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eported by WILLIAM E. GRIEB 

id GEORGE WERNER,! 

ighway Research Engineers 

In 1940 the Portland Cement Associa- 

tion, in cooperation with several con- 

sumer agencies, sponsored an investiga- 

tion known as the Long-Time Study of 

Cement Performance in Concrete. 

Twenty-seven cements were selected for 

this study. They represented the princi- 

aal cement producing areas of the United 

States and covered the range of chemical 

composition commonly encountered. 

This included all five ASTM types and 

ur-entraining cements. 

The major objective of the study was to 

arovide a comparison of the performance, 

varticularly with respect to durability, 

af concrete made with these cements. 

omparisons were to be made to deter- 

mine whether durability was related to 

sertain properties of the cements, such 

1s chemical composition or fineness. 

Cements used in this investigation 

were used in an independent study by 

the Bureau of Public Roads. Boxtype 

concrete specimens made with these 

cements were exposed to outdoor weath- 

2ring for more than 15 years. Some of 

» the results of these tests were as follows: 

Concrete made with the Types I, IV, 

and V, and air-entraining cements were, 

in general, more durable than concrete 

prepared with Types I and IIT cements. 

Concrete prepared with cements having 
tricalcium aluminate (C;A) content of 

more than 10 percent had poorer dura- 
bility than concrete made with cements 

having C;A contents of less than 10 
percent. 

Introduction 

'N 1940 the Portland Cement Association 
Sponsored a cooperative investigation known 

The Long Time Study of Cement Performance 

The investigation was designed 
develop information on the performance of 

’ different cements in concrete subjected to 

. Concrete. 

Mr. Werner retired from the Bureau of Public Roads in 
ly 1964. 

JBLIC ROADS e Vol. 33, No 4 
a . a 

Natural Weathering of Concrete Specimens 
Prepared With Cements Used in the 

Lon¢-Time Study 

BY THE MATERIALS RESEARCH DIVISION 

different conditions of natural exposure at 

several locations. The five ASTM types of 

portland cement were included in the study. 

Information on the cements is quoted from the 

10-year report (1) :? 

“The cements were made at representative 

cement plants under good operating condi- 

tions. Free lime in the clinker was uniformly 

low and the finished cements had autoclave 

expansions well below the limits permitted in 

ASTM and other specifications. A crew of 

trained observers was present to record data 

and take samples at various stages of the 

manufacturing process. Twenty-one clinkers 

were made and ground with gypsum to make 

21 cements. In addition, 6 of the 21 clinkers 

were ground with gypsum and an air-entrain- 

ing agent, making 27 test cements in all. 

There were eight cements of Type I composi- 

tion (identified as Nos: 11 to 18, inclusive), 

five of Type II (Nos. 21 to 25, inclusive), three 

of Type III (Nos. 31, 33, and 34), four of 

Type IV (Nos. 41, 42, 48, 43A), and one 

Type V (No. 51). The six air-entraining 
cements are identified by the letter ‘‘T’’ fol- 

lowing the cement number. (The term “air- 

entraining cement’’ had not come into use in 

1939-40 when these cements were manufac- 

tured, and the letter ‘““T’’ was used to indicate 

a “‘treated’’ cement.)”’ 

Two of the Type IV cements, Nos. 43 and 

43A, had different alkali contents, although 

produced by the same plant. 

The Portland Cement Association and other 

cooperating agencies studied the behavior of 

the 27 cements in concrete subjected to dif- 

ferent exposure conditions: (1) Test roads 

constructed in areas having severe, moderate, 

and mild climatic conditions; (2) piling ex- 

posed to sea water or fresh water, in severe or 

mild climates; (3) thin to moderate-sized 

concrete sections exposed to severe natural 

weathering; (4) specimens of near-job-size 

placed in exposure plots, in severe and mild 

climates; and (5) specimens placed in sulfate 

soils in mild climate. Many reports of the 

condition of the concrete for these projects 

have been published (2). 

2 References indicated by italic numbers in parentheses are 

listed on page 67. 

BUREAU OF PUBLIC ROADS 

Summary 

The following is a summary of the observa- 

tions made on specimens prepared with 

cements used in the Long Time Study of 

Cement Performance in Concrete. The sum- 

mary is based principally on the conditions 

of the boxtype specimens at the time of the 

1961 examination. 

e Concretes containing 64% bags of cement 

per cubic yard and having water contents of 

less than 6.0 gallons per bag had excellent 

durability. Only 8 of 54 specimens in this 

category had evidence of serious distress 

after 16 years of exposure. 

e Concretes containing 5% bags of cement 

per cubic yard and approximately 644 gallons 

of water per bag had evidence of serious 

distress in 11 of 27 specimens after 16 years 

of exposure. 

e Concretes containing 4% bags of cement per 

cubic yard and more than 8 gallons of water 

per bag for most of the mixes had evidence of 

serious distress in 19 of 27 specimens after 

12 years of exposure; 13 of the specimens 

had evidence of serious distress after only 3 

years of exposure. 

e The C;A content of the cements appeared 
to have an appreciable effect on the durability 

of the concrete. Omitting the leanest mix of 

about 4% bags per cubic yard, 18 of the 33 

specimens prepared with cements having 

C;A contents of more than 10 percent had 

evidence of significant to severe distress. 

Conversely, only one of the 48 specimens made 

with cements having less than 10 percent C3;A 

had evidence of significant distress. 

e The use of treated (air-entraining) cements 

generally increased the durability of the 

concretes as contrasted with that of similar 

conecretes prepared with the corresponding 

non-air-entraining cements. Although a num- 

ber of the specimens prepared with the 

treated cements were given a poor rating, 

almost all of the disintegration causing such 

a rating occured in the basin of the boxes. 

Specimens prepared with cement No. 11T 

had the highest air content, averaging more 

than 10 percent, but had the second poorest 

average of durability for the treated cements. 

57 



Table 1.—Chemical properties of cements 

[In percentages] 

Alumi- Magne- Potas- Chloro- Computed compound composition 3-4 

Cement No. Silicon num Ferric Calcium om Pius 108 on baw e tare oe pre 

ioxide ! xide xide xide oxide rioxide | ignition ime oxide oxide soluble dioxide oxide oxid (6) g Ss Cos CsA CAF | Casoy 

1 eee ee 20. 71 6.03 2eeu 63. 50 3. 20 1.58 2.07 0. 43 Onn7, 0. 50 0.010 51 21 12 7 2.7% 

1D Fs ee 21.15 6.78 2. 27 63. 25 2. 93 1. 58 122 0.11 0. 26 0. 42 0.008 43 28 14 * 2.7% 

1 Ie fa Reo ba Cn eel 22. 25 4.88 2.07 66. 00 1.03 1.75 1. 60 1. 61 0.09 0.15 0. 008 52 24 9 6 3.0 

Le a re) ae 22. 30 5.14 2. 91 63. 25 2. 32 1.78 1.12 0.19 0.12 1.06 0. 008 43 31 9 9 3.0 | 
TOP eee ee 20. 50 6. 54 2. 36 66. 70 0. 67 1.90 0. 90 0. 44 0. 06 0. 28 0.010 61 13 13 if 3.2 

1 Gee eee eee 21. 30 5.22 3. 38 64. 75 1.87 1.61 1.39 0. 73 0. 22 0. 46 0.010 54 20 8 10 2. 7 
i Wy Pie Me Le ae 0 21. 40 6. 20 3.00 65. 50 0. 85 1.72 0. 68 0. 42 0. 23 0. 30 0. 008 51 23 11 9 2.9 

LS RE ee 21. 45 6. 83 2.12 64. 55 1. 96 1. 68 1.27 0. 33 0.16 0.15 0. 022 45 28 14 6 2.9 

PALS asia qa eye Weer coe 23. 90 5.06 3.04 63. 70 1.00 1.30 1.30 0. 65 0.18 0. 46 0. 030 33 44 8 9 2.2 
Pt Meee D aces POO e 22. 55 5. 23 3. 52 62. 90 2. 97 1.44 0. 91 0.05 0.19 0. 29 0.008 40 34 8 ll 2.45 
od eee ees Soke 21. 70 5.16 5. 34 64. 40 0.71 1. 56 0. 60 0. 43 0. 50 0.16 0.005 49 26 5 16 2.7% 
0 te Rae ee a 21.00 5.09 4.76 61, 55 2.42 1. 73 2. 22 0. 88 0.11 1.07 0.010 41 29 5 14 2.9 
0 Faia oe Oe aes 22. 65 5.10 4.70 62. 35 2. 04 1. 85 0. 80 0. 21 0.19 0. 52 0.015 35 39 6 14 3.1 

bei dee eee ae 20. 55 5. 61 2.09 64. 40 3.02 2. 16 1.70 1.45 0. 22 0. 32 0.010 53 19 11 6 3.7 
Dt-take ee oe 20. 25 5. 89 2. 36 65. 55 1. 32 2. 25 eee 1, 83 0. 20 0. 37 0.012 56 16 12 7 3.8 
rt We eee re ee 20. 50 4. 59 3.11 65. 60 2.19 1.81 1.69 2. 27 0. 28 0. 30 Ab 62 12 7 10 3.8 

24 be eae oe ete 22. 80 4.98 4.77 59. 85 251 1.90 1.91 0. 44 0.08 1.01 0.018 23 48 5 14 3.27 
(VE San ee oe! 26. 40 3.15 2.55 63. 35 1. 63 1. 52 0. 88 0. 21 0. 24 0:28 = AN 27 55 4 8 2. OF 
FASS SIGS aR ee cae 23. 30 6.52 4. 33 61.85 1.34 2. 02 0. 58 0.12 0.99 0.14 0.022 25 48 7 13 3.4 
Ck TE EES ee 25. 45 3. 80 3. 00 63. 40 1.07 1. 82 1.03 0.35 0. 35 0.03 0. 020 28 52 5 9 3.1 

| oy We fet wa Oe Es pe ees 24. 40 3. 25 3.00 64. 90 1. 47 1. 44 0. 86 0. 54 0.11 0. 52 0.012 46 35 4 9 2. Bi i 

1 If Dee ae a eared 20. 70 6.08 Zee 63. 65 a: 22 1. 61 1. 69 0.47 0.19 0. 53 0.020 51 21 12 ‘i 2. 
i 7d DO ies Snes, Soe eS 21. 30 6. 46 2. 34 63. 70 2. 80 aye 1. 29 0.12 0. 22 0. 82 0. 020 46 27 13 7 2.7 
TG xe Se eee 21. 65 4.98 3. 42 64. 60 1.83 1. 56 1.39 0.75 0. 21 0. 46 0.035 53 23 9 10 2. @ 
UE RS ee eee 21. 70 6. 66 2.09 64. 45 1.85 1. 73 117 0. 38 0.13 0.17 0.042 46 30 14 6 2.9 
7 ATS ie eR o le DES 23. 85 4.71 3. 24 64. 25 1.10 1. 34 0. 96 0. 60 0.19 0. 42 0. 038 38 40 7 10 2.4 
OOM a eee eee 20. 50 5.71 2. 34 65. 75 1.32 1. 98 1. 87 1.84 0.19 0. 35 0. 020 57 16 11 7 3. 4 

1 Percentages are based on weight. 
2 Free lime percentages are those reported by Portland Cement Association. 
8 Corrected for free lime. 

438: tricalcium silicate; C2S: dicalcium silicate; C3A: tricalcium aluminate; C 
tetracalecium aluminoferrite; CaSO ,: calcium sulphate. 

beste 

Table 2.—Physical properties of cements 

af 

Merriman sugar Time of set Mortar strength Air in mortar — 
tect (ASTM C-185)_ 

Specific | Specific Auto- | Normal ; 
Cement No. gravity surface | clave ex- | consist- Tensile (1:3) after— Compressive (1:2.75) 4 

pansion ency after— Hand | Machine 
Neutral Clear Initial Final mix mix 4 

3 days | 7 days | 28 days | 7 days 28 days 

, 
5 ; 

8 
: é Sq. cm./g. | Percent | Percent Mt, M1. Hr., Min.\Hr., Min.| _P:s.i. Tex Pees iPisit: Pe Percent | Percent 

I berets side teeta 3.12 1, 870 0, 11 24.5 5 6 3,45 5, 00 310 375 485 2, 765 4, 460 4.6 4.3 
Doe ee. ee ee 3.17 iy 840 0.13 25. 0 3 3 3,45 5,15 300 405 440 2, 750 4, 800 4.8 5. Ze 
ieee Sat ake. Se 3. 09 1, 780 0. 00 25.0 48 56 3, 00 5,15 260 320 415 1, 965 3, 900 Sut 2. 1% 
| Ea ey ny Perey sean Fe 3. 13 1, 860 0. 11 23.0 4 5 3,15 5,15 320 385 460 2, 865 5, 185 6.0 5.4 
15 Leet SR ee a Se 3.12 1, 920 0.16 28. 0 46 66 4, 45 7,15 370 435 510 3,815 5, 150 4.5 3.0 
16 es See ee en 3. 19 it 850 0. 06 25.0 6 7 3, 30 6, 00 360 400 505 2, 935 4, 800 4.8 4.0 
Ly Ae NS Se 3.18 1,790 0. 08 25.0 6 uf 3, 30 5, 30 335 435 505 2, 835 4, 465 5.6 3. 89 
39h Die. aia eee! Se 3.14 1, 920 0. 06 25.0 20 29 3, 30 6, 00 300 375 460 2, 850 4, 850 2.3 2. 1% 

21 = NS oe ee 3. i7 1, 760 0. 01 25.0 9 13 5, 30 8,+ 210 310 405 1, 950 3, 800 4.6 4, 6 
22 aan ~ === === 3.21 1, 860 0. 08 24.0 2 2 4, 00 6, 00 250 355 470 1, 900 4, 435 4.2 3.7 
23 as ee omer 3. 14 1, 800 0. OL 25. 5 3 3 4, 20 8,15 250 340 420 2,175 4, 460 2.2 _s 
oe SSeS Sees ee 3. 17 ie 960 0.12 23.0 5 5 2, 30 5, 00 275 350 425 2, 215 4,185 5.9 5. 27 
PLE ee SP cape ae Sa 3, 24 1, 9380 0. 07 24.0 2 2 4, 30 6, 30 230 305 425 1,315 3, 135 5.6 4.4 

Ole sea oe 3. 12 2, 730 0.09 28. 0 50 73 1,30 3, 30 420 545 550 5, 185 6, 700 3.0 2.3 i, ee oe A 3.11 2, 500 0.17 27.0 52 73 1,30 3, 45 450 515 530 5, 000 5, 665 1.9 10 
it aes Roe eee TC 3.17 2, 440 0. 09 27.0 50 64 3, 00 5, 00 485 460 490 3, 865 5, 500 3.2 2.55 

, eee ho nt 3, 22 2, 000 0.10 23.0 3 3 3, 20 6, 30 220 255 390 1,110 2, 685 5.3 cas MSE AI Be 3.24 1, 920 0. 00 25.0 2 2 6, 35 7, 40 185 250 400 "340 2, 250 1.8 2.1 
43 He i et wegen we 3. 22 2, 010 0. 02 25.0 3 3 3, 30 5, 30 170 265 400 1, 035 3, 065 6.2 5. @ 
HG ene ts ee ene) BE 3. 21 2, 000 0. 00 24.5 7 8 3,15 5, 15 165 240 420 885 2, 765 4.8 5. + 

Wittiee Ron he. IES eT 3.19 2, 000 —0. 01 25.5 5 i! 5, 30 7, 00 255 305 425 1, 750 3, 935 3.6 3. 0 

Ls Se eS 3.14 1, 900 0.14 25.0 4 5 3,45 §,15 265 320 41 : a7 0 Rea we : me : F 2 5 2, 350 3, 850 17. 7 
ol epariairern | 3.16 | 1,750 0.15 25. 0 3 3 4, 00 6, 25 245 390 470 2, 315 4, 300 a4 %. 3 
Lee eet seem | 3.19 | 1,730 0. 04 25.0 4 4 4, 00 6, 00 285 350 465 2, 310 3, 750 11.9 12.1 
ay tite OAS Ge | 3.14 2, 040 0. 08 26.0 30 46 2,00 3,45 260 325 400 2, 600 4) 665 Ti? 10.6 
eats aaa. 8. 21 1, 840 0.02 24.5 24 34 5, 30 8,45+ | 210 285 390 1, 800 3, 465 11.2 11.9 
oY ea ee : 3.11 hie 520 0.19 27.5 51 7 3,15 4,00 395 440 470 4, 090 4, 700 12,4 12.6 
SS 

SSIES nSnSNESEINESsrpssesenssn-eesnmmneseeessetppeenenedinaneeaeaie eae EE 

In the concretes prepared with the treated better than the average ratings for the durability than those containing the ot 
cements, poor durability was associated with 

high C;A content. The use of treated 

corresponding untreated cements. types of cement. Concretes prepared ¥ 

cements appeared to be of most benefit in 

the lean-mix concretes. The average rating 

for the treated cements of the lean-mix 

concrete, 4.5 bags per cubie yard, was much 

58 

e Most of the specimens prepared with the 

Types II, IV, V, and the treated cements 

had excellent durability. 

e The specimens prepared with the Types 

I and III cements generally had poorer 

two of the three Type III cements and t 

of the eight Type I cements had very p 

durability. However certain of the Typ 

cements, Nos. 12, 14, 16, and 17, furnis: 
concrete of very good durability. 
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Figure 1.—Outdoor exposure box. 

Participation by the Bureau of 
n Public Roads 

The Bureau of Public Roads cooperated 

,)th the Portland Cement Association in the 

my rgular inspection of several of the projects. 

| addition, samples of the 27 cements were 

snt to the Public Roads laboratory for spe- 

i 1 independent studies. The results of tests 

‘Hr the chemical and physical properties of 

sqyese cements are shown in tables 1 and 2, 

‘Mspectively. The results of some tests differ 

“sghtly from those reported by other co- 

‘}oerating agencies (2, 3). 

i 
a 

— > 

eS ee 

"RADIAL CRACKING AND EFFLORESCENCE 

SIDES 

Test specimens 

Outdoor exposure tests of concrete speci- 
mens made with the 27 cements were an im- 

portant part of the Public Roads study. Both 

boxtype and beam specimens were included. 

These specimens were placed in an exposure 

plot in 1945 and 1949. The box specimens 

were 18 inches square, 6 inches deep, and had 

a 3-inch deep basin. The basin was 12 

inches square at the top; its sides were so 

tapered that it was 8 inches square at the 

bottom. The dimensions and shape of the 

box are shown in figure 1. 

In preparing the box specimens, an 18-inch 

square wooden form was partially filled with 

concrete to a depth of 344 inches and rodded, 

and the surface was smoothed. The wooden 

core, which formed the basin of the box, was 

then placed on the smoothed surface. It was 

held in place by supporting strips nailed to 

the upper surface of the vertical sides of the 

wooden form. The mold was filled with con- 
crete. The side slopes of the basin, as well as 

the vertical sides of the box, were spaded. 

The 3-inch top surface of the box was finished 

by careful screeding with a steel straightedge. 

After molding, a metal identification tag was 

inserted in a corner of the top surface. 

Four groups of box specimens were made 

for each of the 27 cements. A set of three 
3- by 4- by 16-inch beams, in which stainless 

steel gage studs had been cast in their ends, 

was made from the same batch of concrete 

as the box. These beams were cured in the 

same manner as the box specimens, and they 

were stored together in the outdoor exposure 

area. 
The box and beam specimens were cast in 

an air-conditioned laboratory and left in 

their molds, which were covered with wet 

burlap for 48 hours, then removed from the 

molds and stored in moist air at 73° F. for 
approximately 28 days. They were then 

stored on the ground in an outdoor exposure 

plot adjacent to the laboratory. A photo- 

graph of the exposure plot appears on the 

cover of this magazine. 

BOTTOMS 

“CRACKING AROUND 
OUTER EDGE 

# 

D-LINES AND EFFLORESCENCE 

Figure 2.—Examples of distress in bottoms and sides of box specimens. 
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Table 3.—Grading and physical properties 
of aggregates 

Potomac River| White Marsh 
: aggregate 1! aggregate 2 

Grading and used in rows used in row 4 
physical properties 1, 2, and 3 

Sand | Gravel} Sand | Gravel 

Grading, percentage 
passing 
sieves: 

i Ga eM er Be ON ae | Ee a i peal ees, 5 100 
SPAN CHL Sis ae. ele re Lien ieee eee 7 
pa nelatel ale catence, FS in| ea 60 eg | ee ee 40 
Sencha eee 100 15 100 15 

On Are saa eee 98 0 98 0 
IN OF Sasa sets ce (ray f= Sree eee 
INO 16S ieee ee VAMP “\e Seeees OS Seren. aes 
IN G2 a0 renee a8) Bil Loctoee Do) Aveo ae 
INO; DULp22s- eae 1S) eee 20s Ah fee 
INOS L002 Se eee ZN CAN ena Lit | Kee 

Fineness modulus-___ 2.76 7.10 2. 69 7.10 

Physical proper- 
ties: 

Bulk specific 
gravity 

1D) ai pep he et 2. 59 2. 58 2. 63 2. 64 
Saturated sur- 

face dry._...... 2. 63 2. 60 2. 64 2. 65 
Absorption, pet___- 1.6 0.8 0.4 0.4 

Strength ratio 
(Ottawa 
sand): 

Compressive 
strength: 

Aiur dace pCts-e ie L130 | eens 97-7 |e 
PN Roo opens) | MOKGy «| fh ape eee 06:60) | eae 

Tensile 
strength: 
Att as CUS | >ULi gust takeeee UM Wy fos © Sih pee 5) 
AT OS dan potas |e il tampon ee be} | oat | aL 

Los Angeles wear 
test loss pete ess basen SOS ot hee 41.6 

Accelerated 
soundness, 
Na2SO, loss, pet_| ------ B Fe SN |) eee 2.3 

1 Rounded and subangular quartz, and quartzite contain- 
ing some chert. 

2 Rounded and 
sandstone. 

subangular quartz, quartzite, and 

Each of the four groups of box and beam 

specimens was arranged in a separate row in 

the exposure plot. In the first three groups 

made, two adjacent side surfaces and the 

corresponding top faces of the boxes (fig. 1) 

were rubbed with a carborundum stone and 

water immediately after being removed from 

the molds, after 48 hours. The concrete was 

rubbed enough to break only the mortar 
surface and not deep enough to abrade the 

coarse aggregate. The rubbing developed 

a finish that was similar to that often used on 

handrails and other exposed surfaces of 

bridges. The other surfaces of the boxes 

were not rubbed. After about 4 years, all of 

the surfaces had weathered to a uniform 

sandy texture, and no difference between the 

rubbed and the unrubbed surfaces was ap- 

parent. The surfaces of the boxes in the last 

row were not rubbed. 
The basin of each box was filled with 

pea-sized gravel and covered with water. The 
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only purpose of the gravel was to hold the 

water in the basins during windy weather. 

The temperature at the site of the exposure 

plot was considered moderate, averaging 

approximately 40 cycles of freezing and thaw- 

ing per year. It is emphasized that deicing 

agents were not used in this study. 

Concrete mixes 

The aggregates used in making the concretes 

in the first three rows of specimens were a 

river sand and a gravel consisting mainly of 

rounded and subangular quartz and quartzite 

containing minor amounts of chert, mica- 

ceous schist, weathered granite, and gneiss. 

A bank sand and a gravel of rounded and sub- 

angular quartz, quartzite, and sandstone was 

used in making the concretes in the fourth 

row. Grading and other physical properties 

of the aggregates are listed in table 3. 

The mix data for all four rows of specimens 

are listed in table 4. Nearly identical mixes 

were used in making the concrete specimens 

prepared with the same cements in the first 

and second rows. In these two rows, the 

cement content ranged from 6.3 to 6.6 bags per 

cubic yard of concrete, and the slump was from 

4.7 to 6.6 inches. The sand content (percent 

of sand in total aggregate by solid volume) was 

41 percent for the mixes prepared with the 

plain (non-air-entrained) cements. For those 

prepared with the treated (air-entraining) 

cements, the sand content ranged from 35 to 

40 percent to obtain a uniform cement content. 

The weight of coarse aggregate per bag of ce- 

ment was the same for all mixes in the first 

two rows. The water content ranged from 

5.4 to 6.1 gallons per bag of cement for the 

concretes prepared with the plain cements and 

from 5.0 to 5.5 gallons for those made with the 

treated cements. 

The air content ranged from 1.1 to 2.3 per- 

cent for the mixes prepared with the plain 

cements and from 4.0 to 11.2 for those made 

with the treated cements. The air content 

was determined by the use of a displacement 

pycnometer with an extension chimney. The 

method is identical in principle to the rolling 

procedure of ASTM Method C 173. The 

displacement method was used because no 

pressure air meter was available in the labora- 

tory at the time these specimens were made. 

The concrete in the third row was similar 

to that in the first two rows, except that the 

cement contents ranged from 5.4 to 5.7 bags 

per cubic yard of concrete, and the slump 

ranged from 4.5 to 6.1 inches. The water 

content ranged from 6.3 to 7.1 gallons per 

bag for concretes prepared with the plain 

cements and from 5.4 to 6.3 gallons for the 
treated cements. 

The cement content of the concretes in the 

fourth row ranged from 4.4 to 4.8 bags of 

cement per cubic yard, and the slumps were 

from 7.0 to 8.5 inches. This mix was leaner 

than would be recommended for highway 

construction but was included so that failures 

might occur in a reasonable length of time. 

The water content ranged from 8.7 to 9.3 

gallons per bag for concretes prepared with 

the plain cements and from 6.9 to 8.6 for 

those prepared with the treated cements. As 

Table 4.—Concrete mix data for four rows of specimens 

Slump, | Weight of 
Cement Water |concrete| plastic 

concrete 

ROW 11 

Gal./bag 
Bags/cu. of Lb./cu. 

Identification yd. cement | Inches t. 
gh ee a en ee eS 6.5 5.6 5.1 147.6 
to eee 6.5 5.6 5.8 147.5 
ah eee apie ea 6.5 5.7 Daal 147.3 
UE ees ee ses 6.5 5.7 6.6 147.3 
| fs eo ys eae 6.4 5.8 5.5 147.0 
1 aS Rice are oF 6.5 5.7 6.4 147.4 
Le eee ee eS 6.5 5.8 6.0 147.8 
greta eed AEE 6.5 5.6 4.9 147.4 

Dl eee oe 6.5 6.5 ay) 147.7 
22: ee Cee Se 6.5 5.5 4.9 147.8 
Ps eee pa eee 6.5 5.6 5.3 148. 6 
1 Ee te rat Sad 6.5 5.5. 6.0 147.6 
D6: nae ere 6.5 SnD 5.3 147.9 

Slant oes 6.4 6.1 5.0 146. 7 
i Hi oe eli ay od Bee 6.4 5.9 5.6 147.5 
Skee ee tt Tee eS 6.4 5.8 5.2 147.1 

dj -<- a ee 6.5 5.4 5. 7 147.9 
AD eee Se TE ane 6.5 5.6 5.4 148. 4 
43) oer ee ee 6.4 5.6 5.0 146. 5 
43 A ee See 6.5 5.5 fig) 147.4 

jf Nee ee 6.5 Ono nT 148.1 

di A Dee] de 6.4 5.0 5.4 134. 6 
19 ee ee Ee eS 6.6 6.3 5.9 144. 2 
a Ns Yast Aa aie AS 6.4 642 (Rv 139.1 
18-8 6.4 5.6 5.1 142.9 
2) ie eee 625 5.1 bao 141.6 
GH PEA beat ORT 6.3 5.4 5.8 137.7 

ROW 32 

LS 2%. Soe ere 5. 5. 6.6 5.7 146.8 
i eat Sarees 6.5 6.6 5.9 146.6 
132k eee O20 6.7 6.0 146.3 
14 eee 5.5 6.5 4.9 146. 4 
f Weaee Ae 5.6 6.7 4.5 146. 5 
Mile eee De a 6.5. 6.6 5.1 146.7 
bY Ee ae 5.5 Gand, 5.5 146.7 
TS area ie ae 6.5 6.5 4.7 147.1 

A le se Snes 7a OA, 5.5 6.6 4.9 147.0 
22 Sas ee 5.5 6.8 6.0 146.7 
75 fee enon oO 52D 6.5 4.7 147.4 
pS oe eae 5.5 6.5 4.9 146.8 
25 et ee 5.5 6.5 5.0 146.8 

OL ees ee oe See 5.4 Fel 4.7 145.4 
GB [eae ae 5.5 6.9 5.4 146.4 
DA ee at A Dees 5.6 7.0 6.1 146. 3 

41 eee 6.5 6.5 5.9 146.7 
yy lige Ee Re ET as li) 6.5 5.9 147.4 
ASLS A St Le Se 5.4 6.6 5.5 145. 2 
CG eee ai 5.5 6.3 5.1 146.3 

12ers 5.5 6.6 5.8 147. 2 

Lee ee 5. 5 5.4 6.3 134.3 
1 Id A aS ot 5.7 5.9 4.8 144.8 
16) Ree ee 5.5 6.0 5.9 139. 5 
1 Roja Meee gamete! 2 ES 5.4 6.3 6.3 142.3 
21a eee 6.5 5.9 5.8 140. 4 
SS pel Maes ee te 5.4 6.0 5.8 138.0 

1 Aggregates used: Potomac River sand and Potomac 
River gravel. 

Proportions (dry weight): 
Plain cement, 94-192-276. 
Air-entraining cement (11T), 94-150-276. 
(12T, 16T, 33T, 21T), 94-171-276. 
(18T), 94-184-276. 

2 Aggregates used: Potomac River sand and Potomac 
River gravel. 
Proportions (dry weight): 

Plain cement, 94-234-330. 

previously stated, the fine and coarse aggre- 

gates used in this row were from a different 

source than those used in rows 1, 2, and 3. 

Examination and Rating of Box 
Specimens 

All box specimens were examined each year, 

generally during the summer months. Prior 

to an examination, the pea gravel and all loose 
particles of concrete were removed. The 

Air, 
meas- 
ured 

Weight of 
plastic 
concrete 

Air, © 
meas- 
ured 

Slump, 
Cement} Water | concrete 

ROW 2! 

Gal./bag 
Bags/cu. of 

Ts yd. 
Tb./eu. 

tt 
147. 2 
147.3 
146. 8 
146.7 
146. 6 
147.2 
147.3 
147.8 

147.6 
147.6 
148. 1 
147.2 
147.5 

146. 6 
146. 5 
147.0 

147.3 
147.8 
146. 6 
147.0 

147.8 

134.7 
144. 2 
139. 0 

“142.4 
140. 6 
138. 1 

Percent Ss 3 S$ > SS & cement 
> on on r-) _ oe) 

le Aas Lae 

lan Bal pan ele te Ore D> Or or ANONNNSD ———e—ee 

DAMM AHH RBAAMRW BRWAHWOOS NE et eae 

QSOnN WOW FPNND THEW NONRT WHO 

ry _— 

OS es Sateen EE PN Ne ae WO He CO He OD He o Or Or or He ee CrOr cr Or cr Oror Ore ee OF TAMA OTN OTD OTN OT ENN OTT TT Wrorewo or om oe Comoe MAMTA ONT OLN COTS oR  ROT OT OTST OTe ROOT OF _ onom ow bo anoowo “Tore © 100 tO OO OAannooces w me wwo me OO AaOorman wrRor OW SD AMMAAHM ge > 

43 r ° 4 

146.1 
145.7 
146.3 
146.8 
146.5 
145.7 1.0 @ 
145.9 
146.5 

145.9 
146.9 
147.1 
146. 3 
145. 6 1.3 

145. 4 
145.3 
145.9 

146.0 
146.8 
144.5 
145.1 

146. 9 

137.2 
143.7 
138. 2 
141.2 
141.5 
140.5 

Poole, Nalgtnlpics Agi sale ele aoe Canon MnMoonnoeoed 

OnNonors] w Nwweo wna Nowwr WADWAIW Orb SSeS A F FSSA FAL SAAR A PARRA RRR DH HD 0100 or ee ed ne He HR He Or Ot Ot He He NWN DW WMMWD CWDS WYWOWD OOM sO90 090% Cornero o oonoe wwrs onaonar wNowoowomri-i QOGONIGO~IDD 9 ~I90 GIG GQO>I NIMOQGON AIDI9O AF ~190 ~190 

= 

SL ee Oats ho hor Camanaa SG acoc 

Air-entraining cement (11T), 941-183-830. 
(12T, 16T, 21T, 33), 94-209-330. 
(187), 94-224-330. 

samren ates used: White Marsh sand and White Ma 
gravel. : 

Proportions (dry weight): 
Plain cement, 94-320-400. 
Air-entraining cement (11T), 94-220-490. 
(12T, 18T), 94-290-400. 
(16T, 21T, 331), 94-270-400. 

basin and all surfaces of the box specime 

were thoroughly washed. 
The basins were examined, and the exte 

and depth of scaling on their slopes and fic 

were recorded. The boxes were then set or 

side, and their bottoms were inspected — 

evidence of cracks through the floor of 1 

basin. Such cracks were generally outlir 

by efflorescence, and they appeared in rad 

form on the bottom of the boxes. A typi 

4 
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C 15—R6 

C 18—R6 

C 33—R7 

Fare 3.—Distressed concrete boxes in row 

1/3 cement (C), rating (R); made Jan. 1945, 
»~hotographed Aug. 1961. 

fmple of this condition is shown in figure 2. 

~Te boxes were then placed in the normal 

iq izontal position, and their top and side 
~“}faces were examined for D-lines,? crazing, 

ticking, scaling, or other sign of disintegra- 

ipo. 

-|) After an examination, the gravel was washed 

‘11 again placed in the basins of the boxes. 
ie gravel at the time of examination was 

10st free from mold or algae. Prior to 1955, 

» examination of the boxes consisted of 

hcing scaling and signs of disintegration. 

am 1955 on, each box was given a numerical 

ing that, in the opinion of two examiners, 

resented its overall condition. The rating 

le was from 1 through 10, inclusive. A 
ing of 1 indicated less than 10 percent light 

sling in the basin and no other defects; 

Wereas a rating of 10 indicated 100 percent 

dep scaling in the basin, radial cracks on the 

_bttom, and disintegration of the top and sides 

“Othe box. A typical case for each value of 
i rating scale is described as follows: 

en 

0 

f 
: D-lines, as defined by the Highway Research Board in its 
ct 'Srciat Report 30, Pavement Condition Surveys, are “A form 

e0}isintegration characterized by the successive formation of 
of beries of fine cracks at rather close intervals paralleling 

®es, joints, and cracks, and usually curving across slab 

l"¢ners, the initial cracks forming very close to the slab edge 

. additional cracks progressively developing, each a little 

whe her from the edge than the preceding one. Ordinarily the 

"'Ceks are filled with a caleareous deposit.” 
; 
Ste 
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f 

Table 5.—Ratings of outdoor exposure boxes, 1955-61 inclusive 

1 First evidence of leaking through concrete. 

Ratin 

1 

2 

10 

g Condition of specimen 

Less than 10 percent light scaling in 

basin, no other defects. 

5 to 50 percent light to moderate 

scaling in basin. 

20 to 70 percent moderate scaling in 

basin. 

40 to 90 percent moderate scaling in 

basin, plus slight radial cracks in 

bottom. 

30 to 60 percent moderate to deep 

scaling in basin, plus radial cracks 

in bottom. 

50 to 90 percent moderate to deep 

sealing in basin, plus radial cracks 

in bottom, plus few cracks in top 

and side surfaces. 

50 to 90 percent moderate to deep 

sealing in basin, plus radial cracks 

in bottom, plus cracks or D-lines 

in top and side surfaces. 

70 to 100 percent deep scaling in 

basin, plus radial cracks in bottom, 

plus numerous cracks or D-lines 

in top and side surfaces. 

100 percent deep scaling in basin, 

plus radial cracks in bottom, plus 

top and side surfaces partly disin- 

tegrated. 

100 percent deep scaling in basin, 

plus radial cracks in bottom, plus 

disintegration of top and_ side 

surfaces. 

Row 1 Row 2 Row 3 Row 4 
Cement, type aes — ey 1S 
and number Ride as ow al Se et Ge et oe ‘ey ih i, 

1955 | 1958 | 1960 | 1961] 1955 | 1958 | 1960 | 1961] 1955 | 1958 | 1960 | 1961 | 1955 | 1958 | 1960 | 1961 

12 
LL Feira. 2 1 1 1 1 2 3 3 3 4 5 16 7 26 8 8 8 
WE eee ee ie 1 1 1 1 2 3 3 3 3 3 14 4 1 2 2 2 
bs ae oe Aa ee 1 1 1 1 1 1 2 2 2 2 2 2 17 8 8 9 
14 pe et 1 1 1 a 1 a 1 1 1 1 1 2 3 14 1 4 
15 Elsie eS eee 2 13 5 6 3 4 4 5 16 8 8 8 28 9 9 10 
KGS et eet 2 eye 1 1 1 1 1 1 1 i! 2 2 2 Z 23 4 4 5 
iy fase sees ae 2 2 3 3 1 1 1 1 2 3 3 14 2 3 3 3 
| ho ie ee 3 3 16 6 4 4 6 7 16 9 9 9 29 10 10 10 

EE: 

7A (pes ces — Me ae 1 1 1 1 1 1 1 1 2 2 2 3 23 5 5 5 
Done ae i 1 1 1 1 1 2 2 1 2 2 2 26 7 6 6 
7B J eS RS aa es 1 1 1 1 2 2 2 2 2 2, 3 3 23 4 5 5 
£7, Dee tetel g e 1 1 1 1 1 1 1 1 2 2 2 3 1 1 2 2 
Peele wean 1 1 1 1 1 1 1 1 2 2 2 2 23 4 4 4 

IIT: 
of Pele ee Se ea 4 4 3 3 4 4 3 4 16 7 7 te 29 10 10 10 
Bia Se ar 4 15 7 tf 4 4 6 7 16 7 9 9 29 9 9 10 
BBs as Bese 2 2 2 2 2 2 2 2 2 2 2 2 28 8 9 9 

Teas 
CW Ayo Sec ees es 1 1 1 1 1 1 1 1 1 1 1 1 14 5 4 4 
yD ee ee Ae 1 li 1 ] 1 1 1 1 5 4 4 4 22 5 5 5 
“Ge eo rar il 1 1 1 1 1 1 1 1 1 it 1 22 15 4 4 
OSAP crete af 1 1 1 1 it 1 1 il 1! 1 1 22 13 3 3 

Vi 
Olea. Se SEE F 2 2 2 2 1 1 i. 1 2 2 2 3 22 5 5 5 

Treated: 
Dae eee eee = 1 1 1 1 1 4 5 4 4 15 5 5 1 1 1 2 
12D en Ses 1 1 1 1 1 1 1 1 1 1 1 1 1 13 4 4 
AG eae 1 1 1 1 1 1 1 1 2 2 2 2 1 1 1 1 
IDSA Bee Se ee 3 3 3 3 2 3 3 3 3 14 4 4 2 15 5 5 
PHI ie ee 1 1 1 1 1 1 2 2 2 2 3 2 1 1 1 1 
BSH Mire kn Sie 1 1 1 1 1 i 1 1 15 5 5 5 1 1 2 2 

2 Leaking through concrete prior to 1955. 

These descriptive examples are presented 

only for the purpose of illustration. Slightly 

different sets of distress conditions can result 

in the same rating. In terms of distress, a 

rating of 3 or less was considered to indicate 

superficial failure of the concrete; a rating of 

4 or 5, significant failure; and a rating of more 

than 5, severe failure. 

Each box was so placed in the exposure area 

that the metal identification tag was at the 

northeast corner. Examinations revealed 

that the eastern and southern surfaces showed, 

in general, more scaling than the other sur- 

faces. The prevailing air currents were 

from the east and south. 

Progressive Changes in Box 
Specimens 

Prior to1951, no significant signs of incipient 
disintegration were noted in any of the box 

specimens. In 1951, an examination showed 

more than 10 square inches of scaling in the 

basins of the following listed boxes: 

Row 1 (6% bags, 5-inch slump)—Cements 

Nos. 33, 34. 

Row 2 (6% bags, 5-inch slump)—Cement 

No. 11T. 

Row 3 (5% bags, 5-inch slump)—Cements 

Nos. 15; 25, 51, 11T; 21T, 33T. 

Row 4 (4% bags, 8-inch slump)—Cements 

Nos. 11, 13, 18, 31, 33, 34, 41. 
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C 15—R5 

C 18—R7 

C 31—R4 

C 33—R7 

C 11T—R4 

Figure 4.—Distressed concrete boxes in row 

2; cement (C) rating (R); made June 1945; 
photographed Aug. 1961, 

The 1951 examination of the bottoms of the 
boxes showed no evidence of leakage through 
the concrete. 

In 1952, more than 10 square inches of 

scaling was noted in the basins of the following 

listed additional boxes: 

Row 1—None. 

Row 2—Cements Nos. 18, $1. 

Row 3—Cements Nos. 12, 31, 33, 42, 51, 
IST. 

Row 4—Cements Nos. 15, 16, 21, 22, 23, 
25, 43. 

62 

Cate hReo 

Figure 5.—Distressed concrete boxes in row 3; cement (C), rating (R); made Oct. 

Photographed Aug. 1961. 

In addition, 13 boxes from row 4 showed 

evidence of leakage through the concrete. 

These boxes were made with cements Nos. 

11, 15, 16, 18, 21, 22, 23, 25, 31, 33, 34, 42, 

and 51. None of the specimens from the 

other three rows showed evidence of leakage. 

The first time that significant signs of disin- 

tegration were observed in any of the speci- 

mens was during this 1952 examination. 

The boxes in row 1 were made in January 

1945, and 5 days after being placed in the 

exposure plot they were subjected to freezing. 

They had received approximately 290 cycles 

of freezing and thawing at the time of the 

1952 examination. The cement content of 

the concrete ranged from 6.3 to 6.6 bags per 

cubic yard, and the slump was from 4.9 to 6.6 

inches. 

The boxes in row 2 were made in June 1945, 

and were first subjected to freezing after 

about 5 months. At the time of the 1952 

examination, they had been exposed to 

approximately 280 cycles of freezing and 

thawing. As stated previously, the mixes and 

slumps of the concretes in this row were 

nearly identical to those of the companion 

concretes in row 1. 

The boxes in row 3 were made in October 
1945 and were approximately 40 days old 
when first subjected to freezing. They had 

received about 280 cycles of freezing and 

thawing at the time of the 1952 examination. 

The cement content in row 3 was one bag 

less than that in rows 1 and 2, and the slumps 

C I8T—R4 C3S3T—=RS 

of the concretes averaged about the same ¢ 
those in rows 1 and 2. 

The boxes in row 4 were made in Septembi 
1949 and were subjected to freezing aft: 

about 2 months. They had been exposed * 

120 cycles of freezing and thawing at tl 
time of the 1952 examination, when significa) 

signs of incipient disintegration were note 

The concrete in this row contained 4.4 to 4 

bags of cement per cubic yard, and the slun 

ranged from 7.0 to 8.5 inches. 

Examinations in 1953 and 1954 reveal 

little progress in the disintegration of the bi 

specimens. The ratings of the boxes from t 
1955, 1958, 1960, and 1961 examinations a 

listed in table 5. This table also shows wh 

cracks forming on the bottom of the box 

were first noticed. 

Results of the Latest Examinatior 

of Box Specimens 

The results of the latest examination of t 

box specimens, made in May 1961, compr 

the principal part of this report. A summe 

of this examination is presented in table 
The table shows the percentages and dept 

of scaling on the slopes and floors of 1 

basins, together with any major defects 

signs of disintegration on the bottom, sii 

and top surfaces of the box specimens. 

Row 1. Table 6 lists the condition of * 

concrete boxes in row | according to the 1¢ 

examination. The boxes had been expo 
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0 approximately 650 cycles of freezing and 
hawing. In general, they were still in excel- 
ent condition after more than 16 years of 
xposure. Only 3 of the 27 box specimens 
vere given a rating of more than 3. These 
hree boxes were prepared with cements Nos. 

5, 18, and 33. Their condition is shown in 

igure 3. All had deep scaling in their basins, 
yarticularly on the basin floors. The bottoms 
if the boxes had radial cracks and the charac- 

eristic efflorescence. Areas of D-lines and 

fflorescence were also on their top and side 

urfaces, indicative of incipient disintegration. 

Zach of these three cements contained more 
han 10 percent of tricalcium aluminate 

CGA). 
Nineteen of the concrete boxes in row 1 

howed no appreciable scaling or other defects 

md were given a rating of 1. All of the 
yoxes prepared with the Type II and IV 

ements were in this group. The box made 

vith treated cement No. 18T had deep scal- 

ng over 90 percent of the basin floor, but, 

yecause its other surfaces were free of defects, 

‘t was given a rating of 3. ‘The air content 

f the concrete in this box specimen was 4.6 

yercent, and the C3;A content of the cement 

vas 14 percent. 

The average of the ratings for row 1 was 

».5 for the concrete boxes prepared with Type 

- cements, 1.0 for those made with Type II, 

40 for those made with Type III, 1.0 for 
hose made with Type IV, 2.0 for the one 

nade with Type V, and 1.3 for those made 

vith treated cements. 

} | Row 2. The condition of the concrete boxes 

in row 2 are listed in table 6. The boxes had 
eceived 640 cycles of freezing and thawing at 

jhe time of the 1961 examination. Although 

of greater age before being subjected to freez- 

ng, the box specimens in row 2 were, on the 

whole, scaled slightly more than those in row 1. 
‘The reason for this difference is not known. 
-Tourteen of the box specimens in row 2 were 

riven a rating of 1, as compared with 19 in 

‘owl. Five of the specimens were rated more 

han3. These contained cements Nos. 15, 18, 
31 33, and 11T. The C3A content of each of 
hese five cements was more than 10 percent. 

Box specimens in row 1 that were prepared 

with cements Nos. 15, 18, and 33 were also 

ated more than 3. 

_ The five specimens rated more than 3 
showed deep sealing in their basins and evi- 
lence of incipient disintegration on their side 

and top surfaces. Four of the five specimens 

showed radial cracks and efflorescence on 

heir bottoms. The condition of these box 
specimens is shown in figure 4. The box 
prepared with the treated cement 11T, which 

entrained 10.9 percent air in the concrete, 

was given a rating of 4. However, no tests 
‘were made to determine the size and spacing 

of the air voids in the hardened concrete. 
The 12 percent C3;A content for cement 11T 
might be a factor in causing the poor dura- 

bility of the concrete. 

The average of the ratings for row 2 was 
2.8 for the box specimens made with the 

e I cements, 1.5 for those made with 
ype II, 4.3 for those made with Type III, 

CBR KG 

C25—-R4 

Cc SI— Cl2T—R4 

CxSle—RalO 

CIST—R5 

Figure 6.—Distressed concrete boxes in row 4; cement (C), rating (R); made Sept. 1949; 

photographed Aug. 1961. 

1.0 for those made with Type IV, 1.0 for 

the one made with Type V, and 2.0 for those 

made with the treated cements. 

Row 3. Table 6 summarizes the condition 

of the concrete boxes in row 3. Like those in 

row 2, they had received 640 cycles of freezing 

and thawing at the time of the 1961 examina- 

tion. The specimens in row 3 were scaled 

considerably more than those in the first two 

rows. Only four of them were given a rating 

of 1. This group included three of the four 

Type IV cements and one of the six treated 

cements. Eleven of the 27 concrete boxes 

were rated more than 3. The condition of 

each is shown in figure 5. 

The box specimens rated more than 3 were 

made with cements Nos. 11, 12, 15, 17, 18, 

31, 33, 42, 11T, 18T, and 33T. All of these 

cements, except No. 42, had a C3A content of 

more than 10 percent. All of the box speci- 

mens, except the one prepared with cement 

No. 42, had deep scaling over more than 40 

percent of the surface area of the basin and 

had radial cracking and efflorescence on the 

bottoms of the boxes. The failure of the 

specimen made with cement No. 42 appeared 

to be structural. This concrete box had only 

moderate scaling over about 30 percent of 

its basin area. The bottom of the boxes had 

no sign of efflorescence, but it had D-lines 

around the outer edge of its bottom surface, 

as shown in figure 2. 
Concrete prepared with three of the six 

treated cements had ratings of more than 3. 

These three cements, Nos. 11T, 18T, and 

33T, had C3;A contents or more than 10 

percent. The air contents of the concretes 

made with the above cements were 10.7, 4.6, 

and 7.8 percent, respectively, which indicates 

that air content alone did not ensure good 

durability for the conditions of exposure of 

the conerete boxes. Inrow 3, cement No. 12T 

was the only cement with C;A content of more 

than 10 percent that produced concrete 

having good durability. The box specimen 

prepared with this cement had a rating of 1. 

The air content of the concrete was 3.1 percent. 
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Table 6.—Conditions and ratings of outdoor exposure boxes 

Scaling in basin 4 Box specimen ? Scaling in basin ! Box specimens ? 

Cement, type and —-— ae ~ | 

ees Sides Floor Bottom Sides Top Sides Floor Bottom Sides Top 
yall ec Meteora ie gai NS ei ee ee 

Row 13 ROW 24 

Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent 
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ig Fs Fo G aie A ee bee at be Se dose Salease | eas dorse eee eee 0s essere INODGRSsaes toon OSE, ae ane 0 bere ee ee Ones s areas 0. Caretoreeien SETS SOR ee 9 Dl. 4-in. dia., R.C., | 75 D-lines, EFF_| 75 D-lines, EFF_] 90 D___-_- 100, D -2. eg R.C., | 40 D-lines, EFF_ yee 
Se Vater oan ese EFF. ‘ : 

a None.....-| Nones.,.,.| No action No action No action. 

OIE See EO Pa late Se do. hm dO: oe oe de cs a a ae eee A a eee ee a cee do ie Kise) Do. 
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Dane ies eS NOD OE Seu ee do. eee OO ESE 0 a 0 a ee LOU See NOLO ree ae os ae 

7) pe ERS, Wee (yee ei PERE ee 6 (0 fees doje eS do eee. ge 2 doe ee eee | NON Chee naee ee OOn naar On See es 0. 

mi @ eee see enenas-~— 76 Nie 22) 90 Meee. INO aChHOn 22 =~ esk B= GOs 222 Ae 0 ae see OUT IVER ea UU VL een ees d= es oes 5 D-lines, EFF__ 15 Di es, 

33 80 Pie rol Dae 15-in. dia., 70 D-lines, EFF_| 70 D-lines, EFF_} 90 D__-- || 80 M-___-_- 12-in. dia., R.C_| 70 D-lines, EF F_ ca : 
seer Woe eR -C., : “ : . 
Siete ee 202 80 M-_----- Ng.action___--_- No action. _-_-_- No action ___--_- 20) Totes 80M see No action -_____- No action_-_-__-_- No action. 
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ib WaRE SY Ses ME ee CM Be coe on 1A GAN (Sct 0 Re, Ce Pe Ono 1 10 Le None. Sy No aetion.4 ee No action_._._-- Light D-lines. 
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1D, deep; M, moderate; and L, light. 
2 R.C., radial cracking; and EFF, efflorescence. 
3 Boxes made January 1945; rated May 1961. 

4.9—6.6 inches, water 5.0—6.1 gallons. 
Mix: Cement factor 6.3—6.6 bags, slump 

‘Boxes made June 1945, rated May 1961. Mix: Cement factor 6.3—6.6 bags, slump 
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4.7—6.0 inches, water 5.0—6.1 gallons. 
5 Boxes made October 1945, rated May 1961. Mix: Cement factor 5.4—5.7 bags, slu 

4.5-6.1 inches, water 5.4—7.1 gallons. 
* Boxes made September 1949, rated May 1961, Mix: Cement factor 4.4—4.8 b slu 7.0—8.5 inches, water 6.9—9.3 gallons. a = 
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RATING OF OUTDOOR EXPOSURE BOXES 

| 
| 14 15 16 
| I 

Average ratings for the box specimens in 
ow 3 were 4.8 for those made with Type I 

ements, 2.6 for those made with Type II, 

.0 for those made with Type III, 1.8 for 

hose made with Type IV, 3.0 for that made 
ith Type V, and 3.2 for those made with the 

reated cements. 

Row 4. The condition of the concrete 

oxes in row 4 are presented in table 6. 

ss mentioned previously, the concrete in 

Ow 4 was prepared with aggregates from a 

ifferent source than the concretes in the 

ther three rows. The box specimens in 

ow 4 had been exposed to 480 cycles of 

reezing and thawing at the time of the 1961 

Xamination. 

.| As might be expected, the somewhat low 

ement content, high slump concrete in row 4 

eveloped considerably more distress than the 

oncretes in the other three rows. Only two 

a the box specimens in this row, the ones 

repared with treated cements, Nos. 16T 
nd 21T, were given a rating of 1. The four 
‘OX Specimens prepared with cements Nos. 12, 

. 4, 11T, and 33T were rated at 2. Oddly, 
‘jhe specimen prepared with cement No. 11T, 

hich was rated 4 and 5 in rows 2 and 3, was 
ne of those rated as 2. Nineteen of the 27 

‘OX specimens in this row were given ratings 

'UBLIC ROADS ¢ Vol. 33, No. 4 
ra 742-212-642 

ROW 4 
MIX 4.4-4.8 BAGS -SLUMP 7.0-8.5 IN. 

0 jaar Ww 

CEMENT TYPE AND NUMBER 

of more than 3. No consistent relation 

existed between the ratings of these specimens 

and the C3A content of the cements. The 
four concrete boxes that were given a rating 

of 10—Nos. 15, 18, 31, and 33—contained 

cements with C3A contents of more than 10 

percent. However, of the six concrete boxes 

that had a rating of 2 or less, three were pre- 

pared with cements having a C3A content of 

more than 10 percent. Figure 6 shows the 

condition of the concrete boxes having a 

rating of more than 3. 

For this row, the water content of the 

concrete appeared to have more effect on the 

durability than the chemical composition of 

the cement. 

The average of the ratings for concrete in 

row 4 was 6.4 for the box specimens made with 

Type I cements, 4.2 for those made with Type 

II, 9.7 for those made with Type III, 4.0 for 

those made with Type IV, 5.0 for that made 
with Type V, and 2.5 for those made with the 
treated cements. The box specimens in row 

4 prepared with the treated cements showed, 

in general, much better durability than those 

prepared with the corresponding untreated 

cements. This condition was not so pro- 

nounced for the other three rows. The bene- 

ficial effects of entrained air were more 

apparent for the lean concrete. 

IIT 12T 16T I8T 2IT 33T 
ava TREATED 

Figure 7.—Visual ratings of outdoor exposure boxes, May 1961. 

Cement, de and 
Rating for rows— 

Table 7.—Summary of ratings of outdoor 
exposure boxes, rated May 1961 

number 
2 3 4 

qT: 
th SSNS Deh 4 Fa 3 7 8 
12 See 3 4 2 
Ses fe ee Be 2 2 9 
14) eee eee eae 1 2 4 
Get ee ae es 5 8 10 
1G wear ee 2 1 2. 5 
pes eee Pe op eh 1 4 3 
ft PE oe See 7 9 10 

PN ee fe Ae 1 3 5 
0 Nantes Ste ee ee 8 2 2 6 
23 Aes On eae 2 3 5 
ae SP Rae 28 ry 1 3 2 
Piet om Bye ee SS 1 2 4 

III: 
See oe ee eee 4 7 10 
68 ee nee ae eek 7 9 10 
oT, aay ae pee es 2 2 9 

IV: 
AY Ae ase iene 1 1 4 
AD eee ee ee eae 1 4 5 

Ss Se, «aa 1 1 4 
MA Rei oro ee 1 1 3 

vi 
Dl awe: oo oe Ses 1 3 5 

Treated: 
1 Yd a eS 4 5 2 
j Wf Das Cd oe 1 1 4 
GT e FM So cateecene 1 2 1 
bp Dee ait SS Mies ee 3 4 5 
Pil yh Seek ee 2 2 1 
SST wt ee oe ee 1 5 2 



Table 8.—Change in N? in beams after 12 to 
16 years of exposure! 
Se emmmnaed 

Percent increase or decrease in N?, 
Cement, type in rows— 
and number | = 

1 2 3 4 

is | 
iWIES 3 11.0 6.1 14.5 | —20.3 
A Eee oe i —7.2 —6.7 —6.7 —12.9 

Fo RR | ae Bal a 7.5 28 
14__ F Sd 38 6 3.0 —1.6 0.9 

(Yea eS 2S —7.2} 3.5 | 2.2)3—46.1 
16. 3 1B | 3.8 3.3 | 6.9 
(Be —§.1| —1.8| --2.5) —82 
18. Sie 1.3 | 2.9 | 0.3 | 2 —51.8 

— +s 5) | = - 

Average_-_-- —3.7 0.8 | —1.5| —16.0 

Es | int 
21 = et 10.5 —5.0 13. 0 23.4 
ee an ea 10. 4 2.4 5.0 —10.4 
23_ —_ se 10. 4 6.2 72 —1.0 

24 ae 6.2 ern | Meu by Hal 
ee eS bs 14.7 10.9 | 19.6 10.5 

Average. -_--- 10.4 3.0 9.5 4.9 

III: . 
+; | ie aS SE hae —5.1 —9.2 | 2? —58.4 
ce = 0.5 | —18.4 | 2 —34.3 
1 a. SER ee Sa 1.8 4.9 | 2 —45.3 

Average. -_--. —0.9 —7.6 — 46.0 

IV: 
ae Seer Sar 8.3 8.7 23.6 20.5 
ADS ce tie 17.3 18.9 37.4 34. 4 
FS ST at 9.8 5.6 12.5 18. 4 
ASA a0 Soy aeas= 18.0 19, 2 22.2 27.1 

Average... ._- 13.4 13.1 23.9 25.1 

¥: 
Bias ee ee Vad ee! 13.9 19.3 0.6 

Treated: Spr al Be ices 
AAT itn c secs 16. | 13/84 S65 I) pa8ed 
(Bae ere Ee —5.8| —7.9]| -84] —9.1 
ih <—_ 1.9 2.5 2.5 10.5 
18T ve Ee =e —2.0 —3.1 0.6 3.4 
21'R Facies Site 7.5 6.0 | 12.6 21.5 

Be en. Soo —0.6 4.1 1.6 7.0 

Average...-.| —2.4}) —2.0 0.5 6.9 
| 

1 Each percent is the average of tests on three 3- x 4- x 16-inch 
beams, 

2 Beams showed numerous cracks. 

Summary of All Four Rows 

The ratings of the individual concrete boxes 

at the time of the last inspection are listed in 

table 7 and are shown in figure 7. Overall, 

the concretes prepared with Type III cements 

showed the poorest resistance to natural 

However, the concrete boxes 

prepared with cement No. 34, Type III, had 

good durability in all but the fourth row. 

The concrete containing the Type I cements 

had the next poorest resistance to natural 

weathering. No appreciable difference in 
overall durability was noted between the 
concretes made with cement Types II, IV, 
V, and the treated cements. 

weathering. 

The concrete boxes prepared with cements 
Nos. 15, 18, 31, and 33 had the poorest 
durability. The condition for all four rows 
of the box specimens prepared with these 
cements is shown in figure 8. These four 
cements had C3;A contents of more than 10 
percent. Conversely, the best overall ratings 
were given the concrete boxes prepared with 
cements Nos. 24, 43, 43A, 12T, 16T, and 
21T. With the exception of No. 12T, all of 
these cements had a low C3;A content. In 
general, the concrete boxes made with the 
cements having a high C;A content had the 
poorest durability. The exceptions were the 
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C 3 
Figure 8.—Concrete boxes made with cements (C) having the poorest durability 

concrete boxes prepared with cements Nos. 

12, 17, and 12T. The durability of the con- 

crete boxes prepared with cements Nos. 12 

and 17 was poor only for row 3. 

Fifteen of the 24 box specimens made with 

treated cement had better (lower) ratings 

than those prepared with the corresponding 

untreated cement from the same plant, 6 had 

equal ratings, and only 3 had poorer ratings. 

The treated cements showed to best advantage 

in row 4 specimens, which contained low- 

cement, high-slump concrete. The poorest 

durability for the conerete containing the 

treated cements was for the box specimens 

containing cements Nos. 11T, 18T, and 33T, 

each of which had a high C;A content. 

The concrete made with cement No. 12T, 

which also had a high C3A content, had good 

durability. 

The air content for the concretes prepared 

with the treated cements Nos. 11T, 16T, 

and 33T were high; for the concretes prepared 

with treated cement No. 21T, it was moder- 

ate; and for cements Nos. 12T and 18T, it 

was low. For the conditions of exposure, the 
durability of the concretes made with the 
treated cements appeared to have been in- 
fluenced by the chemical composition of the 
cement as well as the air content of the 
concrete. 

Results of Tests on Beam Specimei 

The three beams for each mix, made fr¢ 

the same batches of concrete as the box 

were placed in the exposure plot and mo 

cured for 28 days, and were examined at t 

same time as the boxes. Determinatic 

of length and sonic modulus were ma 

The results of these determinations w 

compared with results of similar det 

minations made just before the specim: 

were placed in the exposure plot. To mi 

mize the effects of moisture and temperatv 

the beams were brought into the laborat 

and stored in water, at a temperature of ' 

F., for 5 to 7 days prior to the peric 

determinations. 

Table 8 data show the changes in the se 

moduli (N?) that developed in the bez 

from the time of the initial readings until 

time of the 1961 examination. The d 
indicate only a very general correlation 

tween the loss of N? for the beams and 

condition rating that was given compari 

boxes. Decreases and increases in N? ¥ 

about evenly divided among the beams m 

from the same batch of concrete as the 

boxes that were assigned a rating of m 

than 3 in the 1961 examination. Howeve 

decrease in N? in the beams was noted ir 
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‘able 9.—Change in length of beams after 
12 to 16 years of exposure! 

' 

Percent increase or decrease in 
_ length, in rows— 

Cement, type 
and number 

| ; 1 2 3 4 
‘ 

Is 
ieee: 2 0. 140 0. 068 0.099 | 0.089 
iL Se ae . 074 . 028 . 026 032 
1, —.001 —.006 | —,021 | —.001 
le oe ees . 054 .009 | —.002 | —.006 
Lo te eae . 065 . 008 .008 | 2,208 
1Gemeo-..2. O11 | —.004 | —.014 | —.004 
= .O11 . 007 —, 021 008 
Like ae . 049 . 021 032 | 2.369 

Average__ 050 016 . 013 087 

Te ‘ 
J) eo eee —0,009 | —0.005 | —0.024 |—0. 002 
2 ae a . 004 006 | —.012 . 022 
2h ta, Soe leees sm —. 009 —.012 —.086 | —. 006 
2S eee .020 | —.005 | —.018 . 004 
i ae ae 013 | —.001 | —.025 . 006 

Average _ 004 | —.003 | —.033 005 

UI: preys reas 
ait Set veep 0. 133 0. 081 0.032 | 20, 259 
Boers te: . 101 . 063 .062 | 2.163 
Sth aaa . 036 .019 | —.023 | 2,187 

Average -__ . 090 . 054 . 024 . 203 

Vs 
Chee 0.001 | —0.002 | —0.022 | 0.007 
/ yh —.011 | —.014 | —. 033 . 009 

Sete es -) —.003 | —.013 | —.029 . 004 
SN 001 | —.017 | —.029 | —. 004 

Average__-| —.003 —.012 | —.028 . 004 

We ie, 
eee . = —0.008 | —0.015 | —0. 029 0. 026 

Treated: 
i 0. 069 0. 039 0.010 | 0.024 
a ee . 029 O11 . 066 . 030 
Aa ee —. 008 —. 009 —.027 | —.017 
iil . 034 .001 | —.002 . 022 
Pee Meee —.008 | —.010 | —.069 | —. 002 
OU ee ae 029 .002 | —.007 010 

Average___ . 024 006 | —.015 - O11 

1 Bach percent is the average of tests on three 3- x 4- x 
6-inch beams. 
2 Beams showed numerous cracks. 

gpercent of all of the specimens made with 
[Types I and III cements. The boxes pre- 

, 2ared with these two types of cement had the 

,poorest overall ratings. An increase in N? 

, Was noted in more than 95 percent of the 

j9eams prepared with Types II, IV, and V 

, and in 60 percent of those prepared with the 

, Treated cements. 

,, The groups of beams prepared with the 
, ean mix (44 bags per cubic yard) and cement 

, Pypes I and III showed the greatest loss in 

)N?. The five sets of beams prepared with 
, cements Nos. 15, 18, 31, 33, and 34, had an 

,verage loss in N? of more than 30 percent 
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at the time of the 1961 examination. All of 

the cements, except No. 34, had high C3A 

contents. Numerous cracks had occurred in 

these beams. Their corresponding boxes 

were rated either 9 or 10 and were considered 

to be disintegrated. However, five sets of 

the lean-mix beams showed an average in- 

crease in N? of more than 20 percent. These 

beams were made with cements Nos. 21, 

41, 42, 438A, and 21T. The corresponding 

boxes were rated 5, 4, 5, 3, and 1, respectively. 

The lack of correlation between the two 

methods of determining resistance to weather- 

ing is believed to be due, in part, to (1) 

differences in the strength-gaining character- 

istics of concretes made with the different 

cements and (2) differences in moisture condi- 

tions caused by the basins of the boxes being 

kept full of water. Because of the latter 

conditions, large percentages of the concrete 

in the box specimens were sound, except for 

scaling of the floors and the slopes of the basins 

and radial cracks in the bottoms. 

Table 9 lists the changes in length of the 

beams between initial readings and the 1961 

examination. An analysis of this data indi- 

cates only a very general relation between the 

changes in length of the beams and the condi- 

tion rating of comparable boxes. The results 

are similar to those obtained from tests for 

changes in sonic moduli. The beams pre- 

pared with the Types I and III cements 

had the greatest increases in length. The 

beams prepared with the Types II, IV, V, 

and the treated cements had little or no in- 

crease in length. The five sets of beams that 

had a loss in N? of more than 30 percent also 

had expansion of more than 0.15 percent. 

The same reasons for lack of correlation be- 

tween the loss in N? of the beams and the 

condition rating of the boxes apply to length 

change. 
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Reported by E. M. COPE, Chief, 

Highway Statistics Division, 

and ARLENE R. MUNDY, Economist 

Office of Planning 

Knowledge of the numbers, ages, and 

sex of licensed drivers is useful to public 

agencies in planning, research, making 

administrative decisions, and in formu- 

lating and carrying out safety programs. 

It is also useful to both Government and 

industry in forecasting, and to the laiter 

in market research. Although require- 

ments for obtaining driver licenses vary 

among the States, and the statistics 

concerning the numbers of drivers’ 

licenses vary in completeness and sig- 

nificance, the information now available 

can be expanded to useful totals. Some 

of the States know how many drivers they 

have licensed; a few have made sum- 

maries by sex or age groups. Selected 

data from the States are presented, and 

on the basis of these and other informa- 

tion, the numbers of male and female 

drivers licensed are estimated separately 

for each State. Estimates of the sex and 

age grouping of licensed drivers are also 

given for the United States as a whole. 

It is forecast that the number of drivers’ 

licenses will reach 125 million by 1975, 

and 139 million by 1980. 

139 Million Drivers in 1980 

{es 16 YEARS from now, in 1980, there 

will be 139 million licensed drivers of ve- 

the United States. There are al- 

ready, in 1964, about 95 million licenses held 

by the persons who drive the approximately 

85 million automobiles, trucks, and buses now ’ 

hicles in 

registered. These drivers are the object of 

an almost endless barrage of advice, sugges- 

tions, and but 

surprisingly little is known about them. 

Although all States require vital informa- 

tion, such as age and sex, to be stated on the 

application for a driver’s license, only a few 

admonitions, beckonings, 

States have recognized and extracted these 

data as valuable aids in analyses of accident 

exposure and rates, the formulation and direc- 

tion of highway safety programs, or the many 

other uses to whichsuch data could be applied. 

Where it is available, data on the sex and age 

distribution of vehicle drivers is also a useful 

source of information for social and economic 
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139 Million Drivers in 1980 
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Figure 1.—Estimated number of licensed drivers, by 

age and sex, 1963. 

NN SS Z Ui NN 4 
> 

KN IOS 

RS SSS SSS 

Z 
y Hy 4 t y 4 y q y; Z Z y, y Y} q 
4 

SERENE 

y 
y 
4 vA 
4 
v7 
Z 
A 
vy 
4 
Z 
4 
4 
4 
4 
4 vA 
4 
4 
4 
4 
4% 
4 
Y) 
4 SEEM’ DSSS SSS SSS 

1955 

Figure 2.—Comparison of numbers of licensed drivers with total pop: 

RECORDED FORECAST 

lation and driving age population, 1950-80. 

October 1964 e PUBLIC ROA 



Table 1.—Administration and terms of state operators’ and chauffeurs’ licenses, Jan. 1, 1964 

Learner’s permit Operator’s license Chauffeur’s license 

Minimum age 

, : : Unlimited 
Office of issue Length Mini- Length operation Re- Motor Length Mini- 

ofiterm 2 mum of term Renewal date except stricted | scooter} of term Renewal date mum 
age 3 (years) opera- or (years) age 2 

tion for | motor- : 
(3) (4) minors | cycle 

Alabama.--__-_--- Driver License Division, Dept. | 1 month__- 15 Vie ae ase Birthday-_..__- 1663 boa peta 14) S| eee ee eae SE 
of Public Safety. z : 

fm Alaska. -_-.--.--- Dept. of Public Safety_...---__- 60 days--.. 14 Sennen Birthday......| 18 SLO eesens 513 a eens. 2 |/OeDt.- 55. eS 18 
to see Vehicle Div., Highway | 5 months*_| 15 ve) 1d (his Formats ee Birthday-.___- 18 A Ge wee eee ALD 2 ee & Birthday-___ 18-21 

Arkansas... .- Bema yale Div., Revenue | 60 days-__-- 14 heer es ae Jane 18 W14@, tose 13 foe sears LESS ES. SE | 

Malifornia__..__.- Div. of Drivers Licenses, Dept. | 6 months__}| 1514 3 and 5____| Birthday-_____- 1 Gatun es 14 Se (Ne oe oe eRe ees Vid eA ea 
of Motor Vehicles. 

Colorado----_----- pe otor vehicle Div., Dept. of | 5months..| 1514-16 | 3------.--- Birthday_-..__- 17 16 eres 514 Bie ay lee Birthday____ 17 
evenue. 

Connecticut ____ -- mo EL ace AL epi Of violets eescsse=. atl) ease nes Phe oS Pp Birth month__| 21 Ye le ge ses a, 9 |) Pee ae NMG yi ls eee 21 

Delaware... .---- Motor Vehicle Dept., Highway | 60 days_-__- 16 Sy eee Birthday__-__- ge Fh WAL ae aS —S ee Rasa Boe Birthday-..--.- 18 

mBtOFIGS =. -.-=--.- Drivers Lloenss Div., Dept. of | 2 years__-- 14 ) aE ene Birth month__ 18 *16 *14 Dig Sil eS Babies Birth month_- 18 
afety. 

Georgia wee ee op vblic Belate Div., Dept. of | 1 year_--_- 15 LronGss2*- 5) Birthdayessset ee kor gallee= om ill see ae eee Wel Ono eee feb irt nda yas. 18 

Hawaii__.._._---- County Police Dept peer ae De 60 days*___ 15 Indetinites|2.5 ese Sener 20 lst ee ar nce 2 15 1 eee Issuance____- 18-21 
oh a ules ee mee Dept. of | 120 days-__- 16 ) ae a eae Birthday---_-- 16 ae 14 Euge RSE ee oe Eo DIT boa yee se 18 

aw Enforcement. 
BeNOIS.. 2-2 Driver License and Safety Re- | 6months__} 15-16 Eee Birthday---__-- 18 *16 *16 Aste ees ah ae _| Issuance-_---_-- 18-21 

; sponsibility Div., Motor 
Vehicle Dept. 

mradiana. 2 2__.__-. ee Nhee eee Bure. Of | uyear™. 2: 15-16 peed amie ees Birth month__ 18 *16 alls So s2 |e eee Birth month__| 18-21 
| otor Vehicles. 
| i eee Safety Responsibility Div., | 2 years____ 14 Dee Birthday-____- ie lenses 14 eae | lees Sees Birthday-_-____- 18 

Dept. of Public Safety. 
ReaNSAS<-. .-...-- pai vee Diy., Motor | 2 months-_- 14 ee Se Birthday-__-_-- 16 14 14 Y alee ee Birthday-__- 16-18 

ehicle Dept. 
Kentucky--.-.---- Div. of Driver Licensing, Dept. | 2 months_- 16 2 ees Birth month_.| 18 “al [GES Me ee =a ee Bile 2 een ee Jane eee 18-21 

of Public Safety. 
| Louisiana... __--- ANAS ee Div., Dept. of | 2 years___- 15 2s eee Bint he yecea=e tt hove wean ae (inne 1 ie Issuance. --__- 18 

ublie Safety. 
| EY a see Vehicle Dept., Dept. of | 1 year___-- 15-17 yi SS ee Birthday------ 18 oily) *15 1 (Ad pee Pe Bo = aay Mer ee 

tate. 
) Maryland_------- Dept. of Motor Vehicles__.....__| 60 days*___ 16 gate eee Birth month__ 21 SL Gate ee 16 7. eee ie Issuance_-__-- 16 
i Massachusetts___} Registry of Motor Vehicles 6 months__ 16-18 es een Birthday_____- LS anise *16 ee cl es al = Seo Issuance____ __ 21 

| Michigan--_.---- Div. of Driver and Vehicle 60 days___- 16 BE tet Ses Birthday_____- 18 *16 *14 15 Teese Issuance. ___- 18 
Services, Dept. of State. 

Minnesota_-__-_-- Maki License Diy., Dept. of | 6 months_- 15 Sees Birthday_.....| 21 cL | eee 515 fe eae -2 Birthday_____- 18 
ighways. 

Mississippi.__ --- ae Ticonse Div., Dept. of | 60 days_-___ 15 One. see Issuance_--_-- 15 Sees een (5 ona ees OL Ol.e= se CTSBiances: 2a 17 

ublic Safety. 
Missouri Bree License Unit, Dept. of | 60 days____| 15-16 Bde Seats Issuance... .-- Gia abe receeens | | ere weve 2 | Lees 2----= Issuance - - - -- 18-21 

evenue. 
iimetontana_.2.-.-__| Highway Patrol_..--_._----_--.- 6months*_| 13-15 2 ae eee eee Birthday....--} 21 *15 *13 a en ee Birthday_...--| 18-21 

Nebraska_--_-_-- Driver’s License and Safety | 1 year____- 15 PA eo Sept. 1 odd 20 LOR eerie eee | eee je reer oreo | ee ei 
Baaipment, Dept. of Motor year. 
Vehicles. : ‘ 

iaNevada___.-_._-- pers ees Div., Dept. of | 6 months__} 1514 Wb eaee =| DITtNday eee LS *16 14 514 | 5---------- Birthday_____- 18 
| otor Vehicles, ; : a 
New Hampshire - a Ok Motor Vehicles, Dept of | School 15-16 Dea ease Birthday-____-- UE Alp ee 165 16 102_-_----- Birthday_____- 18 

| afety. term. : 
_ New Jersey-.._-- Licensing Service, | Motor | 2months*- 17 Lorieseee= Issuance. ----- Vie Det Ss. 16 17 G)) a= == Indefinite. ___- 21 

| Vehicle Div., Dept. of Law 
and Public Safety. 4 P 

New Mexico es ase Retyice Div., Dept. of |} 2months__| 14-16 Dare fee Birth month_._| 18 16 15 13 1 ee ee oe Birth month__ 18 

otor Vehicles. 
New York-..---- Dept. of Motor Vehicles________- 6months..| 16 3_--------- Issuance-.- --- 18 “5c5- 16 wane | 8-2------=- Issuance. ____- 18 
North Carolina__] Driver License Div., Dept. of | 1 month__- 16 ae Birthday..-.--| 18 16 | ----- ---- | 2---------- Birthday.--.-_| | 18-21 

Motor Vehicles. ; 
| North Dakota__.. Safety Responsibility Div., | 3months..} 13 Ee Birth month..-} 16 | ----- “13 wene |------------|----------------|-------- 

ighway Dept. : ; : ; 
| «ee Driver License Sect., Ohio | 6months*_| 16 See Birthday....--| 21 16 14 16 | 3---------- Birthday-_-__- 18 
| State Highway Patrol. , ‘ ; g 
| Oklahoma... __ Driver License Div., Dept. of | 6 months__} 1514-16 | 2---------- Birth month_-|" 16 | --.-- | -==--- 14 | 2---------- Birth month._} 18-21 
| Public Safety. : ; me: 
Oregon’. -__.__- Drivers License Div., Dept. of | 1 year_---- 15 2_--------- Birthday------| 16 | ----- 14 ---- | 2---------- Birthday------ 18 
| ; Motor Vehicles. 

Pennsylvania____} Bur. of Motor Vehicles, Dept. | 3 or 4 16 2_--------- Feb. 1__------- 18 | ----- *16 a FE a ore ac |i 
of Revenue. months.* 2 : 

Rhode Island____] License Div., Registry of | 90 days_--- 16 2_--------- Oct. 1___------ 16 | ----- | ----- Seees | Sere Oct. 1---.----- 18-21 
Motor Vehicles. 14 1 J 

South Carolina___| Motor Vehicle Div., Highway | 6months_- 14 4_--------- July 1-_------- 16 | ----- Seong | ee a an, J. -------- 18 
° Dept. : 

South Dakota-._.| Dept. of Motor Vehicles. ______- 60 days....| 14 4._------- Birthday......| 16 | ----- 14 ey Bn AC SaaS aa le Se ee pommans pT = 
Tennessee________ aa License Div., Dept. of | 10 days_--- 16 2-22 -==-=~= Birthdayossen | Lopes orca nese Meee 14 Peete See Birthday.-..._| 18-21 

afety. * 1 "9 
exas........_- Dept. of Public Safety_....._._- Qyears._..| 14-16 | 2---------- Issuance - - ---- 18 16 14 Migs | career eee Issuance - - - --- 16-17-21 

| J Drivore’ License Div, Dept. of | 4 months_-} 1534-16 3 and 5.__-| Birthday---_-- 16 1544 | ----- ae 8 and 5-.--| Birthday-.__ .. 18-21 

i Public Safety. . 
Wermont_._-_._=- Motor Vehicle Dept__--.-------- 1 year__--- 15 1__-__----- Birthday-.---- ae a6 ies ap eem | risen come iee race Ree 1a) BR 
Virginia. Div. of Motor Vehicles_-..____- 90 days} 15 3_.-----s-- Birth month..) 18 ey Mg Rte se eh Wome neds oe epic ease rife 

| Washington______ Operator’s License Div., Dep. | 6 months-- 15 2_--------- Birthday_..-..} | 21 16 | ----- og oe procaine arr eeae ERs gl eee 
: of Licenses. ance = 
West Virginia____| Opertrs. & Chauff. Div. and | 2months__| 16-21 Lie ee Issuance ___--- LB in epee el eee 16 1___-.----- Issuance - - ._- 18-21 

sd et ien Div., Dept. 
of Motor Vehicles. A : r= 

Motor Vehicle Dept__.---------_| 6 months_- 16 Ppa B ae _-| Birthday------ ‘ of reas art : (a eo EX peels Gs ee 
Motor Vehicle Div., Dept. of | 90 days__-- 15 Sse Birthday-.-- -- 2 ees pee te oe a ay el al en ee sue 2 

Revenue of the Board of 
Equalization. 18 

Dist. of Col______| Dept. of Motor Vehicles. _______| 60 days*--- 16 bee PASTS CO pa seen ee ee eee 

1An asterisk (*) is shown if the learner’s permit is mandatory before obtaining an opera- required to a an examination appropriate to the type of motor vehicle he will operate, 

or’s license. class 1, 2, or o. f : 4 3 : ; aad 
2 Where more than one age is shown for a State, the lower age (or ages) is qualified by cer- _ T Indefinite issue for drivers meeting specified requirements. Taxicab drivers’ licenses are 

ain restrictions, such as Semulehin of driver training courses, times of operation, type of issued only to persons re are ues annually, and expire May 31. 

peration, proof of necessity in hardship cases, and parent or guardian approval. 8 Required only for school bus operators. 
3 No special provi i 4 Speci isi for minors and an asterisk indi- * Two years for those over 65 years old. , ; 7 

fates that Be eat ee winrdion is mibadatory Stekire issuance of license. 10 Fe pm pen ecco ge ed ae coral person operating a vehicle having more than 1-ton 

5 Motor i capacity and not owned by the operator. - : } 

se linenies ore not Yesignated operators’ or chauffeurs’ licenses. The applicant is 11 For-hire bus operator’s license is issued for an indefinite period, but evidence of physical 

fitness, good character, and experience must be furnished each 12 months. 

Fe -" ROADS ¢ Vol. 33, No. 4 we 



Table 2.—Number of States issuing drivers’ 
licenses at specified minimum ages, 1964 

Number of States issuing— 

Minimum age Junior or Regular 
ofinssuance | Learner special driver 

| permits licenses licenses 
(restricted | (unlimited 
operation) | operation) 

Ss Bat es Sacer 2 2 By eos See 
i eee 9 12 2 
1 + fey ie gel Sa FI le | 23 5 ¥ 
i i ie eae 15 4 37 
(I Re a RE = 1 ca 2 
ie tong Soe 1 ae a ae 3 

CORA Jo=— 2st 50 23 51 

Table 3.—Specified periods for which States 
issue learners’ permits and regular drivers’ 
licenses, 1964 

Number of States 
issuing— 

Period for which issued 
Learner’s Regular 
permits driver’s 

licenses 

Less than 3 months________- LS: |, G8) (p see 
B-b TOUERS: 3% 2 See eS a | ean) ae eee, 
HGhool topos > 2 eee 1 ie ee 
LVGRF 2 eee baer st ee eee 6 2 
2 SEONS Se ee eee | 4 27 
CO VORES a0 eS ee Nae ae 12 
S VOOR. Ba aoe ees es ee eee 5 
Gb VORTEC Soe ee ee ee oe 

analysts, and for business in the analysis of 
wants and needs, forecasting of markets, and 
efficiency in distribution and advertising. 
Fortunately, there is an increasing recognition 
of the potential value of the information that 
the licenses can produce, in addition to their 
primary function of certifying the ability of 
the holder to operate a vehicle, and maintain- 
ing a record of his traffic law violations. 

From a highway safety standpoint, alone, 
the nearly universal ownership and operation 
of vehicles require attention to the 

and practices of individual 
This has been evidenced by several 

major developments in recent years. The 
list is impressive. Without attempting to put 
them in their order of importance, it includes 
highly organized high school driver education 
programs, the point system for control of 
hazardous drivers, revamping and tightening 
of driver licensing by the States, more adequate 
staffing and record systems, and the establish- 
ment, by the Federal Government, of the 
Federal Driver Register, in which all of the 
States cooperate in exchanging information on 
individual drivers having records of offenses 
leading to suspension or revocation of their 
licenses. The District of Columbia is treated 
as a State for the purposes of this study. It 
should be remembered, when making com- 
parisons, that it is a compact central city 
having a highly developed public transporta- 

more 
qualifications 

drivers. 

70 

1000 

900 

800 

700 

NUMBER 

400 

100 

Figure 3.—Relationship of the numbers of licensed drivers and vehicle registrations 

population in the vehicle-operating age groups. 

tion system, and that its statistics exclude the 

suburban and rural areas that tend to balance 

or average the statistics of the 50 States. The 

statistics on driver licenses, vehicle ownership, 

and related factors for other major cities, if 

obtained separately and not submerged in the 

totals of their States, would undoubtedly be 

similar to those of the District of Columbia. 

Driver license administration, requirements, 

and fees 

Generally, use of the information from a 

driver’s license is aided by knowledge of the 

minimum qualifications required to obtain the 
license, the ease with which it can be obtained, 
the length of time it is valid, and its cost. 
Any of these factors, and perhaps others as 
well, can affect the significance of the data. 

These factors, and other significant infor- 
mation, are shown for each State in tables il 
4,5, and 6. Table 1 lists the agency in each 
State that administers the issuance and 
recording of licenses. It also lists the minimum 
ages at which licenses may be obtained, the 
lengths of the terms for which they are issued, 
and the factors governing the dates of expira- 
tion and renewal. All States except Con- 
necticut issue learners’ permits. Forty-one 
States issue junior or other restricted licenses. 
The restrictions differ among the States and 
are too numerous to be listed. Such licenses, 

generally, are issued to persons too young 

qualify for regular licenses and are to pern 

operation of a vehicle to and from school, 1 

shopping or marketing, or for making otk 

trips under prescribed conditions (see table | 
The restrictions may also cover the type 

vehicle to be operated, operation betwe 

sunrise and sunset, and other factors, such 

insurance coverage requirements or requi 
ments for written approval of parents. 

The terms of both learner permits a 

regular driver licenses, as may be seen 

table 1, differ considerably among the Stat 

In some, learner permits are issued for 

period as short as 1 month, but four Sta 

issue them for periods as long as 2 yea 

The great majority are for 6 months or le 

The driver licenses of more than half 
the States are issued for 2-year terms. 

even dozen issue them for 3 years, and 0: 

two for l-year terms. Although issuance 

licenses for indefinite terms was at one ti 
fairly common among the States, Hawaii 

now the only one in which an _indefir 

term regular driver’s license may be obtain 

For certain drivers with safe driving recor 

Delaware issues an indefinite term licer 

for which the fee is $10. Relatively few 
these are issued, and for purposes of t 

study, they are considered to be spe 

licenses. A summary of the terms of St 
drivers’ licenses is shown in table 3. 

October 1964 e PUBLIC RO 



Table 4.—Driver license examination, renewal, and reciprocity, Jan. 1, 1964 

Kind of examination required for original Renewal i itw 
or renewal of drivers’ license ! Age notices ene Sore er oot Lae a a ps et Ae 2 _.require= mailed 2 Expiration = 

ment Le: date ex- New residents Nonresidents / for tended for |e te aie ae ee Point 
reex- Seeihe 2 re | system a Bu iy ¥ amina- personne ime limit Must |Examination in Written Oral Driving Vi i- Other tion Oper- | Chauf-| during serv- to obtain surrender} for persons use 3 sion for ators | feurs | ice and after driver li- license | having legal | May obtain 
ire discharge Sema had pdeite ee from license 

establishing ormer | former State 
residence State 

igen ys. 2 Se ee bi Ahad, ee ee NES Yost. JS sfroes 3 Nowe Ee LION a ae Yes_..-_| Drivin 2 “No Tes ORY Ceceoconms F  |F&R| Signrecognition.| ~~” 79 | No... Now| New 90 days. ._.2.. Noa None Ulato ee Nee Cee Sale Se Tae F EEE | eee ee cee 0 ces GSsit Yes" 3 <|2Y eseee |ANO wet ee Immediately__| No______ Entire______ Noes. see No. F Wie aes A lib As necessary_.--|________ IN OoSe2 | INOL esa NOE eeeeees Immediately--| Yes.._..| No-_..-_____ NOSzss=24-<Lb5|, NO:  aPo Rey [WE OS a a F F & R| Hearing, SISTS yy |ee = oe No_.--| No_.-.| Duration LOLGaY Ss. 5 eee Wes=e-s) antiress 52s Have Calif. Yes simple English. of service. address : 4F & R | Ifilliterate_|4F&R |FkR haa oe lad IN Ofer RIN OMe (3) BUIGaYSee. = YeSse ce Driving NOS = Yes a aptitude. 
waived. ern : F If illiterate__ F F SL STU TCCOL= Nims a |e meee Yigg’ oPRViGsio= | MNo sa eee GOidays as see Ill. and | Driving Valid in Yes, 

nition. ae waived. Conn. only. 
only. Ee ae. Sees F Hi | cert so Cee a ce 63 | Yes 6__} Yes 8__| 90 days_---- O0idays:eoeen bY seer ee ING ett ese -| No. 

: and vision. F ie &: Berens F F DISCUS pvCH ies aaj sees No__--| No_---| Duration Immediately__| Yes_____ Bntires— 225 Pass entire Yes. insp. of service. exam, [a F dee ee F F Sig Ml TOCOS= seen (eeeena NOs | NOt ee EN One BU CRYSe ena essen Written NGS Sea No. y nition. and vision. Hawaii-___- oe SE a ee F Ue AH hSe days Sa am Ol (an aD RM eR ae y eckel lye Re LL OD Gaysaene. oe Noms NON GS ce lls eee Oe ee Yes. Idaho___-_- F | WARS: yt oa F LOW 1S as Sake eee i ae Nose NO |pNoe ee Immediately__| Yes_____ Entire_—___- INO E8 See ee Yes. 4) aoe F Bae eA F F Signs and laws_- GON EINOES = SNO SI gNO coe teeve | O0 dayse-=s8 | Yess tec] Hntiresces ol Chant’ ems Yes, 
ployed in ; 
Ml. . (ba TF A&R | Ifilliterate__ F le 8 lec 22 aes 75 | No..--| No_.--| Duration Indefinite____- Yes._.-_| Written IN GR2 Ses eee Yes. 

of service. and vision. PLOWS - - .-_. F If illiterate _- F HCL Gal reeetins soem ets eet et No-__--| No-_-.]| 6 months___-| Immediately__| No_____- Entire_-_-__- INOf2= 35. ee No.* BeANS === iO? ee A oy ee F OE 06) eto Oe Be eee) (ead oe Yes?_5 | Meso 4 | S0 dayso=-- | 00 daysa 2. -=2 VieSe2- a Ron tire sce © <<. Servicemen Yes. 4 
only. Sa F Tf illiterate__ F Beg eee eee ee ht oe NOz2=5 |ANOSte- HEN Outer eee Immediately__| Yes____-_ Entire_-___- INOS: Cys Yes. Bees son F ies sp te F Wg ASL ee eee Se ee eS eee No..--| No-.--| 60 days-_ —--- O0idaysie seca Yosser. Entire...) NOZ ae se ee Yes. Maine----. NOP 0H Diet Stee fe ee me 4 F Me: eee ae em One Vi OGee | eee 30 days_.---| Immediately__| Yes____- Driving Pass entire Yes. 

waived. exam. melee 2 lg By Sirs See be Be, F F Sign recog- 60 | SYeseeleNO-est| aN Os. see = SO Gay Sa Yes_____| Driving Chauf. em- Yes. nition. waived. ployed in 
Md. a 1 fel Malek aie rdoat AB, F Le Cp sss Sak eg eee 8 (gee RY S02 |e eeee ae 60 days. - --- Immediately_-| No____-- Driving Upon appli- No, 

waived, cation. mach]... F dpe Ok Ae eee F LD AG Madi dea gh gies) bere awed le de TD NOES: ANOS 2 at ING Se ee noe Immediately__| No_____- Driving ING. <eee es Yes. 
waived. Minn}... ie AS gil) Seed a F F Doctors, report. |.-22- INOZ2= 2p eShee | 90 da ysen 2s) C0ldSyS.a2 been Y@s-- se. hntires. 2 INO cee Yes, ByISSe oS = F Tf illiterate _- F F HIIEOCOS=: es aes INOS) Nowra WN Otsego 60 dayse2s 722/57 eses= sl Sentiress 5 IN OR see Tee No. 

nition. 
PN ei. F Tf illiterate __- F BY = cee A ay eae ee | ae al Yest See Yesees | Nose sees = Immediately__| Yes____- Entire--~-_-- Chauf. em- Yes, 

ployed in 
Mo. Mont--_--- F Tf illiterate _- F USL i es (een 2 Sas SO Oe a (ee ee VOST Hil PV OSs— si nSOdaysee aeeih QUaySoe= ==) eceee Entire_ .-.-- ING sae Yes. i) Nebr. __--- 1 ee | ee ea F NOM VEE acipss De Ve es ae rl [ eeee INOfo NOs INO ies eee SO da vse ete Nota Entire- = -_-- | IN OVS eee Yes. Bey — 2_—. =. 1D oe 4 aks ae oe eS F Cee hy eee, ae ts Sek wets A ee INOS SIEN Obes: fe DuratiOn see. a eee ‘Yes le. IN On@=222e-5- IN Obese eee No.* 

of service. hace 
tye F If illiterate F ON i epee co ee SE See TO-teX CSO ae Vese-e) NOs ee (20) ‘Vieg saa Driving Valid in N.H. | No. 

or non- waived, only. 
English. 

ido... Eien | Cee eet ee os F Eh | ee ee ee Ce ee ‘Yeste: |eroue 90 days-_. --- 60 days. ---_-- NOs eee ee aed in N.J. | Yes. ! 
waived. only. 

; N.Mex-_... "LES ge ee pe F ici S| abe oe SO 2S A rae NOS IHN Se [ENOSs nena = | ieee Sree De Vosuyaes Entire. 225-4 90-day permits.| No. Bere F ate ewe F F Medical_____.--- i 661 "Yestecl) Messe (12) SO days. Noueeess Not if reci- | Validin N.Y. | Yes. 
procity only. 
agreement 
exists. 

a TEGATANA Dae a eee Cee eRe tie ee ee ee Yessc=||vessee i NOs=_- ee Immediately_-| Yes___-- pene: IN OSS ae Yes. 
waived. 

N.Dak---_- F | or: an F Pal) eae eRe De aes 2 (ree Yes*al sass Now eee 60 .dayseeees= Yesee.- Entire_2_-_— NOs ae No. 
nt F yy ee F 1 al Sues ee AN ai (Ra ee Noms al ENOme ENG ee Immediately__| Yes____- Entire_—__-- Nos tesserae Yes, 
Oh F ie ee F J)” 12) ge Ws 7 | he iGR == VCS a5 PIN OL eee e Immediately__| Yes____- Bntires 22-2 By ps pect a Yes. ‘ 

ing home 
ee 
icense. 

F F Sign recognition_|_______- Westley OSse NO See Immediately__| Yes___-- Entire-~___- INOS eee == NO: 
F F physical ses. o> te sees Yies!2a| Meee ss Dusetlon SOL aYSmesse.| ON One pewinss No restriction_| No. 

of service. waived. 
} F is Sy A Sa aN ta eee 70 | Yes*_-| Yes_--| 30 days_...--| Immediately_-_}| Yes_-...| Entire------ a pepiored No. 

in R.1. 
. F 1D de Sol ae cece a eee) (ees Oe INo#=-2|S¥ese00'days= === OO daySoonets eVesaeess Entire--__-- Chauf. only_--| Yes. 
: F 13) rok Se eae gs eee al (ae ae INO ses | eee Duration O0Ida See Mids Sones Entire= <..-2 PD SEAR No. 

of service. only. 
F 1d Ae eee pel epee aes Yes*__| Yes_-_| Duration Immediatety_-| Yes_..-_| Entire---_-- INO: Se toe sa as. No. 

of service. i : 
F F Sign recognition_|_______- Vests nl EY OS vse |e, ees ee ee Immediately_-| No__---- Entire--__-- If needed___...| No. 
F VAN Pele Soa oe ee ed td (era INOS =) Nove | 90 days!) 60 daysa2cee INOwfuo = Hntires.sne- hate appli- Yes. 

cation. 

F EX eal eA eee Se ee ned |e Vesta Noss (13) 6 months___--- INOo nese eee. A ee in Vt. No. 
waived. only. 

F 1 | (Sc ea, ae eh WIRE ES fee ee Yes.--| No.---| 6 months_.__| Immediately_-| No_.---.| Driving : Pass entire No. 
waived. exam. 

F Eis Gale eee eee ee eee ee Nh al aw eee INOuse 2 aoe SO }daVSenreee- iyege sos Entire ae eee IN G2 eee ae ak Yes 
F Hie =| Sete eee ee ee Wes*22) Yes: =>}, 6.months:---130 days—---s--|.X€S--—-o5| NODG 252. No eae eh S Yes 
F F Sign recognition_|_______- esto |" Ves-e | Nowe Immediately--} Yes----- Entire: = -.- NOP eho Yes. 
F HSS Be ee Bek ar eed ee NO |UNO 2g IRNOes soo ce OO days 2 ses IN Ooeeae Deptamay® | Nove see = No. 

waive 

Driving Valid in D.C. | ¥ i a3 ; Nc eek ee red to 6 10) ° nt foys 2 riving alid in D.C. | Yes. a F If illiterate__ F F Reaction.__---.- Gimme esas es ay (2) Ss Siti Anions 
a diplomat. 

'F=original license; R=renewal. Other examinations apply to the original issue, or in sy hdness test required for renewals every 4 years in Indiana, and for every third renewal in 
al cases, or as needed for renewals. ontana. E é eS 4 ; ; ; |? Asterisk indicates renewal notice can be forwarded if addressee has moved. * If the applicant has been examined abe ue et Ta yee ead ere eeenealteaeata § Asterisk indicates law provides for point system but is not yet in use. on his 74th birthday, he is required to be paca De mrcelt acai oanhi ntath ; * Renewal applicants are required to take written and driving tests if they have had a '0 Ranges from immediately to 6 months ea BGS Se Come Denny ae eae a 

raffic violation during the term of license, or at the discretion of the examiner. 1 Reexamination for those over 65 if involved in an accide jues y é 
5 For civilians, expiration date may be extended up to 2 years, depending upon need and company. cae, : 3 a3 

ireumstances; for qaifitary and dependents up to3 eae or 90 days tae return to Colorado, 12 For operators, expiration date may be extended to the Sept. 30 pe alg ee 60 a s 
hichever is sooner. : after separation; for chauffeurs, to the next May 31 next succeeding 60 ays a ‘na ae soe 

| ° Operators and chauffeurs renewal notices are mailed, except those under suspension or 13 Maximum of 4 years beyond original expiration date or 30 days after discharge from the 
‘evocation. Armed Forces, whichever occurs first. 

7 Written test required every 4 years. 
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Table 4 shows the general State provisions 
for driver license examinations, renewals, 

and reciprocity. All States require driving 

and vision tests for applicants who have not 

previously been licensed to drive, but many 

waive the driving test for persons holding 

valid licenses issued by other States. It is 

interesting to note, in table 4, that several 

States issue licenses to persons who cannot 

read. While some road signs have distinctive 

shape or color, others do not, and one cannot 

help wondering what mysteries road signs 

and warnings must hold for such drivers. 

The requirement of a vision test at each 

driver’s license renewal is a somewhat new 

development that is now in effect in 13 States. 

In addition, Indiana requires a vision test 

on every second renewal of a license, and 

Montana requires one on every third renewal. 

The 15 States requiring retesting of vision 

are pleased with the results, and it is probable 

that the requirement will be adopted by 

others. A ripple of surprise followed one 

State’s discovery, recently, that some persons 

receiving aid for the blind were also holders 

of valid drivers’ licenses—a situtation since 

corrected in that State. 

Although the driver license laws of many 

States are sufficiently broad to permit the 

administrative requirement of reexamination 

of licensed drivers for cause, or under specific 

circumstances, at present only 11 have insti- 

tuted programs of mandatory reexamination 

of applicants who have reached a specified age. 

The States requiring reexaminations and the 

ages at which they are required are shown. 

Some States mail notices of approaching 

expiration and need for renewal. 

These account for a significant part of the ad- 

ministration cost of the States (table 4) that 

do send renewal notices. 

Some States make special provisions for the 

extension of the terms of drivers’ licenses of 
persons in the armed services (table 4). 

Where a specified time is indicated, it is the 

period for which the license remains valid 

after the termination of active service. Such 

extensions do not apply to service in the 

reserves or to temporary service in the 
National Guard. 

license 

Nearly all States require that a person re- 

siding in the State and employed therein must 

obtain a driver’s license to qualify for the oper- 

ation of vehicles within the State. Most, 

however, allow a period of grace. These are 

shown in table 4, but the definitions of 

residence and employment differ somewhat 

among the States, and should be checked 
locally if any question of individual compli- 
ance is involved. 

Table 4 also reflects, in its last column, the 
fact that 30 of the States have adopted a 
point system of dealing with traffic law viola- 
tors. In addition, the legislatures of two 
more States have authorized such systems, but 
have not yet put them into operation. 

As may be seen in table 5, the information 
on driver licenses differs among States. The 
only items included in all are name, address, 
signature, and birth date. 

The driver licenses of all States show date 
of expiration, except in Hawaii, where they 
are issued for an indefinite term. Surpris- 

72 

ingly, the licenses of four States do not show 

weight, and those of four do not show sex. 
Included in these, Connecticut, Massachu- 
setts, and Pennsylvania licenses show neither. 

The Pennsylvania license is the only one that 

does not show height. Never included on the 

driver licenses of all States, race remains an 

item shown on those of 29 States. 

Although still appearing on the licenses of 

all but seven States, color of hair probably 

remains as a vestige of days when more con- 

fidence could be placed in it as an item of 

identification. Artificial hair coloring and 

even artificial hair have become so common- 

place that color of hair has lost much of its 

value as an item of personal description. 

Some States have already dropped it from the 

license description, and others are considering 

dropping it. All States except Connecticut, 

Maryland, and Pennsylvania show color of 

eyes on their licenses. 

A new development is the inclusion of a 

photograph as part of the driver’s license, now 
a requirement in seven States. Colorado, the 

District of Columbia, Louisiana, and New 

Mexico use color photographs. 

Although the items of information shown on 

the drivers licenses (table 5) may be dropped 

or added to from time to time, there is a 

remarkable degree of uniformity in the in- 

clusion of major items required for identifica- 

tion, administration, and law enforcement. 

This uniformity, and the tendency to increase, 

of both the uniformity and the care with 

which it is administered, give added value 

and significance to the data available from 
the State records of licenses. 

As may be seen in table 6, the fees for 

drivers’ licenses are scarcely more than 

nominal. In many States they hardly cover 

the cost of administering the licenses. The 

fees have never been regarded by the States 

as a source of revenue beyond the amounts 

needed to support the function, and have 

remained low. One result of this is that 

licenses are readily obtainable by persons in 

all economic levels. Since car ownership is 

not required, and possession of a driver’s 

license appears to be almost a social require- 

ment of the modern American scene, the 

effort to qualify seems to be almost universal 

among young people. Thus, there is created 

a broad-based source of data, in driver 

license records, that is useful for many pur- 

poses. These data should contain little bias 

of an economic nature; and since a license, 

once obtained, is relinquished only with great 

reluctance, the data source is almost certain 

to improve with the passage of time. 

The fee for a driver’s license, divided by the 

term for which the license is issued, yields 

the annual cost. The highest annual cost, 

$4, is in Rhode Island, which collects $8 for 

a 2-year license and puts the revenue from 

this source in its general fund without 

earmarking it for highway purposes, as most 

States do. South Carolina’s driver license, 

at 50 cents, is the lowest in original cost; and 

since it is for a 4-year term, its 12%-cent 
annual cost is also the lowest, with the possible 
exception of Hawaii’s, which is issued for an 
indefinite term. The costs of driver licenses, 

shown in table 6, are summarized in table 7. 

4 
Availability of data from drivers licens 

records ; 

There are several reasons why the State 

do not extract more driver license info) 

mation from their files, but the  princip: 

underlying cause probably is the tendency t 

look on the records as places where one ca 

ascertain that an individual has met th 

requirements for a license, and as a record ¢ 

information on individual drivers. Th 

largely explains, too, the fact that many ¢ 

the States cannot supply a count of tot; 

drivers licenses in force. But another in 

portant factor is the need for modern dat 
processing equipment capable of handlin 

the sheer magnitude of the job of extractin 

the data from the records. As the equij 
ment and staff become available, the Stati 

are beginning to put driver license data ¢ 

punch cards or tapes and to summarize the 

contents. 

Age and sex distribution of licensed drive; 

As of the summer of 1964, 19 States wei 

able to supply counts of drivers’ licens: 

outstanding at the end of 1963, segregated k 

age groups and by sex. These, listed ; 

table 8, are undoubtedly indicative of tl 

age and sex groupings of other States. ] 

the 19 States for which 1963 data we 

available, 60.2 percent of the licensed drive 

were male, and 39.8 percent were femal 

and in none of the 19 States did the rat 

change as much as 3 percentage points fro 

this average. 

Perhaps the most noticeable characterist 
of the drivers license distribution of tl 

19 States given in table 8 is the fact th: 

males substantially outnumber females 

all States and all age groups. Althoug 

differences between the age and sex groupin; 

of licensed drivers among the States a 

significant, there is also a surprising degree 

overall consistency. The highest percenta; 

of male drivers, Kentucky’s 62.8 was on 

5.1 percentage points higher than Delaware 

low of 57.7. Since the populations of Ke 

tucky and Delaware are 49.6 percent ar 

49.5 percent male, respectively, difference 

in the elements of motivation and vehic 

usage, rather than in the male-female rati 

of the total population, must account for t] 

difference between the two States in t) 
percentages of male versus female driver 

Despite the stability of the overall ma) 

female ratios of the States, the State-to-Sta 
age group compositions of licensed drive 

differ considerably. Probing for the reaso 
for these differences is beyond the scope 
this study, but they undoubtedly could | 

found, and their significance measure 

Some of the differences may be attributak 

to the economic characteristics of the Stat 

or to the age and sex distributions of t 

populations. Wage levels, per capita incom 
urban-rural relationships, topography, clima’ 

and other factors might be expected to i 

fluence the makeup of the driving populatic 

As expected, it was found that the ratios 

male-to-female drivers increase substantia) 

and progressively in the age groups 55 a: 

above. This statistical fact takes on add 
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State 

x 
=x 
x 
axa 
x 

Colorado x 
Connecticut x 

MelaWware..-..-.--_ = x 
Florida_.- xe 
Oh x 

Ce 5 ee ee x 
lol tL ai x 
moss — 5-8-2 Sol x 
TYG RNY So A x 
| i= 6 x 

4 OTIS, x 
Beenvick y= —==-=-_-2. x 

ge) | Louisiana.-_-----_-_- x 
’ Tidth 6S x 
a! eMaryland<—...2...=- x 

= FR 
Mississippi 
Missouri =: 

SS 

I 

©! | New Hampshire- 
New Jersey e 

x 
u xX 

x 
‘Ot x 

xs 
ASG es a x 
Pennsylvania____-_-- x 
Rhode Island_______- x 
South Carolina____-- x 

South Dakota_-____- x 
ennessee _ .___-_.--- x 
Ch x 
a x 
svermont. _....__.._- x 

mevarpinia .<...2..___ xX 
-Washington__-_____- x 
West Virginia_._____ x 

PeCOTSIN 9 — 2 == x 
myyyoming. = <___._.-. x 

feist.cof Col____-___-- x 

iy of birth, and month. 

fi} * 

Ad- 

PAM MPM PR bd dd 

VAM MMM MMMM MM MA Me MMA 

Li- 
cense|Color 

Name! dress |num- 
ber 

cy 

PAPI Peed PIRI PP ddd 

lectatat a 

<iaiealaleleleietatataiiats 

Table 5.—Items included on operator’s license, Jan. 1, 1964 

Color 
of of 

eyes hair 

x x 
x EXS 
axe x 
xX x 
xe x 

x x 

x OX 
x x 
x x 

x x 
x xe 
x x 
axe x 
D8 “Ni 

BX: x 
De aXe 
D:¢ x 
xX | Optional 

aXe axa 
Xa 26 
exs x 
x ox 
x x 

EX: xs 
x x 
xX x 
x Ex 
x4 x 

x x 
XGE |iPepe zee 
x EXG 
xX x 
x Dx 

x xt 
x x 

x x 
Xe x 

x x 
x x 
x x 
x x 
x xX 

x x 
x ox 
x =X 
x axe 
x x 
x x 

| Issuance date includes code number for place of issuance. 
2 Date ofissue and signature of examiner are also shown on the license. 
4 convictions and points under the point system are entered by the court. 
3 Applicant’s birth date is included in the license number; first letter of last name and year, 

Finger or 
Photograph thumb print 

Restric- 
tions 
(eye 

glasses, 
auto- 
matic 
trans- 

Pub. sve. 
opr. only, 

Violations resulting 

Expira- 
tion 

PaPdbd PP ddd 

Z ° B oO 

PAPI PIPPI RI Pd ddd dd bd ddd db bd bd bb bb 

Race | Weight) Height 

Par pabdhd PP 

stata 

“a 

Mr 

Pd bd bd bd 

Ab 

MM Prd bd 

4d Pd bd 

PArrarted PARP pdb 

valatalata 

abatatala 

rd Pd pd bd bd 4 

AMM Pb bdbd 

Signa- 
ture 
of 

operator 

tai xt atal ata 

slatalalatelalatelalaietaltala| 

etatatata 

aialalct siete alata 

PAPI Pa Pa hd Pd Pb bd bd 

Sex 

bd bdbdbd bd bd 

PAM PIP hd PAP ded bd bd bd 

Paps Pdi 

Ard PPP PP dd 

PAM PIP Pd hd PIP edd 

4 Blood type, and physical and mental condition. : 
5 Written warning of traffic violation, explanation of change of address notice, mailing of 

notice of renewal application, and basis for suspension and revocation. 

bbb 

PAP Pa 

etatat ata 

PAPA Pd dd 

Viola- 
tions 

Birth} result- 
date ing 

Other 
items 

(5) 
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Table 6.—Driver license fees and service charges, Jan. 1, 1964 

a 
EC na 

Payment at time license is issued 
OS ee ae ei se Sr AS Se ee 

Learner’s permit fee Operator’s license fee Chauffeur’s license fee Service charge ! 

State tee hoe (an 

Amount ; er) x 
Amount applied to Original Renewal Duplicate Original Renewal Duplicate | Learners | Operators | Chauffeurs 

operator’s 
license 

280535 40s lees $4, 25 $4. 25 $0825 ate ine Re hc ee BO eee $0. 10 $0. 10 $0. 10 

100. “eee pee eer 5. 00 5. 00 1. 00 $200) 7. | 222i 2 2sne Oy) sae SI aera i ee ee 

200 ae wat teen ne ae 2. 50 2. 50 1. 00 2. 50 $2. 50 $1200 (0c) SS SSR ee eS ee ener 

Noieo aes tee 2 ee 2. 00 ¢ a - 2 5. 00 5 1,00. [0224 2S 5 S|) Pecan ae ero 

3.00 $3. 00 3. 00 : 00> ce EE ee be Ea ae ee | ree 

2525 2. 25 2. 25 2. 25 1. 25 5. 25 5. 25 4.25. <|* ceo a ee Se eee 

Feo t te ae ee (3) 6. 00 1.00 3. 00 3. 00 1. 00 ap oe ES Serdly 5 a? 

4. 00 4.00 4. 00 4. 00 1. 00 44,00 4.00 1,00". | 2.22258) See ea eee 

3.00 ee ale ese ase 3. 00 3. 00 . 25 5. 00 5. 00 25 5.50 5.50 5.50 

1500 | oe eee 1. 00 1. 00 1. 00 2. 00 2. 00 1.00. (} 28ekec- 2p se ee eee 

or 5. 00 or 5. 00 or 10. 00 or 10. 00 

Pawel se ee eae 1500 eee cee 3008 p20) \e ae eos ses . 50 3. 00 1. 00 50. | ee er ee 

ATO 3205 tye teeter eee 300 ee ale eee te 4. 00 4. 00 15 3.00 3. 00 ofS Oh Sa 2 el a eee 

Shingis eee ees 3. 00 3. 00 3. 00 3. 00 1.00 5. 00 3. 00 1:00. | 222 SS eee eee 

haVa (Yi: ee ae nn ea eet 1.100 © ae ae 1. 50 1. 50 1, 50 1, 50 1. 50 1. 50 Ais Se ee eee 

OSs ee cet ee Rae = eee 3.00. i, Bones fo 3. 00 3. 00 25 4.00 4. 00 50. 8 Ns se Sse ee ee ee 

aviGag =? Lo 2 tpeerseae . Boe DU epee nee ee ae (8) 2. 00 . 50 (6) 4.00 50+ | , |} SSeS ee See 

ICO GUCK Ye 5 aeons ITEC Vie, i pe eek tes 2. 00 2. 00 1, 00 2. 00 2. 00 2. 00 1.00 75 25 

Pouisians.— toe =. a eee 2.60 2. 50 2. 50 2. 50 1. 50 73.50 7 3. 50 1.5030. | 5 oc28 See hee ee eee 

Wi sinie <2 2" Sena ee eases 00 are Pate eee 5. 00 5. 00 360. ey] Base ee eee kee ee be HS Se 

Wiaryland. 2 eee eee 5. 00 5. 00 7. 00 2. 00 . 50 8. 00 3. 00 Y 50%, 9|4ee es 25 A nee eee 

Massachusetts__---.---------- 200" gee Cs 2a ee 88.00 5. 00 1,50 9 5. 50 2. 50 1.500 oy eae ee ees 

Michivans 225 eee on aeue No feose 7|'S S222 e 4. 00 2. 50 1. 00 4. 00 2. 75 12.00 cas) eae (10) (10) 

Minnesota — oe se oo oe ee 1I00 So) eee 3.00 3. 00 . 50 3.00 2.00 1.00) < [Secs sles | oe eee 

Mississippi ce te ee 450 See | Sees 2. 50 2. 50 1.00 4. 50 4. 50 1, 00s an} seen ee 1 25 125 
WM isepuria, yo 2i Beet ch oer The. 2 | beens 1. 00 1. 00 £25 3. 00 3.00 (25 | oc Bese | eee ee toss 

MONLANA c= eee Bee 4. 00 4. 00 4. 00 4.00 . 50 4.00 4. 00 $60 )| Gave 

Mokradks. 5 eae. 1500. Sige foeeores = 3.00 3.00 . 50 eS Dente TENG iene nme esci tt 
Nevada..____- A ee ee 3. 00 3. 00 3. 00 3. 00 1. 00 5. 00 5. 00 1.00 eee eee nes es 
New. Hlampshire: Siisse. 25 22 |e ee eee 5. 00 4. 00 1. 00 7.00 4. 00 1300 oe 
New Jersey. 2 ee eee 2100 Say tee ae 3. 00 3. 00 2. 00 No fee or ok ee a Le eee Fen eee 

or 8. 00 or 8. 00 2 S29 

New MIGXIC0 2 emer eee aeaee - DOky cand cere 3. 25 3. 25 1.00 2.75 2.75 1,00) . 3) cele ye a ee 
New Y¥ ork__- == =n 2-22 == === < 50>) = jase Beene 8 5.00 3. 00 3. 00 58.00 6. 00 3. 00 50 20 20 
North Carolina_-.-...-------- No tea le ces = 2. 50 2. 50 . 50 4.00 4. 00 50 
North’ Dakota e225 eee 14 3. 00 123.00 12 3.00 3.00 17007 arses Pa.) | ee eC Se a en 
Ohio. <5... a eacon me ae Th. unt pace eee 1. 00 1.00 50 T3500 ee ae 160s [Pk 1008 oe te ye) eee 25 25 

Oklahoma se pe eee Noteo meee aee cs 4.00 4.00 1.00 138, 00 1B 8 
Oregon. 22). eee ee pak 1 Rc eee: 2.75 2.75 25 2.00 oe : s ey 2 ay 
Pernsylyaiiia-s eee eee 4.00 4.00 4.00 4.00 "50 x Sh er ol one ey | al tenet Rare Ss iP i | 

Rhode Istant---.s-See-- se No fea | ees eee #13. 00 8. 00 1.00 $13.00 9700 cae tee 1.00> bho 2 ee ee ee 
South Caroling _k-=-S2.2 =e No feo., 40. Fes . 50 50 60 2.00 2.00 No fe8 "cre aa | eas 

alia Dakotas: ee eee 200-0 9] vomseees 2.00 2. 00 2.00 

peeminiensed J. 5_ eek ee oe 4.00 4.00 4.00 4. 00 2.00 ny. a, ae ee ee ey ed PR Goiereo or 1) 

Pexas i702 12 ae Saabs ts 14 3. 00 Total fee 3.00 3.00 25 15 6. 00 . a - a SI 2§: | Shean ne ean 

0) sR sale 8S SESE ok 3.00 3. 00 3.00 2. 00 1.00 3.00 2.00 1:00. | Aah ea ia ees 
PermnOnt-_ se seceeemen Ee 2 100% a) eee 84 50 2. 50 role ‘tee. item iitabicee dh rag 75 |) Se 

aircinin- Mo. me coe cee seen Wo fee.’ “| Gees 
RV ASHINg LON Wo. fem oe Dl 1.50 atipe 8 z “ i Me ; as oe vi 25 | wwneedee | nceeenna fp nahecnnn 

West \Virginines! 2s issn 4 00 =| eee 5. 00 5. 00 1.00 Pears eae a 3:00 PA 100 0° | tides oe 
WasQUUS atoms eet 2 ee 1:50 ont) eee 84. 50 2 00 1.00 85.00 2 00 Loo 2 ORE ee ee ee 

Wry Oring sese t= ee: Bese No feac | ees 2.00 2.00 1.00 2.00 2 00 100. one eee eee 
District of Columbia_--------- 200 -dy ml alee eee 3.00 3.00 “50 ; ie sini Tal Seo 

1 All service charges are a part 2 regular fe ist " ississinni : A : s og the ete ve baa 7 on es regular fees as listed, except Maryland and Mississippi : aoe ae between new and renewal license fee is the charge for examination whe 

2 Learner’s permit fee for 15-year-olds is $0.50. 9 Required one PRR siyscon celal the’ examines ita eg ee 
$ $5 examination fee plus $0.25 pe: ‘ j Aes ; : 

Pitan se es ea ake eee by junta of issue to last day of month of next i. $2 for each original license and $0.50 for each renewal. 
ibs. 00 on cxctioney trom a val tne ee he -F re sadiions: $0.25 is charged only when renewed by sheriff’s office or renewal agents 

5 ee y judge receives $0.50 of the stated fee for each of the first 10,000 licenses issued, is collected st ear timaetheveretnis ke nanan Nae ae 
é $0.35 each thereafte + ag 2e TORS 2 iv, ; 4 * 
ee halal ms eee r. $lofeach fee goes tothe Driver Education Fund, and the balance 2 eee er ae $10 original, $10 renewal. 1 
EO porators Sl toeae chauienrs. 82 to s8--devandl . : ‘4 Same as original license for which application is being made; $3 for operator, $4.50 

$3. Ss or pa ct chy a he $6, depending upon year of birth, even or odd year. _ private chauffeur, $6 for commercial chauffeur. Dp a Ee 
F 15 Commercial operators to transport property, $4.50. 

7’ New Orleans Parish, $5.50. 
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gnificance when it is remembered that the 
‘e expectancy of women is now 7314 years, 

4 years longer than that of men in the 

nited States. In the age groups in which 

1e ratio of males to females is decreasing, 

1e ratio of male-to-female licensed drivers 

wereases substantially and _ progressively. 

his undoubtedly indicates a more rapid 

vpering off of driving by women in the upper 

ze groups. This may change, however, as 
‘ore women who have been familiar with 

itomobiles all of their lives progress into 

der age groups. 

There are no conclusive statistics on the 

mount of driving by young males as com- 

ared to that by young females. However, 

linois, which has shown an active interest in 

river license records as a source of informa- 

on, some time ago added tothe license 

‘pplication the question, ‘Approximately 

low many miles did you drive a motor 

‘ehicle during the past 12 months?” In 

he analysis of a large sample of the responses, 

|, was found that the males in each age group 

aid they had driven approximately twice as 

‘any miles as was reported by female drivers. 

f this is indicative of driving in the United 

‘tates as a whole, males do approximately 

0 percent of all driving, and females about 
0 percent. 

_ The considerable increase in automobile 

‘surance premiums that is invoked in most 

“reas for vehicles driven by male drivers 

/jnder 25 years of age may have some de- 

erring effect on their applying for licenses, 
ut it is doubtful that this factor could be 

Jaeasured. 
The data in table 8 were the primary 

ource of male-female driver license distri- 
sution by age groups (figure 1) and were also 

ised in obtaining the estimate of male-female 

yreakdowns for all States that are shown in 

‘able 9. The total numbers of drivers’ 

icenses (table 10) were taken from Public 
Roads table MV-12 for 1963. The distri- 
sution of licensed drivers in effect in 19638, by 

Lee grouping and by sex, is shown in figure 1; 

_he percentage distribution is shown in 

vable 11. 

It may reasonably be expected that the 
, hanges in the age distribution of the popula- 

| ‘ion, plus the increasing dependency on motor 

| vehicles, will tend to increase the relative 

oroportions of licensed drivers in the older 

\ge groups of both sexes. Although somewhat 

speculative, it also seems probable that the 

iumber of licensed female drivers will increase 

nore rapidly than the number of male drivers, 

aintil the preponderance of male licensed 

Jrivers is substantially less than the 60-40 
‘atio of 1963. 

The total number of driver licenses listed 

n table 9 are taken from Public Roads table 

MY-12 (table 10 in this article), which in 
vurn were based on data supplied by the 

States. In that table, for the States that 
tannot supply totals of licenses in force, 

Public Roads estimated the number on the 

oasis of the number issued over a series of 

years. The male-female segregations in table 
J are those reported by the 19 States that 
are included in table 8, plus estimates by 

i 
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Public Roads for the remainder. In making 
the segregations, the most important single 
factor was the male-female ratio of driver 
licenses in adjacent States, or in States deemed 
most similar in characteristics. 

Outlook and Forecast 

The total population of the United States, 
the persons of driving age (15 through 74), 
and the number of licensed drivers are com- 

pared in figure 2. The bars for the years 

through 1960 are from records and estimates, 
and those for 1965 through 1980 are projec- 

tions. Worth noting, however, is the fact 

that the center bar, population in the 15-74 

potential driving ages, is close to a statistical 

certainty. The birth rate after 1965 will not 

affect the 15-74 age group until 1980; and the 

effect of even a substantial lengthening of life 

expectancy could scarcely have an important 

impact on the totals within this age bracket. 
The number of persons licensed to drive, 

per 1,000 persons in the 15-74 driving age 

group. are shown in figure 3. Figure 3 also 

shows the number of motor vehicles registered 

per 1,000 persons in the 15-74 group. The 

population data and forecasts used in making 

these computations are basically those of the 

Bureau of the Census, interpolated by the 

Bureau of Public Roads where necessary for 

purposes of this report. 

950, in the United States as a whole, 

there were 593 drivers’ licenses per 1,000 

people in the 15-74 age group. By 1960, the 

number had increased to 741, and in 1963, to 

764. In the freehand extension of this curve 

in figure 3, the authors were mindful of the 

fact that the States have been tending to in- 

crease the minimum ages at which drivers 

licenses may be obtained. Consideration was 

also given to the fact that the reexamination 

of drivers reaching specified ages may be ex- 

pected to have a restraining effect on the 

number of drivers who might otherwise con- 

tinue to renew driver licenses despite sight or 

other physical deficiency. Eleven States now 

require reexamination of applicants for driver 

license renewal when the applicant has reached 

a specified age, and 15 States require vision 
tests of applicants for renewal. It seems 

probable that both the mandatory reexami- 

nation of older drivers and the retesting of 

vision at the time of license renewals will be 

adopted by additional States. 

The freehand extrapolation of the drivers 

license curve indicates about 850 licenses per 

1,000 persons in the 15-74 age group by 1980, 

with the number of licenses per 1,000 persons 

still increasing, although at a reduced rate. 

In 1950, 103 million people were in the 15— 

74 age group; and there were 62 million driv- 

ers’ licenses, or approximately 60 percent of 

the number of people in the group. In the 

following 13 years, the number of people in 

the driving age group increased 20 million, 

and the number of driver licenses increased 

32 million. Thus, the number of licenses in- 

creased from 60 to 76 percent of the number 

Table 7.—Grouping of driver license renew- 
al fees, and the average cost! per year of 

drivers’ licenses, 1964 

Number of 
Number of | States hay- 
States in / ing annual 
each fee driver li- 
group for 
license re- 
newal 

Fee group 

cense cost 
within the 

| fee groups 
shown 

me ee Or CO IO 

1 The renewal fees, divided by the number of years for 
which the license is issued. 

of people in the 15-74 age group in the short 

13-year span. 

The fact that the years 1960-61-62 consti- 

tute a flat spot of the drivers license curve of 

figure 3 is puzzling at first glance. But the 

greatly increased birth rate that started dur- 

ing World War II is the explanation. It re- 

sulted in a wave of teenagers entering the 

bottom of the 15-74 age group. They were 

not eligible for driver licenses in some States, 

and not necessarily licensed at the earliest 

possible time in the States where they were 

eligible. The 1963 increase of more than 3 

million licenses is at least a preliminary indi- 

cation that the ratio of drivers’ licenses to the 

number of persons in the 15-74 age group has 

resumed its upward climb. 

If the number of driver licenses do follow 

the forecast curve in figure 3, there will be 

more than 110 million by 1970, 125 million 

by 1975, and 139 million by 1980. Motor- 

vehicle registrations, 82.7 million in 1963, 

are projected to reach 110 million by 1975, 

and exceed 121 million by 1980. 

Comparisons among States 

Table 12 lists 1963 data about each State, 

which should be particularly useful. The 

first and second columns show total popula- 

tion, and population in the 15-74 driving age 

group. The motor-vehicle registrations listed 

in the third column include buses and trucks, 

as well as automobiles. About 70 percent of 

all trucks are light pickups that often serve 

as automobiles for personal transportation, as 

well as for the transportation of goods, and an 

arbitrary statistical assignment of a portion 

of the vehicles to personal transportation 

(versus transportation of goods) would imply 

a degree of precision that the basic data do 

not justify. The number of drivers licenses 

in the fourth column of table 12 are, as men- 

tioned in the discussion of table 8 of this study, 

taken from Public Roads table MV—12 (table 

10), which in turn were derived from the 

reports of the States. 

The number of driver licenses per 1,000 

persons in the total population, in the fifth 
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Age 

San 

i See 
25-20_.-.-.- 
30-34____.-- 
85-39_..---- 

60-64___ 

65-69___ 

70 and 
more __-- 

TO TAD. 

Under 16_- 
1} a Re es 

70 and 
more_..-- 

SOTA = 

Under 16..}--. 

70 and 
more__. 

Under 16_. 

35-39____. 
40-44___ 

65-69___._-__ 
70 and 

more... 

TOTAL... 

76 

Table 8.—Drivers’ licenses, by sex and age groups, for selected States, 1963 

South Carolina 

5, 204 2,705 7,909) 65.8] 8,195) 3,409} 11,604! 70.6] 50,289) 36,726] 87,015} 57.8 
12, 184) 6,518) 18,702) 65.2] 5,407) 3,292 8, 699} 62.2] 45,021] 30,522) 75,643] 59.6 
16, 594) 7,502} 24,096] 68.9] 6,437] 4, 282 10,719} 60.1 66,700) 44,965) 111,665) 59.7 
14, 670 6,956) 21, 626) 67.8} 5,953) 3, 954 9, 907) 60.1 69,156} 44,595] 113,751] 60.8 
15, 217 7,941 23,158) 65.7] 5,813) 4,347 10,160) 57.2] 72,654) 45,546) 118, 200} 61.6 

80, 453 49,469) 129,922) 61.9] 24,050) 21,140) 45, 190} 53.2] 329,971] 236,070] 566,041] 58.3 
76,809) 52,781! 129, 590) 59. 3} 21,906) 19,798] 41, 704! 52.5] 321,401] 286,881! 558, 282] 57.6 
73,218) 53, 462) 126, 680) 57.8] 21,405] 18,686] 40,091] 53.4] 320,248] 247,090] 567,338] 56.5 
75, 246 54, 469) 129,715) 58.0] 20,666) 16,928] 37,594] 55.0] 320,272) 251,111 571, 383) 56.1 
74, “| 50,212} 124, 524) 59.7] 19,384] 15,312} 34,696) 55.9] 292,246] 225, 075 517, 321) 56.5 

64, 506) 39, 515| 104,021] 62.0} 18, 157) 15, 182 33,339] 54.5] 262,470} 198,837) 461,307] 56.9 
55, 365) 31 897 87, 262| 63. 5] 16,540) 12, 897 29,437) 56.2] 236,692) 175,939} 412,631] 57.4 
41, 977 22, 639) 64,616) 65.0] 14,994 9,603) 24, 597| 61.0] 197,708] 133,423 331,131) 59.7 
30, 171 » 938) 44, 109 68.4] 12,232) 7,468 19,700} 62.1} 151,076 93,156} 244, 232) 61.9 
21, 569 9, 235) 30,804! 70.0] 10,684) 5,322 16, 006) 66.8] 117,487 60,747) 178, 234) 65.9 

24, 838 7,798) 32,636) 76.0) 15,481) 3, 037 18, 518} 83.6] 135, 811 50, 898} 186,709} 72.7 

682,333) 417, 037/1, 099, 370) 62. 1/227, 304/164, 657) 391, 961) 58.0 2, 989, 202/2, 111, 581/5, 100, 783 
t | 

South Dakota Texas Wisconsin 

15, 105 

88, 460 
85, 765 
79, 676 
91, 096 
84, 885 

74, 985 
68, 139 
59, 655 
47, 505 
23, 480 

23, 070 

116, 398 
105, 458 
92, 324 

112, 684 
117, 931 

116, 646 
101, 014 
93, 054 
81, 373 
56, 440 

83,714 

203, 780 
202, 816 

191, 631 
169, 153 
152, 709 
128, 878 
79, 920 

106, 784 

58. 6]1, 155, 579/778, 789 1, 934, 368 

153, 447 
351, 299 
466, 939 
430, 364 
480, 517 

2, 533, 833 
2, 370, 738 
2, 334, 638 
2, 450, 111 
2, 369, 841 
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1, 932, 277 

1, 335, 790 
1, 043, 194 

1, 262, 762 

23, 370, 021/15, 445, 204/38, 815, 225, 60,2 

Qctcber 1964 e PUBLIC RO 
a 

1, 682, 758) 1, 003 

Per- Fe- Per- Per- e- er- 

Male | Female| Total |cent] Male | male | Total |cent] Male | Female | Total |cent] Male male | Total |jcent}| Male Female Total 

male male male male 
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8/936] 6.923] 15,159] 54.3} 64, 260| 45,842} 110,102] 58.4] 88,800} 71,200) 160,000) 55.5 307,746] 226,277) 534, 023 
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jlumn, reflect the combined effects of the age 
ymposition of the populations of the States, 

ad the extent of driver license saturation in 

ich. Mississippi, in 1968, had only 353 

feensed drivers per 1,000 persons in the total 

opulation. The next lowest was Louisiana, 
aving 397. At the other extreme, Wyoming 

ad 672 licensed drivers per 1,000 persons, and 

‘ansas had 652. 

Perhaps the most significant information in 

ible 12 is the number of licensed drivers per 

000 persons in the 15-74 age group. The 

‘ansas total of 992 driver licenses per 1,000 

arsons in the driving age group, is not much 

igher than the 971 in Wyoming and the 

38 in Colorado, and many other States have 

ore than 900. The lowest number of driver 

senses per 1,000 persons in the 15-74 group 

as 629 in Mississippi; next were the 635 in the 

istrict of Columbia and 637 in Alaska. The 
amber of driver licenses per 1,000 persons 

| driving age in the other States were broadly 

stributed between these highs and lows, 

ithout any obvious pattern. 

| The ratios of driver licenses to persons in the 

)}-74 groups raise some interesting questions. 

0 begin with, some of the ratios would seem 

‘aprobable, if we were to assume that all 

‘senses were held by persons residing in the 

sate and included in the Census Bureau 

opulation counts. Granting that the ability 

ad desire to drive a motor vehicle is almost 

aiversal, it is difficult to conceive of circum- 

‘ances that would result in a number of 

iver licenses in any State that is equal to 

~)2 out of each 1,000 persons in the 15-74 

_jze group. In Kansas, for which the statistics 

eld this rate, 16 is the minimum age at which 

;| license can be obtained. The need to 

: camine the statistics is obvious. 

1. ht Bd 

2 Be ert 

a8. hin. 

| Discussion of Limitations and 

Summary 

| There were two reasons for selecting the 
‘15-74 age group for many of the essential 
ig)atistical comparisons made in this study: 

3) The State-by-State population data were 

_vadily available from the Bureau of the 

ensus, and (2) the age grouping is One in 

—ihich we should expect to count all but a 

: ary few active motor vehicle operators. The 

\!}-year terminal is reasonably close to the 

4 inimum driving ages permitted by the 

tates, and there is undoubtedly a statistical 
;s/alancing of persons who do not obtain driver 

“icenses at age 15 by persons more than 74 

i‘/sars old who retain their licenses. 
st} Undoubtedly, many persons hold valid 
siiver licenses from more than one State. 
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Even if this were not legal, there is no present 

procedure for eliminating the duplication 

caused by persons who move from one State 

to another, and who obtain another license, 

provided, of course, that the person has a 

good driving record. The requirements of the 

States for the obtaining of a driver’s license 

by a new resident, coupled with the absence 

of any effective general ban on a driver 

continuing to renew licenses previously ob- 

tained in other States, tend to increase the 

totals of drivers’ licenses. Although it seems 

probable that holding of multiple driver li- 

censes is fairly common, examination of the 

ratios of licenses to motor-vehicle registrations, 

in the last column of table 12, makes it seem 

doubtful that the total resultant duplication 

could be very large. Indeed, another question 

is raised. Are there any substantial number 

of vehicles operated by unlicensed drivers, 

including persons who have allowed their 

licenses to expire? Possession of a driver’s 

license is not a prerequisite to ownership or 

licensing of a vehicle in any State. No effort 

was made in this study to analyze the possible 

statistical effects of the holding of multiple 

licenses, nor to determine the extent of en- 

forcement cf the requirement of a license. 

However, it is not suggested that a study of 

these factors would be likely to yield conclusive 

findings. 

The extent or diligence of enforcement of the 

license requirements for operators of motor 

vehicles, coupled with the severity of penalties 

for noncompliance, undoubtedly have some 

effect on the number of driver licenses issued. 

Probably of much greater importance, how- 

ever, is the ease or difficulty of obtaining and 

retaining a license. Where the requirements 

are rigid, and strictly enforced, the process 

could be expected to reduce the number of 

licenses issued by screening out potentially 

incompetent or otherwise hazardous drivers. 

A ratio of licenses to persons in the 15-74 age 

group that is lower in one State than in another 

of similar characteristics might easily result 

from differences in the requirements of the 

States for obtaining licenses. This study 

does attempt to detect or measure the extent 

of any such effect, but the information in 

tables 1, 4, 5, and 6 may be useful for those 

who wish to do so, The tables, however, are 

of no assistance in determining the extent to 

which differences in the interpretations and 

strictness of enforcement among the States 

may affect either the number of licenses issued 

or the statistical structure of the driver- 

licensed population. 

The fact that the mere grouping of number, 

sex, and age of licensed drivers does not furnish 

any information on driving exposure by the 

groups is so obvious that the authors are 

reluctant to state it. Wedoso only to suggest 

Table 9.—Estimated total drivers’ licenses 
in force, by State and sex, 1963 

Per- 
Total | centage 
drivers! male 

| drivers 
of total 

Male Fe- 
drivers| male 

drivers 
State 

Thous. 

587 | 1,478 60. 
42 104 59. 

361 895 59. 
ATKanSas cee. 220k 350 881 60. 
California 3,686 | 9,053 59. 

Thous. | Percent 

Colorado 458 1, 156 60. 
Connecticut _-___-- } 619 1, 483 58. 

112 265 57. 
167 3, 073 62. 
835 | 2,103 60. ¢ 

Te WAT OO 

wooc-~ 

180 441 | 59. 
162 402 | 59. 

2,090 | 5,229 | 60. 
993 | 2,500 | 60. 
622 | 1,475 | 657. 

586 | 1,441 | 59. 
521 | 1,401 | 62.! 
539 | 1,358 | 60. 
177 463 | 61.¢ 
613 | 1,614 | 62. 

wmaow mawonr 

oo 

Massachusetts 934 
Michigan 2, 36 617 | 3,977 59. 
Minnesota 770 | 1,876 59. 
Mississippi-_------- 8 321 808 
Missouri 900 2, 268 60. 

169 401 57. 
363 877 : 

3 83 206 
New Hampsnire___ 138 362 
New Jersey 209 | 3,169 

2, 449 61. 

WworRo 

ooo oI 

New Mexico 213 530 
New York 870 | 7,664 
North Carolina_-__} 1, 867 | 2,284 

149 369 
2,011 | 5,100 

Oklahoma 541 | 1,315 
411 | 1,009 

Pennsylvania 2,232 | 5,852 
Rhode Island 168 441 
South Carolina___- 1, 099 

South Dakota 392 
Tennessee 1,776 

5, 101 
548 
194 

2, 015 
1, 513 

Roo wo AaNIODW 

Virginia 
Washington 
West Virginia 894 
Wisconsin 1, 934 
Wyoming 226 
Dist. of Col 347 

93, 811 

oo KwwWO ommnrwo Dor or D> Or > 

S SSoSoN > or 

that it would be highly desirable for others 

to correlate the information in this report with 

available data on the miles driven by persons 

in corresponding age and sex groups. Such 

a study should prove to be extremely useful 

for many purposes. 

The data and estimates presented in this 

report are admittedly less than might be 

desired, but they do produce some relation- 

ships between the number of driver licenses, 

77 



Table 10.—Motor-vehicle operators’ and chauffeurs’ licenses, 1963? 

[Compiled for calendar year from reports of State authorities} 

ti 

Fiver Li- j 

Learners’ ; i 4 , an censed | 
permits ? Operators’ licenses Chauffeurs’ licenses Batt, coviuitral ane 

SS Se a kes ae cial tors — total . 
t of fee 3 ‘ motor per 9 

State Amount of fee 3 fat nod Amoun licenses | vehicles | regis- | 
Issued |Amount}| Issued Issued Renewal Issue ne rue in force reese tered 

during| of fee uae for, date mete ine amet en Meise: dnnse toned motor 
ears r 1 2 ¢ ehiclal 

1963 y New tl newal pli New | newal oe in 1963 | vehic ‘ 

cate 

seEWAaer le $4 OB lk CAS OEE $0425 ee ae IN OL TOs eel eee ee See | ae ees eee eee 1, 478, 420| 1,435,359} 1.03 | 
Alabama._..----] 79, 197 $0. 35 [204082] 12 ce eee Birthday--| $4.25) $4.25) $0. 25)___------ pies Aa Be eee eee aed Feet | eee an) ers » 418, , 490, ! 

2). 1.169 
i GUD} ae tees Sept. 22225) $2.00|aeesa a ae 103, 869 89, 41 is 

AOGSKR SS S85 on = 4, 900 1. 00 PAULL Ep] ja Bc Sate Ss Birthday-- 5. 00 5.00} 1.00 > : 5” 299 733, 508| 1.22 

rites fis, Bee 24, 721 *2.00)'4 271,003] Bis: 2. eee Birthday--| 2. . a: Bf : es a, os 2 eo ee a aS rs Ba rs = es See 36] 819,327; 1.07 

Califor ae. 420,108 NG 300 82 732 100 Zand Aree wirithday.. 3 00| 3.00| 1.00] 840,641) 3and5._--| Birthday--| 3.00} 3.00 1.00) 9, 063, 189 8, 983, 975 1. ol i 

Colorado.......| 33°294| 72.25| ’358/872| 3..........| Birthday_-| 2.25] 2.25] 1.25| 37,825] 3...___-__- Birthday_-| 5.25] 5.25] 1.25) 1,156, ” 052, 10 

i .00|* 00| 1,261,770} 1.18 
Oonnecticiit-s. .sic.2- telson eas 809'250)- 2 oe ee Birth mo-_- (°) 6.00) 1.00 8, 500 Beles sa ates May 1_.--- 8. 00 Jone : oe : ae cal < 219, 836} 1.21 

i 00 4.00} 1.00 5, 097 (10) Birthday-- 4.00 4.00 : 7 ' 
Delaware------- 23, 004 74.00 48, 771 (10) Birthday-- 4. : ? 5 etd ae = 08 25| 3, 073,245] 2,695,829} 1.14 

ee oe Tas 887 + 00 mee 33 Lor 8 al Birthds — ni 00 ‘f 00 100 OS 408 1 or 5------ Birthday..| 112,00} 2.00| 1,00] 2; 102, 442| 1,752, 035] 1.20 
Géorgiag- 25-2 83, 887 Z Ri or 5...---| Birthday-- : F , , 490) 1 Or o------ -- : . : a 265, 842| 1.66 

Hawaii Pe ee 33,885} *1.00 47, 132| Indefinite_|__..-_------ 3:/00||32sm SbO ee ohS03 yl acess Issuance..| 3.00} 1.00 50) *441, 298 H 

i 1} 1.0Lm% 

Idaho |B | 28 90 nnn Bithgag| $0, 4) A8) BB Fon nn nn] Benaay | Be) 8] |g aoe] acer] a0 
TNOIS £22 eee a 234, 549 DS OO Pel, 424, L2ii gS see eae ie irthday-- i LG yd ee eee ve as 4 “ae : M3 : 400° 735| 2,232,258 1.12 

Indians. -2--U- 77, 920 *100 884 710) (22 eet eee Birth mo-_- 1.50 12:50). We 60Ne 2345/0) Ieees eee Birt mo-_- c hes oy fe ; 2 a as o80 = rv si9| 100m 

peak §1, 377 3.00 67 L505 eve ee Birthday-- 3. 00 3. 00 S20))0153,634|\ Lee eee. Birthday-- 4. . : ' ‘ , 414, 

ter are Fee 43, 272 BOWS 2626, 011) 2.2 de Birthday_.| 145.001 2.00]. .50} 59,727| 2___------- Birthday_.| 147.00] 4.00} .50| 1,440,977] 1,261,771] 1.14 

7 i = 2.00 2.00 2. 00/*1, 401, 459) 1,334,723) 1.05 
Kentucky-.----- 139, 975 1.00 Bd Tike sees eee = Birth mo__ 2.00} 22: 001 71300 85725 | alee eee Cpe ee. F 

Paeisintin wie es N.A. 72.50 665, OVS) 2a ea. Birthday_.| © 2.50| 2.50) 1.50} ©1465, 591) 1=_-__2-___ Issuance..-| 3.50} 3.50) 1.50 00 ree sere aee in | 

Maine 22 2222.2 45, 991 3. 00 637400 |i Leon’ Fes Birthday-- 2.00 2.00 ROOEee Ae ae eed i eh Sessa an- |e sas eae |p owen eae ’ , 4 

Marana] 78.0) 2 ran] Raho | Ea A las) nn ane | SSL a) aad 
Massachusetts2:)=20-2--|2oe= S25 LOO pOLel ee ses irthday.-}| 148. : i ; ee A - oO ous ’ , , , 

ichi g 2.75] 1. 00|*3, 977, 165] 3, 559,044) 1.12 — 
Michigan__-___-- N.A. No feel" 1,43), 761)\:3 2 Birthday__ 4.00 2.50} 1.00} 242, 572 Issuance _ _ 4.00 : : N 

Ryhenesata eer AK 149, 351 1. 00 A5S,De4|| Aue see ae Birthday _- 3. 00 3.00 . 50} 211, 882 Hep 3.00} 15 2.00 1. 00|*1, 876, 073} 1,707,037) 1. 10 y 

ississippi 7 5 1. 00 808, 199 807, 238] 1.00 
Mississippi- - - -- 11, 973 . 50 525, 91) ori22s- Issuance __|* 162. 50|* 162. 50) 1.00 43, 545 Issuance _ _ |*16 4. 50/*16 4, 50 F ; 

Ruma: eee 201, 861 . 25 AGS, 445 sea e Issuance _ - 1.00} 1.00} .25) 192,663 Issuance - - 3.00} 3.00 oi 2; ye pes ie pea re a Fi 

Montana------- 5, 733] *7 4.00 14:7) G64) a2 eet ee Birthday_2|| 4:00)" 4.00]! ./50|) -23,,929|°225 25 =e ee= Birthday__| 4.00} 4.00 c ey re ahs i 10m 

Nebraska. ------ 47, 542 1.00 (ABU Oe eh eee oe Sept. 1 odd 3. 00 3. 00 SO) ean eee onicad eee ee pe ee ae ee oe ee a So ; Fl : | 

ytnd i 85} 235,162] 0.88 
Nevada_.__----- 5, 435 7 3.00 11S 202 |" hiee Sees: Birthday -_ 3. 00 3.00} 1.00 NDP aSS Oc nate eee Birthday-- 5. 00 5. 00 1.00 205, 8 . ; 

N-tanipshire: 4) 3222) |-se foe TO) AGU eee ee Birthday -_- 5. 00 4.00} 1.00 12, 007 Paolo Birthday__ 7.00 4. 00 1. 00 ye ae 2 rte tm Ly ‘ 

New Jersey_---- 381, 820 *2..00|* 2,089,223) 1 or 3.2-5- Issuance__| 173.00] 173.00] 2.00] 1814, 790} Indefinite- eee eee No fee Pe a ee ere 3, 168, see a : 1 \ 

New Mexico___-| 15, 817 . 50 PPS Pe OE bao See ea Birth mo__ 3. 25 3,25\\) 1:00 63 e0 71 al nae eee, Birth mo__ 2.75 2.75 1. 00 529, 791 A 12>) 

New York___--- 499, 783 BOO}? be8 70" 500g. Issuance __| 14 5.00 3:00|2 23. 00) M387 283 isan == === Issuance __| 148.00 6. 00 3.00] 7, 664, 391) 5,455,455) 1.40 | 

North Carolina_|123,913} No fee 589082) 452 se2= = Birthday_- 2. 50 2.50 . 50 Ta STi cameras Birthday __ 4. 00 4.00 . 50} 2, 283, 576} 1, 891, ae be } 

North Dakota__| N.A. 7 3.00 AY Deshi) Vlei eee Birth mo__|*!9 3,00] *3.00] 1.00/-_._-___- Seanad heh Sha Pee eR | See ee 368, 883} 369, ; 
v 

i 7 * 50 Ce NOUN aes ae see oe Birthday_- So * 27D ae) 219) 434 | ose eens Birthday_.| *1.25| *1.25) *20.25) 5,099,961) 4,424,528) 1. 16m 

Oklahomiac2221°18 180 NoTfee| "500° 731| 2.227227 Birthis.| 400/400] 1.00] 81°80] 2.0222 Birthmo--| 8.00] 8.00] 1.00] 1,815, 000) 1,313, 615] 1.00 
Oregon. _-___--- 61, 905 BO) 2,530,592]: 25-2 oe 2 Birthday_.| (2) 2.78) Mis28| | 26, O81) Buc. ee enees Birthday-_| 2.00) 2.00} —. 25] 1,009,000} 994,804) 1.01 
Pennsylvania___|349, 489) *7 4.00] 4,080,369) 2---.-_-__- Robi dies A. 001 24.500] 50 pee ee ee eires ey Oe PRA Ne i 2) ee FS 5, 851, 840] 4,571,750} 1.28 

Rhode Isl: _-.| 21,335} No fee 203, 289 Oct. => 1413. 00 8.00} 1.00 126341022 eos eee Octy laze 1413. 00 8. 00 1.00 440, 726 369, 352} 1.19 | 
Aone Cae 66,785) No fee 79, 571 Aled hah eee . 50 . 50 . 50} 22 6, 811 1- Sa ener Jato 2. 00 2.00) No fee |*1, 099, 370 956,151} 1.15 — 
South Dakota__| N.A. 2.00 73, 009 Birthday __ 200% 2. 00/022. 100| ee N en weil ok 2 Lh | ee ee 391,961} 381,833) 1.03 

Tennessee _____- 22, 890 #4, 00 C2, 6602, 018 | 20th cee Birthday_-_ 4.00 4.00} 2.00 955452) 2a a aeeeees Birthday__ 6. 00 6. 00 2.00} 1, 775, 960 1, 476, 876) 1.20 
Texas. ss es Ae7) at 3, OOS. 658, 005) 22222 a Issuance _ _ 3. 00 3. 00 eos 160,466), leeaesasene Issuance _ S 6. 00 6. 00 . 25] 5, 100, 783) 5,009,008) 1.02 

Rit ahr ead, 828 ue a: 00] ce 124, OR 7] heen ee Birthday._| 173.00] 2.00) 1.00) 5,415) 5.--------- Birthday__| 173.00} 2.00) 1.00) 547,952) 476,642) 1.15 | 
Vermont_-_--2.-2 5, 520 1, 00 103: 807) Dass Birthday_ 2). 44 4,50} <2)'50|" 9 60)2 0-2 <== Not na tie 2S | SS ee eee 193,807| 160,675) 1.21 

quire 4 
Winging. == >.- ss N.A. No fee 815,492) 3 2a Birth mo__ 2:00), 625001) 22251) 2:88, 601 se ere Issuance __ 3.00} 3.00 . 25] 2,014, 448} 1,619,474} 1.24 
Washington____|184, 492 C1560 SOL S67 M2 soe Birthday__| 146.00 4. 00 Fyis() (Ses eee Not ted Sr ee ae eee eee 1, 513, 328| 1,498, 386) 1.01 

quire : 
West Virginia___| 55, 368 4. 00 202) 307) Aaa oa Issuance _ _ br O00! eb. 00) MOON + 432251) AS See eee xe Issuance __ 3.00} 3.00 1.00] 893,597} 636,160} 1.40 
Wisconsin_-____- 148, 435 1. 50 OO 22h} Ose foe Birthday__| 14 4. 50 2.00 | 1200!" 868-517) ie ee eee Birthday__| 14 5.00 2. 00 1.00} 1, 934, 368] 1,711,987) 1. 13 
Wyoming_....._| 6,523} No fee 64, 30858 soe ee Birthday_-i) 2:00) & 2200) t.00/% 16,309) Ls se aeeeee Issuance __ 2.00] 2.00) 1.00} 226,438}; 212,879) 1.067 
Dist. of Col__.._| 46, 034 *2.00 108,513 |po tee ee Issuance __ Sh 00}: =.8 100 meee DO ae ee anes NOE Tes "| AoE See ee ee 347,198} 211.954) 1.64 

quired F 

TODAT ES eeg ell ete eek eae em OER 7 NCA OM EN, elie | aie heen So. he ee ey eI ep 93, 811, 383/81, 560, 560} 1.15 

1 Complete data for all States were not available. The number of licenses issued were: 2-years Indefinite Ti 
2In many States an instruction or learner’s permit is provided but is not required except 

under certain circumstances, Only in the States indicated with an asterisk (*) is such a 
permit mandatory for applicants not possessing a valid operator’s license. An instruction 
or learner’s permit is not provided in the States for which leaders (___) appear. The number 
of permits issued is not available in the States for which N.A. appears. 

3 In the States marked with an asterisk (*) an additional nominal local service charge is 
collected at the time the license is issued. 
; 4 aa public service and other special licenses that are issued to operators of vehicles 
or hire. 

5 Estimated by the Bureau of Public Roads from data reported by the States for current 
and previous years. No allowance was made for deaths, emigrations, or revocations. Chauf- 
feurs’ licenses have not been added to operators’ licenses in the States that require an opera- 
tor’s license in addition to the chauffeur’s license. Such States are indicated with an 
asterisk (*). 

6 Special licenses to operate school buses. 
a 2-year term. 

7 Permit fee is credited to operator license fee; in Pennsylvania $2 and in Washington $0.50 
of permit fee is credited to operator license fee. 

* Since September 15, 1961, drivers’ licenses have not been designated as Operator or Chauf- 
Jeur licenses by the State. The applicant is required to take an examination appropriate 
to the type of motor vehicle he will operate, class 1, 2, or 3. The class 3 license corresponds 
to the former Operator license. 

®$5 examination fee, plus 25 cents per month from date of issuance to last day of month 
of next birthday, plus $3 or $6, depending upon year of birth. 

‘0 Licenses are issued for a 2-year period, but drivers meeting certain requirements and 
having a motor-vehicle operation record that shows no previous arrest or conviction ean 
obtain licenses for an indefinite period—$10. 

In Wisconsin 5,261 are included at $2.50 each for 

78 

Operators: 6 2 ee eee eee 70, 288 
Chauffeurs.4-* Jae) es ee ae eee 4,912 

11 Operator’s fee is $5 for 5 years and chauffeur’s fee is $10 for 5 years. 
veterans. 

2 Every applicant for an instruction permit or operator’s license who is required to t 
or who elects to take a driver training course in a public school is required to pay an ac 
tion fee of $3. ‘ 

13 Special commercial licenses are included as follows: 20,486 public passenger in India 
43,821 commercial chauffeur in Oklahoma at $10 each, and 832,621 commercial operator 
Texas at $4.50 each, l-year term. ; ] 

lt The difference between new and renewal license fees is the charge for examination w. 
one is required, except in Wisconsin, where the examination fee is $2. j 

15 Chauffeurs’ licenses renewed during February are $2, thereafter $2.50. School 
operators’ licenses (which are also valid chauffeurs’ licenses) renewed during May are 
thereafter $2.50. 

16 Option of obtaining 1- or 2-year permits at $2.50 per year for operator’s license and $ 
a year for chauffeur’s license. 

17 3-year license, $8 in New Jersey; original license issued for a 3-year termin Utah, 
1 Special bus drivers licenses. Issued for an indefinite period, but evidence of phy: 

fitness, good character, and experience is required every 12 months. 
19 License fee for those under 18 is $1.50. 
20 An additional $0.50 is charged if the chauffeur’s badge also needs to be replaced. 
21 Original license fees vary, $2.25, $2.75, or $3.25, depending upon length of time from 

of application to date of first renewal. 
22 A permit to operate ‘‘For hire’’ vehicles is required. 

1, 487 Ti 
185 5, 

Free licenses 



ble 11—Distribution of licensed drivers, 
by sex and by percentage in each age 
group 1963 

Male Female All 
drivers | drivers | drivers 

Percent | Percent | Percent 
Bter Ol See oc 0.3 0.3 0.3 
>) eS 1.6 1.6 1.6 
ee 2.2 1.8 2.0 
“4 ee 1.8 1.8 1.8 
GS ene cans 2.0 YB | 2.0 

(Under Oe et (7.9) (7. 6) (7.7) 

SE Se oS or 10.8 11.8 Lie, 
(UN ee 10.1 i es 10.5 
Sa we a ee 9.9 11.4 10.5 
oh 10.5 iby al ae bg 
DE ee ee 10. 2 11.5 10.7 
Le Se eee 9.4 9.9 9.6 

OR 8.3 8.2 8.3 
Se eae 72 6.5 6.9 
LM 5.8 4.5 5.2 
oT ees 4.5 2.9 3.9 
Serand OVer.-. =. --..-. 5.4 2.5 4.4 

DOTAT cose sete. 100. 0 100. 0 100.0 

population, and motor-vehicle registrations. 
Some data were obtained from records not 

vell adapted to the extraction of statistics, or 
acking the review and refinement that would 

acy and consistency. Many of the State 

)ffices that administer drivers’ licenses suffer 

rom a numbing lack of manpower and equip- 

} nent to do such a job. 

_ Yet even with these shortcomings, the re- 
oort constitutes a sort of breakthrough. It 

ittempts a summary of more information on 
|he number, age, and sex of licensed drivers 

: han has been found elsewhere; and it should 

)e an encouragement to those who have use 

or such information. It is hoped that this, 

n turn, will bring about further steps toward 

wroviding the means to extract the data from 

Iriver license records, so that its tremendous 

potential value to government, business, and 

_'he general public may be fully realized. 

-IC ROADS e Vol. 33, No. 4 

Table 12.—Ratio of drivers’ licenses in force to population and motor vehicles, 1963 

Total Persons of Vehicle 
population | driving age | registration 

Arkansas - 
California 

Colorado 
Connecticut _ 
Delaware 

Kentucky 
Louisiana 

Massachusetts 
Michigan _ 
Minnesota 
Mississippi -_ 
Missouri 

Montana 
Nebraska 

New Hampshire 
New Jersey 

New Mexico 

North Carolina 
North Dakota 

Pennsylvania 
Rhode Island 
South Carolina 

South Dakota 
Tennessee 

Washington 
West Virginia 
Wisconsin - 
Wyoming 

188, 53] 

2, 089 
163 
938 

1, 110 
11, 998 

1, 195 
1, 788 

315 
3, 746 
2, 607 

467 
426 

6, 966 
3, 135 
1,782 

1, 452 
1, 958 
2, 095 

634 
2, 158 

3, 509 
5, 245 
2, 215 
1, 284 
2, 910 

436 
919 
218 
410 

4,351 

626 
11, 863 
2, 998 

390 
6, 604 

1, 545 
1, 187 
7,720 

590 
1,516 

424 
2, 358 
6, 489 

574 
251 

2, 705 

1,931 
1, 158 
2) 606 

233 
547 

122, 834 

Number 

Drivers’ licenses 

Per 1,000 | Per 1,000 
total driving 

population) population 

Per 
vehicle 

Number Number 
442 708 
419 637 
574 955 
474 793 
515 755 

590 968 
556 829 
558 843 
544 820 
508 807 

636 945 
564 944 
514 751 
533 797 
531 828 

652 992 
453 716 
397 648 
472 731 
491 748 

469 698 
490 758 
536 847 
353 629 
24 780 

568 921 
601 955 
560 944 
577 882 
490 728 

520 846 
433 646 
480 762 
582 946 
501 772 

529 851 
553 850 
512 758 
498 747 
443 725 

532 924 
480 753 
494 786 
557 955 
497 772 
465 745 

496 784 
503 712 
476 742 
672 971 
436 635 

498 764 

1 
1 
if 
1,01 

03 

.10 
18 
Ay At 
.14 
. 20 

. 66 

Number 
1, 

. 16 
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Three new publications have been issued 

recently by the Bureau of Public Roads, 

U.S. Department of Commerce. All are for 

sale by the Superintendent of Documents, 

U.S. Government Printing Office, Washington, 

D.C., 20402. The price for each is as indicated 

and should be included with your order: A 

Quarter Century of Financing Municipal High- 

ways, 1937-61, $1.00; Traffic Assignment 

Manual, $1.50; Accidents on Main Rural 

Highways Related To Speed, Driver, and Ve- 

hicle, 35 cents. A brief discussion of each of the 

new publications is presented in the following 

paragraphs. 

A Quarter Century of Financing 

Municipal Highways, 1937-61 

The first comprehensive survey of highway 

receipts, disbursements, and debt transactions 

of municipal governments during the past 25 

years is presented in A Quarter Century of 

Financing Municipal Highways, 1937-61. In- 

formation is presented primarily on the high- 

way revenues and expenditures of municipal 

governments. Data on the finances of State 

and county governments as they pertain to 

municipal areas have been included for com- 

parative purposes. To broaden the area of 

coverage, estimates have been included for 

the 1921-36 period in the summary data. 

This publication consists of two sections: 

The first contains summary tables and a 

New Publications 

discussion of municipal highway finance; the 

second (appendix) contains the detailed State- 

by-State tabulations upon which the summary 

tables were based. The tabulations of the 

highway finances of municipal governments 

that have been published in the Bureau of 

Public Roads annual Highway Statistics series 

since 1949, are superseded by the data in this 

publication. A Quarter Century of Financing 

Municipal Highways, 1937-61 has been issued 

as a companion publication to the Financing 

of Highways by Counties and Local Rural 

Governments, 1942-61. 

Traffic Assignment Manual 

Issued as a companion publication to 

Calibrating and Testing a Gravity Model for 

Any Size Urban Area, which is also for sale 

by the Superintendent of Documents, the 

Traffic Assignment Manual documents the 

complete process of traffic assignment as 

currently defined and primarily is for use with 

the IBM 7090/94 computer. A brief history 

and general concepts of traffic assignment 

are presented, and the step-by-step procedures 

for each phase of the traffic assignment process 

are given. Also included is a discussion of the 

theory involved in the different phases of 

traffic assignment, a detailed glossary of terms, 

and a selected bibliography. The operation 

of the BELL and BELMN control monitors 
are described in detail, and the complete bat- 

tery of Public Roads traffic assignment pro 
grams are included. This manual and th 

gravity model manual are expected to provid 

transportation planners with the necessar 

tools for comprehensive transportation plap 

ning studies. 

Accidents on Main Rural Highway 

Related to Speed, Driver, and Vehick 

Significant information on the relation ¢ 

speed and characteristics of vehicles an 

drivers involved in accidents on main rurt 

highways is presented in Accidents on Mai 
Rural Highways Related to Speed, Driver, an 

Vehicle. It is believed that the materis 
presented in this publication is the first base 

on a nationwide study from which it has bee 

possible to develop an understanding of thes 

relationships. The study findings apply t 

2- and 4-lane main rural highways of tk 

nonfreeway type. 

One of the important findings reported i 

this publication is that the greater tl 

differential in speed of a driver and his vehie 

from the average speed of all traffic, tl 

greater the chance of that driver being i 

volved in an accident. For example, a driv: 

traveling at 40 or 80 miles per hour in relatio 

to an average speed of 60 miles per hour f¢ 

all traffic has a substantially greater chani 

of being involved in an accident than a driv: 

traveling at the average speed. 

In vol. 32, No. 9, August 1964, PUBLIC 

ROADS, Effect of Moisture on Bituminous 

Pavements in Rocky Mountain Areas, change 

last three sentences in first column of page 51 

to read: Seal coats cost about 11 cents per 

Errata 

square yard or, on a 3-inch thick mat, about 

an additional 70 cents per ton of mixture. 

This is more expensive than either the chem- 

ical additive, at 11 cents per ton of mixture, 

or hydrated lime, at 45 cents per ton of mix- 

U.S. GOVERNMENT PRINTING OFFICE:1964 

ture. Furthermore, the seal coat may n 

always solve the problem, as there are so mat 

uncertainties involved in seal coat constru 

tion as to make the results somewhat of 

gamble. 

October 1964 e PUBLIC RO 



‘4 list of the more important articles in PuBLic Roaps and title 

ets for volumes 24-82 are available upon request addressed to 

ireau of Public Roads, Washington, D.C., 20235. 
Che following publications are sold by the Superintendent of 

lcuments, Government Printing Office, Washington, D.C., 20402. 

ders should be sent direct to the Superintendent of Docwments 

lepayment is required. 

——— 
JINUAL REPORTS 
{ 

nual Reports of the Bureau of Public Roads: 

1951, 85 cents. 1955, 25 cents. 1958, 30 cents. 1959, 40 cents. 

‘| 1960, 35 cents. 1962, 35 cents. 1968, 35 cents. (Other years 

are now out of print.) 

PORTS TO CONGRESS 

Jetual Discussion of Motortruck Operation, Regulation and 

ae (1951). 30 cents. 

ideral Role in Highway Safety, House Document No. 93 (1959). 

i 30 cents. 

ikghway Cost Allocation Study: 

| First Progress Report, House Document No. 106 (1957). 

| 85 cents. 
| Final Report, Parts I-V, House Document No. 54 (1961). 

w| 70 cents. 
Final Report, Part VI: Economic and Social Effects of High- 

way Improvement, House Document No. 72 (1961). 25 

cents. 

e 1961 Interstate System Cost Estimate, House Document No. 49 

‘1961). 20 cents. 

—i 

seattas — BR zee! a —_—o 

HIBLICATIONS 

{Quarter Century of Financing Municipal Highways, 1937-61. 

14,00. 

nd Vehicle (1964). 35 cents. 

“eregate Gradation for Highways: Simplification, Standardiza- 

im ion, and Uniform Application, and A New Graphical Evaluation 

" shart (1962). 25 cents. 
“herica’s Lifelines—Federal Aid for Highways (1962). 15 cents. 

librating and Testing a Gravity Model With a Small Computer 

(1964). $2.50. 
\ssification of Motor Vehicles, 1956-57 (1960). 75 cents. 

\sign Charts for Open-Channel Flow (1961). 70 cents. 

‘leral Laws, Regulations, and Other Material Relating to High- 

vays (1960). $1.00. 

‘iancing of Highways by Counties and Local Rural Govern- 

jnents : 1942-51 (1955). 75 cents. 

shway Bond Calculations (1936). 10 cents. 

ae 

i 

cidents on Main Rural Highways—Related to Speed, Driver, 

PUBLICATIONS 
of the Bureau of Public Roads 

PUBLICATIONS—Continued 

Highway Bond Financing. . . An Analysis, 1950-1962. 35 cents. 

Highway Planning Technical Reports—Creating, Organizing, 

and Reporting Highway Needs Studies (1964). 15 cents. 

Highway Research and Development Studies (1964), $1.00. 

Highway Statistics (published annually since 1945) : 

1956, $1.00. 1957, $1.25. 1958, $1.00. 1959, $1.00. 1960, $1.25. 

1961, $1.00. 1962, $1.00. 

Highway Statistics, Summary to 1955. $1.00. 

Highway Transportation Criteria in Zoning Law and Police Power 

and Planning Controls for Arterial Streets (1960). 35 cents. 

Hydraulics of Bridge Waterways (1960). 40 cents. 

Increasing the Traffic-Carrying Capability of Urban Arterial 

Streets: The Wisconsin Avenue Study (1962). 40 cents. 

Appendix, 70 cents. 

Interstate System Route Log and Finder List. 10 cents. 

Landslide Investigations (1961). 30 cents. 

Manual for Highway Severance Damage Studies (1961). $1.00. 

Manual on Uniform Traffic Control Devices for Streets and High- 

ways (1961). $2.00. 

Part V—Traffic Controls for Highway Construction and Main- 

tenance Operations (1963). 25 cents. 

Opportunities in the Bureau of Public Roads for Young Engineers 

(1963), 15 cents. 

Peak Rates of Runoff From Small Watersheds (1961). 30 cents. 

Reinforced Concrete Pipe Culverts—Criteria for Structural De- 

sign and Installation (1968). 380 cents. 

Road-User and Property T'axes on Selected Motor Vehicles, 1964. 

45 cents. 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Aerial Surveys and Mapping by Photogram- 

metric Methods for Highways, 1958: a reference guide outline. 

5 cents. 

Standard Specifications for Construction of Roads and Bridges 

on Federal Highway Projects, FP-61 (1961). $2.25. 

Standard Plans for Highway Bridges (1962) : 

Vol. I—Concrete Superstructures. $1.00. 

Vol. II—Structural Steel Superstructures. $1.00. 

Vol. I1I—Timber Bridges. $1.00. 

Vol. I1V—Typical Continuous Bridges. $1.00. 

The Identification of Rock Types (revised edition, 1960). 20 cents. 

The Role of Aerial Surveys in Highway Engineering (1960). 40 

cents. 

Traffic Assignment Manual. $1.50. 

Traffic Safety Services, Directory of National Organizations 

(1963). 15 cents. 

Transition Curves for Highways (1940). $1.75. 
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