vision because the effectiveness of sign copy depends upon what the driver can see. Knowledge is now available from studies of these various factors to set up a method of the size of letters on highway signs. To compute the size of a letter for a highway sign it is neces
Sible to derive methods and formulas for practical determination of the minimu letter size necessary to make them effective under given traffic conditions on the highway. It is obvious that the size of the letters must depend not only on traffic characteristics (since drivers
inations are now agreed upon by state and national highway agencies, these standard color combinations will be assumed in the paper. FUNDAMENTAL FACTORS IN LETTER SIZE On the basis of measurements that have been made of the various factors resulting in
must give the motorist sufficient warning to permit making the maneuver comfortably; and (2) they must be designed so as to gain the motorist's attention. To gain attention (characteristic (2)) is a complex problem which deserves separate treatment and is beyond the sc

and signs. The and usefulness of the highway are increased by proper signs just as the proper use of a mechanical article of merchandise is insured by clear and adequate instructions on the box. There are two characteristics of properly design:
CIVIL ENGINEERS Founded November 5, 1852 PAPERS DESIGN OF SIGN LETTER SIZES BY ADOLPHUS MITCHELL,* Assoc. M. AM. Soc. C. E., AND T. W. FORBES, ESQ. SYNOPSIS There has been a growing interest and attention among traffic engineers, and




ch special application. - Sign Location. The position of the sign on the highway will influence the necessary letter size longitudinally and laterally. In the first place, the sign placed ahead of the hazard will allow the use of a smaller letter size, whereas one at or behind the ha;
tions and another for special conditions, such as suburban and congested urban conditions. At special locations, such as curves, the techniques now in use for speed zoning would be continued. Thus the spot speed check might be replaced by the use of a speed determin
be signed is to be recommended for the design of sign-letter size. Obviously.

s not practicable to make a "spot speed study" at all points along the highway, and since most highways in open country show similar speed characteristics throughout certain sections, it is su
 a similar definition for the design application. This report indicates that at least a 90 percentile speed s desirable. Since the higher percentile value results in a higher speed and a longer warning distance, it represents the conservative choice; and the 90 percentile speed

y be defined as that speed at, or below which, a certain proportion of the vehicles operate at the location in question. The proportion (or percentile speed) used by different engineers has ranged from 80% to 90%, and D. W. Loutzenheiser, Jun. Am. Soc. C. E., in 1940, repo]
S Papers The following sub-factors influence the determination of warning time: Time for the minimum glance, safety factor in case the sign is not seen at the first possible moment, perception-reaction time, and stopping or

time as by



ne to remain in the 10° cone of fairly clear vision up to about 50 ft ahead of the car. Then, assuming a = 10°, Eq. 1 becomes. C = B cot 10° 5.7 B..... (2) From this relationship, if B is 17.5 ft (one half of the 10-ft lane plus a 10-ft shoulder, plus 2.5 ft from the shoulder to the]
s about the land- scape with short quick eye movements, resembling flashes of a highly focused spot light or search light. A practical value for the angle a may be obtained on the basis of allowing two minimum 5° eye movements to the side of the center line of the travel
In the area just outside of this 5°, the degree of clear vision reduces rapidly until at about 10° (5° to either side of the line of sight) there is a sharp break in the acuity curve indicating that in a position more lateral than this, the vision experienced in the periphery of the ey
(1) in which B is the distance in feet from the sign to the center line of the traveled lane. The clearest seeing occurs in a small zone in the center of the visual

which the driver's line of sight must leave the sign and return to the road can be determined; thus: CB cot a....
sition of the sign affects the "cutoff* point of the driver's vision as illustrated in Fig. 1 by the position of vehicle 2. At this point, the line of sight, as the driver is looking at the sign, wil form angle a with the center line of the lane of travel as shown. If the maximum allowable
R SIZES 97 Therefore the distance A may be subtracted or the distance A’ added to the necessary warning distance in deriving the necessary legibility distance. Whether the signs should be placed at position A" or at position A involves the question of attention values,




words: tg N 3 +L.0..... (3) in which N equals the number of familiar words on the sign. If the attention or target value has been properly designed into the sign, the motorist will have seen it before he is able to read it, and Eq. 3, with 2 sec as an absolute minimum, will guaran
e interval as a safety factor in case the sign is not seen at once. The smallest possible safety factor is one 1-sec glance; that is, the minimum reading time is 2 tg, in which t, is the time required for a single glance or 1.0 sec and when signs contain the minimum number of

| and such signs, therefore, are impracticable on high-speed highways. Where they are unavoidable the reading time should be increased by one second for each additional three or four familiar words, thus making allowance for the driver to glance back to the road betweer

ted as the time necessary for a single minimum glance from road to sign and back to the road, allowing the shortest possible glance at both the road and the sign. 8 If more than three familiar words are included in the copy, it has been shown that the time for reading the sig|
which can be read by the ordinary person is from three to four familiar words." This time value results from the fact that it takes approximately 0.2 sec for the eye to stop, focus and read, and another 0.2 sec for the eye to start and move through one of the 5° or 10° jumps
Papers be treated as pure time values and converted into distance values by multiply- ing by the design speed. sec. Minimum Reading Time and Safety Factor.-The shortest possible glance from the road to read the sign and back to the road consumes from 0.6 to 1.0 Duri




or higher final speeds are given elsewhere.” Regardless of the speed at which they are operating or the point at which they begin their deceleration, various motorists whose vehicles were checked give themselves about the same time to decelerate. The motorists traveli
of 8 10 10 sec for comfortable deceleration time on most highways. Since this paper is dealing with the minimum values for necessary warnings, the lower value of 8 sec will be adopted. Deceleration to 20 miles per hr was chosen as being applicable in the majority of hig|
d approximately 10 sec on the average for decelerating from 55 miles to 20 miles per hr. If the deceleration times for lower initial speeds as reported in this study are examined, it will be found that deceleration to 20 miles per hr in each case approximated 8 sec. These
ect lane and to avoid incoming and outgoing vehicles. Somewhat similar conditions hold for inter- sections at grade on low-volume high-speed highways. A report by John Beakey," in which the speed checks were made on vehicles approaching a stop sign at a rural inter:
ns where some drivers are decelerating and turning off while others are going on through the intersection. Obviously, those drivers who wish to turn off must have the time and distance to decelerate comfortably; and at the same time those who proceed at initial velocity
ER SIZES 99 90 will not be far in error to assume a perception-reaction time of 1.5 sec for sign design. Deceleration Time.-Consider a point at which some vehicles are decelerating (case 1) while others are continuing with practically no change of speed. This case is bes




sec? as the vehicle approached the actual stopping point. A report by E. E. Wilson# in 1940 indicates 8.6 ft per sec? to represent a comfortable (average) deceleration as reported by drivers and passengers in stops from 50, 60, and 70 miles per hr. Thus, from 6 to 8 ft per
rist should be adequate under all conditions. Mr. Beakey's study shows a time of 12 sec for a stop from 55 miles per hr, which corresponds to an average deceleration value a of 6.8 ft per sec?. However, the actual instantaneous deceleration from which this average value
to choose a value of deceleration a that will fulfil several conditions. It must result in comfortable stopping, must allow the motorist sufficient warn- ing time, and must fulfil the requirements of safe stopping under adverse surface conditions, such as ice, snow, and wet paver
s initial velocity in miles per hour, V, is the final velocity at deceler- ation (which becomes zero for a stopping distance), and a is the deceleration in feet per second per second. The stopping distance thus becomes: 1.08 VZ; a...(7) To determine comfortable stopping distanc
. Case 2. If the distance necessary to stop comfortably results in a cor- responding stopping time greater than that shown (case 2), the stopping distance may be used for computing the total warning distance. Deceleration and stopping distance is given by the following fan
MANEUVERING OR DECELERATION DISTANCE Papers Case 1.-For this case, utilizing the foregoing values for simple deceleration time, the maneuvering distance D is s follows: D = 1.47 Vt 8 X 147 V..... = () in which V, is the design speed (90 percentile speed of




lacement and design should allow the sign to be read at 810 ft for a design speed of 50 miles per hr, Other values are given in Table 1,
CITY, Vi, IN MILES PER HOUR 30 40 50 60 Enter an intersection at 20 miles per hr. 486 648 810 972 Stop at an intersection... 303 638 932 1,281 « Level grades have been assumed throughout. 11 sec, giving X = 16.2 x V; in miles per hr, or X = 11 x V; in ft per sec.

=1.47 x 115 Vi. X ... (9) in which V; is the sign-design speed of the highway, and T is the total warning time. For convenience, it is suggested that the time value be rounded off to TABLE 1.-TYPICAL WARNING DISTANCES, X,

time, and ta is time. Assuming phrases of not more than three familiar words and substituting the value derived previously, this becomes T = 2.01.5 8.0 11.5 sec. When the sign contains a greater number of words, the

basis upon which they have been derived, it is possible to assemble the factors to yield the total warning time and warning distance, in Figs. 1 and 2. 2 a D C -X- FIG. 2 Center Island Pavement Shoulder A Case 1.-For case 1 the total warning time T is given by T=2t,+j

ER SIZES 101 since this value corresponds to a coefficient of friction of about f = 0.12, it should be adequate for icy conditions. 12 Therefore, the sign design value recommended is a = 4 ft per sec?. WARNING DISTANCE Having now determined all the components of




would call for an absurdly small letter height, the position chosen for locating the sign must be checked. The distance D must be great enough to 14 "Manual on Uniform Traffic Control Devices for Streets and Highways," A.A.S.H.O. and National Conference on Street
H...- (13) in which H s the letter height of that particular design letter needed. Again illustrating, if X = 932 ft, A 400 ft, and a wide letter is to be used: 932 - 400 532 10.6 in., and a 12-in. letter is indicated. Since it H = 50 50 1 is quite possible to locate a sign
50 Dividing the necessary legibility distance (L) by the appropri

- Letter legibility, I, in feet per inch of letter height .33 .42.5 C. D,
(12) Legibility distances for letters of different widths14 have been determined in an extended series of tests

[ thus: L
15 The findings for daylight conditions may be briefly summarized as follows: U. S. standard series B.... Width Narrow.... Medium. Wide
| 1 and 2) and knowing the distance A from the hazard, at which the sign is to be installed, the necessary legibility distance L of the sign is L = X - A= C + D.
X 3.5 +. (11) 4 & in which V, is initial or design speed in miles per hour. As an example, a stop sign, designed for a speed of 50 miles per hr, thus requires a total warning dis- tance of X = 257 +675 : 932 ft (see Table 1). = CHOICE OF LETTER SIZE Having determine
.....(10) in which s is the stopping distance defined by Eq. 7. Substituting the values derived in the foregoing sections: 1.

pers Case 2.- When all cars must stop at or before the hazard, the total warning distance may be computed as follows: D = 1.47 V; (2tg + tp) +s..




er case 1 or case 2. PRACTICAL CONSIDERATIONS Obviously certain practical decisions as to where the sign is to be placed, whether both pre-warning and a sign at the hazard or intersection are necessary, and similar questions must be answered before the necess:
case 1. In both cases, if the reading time is too short, determine A, or the sign location, by reversing the last few steps. Obtain D from Eq. 14, C from Eq. 2, and A = X - (C + D). The sign must be mounted at the position indicated. Finally, compute L and H for the new si
uted from Eq. 11 or Table 1; and A or A'is subtracted or added, respectively. Again suppose itis desired to place the sign 400 ft ahead of the hazard; then L = X - 400 and the letter X 400 height H in which | is legibility distance of the letters to be used.t | Finally, the desi

C by Eq. 2. Then the following condition must hold (see Eq. 13): DL-C 1.47 V; x 2 tg. i For 3-word or 4-word signs this becomes 1.47 V, X 2. For more words, to should be increased as shown in Eq. 3. , 15 Case 2. Where all vehicles must stop, the design speed is deten
ing X from Eq. 9, or reading it from Table 1. If the sign is to be 400 ft ahead of the hazard (A 400 ft. Next obtain the legibility per inch of letter height (1) from the text (see heading "Choice of Letter Siz

15 L X - 400 To check for sufficient reading time, necessary legibility|
ER SIZES 103 allow at least minimum reading time (see Eq. 3). Therefore, from Fig. 2, D= X A —C = X - A - cotan 10°.. - For a sign with three words or less, D = 1.47 V; x 2 tg. - (14) 400) the Case 1. When some cars proceed, some decelerate, but none must stop, thy



oint.
putation of the letter height needed, and a simplified outline of procedure is given in the paper. By use of such a method, itis possible to fit the sign to the highway and the driver and to obtain consistently effective signs for widely varying conditions of velocity and sign o
Papers 90 percentile design speed. The increased waming distance necessary at higher speeds has been provided through the use of driver warning time as the basic consideration. Appropriate braking distances have been introduced where necessary. Table 1 (or Eq




