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ABSTRACT: This Daper presents nk »
Nigeria in order 15 QUanTi’y the contribution of overloaded goods vehicle to pavement failures o, ; %ad
approprice amelioration Sirasegies for vehicle axle system modifications. Seven day classifie e ang .-

d for the determination of ADT perceniage heavy vehicles and the imposed gy, |
& respective axle position Jor each of the fraversing vehicle on the old Jos — Kadyng road, Kagp,. o 9

Una Sia..

corresponding stanggpg -
load (sal) was computed with the index model of power 4. The percentage and magnitude of overloadeq .

mmq’maﬁrgdwlg%oj’pawmmmdmlmme. Also a review of the Ie
13.6 tonnes for the developing countries should be considered
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damage increases sharply as the axle load exceed 1.5ton and that is
value are usually considered (State of Florida, 2008). The Annual Average Daily Traffic (AADT or ADT) 1< the
most widely used traffic statistic to indicate the level of traffic volume on a road and the knowledge of the
composition of vehicles using a road and respective imposed wheel (axle) weight is therefore important in ordr

pavement. In fact it has been proved that
the reason why vehicles of weight overt that

well 8
loadings and the spacing within each axle group, such as for tandem-, tridem- axle groups. :: ments 0
suspensions, tyre pressure and type “(Hort et al., 2008)". It is therefore a common knowledge that pa
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Road in

Annhsis of Axle Toandinas on a Rural

ral freeways that ¢ ;
;L;on in thcirylife becix:iehc??geg(?\?dls Irgpona‘i()n and exportation suffer structural breakdown too often and to0
' ) crioading of the trucks (Jones, 1977)

Addis et al. (19 5 i
the trailer twin axles andt?;éf:rge UP with an estimate of the dynamic effect of 15% and 25% respecnvel_\.' f;ﬂf
on a good road, (built to normaj stz ldaxk:.or"‘3hi«:lcs, in addition to the total static axle load of moving vehicles
with the vehicle at rest. The o Ndard in the Unpjteq Kingdom), as would be measured by the welghln.g bridge
verloading of the axles is an additional source of the ominous overstressing from

the dynamics of movement of ; 1

vehic] i .

exacerbate rural road inﬁ‘asu‘uclu"u ucoﬁis: the pavement Structures, which if not appropriately addressed will
c.

most of the occasions, trunk roads Je
areas; do experience significant d;
implies the necessity to address the
study therefore further amplifies the

I'he concomitant contrg|

ks, quarries, cement works, timber or oil extraction and mining
axle load between the two directions of flow of traffic, which

II.
2.1 Study Area. MATERIAL AND METHOD
Th le ]
Sumncsd Ni; a;fco?)dageasuremem was taken at the existing fixed weighing bridge located at the premises of
Zaria througf; the K’on ée’ Old Jos road, which passes by the frontage of the Federal College of Education
80 Campus of the Ahmady Bello University, Zaria Kaduna State Nigeria.

2.2 Study Procedure

A f‘;t if:rst,ma r.econnalssam.:e SUrVey was conducted to obtain the condition of the road, the category of

P'yIng, the inventory (width) of the road and other site suitability criteria for the conduct of traffic and
axle survey. The traffic survey was then conducted for a month, The duration of one month was used to obtain
data which would appropriately reflect the uniformity in activities of the community for the weekly circle. The
traffic was grouped according 1o the classification in the latest edition of the Nigerian Highway Manual (Federal
Ministry of Works, 2006). The axle surve
the vehicles ordinarily considered to cause structural damage to the pavement. The vehicles in this category
include the medium trucks (2 axles with twin rear tyres), heavy trucks with 2 or more axles: (2-axles for
medium trucks. 3-axles for heavy trucks. and 4-axles for heavier trucks) and large buses. While weighing the
axles, sampling coverage of each of the category of vehicle in appropriate portions to the flowing traffic stream
was ensured. The complete procedure for the axle survey was as contained in Hartanto and Sastrowiyote, (1990)
and also sequentially demonstrated in plates 1 - 2,

As a sample of the vehicle approaches the weighing bridge zone. the sensitive axle load weighing
meter was adjusted to zero reading and the respective axle load for each axle position as well as the vehicle
weight as displayed in other sections of the meter, (plate 2). The configuration of axles counted and weighed for
the purpose of this research work is shown in figure 1. Each vehicle axle was theq converted to 80 kN, the
standard axle load; using equation (1). This process was repeated for all the categories of the vehicles having
damage influence on the pavement, Parsley and Ellis, (2003) and Rolt (1981).

Axie foad (kw2
E'F=( 20KN ) (M
During the course of the data collection, the common errors that arose were strictly monitored. These
errors include i) drivers of overloaded vehicles were avoiding th.e“ survey site a; so;n z:js_ the_y leelzrn lotf t:(ei
existence of survey officials ii) short duration of one or two days iii) t.he effect kq tra :;: lrectngsm:‘ s;:oll e: i
iv) the loaded and unloaded empty truck of the same type. Appropriate chec lmg an supz;\ln :l g’o W
different level of responsibilities and vigilance was established throughoutt) the ?x e mea::xrem 4
one week of continuous measurement was adhered to, with adequate number of personnel.
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3.1 Traffic Analysis

Table 1 presents the tr
= (5 x average weekday traffic) + Saturda

account for the non- commercial vehicles per d

Plate 1 Typical Nigena Truck on W

ANAL

"eighing Bndge

affic survey data for a wee
y + Sunday traffic,
ay for the Average

be approximately 1,000 passenger cars, the two figures

the percentage trucks to total vehicle per day a

rural road studied is 194,910 trucks, (534 x 365).

Table 1: Hourly vehicle count on the studied ro
for each hour of the day

Analysts

Plate 2 Axle weighing meter

YSIS OF RESULTS AND D
k. The average number of goods vch’iﬁ? in the vey,
which was computed 10 be 534 (=7 ), In orde, ',;
Daily Traffic (ADT), which was obtaine (,

of Axle Loadings on a Rural R"ad;
"":

1
!
!
:

ISCUSSION

were added to give the ADT of 1,534, This implics
and that the annual traffic loading on e

re 35 % (534/1534),

ad

[ No.of commercial vehicles
~Time | Mon | Tue. | Wed | THE S S Son.
06.00-07.00 45 21 17 20 22 15 0
—§7.000800 | 36 | 4 | — 1 A 20 0
ey L R % 1T @& | 1
—09.00-1000 | 60 | 62 | W6, .o 69 21 3
“10.00-11.00 | 58 | 59 65 s s | 6
T TN N e e 57 gy 2
12.00-13.00 | 42 | 47 45 50 33 - )
e | %8 @ R T
TA001500 | 57 | 50- | A% SieE 39 o
T 15.00-1600 | 49 TR 55 44 B
'16@31_‘7_00“ T 61 56 41 oy EEe
Lo I N I O . -
Sawnw | 5[ @ | A | W [ ® [ 6 |
18.00-2000 | 28 | 20 23 19 17 -
20002100 | 5 11 12 6 21 e
e | 7| 8 I 5 2K
H.To:: uln6thr 628 | 672 623 661 636 324“‘5' 50

3.2. Axle load analysis.

Table 2 is the summary of the axle load measurement conducted, which re

likely to A
y to cause damage to the pavement. The axles considered include those of large buses, 2-axles for ™
o

tru v
cks, 3-axles for heavy trucks and the 4-axles heavier trucks. The axle analysis was conducted unde" -
erloaded &

diffe ives; i i
erent perspectives; i) the average standard equivalent factor per vehicle ii) the proportion of ov

hic®
flects only those Y&

AR

www.ijesi.org

10| P




4 -bu‘ion f;ctOl's
axle and iV) the load d:‘:f the axle and

3 : . | S
iii) the magnitude (in unit of weight) of oy erloading relative to the lega at the two e.n

tyres
on the various axles of a truck. Also the standard axle is 80 KN on dfmihz axle conﬁgur&ﬂo ( ;
designated as [2] a 40 KN weight on the single tyres for front axles, (1] n SL e T
: T Aversg®
1 . I d 0.
| lable 2:  Data analysis for axle load survey F)i er | Total 1 EF :]:de 1 EF (A“
JN | Vehicle | Total Axle Load (KN) Equivalent Factor (E-FYPEF 1 "o 2 opy PR
> Category No of A\ﬁ':mm : { e
i g wr e ‘ N :
if L LTI ) l' l.T—] i - ___——-'-“ 1
| (7 Days) | : — Ai("[, e |
AXL | AXL | AXL AX | AXL | AXL | AXL { {
B | B | BE |LE{ B | BN g I
l 2 3 4 1 |2 O AT 304,68 |
| Bus 780 420 | 546 | 545 | - | 0075 | 0216 ; 0215 4 0506 . l&w -
> | Medium | 507 40.0 R 483 | - ooea | - [od08 . 0.166 .
| I'ruck { | ! i
’ 2-Axles ‘ ! s o 0 —
g Heavy | 511 ROV NG [T R | 0.101 | 0.368 1 0.122 S 0.591 302. }{ |15:l.50
Trucks | ‘ ! : ( ‘
| (4| Heawy | 685 | 587 1303 | 116.4 | 923 | 0389 | 9.166 | 4.482 | 1772 | 1570 | 10760.66 | 2483
Trucks | | ‘ | )l | 9 -
Al | | ‘a e | | 4684
| a é _— g i vy
| 2 < f | ] 50
{ | | | { { { |
3 ‘ ! i ? | i ot U, N Mt e Gadtiab AP 3
Total | 2483 | ‘; | B | T | 11541507 |
)y < ; ! | L o, TR 2 JON PRSIt [ DRCEESINS S

»n

A avan

3.2.1. Average equivalent axle Jactors per vehicle.
- - at A} Sk L Al -

dialen - i Y AWLil. /AN 0 o
AV WALV YT VASAL WAL Y el oavsl

adopted as case study, possesses an average equival :
weight for road pavements. This implies that an av
pavement damage as five standard axles of 80

overloading on the said road which is one of the ma

commercial vehicles that is causing structural dama

L o 1. N 1
J3 AL VAL LS DAL LWL WAL WY VA GE Y Y VAR WAL WA & U

ent factor of 5.0 which is about five times the standard axle
erage truck on this road, used as case study causes the same
kKN would cause. It shows that, there is high degree of
jor causes of pavement deterioration. Also, the percentage of
ge to the pavement is 35% (535/1535).

3.2.2. Proportion of overloaded axles.

With the standard axle of 80 kN resting on dual tyres (designated as [2]) on axle configuration, it can
Uo assanied tiat tlie axle on single tyres is 40 kN (designated [1]). In line with above assumptions to the data of
table 2, the respective overloaded axles are computed as:-
Number of front axles [1]: Bus [122] (780) + for 3 — axle (511) + for 4 — axle (685) = 1976
Number of back and other axles [2]: 4 — axle 3(685) = 2055
Total number of truck axles = 3(780) + 2(507) + 3(511) + 4(685). = 7627.
Therefore, the proportion of overloaded axle for trucks = (1976+ 2055)/7627 = 4031/7627 =52.85% and 41.87
% for entire traffic.

e ) j overload.

i M‘g:)’:"f;‘::tg{(‘ll:ﬁ], the percentage over load beyond the 40 kN for the 42, 45.1 and
5, 12 and 47 %. For back and other axles [2], the percentage over load beyond the 80 kN
and 92.3 kN are respectively 74.0, 45.5 and 15.4.

58.7 are respectively
for the 139.2, 116.4

The magnitude of overloading of axles recorded for a goods vehicle range from 5 - 74%, with an
average of 21.3 % for front and 45 % for the back and other axles.

44 load per axle.
3.2.4. Pr. ‘;%%7:03" golc ::’t':l‘:f,i;ribﬁtion of the vehicle lader.n and unlade loads over the respective axles. It varies
for the number of axles and position in the vel’gicle chassis layout. The lfack' an.d other axles carry the highest
proportion of the load on the vehicle. The highest load on th_e axle is significant to be employef! in the
determination of the wheel load magnitude in the structural design of a pavement. A further analysis of the
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W
: . heel load can be estimateq from J
; Nafne this design W the
proportional distribution over the axles shows that YlumhE .
axles with equation 2 and respective modifications. v
HAL = BVL/N (2) ;
icle, N is the number
b tha s d, VL is the load on the vehic of the Aleg

Where HAL is the highest axle lot'l y VAo ith N. The respective values are 3 -16, 12 . 19 Ong,
vehicle and B is the modification factor which varies w : ang Y
45 % for the 2-, 3- and 4- axles.

Table 3: Computational detail of the load distribution for each of the various Vehicleg.

Vehicle/Axe | Axle Load (kN)‘ s T&:‘:;;:‘(';('g; ! 2 ;“';WW'Wixloo
Type G e - | 4
1.1 ( 42,0 ' 54.6 | FE SRS R }"4 248 | :-6,'32 20 0.0

, | 420 | 546 e 107.5 | 4205 | 57.95 [ g9 1 U0
1.2 | 452 | 623 LS 12631 | 39.59 3 "
1.22 REEPR N RO e o RETITE 3»4'10 0.06
1.22 | 537 710 [ovaacy = unkIegi0 - | 26, T T
L23:22 1567 [7ez [0 | | 2104 | e |
12-22 | 387 |62 [ 1264 | 1288 | 49% | 13.66 o 9941 | e
oo | 387 | 1162 | 1264 | 1285 | 465 | 16.16 | 22.86 | 2455
—12:22 | 560 [ 7792 [s61 1252 | 3465 | 16162286 | 2ag5 ]y

IV. DISCUSSION OF RESULTS.
4.1 Traffic Su
As §eernv?02;‘:§e traffic count data (table 1), it is obvious that the movement of commercia]/ 2004
vehicles is more during the weekdays and Saturdays. However, for Sunday where the total count of COMmer,
vehicles amounted to Just 50, which shows that there is a drop in the movement of goods and passenger b, g
on Sundays. So, care must be taken when carrying out a traffic count to reflect the variation in the aCtivige
which is approximately the same in a weekly circle. Hence traffic counts should be carried out for a My,

period of 7-days to clearly show the prevalent traffic scenario on a typical rural road in Nigeria on a ek
basis,

4.2 The axle load data.

4.4 Axle load overloading in quantity and volume.

The proportion (%) of axles overloaded on the studied rural road was computed to be 45 %. This valx
indicated that there is the need to introduce Trucks Only Lane because it exceeded the 30 % bench mark usuzl)
adopted for rural freeway by the American Federal Highway Administration, (Forkenberg and March, 2003
Both the front axles and the rear and other axles are all overloaded on the rural freeway to as much as 21 %
45 % respectively. This finding implies that the wilfully imposed loads by the axles on the Nigerian pavems™
are as much as 11.5 tonnes, which is extremely higher than the 8 tonne legal axle weight. There is the stro%
reason to consider as important other alternative mode of hauling £00ds in the rural regions in such situatio®
The objective can be achieved by either i) modification of the goods vehicle chassis through the introduction

more axles to the trucks or ii) discourage road haulages of goods ang promote the rail means of carriage ™%
appropriately or iii) both taken together.

Reflecting the findings of the study with the dynamic effect of

- . i stale
: ! vehicles in motion on the addition to the ¢
load, it means that the heavy goods vehicles would impo

Se more adverse loadings on the pavement beyo™”

T
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