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~ Total travel on rural roads in 1949 broke 

a records, exceeding the 1948 previous high 

7 percent and the prewar peak by 27 

On the 350,000 miles of main rural 

(iipreent was by passenger cars, I percent by 

hbsses, and 21 by freight-carrying vehicles. 

[Trucks and combinations hauled 7 per- 

ave more ton-mileage of freight in 1949 

(1, the increase resulting largely from 

grater use of heavier vehicles. Truck- -com- 

M0, i ‘le figures for single-unit FATE were 5, 

2 and 92 percent. The average carried 

lid for all trucks and combinations in 1949 
us 2, 40, and 76 percent above the averages 

41948, 1941, and 1936, respectively. 

' In 1949 more than 5 percent of all trucks 

ad combinations exceeded a State legal 

»tight limit, and 16 percent of the combi- 

ations were illegally overloaded in some 

trticular. In comparison with 1948, the 

Ireentage of overweight vehicles decreased 

OTOR-VEHICLE TRAVEL in 1949 
broke all previous records for the fourth 

usecutive year. The 1949 traffic on all 

tral roads was 7 percent higher than in 1948, 

. percent higher than in 1947, and about 27 

‘jewar peak. Geographically the increases 

(er 1948 ranged from 4 percent in the western 

lates to 9 percent in the eastern States, with 

| average increase in the central States of 7 

jreent. The largest increase in any of the 

| aited States census regions! was 12 percent 
ithe West North Central region and the 

‘tallest increase was 1 percent in the Pacific 

gion. Records from about 800 automatic 
recorders, operated continuously 

nerally to establish these trends. More 

‘tensive traffic surveys, made by a number 
|| States, yielded valuable information con- 
Thing the total volume of rural traffic within 
elr boundaries. Consideration has been 
ven to all such available data in this analysis. 

here States have prepared and submitted 
,’hicle-mile travel estimates of their own, 
ese have been employed rather than esti- 

| ates made by applying trend factors. 

a States comprising each census region are indicated 
le 1 

Traific Trends on Rural Roads in 1949 
THE HIGHWAY TRANSPORT RESEARCH BRANCH 

Reported by THOMAS B. DIMMICK, Head, 

VEHICLE-MIBESFeOF TRAVEL—BIEEIONS 

2 o cf @ > 
= 4 Ww = a < 
=, w = aq = JUNE 

Current Data Analysis Unit 

JULY AUG SEPT. S OCT OE 

Figure 1.—Travel on all rural roads in 1941, 1948, and 1949, by months. 

The variation in travel on rural roads in 

three main geographic divisions and in the 

United States as a whole is illustrated in figure 

1 for the years 1949, 1948, and 1941, the latter 

being the prewar peak year. Travel in each 

month of 1949 in the eastern and central 

regions and in the United States as a whole 

was well above that of the corresponding 

month of the earlier years. The western 

regions, however, showed only a slight in- 

crease from 1948 to 1949. 

Summer travel in 1949 reached its prewar 

importance for the first time since the end of 

hostilities in 1945. In the last two prewar 

years the average monthly travel in July and 

August was 23 percent above that of the 

85 



average month of the year. Restrictions 

placed on nonessential driving in 1942 reduced 

travel in the summer months so that only 13 

or 14 percent more traffic used the roads in the 

summer months than in the average month of 

the war years. Following the war this seasonal 

travel increased each succeeding year. Not 

until 1949, however, did vacation and other 

summer driving again reach the prewar level, 

23 percent above the annual average. 

1949 Summer Loadometer Survey 

The large number of automatic traffic re- 

corders operated on the rural roads of each 

State gives a good indication of the trend of 

total traffic on those highways but provides 

no indication concerning the classification of 

vehicles by type, weight, or other character- 

istics. During certain prewar years, generally 

1936 and 1937, nearly every State conducted 

a comprehensive survey of traffic in which all 

vehicles counted were classified. At the 

same time a large number of trucks and truck 

combinations were stopped for the gathering 

of information concerning their weight, 

dimensions, and other important features. 

In order to determine the wartime trend in 

weights, dimensions, and other characteristics 

of commercial vehicles, a brief check survey 

was made in the summer of 1942 at certain 

typical stations in most States. From the 

information collected in the two surveys, 

which were kept strictly comparable, trends 

were calculated which were used to determine 

the changes in traffic and vehicle character- 

istics that had taken place since the compre- 

hensive survey was made. Since 1942, check 

surveys have been made annually; most of 

the States have participated in these each 

year and all have participated at some time.” 

Forty-six States conducted such surveys in 

1949. 

Classification counts made in numerous 

States, in addition to those of the summer 

survey, added valuable information concern- 

ing vehicle-type frequencies. In a few States 

expanded loadometer surveys have furnished 

more reliable data concerning vehicle types 

and weights than can be obtained from the 

trend data alone, and these have been used in 

the analysis when available. 

The stations used in these summer surveys 

were selected initially to give a representative 

cross section of traffic on main rural roads. 

They were operated for one or more 8-hour 

periods on a weekday, generally from either 

6 a.m. to 2 p. m., or from 2 p. m. to 10 p. m. 

All traffic passing through the stations during 

the period was counted and classified into the 

following categories: local passenger cars; 

foreign (out-of-State) passenger cars; panel 

and pickup trucks; * other two-axle, four-tire 

trucks; two-axle, six-tire trucks; three-axle 

trucks; truck-tractor and semitrailer combi- 

nations; truck and trailer combinations or 

2See Traffic trends on rural roads, by T. B. Dimmick, 

PuBLIC Roaps, vol. 25, No. 12, Feb. 1950; vol. 25, No. 7, 

Mar. 1949; vol. 25, No. 3, Mar. 1948; vol. 24, No. 10, Oct.- 

Nov.-Dec. 1946; and Amount and characteristics of trucking on 

rural roads, by J. T. Lynch and T. B. Dimmick, PuBLic 

Roaps, vol. 23, No. 9, July-Aug.-Sept. 1943. 

3 Single-unit trucks with a carrying capacity of less than 114 
tons. 

Table 1.—Survey period, number of stations operated, number of vehicles counted, ¢ 

number weighed in each State in the special weight surveys, summer of 1949 
La. 

TT. 
ai 

Trucks and truc ia 

Total combinations _ | jy 
4 . Number of A 

Region and State Survey period stations pecs : 

Weighe 

New England: 
Connetiicht ss tee ee ee Aug. 1-12.22. 522-5 sae 10 32, 760 

Vieirigu-0 = es eo oe ee July 2l—-Aug. bess ee 10 24, 308 

Massachtusetts= <=. -o-esec 2 ‘Aug, 8-262 S522 ee eee 10 36, 083 

New Plampshire:-2=.-2.- 2202-544 Avg. S-12.525 eeee oe 5 15, 282 

Whodewsland es. se ee ee July 25-Aug. 22-22 22-3 5 14, 322 

Wenn On yeas Peete ee ‘Aug; 1-0: 2p 5 10, 002 

Bir bo tee ee oe ee aos epee eee 45 132, 757 

Middle Atlantic: 
New: JOrsey= soe de- oee ee eeeeS Aug. 16-Sept. 8_---.---__- 10 79, 674 
Newel Ol Rte ans - ee oe ee Pee Sept. 19-24-- 2. Se Fee 20 39, 380 
Ponnsylvaiseee: sone July. 26-Sept, tec eee 7 24, 066 

Sabtotalec otc es ee ee cee tora ae ee 37 148, 120 

South Atlantic: 
te eet eae Ey = Semen. ee) Aug 711-205 eee ee 9 

aa oe sets ee () see S ips Piast raat spalls 
ee ee Ang. 1-305- 4.52.2 eee 12 

Maryland se. ses o oe ea ee Aug..8-15:..32- 3 eee 10 
North Oarolinag te. 2-0 eee ee Alig: 9-30.23 eee 12 
South: Caroling -a28s2=-4-== Ss SB Sept. 12-2652. eee ae 10 
Wiroiniat.28- 2.2 Pee. see eS Avg.:3-19- = =o eee 10 
Wostovirgiies 2 2 eo ae Aug. 0-Sept: 2-252 ss 9 

Subtotales... tee! 25) jen sete See ee ee 72 

Bastern:revions, subtotals: - 2 Ae) ae ee 154 

East North Central: 
Tilinois. oc see ee soe ee ‘Aug. 23-Sept: weeuee ae 47 
Indiana... Soe et ee eee PANT? 3-31 Je See ee 20 
Michigan: Scess ee July 22-Anes 42s see ee 8 
Ohiot 2a eee ee eo July 2O-Aups 1 eee 10 
Wisconsin s+ 2S Se-8 l= be ee ‘Aug,:4-2522 Ss Se aes 10 

Subtotal’ 2.2. 22:22.-bs.252 |) WES See eee 95 

East South Central: 
Alabama. 2-0 22S2s-6.2 ses ee July 13-202. eee 10 
Kentucky soo. 2a aneteee nce eo sees June: 20-July 6: -2sseacee 10 
Mississinnl 22.3 5: -- oe eee Aug. 15-Sept. 2._.._._.+-- 15 
Tennesse hoon ae. sean en eee Aug. 2-16. °>. 2 Sees 10 

Subtotal. Se n0 - os || ee ee ee 45 

West North Central: 
LOW ate oe ce a eee July 25-Aug..5. ose ce 10 
Kansas) en eee ne Aug. 11-24_____- 10 
Minnesota---.-------.-- Apr. 11-Aug. 3- 10 29, 075 
Missouri-.-- Aug. 12-Sept. 1. 15 70, 079 
ING@DISSES 25. > che eae oe eee July 21-Aug. 17_ 20 22, 014 
North sakoteon ss. eee aeee ee July 21-Sept. 1 15 22, 960 
South Dakota 22-22-3258 es es June 24-Sept. 21 ll 8, 956 

Subtotals. Jess ae ea ee eee 91 176, 986 

West South Central: 
Arkansas-.----- 10 16, 804 
Louisiana. -- --- 10 10, 015 
Oklahoma 10 14, 414 
{DP OXAS See oo nam ta oe 17 29, 982 

Sabt0tesecce ee Se) 8. ee eee 47 71, 215 

Gentralirezions; subtotala. 2) || 52 eer te ee ee eee 278 510, 840 

Mountain: 
ATIZONG: -950 a. cee ee eS June 6-17 22s ee ees 10 9, 010 
OColoraG0s2 2S8.~ on eneee cee Aug 11-20 > 2oAC eee 10 25, 647 i 
Adahots = sess eee July 25-Aug: 10s os 13 15, 429 } 
Montana 3... Seen Aug.'3-Sept. 12 eee 19 16, 344 j 
Nevada 25-2: 2225 spice July 25-Ang: 922 10 6, 693 
New Moxicosst. some Seer. 2k July :21—Aug.'4.. es 10 12, 621 
TO Se eo Ue July. 18-Aug. 5. ose 10 16, 112 
Myorning 1 Swit So et eee (Ey ee re eee 

Saptotalee Scorer ee a ee ee 82 101, 856 

Pacific: 
Oalifornia:e: oc. es Se May 31-June 30__________ 20 2°71, 484 
Oregoner ey senna s eee ase eae eS Augy 9-19-2232 See 8 15, 660 
Washington: <3 - 4 e June 7=OCb..7 See 20 99, 978 

BAD eee ae te re aes Fe eee 48 187, 122 

Westorniregions; subtotal... S.-- © | oo =. rh din ~~ 988 978 

United States total 

1 No survey made. 

truck-tractor semitrailer and trailer combina- 

tions; and busses. The combination-type 

vehicles were further subdivided according to 
the number of axles of each. 

Most of the weight stations were operated 

during July, August, and September. Ari- 

zona completed its work in June; California 

started its survey on the last day in May and 

562 1, 248, 003 

completed it in June; Texas operate 

stations from June to September; Washit 
conducted its operations from June to O¢ 

The survey period, number of 

operated, number of vehicles counte 
number weighed are shown for each 5 
table 1. Almost 1% million vehicles 
counted at all stations during the period ¢ 

December 1950 ® PUBLIC | 



4 
yey. About one-fifth of these were freight- 
irying vehicles, of which almost one-half 
‘e weighed. 
Wherever traffic volume permitted, every 

3k and truck combination was stopped and 

ghed. Where this procedure was imprac- 
ble all of the less common types were 
ghed and the common vehicle types were 

ghed in sufficient numbers to establish their 
racteristics from the sample. The type 
vehicle, whether loaded or empty, the num- 

of axles, and the weight of each axle were 
forded. The axle-spacing and total wheel- 

Bie length of the heavier vehicles‘ were 
yasured, and the commodity carried and the 

ve of operation—private or for-hire—were 

orded. Passenger cars and busses were 

inted but not stopped for weighing. 

} 

Prewar Travel Trend Maintained 

figure 2 shows in chart form the vehicle- 
“meage of travel on all rural roads, by type 

» vehicle, for each year from 1936 to 1949, 
hlusive. It is apparent that the effect of 

s drastic restriction of travel during the war 
Spiod, 1942-45, has now been entirely over- 

ne. A straight line from the top of the 

‘): for 1936 to the top of the bar for 1949 
pisses through the tops of the bars for 1937, 

139, and 1940, and only slightly above the 
) of the bar for 1938 and slightly below that 

1941. The recession in business activity 

1988 probably accounts for the lessened 

lume of traffic in that year; and 1941 was 
avear of exceptional activity in preparation 

‘the war that followed. Altogether, total 

‘t\ffic has recovered completely from the 
eect of the war and stands, as near as can 

determined from the long-time trend, at a 
(el which would have been reached had the 

‘yr not occurred. 
= [In the case of travel of trucks and truck 

/cnbinations,® the 1949 value fits the 1936-40 
j tnd, projected, almost exactly. For truck 
¢mbinations alone, the 1936-48 line lies 
szhtly above the tops of the bars for all inter- 

Vaing years. This and other trend data in- 

Cate an accelerating growth in traffic by 
Vnicles of this type. 

| 
i es 
i % } 

‘Trucks and truck combinations weighing 13 tons or more 

_ Olaving an axle weighing 18,000 pounds or more. 
In this article, the term “truck” is used to indicate a 

‘Szle-unit vehicle; “truck combination” to indicate truck- 
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Figure 2.—Travel on all rural roads, 1936-49, by classes of vehicles. 

Travel Increases 

The ratio of traffic volumes on main rural 

roads in 1949 to the corresponding volumes in 

1948 is shown in table 2. Highways classified 

under the term “main” include about 350,000 

miles and, in general, are those of the entire 

State systems. In such States as North Caro- 

lina, Pennsylvania, and Virginia, where all or 

a large part of the rural-road mileage is under 

State control, only the mileage in the primary 
system is included. The consistent increase 

in travel on these main highways by most 

types of vehicles and in all sections of the 

country is evident in the table. Travel by 

Table 2.—Ratio of 1949 traffic on main rural roads to corresponding traffic in 1948 ! 

both local and foreign (out-of-State) passen- 

ger cars increased in all regions, but travel by 

single-unit trucks decreased in the Middle 

Atlantic, South Atlantic, and Pacific regions 

and increased only slightly in the New Eng- 

land and West South Central regions. The 
increases in travel by truck combinations and 

the decreases by single-unit trucks appear to 

be a result of the continued shifting to the 

heavier types. 

Use of Truck Combinations 

The percentage of travel by vehicle types 

on main rural roads in 1949 is given in table 3. 

| et 
AY Eastern regions Central regions Western regions 

p | ‘Btates ic Vehicle type y East East West West 
fi | ; New _| Middle | South | average} North | South | North | South | Average ene Pacific | Average | *V°rase 
4) a England | Atlantic | Atlantic Central | Central | Central | Central 

we | ae le es aa a |S ee ee ee ae ae 

 Passeng: 
Siacal 1.09 115 1.08 1,11 1.07 1.01 1.09 1.10 1.08 1.08 1.04 1.05 1.08 

A ae ee os 1.15 1.09 1.15 1.13 1.03 1.33 1.08 1a 1.10 1.05 1.03 1.04 1.10 
if | All passenger cars...__--.---.-------| 1.11 1.13 1.10 1.12 1.06 1.10 1.09 1.12 1.09 1.07 1.04 1.05 1.09 

; an * . 

Micon ee eations: | 1.01 85 99 93 1.09 1.10 1.08 1.02 1.07 1.08 84 96 1.05 
; | Truck combinations__---------_------] 1.10 cs 1.31 1. 22 1.02 11% 1.06 1.05 1.04 1.30 1, 26 1.27 1.10 
f All trucks and truck combinations___.|_ 1.03 .93 1.06 1.01 1.06 1.10 1.07 1.03 1.06 Abe 95 1.07 1.06 

. 4 ROADS ® Vol. 26, No. 5 

1 The ratios for “‘all vehicles” are based on year-round automatic recorder data, while those for the individual vehicle types are based principally on summer counts. 
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Eastern regions 

Vehicle type New 
Eng- 
land 

Middle 
Atlan- 

tic 

Passenger cars: 

South 
Atlan- hie 

tic ag 

East 
North 
Central 

Central regions 

East 
South 
Central Central 

West 
North 

Central 

West 
South 

Aver- 
age 

Moun- 

Western regions 

tain 
Pacific 

Aver- 
age 

United 
States 
aver- 
age 

Table 3.—Percentage distribution of travel, by vehicle type and by type of operation, on main rural roads in the summer of ol 

U.S. percentage 
distribution of 

a 

trucks and truck 
combinations by 
type of operation 

— 

Private For hir 

- 02 -O1 -O1 33 Gt . 22 -89 1.18 - 32 

3.75 

17, 21 

1.30 

1 Less than 0.005 percent. 

In this table all single-unit trucks are divided 

into classification types based on the axle and 

tire arrangements, while the truck combina- 

tions are classified according to the total 

number of axles of the combination. The 

classification of vehicles into these types has 

been used only in the last three annual sur- 

veys. It has several advantages over the old 

“light, medium, and heavy” grouping, among 

which are more homogeneous groupings and 

more positive identification of the types. 

40 

WEIGHT OF EMPTY VEHICLES 

(e) °o 

i) °o 

WEIGHT IN POUNDS — THOUSANDS ° 

SINGLE-UNIT TRUCKS 

Figure 3.—Average weights of loaded and of empty trucks and truck combinations in the summers of 1942-49 and in a correspondin 

WEIGHT OF VEHICLES INCLUDING LOAD 

The data in table 3 indicate that truck 

travel in 1949 in proportion to total travel 

was heaviest in the East South Central region 

and next heaviest in the West South Central 

Somewhat 

found in 1948: the West South Central region 

then had the highest percentage of truck 

traffic, followed by the West North Central 

and South Atlantic regions. 

of truck traffic in the South Atlantic, East 

South Central, West North Central, West 

region. 

6.19 5. 82 

22.38 | 20.47 

1. 44 1, 26 

PREWAR 

7, 28 

19. 96 

74 

5. 67 

30. 27 

1. 90 

different 

TRUCK COMBINATIONS 

figures 

period of a prewar year. 

The percentage 

were 

6. 54 

23. 49 

1. 01 

4.83 

22.73 

1, 28 

TRUCKS AND COMBINATIONS 

1948 and 1949. 

. 50 

. 02 

Sit 

100. 00 

December 1950 ® PUBLIC RC 

5.95 

21.19 

1.11 

South Central, and Mountain regions 

ceeded 20 percent of the total traffic in bl 

More urbanized areas, s! 
as the New England, Middle Atlantic, i 

Pacific regions, where total traffic is rat 

heavy, have the smallest percentage of tr! 

travel. The table indicates that certain ty: 

of vehicles are popular in some sections. p 

instance, the truck and trailer combinatil 

with six or more axles and the truck-traid 

and semitrailer combinations with five or mh 

Local cc $33 See eed eee ey ee ee Bee ik 56.11 68.31.) 67.15 | 59.61) 58.56)" 45.37 |. .59.79 | 58.84 | 57.13) 41..76,). 76.14 |+ 63.83’ |, 59.12 |) ~2oae ~ 
Foreign 2282-3 e oe 6 ee Pa ee 25.38 | 16.07} 19.03] 18.66] 20.74 | 22.46] 15.41 15.04 | 18.387] 34.24] 10.56) 19.04 18.58 |) —--lL2 |) lee 

Ali'paasen gor ears eee ee et ee 81. 49° 79. 38° 76. 18°} 78.27 | 79.30:| 67-83} 75.20°| © 73.88 |* 75.50-| 75.99 |}, 86.70 |) 82.87 |" 7.70 ec Z 

Single-unit trucks: 
Paneliand pickin nce: 2-— eee ee 5. 31 4. 35 6.89 5. 60 5.32 | 12.11 7.05 | 10.02 Veale 9. 76 3. 36 5. 65 6. 69 40. 36 1. 68 
Other 2-4x)6;-4-tird< ee eee ee ee eee . 65 1.18 1. 04 1. 04 .42 57 1.02 roe tif ott .52 . 62 .73 4.38 «oe 
Other:2-axl6,\6-tireleie es ee eee 7.16 7.49 7.91 7.63 6.62 | 11.70 9.79 7.90 8.35 6.99 3. 54 4,77 7.49 39.18 22. 3€ 
BOXIAls 2 SE EP, aera EP rs . 34 .42 35 . 38 -o2 . 22 . 26 .18 . 26 . 36 . 4 . 48 . 33 1.45 2. 0: 

All singlotinitirucks 22.32 2"-54 2 13. 46° 18.44} 16.19} 14.65] 12.68} 24.60} 18.12] 18.47} 16.95 17.90 7.96 | 11.52} 16.24 85. 37 26, 4( 

Truck-tractor and semitrailer combinations: 
SAXIG: x cet es Le a ee 8 3. 58 5. 05 4,89 4.77 4. 58 4. 85 Bi SR) 4.65 4. 34 1.74 ened, ne a 3. 92 10. 43 45, BE 
axle... 22 weet See Ss eee ee 15 1. 06 1, 29 1.03 2.14 . 80 2.09 1. 67 1.83 1.34 . 85 1.02 1.43 3. 02 19. 3) 
6-axle or mores 22 ii. ee ee Bee. (1) 01 (1) 01 neo 02 .19 . 04 ales . 86 1. 36 1.19 . 28 . 40 4, 4f 

All truck-tractor and semitrailer combina- | 
Lions =. ob. ee Ee ee Yay Bae 3.73 6.12 6.18 5. 81 6.95 5. 67 5. 61 6. 36 6. 32 3. 94 2.98 3.32 5. 63 13. 85 69. 6: 

Truck and trailer combinations: : 
4-axle or losses. 5 DSR 2 to is eee .02 ol .O1 01 . 05 (1) . 20 ma ly pp lal 720 -22 22 a0 .39 . 
5-Ox16.< . e  Se ale ee sik eS ae Saat anv oe (1) 01 .07 . 34 . 39 . 38 .10 .18 1. 4t 
6-axle or more ae ba. rit es (1) 5s . 04 -3o2 -i3 .58 .12 .21 1.8 

L 

F 
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ble 4.—Average weights (in pounds) of loaded and empty trucks and truck combinations, by vehicle types, in the summer of 1949 

‘ion than in any other area. Combinations 

_ olving trailers are used much less in the 

yHst South Central region and in the three 

a in Dian regions. The percentage of travel by 

combinations has increased steadily ove1 

t in the previous years’ samples, this per- 

itage being 5.95 in 1949, 5.84 in 1948, 5.73 

1947, and 5.26 in 1946. 

i Private and For-Hire Traffic 
tous, 

iol the survey conducted in 1949 informa- 
ee tia was gathered in most of the participating 

ites concerning the use-classification under 

wich each vehicle was being operated. Data 

yre reported separately for private and for- 
—— | 
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| SINGLE-UNIT TRUCKS 

pon Figure 4.—Travel on main 
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auto 

rural roads, 1936-49, by loaded and by 

centage loaded and the average weight of 

loaded and of empty vehicles. The opera- 

tion-use classification of each of the heavy 

vehicles—those with one or more axles weigh- 

ing 18,000 pounds or more, or with a gross 

weight of 26,000 pounds or more—generally 

was designated. This information made pos- 

sible the calculating of vehicle-mileages, ton- 

mileages, and other data on the main rural 

roads by the various types of trucks and truck 

combinations privately operated and operated 

for-hire. 

In the last two columns of table 3 are shown 

the percentage distribution of travel of all 

privately operated and for-hire trucks and 

id LOADED VEHICLES 

EMPTY VEHICLES 

oOo 
mom +m 
ao 1949 1938 ATER, 1940 1941 1942 1943 1944 1945 1946 1947 1948 1949 

TRUCK COMBINATIONS 

|| 
as regions al regions Testern revi || U. 8. average by 

Eastern regions | Central regions Western regions | || type of operation 

4 | United 
Vehicle type | | | | Stat S| a 25 eB saree 

New | Middle} South | ms East Fast West West | | average| | om 
Eng- At- Ne) Ae | North | South | North | South Aver- Moun- Pacifie Aver- ~ |! Private For- 
land | lantic | lantic | eer! Central} Central) Central ase tain | gee | |} | hire 

| | | | | 

AVERAGE WEIGHTS OF LOADED VEHICLES 

ingle-unit trucks: | 
BEAR ALI PICU Serre Ses Se 4, 901 5, 409 4, 756 5,015 5, 041 6, 111 5, 154 5, 907 5, 362 5, 695 4, 524 5, 100 5, 242 || 5, 208 6, 702 
Other DEAE RU Hh ee Se ee ee eee 6,201 | 6,278 | 6,301 | 6,281 | 6,571] 6,974 | 6,621 | 6,883] 6,677] 7,133 | 5,803 | 6,302] 6,447 || 6,358 | 10, 221 
Other 2-axle, GrltG S- Seeee= Shee are el 14,343 | 15,159 | 13,307 | 14,196 | 13,007 | 13,611 | 13, 674 | 12,959 | 13,294 | 14,990 | 12, 262 | 13, 514 | 13, 614 || 13, 233 | 15, 789 
er he Sa ey is a ea = a 30, 595 33, 616 | 27,675 | 30,716 | 27,734 | 28,635 | 25,951 | 28,101 | 27,433 | 26, 728 | 25,635 | 25, 880 | 28, 128 ||-27,484 | 29,081 
PURER DOs ec ootk pte aE 84 at On a 11,352 | 12,660 | 10,716 | 11,565 | 10,339 | 10,879 | 10,920 | 9,213 | 10,310 | 11,486 | 10,380 | 10,879 | 10,765 || 10,150 | 16, 222 

ruck combinations: > 
Truck-tractor and Neimierallotsas: =. ese <5 37,158 | 42,105 | 37, 898 | 39,629 | 37,322 | 34,364 | 39,135 | 36,211 | 37,100 | 45, 621 | 48, 550 | 47, 405 | 39,151 || 37, 255 | 40,173 
BeeennG pratense ok et en 39; 471 60, 366 (!) 48, 506 | 69,361 |________| 18,109 | 18, 495 | 47,099 | 62, 642 | 58, 613 | 59,451 | 55, 458 || 42,182 | 64, 321 
AEE 9 DE 2 SES ES See gee 37,174 | 42,158 | 37, 889 | 39,653 | 38, 482 | 34, 364 | 38, 462 | 35, 719 | 37,397 | 48,009 | 51,411 | 50, 227 | 39,999 || 37, 543 | 41, 427 

.verage, all trucks and truck combinations_______- 18,062 | 23,196 | 19,152 | 20, 643 | 22, 638 | 17, 422 | 19, 589 | 16,560 | 19, 774 | 22,446 | 22,781 | 22, 643 | 20, 432 || 14,811 | 35,374 

AVERAGE WEIGHTS OF EMPTY VEHICLES 

single-unit trucks: | 
mA ATCs TCH DS oS eae Sates sofa w Ss 4,035 4,383 3, 851 4,039 3, 971 4,078 4, 205 4, 446 4,189 4,141 3, 824 4,038 4,121 4, 099 4, 784 
Other 2-axle, 4- -tire | ee a ee ee 5, 074 4,992 5, 126 5, 048 4, 836 5, 044 5, 271 5, 139 5, 102 5, 285 4, 585 4, 971 5, 057 {| 5,018 7, 131 
Other 2-axle, GeGirees = ee ies eee So ae LS 8, 651 8, 966 7,310 8, 182 7, 668 7, 728 8, 059 7, 692 7, 784 8, 285 7, 482 7, 978 7, 942 7, 828 8, 636 
nal sthegeee Sate eile, Seep eae gee Shee ie oe he eee es 17,169 | 15, 230 | 13,143 | 14,609 | 14, 500 | 11,953 | 13,585 | 16,187 | 14,489 | 14,377 | 14,139 | 14, 225 | 14, 483 14, 519 | 13, 644 
Average -__ oy ae at ae Se pee ee 6, 448 6, 895 5, 424 6, 108 5, 885 5, 529 6, 033 5, 991 5, 864 5, 553 | 5,572 5, 560 5,903 || 5, 724 8, 716 

fruck combinations: sa | | 
Truck-tractor and semitrailer_____- ee 20, 672 | 20, 646 | 18,787 | 19,815 | 19, 588 | 16,690 | 20, 250 | 18,670 | 19, 094 | 23,016 | 22,103 | 22,592 | 19, 610 || 19,088 | 19, 945 
oy SR UREN ek a ee ee Se eee ee eee (1) (1) Od eo e0 eee te 12,393 | 15,127 | 25,124 | 29,595 | 27,837 | 28, 523 | 27,142 23, 806 | 29, 630 
MEET Oe 2 pear ie tes ented Ss Seaga 20, 672 | 20, 646 | 18, 784 | 19, 814 | 20,389 | 16, 690 | 19, 906 | 18,579 | 19,330 | 24,722 | 24, 296 | 24, 503 | 20,019 || 19,314 | 20, 546 

Average, all trucks and truck combinations____-__-- 8, 811 9, 782 7, 694 8, 655 | 10,119 6, 781 8, 852 8, 673 8, 700 8, 142 8, 832 8, 406 8, 648 7,252 | 16, 484 

| Data omitted because of insufficient sample. 

2S are used more frequently in the Pacific hire vehicles of each type, showing the per- combinations, by vehicle type. In general 
the lighter types of vehicles predominate in 

the private classification and, conversely, the 

heavier vehicles constitute a much higher 

proportion of the for-hire vehicles. This 

difference is very noticeable in the percentages 

for the light panel and pickup trucks and for 

the heavy three-axle truck-tractors with 

semitrailers. Over 40 percent of the privately 

operated truck travel was by the panel and 

pickup type, while less than 2 percent of the 

for-hire vehicle travel was by this type. On 

the other hand, less than 15 percent of the 

travel of all privately operated vehicles was 

by truck combinations, while of the for-hire 

travel almost 74 percent was by combinations, 

1936 1947 1948 1949 

TRUCKS AND TRUCK COMBINATIONS 

empty trucks and ‘truck combinations. 
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Table 5.—Comparison 

Passenger cars 
and busses ! 

ia vehicles, 
Year vehicle- | porcent- 

miles 
age of | Vehicle- 

all miles 
vehicles 

of estimated vehicle-miles of travel on main rural roads in 1936, 
1941, 1946, 1948, and 1949 

All trucks and 
Single-unit Truck combina- 

truck com- = binations trucks tions 

Percent- Percent- 
Percent- age of all age of all 
age of |Vehicle-| trucks |Vehicle-| trucks /Vehicle- 
all miles | and truck | miles | and truck | miles 

vehicles combina- combina- 

TOL9RTISE TELO RS ea ea 
For-hire: 

Miilions Millions 
1930. See tS. SU eeee ses Tne 88, 412 82. 73, 005 
1941. So. Fee eS 122,505 | 80.3 98, 320 

IDS 1986 vate Se 1.8, 97 1.865 
1046 passe eee et eS 124,149 | 80.4 99, 803 

TOMB OAT Patio2s eee nane see 160 1.00 1.02 
10462 ‘1086 THO oe oe ae 1. 40 97 1. 87 

1048 _ Bie ee ee 147,597 | 78.5 115, 837 
1949) 5. ooo See OS eee 159, 379 78.8 125, 602 

19492 1918 ratio =e e- eee 1.08 1.00 1.08 
ETRE S Gi Ce ee Se See 1.80 98 1.28 
1919-1986 Talioe = seen 1.80 95 1.72 

1949_ 
19493 1086 vatias 2 222 ee ee SS ee eee 

Millions Millions Millions 
17: 15,407 | 82.1 12,650 | 17.9 2, 757 
19.7 | 24,185} 78.8 19,057 | 21.2 5, 128 
1.18 1.67 96 1.61 1.18 1.86 

19.6 | 24,346] 73.3 17,838 | 26.7 6, 508 
99 1.01 98 .o4 1.26 1.97 

1.18 1.58 .89 1.41 1.49 2. 36 
21.5 |31,760| 72.9 23,138 | 27.1 8, 622 
21°9%) | 83-7771) 7d 24,295 | 28.1 9, 482 
99 1.06 99 1.05 1.04 1.10 

1.08 1. 40 91 1.27 1.38 1.86 
1.92 2.19 88 1.98 1.67 3.44 

78.8 12, 140 86.7 10, 963 42.7 1,177 
77.2 26, 077 91.6 22, 262 40.2 3, 815 
98 2.15 1.06 2. 03 94 3. 24 

21.2 3, 267 13.3 1, 687 57.3 1, 580 
22. 8 7, 700 8.4 2, 033 59.8 5, 667 
1.08 2. 86 63 1.21 1.04 8.59 

1 Percentages of total 1949 travel by passenger cars and by busses are reported separately in table 3 

Average Weights Increase 

The average weights of loaded and empty 

trucks and truck combinations, separately 

and combined, are shown graphically in figure 

3 for each year from 1942 to 1949, inclusive, 

and in a prewar year, generally 1936 or 1937. 

The weights of single-unit trucks, both loaded 

and empty, increased each year from the 1936- 

37 period through 1945, then leveled off or 

decreased slightly each succeeding year. At 

the same time weights of truck combinations, 
both loaded and empty, have increased each 

year during the period shown. The increase 
in average weight of loaded combinations 

from the 1936-37 period to 1949 was almost 

50 percent, compared to only 12 percent for 

single-unit trucks. The increase for all trucks 

and truck combinations combined was 57 

percent, a figure higher than that of either 

type separately, because of the increased 

proportion of combinations in the latter years. 

The average weights of the various types of 

loaded and empty trucks and truck combina- 

tions in the summer of 1949 are shown in table 
4 for the different regions. This table brings 

out clearly the important differences that exist 

in the weight characteristics of the vehicles in 

the different groups. It will be noted, for 

example, that for the United States as a whole, 

the loaded three-axle, single-unit trucks 

weighed about twice as much as the two-axle, 

six-tire trucks which, in turn, weighed about 

twice as much as the two-axle, four-tire trucks. 

Similar differences existed throughout the 
various classifications. On the other hand the 
regional differences in average weight for each 

of the vehicle types that are common through- 

out the country are surprisingly small. The 
extremely low weights of truck and trailer 
combinations in the West North Central and 

West South Central regions indicate a pre- 

dominance of small, home-made trailers of 
low capacity. 

90 

The average weights of loaded and empty 

trucks and truck combinations operated 

privately and for-hire in the summer of 1949 
are shown in the last two columns of table 4. 

The for-hire vehicles, when compared by 

types, are generally heavier than those oper- 

AVERAGE CARRIED LOAD — TONS 

e€€Qe’ 

1939 SSSR 

SSSR 

1942 RetasaesusususacaususasaeaRseanaEE tr 1936 SSSR 1937 SSSR 1938 1940 194] 

Figure 5.—Average load carried by trucks and truck combinations on 
main rural roads, 1936-49. 

TRUCK COMBINATIONS 

TRUCKS AND TRUCK COMBINATIONS, COMBINED 

SINGLE-UNIT TRUCKS 

ated privately, and the average of all 

of for-hire vehicles, either loaded or emp 

more than twice as heavy as the avera 

the privately operated vehicles. It wass 

in table 3 that the largest portion of the 1 

vate vehicles consisted of the small sinff,, 
unit trucks while the greater portion of 
for-hire vehicles consisted of the heavy tr 
combinations. This decided difference in % 

distributions of sizes of vehicles in the 1 

operation classes accounts for the gif. 

difference between their average weights. f , 

Truck Travel Again Increases’ ' 

Figure 4 shows a comparison of the ef” 

mated vehicle-mileage of travel by loaded ; 

empty single-unit trucks and truck comb 

tions, separately and combined, on main mg 

roads, for each year from 1936 to 1949, 

clusive. This chart demonstrates graphic” 

the steady growth of truck traffic during 
prewar years, 1936-41, the temporary ef 
of wartime restrictions in the period 1942: 
and the remarkable increases in truck tr 
portation that have occurred since the end 
hostilities in 1945. 4 

Table 5 shows a comparison of the ¢ 

mated vehicle-mileage of travel by vehigf* 
of different types on all main rural roadii#’ 

1936, the earliest year for which compreli” 

Sive weight data are available; in 1941, #” 

peak prewar year, 5 years after the begintig™ 
of the surveys; in 1946, 10 years after i@ 
beginning of the surveys; and in 1948 | 

947 SSC 1943 SS 1945 SSS SRR 1946 Sbabbacbisonann OR 

December 1950 ® PUBLIC RC 



i, The ratios of 1949 travel to that of the 

ymeding years indicate that increases for 
,aks and truck combinations generally 
ke greater than for passenger cars, and that 

sases for truck combinations were greater 

Mi for single-unit trucks. In the 13 years 

»@t 1936 to 1949, passenger-car and bus 

‘gel combined increased over 70 percent, 
el by all trucks and combinations more 

; doubled, and travel by truck combina- 

‘Es (considered separately) more than tripled. 

he lower portion of table 5 shows a com- 

son of the estimated vehicle-mileage of 

fel in 1936 and in 1949 by privately oper- 

| trucks and combinations, and by those 
peated for-hire. Travel by for-hire vehicles 

eased somewhat more than travel by 
tate vehicles, the 1949:1936 ratio being 

jin the case of for-hire vehicles and 2.15 
jhe case of private vehicles. Most of the 

iwaease in for-hire vehicle travel was by truck 

fibinations, there being only a 21-percent 

pease in the for-hire vehicle-mileage by 
: ijle-unit trucks compared to a 259-percent 

wprease by combinations. In the case of the 

rate vehicles, on the other hand, there 

e substantial increases in the vehicle- 

age by both types. by vel 
ral joy. the lower portion of table 5, incidentally, 

com Percentage figures refer to trucks and 
ick combinations only; for example, of all 

le-unit trucks, in 1936, 86.7 percent were 

Volume of Highway Freight 

figure 5 gives a comparison of the average 

id carried by single-unit trucks and truck 

inbinations, separately and combined, in the 

|years that the planning surveys have been 
prating. The general trend of load weights 

13 upward throughout the period, The 

ssht decline in the weights of loads carried by 

$gle-unit trucks since 1945 has been more 

+ tin offset by the increased use of combina~- 
ns and the increased weights of loads carried 

£ vehicles of this type. 
Figure 6 shows a comparison for each year 

fm 1936 through 1949 of the ton-mileage of 
fight carried by trucks and truck combina- 
tns on main rural roads. The chart demon- 

sates clearly that truck combinations are 
fae tine each year a larger proportion of 

12 total amount of highway freight. In 1936 

te truck combinations hauled slightly less 

| tn-mileage than the single-unit trucks, while 
11949 they hauled almost two and one-half 
la as much. The rapid rate of annual 
Jerease in total freight carried, which took 
‘Jace in the years immediately following the 
ar, has been reduced in the last two years to a 

| ite of increase more nearly comparable with 
at of prewar years. 
In table 6 is shown a comparison of the 

meentage of vehicles carrying loads, the 

‘erage carried load, and the ton-mileage 

| ried for all trucks and combinations, for 
agle-unit trucks, and for truck combinations 

_ 1949 and the other significant periods used 
_ table 5. The trend from 1936 to 1949 of 

m erage weight carried, shown graphically in 

jure 5, and that of the ton-mileage trans- 

id a 

ye f¥BLIC_ROADS ® Vol. 26, No. 5 
e 
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Figure 6.—Ton-miles carried by trucks and truck combinations on main rural roads, 

1936-49. 

ported during the same period, shown in 

figure 6, have already been discussed. 

In the country as a whole, the percentage 

of trucks and truck combinations carrying 

loads decreased slightly from 1948 to 1949. 

The percentage loaded for single-unit trucks, 

for truck combinations, and for the two types 

of vehicles combined was less than the com- 

parable figures for 1946, when the downward 

trend in these figures that had been maintained 

during the war appeared to be halted tempo- 

rarily. Since 1946 the trend has not been 

clearly defined, for these percentages increased 

slightly in 1947 and then decreased in 1948 

and again in 1949. With these latest de- 

creases the proportion of vehicles loaded 
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Table 6.—Comparison of the estimated percentage of trucks and truck combinations 

loaded, average carried load, and ton-miles carried on main rural roads in 1936, 1941, 

1946, 1948, and 1949, and similar data for privately operated and for-hire vehicles 
i 

All trucks and truck . . is a Ps Sy cpmbinahons Single-unit trucks Truck combinations 

Aver- Aver- 
Year Average 

Per- Ont Ton- Per- weight | Ton- Per- pes Ton- 
centage abe miles | centage of miles | centage of miles 
loaded Os earried | loaded | carried | carried | loaded ied carried carried Goal carrie 

load load 

Tons Mil- Tons Mil- Tons Mil- 
lions lions lions 

1936: Seem. mene eee 62.8 2.90 | 28,005 | 60.7 1.86 | 14,268 | 72.2 6.90 | 13,747 

10d Sy" ee See 66. 7 3.64 | 58,737 | 65.4 2.29 | 28,487 | 71.6 8.23 | 30, 250 

COELATOSE KOtIO sa eee oe ee ee 1.06 1.26 2.10 1.08 1.28 2.00 .99 1.19 2. 20 

1046 ee ee ee ee OL. 7 4. 84 60, 892 46. 4 2.01 19, 101 66. 2 9. 70 41,791 

LOAC TOLL O02 2 eee a2 oe .78 1.88 1.04 ayes 1.01 67 92 1.18 1.38 

TSO MOS ratt0= = Se eee . 82 1.67 2.17 76 1.24 1.84 92 1, 41 8.04 

194s te ess 52. 2 5. 02 83, 119 46.8 2.30 25, 219 66. 5 10. 10 57, 900 

O40 ye eat ee Sh, D1: 6. 11 89, 100 46.1 2. 29 25, 639 65. 7 10.19 63, 461 

1949:1948 ratio_____-- 99 1.02 (Bes 99 . 98 1.02 .99 1.01 1.10 

1GIOsT OL ratios eee = Heke Ama ante. 1.52 70 1.00 . 90 92 1.24 2.10 

LOs9°1086 ONO ae ee oe . 82 1.76 8.18 76 1.25 1.80 91 1.48 4.62 

Privately operated trucks and 
truck combinations: 

TOS6 i Beeceaese cet eee 60.3 2. 20 16, 094 59.8 styl 11, 180 65.5 6. 37 4,914 
1940222 2 Se ee eee 47.6 3. 48 43, 231 45.3 2.10 21, 193 61.2 9. 43 22, 038 

POLO tOSh oration eee. eee ee ee 79 1.58 2.66 76 1.28 1.90 98 1. 48 4. 48 
For-hire trucks and truck combi- 

nations: 

reached a new all-time low level, only 46 

percent of the single-unit trucks and less than 

66 percent of the truck combinations being 

loaded in 1949, compared to 61 percent and 

72 percent, respectively, for these two types 

of vehicles in 1936. 

The lower portion of table 6 shows a com- 

parison of the percentage loaded, average 

carried load, and ton-mileage for single-unit 

trucks, truck combinations, and these two 

types of vehicles combined, when operated as 

private and as for-hire vehicles. An appreci- 

ably larger percentage of the for-hire vehicles 

are loaded; the loads carried by these vehicles 

are much heavier; and the average carried 

loads are increasing at a more rapid rate than 

for privately operated vehicles. Single-unit 

trucks transport an important part of the 

freight moved in privately operated vehicles, 

but only a minor part of the freight moved by 

for-hire trucks. 

The first part of table 7 gives a detailed 

comparison of the percentage of vehicle-miles 

of travel, percentage of vehicles loaded, av- 

erage carried load, and percentage of total 

ton-mileage carried by the various types of 

trucks and truck combinations traveling on 

main rural roads in 1948 and 1949. Many 

Table 7 .—Percentage of vehicle-miles of travel, percentage loaded, average carried load, and percentage of total ton-miles carried) 
various types of trucks and truck combinations on main rural roads in 1949 compared to that in corresponding months of 1948 

interesting comparisons can be made from 

this table showing the relative importance 

from a freight-carrying standpoint of different 

portions of the traffic stream. In 1949, for 

instance, while panel and pickup trucks 

traveled almost 32 percent of the vehicle- 

mileage, they accounted for less than 3 percent 

of the ton-mileage. The truck-tractor and 

semitrailer combinations traveled less than 27 

percent of the vehicle-mileage, but they 

carried almost 66 percent of the ton-mileage. 

From the columns in table 7 showing the 

percentage loaded, by types, it can be ob- 

served that the percentage of vehicles carrying 

loads increases directly as the size of the 

vehicle type, extending from the light panel 

and pickup trucks that are loaded 36 percent 

of the time, to the heavy combinations that 

are loaded over 65 percent of the time. 

The right-hand portion of table 7 shows the 

percentage loaded, average carried load, and 

percentage of total ton-mileage carried by 

various types of privately operated trucks and 

truck combinations compared to those oper- 

ated for-hire on the main rural roads in 1949. 

The percentage of travel (vehicle-mileage) by 

these types is given in table 38. A comparison 

of vehicle-mileage percentage with ton-mileage 

Er NOES. of ve-| percentage | Average carried | Percentage of ton- 
panionn ties De loaded load miles carried 

Vehicle type travel 

1949 1948 1949 1948 1949 1948 1949 1948 

Single-unit trucks: Tons Tons 
Panel and ieKOp loo. ones tases yee 81. 55 28. 90 35. 9 36. 7 0. 64 0. 64 2.75 2. 60 
Other '2-arle, 4 tire... _..-_3-4.25/- ak 3. 46 3. 59 49.4 51.9 . 78 1, 24 . 50 . 88 
Other: S-axle. §-tire le.) se Se ee ae 35. 34 38. 66 54.5 53.6 3.17 3.10 23.15 24. 51 
rupee any oe hae eae ae S oe ~ 70 54.8 55. 2 7. 23 6. 57 2. 38 2.35 

J - UGK =. sue ES: ‘ 72, 85 46.1 ragk combinations: 7 46.8 2. 29 2. 33 28. 78 30. 34 

ruck-tractor and semitrailer________- 26. 57 25. 35 65.8 66, 2 9, 95 9. 83 65. 91 9 Truck and trailer______.. <s aek eh 1. 50 1.80 | 63.4 | 70.2 | 14.69 | 13.64 5.31 - 37 
All truck combinations__........___- 28. 07 27.15 65. 7 66.5 10.19 10. 10 71. 22 69. 66 

All trucks and truck combinations. _______ 100. 00 100. 00 51.6 §2. 2 5.11 5. 02 100. 00 100. 60 
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Private | For-hire| Private | For-hire| Private 

percentage, by operating classes, shows ¢ iw 
panel and pickup trucks, privately opera 

travel over 40 percent of the vehicle-mile 

while transporting only about 5 percent of 

freight moved in privately operated vehi 

vehicles. The heavy-vehicle combinati¢ 

privately operated, travel about 15 pere| 
of the total mileage and carry almost 51y, 

cent of the freight moved by privately oy! 

ated vehicles, while the for-hire combinati} 
travel almost 74 percent of the total vehi. 
mileage of all such vehicles and carry over 

percent of the freight transported by all 

for-hire trucks and combinations. 

oo yvyeemtcies 
9 (20 

eer 

=> > 

mx OF 

Gross Weights Increasing Slightl 
< 

Figure 7 shows for the United Statesia 

whole the frequency of gross weights by ye 

from the prewar years (generally 1936 or 19 

to 1949, of 30,000 pounds or more, of 49, 
pounds or more, and of 50,000 pounds or m 

The trend of frequency of heavy loads ¢ | 

tinues upward although the frequency 4 

50,000-pound weights was slightly less in 1 : 

than in the previous year. The frequene)}? 

these heaviest loads was 12 times greate) 

1949 than in the prewar year, the weight 

40,000 pounds or more were 7 times as 

quent, and those of 30,000 pounds or 

were 3% times as frequent as in the earl 

years of the surveys. Vehicles weigl 

30,000 pounds or more and 40,000 pound 
more appear in greater numbers than ¢ 

before, whereas the number of those in 

heaviest group declined slightly. 

The 1949 gross-weight frequency data| 
vehicle type and region are presented in ti 

8. No panels, pickups, or other two-a 

four-tire, single-unit trucks were found in 

survey weighing as much as 30,000 pound: 

there is no entry for these vehicles in 

table, though they are included in the tf 

number of vehicles weighed in computing 

frequencies for all trucks and combinati! 

Heavy gross weights are much more freq! 

in the Pacific region than in other parts of} 

country. In this region 99 of each I! 

trucks and truck combinations on the nD) 

rural highways in 1949, empties inclu) 

weighed 50,000 pounds or more. This | 

HEAVY GROSS Weicntrs 

Distribution by type of operation in 1949 

Percentage Average carried | Percentage of to 
loaded load miles carried 

For-h 

Tons Tons 4 
35.72 | 48.18 0. 63 1.42 5.45 r 
49.39 | 47.75 74 2.76 96 " 
54.40 | 55.40 3. 06 3.82 39, 28 
53.44 | 58.09 711 7.52 3.33 
45, 30 55. 05 2.10 3.97 49, 02 ; 

61.11 68. 98 9. 39 10. 27 47,98 
63.60 | 63.24 | 10,08 17,75 3. 00 
61. 24 68. 67 9. 43 10. 65 50. 98 

47.63 | 65.07 3. 48 9.16 | 100,00 
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mcy is the same as was found in 1948 but 

slightly lower than the 1946 figure of 104 

‘ivy vehicles are almost entirely of the com- 

ation type, approximately 40 percent of all 

?nbinations observed, or about 52 percent of 

bre. Inthe East South Central region these 

YY gross weights were about one-fifteenth 

8 frequent as in the Pacific region, while in 

+ New England, South Atlantic, and West 

eath Central regions the heavy weights were 

‘02-fifth as frequent as in the Pacific region. 

| 

| Frequency of Heavy Axle Loads 

' Figure 8 shows the frequency of axle loads 

18,000 pounds or more, of 20,000 pounds 

Lire, and of 22,000 pounds or more, by 

ars from the prewar years (1936-37) to 

19. The frequency of heavy axle loads 

treased year by year from the prewar period 

trough 1948. The frequencies for 1949 are 
tghtly lower than those found in the previous 

‘ar, yet are higher than in any other previous 

riod and fit very closely the long-time trend 

om 1942 through 1947. Axle loads in excess 
22,000 pounds increased in frequency from 

per 1,000 vehicles in the prewar period to 
ld 

per 1,000 vehicles in 1949, an increase of 

| 

, 

| 
| 

] 

| 
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Figure 7.—Number of heavy gross weights per 1,000 trucks and truck combi- 

nations (empties included) in the summers of 1942-49 and a prewar year. 

750 percent. Somewhat lesser increases oc- 
curred in the frequencies of axle loads from 

18,000 to 20,000 pounds. The decline in 

heavy axle loads in all the categories from 

1948 to 1949, coupled with the decline in 

frequency of the heaviest gross loads shown 

in figure 7, may possibly indicate that in- 

creased enforcement activity is being reflected 

in better law observance. One year’s reversal 

in trend is insufficient to warrant conclusions. 

The 1950 survey results should show whether 

the trend will continue downward from 1948 

or resume the steady upward course followed 

prior to that year. 

Table 9 gives data concerning the number 

of heavy axle loads per 1,000 loaded and 

empty trucks and truck combinations of 

various types on the main rural roads in the 

summer of 1949. Since no panel or pickup 

trucks were found with axles weighing 18,000 

pounds or more, there is no entry for these in 

the table, though they are included in figuring 

the frequencies for all trucks and truck 

combinations. 

Though the greatest frequency of heavy 

gross weights is in the Pacific region, as shown 

in table 8, the lowest frequency of heavy axle 

loads is in this same region. The greatest 

frequency is in the Middle Atlantic region and 

the next greatest in New England. In these 

two regions the relatively high frequency is 

attributable mainly to the large number of 

two-axle truck-tractors pulling one-axle or 

two-axle semitrailers. The relative infre- 

quency of heavy axles in the Pacific region, in 

the presence of a large proportion of heavy 

gross loads, indicates a better distribution of 

the loads over a larger number of axles. 

Loads Above Legal Limits 

Table 10° shows the number of trucks and 

truck combinations of each type, per 1,000 

such vehicles counted, empties included, that 

exceeded the permissible axle, axle-group, or 

gross-weight legal limits in effect in the 

individual States in the summer of 1949, and 

the number per 1,000 that exceeded these 

limits by various percentages. Loads in 

excess of the State legal limits were most 

frequent, as in 1948, in the East North 

Central region where it was found that 63 of 

each 1,000 vehicles exceeded a State weight 

limit. The Middle Atlantic region stood 

second in frequency of violations, with 59 

vehicles out of each 1,000 exceeding a load 

limit, followed closely by the Mountain region 

with 58 violations per 1,000 vehicles. 

A comparison of the frequency of loads 

exceeding State legal limits in 1949, shown in 

table 10, with similar data collected in the 

previous year, indicates that these excessive 

loads have decreased in all areas except the 

Mountain and Pacific regions. In the Moun- 

tain region the frequency increased 45 percent, 

while in the Pacific region the increase was 

about 9 percent. For the country as a whole, 

excessive loads in 1949 were slightly less 

frequent than in 1948 but slightly more than 

in 1947. No panel or pickup truck was 

weighed that exceeded any of the State weight 

regulations and this classification is omitted 

from the tables although the number of 

such vehicles counted is included in the 

calculations. 

Recommended Weight Limits 

Uniform regulations concerning maximum 

allowable gross weights, axle weights, and 

axle-group weights have been adopted as a 

policy by the American Association of State 

Highway Officials and recommended to the 

State governments for adoption.’ This policy 

recommends that no axle shall carry a load in 

excess of 18,000 pounds and no group of axles 

shall carry a load in excess of amounts 

specified in a table of permissible weights based 

on the distance between the extremes of any 

group of axles. 

In table 11 is shown the number of axles per 

1,000 vehicles of various types that exceeded 

the axle-load limit of 18,000 pounds recom- 

mended by the A.A.S.H.O. and the number 

exceeding these limits by various percentages. 

6 Tables 10-14 are on pages 96-98. 

1 Policy concerning maximum dimensions, weights, and 

speeds of motor vehicles to be operated over the highways of the 

United States, adopted April 1, 1946, by the American Asso- 

ciation of State Highway Officials; published by the Associa- 

tion in 1946, 
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Table 8.—Heavy gross weights per 1,000 loaded and empty trucks and truck combinations on main rural roads, summer of 19 

Eastern regions Central regions Western regions 
Lit | 

Vehicle type ! New | Middle| South East | East | West | West | 
Eng- | Atlan- | Atlan- |Average|} North | South | North | South |Average ene Pacific | Average bs 
land tic tic Central | Central | Central | Central Vi 

a) 

NUMBER PER 1,000 WEIGHING 30,000 PouNDS OR MORE f ip 

Single-unit trucks: P 
axle, 64162. .c52- ees ee 16 19 3 1 ® © (2) 2 1 6 (3) 4 id 
Parle 20300 Sts See ak ee a eee 286 371 245 309 212 231 229 206 208 207 ; 

AVOLRgO. = 2 nets tt ge besenen. Goch ieaeeessassacses 16 22 8 14 ea "3 3 3 4 7 14 10 | 
Truck combinations: hy lt 

Truck-tractor and semitrailer_..__.._---.._-_-_--_-_- 475 595 498 539 521 458 517 434 492 569 644 612 , 
Truck and traflers ste 926! ee ee (3) (3) (6D) al eaeks eer 789 0 82 53 495 783 722 739 gi i 
AVOPage 5c i ee ee Se Be ee 47 596 498 540 534 457 502 424 492 613 668 647 

Average, all trucks and truck combinations_____________- 117 191 130 153 208 87 139 107 144 118 176 147 Shins | 

=| ef M0 | 

NUMBER PER 1,000 WEIGHING 40,000 POUNDS OR MORE : his 

Single-unit trucks: 
Daxle,’ Gtire: 22s) LRN e tS hopes eae ee 1 1 0 (2) 0 0 (2) 0 ® oh 0 (?) ft 
BAKO fo ee ee ree a taste oes Se eee eee 137 157 40 107 34 0 14 112 12 28 F 
AKOTA gO: Seewen. ceee ee” cee ee eee 4 5 1 3 1 0 (2) 1 re a 1 1 & 

Truck combinations: 
Truck-tractor and semitrailers. sc--2.- esse eeee ees 287 390 285 332 262 189 293 221 250 380 481 438 j | 
Truck: and trailers...9-25: 12. Ci 2 See (3) (3) (8) Sex| See as 512 0 67 31 323 461 523 506 448 
AVOCA R6 oe et oS he ae ee See eee 289 391 285 333 274 189 285 215 252 397 494 456 305 

Average, all trucks and truck combinations_--.__..._-_.- 66 120 71 90 105 36 77 54 73 75 121 97 82 

NUMBER PER 1,000 WEIGHING 50,000 RIGHING S000) FONDS LOR MTORR ota b> ae eee ete oR MORE ouNpe OR MORE, Ue, a: a eee oer 

Single-unit trucks: 
Qaxslo, 6-tires. 2252.82 Sasso cee soe pees ee een ee eeeeeeee 0 0 p 0 0 0 0 0 7 °, 0 () (4) 
S-AEO 7. a se eae he yn = eae es ee Ue abcess 6 16 9 21 0 0 0 2 5 9 

AVOTAgG eer aa aes Bt Mee ee (2) 1 @ (2) 1 0 0 0 ot é (4) (2) (4) 
Truck combinations: 

Truck-2ragtor‘and semitrailer os. -- = 2 69 170 87 122 109 28 124 75 94 243 382 323 127 
Trick anditrailens:) 35 ft BOs “ee ere ee eee 0 (3) (3) SBE eck 455 0 31 10 278 381 470 446 392, 

A VOTER0 So 286 ne gn ee ee Cee 69 171 87 123 125 28 120 74 100 271 409 356 141 

Average all trucks and truck combinations._..__....__-- 15 52 21 33 48 6 32 18 29 §1 99 75 36° 

‘ No two-axle, four-tire trucks weighing as much as 30,000 pounds were reported. 
3 Data oimitved because of insufficient sample. 

Table 9.—Heavy axle loads per 1,000 loaded and empty trucks and truck combinations on main rural roads in the summer of 1946 

Eastern regions Central regions Western regions ; 

: Unite} 

¥enisletrre New | Middle| South East | East | West | West een Stateie 
Eng- At- At- |Average} North | South | North | South | Average tain Pacific | Average I | t 
land lantic | lantic Central | Central | Central | Central ia 

NUMBER PER 1,000 WEIGHING 18,000 PouNDs OR MORE | 

Single-unit trucks: 
Q-axlo; 4-tive 2S fee 22 ge aie ne ae eee 0 2 2 2 0 0 0 0 0 0 0 0 1 
O-akle, '6-tiress> fos. ie kee ee a ee ee 46 58 23 40 10 18 10 ll 12 34 14 24 23 
S-axlo (cobs ts Beye a eee ae x 116 169 55 116 67 33 11 56 48 71 4 23 67. 

PA) CCE ee Be ae eee ee. a 27 38 13 24 i 9 5 5 6 15 7 ll 13 
Truck combinations: 

‘Truck-tractor and semitrailer__ A eer val 566 361 462 206 238 179 198 203 252 147 192 290° 
Yruck and trailer______.._- Bs 0 (?) (ats | eee ie 578 0 50 10 355 188 106 128 210 | 
ANOLAR sq asco acnaccseue ee cece soteaee eee 468 567 361 462 223 237 175 193 208 239 135 175 286. 

Average, all trucks and truck combinations__-__________- 124 195 99 140 89 50 50 51 63 57 37 48 86 

NUMBER PER 1,000 WEIGHING 20,000 PoUNDs 0R MORE 

Single-unit trucks: 
2axl6, }Ctire dt ee ee re eee 0 0 0 0 0 0 0 0 0 0 0 0 C 
P-Arle, '6-GirOe cc occa ba pete nce ee ee een see 27 36 9 23 4 6 2 3 3 18 3 10 
aye pak eda ghia tenes oe epee Ea gees a wee a eee i Ss ze 48 32 0 0 0 15 58 0 16 2 

fa) Re ee Se ES SE Oe ee, eee SSS 13 3 3 1 1 2 1 
Truck eornninaane - Y " 

Truck-tractor and semitrailer.................---__-- 281 341 172 257 60 86 42 72 62 113 28 64 4 
"TPOGE NG. Be Olea ea ee eee on eee 0 (?) O's 2225 211 0 14 0 128 44 8 18 6) 

AVerageie.s2h binges at Se ORT sich Ee ee 280 342 172 257 67 86 41 70 64 99 22 52 12! 

Average, all trucks and truck combinations___._..._____- 73 118 46 78 27 18 12 18 20 26 6 16 3é 

Single-unit trucks: 
2-axle, 4-tire 

Truck combinations: 
Truck-tractor and semitrailer 
Truck and trailer 

{ No panel or pick-up trucks with an 18,000-pound axle load were reported. 
3 Less than 5 per 10,000. 
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2 Less than 5 per 10,000. 
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2 Data omitted because of insufficient sample. 
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3 table emphasizes again the high fre- 

ocy of heavy axle loads in the Middle 

yntic and New England regions. The 

ber of axles per 1,000 vehicles weighing 

than the recommended limits was 175 in 

Middle Atlantic and 109 in the New 
zland regions, while only 31 such axles for 

h 1,000 vehicles were found in the Pacific 

jon. For the United States as a whole 
2 loads heavier than 18,000 pounds were 
ut 12 percent less frequent in 1949 than in 

8, although almost 14 percent more fre- 
mt than in 1947. 

Cable 12 shows the number of vehicles of 
‘ious types per 1,000 with an axle-group 

d in excess of the limits recommended by 
, A.A.S.H.O, and in excess of these limits 
various percentages. For the country as 

whole, of each 1,000 loaded and empty 
icks and truck combinations, 28 had axle- 
yup loads § weighing in excess of the recom- 

mnded limits, 7 of which exceeded the limits 

more than 20 percent. Of each 1,000 
mbinations weighed, 98 had axle-group 

ids weighing more than the recommended 
iits, of which 24 exceeded the limits by more 
an 20 percent. The frequency of the 

“ecessive axle-group loads in 1949 was about 

Mjpercent less than in 1948 and 12 percent 

ove the 1947 frequency. 

As might be expected, many vehicles were 

loaded that they exceeded more than one 

commended weight limit, and some vehicles 

id more than one axle loaded in excess of 
e recommended limit. Counting each vehi- 

2 only once, regardless of the ‘number 

ways in which it exceeded any of the 
.A.S.H.O. recommended limits, table 13 

)as derived to show the number of vehicles 
“+r 1,000 of each type, both loaded and 

‘apty, that exceeded the limits by various 

srcentages. Those vehicles which exceeded 
ore than one provision of the recommended 
strictions were tabulated in the column 

owing the highest percentage excess only 

* any item. 
_In the United States as a whole, 68 vehicles 

ut of every 1,000 were overloaded to some 

, egree, and 19 out of every 1,000 exceeded 

' yme one of the provisions by more than 20 
i ercent. The frequency of vehicles exceeding 

- he recommendations by any amount in 1949 
tas 7 percent less than in 1948 and about 15 

ercent greater than in 1947. 
_ In considering the data concerning the 

frequencies of axles or vehicles exceeding the 

state legal limits and the A.A.S.H.O. recom- 
-aendations, especially the frequencies in the 

Middle Atlantic and New England regions, 
he fact should be recognized that higher 
imits generally are permissible under the 
State laws in this area than are recommended 
dy the Association. Axles exceeding the recom- 

mended limits by 25 percent may be within 

j 

' The frequency of 28 vehicies of each 1,000 weighed that 
yxceeded the A.A.S.H.O. axle-group recommendation, 

‘ound in the final analysis of these data as shown in table 12, 
slightly larger than the frequency of 2.56 percent (or 26 

1,000) found in the preliminary analysis reported to the 
Subcommittee of the Senate Committee on Interstate and 

Commerce. 
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F igure 8.—Number of heavy axle loads per 1,000 trucks and truck combinations 

(empties included) in the summers of 1942-49 and a prewar year. 

the legal limits of certain States, particularly 

in these two regions. Some States have no 

axle limits or axle-group limits in their motor- 

vehicle restrictions, a fact that complicates 

direct comparison of excess weights based on 

law and those based on the recommendations. 

Comparison of the frequency data given in 

table 13 with those in table 10 shows that 

from one-third to one-half of the vehicles 

exceeding one or more of the Association 

recommendations actually exceeded a State 

legal limit. 

For-Hire Vehicles More Frequently 
Overloaded 

The first part of table 14 shows the number 

of privately operated trucks and truck com- 

binations and those operated for-hire, for 

each 1,000 such loaded and empty vehicles, 

on main rural roads of the United States, 

that exceeded some State legal weight limit 

in 1949. A comparison of the frequency of 

the excessively loaded vehicles in the two 

operation classifications shows, in a striking 

manner, that type by type, the for-hire 

vehicles generally are more frequently over- 

loaded than are the privately operated ones. 

For instance, 6 of each 1,000 private single- 

unit trucks exceeded a State weight limit 

while 27 of each 1,000 for-hire trucks exceeded 

the same limits. Likewise, 146 of each 1,000 
private truck combinations exceeded State 
weight limits, while 168 of each 1,000 for-hire 

combinations exceeded the same limits. 

Of each 1,000 vehicles, the frequencies of 

all private and all for-hire trucks and truck 

combinations exceeding the State limits were 

26 and 131, respectively. In other words, 

there were five times as many excess loads 

among the for-hire vehicles as among the 

privately operated ones. This is as would be 

expected, because the heavier vehicles are 

operated more frequently for-hire and the 

lighter ones for private transportation. 

The following parts of table 14 show 

frequencies of private and for-hire trucks 

and truck combinations exceeding the 

A.A.8.H.O. recommended limits for axle 

loads, for maximum axle-group loads, or for 

any of the recommended maximum loads. 

This table shows, in general, that the relation 

of the frequency of overload of privately 

operated and of for-hire vehicles is the same 

when based on A.A.S.H.O. recommendations 
or on State legal limits. 
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Table 10.—Number of trucks and truck combinations, per 1,000 

loaded and empty vehicles, that exceeded the permissible axle, 

axle-group, or gross-weight legal limits in effect in the States 

by various percentages (maximum) of overload, summer of 1949 

Region and type of vehicle 
(panel and pickup trucks excluded) 

New England: 
2-axle, 4-tire 
2-axle, 6-tire 

Average, single-unit trucks _- 
Truck-tractor and semitrailer__ 
Truicksand:trailero= cs. eee 

Average, truck combinations_ 
Average, all trucks and com- 

binations 
Middle Atlantic: 

2-axle, 4-tire 
2-axletO-titea. 22 28 eee 

Average, single-unit trucks_- 
Truck-tractor and semitrailer_- 
Trickrand trailepises 2 ae 

Average, truck combinations_ 
Average, all trucks and com- 

binations 
South Atlantic: 

2-axle, 4-tire 
2-axle, 6-tire 

Average, single-unit trucks_- 
Truck-tractor and semitrailer__ 
Truck and trailer___.._- 2 

Average, truck combinations- 
Average, all trucks and com- 

binations 
East North Central: 

2-axle, 6-tire 
3-axle 

Average, single-unit trucks_- 
Truck-tractor and semitrailer__ 
Truck and trailer__- 

Average, truck combinations_ 
Average, all trucks and com- 

binations__ 
East South Central: 

2-axle, 4-tire 
2-axle, 6-tire 

Average, single-unit trucks_-_ 
Truck-tractor and semitrailer__ 
Truck and trailer__ 

Average, truck combinations_ 
Average, all trucks and com- 

binations__ 
West North Central: 

2-axle, 4-tire 
2-axle, 6-tire- 

Average, single-unit trucks__- 
Truck-tractor and semitrailer - 
Truck and trailer _____- 
Average, truck combinations- 

Average, all trucks and com- 
binations 

West South Central: 
2-axle, 4-tire 
2-axle, 6-tire 

Average, single-unit trucks _- 
Truck-tractor and semitrailer__ 
Truck and trailer 

Average, truck combinations_ 
Average, all trucks and com- 

binations 
Mountain: 

D-axle, 4-blroe ss. eres ata 
2-axle, 6-tire 
3-axle 

Average, single-unit trucks __ 
Truck-tractor and semitrailer__ 
‘Truck/and trailer... 232527 5.: 

Average, truck combinations_ 
Average, all trucks and com- 

binations 
Pacific: 

2-axle, 4-tire 
2-axle, 6-tire 
3-axle..- 

Average, single-unit trucks_- 
Truck-tractor and semitrailer__ 
Track/and traller:22) 222233 2 

Average, truck combinations_ 
Average, al] trucks and com- 

Dinations. = a eee ae 
United States average: 

2-axle, 4-tire 
2-axle, 6-tire 
3-axle 

Average, single-unit trucks _- 
Truck-tractor and semitrailer__ 
Truck and trailer 

Average, truck combinations_ 
Average, all trucks and com- 

binations 

Average, 1948 
Averare, 1947 

! Less than 5 per 10,000. 

Number 
per 1,000 

over- 
loaded | 5 per- |10 per- 

Number per ote overloaded more 

cent cent 

than— 

20 per-|30 per-| 50 per- 
cent | cent cent 

aor Ore 

2 Data omitted because of insufficient sample. 

Table 11.—Number of axles, per 1,000 loaded and empty tru 
and truck combinations, that exceeded the permissible a: 
load limit of 18,000 pounds recommended by the A.A.S.H.O, 
various percentages of overload in 

jh 
I gel 

q | 

aloe 
the summer of 1949 

Number per 1,000 overloaded mor¢ 
t Number han— Hi 

Region and type of vehicle per 1,000 
(panel and pickup trucks excluded) | over- 

loaded | 5 per- |10 per-|20 per-|30 per-| 50 pe 
cent | cent | cent | cent cen 

New England: 
2-axle. 4tirea es tesa acetate | eee Ed aoe ah: oe. 2 
O-axlet 6-tinGs a2 anon oo eee ee 44 35 30 19 ll 3 
S-axle.s-2 otesoosssee ne soeceeeee 91 46 33 ray oe = 

Average, single-unit trucks-.-_-- 26 20 17 10 6 2 
Truck-tractor and semitrailer--_-- 403 337 259 118 44 4 
Truck and 'trailers2--2s2-eeee (1) (‘) (1) we pa! = 

Average, truck combinations_..|. 408 343 261 117 44 4 
Average, all trucks and combina- 

tions:22 342922 See 109 90 70 33 14 2 
Middle Atlantic: 

2-axle, 4-tir6___-.---.-. 3 Sene=o= 1 1 Bt a4 LF = 
2-axle, G-Uiree sss -- pnt ee eee 54 47 40 21 9 
8-axl0 4.2. Sh econ sa-ssceeecetaeas 175 129 70 35 21 7 

Average, single-unit trucks__-_- 36 30 24 13 6 1 
Truck-tractor and semitrailer-_-_- 480 384 312 177 89 24 
Truck anditrallerzes-.-ssseee () (1) (1) 1) ae 3 

Average, truck combinations - - 481 385 313 177 89 24 
Average, all trucks and combina- 

TIONS: alten G- oe See 175 141 115 64 32 8 
South Atlantic: 
2-axle; 4-tires. =~. 225s on be ee cee 1 1 1 — cea = 
2axlei6-tirese. = aoae sso ee 17 13 9 3 2 (?) 
SAO eee eee nee cee aoe eee 55 41 27 8 =a -—a 

Average, single-unit trucks --_- 10 i 5 2 1 (2) 
Truck-tractor and semitrailer -_-_- 299 229 160 62 21 
Truckend trailers soscee eee — = ol eee £3 Ka a 22 = 

Average, truck combinations__ 299 229 160 62 21 3 
Average, all trucks and combina- 

tions 22) = See 90 68 48 19 “f 1 
East North Central: 

2-axle, 4-tite. 7-2 su seseaeeeee || Bese aoe woe ss ea =a 
2-axle6-tire. 22 o<cosceen oe eenes 7 5 3 1 ait -— 
3-0xl62 2a eee eee 34 34 31 28 20 a 

Average, single-unit trucks____ 5 S 2 1 1 a 
Truck-tractor and semitrailer __-_- 165 104 60 22 8 1 
Truckand: trailers = ees ee 406 247 151 63 17 Be | 
Average, truck combinations _- 176 111 64 24 8 ly 

Average, all trucks and combina- | 
tions2 23 2a eee 67 42 25 9 4 (2) 

East South Central: 
2-axle;"4-Tite <2 3. oes eee 9 9 4 4 4 | 
axle, 6-tire: 9 s2e2..0* jaa » As 7 4 2 1 | 
SeaxlOs. £2 5 ose oa 5 eee 33 11 Bee a en -oan 

Average, single-unit trucks___- 7 4 2 1 1 a 
Truck-tractor and semitrailer__-- 191 131 79 22 7 1 
Truck and’ trailerzo22- eee eee ie Sone = Sse ree a3 --an 
Average, truck combinations __ 191 131 79 22 7 I 

Average, all trucks and combina- 
tidus; <= o ee 41 28 16 5 2 (?) 

West North Central: 
2axie, 4-tiro. 24.420. - seeeeeee |, eno Et ait re ras -a 
2-axlo; 6-tires ct scot oe ose eee 7 2 1 (?) Ee a 
27 ).4(: eee Oe eee, aor een, 2 A ge 21 10 2 2 ee a 

Average, single-unit trucks___- 4 1 1 (2) >. -a 
Truck-tractor and semitrailer____ 168 94 51 14 5 1 
pDriuick and: trailers S22 eee see 9 9 5 4 = —- 
Average, truck combinations_-_ 162 91 49 14 5 

Average, all trucks and combina- 
tions". 2 ee ee Ss a 42 23 13 a 1 (2) 

West South Central: 
*axle,.4-tire. 5 AA: SE |) eee oe ‘© ese Bue CEE «waa 
23X05 G-b18O 5 cee awe ce Aa es ee 10 vi 4 1 =e aa 
O-OXIOLES ee ee eee ee ee ee Soop bef) of he -= 

Average, single-unit trucks-___- 4 3 2 (?) aS -= 
Truck-tractor and semitrailer____ 180 122 73 27 ll 
Drack and trailersee-- os eee 10 10 25 pas ws a 

Average, truck combinations _- 175 119 71 26 11 2 
Average, all trucks and combina- 

tions 4 4.2.5.2. eco eee 49 33 20 7 3 1 
Mountain 

28X10, 4-UN Ge soca a = eee ae ee 2 2 2 2 2 =a 
Daxle, 6-tire. eee eee 33 31 19 11 7 (’) 
3-a.xlo 22 tees. Deas ae oe ee 67 67 67 27 13 a 

Average, single-unit trucks____ 14 14 9 5 3 (2) 
Truck-tractor and semitrailer __-- 216 158 112 51 21 4 
Truck and drailons-2.- 282322 132 75 39 15 7 2 
Average, truck combinations__ 201 143 99 44 18 4 

Average, all trucks and combina- 
Tlon8: 2213.2 it ease ee 54 41 28 13 6 : 

Pacific: 
2-axlo,.4-tirenn 3.22 Se ees | Pee as el <= ee = 
2-axle, 6-tire= 2... -20.. - A eee 6 4 2 1 1 
Oe LO eres Bets eee 2 — cS a one ae a 

Average, single-unit trucks_-__- 3 2 1 (2) (?) (2) 
Truck-tractor and semitrailer___- 70 37 16 3 () 
‘Truck and itrailer..-5- 52 aes 113 40 12 2 (3) -= 
Average, truck combinations __ 83 38 14 3 1 (2) 

Average, all trucks and combina- 
long ..2 ase... 5-5 31 15 6 1} @) () 

United States average: 
2-AX10, '4-tirgues..- See ee es 1 1 1 (2) (2) = 
Z-axle, 6-tire: =". 22 ae ae 19 15 11 5 3 (2) 
S-axlec 22 ee ee ee 57 43 28 14 8 i 

Average, single-unit trucks _-_-- 11 8 6 3 2 (2) 
Truck-tractor and semitrailer___- 242 175 122 55 24 5 
‘Trock and:traller—- 2 see s> aaa 168 92 50 Wik 4 Q) 

Average, truck combinations_- 238 171 118 53 23 5 
Average, all trucks and combina- 
tons =... ees. ee 75 54 37 17 8 1 

Average, 1948 oe. 22. 2 eee ee 85 63 45 23 11 2 
Average, 1047)22> cee, ee 6A 49 23 15 a 1 

1 Data omitted because of insufficient sample. 2 Less than 5 per 10,000. 
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ble 12.—Number of trucks and truck combinations, per 1,000 
oaded and empty vehicles, that exceeded the permissible axle- 
group loads recommended by the A.A.S.H.O. by various per- 

Table 13.—Number of trucks and truck combinations, per 1,000 
loaded and empty vehicles, that exceeded any of the permis- 
sible load limits recommended by the A.A.S.H.O. by various 

y 
le 

l-entages of overload in the summer of 1949 percentages (maximum) of overload in the summer of 1949 

. Num. | Number per y ste more Number| Number per Lo cee odes more 

Region and type of vehicle pa = Region and type of vehicle eon vie a5 ih 3 ooo 
yanel and pickup trucks excluded) Cua (panel and pickup trucks excluded) Gears 

loaded | © Per- | 10 per-| 20 per-| 30 per-| 50 per- loaded | © Per- | 10 per-| 20 per-| 30 per-| 50 per- 
cent | cent | cent | cent cent ‘ cent | cent | cent | cent cent 

New England: New England: 
SW? oe ae ee ee — a = see as DAxle» 4-Cive sepa eee ne || ee Re uP re EEE ay Seer ee Hee 
Peaxio,(G-tires2-2---. 25... - 1 1 1 () She 3% 23x10) \G-tireaue aaa ee ee 
sry g ee ig ie, SaaS 2 ae ye ie 106 81 48 24 ete AKIO | Bad ee eee IO Er RE h Ore ea MeO: Peace 

Average, single-unit trucks__ 3 3 2 1 (1) es Average, single-unit trucks __ 2 2 
Truck-tractor and semitrailer_- 68 42 24 10 4 (1) Truck-tractor and semitrailer__ 288 250 203 108 45 | 4 
iPruck and trailer-_..-...-..=-- (?) (?) @ (?) (?) Bea Truck andvirailene 4 cose pes () (1) (‘) () te eee 
Average, truck combinations. ll 45 27 14 8 (1) Average, truck combinations. 290 252 206 111 48 4 

Average, all trucks and com- a : @) ee all trucks and com- sa 
Pinnbions a. eS Sek 18 7 4 1 MatiOnS =. 29 =e ee Sas 71 58 33 15 2 

Middle Atlantic: Middle enh : 
OSE Aah Bee oe See oe 4A ae Pas as 2-AX10, 4-tie3 seen ee ee FP ae ee eee) eee eee 
Seb GrhlrO se aa. one cnn 1 oe ee Paxe SS —— 2-8xleiG-Uiree ee ae ee 54 47 40 21 9 Z 
Nd eae Ya ee 157 129 112 45 14 7 Saree Sew tN’ Rewer 181 149 112 53 21 7 

Average, single-unit trucks -- 5 4 3 1 (4) (1) Average, single-unit trucks -_ 36 31 26 13 6 1 
Truck-tractor and semitrailer__ 142 102 73 41 25 5 Truck-tractor and semitrailer__ 345 284 244 153 85 26 
Truck and trailer-....-.------- (?) (2) (2) = Ee. sche TP TUCK amc trallole: sae eee (1) (1) () (yee eee 
Average, truck combinations. 144 104 75 41 25 5 Average, truck combinations_ 346 285 245 153 85 26 

Average, all trucks and com- 49 ne mA i 4 5 mah nh all trucks and com- ore sda , ; ‘i 
IMALIONS 9.2 - a7 eo ce Se_ INSCIONS 22 se. . Lee ee 5 5 

South Atlantic: South Stans ; ; . 
EO a sU1TG see eee ae ee |) eke ae ae ae S35 ie 2B AGING: ce eee oe. ee eee |) Omg AP 0 ee eee | oe 
Se ee ae eee ae be ligueeiOn pS AIP ck ie ae PoxlegG-tive. Guess. .we Meets 17 13 9 3 21° (3) 
BertiOge mee oe ee 62 34 21 14 8 i, 26 Ret dee ee eI. - afr ee 66 37 24 14 Sates 

Average, single-unit trucks _- 1 1 (1) (1) (1) BEES Average, single-unit trucks___ 10 if 5 2 1 (2) 
Truck-tractor and semitrailer__ 54 39 29 16 9 if Peace Wager gad semitrailer__ 229 182 138 64 26 
mirickatd trailer2= 6S %. 2) St fet eae =e se a ay PU CRN CGD ALC Ie eee ene Se oe ee fen if 5 an hye ee (ee an IE ES 

. Average, truck combinations- 54 39 29 16 9 1 Average, truck combinations 229 182 138 64 26 4 
Average, all trucks and com- he is ; : A © gee all trucks and com- = an o - r : 

er AuiONSs Soe Se inationg =-s ee ease 

, East North Central: East North Central: 
PER S=UiTOon ees nee] cote PAs bh == Loe ee PET d (ae: (9 cs |p MM Ry VES Ne i le I petal | ll re 
eg Ee, Se > Si RS Pe Soe Ll chat SSA ee DAx16, 6-10 es. eta eee 7 5 3 eel por cok Se mee 
DOL a as 48 35 35 29 29 10 BaXl6r = Ses = fae GAT ae = - 2 ee 

Average, single-unit trucks _- 1 1 1 1 1 (1) Average, single-unit trucks___ 

Bee ciractor Bhd semitrailer__ 98 75 50 25 11 3 Truck-tractor and semitrailer__ 180 133 86 39 18 3 

firuck and trailer.--...2-.___.. 425 407 374 293 191 56 Truck and trailer_____- aa 425 414 381 293 191 56 

Average, truck combinations_ 113 90 65 37 19 6 Average, truck combinations_ 191 146 100 51 26 6 

Average, all trucks and com- Average, all trucks and com- “3 

PA aiONS Aue kee cee ete 42 33 24 14 8 2 binstionsee-- see ee is 56 38 19 10 2 

East South Central: East eorn Central: , A ; ’ , 

Ramin <TihGe eee S| in mae Re ee afc, ee 2-akle, 4-1. 22 tea sae eens ee PSOne Orie Salem Ss Ma 

Dae 6-tire eds x ee je, PR a3 |) oe de © #22 b= see — ae 2-axle; G-tires 3 2s0 = eS oe re 4 2 i int pe ld 

OCI | Be Sea eee 11 seh ae ae ae Ps BEd eee ee oe wc) SMES Se geen |hea | Were 

Average, single-unit trucks -- () aa iz Bee eae =a Average, single-unit trucks - 7 4 2 ni 1h 4 

-_ ‘Truck-tractor and semitrailer__ 25 15 9 2 1 (1) S Re aed io and semitrailer_- 151 111 74 22 8 1 
‘ Taree ae Se ea ne a ss ae i. ruck and trailer_.----<-------} <--=---"|) --2- | ---=- | 2-___ | fe 

Si reccos, Hart wombinatione: 25 16 9 2 1 (1) Average, truck combinations. 151 111 74 22 8 1 

Average all trucks and com- Average, all trucks and com- 

i ee 5 3 2 NBG (1) (1) binutiong «3... tment 35 24 15 5 2| @) 
West North Central: West pont Cena 

; i oe es = ae Se ee eee D-Axl6. 4-til@ass---.cceeecoscese |ueeaess a (0 amet || ane ee enn omer MIN ee 

need alge. lass Get Rece: Beni, 6-ti0825.sar-ecnneeseeo Wine’ (6, Cu emp 
83-axle 15 8 ee ee aes 3-axle___-.----------- aig tee tree ea a iw aaah Aqernae ot SE 

: 5 S 1 1 1 Average, single-unit trucks.__| (1) (1) (1) =: 2: ee Average, single-tnit Trucks =| ye) NE) Se | ea = 

Be at scion. ae semitrailer -- 83 58 36 11 4 (4) Truck-tractor and semitrailer_ 172 112 65 20 8 1 

Truck and trailer__-------.---- 16 6 6 2 Sccuedl eaeeee Truck and trailer-_--_- eaneeras 16 8 8 i Pee ee 

Average, truck combinations 81 56 35 rl 4} () Average, truck combinations. 167 | 108 63 20 8 i 
Average, all trucks and com- eo ikea all trucks and com- he ba ‘a ‘ @) 

Patrice: Lives ee cL. 2 14 9 3 1 1 inations 22-2... eee 

{West South Cenirals 7 West Sontn Central 7S OL bewrahie oof fe 
: on | oo 5p ea Pate sag ene Daxle, O-tires 4a. --es aes i ace a roy s peneag (tee ato : MGctiro se a. Sew yet |) - 3. 

: Coats: PE a a eee ss oe nae 235 aoe 3-axle_..----.-------~----------| ------= | ----= | ----= | --<-- | ----- | ----- 

| : q le-unit trucks__ 4 3 2 CG) aie oae eee 
=} Average, single-unit trucks_._|  _---- Lee Bot aa = Sees Average, sing ruck 

=| mruck-tractor and semitrailer__ 52 36 22 11 6 2 Truck-tractor and semitrailer- i 1 i, i ae A 3 

\ rock and trailer_.2/---.------ 10 10 10 10 10 ---- Truck and trailer----—---__--.- 45 | 110 72 29 Were, 
a Average, truck combinations. 51 35 22 lt 6 2 Average, truck combinations. 
i “Average, all trucks and com- Average, all trucks and com- 
if Ae ies PA Prat: 13 9 6 3 2 1 binations.-.---.------------- 41 31 20 8 3 1 

{)|Mountain: = = — Mountain: 
13 i his noe he _ aut) D:axlo 4-Uite sees eee 2 2 2 2 24 | ee eee 

< Bei a teoucctosndenaiss-: | O| @ |g] EL By PANO eannnennenmmn annie BL wade} ool oe 37 1) 
ee ee ae ---- Dagan mee apr epee? ere = 1 1 Spat 

a Average, single-unit trucks-___ 1 1 1 1 () ---- pe ao Rae ahi tlor tet 033 183 130 74 38 : ', 
‘ Truck-tractor and semitrailer__ 160 122 92 43 19 3 Truck-tr ; . 258 198 136 55 3 1B 

' Truck and trailer......---__-_- 246 | 185 | 126 47 29 12 Truck and tra capramet anaes aaa hieany deeans on oy 2 
!/ Average, truck combinations} 176 | 134 | 98 | 44 | 21 5 ee 
i" o ’ 

1 Reo) (rucks and com Pee sy Alo? «| 10 4 1 binations 22a «Sea! 62) 50] 36) 19] 10 2 
a. ol Pacific: 
eric: 4 > ae, i ee 9-axle, 4-tire-..25--..----------| -----=- | =---- | ----- | ----- | ----= | ----- 

MR Grand i mses | <i. ale ds eet ; Qaxle, 6-tire--..--------------- pte a Fat enti peetren 
Ml ew, Oe 9 pide iiaes. aad ne | bee a pee a sea a fee Be ek ey ees ci | Me OE | ed pee ee i | ee 
1 aA axle. __---- Seas ee passe ea = s> 11 y we Fie i= eis Average, single-unit trucks_- 4 2 1 (2) (2) (?) 

Average, single-unit trucks... sek ee akeaar Wace op Sige: Truck-tractor and semitrailer- 166 | 127| 80] 22 1 
a Truck-tractor and semitrailer-- 143 111 71 22 5 (4) Trace aid tater 299 212 83 Fea fete ee 

Truck and trailer____-_--.__-.. 258 | 178 74 A |r ae Ng Average, track combinations, 207 | 153 81 17 i 
.\| Average, truck combinations_| 179 | 132 72 17 3 (4) ferony one and pork 

{| Average, all trucks and com- s 1| @ binabionsiiudc.....vsidL att 75| 55| 20 6 1) @ 
| Uni binations-.----------.--.--- Of = 2 United States average: A : , @ (2) 

. 
Parla d-cirewne fo eee ee Le) ee eee eka et we eee 

| my Saxe, stire_------------------| ---=- Ti) 7 0) Sal .. 2-axle, G-birécisia: -°_-e3-6-2 55 19 15 11 6 (*) 

ie as Pe hd As sd ae ed Si Sc ca a3) 80} 38) 2) 2] 98 
ee : », single-unit truck -- 1 9 6 3 
2 ‘* Average, single-unit trucks__- it 1 1 (1) (!) () paen babys Hee semitrailer. 210 162 119 58 28 6 

Ue a: ‘Truck-tractor and semitrailer_- 89 65 44 21 10 2 Truck and trailer-......------- 281 227 148 75 46 14 

Truck and trailer__------____.- 2 dl cs LA LS a $s Average,truck combinations.|  214| 165| 121| 59| 29 6 
t __ Average, truck combinations_ 98 73 49 24 12 3 Average, all trucks and com- 

eo ucks and. com- Peat 2 ; ni 4 pinatidnsatans.-2 Ses ee 68| 53] 38| 19] 10 2 
fa BURTON -t bates selon cadet 

a 3 
| Average, 1948.25--2=..-------.----- 

a rte’, eg cae eee eee Cl ee a C , 1 Average, '1047-_a5: 0. ---Jpee-Osee2 59 45 32 15 7 1 

\N, 
5 
i 

Ay 

_—- 

i 

| 1 Less than 5 per 10,000. 
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2 Data omitted because of insufficient sample. 1 Data omitted because of insufficient sample. 2 Less than 5 per 10,000. 
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Table 14.—Number of trucks and truck combinations per 1,000 loaded and empty vehicles, in private and in for-hire operation, | 
exceeded various load limits by various percentages of overload in the summer of 1949 (U. S. average) 

Number 
per 1,000 

over- 
loaded 

Type of vehicle 

NUMBER OF TRUCKS AND TRUCK COMBINATIONS PER 1,000 EXCEEDING PERMISSIBLE AXLE, AXLE-GROUP, OR GROSS-WEIGHT LEGAL LIMITs OF THE SEVERAL STATES 

2-axle, 4-tire 
2-axle, 6-tire 
S-OXxI0 S402. oe Re oe OS ene are 

Average, single-unit trucks 
Truck-tractor and semitrailer 
‘Truck and-traller= so e- cee oe eee ee ee 

Average, truck combinations 
Average, all trucks and combinations 

2-axle, 4-tire 
2-axle, 6-tire 

Average, single-unit trucks 
Truck-tractor and semitrailer 
Truck and trailer 

Average, truck combinations 
Average, all trucks and combinations 

2-axle, 6-tire 

Average, single-unit trucks____ 
Truck-tractor and semitrailer 
Truck and trailer 

Average, truck combinations 
Average, all trucks and combinations 

NUMBER OF TRUCKS AND TRUCK COMBINATIONS PER 1,000 EXCEEDING ANY OF THE MAXIMUM MOTOR-VEHICLE LOADS RECOMMENDED BY THE A.A.S. H. O. 

2-axle, 4-tire 1 
2-axle, 6-tire 16 

53 
Average, single-unit trucks 8 

Truck-tractor and semitrailer 
Truck and trailer 

Average, truck combinations 
Average, all trucks and combinations 

140 
183 

i Less than 5 per 10,000. 

Private operation 

Number per 1,000 overloaded more than— 

5 10 
percent percent 

20 
percent 

(1) 
14 
(1) 
18 
54 
20 
3 

1 () 
12 4 
36 14 
6 2 

50 
121 51 
141 50 
26 9 

For-hire operation 

Number Number per 1,000 overloaded more than— 
per 1,000 

a0 a loaded 5 10 20 30 50 
percent | percent percent percent | percent | percent | percer 

92 
8 

102 
341 
115 
87 

(4) 
2 

Report of Trends in Motor-Vehicle Travel Discontinued 

For several years past, Pusitic Roaps has 

annually carried a companion article, Trends 

in motor-vehicle travel, which provided esti- 
mates of total urban and rural travel and 

average unit travel and fuel consumption of 

each of the major classes of motor vehicles. 

In making these estimates it has been neces- 
sary to predicate the estimates of a given year 

on the sequence of values obtained for previ- 

ous years, with the 1936-37 period of the 

comprehensive State-wide traffic surveys as a 

base. As this base period has become more and 

more remote the hazards of the procedure 

have multiplied.1 

The interval of nearly 15 years and the 

changes in circumstances affecting travel are 
so great that the estimates can no longer be 
published with confidence. It is hoped that 
they can be resumed when the States have 
accumulated a sufficient body of current basic 
data. 

1A fuller explanation will be found in Trends in motor- 
vehicle travel, 1947, Purntic Roaps, vol. 25, No. 3, Mar. 1949, 
p. 160. 

(4) 
77 
6 

74 
270 
85 
64 

12 
29 
80 

(Continued from page 104) j 

described here is applicable to such hydr; 

materials as pozzolanic, slag, and nai 

cements which cannot be analyzed accuré 
by the tentative method for portland cemt 
A further application of this method w 

be for limestone or other calcareous mat 
even though certain types may be ( 
pletely soluble in mineral acid. By usin; 
J. Lawrence Smith fusion on such matel 
the eventual calcium in solution would be 

same as that obtained for the siliceous s 

Thus, no previous knowledge of the call 
content of the sample would be requ 
the same correction curves would be app 
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RAVIMETRIC METHODS for deter- 
mining the alkalies—sodium, lithium, and 

___ Bissium—are long and tedious. The lengthy 

‘ations required may introduce serious er- 

unless meticulous care is observed 

ughout the entire procedure. For this 

on, there has long been much effort di- 

ed toward developing an alternate pro- 
ire for the determination of these ele- 

| Bits. This has been accomplished by the 

nt developments in flame photometry. 

cessful and rapid flame photometric 

hods for the determination of sodium and 

issium in such complex materials as whole 

nd, serum, urine, fertilizers, portland 

ents (1, 4, 7),! plant tissues (10, 11), soil 

acts, and cation-exchange capacity of 

3 (8, 9), have been described elsewhere. 

‘he fundamental basis of flame photometry 

a the long-known fact that all elements, 
in heated to a sufficiently high tempera- 

, will emit characteristic light waves of 

finite wave lengths. The intensity of these 

issions varies directly with the quantity of 

| element present. The temperature nec- 

$.ry to cause the emissions for the various 

‘aents ranges from the extremely high 

ie which may be obtained with an electric 
| to the comparatively low temperature of 

as flame. The flame photometer is ap- 

lable to those elements which emit radia- 
As at the temperature of an acetylene or 

pane flame. Essentially, it is an instru- 
1t by which the desired element is intro- 

fled into a gas flame under carefully con- 

led conditions, and the characteristic wave 

, yd sth of the element is isolated and its 

id yensity is measured photoelectrically. 

‘ell ‘he alkali metals—lithium, sodium, and 

qaifassium—emit characteristic radiations at 
shod temperature of the propane flame and 

nit! Bas is generally used for the determina- 
_jpBiof these elements. The flame photometer 
i lso applicable to the determination of cal- 
of ie strontium, barium, magnesium, man- 

jmese, and chromium, provided a higher 

‘iperature flame, such as that of acetylene, 

| 

SS | 

ys HM 

ys 5 

i 
quid : sh as 

. \talic numbers in parentheses refer to the bibliographic 

spe! ence list on page 104. 
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lame-Photometer Determination of 
“pdium and Potassium in Soils 

And Other Siliceous Materials 
Reported by W. J. HALSTEAD, Chemist, 

and BERNARD CHAIKEN, Associate Chemist 

This article presents a method for using 

a flame photometer to determine the alka- 

lies—sodium and potassium oxides—in soil 

and other siliceous material which cannot 

easily be decomposed by mineral acids. 

The method is much more rapid than 

existing gravimetric procedures, and yields 

results which are equally accurate. 

The sample is decomposed by fusion and 

the melt is leached with hot water in order 

to bring the alkalies into solution as 

chlorides. The concentration of alkalies in 

the resulting solution is then determined 

by means of a flame photometer, using the 

direct-intensity method. 

A wide variety of materials can be ana- 

lyzed by the method, including soils, sands, 

rocks, various minerals, ceramic clays, fly 

ash, and pozzolanic, slag, and natural 

cements. The method is also applicable to 

the determination of the alkalies in lime- 

stones and other calcareous materials. 

Summary 

This article describes a method for using the 

flame photometer to determine sodium and 

potassium in various siliceous materials which 

cannot easily be decomposed by acids. These 

include such materials as soils, sands, rocks, 

various minerals, ceramic clays, fly ash, 

pozzolanic cement, natural cement, and slag 

cement. The alkalies are brought into solution 

by the J. Lawrence Smith fusion method with 
calcium carbonate, and the melt leached with 

hot water as is customary. The concentrations 

of the sodium and potassium oxides in the 

resulting solution are then determined with a 

flame photometer, using the direct-intensity 

procedure. Tests show that calcium is the only 

interfering ion present. By careful quantita- 

tive control of the reagents and control of the 

amount of washings, concentration of the cal- 

cium ion can be held substantially constant at 

1,700 parts per million as calcium oxide. Cor- 

rection can then be made for the effect of this 

constituent by the use of correction curves. 

This makes possible the calibration against 

standard solutions containing only sodium and 

potassium chlorides, which is advantageous 

since such solutions are used in a large number 

of other analyses. 

In addition to soils, sands, various minerals, 

ceramic clays, fly ash, and similar siliceous 

materials, the flame-photometer method is 

applicable to the determination of the alkalies 

in the nonportland type cements such as 

pozzolanic, slag, and natural cements. While 

actual tests were not made, the method is indi- 

cated as also applicable to limestone and other 

calcareous materials. The advantage of the 

method for this type of material is that a 

neutral solution of a definite concentration of 

calcium oxide is obtained regardless of the 

calcium content of the limestone or calcareous 

material being analyzed. 
Comparisons of the results obtained with the 

flame-photometer method and the results of 

gravimetric methods show the average differ- 

ences in percentage to be less than 0.1 when 

0.5-gram samples are used. This is of the 

same order as differences between two gravi- 

metric results on the same sample. The time 

saved by the flame-photometer method is con- 

siderable. Comparative records show that for 

the same number of analyses only one-fourth 

the time is required for the flame-photometer 

method (including the time for calibration) as 
is required by the usual gravimetric procedure. 

Many features of the given flame-photom- 

eter method follow well-established proce- 

dures. However, the quantitative evaluation 

of the interferences from other elements and 

the technique of the detailed operations as 

given in this article should be of considerable 

value to those engaged in analyzing such 

materials or to those who may be seeking 

further applications of the flame photometer, 

Direct-Intensity Procedure 

The instrument used in this study was a 

model 52A Perkin-Elmer flame photometer, 

which has been described in a number of 

publications (1, 7). This flame photometer 

can be used in either of two ways, both of 

which require careful calibration against 

standard solutions having a range of concen- 

trations of the desired element overlapping 

that to be expected in the unknown samples. 
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These two procedures are known as_ the 

internal-standard method and the direct- 

intensity method. 

In the internal-standard method, the emitted 

light-intensity ratio of the element sought and 

another element added in known amount (the 

internal standard) is measured. This is done 

by amplifying the photoelectric current result- 

ing from the unknown until it equals that from 

the internal standard, the amount of amplifica- 

tion required being indicated by the reading of 

the gain-control dial. A basic requirement of 

the internal-standard method is that the 

element chosen as the internal standard be 

absent from the sample to be analyzed. The 

flame photometer used in this work is so 

equipped as to require the use of a lithium salt 

exclusively as the internal standard. How- 

ever, this element is often present in materials 

of mineral origin (5, page 517) or highly sodic 

rocks (12). Thus, in analyzing a wide 

variety of siliceous materials, the use of the 

internal-standard method is not desirable. 

In the direct-intensity method, a measure of 

the absolute light-intensity of the element 

sought is obtained directly by the meter read- 

ing and there is no interference from lithium 

when present. 

Method of Analysis 

The method described in this article is 

directly concerned with those materials which 

are not easily or completely decomposed by 

mineral acids, and thus require fusion or 

special digestion in order to bring the alkalies 

completely into solution. 

The familiar J. L. Smith method of fusion 

with calcium carbonate, as described by 

Hillebrand and Lundell (4, page 787), was 

chosen, since its use limits the metals avhich go 

into solution. After the fusion the melt is 

extracted with water in the usual manner and 

the resulting solution is used for the deter- 

minations of the alkalies by means of the 

flame photometer. The adjustment and 

calibration of the apparatus follow closely the 

directions given in the tentative method of 

test for sodium oxide and potassium oxide in 

portland cement by flame photometry of the 

American Society for Testing Materials (1), 

the chief differences being that the standard 

solutions used in this method contain only 

sodium and potassium chloride, and the zero 

adjustment is made with distilled water. 

By careful control of the weights of the 

sample and the reagents, and of the volume of 

wash water used, it was found that the amount 

of calcium in solution could be held substan- 

tially constant, and thus the results could be 

corrected for any interference resulting from 

this element. 

In order to present a complete picture, the 

method of test, including the calibration of the 

instrument, the determination of the correc- 

tion curve, and the preparation of the sample, 

is given here in detailed step-by-step procedure. 

1. Reagents 

(a) Calcium carbonate: A.C.S. “low-alkali” 

CaCOs, limited to 0.02 percent total aikalies as 
sulfate. 

(b) Sodium chloride: A.C.S. NaCl with a 

100 

maximum limit of 0.01 percent potassium, 

(c) Potassium chloride: A.C.S. KCl with a 

maximum limit of 0.02 percent sodium. 

(d) Ammonium chloride: Reagent grade 

A.C.S. NH,Cl. 

(e) Brom-thymol blue indicator: 0.04 per- 

cent solution in water. 

(f) Water: Distilled water. 

2. Solutions 

(a) Sodium-potassium chloride stock solu- 

tion.—Prepare a solution containing 1.8858 gm. 

of NaCl and 1.5830 gm. of KCl (previously dried 

at 105° C. for several hours) dissolved in water 

and diluted to 1 liter in a volumetric flask. 

This solution contains the equivalent of 1,000 

p.p.m. (parts per million) each of Na,O and 

k,0. 
(b) Calcium chloride stock solution.—Pre- 

pare a solution containing 6.068 gm. of CaCO; 

per liter as follows: Weigh the CaCO; into a 

large beaker. Add sufficient water to form a 

slurry and then add concentrated HCl cau- 

tiously until the CaCO; is dissolved. Avoid 

any excess of HCl by adding the acid drop by 

drop with vigorous stirring until the solution 

just clears. Cool the solution to room tem- 

perature and filter into a 1,000-ml. volumetric 

flask. Dilute to the mark and mix thor- 

oughly. This solution contains the equivalent 

of 3,400 p.p.m. of CaO. 
(c) Standard sodium-potassium chloride solu- 

tions.—Using the NaCl-KCl stock solution, 

prepare standard solutions containing the equi- 

valent of 5, 20, 40, 60, 80, and 100 p.p.m. 

each of Na,O and K,O. Store these solutions 

in acid-resistant glass bottles with ground-glass 

or rubber stoppers. 

(d) Correction solutions.—Using the CaCl, 

stock solution and the NaCl-KCl stock solu- 

tion, prepare solutions containing the equiv- 

alent of 0, 5, 20, 40, 60, 80, and 100 p.p.m. 

of Na,O and K,O, respectively, and each con- 

taining the equivalent of 1,700 p.p.m. of CaO. 

3. Calibration of flame photometer 

(a) Turn on the instrument, adjust the air 

pressure to 10 p.s.i. and the propane. gas 

pressure to 5 p.s.i. Adjust the burner so as 

to give a faintly visible flame 5 to 6 inches 

high and with 44-inch cones over the burner 

grid. These cones should be uniform, quiet, 

and of a blue or greenish-blue color, Allow 

the system to warm up for approximately 30 

minutes after the current and gas are turned on. 

(b) Set the internal-standard dial at zero 

and adjust the meter reading to zero with the 

zero adjustment knob, 

(c) Find the correct position on the wave- 

length dial for the element to be determined 

by pouring into the atomizer a portion of the 

100-p.p.m. standard solution of Na,O—-K.,O 

and moving the selector slowly back and forth 

on each side of the indicated wave length for 

the element until the point of maximum de- 

flection is noted. Set the wave-length selector 

at this point. The coarse and fine gain 

controls are used to adjust the deflections to 

the range of 90 to 100. 

(d) Pour the 100-p.p.m. standard solution 

into the atomizer and adjust the controls 

until the meter reading is 100. Then pour in 

distilled water and adjust the zero-adjust- 

ment knob until the meter reads zero. 

peat these two operations until no adjustme 

is necessary in going from one to the other, 

(e) Next pour into the atomizer the { 

p.p.m. standard solution and note the me 

reading to the nearest whole division.? Chef 

the zero reading with distilled water and 

100 reading with the 100-p.p.m. stands 

solution. If these readings are exactly uy 

and within one scale division of 100, resp 4 
tively, the reading for the 80-p.p.m. soluti 
can be considered correct. If the zero readj 

is not exact, or the 100-p.p.m. reading is 1 
within one scale division of 100, repeat if 

adjustments in step 3 (d) and take anotlf’ , 
reading for the 80-p.p.m. solution. Contirf™ 

until no adjustment of the zero and 100 poi 
is necessary after securing the reading for { 

80-p.p,m. standard solution. 

(f) In a similar manner, determine 

readings? for the 60, 40, 20, and 5-p.p, 

standard solutions of Na,O—-K,0. a 
(g) Plot calibration curves for each oxify 

using cross-section paper of such type tif 

each division on the ordinate represents’. 

meter reading of one unit and each divis§ ., 

on the abscissa represents a concentrationg . 

1 p.p.m. (see fig. 1, page 101). 

4. Correction curves 

(a) Using the correction solutions, 

termine the apparent Na,O and K,O cone™. 
tration in parts per million as directed for 

analysis of the samples in steps 6 and 7, w 

the application of the calibration curve §. 

determined in accordance with step 3 (q). 
(b) To determine the reagent impurit 

make a blank determination, following 

procedure outlined in step 5 for the prepé 

tion of the sample and in steps 6 and 7 for @,, 

determination of Na,O and K,0. The mig, 

readings obtained are converted to parts 

million (see step 3 g) and the latter vali, 
represent the effect of the 1,700-p.p.m. ( 
in addition to the reagent impurities. § 
tract from the value for each oxide the vé 

obtained for the correction solution contair 

noadded NaClor KCl. These values repres 

the effect of the reagent impurities alone, 

(c) Add the effect of the reagent impuri 

as obtained in step 4 (b) to the appa) 
sodium and potassium concentration obtai 

in step 4 (a). Plot the resulting appai 

concentrations as abscissas and the kné 

true value for the alkali oxide as ordina 

This gives a correction curve which incl 

the reagent blank. Once obtained, it 

not necessary to recheck the curve ext 

when the reagents are changed or when st 

change is made in the instrument. 

5. Preparation of sample 

(a) Place 0.5000+0.0005 gm. of fi 

ground sample (passing No. 100 sieve) 

an agate mortar, add 0.500 gm. NH,Cl, 

grind until completely mixed. Add 4.0. 

CaCO; to the mixture, grind until well mi 

and transfer the mixture to a J. Lawre 

2 For meter readings of all solutions in the lower half « 

scale, the apparatus is sufficiently stable and sensiti 

that readings may be made to the nearest half divisir 

less. 

3 Close control of the quantity of NHC) is necessary 
it directly affects the amount of calcium which goes 

solution as the chloride. 
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th platinum crucible containing approxi- 

ely 0.5 gm. CaCO; in the bottom. Rinse 

mortar and pestle with approximately 0.5 

CaCO; and add to the crucible. Cap the 

sible, tap it gently to cause the powder to 

Je, and place it ina slightly inclined position 

, refractory cylinder provided with a suit- 

» hole to receive the crucible. 

5) Heat the portion of the crucible within 
_ cylinder by means of a fish-tail flame 

yieed well below the crucible for about 15 
ites or until the odor of ammonia is no 

zer perceptible. The heat should not be 
@ng enough to cause vapors of NH,Cl to 

Bipe. The crucible should be rotated at 
vals during the early stages of the ignition. 

sdually increase the heat until the crucible 

bright red and maintain this temperature 
40 to 60 minutes. Allow the crucible to 

tl and transfer the sintered mass to a 250-ml. 

fserole. Pour hot water into the crucible 

gi digest until all remaining matter can be 

shed out into the casserole or until it is 
roughly extracted. Slake the sintered 

fe in the casserole by adding cautiously a 

milliliters of water, then add approxi- 

tely 50 ml. more and digest on the steam 

h until the cake is thoroughly disintegrated 

to 8 hours). Disintegration may be aided 

grinding with an agate pestle during the 

astion period. 

c) After the cake has completely disin- 

frated, adjust the volume of liquid in the 
serole to approximately 50 ml., evaporating 

‘hhecessary. Heat the covered casserole to 
upit™iing on a hot plate, let the solids settle, 
WISHl rapidly filter into a 250-ml. volumetric 
‘Ik made of acid-resistant glass. Add 30 
(Ti of hot water to the casserole, break up 

ier vik filter. Repeat the extraction with 30 
| of water three more times (a total of 

fr 30-ml. washings). Transfer the bulk of 

fount of hot water, and wash the residue 

M8 the paper once or twice with hot water so 
to bring the filtrate level to within several 
itimeters of the neck of the flask.® 

“Add three or four drops of brom-thymol 
e indicator to the flask and then add con- 
itrated HCl drop by drop until one drop 

Mises the indicator to change color. Cool 

‘flask and its contents to room temperature, 

“1 sufficient water to bring the liquid level 
al, ithe calibration mark, and mix well. This 

Determination of sodium oxide 

(a) Warm up the apparatus and calibrate 

the sodium determination, following the 

jtructions given in step 3. 
(b) Add a portion of the sample solution 
the atomizer and record the meter reading 

the nearest whole division.® Then select 
43 standard solution which gives a meter 

cl iding closest to the unknown and record its 
[Me 

{ divi In order to obtain a bright red heat, it may be necessary 

replace the fish-tail burner with one of the Meker type. 
The final volume of the filtrate must be as nearly constant 

 yossible in order to insure a uniform calcium concentration. 
See footnote 2, p. 100. 
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reading. This latter value should agree to 

within one division on the meter scale with 

the average value established during the 

calibration of the apparatus. If it does not, 

reset the meter needle to the original calibra- 

tion point by use of the fine-gain control. 

Check the zero and 100 division points with 

the appropriate standard solutions. Finally, 

alternate the use of the unknown solution and 

the closest standard until readings for the 

unknown agree to within one division on the 

meter scale and the reading for the standard 

similarly agrees with the calibration point. 

Record the average of the last two meter 

readings obtained with the unknown solution. 

7. Determination of Potassium Oxide 

Follow the same procedure as for Na,O 

(step 6) except that the instrument is cali- 

brated with the wave-length selector set at 

the point of maximum response to K:0 by 

use of the 100-p.p.m. standard solution. 

8. Calculation of results * 

(a) From the recorded averages of the meter 

readings for Na,;O and K,O read the concen- 

tration to the nearest half division from the 

7 These calculations are based on a 0.500-gm. sample. For 

samples containing greater than 5 percent of either alkali 

oxide a smaller sample must be used and the calculations 

varied accordingly. 

calibration curve (step 3g). This is the ap- 

parent concentration of the alkali oxide in 

parts per million. Convert this value to the 

corrected or true concentration by use of the 

correction curve obtained in step 4. 

(b) Calculate the percentage of alkali oxide 

to the nearest 0.02 percent as follows: 

a? om 
Alkali oxide, percent =5p 

Where C'=true concentration in p.p.m. (from 

correction curve), and 

__ 0.5 (weight of sample)  , 1,000,000 

~ 250 (volume of solution) 100 

Constant Calibration Check Needed 

Careful calibration and a constant check on 

the calibration of the flame photometer are 

essential for accurate results. The calibration 

depends on the constancy of a large number 

of the system components, such as voltage, 

tube sensitivity, gain control, gas pressure, 

air pressure, atomizer efficiency, and burner 

adjustment. The calibration must be made 

before each run and certain calibration points 

checked during a run as directed. However, 

with the instrument operating normally when 

the zero and 100-p.p.m. points are properly 

set, the balance of the calibration points 

20 

Table 1.—Example of data obtained in calibrating the flame photometer with standard 
solution ! 

Concentra- 
Meter reading (in divisions) for— 

tion of Na2,O 
or K20 in 

standard 
solution 

NazO determination 

Test 2 Test 3 Avg. 

K.20 determination 

Test 2 Test 3 

1 The standard solutions were prepared as given in step 2(c) of the method of analysis, page 100. bes 
2 Apparatus was adjusted to give a full-scale deflection of 100 divisions with the standard solution containing 100 p,p.m, 

of the alkali oxide. 

100 

80 

60 

40 

METER READING, Divisions 
20 

CONCENTRATION, ppm 

Figure 1.—Typical calibration curves for determination of sodium oxide and potassium 

oxide with the flame photometer, using the direct-intensity method. 
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Table 2.—Suggested form for recording test data in flame-photometer analyses 

Naz0 determination (a similar table is used for K:0 determination) 

Sample 
identifi- 
cation 

Nearest 
standard 

Test 2 

usually remain essentially constant so that it 

may not be necessary to draw a new calibra- 

tion curve for each run. Also, during the 

course of a run there is usually very little 

change in the calibration unless the atomizer 

is clogged or the burner flooded, in which 

cases the trouble is immediately apparent. 

Thus, the practical accomplishment of the 

conditions necessary for accurate results is 

not difficult, 

Table 1 shows an example of the data 

obtained in calibrating the instrument. These 

data are plotted in figure 1. Table 2 presents 

a convenient form for recording the test data 

obtained in analyzing unknown samples. 

Calcium Interference 

The effects of the interference of other 

constituents on the alkali determination by 

flame photometry have been described (3, 6) 

for instruments using color filters to isolate 

the wave lengths. However, the instrument 

used in this study employs a two-prism mono- 

chrometer for wave-length separation and, 

therefore, it is likely that the interferences 

may be different than when color filters are 

used. 

Meter reading (in divisions) of— 

Unknown 

Concentration 

On basis 
Apparent of sample True 

Average 

The elements to be concerned with are 

sodium, potassium, and calcium. The other 
elements which may occur in natural sili- 

cates—iron, aluminum, barium, lithium, mag- 

nesium, manganese, strontium, and chro- 

mium—have a negligible effect. Furthermore, 

because of the method of decomposition em- 

ployed, these constituents will not be present 

in solution except in very small amounts. 

Mineral and organic acids will not be present 

as such to interfere with the results. 

Table 3 shows the effects of varying amounts 

of sodium, potassium, and calcium oxides on 

the determinations of Na,O and K,0. For 
these tests the instrument was calibrated and 
the apparent concentration of the alkali in 

the solution was determined as described in 

the method of analysis. The results indicate 

that for the type of solutions employed so- 

dium and potassium do not interfere with each 

other within the range of concentration stud- 

ied. However, the calcium ion (shown as 

CaO), when present in considerable amounts, 
has a significant inhibiting effect on deter- 

minations of both sodium and potassium. 

A study was made to determine the con- 

centration of calcium to be expected in test 

Table 3.—Effect of certain constituents on the sodium oxide and potassium oxide deter- 
minations with the flame photometer 

[parts per million] 

Amount added: None 

Interfering constituent 
and its concentration 

Amount 
(Gand Error 

Amount added: 80 Amount added: 5 p.p.m, p.p.m, 

Amount 
found 

Amount 
found Error Error 

SopiuM OxIDE ! DETERMINATION 

+2 
+1 
+2 
+2 NNKwoooeo co “INQ Crorcn on 

POTASSIUM OXIDE |! DETERMINATION 

oooocoo oo ocooooo coco RoR oco cor -Oorocooo oo 

1 The proper amount of A.C.S, NaCl or KC] was dissolved in water to give the indicated oxide concentration, 
1 Present in solution as CaCls. 

concentrated HC] to give the indicated oxide concentration, 
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The proper amount of A.C,S. “low-alkali’”? CaCO was neutralized with just sufficient 

solutions. Aliquot portions were taken 

a group of solutions prepared for the 
mination of the alkalies by the flame ph 

eter. The amount of calcium in each 

tion was determined by a standard volu 

method. The results of these tests are 

in table 4, the calcium being expressed 

equivalent amount of CaO. The rangi} 
these results was from approximately 1 

to 1,800 p.p.m. with the average being 1 

Thus, 1,700 p.p.m. of CaO was taken as 

a atten expression of the expected cale 

concentration in all test solutions. Since 

data shown in table 3 indicate that the el : 
of calcium does not change greatly 1 

concentration, deviations from this avel 

value which eh may be obtained 

not be sufficient to make a measurable cha 
in the interference of the calcium ion. 

f 

Table 4.—Concentration of calcium as (fF 
in test solutions of silicates prepares 
flame-photometer analysis 

Type of material Sample identification 

1 Volumetric determination with standard ree 1 
on aliquot portion. 

A more complete study was made to s 

the effect of 1,700 p.p.m. of CaO on 

sodium and potassium determination fori 
range of concentrations usually encounte 

These analyses were made as before, ul 

the calibration curve obtained with pure sit 

tions of NaCl and KCl. The results 
shown in table 5. These data further ¢ 

firmed the conclusion drawn from the (ip 

in table 3 that, for this type of solution 

within the range studied, the alkalies did 
affect each other. Also, the interferencit® 

the calcium ion for a definite concentra 

of one alkali metal is the same regardles 

the concentration of the other alkali. 
inhibiting effect of the calcium ion increase 

the concentration of the alkali increases, 
should be noted that for the lower concen 

tions of Na,O, 1,700 p.p.m. of CaO prodi 
a positive error (see tables 3 and 5). 

Correction Curve for Calcium 

The use of a correction curve to correct 

the effect of the calcium ion is a depart 
from the usual practice in flame-photom 

applications. In the usual procedure, cor 

tions would be made by using as standards 

correction solutions, each of which conté 
1,700 p.p.m. of CaO with different amot 
of Na,O and K20. A calibration curve ¢ 

structed from data obtained with these s¢ 

tions would then automatically correct for 
interference. For laboratories concerned ¥ 
the analysis of this type of silicate mater 
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NazO determination 

$ Not included in average. 

y, this is obviously the simpler procedure. 

the Public Roads laboratory, however— 

1 it is believed the same condition will be 

og € in most other laboratories—it is necessary 

analyze a variety of materials such as soil 

§cement extracts with water, water analysis, 

., Which require the pure NaCl-KCl stand- 

@lsolutions. Thus, these standard solutions 

readily available. Inasmuch as _ the 

thod for determining the alkalies in port- 

dd cement by flame photometry already 

juires a special set of standard solutions (1), 

was considered advisable to limit the num- 

¢ of different types of standard solutions. 

addition, once the correction curve is 

tained for a particular instrument, there is 

f need of repeating this work unless a change 

made in the reagents or in the instrument. 

tus, while the use of a correction curve may 

—2m to be at first glance an unnecessary step, 

Gc practical laboratory applications it is con- 

nient and economical. 

Since the alkali impurities in the reagents 

fed also must be accounted for, the data 

Wtained with the correction solutions alone 

nnot be used directly as the basis of the 

rrection curve. Blank determinations were 

ade using the method asshown. These gave 

#parent values of the sodium and potassium 

‘}Kali. The resulting value represents the 
«kali impurities in the reagents, and an over- 
|l effect is calculated by adding the value of 
je blank to each of the values obtained with 

ae correction solution. A curve is then 

jonstructed using these apparent values as 

bscissas and the corrected or true values as 

| dinates. 
| For example, the correction curves used for the 

" ‘ructed as follows: The averages for each concen- 

tation shown in table 5 are equivalent to the 

f Blank determinations showed an 
" yerage apparent value of 2.5 p.p.m. for NazO 
‘nd 2.0 p.p.m. for K,0. Table 5 showed the 
VE fect of the calcium ion alone (zero concentra- 

ton of alkali) to be +1.7 p.p.m. for the sodium 

| etermination, and +0.4 p.p.m. for the potas- 
‘ium determination. The respective differ- 
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Apparent Na2O determined when amount of K20 added! (and A 
1,700 p.p.m. of CaO also added ? in each case) was— werees 

5 p.p.m. | 20p.p.m.| 60p.p.m.|80p.p.m.| 100 p.p.m. 

[parts per million] 

Apparent K:0 determined when amount of Na2O added! 

Table 5.—Effect of alkali oxides and 1,700 p.p.m. calcium oxide on the alkali determinations with the flame photometer 

K20 determination 

(and Average apparent ee 1,700 p.p.m. of CaO also added ? in each case) was— apparent 

NazO de- in sample! K:0 de- 
termined termined 5 p.p.m. 

1Added to solution as A.C.S. NaCl or KCl in calculated amounts to give indicated oxide concentrations. 
2 In solution as A.C.S. CaCl, “low-alkali’” CaCO3 was dissolved with concentrated HCl, care being taken to avoid excess HCl. 

ences, 0.8 p.p.m. for sodium and 1.6 p.p.m. 

for potassium, represent the concentration of 

the alkali resulting from the reagent impuri- 

ties. The combined effect is obtained by 

adding these values to the respective average 

values shown in table 5. These data, given 

in table 6, were then used to plot the correc- 

tion curves shown in figure 2. 

Comparison with Gravimetric 
Method 

Table 7 shows a comparison between results 

obtained by an accepted gravimetric procedure 

and by the flame-photometer method de- 

scribed in this article. A variety of silicates 

were analyzed, including a large number of 

soils, in order to obtain as wide a range of 

alkali content as possible. For most samples 

there is very good agreement between the 

flame-photometer and the gravimetric results. 

For Na,O, out of 24 samples only 3 showed 

differences in percentage greater than 0.10. 

For K,0, 9 samples showed differences in 

percentage greater than 0.10, but only 1 of 

these differences was greater than 0.15. The 

average difference in percentage for sodium 

was 0.054 while that for potassium was 0.076. 

Since in most cases the gravimetric result 

represents only one determination, there is no 

100 

20p.p.m. | 60 p.p.m.| 80 p.p.m.| 100 p.p.m. 

Table 6.—Combined effect of 1,700 p.p.m. 
calcium oxide and reagent impurities on 
the alkali determinations with the flame 
photometer 

{parts per million] 

Na2O de- 
termined ? 

K20 de- 
termined 2 

NazO added 
(!) 

K:0 added! 

1 True concentration. — 
2? Apparent concentration. 

assurance that this result is more accurate 

than that obtained with the flame photometer. 

While data on the reproducibility of gravi- 

metric results are limited, table 8 shows a 

comparison of duplicate gravimetric results 

for a few materials. These analyses were 

made in a routine manner, employing the 

usual technique with the average amount of 

care. It is noted that the differences be- 
tween the results of duplicate tests by the 

gravimetric method are of the same order as 
differences between results of the gravimetric 

and flame-photometer methods. 

The differences between gravimetric and 

flame-photometer test results found in this 

60 

TRUE CONCENTRATION, ppm 

- uo (Ss (e) 

20 

O 

APPARENT CONCENTRATION (DETERMINED VALUE), ppm. 

Figure 2.—Correction curves for the combined effect of 1,700 p.p.m. calcium oxide and the 

reagent blank on the sodium oxide and potassium oxide determinations with the flame 

photometer. 
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paper compare favorably with differences 

reported for other applications of the flame 

photometer. Barnes and others (2) recently 

described a method involving the use of an 

internal standard (lithium) in an instrument 

using filters to isolate the desired wave length. 

While their data for clays gave only the total 

alkali (Na,O+K,0) determined by chemical 

means, their differences are of the same order 

or slightly higher in most cases than the 

differences shown in this work. 

For portland cement analyses the concen- 

tration of the test solution is such that 1 

p-p.m. is equivalent to 0.01-percent alkali 

oxide. Results obtained in the Public Roads 

laboratory, as well as those which appear in 

various unpublished reports and in a report 

by Eubank and Bogue (4), show an average 

difference in percentage between gravimetric 

and flame-photometer results of from 0.01 to 

0.03 for Na,O and from 0.02 to 0.03 for K,O. 

In the method for siliceous materials the con- 

centration of the test solution is such that 1 

p.p.m. is equivalent to 0.05 percent. Thus, 

while the actual difference reported for port- 

land cement is less, the difference in terms of 

concentration of test solution in parts per 

million is approximately the same. 

Application to Non-Portland 

Hydraulic Cements 

An interesting observation may be made in 

connection with the pozzolanic cements shown 

in table 7. Flame-photometer results for 

these same cements by the tentative A.S.T.M. 

method for portland cements (1) gave, for 

sample 23, 0.09 percent Na,O and 0.39 per- 

cent K,O, and for sample 24, 0.13 percent 

Na,O and 0.59 percent K,0. These values 

are considerably less than those obtained by 

gravimetric means or by the method given 

here. These and similar cements have 

alkalies associated with the acid-insoluble 

residue which are not brought into solution 

by the tentative A.S.T.M. method for port- 

land cements. Thus, the proposed procedure 

(Continued on page 98, third column) 

(1) American Society TESTING 

MATERIALS 

FOR 

Tentative method of test for sodium 

oxide and potassium oxide in portland cement by 

flame photometry. Designation: C 228-49T; 

1949 Book of A. S. T. M. Standards, Part 3, 
p. 133. 

(2) Barnes, R. B.; Berry, J. W.; and 

Hiutu, W. B. 

The flame photometer. Engineering 

and Mining Journal, Sept. 1948, vol. 149, 
No. 9, p. 92. 

(3) Berry, J. W.; Cuappeit, D. G.; and 

Barnes, R. B. 

Improved method of flame photometry. 

Industrial and Engineering Chemistry (Anal. 

Ed.), Jan. 1946, vol. 18, No. 1, p. 19. 

(4) Evsanx, W. R., and Bocus, R. H. 

Studies on the flame photometer for 
the determination of Na.O and K20 in portland 
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Sample ; 
identifi- Material ; 
cation Gravi- 

metric } 

Percent 
1 re ee Soll¥ee: .. 22. ee woe eer ees 0. 
Diack en oe DL COs eee 07 
Ee eed Se ee (On ea SS eee il 
NE ees NE SR ho Pt agate ie emer eee 43 
| eke Boat ak ae pel | Speen CO ceaee eae 84 
[ieee 5 Ae pS je ene CO ee eee 1.03 
eB A (a eee dO: ee a 72 
ee ee See ce A GOL zie se eee 39 
ORAS ee alas 0 2 ee. 2 ee 50 

LO PEaAS ee ee dO: eee 73 
1h pees SRE | eA 16 3 ee aa ees 49 
i ERIE SE AGS ae 92 
i Pe ae [ee CO Sa eo od te Ae 84 
LA eee ae: [8 opp See RO NT Se pe: 10 
Lp ee ee OS eee see 15 
ee ace JE AAR ee G0 Gan oes eee aL 
Ny Oe ae ag ene Slag. ee eee .19 
1825 ee [tap -TOCK sc. Sas ee eee eee 2. 52 
a ee 2 Oe es Oe doseeee So eee 

1 Analyses made by J. Lawrence Smith method of fusion, with potassium being determined as K3PtC]s and sodium | 
tained by difference from the weight of the combined sulfates. 

2 Calculated by subtracting the gravimetric from the flame photometer result, 

Table 8.—Comparison of results obtained in duplicate tests by the gravimetric determin 
tion of sodium and potassium oxide ! 

Sample identi- 
fication Material 

Test 1 

Percent 
Le eee Soil sess eee ee 0.14 
Quests eee ee Gols aia 4 en eet ae we .09 
ES et a A ia ete | AN (3 Ve VSR Nout Dae eet RA 51 
L723 oe Slag soe eee See 21 

1 Samples analyzed by J. L. Smith method of fusion with CaCO3. 
mined by difference from the weight of the combined sulfates. 
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