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’
EFFEQT OF VARTOUS AXLE LOADINGS |
ON HIGHVWAY PAVEMENTS

The guestion has come up relative to'the maximum axle load that
should be permitted upon the highwayriﬁ respéct té present design Jimi-
tatlons. It is believed that the most logical way to answer this ques-
tion, im tﬁe light of our present knowledge, is to compare the compute&
theoretical stresses which might odcur in afpéVement slab under various
axle loadings. - |

The computation of the sﬁreSSeS has heen béSed”on H.M; Wester—
gaards' formulee for determining the stresses in concrete pavements.
The problem will be trested under sbtatic cdﬁditicns and infinite and
geni-infinite abutting slebs, without consideriﬁg whe ;elieving effect
of joint load transfer devices.

Included in the report is & summéry'of ‘the Michigan Load Law, a
gtatement by R.H. Baldock, Chief Fngineer of ﬁ@e Oregon State Highway

Depertment, relative to axle loads and the calculation of stresses for

different axle loadings based on the Michigan Load Law.

THE MICHIGAN LOAD LAW

Axle loads on highways are resgtricted by law in Michigan ag follows:

Axle Bpacing _ Solid Rubber Tirep - Poeumetic Tireg
9! or more 160004 ' 180004+

31 —6" to O 131.6004# 7 13000#
Less than 3! -6¢ 8000:# : 9000#

The number of axles ig limited only by the legal maximum length
regtriction which is 35! for any single unit and 50' for any combination

of tractor and trailer. Thus, the law would permit the operation of a
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vehicle combination 50' long heving 15 - lSOOO#IaXles gpaced 3! -6" cen-—
terg, or having 6 - 18000# axles spaced 9' centers.

The Oregon Stéte Highway ﬁepaftment_has-been concerned with high,
way loadings on their pavements; A £rief summary of their conclusions

hes been included in this report.

OREGON STATE ,HIC}:WJAE DEPARTMENT
Mr. R.H. Baldock,'Ghief Engineer, OfegoﬁAState'Highway Department,
. Co
in a paper presented at the Americen Stgte Highway'officials Convention
in Detroit, October 1941, entitled "Load Limitetions - Defense and Hon-

Defense" makes the following statement. "I recommend to this'association

that the wheelg of all vehicleg ghall be equipped with pneumatic tireé,

that no wheel ghall carry a load in éxcess of 9®OQ Qoﬁnds, aﬁd that the
total load carried by a single axle shall not exceed 18,000 poﬁnds. in
axle_load ghall he the botal load on 211 Whéels whose centers are ineluded
between two parallel transverse planes A0 inches apart. The use of addi-
tlonal axles and the control of axle spacings permitsfgfeater gfoss welghts

- this necéésarilyfiimits axle welghts" sseese "Horeover, the grouping of

- axleg, ag long as the axles sre 40 inches or more spart, does not increase

the pavement stresses over thosge induced by single-axle loads.V

Thege statements are based on studies started‘in 1936 by the Orégon
State Highway Department to determine the maximum weights and dimensions
of motor wvehicles that could safely bperate over Oregon highways without
placing wdue stresses in pavemenfs and bridges and without causing undue °
hazard to the motoring public. The daia from the survey hag been pub-
lished in dregon Technical Bulletin No. 6, entitled "The Effecﬁ of Heavy

Hotor Trangport on Highway Bridge Stressec".



The following cslculations have been made to determine the poss-
ible stresses which might occur in conerete pavement slabs due to Michi-

gan Load Law and for other combination of axle loadings.

CALCULAIION.OF STRESSES
The following calculatiéﬁs are baged on ﬁ.M. Westergaardst (1) form-
ulae for computing stresses in concrete pavementé.
The formulae for compﬁting'streéses in thé slab at the free edge,

the interior and ot the corner are as follows:
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There Sar By S = stress at free edge interior and corner of the

slab respectively,

»

P = load on slab

h = glab thickness

= Poissons rétio
g = radins of area of lﬁad digtribution
b.="YL.6e? + h? ~ 0.675hhwheﬁ a<l,724h
b = g when a>»1.72.h

K= modulus'of subgrade reaction -

2

(l)Analytical Tools for Judging Results of Strucvural Tesbs of GéncreﬁerPave~
ments, by H.M. Westergaard, Public Roads, Vol. 14, No. 10, December 1933,
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k= subgrade modulus

’% : E=Xl
: B = modulns of elasticity of the concrete
The computationsrwill be computed for a wmifeorm thiclmess pa#ement
glab wnder the fbllowing agsumptions: h = 7 inches; E= 5 x 106 p.s.g.;
Poissoﬁs ratigﬁai 0.15; radius a = 6 inches; L = 51; Z‘= 0.20; Subgrade
" modulug k = 50 pesedie; 1 = 41.3 inches; klz 85 5003 K = 2,065; b =

3 5,58 inches.

STRESSES FROM AXLE LOAD OF 18,000 POUNDS

Cagse I — Btress in Interior of Slab.

Stress at point (1) from load P &t (1) is 4239 p.s.i by equation (2)

Stress at point (i) from load P.at-(z) ig obtained from Weshtergasrds!
coefficient curves (2).

Mp = My = ~-0.02 x 9000 = -140

My = Hy = +0.021 x 9000 = +189

(2)"Computatiqn of Stresges in Conecrete Roadsg®, by H.M. Westergaard, 5th
Innual Proceedings, Highway Regearch Board, 1926. TFigure 5.
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The stresses Sy and Sy.are obtained by dividing the respective bend-
ing moments by the section modulug which, in this case, is 8,167, therefore,

Sx = ""180 —:—- 8.167 - “‘22 pcS-i!

1

Sy = +189 = 2,167 = 423 p.g.ie

Maximur, conbined stress is found to be equal to 239 + 23 or 262_p.s.i.

¢

Case II ~ Stress al Joint’Edge.'

Stress at point (1) from load P at (1) is found to be +402 Des.i. by

equation (1). . v

Stress at point (i) from load P at {2) is obtained from Westergaards!
1i .
curves(B) ag follows.

M = -0,07 x 9000 = ~630

Sy = 630 4= 84167 = ~77 pegeia

Therefore, the maximum combined stres§ at Jjoint edge is equal to
(+402 =-77) or 325 pesei.

Cage IIT - Stress at the Free ldge.

The gtress at the longitudinal free édge of a slab for & loéd of
P = 9000 pounds ig galculated in the same marmer as for a joint edge. In
this case the stress is 402 pesg.d.

 Case IV — Stress due to Corner Load.

The stress from one load of P = 9000 pounds at the corner at a dis-
tance of Z.BSfEng; or 2.38/2)6x431.3 = 53 inches along the free edge from
the corner, i computed by means of formuwla {3). The stress is equal to

Bg = 0275 x P = 337 pesads

(3)"Spacing of Dowelsg", by H.¥. Westergaard, Proceedings of 8th Annual
Meeting, Highway Research Board, 1928. Tigurse 2.
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STRESSES FROM THO 13 ,000 POUND AXLE LOADS SPACED 3,5 FEET

P P
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Case I ~ Stresses in Interior of Slab.

Shresses at point (1) from loads at (1) and at point (2) are com-

pated by the method explained préviously and found to be

SX = +l57 p-Soio and Sy = +l90 poSnic

Stress at point (1) from load P at (3) is
i = there o —
uly 0 therefore, Sy 0

i

b
P

= +.054 % 6500 = 4351 or S, = 351 3~ 8i167 = 443 pusiie

Stress at po:frit (1) from load P at point 4.

!ﬁﬁ
I

~0,022 x 6500 = -143 or 8y = -143 + 8,167 = =18 puseis
40016 x 6500 = +104 or Sy, = +104 - 8.167 = 413 Peseis
Stresses at point (1) from loads at poinf (1) end point (4) reduce
8 = 173 - 18 = +155 p.s.i.
Sy; = 173 + 13 = +186 Desed.
SEJ-F_L =0 s lelfl = ghear force or -further reduced to the x and 7 axes as

follows:

to
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Sy Cos? 30° + 8, Sin® 300

]
1
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= B 81n° 30° + 5, Cos® 30° = 134

By yi
Syy.: 1/2 (Syl - Sx1)-Cos 300

I

13.4

A

Therefore, the strosses at point (1) from losds at points 1, 2, 3 and 4

will be
Sy = 178 + 17 = 195 paﬁoii
Sxy = lBeA-‘poSlia

Hence, the principal gtresges ab point (1) froum 1oéds_at points (1), (2),

(3) and (4) will be
2

_ 1904195 }@95—190\ r (13.2)2

8 R =) (13.4)

_ 1904195 JfA95-190)° 2
So 2 —y(' 5]+ (13.4)

206 p.s.i-

.1.79 p.Soio

Cage IT — Stresses at Jolut Fdre.

The stress at point (1) from loads at (1) and (2) may be determined
by direct proportion as follows:

8 =-g%§5x6500.= 234 pesai

Where 325 pes.l. 1g the gtress produced hy the 9000 pound load.
Since 1t dis difficult to evaluste the effect of:loaas.at (3) and (4) on
the stresses at point {1 without‘complicated caleulations, we assﬁme that
the lo=d at point (3) produces the sane percentage of s?ress as.in the
case of the interior of the siab or {43 ﬁ&l??)llOO = 25% or 0,25 % 290 =
73 Pesei. In the same way we can appraise the effect of load at point

(4) as follows: ~(18 2 173)290 = -30 p.sS.i. The the combined stress

Wi‘ll be 234 + 73 e 30 :’_2_?1 poSaia

~3



Case TIT - Stregs at Free Fdge.

The stress from two loads of 8000 pounds spaced 42 inches apart at

the free edge may be determined in the following manner:

= 8X402 _ 0402528000 _ arn _ on ,
S 5 8167 358 - 25 gé% DPaBels

Cage IV - Stress Due to Corner Load.

The stress from one load, P = 8000 pounds at the corner, at a dis—
tance of Z.BSVZJEi‘along the free edge from the corner, 1lg determined by
formule (3)}. The stress is found to be Sg = 0.0375 x 8000 = 300 p.s.i

The second losd ig 42 + 6 = 48 inches }rom the joint edge, dr onlyr
5 inches from the line of maximm corner stress. The gecond load, P = 8000
pomnds in this position will add practically nothiug %o the stress found
from the first load.

The various computed stresses have been summarized in the following
table.“

SUMMARY OF COMPUTED-STRESSES

A summary of the_domputed gtresses have been tabulated below for

consideration and stpdy. The stresses for two 16,000 pound axles and

two 18,000 pound axles were computed by proportion.

Computed Stresses in Pounds per Square Inch

Center Joint Free
Condition of Loading of Slab _Hdge . Edge Corner.
One axle of 18,000 pounds. 262 325 402 337
Two 13,000 pound axles at'3.5 feeé. 206 277 270 244,
Two 16,000 pound axles at 3.5 feeb. 254 341 | 333 300
Two 18,000 pound axles at 3.5 feet. 286 | 384 . 37k 338

Tt is noted that two 16,000 pound axles 3.5 feel apart vroduce joint

edge ptresses approximately the same as for one 18,000 pouwnd axle. Also, the
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'free edge and corner stresgses from two 16,000 pound axles do not excesd

the’respéctiveAstresses from one 18,000 pound axle,

CONCLUSIORS

On the basis of the above comﬁutétions, it is evident that two
16,000 pound axle loads spaced 3.5 feel apart produce very clogely the
same meximom tensile stregses ab the Joint edée as similar stresses pro-
-duced by one axle carrying‘a load of lS,OOO pounds. |

iﬁ the game manner, two 13,000 pound é%le loadg spaced 3.5 feet
apart may produce bensile sﬁfeSSes at - joini edge of approximately 18
percent in egcess_of those caused by one 18,000 pound axle.

The iB,OOO pound axle load requirément of'Michigan for 3.5 foot
gpacing is apparently quité conservative, sincé the stresses produced wnder
any conditlion are at a minimum of 15 percént below those cauged by one
18,000 pound axle. | |

Thege findings do noth substantiate Mr. Baldocks' stetements to the
effect thet two 13,000 pound axles spaced 40 -inches apart will not increase
the pavement stressé; over thoge iqduced by single axle loads of the game
magnituﬁe.

| It may be concluded that if one 18;000 pound axle load is permitited,
‘two 16,000 pound axle loads might be ailowed provided the axles are not
cloger than Aé incheg.apart. |

At the pfeSent time there are no cdnvenient‘methods for the evalqation
of edge stresses produced by loads not at the joint edge;' The only practical
way of solving this problem is by full size experimental concrete slabs on

subgrades of definite known and congtant charachteristics.



