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I. Introduction 

Hany factors should be considered in designing an "optimal11 

sign. For example, one should consider the different types of 

signs available, the sign material, the location of the sign, the 

size and color of the letters and sign background, etc., However, 

the intent of this study is limited to presenting criteria that 

can be applied in optimizing a sign design when considering the 

safety aspects (size or mass of sign) and cost as related to the 

frequency of occurrence of design winds. The study is constrained 

to presenting information that can be used in existing AASHO 

1* design procedures , with the exception of design wind velocities. 

In other words ,. if improvements can be made to the economic and 

safety aspects of a sign, they will be accomplished by reducing 

the present design wind velocity rather than changing the sign 

type, material, location, etc. 

A formulation of the problem is included in Section III of 

this report in order that one may better understand how the 

equations were developed and may be used. Part A of Section III 

deals with the relation between sign size and frequency of occur-

renee of de~ign winds. Part B deals with cost as related to the 

freqvency of occurrence of design winds. 

It is important that the mea:\linb :Of ''size" as used in this 

study is understood. By size is ·.lte'lll\t the cross-sectional area of 

those members of the sign whose geometry is determined by wind 

loads. For example, the cross-sectional areas of the supports. 

* Superscripts refer to references at the end of the report. 
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wind bPams, Rna sign background, depend on the design wind 

loads. The frontal area of the sign background and the support 

spacing are determined by factors other than design wind loads. 

The present recurrence interval for the design winds on a 

sign as specified by AASHO is 50 years. Designing to these low 

rrol>ahility winds often results in having larger structures than 

needed, and thus a greater safety hazard. In some cases, signs 

have to be 1:emoved or replaced within 5 to 10 years after installa-

tion for reasons other than lvind damage. Another factor to con-

sider when designing a sign is its replacement cost after being 

blown down. If the replacement cost is small compared to the 

initial cost, it may be advantageous to reduce the recurrence 

interval of design winds. These and other factors are considered 

in this study and are discussed in more detail in Sections III 

and IV. 

Obtaining optimum criteria when safety is involved is 

difficult, if not impossible. However, the information contained 

in this study will afford the user with data to aid him in arriv-

ing at a more satisfactory design within the boundaries of his 

particular situation. 

The study relies heavily on information obtained from a report 

2 by Hr. H. C. S. Thorn, Chief Climatolog1.-st, Office of Climatology, 

U. S. Weather Bureau. In his report, Mr. Thorn took the records 

of 141 open-country stations, with a cumulative total of about 

1,700 years of records averaging about 15 years per station, and, 



through statistical analysis, arrived at distributions of extreme 

winds in the United States. The data obtained from Mr. Thorn's 

rcpoLt w0re invaluable. 
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II. Assum:!_)tions 

1. The assumption is made that the sign's design loads consist 

of ~vind forces only. For most roadside signs, this assunption 

is acceptable. However, in the large overhead bridge signs, the 

live and dead loads (as defined by AASHO) have a larger influence 

on the size structure required and the assumption would likely be 

unacceptable in these cases. 

2. As the sign is designed for higher probability winds (lo··~er 

velocities) its size (or mass) and stiffness is reduced. In so 

doing, the critical wind speed at which resonance occurs may fall 

below the recommended value as determined in this study. No 

provisions are made for that possibility, i. e.~ it 

is assumed that resonance will not occur below the recommended 

design wind velocity. The validity of this assumption will 

depend to a large degree on a particular sign's geometric con­

figuration, including the support spacing 9 the type of support 

used, and the type of sign background. 

3. With regard to Assumption 2, it is also assumed that the 

stiffness is such that fatigue is not a problem. Again, the 

validity of this assumption depends on the geometric configura­

tion of the sign and the material used. 

4. It is assumed that a sign will blow down or experience a 

structural failure when subjected to the wind velocity for which 

it was designed. This assumption applies to the present design 

and to the reduced design sign, with both types being designed 
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according to AASHO procedures, including safety factors. The 

validity of this assumption is questionable since the safety 

f~ctors referred to sometimes reach a value as large as 1.8. 

However, it is not the purpose of this study to investigate the 

use of safety factors. 

5. It is assumed that the replacement cost, due to a wind 

5 

load failure, of the currently used sign equals the replacement 

cost of the reduced design for the same type failure. If a built­

in failure mechanism could be incorporated in the reduced design 

its replacement cost would likely fall below the currently used 

design and, in turn, enhance the use of the reduced design. 

6. It is assumed that the yearly maintenance cost is independent 

of sign size (as defined previously). 
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III. FORHULATION OF PROBLEM 

A. Size 

In Mr. Thorn's paper, an equation was presented for determin-

ing the probability F(X) of given wind speed X occurring at any 

given geographical location. 

F(X) = e 
[-X/B]-G 

(1) 

In this equation, the value of B and G are found by imposing 

the houndary conditions. 

and 

@ X= V1 , F(X) = 0.50 

@ X = V2, F(X) = 0.98 

These boundary conditions render two equations in terms of B and 

G and upon solving yields 

lln ~) 
\-3.54 

B = v1 (.694) 

and G = -3.54/ln (~~I 
where 

v
1 

= Extreme mile wind velocity that occurs during an 

average ·2 year period. 

v
2 

= Extreme mile wind velocity that occurs during an 

average 50 )'eax ;·<:~r-i::>tt: · 

The average recurrence interval R can be found by the 



relationship 

R = 1/[1-F(X)] (2) 

For exan1p1e, if, for a given ratio v
1
;v

2 
and a velocity x. the 

probability F(X) = 0.90, the recurrence interv::~l R would be 

R = 1/(1-.9) = 10 years 

i.e., one could expect the wind to reach the velocity X once in 

a mean lC year· period. 

Taking the natural logarithm of both sine~ of Equation 1 

anrl solvine for X yields: 

X= B(-ln F)-l/G (3) 

where F = F(X) 

The widely accepted equation for the force, Q, on a structure 

due to wind loads is, 

Q = 1/2 CpX
2 (4) 

where C is a constant determined by the shape factor and gust 

load factor and p equals the mass density of the air. 

Substituting Equation 3 into Equation 4 yields 

Q = 1/2 CpB2 (-ln F)-2/G (5) 

Thus~ for a given structure and v
1
;v

2 
ratio, it can be seen 

that the forces or loads on the structures are proportional to 

-2/G 
(-Jn F) • 
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The size, or weight, Wt of an elastic structure is 

re]ared to the applied loads and in the present case, 

(6) 

(The symbol ""'"means proportional.) 

where the exponent f is dependent on the nw.nner in which the 

structure resists the loads and the type member used. For most 

roadside sign configurations, the wind loads are resisted by bend-

ing in the supports. Consider a member as shown in Figure 1, 

1~-b----~i 
----------, -r-.=- ·--' 1 

l K1(b) 

j__ [~--;~:-=--~ l 
FIGURE 1 

2 
The cross sectional area A = b (2K

3 
+ K1K2 - 2K2K

3
) and section 

modulus S is 

s "" 

M The bending stress ab = S' where M equals the bending moment. 

Let ab = aD where oD is the design stress. 
M Then S = -. 
aD 

If th~ factors, K1 , K
2 

and K
3 

remain constant as the moment 

(M) varies, then S and A are proportional to b 3 and b
2

, respec-

tiv~ly. This is obviously not possible in some cases with 



available commercial sizes, however, for the purpose of this 

example, this assumption is made. 

The following proportionalities exist: 

S "' M 

therefore, 

b 3 "' (-ln F)-2/G 

since the moment H "'Q = (-ln F)-2/G. 

Then, 

Since the weight/unit length W is proportional to the area A, 

Thus, 

f = 2/3 

In fact, f = 2/3 for any cross section in which the area is 

2 proportional to b and the section modulus is proportional to 

b3• For instance, a rectangular sectinn in bending as shown 

in Figure 2, 

1+--- b 

r ---- ---, -r-
K (b) 

l -------------

FIGURE 2 

would have f = 2/3, provided K
1 

remains constant as the cross 

section is varied. 
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For members subjected to axial loads, f = 1.0 since the 

area is directly proportional to the load. 

t..Jith the factor "f" and Equation 6, the relative size of 

a structure as the probability F is varied can now be investi-

gated. 

As a general case, let F be the probability factor for 
p 

which the signs in a particular area are being designed. The 

question is: What percent reduction can one expect in the sign 

size if the probability factor is reduced to F? If r represents 

the percent reduction, we get, using Equation 6, 

\ 

100 
f ~(-ln F )-2/G l f - ((ln F)-2/G 1 f l 

------- _ _p_ _____ ---·----------- ----- ---~-\ r = 

' 1(-lnF)-2/G)f f 
l 1. p 

or 

100% r~- ( ln F } -_2f/G (7) r = ln F p 

A relationship between F and R can be obtained from Equation 2, 

R-1 
F = F(X) = R (8) 

Using this value ofF in Equation 7, one obtains a relation 

between the percent reduction r and the recurrence J.uterval· R, 

l-( ln ¥ r = 100% 1 R _1 
ln ..J?....:._ 

R .. 
p 

(9) 

w·here R is the ~~ind recurrence intervalif-.or Hhich the signs exe 
p 

presently being designed. 
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As an example, the curves in Figure 3 represent a plot of 

Equation 9, with the following values used: 

R =50 years (i.e., the present sign's design life 
p 

is 50 years) • 

f = 0.667 (bending loads). 

and V1/v2 = 0.20, (G = 2.19). 

V1/V2 = 0.40, (G = 3.86). 

V1/V2 = 0.60, (G = 6.92). 

V1/V2 = 0.80, (G = 15.85). 

If, for instance, a sign is in an area where the ratio of 

v1;v2 equals 0.60 and one wishes to redesign to a recurrence 

interval of 10 years, the percent reduction in the 50 year design 

~muld be 27.2%. By design is meant the size (refer to p<.:ge 1 for 

definition of size). 
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B. Cost 

It has been shown ~hat reductions in size can be 

expected as the sign is designed for higher probability 

winds. The effects on sign cost of designing for higher 

probability winds will now be considered. 

Following is a list of factors considered, in addition 

to those in part III-A, and an explanation of each: 

CI - Initial cost of the sign r.,-:i.th r2duc.:cl .~esip,H 

life, i.e., t~e cost ·bf:.nOd on the reduced 

design life R. 

c1p -Initial cost of the sign now being used, i.e., 

the cost based on the present design life R • 
p 

Initial cost includes material, fabrication, 

and installation cost. 

A - Useful life of sign - defined as the length of 

time the sign, whether the present design or the 

reduced design, will normally remain in place, 

assuming no wind damage. At the end of its 

useful life, the sign will either be replaced or 

removed entirely. Useful life E not to be con-

fused with "design life" or "recurrence interval" 

R as defined previously. 
p 

B. - Replacement factor - defined as the ratio of the 

cost required to replace a blown-down sign to thP 

initial sign cost. 

B = Cos_~~-~o-~rep_!.B:c~­
Initial Cost 



- Cost function - a function which relates the 

initial cost of a sign to the size of the sign. 

I - Interest rate - used to discount to the present 

all costs occurring in future periods. 

K - Maintenance factor - defined as the ratio of the 
p 

yearly maintenance cost to the sign's initial 

cost. 

K1 - Salvage factor - defined as the ratio of the 

salvage value of the sign with reduced design 

at end of its useful life to its initial cost. 

_ Sal'!_?&.~_V_9._l_ue_of _Redt!._c_ed Design Sign 
Kl - Initial Cost of Reduced Design Sign 

K2 - Salvage factor of present design 

_ Sal_~e Value of J:>resen~ __ S_ign ____ _ 
K2 - Initial Cost of Present Sign 

In order to have a basis for comparison, total sign 

cost as used in this report will refer to all sign costs 

j_ncurred during the useful life of the sign. The total cost 

related to the present design and the reduced design will 

be computed and the resu.lts compared to show the percent 

c'.if f erence. 



Consider the cost function as shown in Figure 4. It 

CI 

'I 
I 

t 
r 

Cip 

1- ~- ~-CI = ¢(\V} 

can be shown 

- ___ _!__ --

w 

FIGURE 4 

I 
~~------->-
w 

p 

by use of Equation 9 that 

w 

where H is the present sign's size and H is the reduced 
p 

desizn size~ Then, 

r w = ~1 (l - 100) p 

c1 and CT can now be expressed as, 
-P 

¢[H r 
CI = (1 - --)] 

p 100 
(10) 

and 

Cip = ¢(t.r ) p 
(11) 

CR and CRp are now defined as the replacement cost 

occurring over the useful life of the reduced design and 

15 
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the present design, respectively. Then, 

A P(B)(CI) 
CR =I: 

(1 + I)J 
(12) 

J = 1 

=~ P (B) (CI ) 

CRp 
_..E._ ___ :I>_ 

L (1 + I) J 
(13) 

J = 1 

where P 1 =- = 
R 

probability of the reduced wind velocity 

occurring in any one year, 

and P 
p 

1 =- = 
R 

probability of the present design \.Jind velocity 

occurring in any one year. 

If these values of P and P are submitted into Equations 
p 

12 and 13, respectively 9 and the equations are simplified, 

the follm.Jing equations are determined. 

B CI ~ 
c --- \ 

R R L 
J = 1 

A 
= B cip \ 

R I 

p 
J = 1 

1 

1 

(1 + I).J 

(14) 

(15) 

C is defined as the naintenance cost of the mp 

sign presently being used. As mentioned earlier, the assump-

tion is made that the maintenance cost of the reduced design 

also equals 

c 
mp 

c mp 

A 

= L 
J = 1 

C is then computed as, mp 

K CI p p 

(1 + I)J 

A 

= K C \ 
p Ip L 

J = 1 

(16) 
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C and C are defined, tespectively, as the salvage s sp 

values of the reduced design and the present design, at 

the end of their useful life. C and C are then 
s sp 

determined by the equations, 

c = Kl CI [ ~~~)d s (17) 

and 

c = K2 CT 
[ (1 ~ I)A J sp -P 

(18) 

a. Reduced Design. Let Ct denote the total cost of the 

reduced design occurring over its useful life. Then, 

(19) 

Note: The cost involved in salvaging the sign may 

exceed its salvage value :i.n which case C \·JOuld be nega­
s 

tive, ,.,hich would then result in an additional cost. 

If values from Equations 10, 14, 16 and 17 are 

substituted for their equivalent in Equation 19, 

K 
(E) - l Al+ K Clp (}:) 

<i+r> ~~ P 

If the relation for c
1

p from Equation 11 is s•.·':>­

stituted into the above equ:ttion, the fOllowing relation 



b. 

is obtained. 

+ <I> (\v ) K (E)' 
p p 

(20) 

where 

A 
\ 

L: = \ 
(__ 

J = 1 

Present Design. 

1 

Let C denote the total cost of the tp 

present design occurring over its useful life. Then, 

(21) 

18 

If values from Equations 11, 15, 16 and 18 are sub-

stituted for the equivalent values in Equation 21, 

= <P (W ) 
p 

~-1 + ! (E) + Kp (E) -
- p 

(22) 

A ratio of re;:!uced :J.esign to present design cost can 

-] 

nm·J be obtained frpm Equations 20 and 22. If Z denotes thL 

ratio, 

(23) 

TI-:14 \'"alues of Ct and C from Equations 20 and 22, 
tp 



substituted into Equation 23 yeilds 

r B K1 
Z = <P(Wp ~- 100)] ~~~-~-~E) - (1 + I)AJ'+ <P~}~~~~ 

B K2 
<P (W ) [1 + R (E) + K (E) - _ _:;;.___,_ 

p p p (1 + I)A (24) 

Thus, for a given cost function cjJ and values of A, B, I, 

K1 , K2, Wp, f, G, and R , the ratio z can be found as a p 

function of the recurrence interval R of the design wind 

velocity. 

m If <P was of the form <P = KW , Equation 24 could be 

altered as follmvs. The term 

r 
<P(W (l - 100)] 

__ .Q. ·- ··-- ----

<P{W) 
p 

would simplify to 

K(W )n (1 - l~O)n __p ____________ _ 

K(W )n 
p 

r n = (l - 100) 

K 

19 

p~ 

Substituting the above relationship into Equation 24 yeilds: 

r n B K1 
(1 - -) [1 + :;:; (E) ----·-·A ] +I~ (l:) 

100 " (1 + I) P z = ------- --·-----·----··---- --·-·- ----·-·---

1 + ~ (E) + K (E) -R p 
p 

(25) 

If the value of r from Equation 9 is substituted into Equa-

tion 25, the following relation is obtained. 

(~~ ~~~~l-7/G Kl 

z = ln ~--- -- ... I_!_: j-_(:) __ -____ ((':€J)~-- ~- K_£ __ (_E!__ 

1 + !_ (~) + K (E) - Kz 
R p -------

p (1 + I)A (26) 



Thus, Equation 26 is a special form of Equ!ltion 24 when 

¢ is of the form KWn. 

20 

If the percent change in cost is lvanted, the following 

relationship is used: 

zp = (1 - z) 100% 
•'-

(27) 

where Z is obtained from either Equation 24 or 26. It 

should be noted that a positive ZR indicates the reduced 

design cost is less than the present design, and vice-versa. 

Next, some ex.:u.:?.:i.<..!s >;Jill be ccnsiJerec1. Assurae tile 

follo~ing valu@S are given: 

0.60 (G = 6.92, from Equation for G on 

page ). 

f = 0.667 

R = 50 years 
p 

B = 0.25 

n = 0.50 (i.e., the initial cost varies as the 

square root of the size). 

K1 = K2 = 0 

K = 0.025 
p 

I = 0.0 

The curves of Figure 5 represent a plot of Equation 

27 (using Z from Equation 26) for the given values of the 

parameters and for values of A equal to 5, 10, 20 and 50 

:;ears. The portions of the curves abcve the zero axis 

rep1:esent the percent savings possible in the pr-esent 



design cost as the design life is reduced and the portions 

below· it represent a percent increase. 

The curves of Figures 6, 7 and 8 are similar to those 

in Figure 5 with the following exceptions: 

Figure 6 I = 0.05 

Figure 7 B = 0.50 

Figure 8 B = 0.50 

I = 0.05 

Note: "Design Life" as used in the plots and 

"recurrence interval of design wind velocity" are 

one and the same. 
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IV Discussion of Results 

Tvro basic equations were derived in this study whereby the 

percent change in size (Equation 9) and cost (Equation 27) can 

be co1;1~;mted as a function of the design life (Hhich is equal to 

the recurrence interval of the design wine velocity), provided 

certain parameters are available and provided the previously listed 

assumptions are accepted. Examples of each equation were plott~d 

for selected parameters. The parameters used in the examples were 

chosen for specific reasons: 

1. The 50 year value for the present design life R was 
p 

selected because the design windspeed for signs, as specified 

by AASHO, has a recurrence interval of 50 years. 

2. The factor f = 0.667 was used because most highway signs 

resist the Hind loads by bending in the supports, i.e. , the 

signs a~e of the cantilever type. 

3. A ratio of v
1
1v

2 
equal to 0.6 was selected because this is 

representative of a considerable area of the United States 

(see Figures 2 and 3 of reference 2). 

4. A non-linear relationship bet\17ee.n initial cost and size 

of the form ¢ = KH0 •5 was used since it is believed that thio; 

type of relationship will approximate the actual cost function 

of most highway signs, especially the larger types of roadside 

signs. For example, if the mass of reduced design is 80% of 

the pr.~sent·· design mass, the percent reduction in initial cos~ 

u0~~ld be C1"1mputed as follows: 

initial cost of present sigr: 



27 

~ = K(.8W )' 5 =initial cost of reduced sign 
2 p 

Therefore % reduction in cost = 
KYl .S- K(.8W )' 5 

p -- · 1?__ X 100% 
KW .5 

p 

= [1- (.8)' 5] X 100% 

= 10.5% 

5. A replacement factor, B, equal to 0.25 was used in the 

belief that it is a reasonable value for the ratio of cost 

to replace a blown-down sign to initial cost of the sign. 

The curves of Figures 7 and 8, based on B = 0.50, were 

included for comparative purposes. 

6. The particular values of K1 , K2 and Kp were chosen, again, 

because it is felt that these values are representative of most 

signs. 

The curves of Figure 3 show the percent change in size for 

four different ratios of V/V2 as the design life is reduced. As 

is evident, the smaller the ratio of V 1/V 2 the larger the reduction 

in size. Areas along the coastline, where tropical storms are 

expected to occur on the average of once in a 40 or 50 year 

period, have the lower v
1
tv2 ratios and could therefore realize 

substantial reductions in sign size by reducing the 50-year design 

Jife to a lower value. In areas where the average yearly wind speed 

is not much less than the 50-year wind, the reduction in size would 

not be as great. 

From the curves of Figures 5, 6, 7 and 8 it can be seen, for 

certai:: values of the parameters, that reductions in cost can be 



realized as the design life is reduced. For example, from Figu:re 

5, with the useful life "A" equal to 5 years, a 5.6% reduction in 

coot can be realized if the 50 year design life is reduced to 12-

years, provided the parameters used are acceptable. This 12 year 

design life \·Tould .. be optimum from an economic standpoint, i.e., 

this is the point of maximum savings. For a 12 year design life, 

the corresponding reduction in size would be 24.5% (from Fieure 3 

with v11v2 = 0.60). If safety is of primary concern, the same 

sign could be designed for a 3 3/4 year life (from Figure 5), 
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with no change in the 50 year design cost, but with a 41% reduction 

in size (from Figure 3). The choice would be up to the agency 

concerned. 

Figures 5, 6, 7 and 8 also shoT-J that for certain values of 

the parameters, the optimum design life is actually the present 

design life, i.e., 50 years. In fact, for some cases, the 

optimum design life from an economic standpoint may go beyond 

the 50 year value. This possibility was not investigated. 

Figure 6 is similar to Figure 5 except the interest rate 

"I" equals 5% instead of 0%. A comparison of Figures 5 and 6 shc~·!S 

the effect of discounting to the present, at the rate of 5%, all 

costs Hhich will occur in the future. 

Table I summarizes the· results of Figures 5 and 6 . and in 

c.ddition includes a summary for interest rates of 1.0, 3.0 and 

7. C~{. 

The curves of Figures 7 and 8 ~..rere included for comparative 

pm~poses. These curves represent data similar to Figures 5 ann 6 



except the replacement factor B "ras set equal to 0. 50. The 

effect of increasing B from 0.25 to 0.50 is quite pronounced. 

It i':' therefore important s \vhen economizing, to keep the "blow 

down" replacement cost small. For more on this I!latter, see 

Assumption L~ on page 4. :· 

A computer program was written to use in evaluating Equations 

9 and 27. This program and the instructions for its use are 

included in the Appendix of this report. 
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L'\IEREST 

RATE 

(%) 

0 

LO 

3.0 

5.0 

I 

I 
I 

I 
I 

USEFUL 

LIFE 

(YEARS) 

5 

10 

20 

50 

5 

10 

20 

50 

5 

10 

20 

50 

5 

10 

20 

50 

I 5 

\ 10 

7.0 ! 20 

I L 50 

TABU: I SL~A'IT OF EX.;MPLE RESL'LTS 

The va.luc-s shc'"'-n are 3.11 based on the following conJit.i.Du.a: 

"/"z - o.6o 

a - o.25 
f - 0.667 

n • 0.50 

K1 •Kz.•O 

K • 0.025 
p 

R • 50 
p 

0 P T I M lJ M D E S I G N 
~ -------------

11 SAFETY* 

I 

DESIGX LIFE 

(YEARS) 

12 

22 

46 

so 

10 

22 

42 

50 

10 

20 

34 

50 

9 

18 

28 

42 

9 

16 

24 

32 

ECO;,<OXIC 

COST REDGCfiON 

I (%) 

5.7 

1.7 

0.02 

0 

5.9 

2.0 

0.09 

0 

6.3 

2.5 

0.4 

0 

6.7 

3.0 

0.9 

0.08 

7.1 

3.5 

1.5 

0.6 

r---------.------~,-------~* 
SIZE REDlCfiOX**d DESIGN LIFE! I COST Rl:.ilUCTION , SIZE REDUCTION 

II ' 
(%) Jl (YEARS) i (%) I (%) 

24.5 

14.8 

1.6 

0 

27.2 

14.8 

3. 3 

0 

27.2 

16.4 

1.2 

0 

28.7 

18.1 

10.7 

3.3 

II 
il 
I 

!J 
;I 
:J 

3.75 

12.0 

43 

50 

3. 50 

10.75 

35 

50 

I 
I 
I 

i' 3.25 I 
:; 9.5 1· ,, 
i' i! 24 l 
II so 1 ., - l 
jl 
I 
I 
I 

2.75 

7.75 

18 

36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

I 
I 

I 

41 

21,.5 

0 

41.8 

26.2 

6.8 

0 

42.8 

28.0 

13.'• 

0 

44.8 

30.9 

18.1 

6.2 

---

!; 1 2a. 1 H 

20.0 il 
2.50 

6. 50 

14.0 

0 

0 

0 

I 
I 46.2 

33.2 

22.1 
13.4 l'l I 8.3 ! 

I 
n. s 0 I 15 

*Opt~um desig~ from safety standpoint is arbitrarily define~·as the ~um reduction in mass ~th n£ increase io present cost. 

**From Figure 3. 

.., 
0 
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V. Conclu:.oions 

The value of the information contained in this study will 

depend,_to a large degree, on the accuracy of values assigned 

the parameters in a particular situation, i.e., the accuracy of 

estimates for¢, B, I~ etc., and the degree to which the assump-

tions that were made approximate the actual conditions. As men-

tioned previously, the particular parameters chosen to exemplify 

the derived equations were felt to represent an average situation. 

If so, it is evident that the safety and economic aspects of a 

sign can be improved by reducing the design life (recurrence 

interval of design wind velocity). 

In any case, some general conclusions can be drawn from the 

results of this study which will be useful when considering the 

costs of a sign as a function of the sign's design life. It can 

be said, holding all other factors constant, that the sign's cost 

will decrease as: (1) the ratio of the 2 year wind to the 50 

year wind decreases (the same conclusion can also be said of 

the size decrease); (2) the useful life A decreases; (3) the 

replacement cost decreases, i.e., as B is reduced; (4) the 

discount rate I increases; (5) the maintenance cost decreases, 

i.e., asK decreases; and (6) as the salvage value of the 
p 

reduced design increases with respect to the aalvage value of the 

p~esent design, i.e., as K
1 

increases with respect to K2• 

The report has covered the effects of reducing design life 

from present standards. It may be that in some cases~ sign 

cost could be reduced by increasing design life. However, if 



design life increases are contemplated, consideration should 

be given to the effect of such increases on safety. 

An example problem is included in the Appendix (page 40) 

to show how the information contained in this report could be 

cpplied to a given situation. 
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VI Recommendations for Further Research 

Several parameters were considered in this study, e.g., cost 

function ~' replacement factor B~ and useful life A. It is likely 

that additional research will be necessary to properly define these 

parameters. 

In this report no consideration was given to those costs 

incurred by the motorist for the time the sign is dmm from wind 

damage or his cost when colliding ~"ith the sign. These costs 

should be considered in future studies. Consideration should also 

be given to the highway department's costs of repairing signs 

damaged by auto collisions. As the sign's mass is reduced, 

damage to the colliding auto will likely decrease, but the cost 

to repair the sign may increase. 
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APPENDIX A 

This program was written to evaluate Equations 9 and 27 for given 

values of the various parameters. The flow chart appears on page 37, ~ 

Emd the Fortran IV listing appears on page 38. 

The computer notations are related to the symbols used in the 

study as follows: 

VN 

F 

RP 

B 

RATIO 

VKP 

VKl 

VK2 

VI 

A 

GAHNA 

R 

ZRE 

ZRED 

Study Notation 

n 

f 

R p 

B 

A 

G 

R 

r 

z,.., 
!;>_ 

The program, as shown, is set up to furnish the data contained 

in Figures 3, 5 arid 6 and similar data for values of "VI" equal to 

1.0%~ 3.0% and 7.0%. However, the program can easily be altered for 
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any given situation. 

A page of output from this particular program is also included 

on page 39. Note in the first group of numbers of the print-out, 

t!:e value of "VI" appears as -0.01. This is not to say that the 

interest rate was a negative 1.0%. The -0.01 is used for the purposes 

of incrementing the interest rate in the program and where -0.01 

appeAr.c:; in the output the true value is actually zero. 



FLOW DIAGRAM 

VN=0.50, F=0.667, Rp=50.0 
8=0.25, RATI0=0.20, VKP=0.025 
VKI=O.O, VK2=0.0, Vl=-0.01 

COMPUTE RBOT 

COMPUTE GAMMA 

WRITE VN, F, RP, B, RATIO, VKP, 
VKI, VK2, VI, A 

COMPUTE FU2 

COMPUTE RTOP, RSMA, ZRE, FUI, 
ZTOT ZRED 

WRITE R, ZRE, ZRED 
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INCREMENT A 

(-) 

(+) 

INCREMENT RATIO 



$IBFTC MAIN 
WRITE(6,52) 
VN = 0.50 
F = 0.6t.667 
RP = 50.0 
R=0.25 
RATIO = 0.20 
VKP=0.025 
VKl = 0.0 
VK2 = 0.0 
VI = -0.01 
RBOT = -ALOG((RP-1.)/RP) 

10 A = 5.0 
GAMMA = -3.54/ALOG(RATIO) 

1 SUM = 1\ 
2 I~ = 2.0 

WRlT[(6,5ClVN,F,RP,B,RATIO,VKP,VKl,VK2,AtVI 
FU2 = 1. + (1./RP)•B•SU~ + VKP•SUM- VK2*(1./((l.+VIl**A}) 

3 RTOP ~ -ALOG((R-1.)/R) 
RSMA = (RTOP/RROT)••I-2~•F/GA~MA) 
ZRE=100.•11.-RS~A) 
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FUl = 1. + 11./Rl•B•SUM + (1./( IRSMAl*•VN))*VKP*SUM- VK1•(1./((1. 
l + V I l * * A ) ), 

ZTOT = lCO.•(lRSMAl••VN)•(FUl/FU2) 
ZRED ~ (100. - ZTGT) 
WRITE(6v51)R,ZRE,ZREO 
R ::: R + 2. 
IFIRP - R)4,3,3 

4 VI = VI + 0. 02 
IF(.O?- VI)6,5,5 

5 SUM= (((l.+VI)*•A}-1~)/(VI•(l~+VIl••A) 

GO TO 2 
6 A = A + 5.0 

IFt50.-A)8,7,7 
7 VI = -0.01 

GO TO 1 
8 IFIRATIC-.8)9,9,11 
9 RATIO=RATIO+OQ2 

VI=-0.01 
GO TO 10 

50 FORMAT(//20X,3HVN=,F4.1,3X,2HF=,F4.2,3X,3HRP=,F5.1t3X,2HB=,F4.2, 
13X,6HRATIO=,F3.1,3X,4HVKP=,F6.3/20X,4HVKl=,F4.1,3X,4HVK2=,F4.1,3X, 
22HA=,F5.1,3X,3HVI=,F5.2,//} 

51 FORMATI10Xv2HR=,F7.3,15X,5HZRE =,F9.3,15X,5HZREO=,F9.3) 
52 .=ORMAT( lHU 
11 STOP 

END 
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VN= 0.5 F=0.67 RP= 50.0 B=0.25 RATI0=0.2 VKP= 0.025 
VK1= o. VK2= o. A= 5.0 VI=-0.01 

R= 2.000 ZRE = 88.272 ZREO= 40.738 
R= 4.000 ZRE = 80.013 ZREO= 38.1C6 
R= 6.COO ZRE = 73.647 ZREO= 35.192 
R= 8.0GO ZRE = 6R.172 ZRED= 32.407 
R= 10.000 ZRE = 63.255 ZREO= 29.831 
R= 12.CCO ZRE = 58.736 ZRED= 21.454 
R= 14.000 ZRE = 54.519 ZRED= 25.251 
R= 16.000 ZRE = 50.543 ZREO= 23.200 
R= 18.COO ZRE = 46.765 ZREO= 21.279 
R= 20.COO ZRE = 1t3.154 ZREO= 19.471 
R= 22.000 ZRE = 39.686 ZREO= 17.761 
R= 24.000 ZRE = 36.343 ZRED= 16.139 
R= 26.000 ZRE = 33.111 ZRt:O= 14.594 
R= 28.COO ZRE = 29.978 ZRED= 13.117 
R= 30.000 ZRE = 26.933 ZRED= 11.704 
R= 32.000 ZRE = 23.968 ZRED= 10.346 
R= 34.000 ZRE = 21.077 ZRED= 9.039 
R= 36.000 ZRE = 18.253 ZREO= 7.780 
R= 38.000 ZRE = 15.491 ZREO= 6.563 
R= 40.000 ZRE = 12.787 ZRED= 5.386 
R= 1t2.000 ZRE = 10.136 ZRED= 4.245 
R= 44e000 ZRE = 7.534 ZREO= 3.138 
R= 46.000 ZRE = 4.980 ZRED= 2.063 
R= 48.000 ZRE = 2.469 ZREO= 1.018 
R= so.ooo ZRE ::: o. ZREO= o. 

VN= 0.5 F=0 .. 67 RP=; 50.0 8=0.25 RATI0=0.2 VKP= 0.025 
ViH= o. VK2= o. A= 5.0 VI= 0.01 

R= 2.000 ZRE = 88.272 ZREO= 41.378 
R= 4.000 ZRE = 80.013 ZRED= 38.546 
R= 6.000 ZRE = 73.647 ZR£:0= 35.536 
R= 8.000 ZRE = 68.172 ZRED= 32.693 
R= 10.000 ZRE = 63.255 ZREO= 30.075 
R= 12.000 ZRE = 58.736 ZRED= 27.666 
R= 14.COO ZRE = 54.519 ZREO::: 25.438 
R= 16.000 ZRE = 50.543 ZREO::: 23.366 
R= 18.000 ZRE = 46.765 ZRED= 21.426 
R= 20.000 ZRE = 43.154 ZRED= 19.602 
R= 22.000 ZRE = 39.686 ZRED= 17.878 
R= 24.COO ZRE = 36.343 ZRED= 16.243 
R= 26.000 ZRE = 33.111 ZRED= 14.686 
R= 2B.GOO ZRE = 29.978 ZRED= 13 .. 199 

---· "* _____ , ___ ·--

R= 30 .. 000 ZRE = 26 .. 933 ZREO= 11.776 
R= 32.000 ZRE = 23 .. 968 ZRED= 10.409 
R= 34.000 ZRE = 21.077 ZREO= 9.094 
R= 36.000 ZRE = 18 .. 253 ZREO= 7.826 
R= 35.000 ZRE = 15.491 ZREO= 6.602 
R= ItO. coo ZRE = 12.7?.7 ZRED= 5.417 
R= 42.000 ZRE = 10.136 ZRED= 4.270 
R= 44.000 ZRE = 7.534 ZRED= 3.156 
R= 46.000 ZRE = 4.980 ZRED= 2.075 
R= 4?..000 ZRE = 2.469 ZRED= 1.024 



APPENDIX B 

Given: 

An 8' x 16' frontal area sign, as shown in Figure 9. The 

sign is located in southeast Texas where the mean 2-year 

extreme wind velocity is 50 miles per hour, (from R~f~;:Leuce 2, 

Figure 2), and the mean 50-year extreme wind velocity is 90 

miles per hour (from Reference 2, Figure 3, or Reference 1, 

Figure 4). 

Thus 
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The present design life, R , is 50 years as specified by 
p 

AASHO. 

Assumptions: 

The following assumptions are made on this problem and are 

based on "best estimates". 

1. Initial cost of the present sign CI including materials, 

fabrication and installation, is $10.00 per square foot 

of sign frontal area. 

2. The useful life, A~ of the sign is lo years, i.e., within 

10 years after installation, the entire sign structure 

will have to be either removed or replaced. 

3. The replacement factor, B, is 0.25, i.e., the cost to 

replace or repair the sign, if blown dmvn, is 25% of its 

initial cost. This factor is assumed to be applicable 

in both the present design as \vel! as the reduced design. 

4. The cost function, 4>, v7hich relates the initial cost o£ 

the sign to its size (size as defined on page 1), is 

equal to Kw0 · 5• 

5. The interest rate, I, used to discount to the present 

all cost occurring in future periods is 5%. 

6. The maintenance factor, K , is 0. 025, i.e., the yearly 
p 

maintenance cost of the sign, \vhether the present size 

or the reduced size, is equal to 2.5% of the present 

sir,n's initial cost. Maintenance cost includes those 

41 

due to painting and mowin~ around the si~n, rcpnirs ro th£:. 

sign ba~kgronnd, etc. 



7. The salvage factor of the reduced size sign, K1 , and t!1e 

present size K
2

, is zero, i.e., at the end of the useful 

life of either type signs, the salvage value is zero. 

Required: 

Determine an optimum design for this sign based on economic 

considerations. 

Solution: 

The values of Table I, (page 30) can be used to obtain the 

optimum values since they are based on the same conditions that 

exist in this example. For I = 5% and A= 10 years, the optimum 

design life (R),from an economic standpoint, is 18 years. The 

amount of reduction in present cost (ZR) is 3%, and the reduction 

in size or mass of the sign structure (r) is 18.1%. In order to 

realize these reductions in present sign's size and cost, it will 

be necessary to reduce the size of the members in the sign, ~Those 

cross-sectional properties depend upon the magnitude of wind load­

ing, by 18.1%. This will not always be possible with available 

coiTmercinl sizes. However, if consideration is given to the m~ny 

different sign configurations that nm-r exist, it is believed that, 

on the average, the results of the study can be used ir. prac­

tical applications, In those cases where the av::~i 1 ::~l1l e mPmheL 

sizes do not meet the requirements of the situation, it may be 

e~onomically feasible to consider an alternate approach. For 

example, it may be feasible to make a special order for the 

required size, or consider different type members (e.g., channel 

section as opposed to a zee section). 
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It will nm11 be shown how the 3% value for ZR ~laS determined. 

Comput;_<!!=_ion__~J_lni_~ial Cost: 

(a) Present Design 

The initial cost, Clp' of the present design is 

C = ($10.00) X (frontal area of sign) Ip 

c
1

P = (10) (16) (8) = $128o.oo 

Since the cost function 4> is of the form Kw0 · 5, a relation 

between c
1 

and vJ exists, i.e. , 
p p 

Since Clp and Wp are known, the value of K can be found. 

CI 
K = -=""-P-

\-J 0. 5 
p 

(b) Reduced Design 

= 
1280.00 
(H ) • 5 

p 

The initial cost, c
1

, of the reduced design is 

C = KWO.S 
I 

The reduced size t.J is found by, 

Therefore 

H = (1. - .181) (H ) 
p 

.819 H 
p 

CI = ( l?_S_Q_. -) (.819 H ).5 
W .OS 0 

p 

CI = $1157.00 
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The replacement cost of both t~e present design, CRp' 

and the reduced design, CR, over the useful life A of the sign 

is 

1 

CRp = $49.47 

BC
1 

A 

---=1~ = (. 25) (1280) 
(1 + I)J 50 

I 

1 

r
(l. + .05)

10 
-1 

_.05(1 + .05)
10 

- 10 
CR =-- L_ _(_. 25)_ (l!__lli (1. + .05) -1 

R 
1 (1 I)J 18 .05(1 + .05) 10 

J = + 

CR = $124.22 

The maintenance cost, C , for both the present design 
mp 

and the reduced design, over the useful life of the sign, is 

computed by, 

c = mp 

c mp 

A 
K CI \ p PL 

J = 1 

$247.36 

1 = 
(1 + I)J 

( .025) (1280) c1. + .os> 10 -1 I 
.05{1 + .05)

10 J 

The salvage v~lue of both type signs at the end of 

their useful life was assumed to be zero. 

For the present design, the total cost Ctp over the 



useful life of the sign would be, 

ctp = $128o.o + 49.47 + 247.36 - o.oo 

ctp = $1576.83 

For the reduced design, the total cost Ct on the useful 

life of the sign would be, 

+ CR + C mp - c s 

ct = $1157.00 + 124.22 + 247.36 - o.oo 

ct = $1528.58 

The cost reduction, ZR, is determined by 

c - c 1576.83 - 1528.58 z = tp t X 100% = 
R c 1576.83 tp 

z = R 
3.0% 

X 100% 

In this example, the amount of reduction in cost, 

over the useful life of the two type signs, was not too 

great ($1528.58, as opposed to the present cost of $1576.83). 

However, the reduction in size, or mass, of the sign adds 

considerably to the safety aspects of the, sign. If safety 

was of more concern than economy, the mass of this sign could 

be reduced by 30.9% with no change in the present cost (see 

Table I). 
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