B. " , /X , ' NO ()F AX L E S(FI~ACTIOI\ll " ,1 

1030 ' " ,IF8.2,13X,F1 2.2) ) 
'\040 WRITE(6,622) ITR TE t1ti l Il ,1 ::::1 ,N TEi P) 
1050 622 FORMATI' ' ,'TRAFF IC DI,T RIBUT I ON DURING DAY =' ,10IF4.2,4 X)) 
1060 WRITE(o,231) YJE,D ECYJE 
1070 231 FORMATI ' ' ,I, ' OIN T EFFICIENCY ALONG LONG JOINT=' ,F5.21 J 

1080 ' ' , ' DECREASE IN JE AL ONG LONG JNf IYEAR= ' ,F5.2/) 
1090 901 CONTINUE 
1100 IJRITEI6,35) 
IS,C OR RETURN) 
1110 Il=12 
'\120 UINPR()P.EI1. '\) 11=1 
'I 1 30 IF IN FT • EQ • 1 • AND. NP S • Ea. 1 ) IJ RIT EI 6 , 6 )( I , R f1 I I ) , E I I ) , Af( I I ) , SI G W III , 
1140 * THETAII),TMAXII),DTEMPll , 1),DTEMPI2,1),1=-1 ,II) 
1, 50 6 FORMATI ' ' , ' MONTH ' ,4 X, ' RM ' ,llX, ' E' ,11X, ' K' ,9X, ' SIGW / ,8X, ' THE fA' , 
1100 * 8X ,' TMAX ' ,5X, ' DTEMPIDA Y)' ,3X, ' DTEMP(NGT) ' 1 
' 1 0 2 ' ' , 113,5X,8IF9.1,3X))) 
l iR O IF<FATIGE.EQ.2.0) AA=11.829 
1 190 IFIFATIGE.Ea.2.0) BB=-12.195 
12 0 IFIFATIGE.EQ.3.0) AA=14. 428 
12 0 IFIFATIGE.EO.3.0) B8=-14. 286 
122 IFINSUB.GT.l) GO TO 902 
23 0 I FIN SUB PR • E (]. '\ •I~N D • N F' S • Ea. 1 ) IJI\ ITE I6 , 1 071 FIH I G E ,A A , BB 

I ' 40 107 FORMATI ' ',I, ' ' , ' *****FATIGUE CURVE DATA***** ' I 
1)50 1 ' ' , ' FATIGUE MODEL= ' ,F4.11 
12 60 2 ' ' , ' CONSTANT AA= ' ,Fl0.5,5X, ' CONS 'fAN 'f BB=' ,Fl0.5/ ) 
127 0 IJRITEI6,1171 fRESTR 
1 80 11 7 FORHATI' ' I ' ' ,'LONGITUDINAL PR ESTRESS AT MIDLENGTH= ' ,F6.2/) 
'1290 C 
1 00 902 CONTINUE 
'13 10 C 
1320 WRITEI6,35) 
(S, C OR RETURN» 
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PROGRAM PCP - LISTING {CONTINUED) 


1330 DO 300 111=1,2 
1340 FFF=O.O 
1350 IF(III.EQ.1) PRES=PRESIR 
1360 IF(III.EG.l) WRITEI6~302) 
'1370 :102 FOR HAT ( .' ", ~*~::f:**W HEEL LOADS r! T MI [IS Lr~B:t: *:1:** ~:: I:.' I) 

1380 IFIIII.EQ.2.AND.NLOC.EQ.0) GO TO 300 
1390 IF(III.EQ.2) PRES=O.O 
1400 IFIIII.EQ.2) URITE(6,301) 
1410 301 FORMAT( ' / ,~*****UHEEL L!JADS AT TRANSVERSE JDIN1(CRACK)** ~;) 

'1420 IF(NF'S.GT.1.0R.NFT.GT.1> GO TO 555 
1430 CALL SIGLD(III) 
1440 CALL SIGCRL 
1450 555 CONTINUE 
1460 C 
4/0 DO 20 II=1,NYEARS 

480 X X J E =X.J EI: ( '1 - DEC X.J f/ 100* (II-I ) , 

490 YYJE=YJEt(I-DECY JE/100*(II-1)) 

500 IFIIII.Ea.l) XY JE=YYJE 

510 IF(III.EG.21 XYJE=XXJE 

520 1 F ( X Y J E • L E • 0 • 0) XYJ E:= 0 • 0 

530 XYJE=1 I( 1.0+XYJE) 

540 TRAF=lRAFIC*(1.0+GROUIH/100.0)**II 


(S,C OR RETURN) > 
'1550 WRITE(6~ '10 ') II, IRAF 
'1560 105 FORMAT( ····· ,.Yt~ r·~ R NuMBm= ··· ~I3,5X,.·· ANNUAL TRr~FFIC Ol~ FACTOf\:=·v e? l) 
'1570 'T R A F =T R A F I 1 2 • ij 
'1580 DO 21 1=1,12 
'1590 DO 621 I TEMP= 1, NTEMP 
'1600 C CALCULATE FOR SINGLE AXLE LOADS 
1610 C 
'1620 DO 30 J=I,NAXLE 
'1630 DO 30 K'~l, NF'DS 
1640 SIGDAY=SIGL(I,J,KI*XYJE+SIGCC(I,ITEMPI-F'RES-SIGU(II 
'1650 IF(SIGDAY.LT .1.0) SIGDAY=I. ·O 
'1660 C 
'1670 CALL MINER ( II,I,J,K,F,l,IIEMP) 
'1680 F~F=FFF+F 

'1690 C 
'1700 30 CONTINUE 
1710 C 
'Il20 C CALCULATE FOR TANDEM AXLE LOADS 
'1730 C 
'1740 003 '1 J:=I,NTAXLE 
'1750 DO 31 K=1,NPOS 
'1760 SIGDAY =SIG 'fII,J,K)*XYJE+SIGCC(I,ITEMPI-PRES-SIGW(II 
(S,C C'R RETURN» 
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PROGRAM PCP - LISTING (CONTINUED) 


'1770 IFISIGDAY.LT.1.0) SIGDM==:1.0 
1780 C 
'1790 CALL MINERIII,I,J,K,F,2,ITEMP) 
'1800 FFF=FFFH 
1810 C 
1820 31 CONTINUE 
'1830 C 
1840 621 CONTINUE 
1850 FF(I)~FFF*100.0 

1860 C 
1870 21 CONTINUE 
'1880 WRITEI6,'ll0) (FFIMN),MN :=1,12) 
1890 110 FORMATI' ', ' PERCENf FAfIGUE CONSUHED=',12IF7.1,lX» 
1900 20 CONTINUE 
'1910 C 
'1920 URITE(6,3S) 
1930 300 CONTINUE 
1940 H=H+l.0 
'1950 [10 6~'l'l 156::'1, '12 
'1960 IF(NPROF'.EfJ.l.AND.I~S6.GT.I) GU TO 6:210 
1970 IF(NLNR.EO.2.AND.NSUB.LT.N5UBPR)READ(5 1 *)DTEMP(1,I56),DTEMP(2,156) 
'1980 C IF(NLNR.EO.2.AND.NSUB.LT.NSUBPR)READ(S,502)DTEMP(1,I56),D'fEMP(2,I5 
(S,C OR RETURN) > 
'1990 C :+:6) 

:~OOO GO TO 6211 
2010 6210 DTEHPI 'I ,156) =DTEMP 11,1 ) 
2020 DTEMP(2,I56)=DTEMP(2,1 ) 
2030 6211 CONTI NUE 
2040 210 CONTINUE 
2050 H=H-1 .0 *:NSU BF'R 
2060 IF(NFT.EG.l) FATIGE=2.0 
2070 IF(NFT.EO.2) FA 'fIGE=3.0 
2080 211 CONTINUE 
:~090 PRESfR=PRESTR+l0.0 
2100 311 CONTINUE 
2110 PRESTR=PRESTR-l0.0*NPST 
2120 410 CONTINUE 
2130 100 CONTINUE 
:2140 C 
2150 ENlt 
2160 SUBROUTINE SIGLDIIII) 
2170 C 
2180 C 
:~ 'I 90 CO MI'I ON / ONE / f~K ( 12) , E ( 1 2) , R M ( 1 2 ) , H , U , F' I 'I 0 ) , C ol~n I 1 () ,S I GLl1 2 , 1 0, 10 ) , 
2200 1 NAXLE,T(10),SIGTI12,10,10),NTAXLE,TT(10),NF'OS,COEF2110) 
(5,C OR RETURN» 
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PROGRAM PCP - LISTING (CONTINUED) 


2210 COHMON/SIX/NYEARS,NPROP 
2220 C 
:2230 C WR I T E ( 6 , 5!:i ) 
2240 C 55 FORMAT( / / ,/ ' ','MONTH ' ,2 X , ~ AXLE LU AD ' ,2X, 
2250 C * ' STRESS DISTRIBUTIO N ACROSS PAVEMENT/,ll 
n60 C 
2270 DO 10 1=1,12 
:.?2 B 0 RADL=(E(II*(H**3.01/ (12.0*(t .0 - U**2.0 )*AK(I» ) ) **0.25 
2290 C EaN BELOW IS FOR EDGE STRESS, 20 IN. LOSS OF SUPPORT 
2300 IF(III.Ea.l I AMOM=483.34t(RADL**O.5711) 
2310 C EaN BELOW IS FOR JOINT STRESS, FLAT SLAB 
2320 IF(III.EQ.21 AMOM=133.91*(RADL**O.8107) 
:~ 3 3 0 SIGMA=6.0*AMOM/(H**2.0 1 
2340 C 
2350 C FOR TANDEM AXLES 
2360 C EaN BELOW IS FOR EDGE STRESS, 20 IN. LOSS OF SUP PORT 
2370 IF(III.EQ.l I BMOM=185.14*(RADL**0.81971 
2380 C EliN BELOW IS FOR JOINT STRES S, FLAf SLA B 
2390 IF(III.EQ.2) BMOM=110.32*(RADL**O.90901 
2400 SIGMB=6.0*BMOM/(Ht*2.0) 
:?410 C 
2420 C CALCULATE FOR SINGLE AXLES 
(S,C OR RETURN I >

2430 DO 11 J= 1 , NAXLE 
2440 SIGJ=SIGMAt(P(JI/18000.0) 
2450 C 
2460 DO 30 1( ::: t ,NPOS 
2470 IF ( II I • Eli. 1) C() £1= =C0EF F ( I{ I 
2480 IF(III.EQ.21 COEF=C()EF2(K) 
2490 30 SIGL(I,J,K'=COEF*SIGJ 
2500 C IF(I.GT.l) GO TO 11 
2510 C URITE(6,20) I,P(J) ,(SIGL(I,J,K),K~ 1 ,NPOS) 
2520 C 20 FORMAT( ' ' ,15,5X,IOF10.1) 
2530 11 CONTINUE 
2540 C 
2550 C CALCULATE FOR TANDEM AXLES 
2560 DO 12 J= 1, NTAXLE 
2570 SIGJ=SIGMB*(TeJ)/36000.0 ) 
2580 DO 31 K= 1,NP()S 
2590 IF(IILEQ.I) COEF=CUEI:F(IO 
2600 IF(III.EQ.2) COEF=COEF2(K) 
2610 31 S I G T ( I , J , K ) =C 0 E I~· :j: SI GJ 

2620 C IF(I.GT.l) GO TO 12 
2630 C WRIT E ( <) , 20) 1, T ( J) , ( S I G T II , J , K ) , K:=1 , NI:' 0 S l 
:2640 12 CONTINUE 
(S,C OR RETURN» 
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PROGRM'l PCP - LL-TJrI ~ (CONTINUED) 

2650 C 
2660 10 CONTINUE 
2670 C WRIH(6,351 
2680 C 
269 11 RETURN 
27 0 END 
2710 !;UBROUT I NE SICiCI~L 

2720 C 
n 3 0 CD M11 0 N I () NEI (~K ( 1 2 I ,E ( 1 2 I ,I~ i1 : 1 :~ ) , H ~ U ; P ( 1 G I r CIl FI~ F ( 1 0 I , 5 [ G L( ·1 2 , 1 0 , 1 0 I , 
27 40 1NA X L E , T ( 10 I , 5 I GT( 1 2, 1 0 , 10 I , II IIH I [ , 1 I ( 10 I ,N FII S • CO U :2 (I 0 I 
2750 COMMON/TWO/S1GCC(12,121,NTEMP,UTEMP( 2,12',AL PHA ,DIFUS,THE1A(12', 
2760 1 TMAX(12),NLNR 
2770 C 
~ ~ .. 0 I F ( N L N R • E Q • 2I GilT 0 9 0 0 
:2 190 DO 500 1=1,12 
. ~ 00 DO 500 IT E11 P= 1,N TEMf' 
~( 10 DIF5=DIFU5**O.5 
:2 8 2 0 TF' RIO II = ( IT Ei·1F' ·-1 I*2 4 • 0/NTI:: MP 
2830 TIME=TPRIOD-(TMAX(11-6.01 
2840 1F(TIME.LT.O.O) TIME ~ TIME+24.0 

1 J 50 ALB=(H/D1FSltO.361801 
~b 60 THETDD=-100.0 
, r- 7 C OR RET UF: N(> 
~87 0 NTIMES=24.0/NTEMP 
28 R D DO 20 NT HI E:::: 1 , N Tl ME S 
2890 AI=THETA(1)/(2.0tALBI 
'2 900 A 2 =E X F ( - A LB II: ( C IJ S ( 0 • 26 1f3f: TI M E._.(-) L D I .- SIN ( 0 • 2 b 1~H TIl1 E .- /1 L8 ) ) 
) ·10 A3=COS(0.2618tTIMlI- SI N(0.2618tTIME) 
~9 2 0 THETAM=Alt(A2 - A31 
2 9 ~ ~ THETAB=THETA(Il*EXP(-ALBlt51N(0.2618tTIME-ALBl 
:29 .1 ) THETAD=THETAM-THETAB 
~9 "0 1F(THETAD.GT . THETDDI THErDD =r H~lAD 

'~ " T1ME=T 1ME+I. 0 
) ,.. 1F(TIME.GT.24.0) TIME=TIME ·-24.0 

CO NTI NUE 
J~i O SIGCC(I,1TEHP1=ALPHAtE i Il tTH ETDD 
t ooo ;iO(; IF(TlME.GT.12.01 SlGLL(1,IrEi1PI=SWCC(I,ITEMI:')13.0 
,(1 10 GO HI 90; 

. 020 900 ' UN 1INU E 
:: : \ 0 [10 6001=1,12 


.~ ) l () DO 60u I H:JIF' =1,NTE::MI:' 

~ ) D IF F :: ( [I IE ~w (I , [).- [I TE i·W ( 2 • I I I / ( iHE M P / 2 • 0 I 

J 0 ' ) TE Mf' =li TE M H ;) i I I +( ITEM F' - 1 I 1:[([ F F 
J Ii 1 , IF ( IT f H P • G T • ( N IF M F n I I T E i'1 F'= II T HI F' ( 1 , I I - ( IT [(1 F' ·- ( N T EMF' ; :2)--1 1+ II I FI~ 

30 UO 600 SIGCC ll ,ITEMPI=ALPHA*E(IltTEMP*O.5 
(5 , ' Of\ F:ETUli Nl ) 
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PROGRAM PCP - LISTING (CONTINUED) 


.3090 901 CONTINUE 
3100 C ~RllE(6,902)lb [ GCCll ,I TEMP),ITEMP=1,NTEMPI 
3110[;902 FORNAT I ' ' ,I, ' ' , ' CURLING STRESS WITH TIME FOR FIR~T MO NTH ' , 
3120 C * I, ' ', 12Fl0.lll) 
3130 RETURN 
3140 END 
3150 SUBROUTINE MINE:R(II,I,..J,K,F,NUM~ITErlF'1 

3160 C 
31 70 CON M 0 NI ON ' i A K ( 1 2 I , Ell 2 ) , /, Mil 2 I ~ Ii , U , F' I10) , CO H FI 'I(l ) , ~3 IGl( 12 , 1 (' , 1 0 I ! 
3180 1 NAXLE,T(1 0), SIGTI12,10,101,NTAXLE,TTll0I,H POS ,COEF211 0 I 
3190 COMMON/FOURISIGDAY ,PF'll0),TRAFIC,GROWTH 
3200 COMMON/FIVE/F'F'PI101,FATIGE,AA,BB,'fRAF,TRTEMPI101 
3210 C 
3220 IF OWM. ELL 1 I AN=TRAI<If'F' IJ IH 'F'P IK H TI,TU"iF' i fH MF' ) 
;3230 IFI ~I U11 • l [I • 2) AN =T R A F:f TTl J ) I: f' f' F' ( K ) :1: TI;: TEMPI I 1EM I:' ) 
3240 C 
3250 IFISIGDAY . LE.IO.5I:RMII»)) F=O.O 
3260 IFI SIG DAY .LE.10.5I:RMII)) GO TO 10 
3270 IFISIGDAY.GT.IO.85:t:RMII») SIGDA)' ::.O.8:5*R~IIIl 

3280 ANNDAY= IAA + BB*ISIGDAY IRMIII» 
3290 ANNDAY=10.0:t::t:ANNDAY 
3300 F=AN/ANNDAY 
(S,C OR RUURN)) 
3310 C 
3320 10 CONTINUE 
3330 RETURN 
3340 END 
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