
,l

due to loading at the king pill, is detailed in Section C.5 in Appendix C.

The highest state of stress at the positicn of t~e upper coupler cross-member

welds occurs ~t~ the rearmost cross-member, 600 null rearward of the. king

pin. Figure A10 shows the chassis f-beam cross-section at this point.
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Eigure AIO Chassis 1-beam cross ..section at tlte/irearrnost

upper coupler cross-member

The point of highest stress on this cross-section will be 115 rnm below

the neutral axis at the lower end of the vertical weld indicated. By linear

interpolation f1'o111Table A4, the extreme fibre bending stress at the lower

flange a+.this section is:

(fb :::;;36~14 MPa

254



Hence, at 115 mm below the neutral axis:

(11t.)ctb = M5, (36,14)

The longitudinal direct, ssress :at this s(dion, 110111Table A2,

Summing the longitudinal direct and bending stresses at the weld end, 115 mm

from the neutral axis:

Ux ::=: 20,84 MPa

The shear force at this section is obtained from the tabulated results for
Case 1 loading in Table Ail, ie:

V :--.::114,86 kN

where

A = 4100 m,rn::!

y == 134,6 nun

(refer Appendix B)



that

-r = 39,84 MPa

'I'he principal stresses and principal shear stress ere then:

0'1 ::::::51,60 MPr'('

0'2 = -3u,76 MPa

Applying the Von Mises failure criterion ((1'3 = 0):

that is

am ::=:: 72,08 MPa < O"yt

Here again it i:d assumed that the allowable stresses for the Allticqrodal ~112

aluminium alloy in a heat affected zone are the same as for the a.tl.'JYin the

welded condition, ie, t1yt = 110 MP8. (refer Section E.l.l).

The principal shear stress is also well below the allowable shear yield stress

in the welded condition of 65 MPa (refer Section E.l.1).

A.4 Buckling of main chassis J-beams

A beam such as an f-beam may fail by either of two modes of buckling,

ie. lateral or local budding. Lateral buckling of the chassis J-beams of the

trailer is extremely unlikely since the beams are restrained laterally by t,he

deck and torsion tubes. Local buckling of the f-bearn web or flanges may

occur, however, if local compressive stresses become excessive.
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In this section the local buckling strength at each of the 31 nodes along

the length of the l-beams is calculated, and is then compared to the stress

levels evaluated in Section A,a.!. It should be noted, however, that local

buckling is not necessarily indicative of imminent collapse and the beams will

be capable of carrying loads above the load that will cause loeal instability.

This is particularly true for beams in bending where web buckling precedes

flange buckling.

A.4.1 Constructlon of the buckling diagram

The buckling diagram for the Antieomdal-112 alloy is given by the straight

line:(9)

O'c=B·~2D

drawn to meet the Euler curve

[ksi]

[MPa]

and the horizontal line

where

(f c = buckling strength

(jyc :=: compressive yield

).= slenderness ratio

l~j D = Constants [ksi]
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For a fully heat treated aluminh.tlll alloy:

where O'yc is ill ksi,

For the Allticorodal~1l2 alloy (refer Section E,Ll):

Oye ,..= 260 MPa

= 37,71 ksi
"

Whence:

B =: 42j62 ksi

= 293,8 MPa

D = OJ2782 ksi

== 1, 918MPa

The buckling diagram for the Anticorodal- 112 alloy, 'constructed from the

abo', e parameters, is shown in Graph AI.

1....4.2 ,~llckling strength distribution

Referring to Figure Al L, the ratio of the width of unsupported flange to the
c.

web height is less than unity over the fulllength of the chassis E-beams, ie:

a,<1n
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Hence, web buckling will always precede flange buckling. (9)

I

I
I

I
I

-{---- _-_ ~.~____.-::~:~--_-----

1,1

b

I
1\

Figure All Unsupported flange and web heights

With reference to Figures All and A12! the ratio of flange to ]'!cb thickness

is constant for each node along the length of the beams, ie:

Further, the slenderness ratio is given hy thf,' ""!lationship:

where m is derived from the left h:lllld side of Figure A12 for the particular
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value of (alb) at each of the 31uodes along the length of the chassis "'-'"VGJ"UO.

1,-1

The web buckling strength at, each node is then obtained f:ijomGraplJ!Ai
, il

for each value of >.. The distribution over the length of the beams :tS pre-

sented here in Table AS and plotted over the span from node 3 to node 16

in Graph 4.35 in Chapter 4,

Comparing the web h1.J.pclingstrength at each of the nodes to the af'tual state

stress at the top of the web, as calculated in Section A.3.l (refer Table

AS), it is seen that the actual stress at all of the 31 nodes is significantly

lower than ~~ecorresponding buckling strength,

2_(:il



m

o 02 04 06 0.8 OJ! us 0.4 0 ..2 V r.

a b__ .. ..-b a

F'igure A12 Values ofm to give slenderness ratios for local buck-

ling of shapesi'"
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,Table AS Web buckling strength distribution

,Node Slenderness
ratio

Web buckling
strength (:rviPa)

1
2
3
,1
5
6

Ii 7
8
9.

10
11
12
13
14
15
16
17
18
19
(,20
21
22
23
24
25
26
27
28
29
30
31

22,28
22,28
22,28

\1\:22,28
1(22,28
22,56
23,13
23,27
24~28
25,52
28,60
30,}2
,30,74
;;0, 74
30,74
30,74
30,1'4
30,74
30,74
30,74
30,74
30,7t.1:
30,74
30,74
30,74
30,74
30,74
30,74
30,74
30,14
30,,74

251,07
251,07
,251,07
251,07
251,07
250,53
249,43
249,17
247}.22
244,8r-
238,~4
234,88
234,84
234;84
234184
234,84
234,84
234~84
234,84
~34,84
i.34,84
234,84
234,84
234,84
23'4,84
234,84
234,84
234,84
234,84
234,84
234,84
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A.S Fatigue analysis of main chassis f-beams

As discussed in Section 4.8.5 in chapter 4:, the fatigue life of the main chassis

I-beams is evaluated at the following three points:

- At the extreme fibres of the tension flange rtt maximum bending stress

(ie. at node 9).

At the main beam welds below the neutral axis at maximum bending

stress (ie. at node 9).

At the lower torsion tube bolt hole at 2109 nun from the king-pin.

These three points were chosen since they are the three most failure-critical

areas along the length of the beams (refer Section A.3.2) and since they

demonstrate the application of the methodology of fatigue analysis for as

wrought material and for welded and bolted joints. In all three cases the

stresses are evaluated below the neutral axis since the tensile mean stresse;1

below the neutral axis result in a greater susceptibility to fatigue crack growth

than compressive mean streSSts.{30,44-'16)

A.S.l Fatigue stress levels

The fatigue stresses at the three critical points are calculated for vertical

dynamic accelerations in the range from l-g (static loading) up to a maximum

of 2-g in steps of O,l-g. Values of shear force and bending moment are derived

from the static loading analysis (Case 2) in Appendix B, by multiplying the

static loading Y..lues by the vertieal g-level factor. No longitudinal dynamic

loads are included. In all three cases, the maximum stress is equal to the

maximum principal stress at the point for the particular g-level factor, and

the mean stress is taken to be the maximum principal stress resulting from

static loading. The alternating stress, minimum and stress ratio are
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ob~ai:j.ledas shown in Figure A13, below.

--==rO:-j0-
--r 0- J r.!lX

-------§l.......c ~ JJ~,:: neonJ
TIME

Figure A13 Fatigue stress parameters

Note that no stress concentration factor 5sincluded in the calculation of stress
i~'?_-

levels at the bolt hole at 2109 mm [rpm the king-pin, ~c~ncesuch effects are

included ill the 'Alcan~(9) and 'BS OP 118: ·1969'(46) fatigue curves (refer

Figure A15 and Figure A17) for: class 3 mei~bers.

Tables A9 to All present values of maximum stress, stress ratio, meanstress

and alternating stress at each of ,the three positions fur the range of g-levels

selected.
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Table A9 Fatigue stresses at extreme, fibres of tension flange at

node 9

Verfical
g-Ievel

Max. Stress
ratio

Mean Alt.
str-ess
(MPa)

stress
(MPa)

stress
(!vIPt!)

1~5
1 6
1:;"
1,8
1,9
2,0

6,~,89
'h,01
75,25
79,43
83,61

0'1818
0.667'
0,538
0~429
0~333
0,250
0.,176
Glll1
O'j053
0,000

':1~81
-n.si
Lll,81
41,81
41,81
41)81
41,81
41,81
41;81
41,81

4,18
8,36

12,54
16,72
20,90
25j08
29;16
33,45
37,63
41\81

2
45,)99
50,17
54,35
58,,53

1,3

Table A10 Fatigue stresses at lower beam welds at node 9

Vel.'ticaI
g-Ievei

Max.
stress
(lVIPa)

Stress
ratio

Mean
stress
(MPa)

Alt.
stress
(:MPa)

Ijl
112
1:,3
1,4
1,5
1,6
1,'1
1,,8
1,9
:~,O

30,21)
32~~)4
35,69
38,,43
tU,18
43,92
46,67
49,41
52, ~,6
54,9(j

0,818
0,667
0,538
0,'129
0,333
0,250
0,116
0,111
0,053
0,000

'JfWJ

.u ('I

27'1
~27'14ti
27.45
2'7,45
2'{j45
2'1,45
27,45
27,45
27,45

2,,75
'"5~LIt)
8,24

10)98
13~73
Hh47



Table All Fatigue stresses at lower torsion tube bolt hole at
n
"

2109 mm from king-pin

1,1
1,2
1113
1,4
1,5
1~6
1~7
1,8
1,9
2,0

11,73
19,34
20,96
22,5'1
2-1:\,18
26,79
27,40
29,02
30,63
32,24

0,818
O~Cti';;
0,538
0,429
0,33:'»
O~250
0,176
0,111
0,053
0,000

'-Mean Alt.
stre:;s stress
(MPa) (MPa)

16,12 1,61
16~12 3,22
19,12 4,84-
16,12 6,45
16~12 8 06I" (I12 9,67

\ I,

16,'12 11,28
1{),12 ,,12l90
16,12 14,51 I'

16 1~ 16,12, II

Vertical
g-Iew..:1

Max.
stress
(MPa)

Stress
ratio

A.5.2 Frequency distribution of fatigue stress spectrum

A G,mssian or Normal frequency distribution, as defined by the distribution

function below,(47) is used here to approximate the frequency distribution of

the actual fatigue stre;:;:ihistory over the projected service life of the vehicle.

The following two assumptions att' used in applying the freque,p.ey distribu-

tion to the fatigue stress levels:

~ The 2-g ,:iicl'esslevel corresponds to six standard deviations from the

mean stress.

- The trailer experiences one stress cycle for every metre travelled.



The value of six standard' deviations results in a freqllency of 2~g stress cycles

of one in every 15 679 km. The assumption of one stress cycle pel'.'metre

results in frequenci-es of vibration of 17 Hz at 60 km/h and 28 Hz at 100km/h.
1\

Table A12 and Graph A2 present results for ~his assumed normal distribution
,

in terms of the percentage of total cycles at each vertical g-Ievel,

'rab!e A12 Normal clistribution of fatigue stress cycles

Vertical
g-level

Percentage of
tutal cycles

1,1
1,2
1;3
1,4
1,5
1,6
1,7
1,8
1,9

1\2,0

45,26
31;82
15,78
5,512
1,35"
0,2353

2,872 x 10-2
2,466 X 1O.~3
1,489 X 10--4
6,378 X 10-6
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A.5.3 Cumulative fatigue damage

The number of cycles to failure at each stress level (ie. constant amplitude

stress cycles) is calculated f'roni the fatigue stresses and dietribution spectrum

of Sections A.51 and A.5.2 reopectively, by using available streas-lifefasigue

data. The cumulative fatigue damage resulting from each stress level is then

summed to give an estimation of the fatigue life of the chassis beams, at each

of the three critical points, by applying the Palmgren-Miner Linear Damage

Rule or Miner's Law (refer Section 3.4).

Two sources of fatigue data for the medium strength aluminium alleys were

used; namely 'Alcan' data (Alcan Canada Products Ltd)(~) and BS CP 118;

1969. (46) The Aleen fatigue curves (Figure A15) relate the number of cycles

to failure (at constant stress amplitude) for various classes. of members, to

the mean and alternating stresses ..-BS CP 118; on the other hand, presents

separate fatigue curves (Figures AlB to Ala) for each class (\f member ill

terms of the number of cydea, the maximum. stress and the "cress ratio.

Figure A14 shows the various classes. of structural member. The description

of the three classes of member(9,4!~) used in this analysis, ie. classes 1, 3 and

4, are as follows:

Class 1 ~ As rolled or extruded surfaces.with 110 other stress raisers.

Class 3 ~ Members fabricated or connected by dose fitH~g bolts Oft b~ cold

driven aluminium rivets, and designed so that secondary bending

stresses are not introduced; and full penetration butt-welds made

from both sides and with light bead reinforcement.

Class ,1 - Members. with continuous longitudinal fillet welds made without

interruptions during welding! and butt-welds with near maximum

bead reinforcement made from both sides.
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Tables A13 to A15 present results for both sets of fatigue curves at each of

the three critical points. Numbers of cycles to failure greater than 5 x 108

cycles are taken to 'be J~lfinite.

CianI!"""__. -' .~.-..-........_

Figure AlA Classiflcation of structural members(9)
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r+1"!""!"r~h"'"r~4,4,~o 5 10 15 20

Mean Stress. ksi

Figure A15 Fatigue curves relating cycles to failure to mean and
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NI? .>of
cyelu

105
6 )( 105
2 X 10~

10' .nd 108

-0'8 -0'6 "0'4 ~C'2 0 "0-2 +0"4 +06 -o-a
f r;,in.lfrnu,

Maximum stress tensile

. ,

Figure A16 Curves relating maximum stress, stress ratio and

number of cycles for class 1 llUlltllbers(4ti)
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Figure A17 Curves relating maximum stress, stress ratio and

number of cycles for class 3 mel11bers(46)
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Figure AlB Curves relating maximum stress, stress ratio and

number of cycles for class 4 members(46)
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Table A13 Constant amplitude cycles to failure at extreme fibres

of tension flange at node 9

Vertical
g-level

Cycles to failure
for AI.-:andata

Cycles to failure
for BS CP 118 data

1,1
1,2
1,3
1,4
1,5
1,6
1~7
1~8
1,9
2,0

00

00

00

00

0<)

00

00

00

00

00

00
CCI

00

00

co
00

00

00

00

il

Table A14 Constant amplitude cycles to failure at main beam

welds at node 9

Vertical.
g-Ievel

Cycles to failure
for Alcan data

Cycles to failure
for BS CP 118 data

1,1
1,2
1,3
1,4
1,5
-1,.15-7-
1,7
1,8
1,9
2,0

00

00

00

00

00

00

*5 X 108
*2 X 108
2 X 107

5,8 X 106

00

00

00

00

00

00

2 X 107
63,5 x 10

2,6 X lOti
'7,8 X 105

"By extrapolation
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Table A15. Constant amplitude cycles to failure at bolt hole'.
\\ i)

2109 ln~ from king-pin

Vertical
g-Ievel

Cycles to failure
for Alcan data

Cycles to faiirtl"e
for BS CP 118 data

1,1
1,2
1,3
1,4
1~5
1,6
1,7
1~8
1,9
2)0

00

00

00

c.o
00

00

co
00

00

( ,

00

00

Applying Miner's Law to each of Tables Al3 to A15 (refer Section 3.4):
t)' (rl.i) = 1

.t:-i J.1\l.
• I

for failure

At the extreme fibres at node 9 and at the' ;)olt hole, the total number of

cycles to failure is infinite since the damage ratio is always zero. The number

of cycles to failure at the. main beam. welds at node 9, for the two sets of

fatigue data, are given by (refer Table Ai2 and Table A14):

Alcan data:

[(
2,872 X 10-4)' • (2, 466 x 10-5) ..L (1,489X 1O~6")

80 X 106 -r \ 17 x 106 • 5,5 X 106

(
' 6,378 X 10-8) N _

+ 2, 6 X 106 f - I

that is

Nf = 1,87 X lOll cycles
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BS OP 118 data:

r(2,872 >~19-4)+(2,466 x 10-5').. ..L.(1,489 x 1~>')
l 2,4 X 107 "~{ 1X 106 .' '1,6 X 106 /

•• f. 6,3'18 X 1O~8)"
+ I 9 1 105 Nf ;.."1\ ~"x ,

that is

Nf = 4, 78 X 1010 cycles
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APPENDIX B

GENESYS '}'RA:M'E-ANAL'Y'SIS/2' SUB-PROGRAlVl

B.I Intrcducticu

The 'Genesys Frru.l1e~analysis/2' structural analysis sub-program on the Uni-

versity of the.' Witwatersrand's IBM 370 Mainframe computer was used in

this design £01' the loading an, "ysis of the two main chassis l-beems. Shear

force, bending moment and deflection results for 31.llodes f,1ong the length of

a chassis l-beem are/presented here .tor all of the support and loading cases

discussed. in Section. A.2. in Appendix A.

B.2 General

The positions of the 31 i.odes along the neutral axis of the I-beanl are pre-

sented in Figure B'l, with node 1 being at the origin of the Cartesian axis

system and the z-axis directed along the neutral axis of the beam towards

node 31. The loads in the loading data tables are for a single chassis f-beam

and' are presented in the form of total load between two consecutive nodes

comprising the ends of a particular member. In this form the sub-program

reads the load as being uniformly distributed over the length of that member.

Hence, the skewed dynamic loading distribution has to be input as a stepped

loading distribution with the total load for each member being calculated

from the average value of distributed load for that member. However, 'be-
iI

cause of the rela..vely large number 0: nodes along the length of the beam,

this approximation has a negligible efl'ed 011 the final results. In the data and

results tables that follow dynamic loading is denoted by 'LOADING/V211'

and static loading by 'LOADING/l'. The load transfer within the suspen-

sion for dynamic loading conditions is accounted for by applying braking

moments (refer Section A.2.2) at the positions of the axles in the computer

model of the suspension (ie. at nodes 42, 45 and 48). The suspension hanger
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moments are applied directly at nodes 18, 23 and 28.

The load equalising characteristics of the tri-axle air-suspension are modelled

by using a 'fir~tree' system of pin-jointed links, as shown in Figure B2. These
II '

links are attached to the chassis I-bel:tl:'l.at the suspension hanger and air-hag

nodes and are proportioned to correctly distribute the load between axles and

between hanger and air-bag mounts. Fa! support condi~i6r.S where various

axles are lifted, this system of links is modified (refer Figures B3 to :86). The

cross-serf ~:ma1areas and second moments of area of the suspension links are

arbitrarily given high values so that the deflections of the suspension linkage

system are small in comparison with the chassis beam d~:flectionsl and can

thus be neglected. This can be illustrated as follows:

Referring to Figure B2, for no bending of link 5u~52j the vertical deflestion

of node 51 will be the mean deflection of nodes 50 and 52; ie:

_,' (YSO + YS2 ')'
YS1 :;- ..,

""

Th'1,~,substituting the vertical deflections for nodes 50 and 52 from the tables

of results for Case 1 loading:

However, from the tables of results:

YS1 = ~20, 772 mm
r .

Therefore, the component of deflection of node 51 due to bending of link

50~52is:

(-201 77i2) - (~2n, 820) == 0,048 mm

, ' h ' l' 'bIwme IS neg 19l e.
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Figure B2 Three axle suspension .model ('LINKS/3')
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Figure BS Suspension model for support at foremost axle (,'LINKS/F'~)

52

'mooT rF
~ . CHASSIS
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Figure B4 Suspension model for support at centre axle ('LI~KS/C')
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-

Figure B5 Suspension model for support at rear-most axle ('LINKS/R')
\\

53.,

5250

51
41 42 43 44 ,.._ 45 46

..~--- - ---<,_ - - - - J:EU~Al!.IL __ -1------~t"-
CF I-BEAM18 20 23 2S

Figure B6 Suspension model for support at foremost and centre

axle ('LINKS/Fe')
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Similarly, for the other horizontal links in Figure B2:

node 42 O~OOO "mm

node 45 0,001 mm

node 48 01001 mm

node 54 0,193 mm

The compression deflection of all vertical links is zero! except for link 54-56

which compresses by 0,004 mm,

In the following analyses t:he cross-section of the beam is a.ssum.el~,to be
. %

made up of regular rectangular shapes (ie. no radii) for the ptrrpcfses of
j - ; !I

II

calculating areas and second moments of area. Where the section/lof the
!i

.I-beam changes over the length between two nodes, the eross-sectional area

and second moment of area are calculated for the section halfway between

the two nodes.

In the results that follow, the shear force values presented for nodes 5 to

13 (and especially for nodes 9 to 12) are slightly inaccurate. This is due

to the inclined" w~utra1 axis of the l-beam in this region, and the fact that
II

the sub-program calculates shear force values in the direction perpendicular

to the 'members' making up the T-beam. Further I as a consequence of i;he

difference in slope between adjacent 'members' the gooseneck region, the

shear force "Valuecalculated at a particular node for one 'member' is different
.!

to ~he value calculated at the same common node for the adjacent member.

This IS particularly apparent for nodes 10 and 11. If the shear force value

calculated for the 'member' of lower slope of the two 'members' adjacent to

a particular node is used in all calculations, the above errors can be shown

to be less than one percent, In this way, the two data points for 'member'

10011, where the errors are as high as three and a half percent, need not be

used"
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Furthermore, longitudinal loads, and hence nodal x·d:~.u!,\::t"l1S, ate seen to

oc~ur in the results thai; follow, ~d these are also due to tb9.!').C1ined t..e'tltral

axis between nodes Q and 13. However, their valuesare small ill compql~3son

to the y-direcHon loads and deflections, and they are thus neglected.

r:

II
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B.3 GENESYS 'FRA¥E-ANALYSIS/21 Ihp"Ut d€lta and results

tables

x),xxxxxx XXXXXXXXX 'xxx xx XXXy.xxxxx x.'(xxxx xx xx xxxxxx
XXX;")(Y.~xxx xoooocox xxx:! xx xxxxxxxxx xxxxxxxx xxx xxx x:.:xxxxxxxx )Q< xx XXXx.x xx xx xxx xx xxx xxx xxx xxxx xx xx xxx xx xx xxx xxx xxx xxxxx xxxxxxx. xx xxx xx xxxxxxx xxx xxxxxx xxxxx xxxx XXXX)(XX xx xxx xx xxxxxxx xxx xxxx xxx
xx xxxx xx xx )(.l(X xx xx xxx xx xxxxx xx xx xx xxxxx xx xx xxx xx xx xxxxxxxxxxxxx xxxxxxxxx xx xxxx xxxxxxxxx xxxxxxxx xx xxxxxxxxxxxxxxxx xxxx:-txxxx xx xxx xxxxxxxxx xxxxxx xx xxxxxx

xxxxxxxx
xxxxxxxxx>.:xx xxxxxxxxxxxxxxxxxxxxXXXXXXXXY.xxxxxxxxxxx

xxxxxxxxxxxxxxxxx:xxxxxxxxxxxxx xxxx xxxxxxxxxxxxxxxxxx

GENESYS 2.6
"*fJENESYS""START 'FRAMEnANALYSIS/2'JOB TRAILER
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DATA TABLES
**v;***;~ 10*"**

""TA8LES

'BEAM'
V"NE
0001
0002
0003
001)4
0005
0006
0.007
0008
0009
0010
0011
0012

nEt
1
2
3
4
:;.
6
7
8
910
11

AREA.,MM**2
10',00.0
10596.1
10"188.1~
10980.7_
11173~O\
11404.8
12340.(j
13263.~
13572.2
13600.0
5.0E05

'PIN'
LINE
G001
0002

REf
1

QW"KN*M/RAD
0,0

'MEMBERS' \\

liNE
PROJECT~OHS. ,MH0001 MEMBER

0002 1,2 617.5.0.0
0003 2,3 =0004 3,':lf 550.0,0.0
0005 4.~ =OOM 5,6\ 275.0,-9.61
0001 6,7 =0008 1,8 =0009 8,9 =0010 9,10 216.67,-25.80
0011 10,11 2:16.67,-56.12
0012 11,12 2:16.67,-29.05
0013 12.13 149.0,-5.58
0014 13,14 564.2,0.0
0015 14,15 =
0016 15,16 =0017 16,17 =
U018 17,18 =
0019 1~~19 432.5,"0.0
0020 19,20 =
0021 23,24 :::

0022 24,25 =0023 28,29 =0024 29,3"0 =0025 20,21 585.0,0.0
0026 21,22 ::e

0027 22,23 :::
0028 25,26 -0029 26,27 =0030 27.28 ::

0031 30,31 449.0,0.0

'LlNKS/3 'LINE
0001 MEMBER PROJECTIONS,.l"IH
0002 18,41 0.0.400.0
0003' 20,43 =0004 23,44 =
0005 25,46 =0006 28,47 :::
0007 30,49 =

INERTIA, ,MM*il4
1.5909E08
1."I 122E03
1.9695£08
2.2468£08
2.5444E08
2.9306£08
4.8062E08
"'•1870£088.1081£08
8.1941£08
1.0El0

R IGID .. MH
0.0,0.0

SECTION
'SEAM',1

==
'BEAM~,2
'BEAM' .3
'BEAM' .'~
,sBEA!oI,I,5
IBEAM',6'BEAM'.7
'BEAM' ,8
'BEAM' .9tSEAH' ,10

::

===
=
===
==
=
=
==

SECTION
'BEAM',ll,'PIN'.l

=
=

=
=
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0008 , 42.50 0,0.100.0 ISEAM',11,'P!N';'
0009 45.52, =
0010 5~,53 ' = =
0011 48,55 0.0,200 ...0 'BEAM',,11,'PINt.l
0012 ~4.56 0.O,100Q.0 'BEAM'.l1 'P INI ,1
OOH '41,42 484.0,0.0 'BEAM',11
U014 44 45 = =,0015 41:48 = ='1'

0016 42,43 381.0,0.0 =0017 45,46 ,- =Q01H 48,49 = 0:

0019 50,51 1310.0,0.0 -
0020 51.52 = :=:

0021 53,54 = :;;.

OQ22 54,55 2620.0,0.0 =
'L1NKS/F I

LINE
0001 "'EMBER PROJECT IONS, ,MM
0002 l8,In 0.0,400.0
0003 20,43 ::.:
0004 41,42 484.0, 0.0
0005 42,43 381.0,0.0
0006 lI2.5~ 0.13,1000 e-0

'UNKS/C'
LINE
0001 MEMBER PROJECTIONS,.HM
0002 23,44 0.0,400.0
0003 27,46 =
0004 1..4~1~5 484.0,0.0
co05 45,46 381.0,0.0
0006 45,52 0.0,1000.0

IIINKS/R ,
LINE
0001 MEMBER PRO,JECrIONS, , MM
0002 28,47 (1.•0,400.0
0003 30,119 =0004 47,48 484.0,O-.~!
OD05 48,4:) 381.0,0.0
OM6 48,55 0.0,1000.0

'UNKS/fC' \\
!.

UHE tt

00.01 MEMBElt PROJ~CT IONS "MM
0002 18.41 (1,0,400.0
;)003 2(' ..43 ::
oooe 23,44 =0005 25.46 ==0006 41,42 '.84.0,0.0 i
0007 44,45 =
OlJOd 42.43 381.0,0.0
0009' 45.46 =
001(1 50,51 1310.0,0.0
gg~~ 51,52 '"42,50 0.0 .•100.0
OCYl3 145.52 =
0014 51,53 0.0,1000.0

'SUPPORTS/KPSt

SEOTION.'BEAM'.11,'PINr.1
'BEAM' .11

'BEAM',11,'PIN1.1

SECTION·BEAH~.11.'PIN· .1-'BEAM',11
'BEAM I .,11'-;Pit!' .1

SECTION'BEAM' .11,~PIN',1-'BEAM' ,11-'SEAM1,11,'PIN'.1

SECTION'BEAM',11,'PIN'.1

·BEAM~.11
=
::::

'"
-IBEAH' .11,'PIN',1
=

LINE ANGULAR0001 JOINTS D I RECTI 0::5 LINEAR
0002 ~,56 'X', 'y' -1 ..,
0003 3 'z' -1 0
00011 56 'z' "1 -1
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~SUPPORTS/LL3 r
LINE
0001 JOINTS O!RI:GT'ONS LINEAR ANGULAR
0002 12,56 1Xt,'Y!> -1 -1
0(103 12 tZ' -1 o
0004 56 fl' -1 -1

'SUPPORTS/F'LINE:
0001 JOINTS DIRECTIONS LINEAR il.NGULAit
0002 3,.50 'X r • ;Y' -1 -~
,)003 3 ·z· -1 0
OOOi-l 50 'z, -1 -1

'SUPPORTS/G'
LI~!EoeOl JO!NTS If(lRECT!ONS LINF.:A:t ANGULAR
0002 3,52 UX','y' -1 -1
OOOS 3 ..'z' -1 0
0004 52 IZi\\ -1 ..1- !I

'I:- 'SUPPORTS/R'~L Ii'lL,
DIREdHONS0001 JOINTS LINEAR ANGULAR

0002 3,55 'X' ,'Y' -1 -1
(1003 3 'z' -1 0
0004· 55 'z' ~'I -1

'SUPPORTS/fer
LINE
0\)01 JOINTS DIRECTIONS LINEAR ANGULAR
0002 3,53 'X' »ty' ..1 -1
0003 3 'z· ~1 0
0004 53 fZ' ··1 ~1

'LOAD ING/l'
LINE
0001 POSITION DIRECtioN! LOAD •• KN
0002 1.2 'y' -7.9635
0003 2,3 = .-
OOOli, 3.4 ::t -6.4649
0005 .415 =0006 •.6 '" -3.2324
0007 \7 :::; ""oooa !.fJ := =0009 3,9 = ;:

0010 9.10 = -2.5468
0011 10,11 ::: :::

0012 11,12 - ::

!.l013 12.13 :::; -1. 7514
0014 13,14 :::; ; J.6318
0015 14.1:$ ::: =
0016 15.16 = =
0017 16,11 :: -
0018 17.18 :::; ::

0019 '18,19 ::: -5.0837
0020 19,20 ,- :::;

0021 23 .21~ = ""0022 2!~.25 = =0023 28.29 :: :::;

0024 29.30 :::; =
0025 20,21 ::: -6.8!~3
0026 2'1,22 ::: =
0027 22.23 = :::;

0028 25.26 = =0029 26,21 :: =
0030 27.28 :::; :::

0031 30,31 ::: -5.2171
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'LOAI:HNG/V2t f'
LINE HOMEKT"KH*k-0001 POSITION (l1P-EerION LOAD, ,KN
0002 1,2, ' !',(i M26.300 0,.0
0003 2,3 - "'25.223 ~
0004 3,4 ::: -19 .6f1!~ :::

0005 4,,5 -. -18.975- -,
0006 ~,6 :::: ~9.221 ""0007 'S.7 = -9.004 :::

0008 J,8 ::; -8.866 =
0009 8,9 = -8.689 =
0010 9,10 = -6.721 -0011 10,11 ::: -6.611 ::.

0012 11,,12 ::: -0.501 =
0013 12,13 !:: -4.406 -0014 13.14 ::: -16.213 ::;

0015 1L~,15 = -1~L466 -0016 15,16 = -14.720 =
DOH 16,17 :::: -13.973 :::

0018 17.18 ,~ -13,.2:U =0019 18.1(h :::: ..9.b3~ ::

0020 19,20 - -9.194 !!l

0021 20,21 -11.738 -0022 21,22 -10.935 =0023 22,23 -10.132 =0024 23,24 - -6.974 -.-
0025 24,25 '" -6.535 :::

0026 25,26 ::: -8.142 =
0027 26,21 ~7.i.lS:9 =
0028 27 ,28 -6.536 =
0029 28,29 = ,'C -4.316 =
0030 29,30 = -3.877 =003l 30,31 - -3.560 :::

0032 18 'Z': 0.0 11.138
0033 23 :: = =
0034 28 ,- = -
0035 42 ,- = 12.001
00:36 45 = .. :: ' "

0037 48 - .- =
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*MASTERS'f')WClURE IS A PlANEFRAME
CONSTANTS E 10" (J ., I(N/MM*'*2
USE MEM8ERS i~E~BERS'.'LINKS/31
USE SUPPORTS 'SUf>PORTS/KI'3j
APPLY" LOAD ING!V2L l'
1>1'{I NT ALL RESULT~
APPLY 'L,)AO 1NG/l'
I'RINT ALL RESULTS
CONSTANTS E 70.0, ,KN/Mi'l**2
tJoel'-" -MEMBERS J.~l::r··Si-R<··'I. IN!l.Sr I
US~ ~U?PORTS 'Si;P~.ORTSJLl3-'· v

APPLY 'LOADING/i'
PRINT ALL aESUL'iS
CONSTANTS E 70.0. ~:N/MM**2USE MEI'1BERS 'MEHBEaS'.iL!NKS/F'
USE SUPPORTS 'SUPPORTS/f'
APPLY 'LOADING/I'
PRINT ALL RESULTS
CONSTMTS{i t 10.0, ,1{N/M,..,**2
use MEM8t:iks '~IEMBERS I • 'uNKS/C'
USE nlPPORTS 'SUPPORTS/C'
APPL'Y ILOADI NGll •
PRINT ALL P.ESULlS
CONSTANTS E "70 0, .KN/HM**2
USE MEMBERS 'HEHBERS','LINKS/RI
USE SUPPORTS 'SUPPORTS/R'
APPLY 'LOAD INC/1'
PR INl ALL RE$.UL TS
CONSTANTS E 70.0"KN!MH**2
USE MEMBERS t MEMBERSI. III NKS/FC I

USE SUPPORTS 'SUPPORTS/Fe'
AP~LY 'LOADING/"
PR 1I,If ."I.L HESUL T5
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SUBSYStJ::M FRAME~ANAlYSIS/2 -- VERSION 2.4 - RESULTS
,******,1+*****************',****11-1(.********** ******,11-

RESULTS FOR SUPPORl AT, KiNG-I": NAND 3 AXLE:; - LOAD I NG/V2L 1 (CASE 1)
****'*******1!****I+**********,**'It***********¥'*I+*************1+ >i<*******

NUMBER OF JOINTS'" 47
NUMBER OF ~IE'MBE.RS :. ~Il

NEW NO~1Bm I NG SCHEHr WITH j~AX I MUMJOINT NUMBER DIFFERENCE Of 4
.~OR INfERNAL USE ONLY.
WILL BE UZEO BY THE SUBSYSTEM

'REACTIONS IN GROUP SUPPORTS/KP3'
J() I NT 0 I RECTI ON FORCE MOMENT LOAD(;ASEKH KN*M

0,000 'LOADING/V2Ll'
0.000 'LOADiNG/V2L1'
0.000 YLOAD ING/V2Ll ,
0.000 'LOADING/V2L1'
0.000 'I.OADING/V2L1 ,
0.000 'LOADING/V2Ll'

3 'x' 0.214
3 'y' 137,793
3 'I.:' 0.000

,56 'X' 0.00i)
56 Iyl 134.952
56 '.l ' 0.000

'fORCES IN GROUP M£MB(i~S t
MfMBER COMPRESSION

I<N
SHEAR

KN
MOMENT LOADCASEKN*M'

1. 2 0.000. 0.000 -0.001. -26.300 ~O.OOl, 8.910 ',-OADING/V2Ll ,
2,1 3 0.000. 0.00(1 -26.:i!Jl. -51.523 &.908. 35.272 'LOAI)ING/V2L 1I
.1, 4 O.21Il .• 0.214 136.270, 116.586 35.212, -34.296 ILOAD I NG/V2L i t
4. 5 0.214, 0.214 116.586. 97.611 -34.298., -93.228 ILOADING/V2L1'
5. 6 -3.195, -2.894 91.551, 88.445 -93.2229 ~118.833 'LOAOING!V2Ll'
6, 7 -2.1313, -2.556 &8.336, 79.338 -118.833. -141.900 'LOADING/V2Ll'
7. S -2.558. -2.247 '790380.. 70.477 -141.896, ~162.533 'LOADING/V2Ll'
8, 9 -2.251. -, .949 70.471. 61.797 "'162.521" ....'80.130 'LOAO ING/V2L 1t

9, 10 -7.097. ~6.366 , 61.401 .. 54.723 -180.732. "193.441 I LOAD ING!V2L 1t
10. 11 -13.6"19. -"12.161 53.350, 116.950 -193 •.443, -201,••7{)2 ILOAD ING/'/2L1'
11, 12 ~6.445. "5.581 !~8.089. 4'1.626 "'204.664, -214.574 'LOADING/V2L1'
12, 13 ~1.5n. w1.h01 42.021, 37.5B6 -214.519. -220.432 ILOAD ING/V2L 1'
13, 14 0.000, 0.0')0 37.621, 21.'~O2 "220.430. -237.068 'LOAD ING/V2L 1'
14, 15 0.000, 0.000 21.392, 5.943 ..231.070 ~244.76<! ILOAO ING/V2L1 ,
15, 16 0,000, 0.000 5.911, -8.84~ -244.'765, ""243.946 i LOA!)ING/V2L 1!

16, 17 0.000, 0.000 -8.774, ~22.160 "243.944, -235.039 'LOAD ING/V2L 1j
17, 18 0.000, 0.000 ~22.804, -36.028 -235.035. -218.450 'LtlADING/V2Ll'
18, 19 0.000, 0.000 -30.026. ~39.659 -207.309. -192.27t ILOAD ING/V2L1 ,
19. 20 0.000, 0.000 -39.643 .. -48.914 -192'.224. -173.144 ILOAD ING/V2L 11
23, 24 0.000. 0,000 "36.551, -43.526 -114.966. -97.623 I LOAD I NG/V2L 1 '

24. 25 0.000, 0.000 -113.591, -50.121 -91.624, -71.3f>7 'LOAD ING!V2L1 ,
28, 29 0.000. 0.000 "27,147, -31.464 -26.332, -13 .629 'tOADING/V2Llt
29, 30 0.000, 0.000 -31.505, -35.386 -13.637, 0.838 'LOAD I NG/V2L 1 '
20, 21 0.000, 0.000 "9.,913. -21.638 -173" 1126. -163.924 'LOAOING/V2L1'
21 n (LOOO, 0.000 ""~1.604. -32.513 -163.'126, -148.094 'LOADING/V2LI'
22., 23 0.000. 0.000 -a2.505. "42,637 -148.098, '"126.'105 'LOAD ING/V2L1 ,
25. 26 O.MO, 0.000 "11.207 ..19.347 -71.353 • -68.42~ 'l.('JADING/V2L1'
26. 27 0.000, ('LOOO ".9 ..339. -26.617 -68.431, -54.9;1~ 'LOAD ING/V2L1 ,
27, 28 0.000, 0.000 "26.664. -33.199 w54.980. ~37.469 'LOAD 1NG/V2L 1 t

30, 31 0.000, 0.000 3.581; 0.012 0.632, 0.009 ILOAD ING/V2L 1'
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'FORCES IN GROLIP LlNKS/3'MEMBER COMPnr.SSION S}lEAR MOMENT LOMCASE
KN KN KN*M

18, 41 "1.000, -7' .000 0.000, 0.000 0.000, 0.000 'lUAOiNG1V2LI'
21), 1.3 -39.000, -39.000 0.000, 0.000 0.000, 0.000 t LO,~DING/V2L 11
23. !~4 -6.000, "6.000 if .000. 0.000 0.000, 0.000 'LOAI)ING/V2L 1 '
25. 46 ",,38.938, ~38.938 0.000. 0.000 0.000, 0.000 'LOAD ING/V2L ,1
28, 47 -6.000, -6.000 0.000, p.qOl) 0 •.000, 0.000 'LDA!lING/V2L1!
30, 49 "39.00l1, -39.000 0.000, 0.000 0.000, 0.000 ~LOAD:NG/V2Ll'
42, 50 .u44.000. ~44.000 0.001). 0.000 0.000" 0.000 t LOAD! NG/V2L "
45 .• 52 '-44.000, ~44.000 !i.OOD. 0.000 0.000, 0.000 iLOAOIN~/V2Llf
;'1. 53 -90.000, -90.000 QA((M"' ii' 0.000 0.000. 0.000 t LOAD INGjV2L l'
48, 55 -45.000. ·45.000 0 0.000 0.000, O.MI) 'LOADiNO/V2L1'
54, 56 ~134.952. -134.952 0.(100, 0.000 0.000, 0.000 'LOA!)IIIIG/V2L11
41~ 42 0.000, n.ooo -5.000, -~1.000 0.000._ 2~'8"!~ t LOAD I:m/V~I,.t '
44. 45 0.000, 0.000 -6.000, -6.000 -0.063, 2.938 •LOA!)ING/V2L 'I I
41, 48 0.000, 0.000 -6 000, -6.00() 0.000, 3.000 I LOAl'ING/V2L l'
42. 1..3 0.000, 0.000 39.000, 39.000 15.000; 0.(1)0 I LO ....O ~NG/V;.:'Ll'
L~5• 46 0,000. 0.000 39.188. 39.188 , 14.945. 0.06& 'LOADING/V2L1c
48, 49 0.000, 0.000 :l8.000, 38.000 15,000, -1.000 'LOAOING/V2L1f

50. 51 0.000, 0.000 ~45.000. -1~5.000 0.000, .58.938 t LOAD ING/1J2L 1 I
51. 52 0,000, 0.000 44.9Y3. 44.973 58.918 .• 0.012 'LOADING/V2Lli
53# 54 0.000, 0.000 -89.930, -89.930 -0.004, 117 .B59 'LOAD ING/V2L j ,

54. 55 0.0')0, 0.000 44.977. 44.97J 117 .852, 0.0(18 'LOAD ING/'.J2Ll'
I

'OISPLACEMENTS IN GROUP MEMBERS'
JOINT XOEF YOEF ZROi LOAOCASE

MM I MM Rt\O

1 '0.000 29.43u -0.021 ILOAD ING/1J2L l'
2 -0.090 14.932 -0.022 ILOAD ING/V2L l'
3 -0.000 -0.000 ~O.O23 ILOADING/V2Ll'
4 -O.OO(J -12.693 ~0.O23 'LOAD ING/V2L 1 '
s -0.000 -24.47'7 -0.020 'LOADING/V2Ll'
6 -0.176 -29.542 ~O.O17 'LOAD INC/V2L 1 t

"' -0.328 ~33.910 -0.1.115 'LOAD ING/V2Ll ,
8 -0.1~54 ~37,550 -0.012 ILOAD ING/V2L 1 t

9 -0.5.55 -40.4!>6 -0.009 tlOAD ING/V2Ll ,
10 -(1.765 "42.240' -0.001 'lOADING/V2L1'
11 ~1.131 -43.f365 ...0.006 'lOAD ING/V2L1 ,
12 -1.287 ~44.845 "0.005 'LOAD ING/V2L1 ,
13 -1.313 -45.51,6 ~0.OO4 'LOAD INO/V2L 1 ~
14 ·1.313 "47.LI09 -0.002 'LOAOING/V2l1'
15 -1.313 -41.961 0.000 ILOADING/V2Ll'
16 "'1.313 -47.157 0.003 'LOAOING/V2l1'
17 -1.313 -45.003 0.005 'LOAO ING/V2Ll ,
18 -1.313 -41.5IH 0.00-' '.._OAOING/V2Ll'
19 -1.313 u3B.090 0.009 'LOAD ING/V2Ll ,
21) -1.31:1. -34.005 0.010 'LOAD INO!V2L 1 •
23 -1.313 -11.881 0,·015 'LOAD ING/V2L1 ,
24 "1.313 -5.279 0.016 'LOAD ING/V2L 1·
25 ~1.313 1.641 0.016 'LOADltlG/V2l1'
28 "1,313 32.090 0.018 'LOAD !NG/V2L 1,
29 -1.313 39.988 0.018 'LOAD ING/V2L Q g

30 -1.313 41.930 0.016 'LOAD ING/V2L § V

21 ~1.313 -21.575 0.012 'LOADING/V2Ll'
22 -1.313 -20. '168 0.013 'LOAD ING/V2L 1~
26 u1.313 11.4n 0.017 'LOA!'ING/V2Ll'
27 "'.313 21.587 O.OlB 'LOADING/V2L1'
31 -1.313 56.181 0.018 'LOAOING/V2L1'



Ii

'0 I SPLACEMENTS HI GROUP UNKS/3'
JOlttT XOEr YOEI=' ZROl LOAOCASE

MM MH RAD "

18 -1.3,13 ~41.5l~7 0.007 ILOAD I NG/V2L 1 t

1./.1 0.000 u41.547 0.009 'lOA!)ING/V2t. I

20 -1.313 ~34.005 0.010 • LOAD I HG/V2L l'
43 O.OO!) ~34.004 0.009 lLOAOING/V2Ll'
23 -1.31:1 ..11.881 0.015 'LOAD I NG/V2L I r

1~4 0.000 -11.881 (;,016 'LOAD ING/V21...1,
25 "1.313 1.641 0.016 'LOAD ING/V2L t i
46 (LOOO 1.641 ()'O16 'LOAO!NG/V2L11!
28 -1.313 33.090 0.018 'LOAD iNG/V2L l'
47 0.000 33.090 0.018 ILOAD ING/V~L 1 '

30 -1.313 WI.93ri O.OlS 'LOAD ING/V2L l'
49 0.,000 47.930 0.0:8 'LOAD ING/V2L 1,
42 O.I}OO -37.326 0.009 f LOA!) ING/V2L l'
50 O.OOC -31.326 0.013 •LOAD ING/V2L1,1 '
45 0,000 -4.314 0.016 'LOAD ING/V:a:"l f

S2 O.t'?OO -4.~14 0.013 r LOAD ING/V2L 1 '
51 0.000 *20.172 0.013 'LOAD I NGIV2L 1 •
53 O.ODD -20.772 0.016 'LOAD IHG/V2L1 ,
48 G.OOO 40.954 0,018 'LOADiNG/V2L1'
55 0.000 40.954 0.016 'LOAD ING!V2L 1 '
.54 0.000 "O.OOI~ 0.016 'LOAD ING/V2L"' '
56 O.DClO -0.000 0.000 'LOAl'ING/V2L1'
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RESULTS FOR SUPPOR":"AT KING~PIN AND 3 AXLES - LOAD.lNG/l - (CASE 2)
***·»**It********4!******************************* "'******* ********
NUMBER OF JOINTS'" 41
NUMBER OF MENBERS = 5!

NEW NUMBER!!IlGSCHEME WITB MAXIMUI~
JO I NT NllMB~R Ii! I FFERENtE OF 4

,FOR INTERNi'l-iUS!:: ONLY,WILL Sf: llSEl~. BY THE SUBSYSIEM

NUMBER OF SUPPORTS ::; :2

i REACT IONS IN CROUP SUPPOfffS/KP3'
JO! NT 0 I ru:c"'! "N fORCE MOMENTKN KN*M LO.l\I)CASE

3 'X' O.()69 0 ..000 tLOADING/1'
3 '''/' 6101'36 0.000 'I-OADINO/1'
3 'z' 1]00 0.000 ~lOAOING/l'

56 'X' (n.OOO O.UOO 'LOADING/1'
56 'v' 99.645 0.000 'LOAD ING/l'
i~'6 'z' 0.000 0.000 'LOAD1NG/1t

'FORCES IN CROUP MEMBmsl \"
t'lEMB£R COMPRESSION SmeAR MOMENT LOAD CASE

1<1'4 KN KN*M
1. 2 0.000. 0.000 -0.000. -7.964 0.000, 2.691 'LOAI}Ir:t3/1'
2. 3 0.000, C.OOO ~7.964. -15.92& 2.69"1, 10.790 ILOAtH Ne/l '
3. 4 0.069. ,," 069 4!'.i.809. 39.344 10.790, "12.62"1 'LOAD!NG/1'
4, 5 0.069. 0.069 39.338. 32.873 -12.627. -32.488 ILO~,DIHG/ll
5, 6 -1.079. -0.966 32.849. 29.619 ..32.488, -tn .090 'LOADING/1'
6, 7 -0.967, -0.852 29.603. 26.347 -41.086, -48.797 'LO.a,DINO/1'
7, 8 -0.854, -0.745 26.398. 23.118 -48.793. -55.61"1 'LOADI:iG/1'
8, 9 -O.739~ -0.628 23.140, 19.927 -55.613.1 -61.5l~7 'LOADING/1'
9, 10 -2.2S0, -2.Q09 19.815. 11.281 -61.SllO, ~65.606 'LOA,OItWill'
10, 11 ~4.319, -3.725 16.861. 14.381 -1)5.599. -69.110 ILOAD: NG/1 •
11 , 12 -1.974. "1.636 14.123, 12.206 -69.079, "72.142 'LOADING/1'
12, 13 -0.461, -0.395 12.341, 10.'150 -12.103, -73.728 'LOADINGI"
13, 14 0.000, 0.000 10.558 .. 3.926 -73.75', -77.841 'LOADING/l'
14, 15 0.000. 0.000 3.917, "2.714 -77.837. ~78.180 'LOAOING/l1
15. 16 0.000, ('.0(10 -2.715. ~'9.347 -78.176, -71~.178 'LOAD ING/1'

16.- 17 0.000, O.COO -9.344, -15.9c16 -74.774, ~67.633 'LOADING/1 '
,- 17. 18 0.000, 0.000 -1!L973. -22.605 -67.633, "56.751 'LOAD ING/l'

18. 19 0.000, 0.000 -7.958, -13.042 -56.758, "52.203 'LOADING/1;
'19. 20 0.000, 0.000 ~13.02'. -18. '04 -52.203. -4!.L473 ILOAOING/1'
23. 24 0.000, 0.000 ~5.540. "10.624 -2.8.149. -24.657 'LOADING/1'
24, 25 0.000, 0.000 -10.618. ·15.702 -21~o660, -18.971 'LOAD ING/11

28. 29 0.000, 0.000 -3.021. ..e.104 -5.891, "3.45"1 'LOADING/1'
29. 30 0.000, 0.000 -8.208, *13.292 "3.'157, 1.191 'LOADING/1'
20 .. 21 0.000. e.ooo 0.438, ~6.438 -45.469. ~'43.716 'LOAD ING/1 '
21, 22 0.000" 0.000 "6.437, -13.313 -43.719. -3"1.946 'tOADING/1'
22, 23 a . i.lOO , 0.000 ~"j3.316. -20.192 ~:&7.942. -28.145 'UlADING/1'
25, 26 0.000, 0.000 2.852. ..4.024 '-18.973, -18.634 'LOADING/1 t

26, 27 0.00(;, 0.000 ~4.019. "10.395 -18.634. -14.278 'LOADING/"
27, 28 f).OOO, 0.000 ,,11'\.898. -17.71~ -14.2"78. "'5.891 'LOADING!1'
30, 31 0.000, 0.000 5.264, ..o.oru 1.186, -0.006 'LOAD!NG/l'
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• FORCES IN GROUP LINKS/a'
SHE~~'MEMBER COMPRESSION MOMENT LOADCASE

I<N I<H KN*H
18. 41 ·'14.00U, ~14.0(!O a.QOO, 0.000 0.000, 0.000 'LOAD INel i I
20. 43 -18.563, -18.563 0.000, 0.000 0.000, 0.000 'LOADl NG/ll
23, 44 -14.688, -14.688 o 000, 0"000 0.000, 0.000 'LOAD !NO/i I

25, 11(e; -18.559. ~18.559 0.000, 0.000 0.000, 0.000 tLOA01NG{1'
28:1 -14.688. *14.688 0.000. 0.000 0,000, 0.000 'LOAD INGll '

3D, 49 -19.000, -19.000 0.001), 0.000 0.000, 0.000 !LOADING/i'
42, 50 ·<34.000. -34.000 0.000, 0.000 0.0(10, 0.000 fLOAOING/l'
45, 52 ~.33.250, ~33.250 0.000, 0.000 0.000. 0.000 'LuAD I NC;/l '
51. 53 -66.000, ~66.000 0.000, 0.000 0.000, 0.000 • LOAD ING/1'
48. 55 -34.000, ..,34.000 0.000, 0.000 1).0(10, 0.000 'LOAOING/1 t

54. 56 -99 61t5. -99.645 0.000. 0.000 0.000. 0.000 'LOAD ING/1'
41. 42 0.000, 0.000 "14.688, -14.688 0.000 .. 7.063 'LOI\D1NG/"
44, 45 0.000, 0.000 ~14.813, -14:813 "'0.'uO-6. 7.102 'LOADINO/t'
47, i!8 0.000. 0.000 -HL813. -1408-13 -0.063, i.125 'LOADING/1'
42, 43 0.000, 0.000 18.000, lS.000 7.063, 0.000 j LOAD I NG/1'

45. 46 0.000, 0.000 18.500, 18.500 7.074. 0.020 'LOAnING/"
48, 49 0.000, 0.001.1 19.000, 19.000 7.063. 0.063 'LOAD INO!l'
50, 51 o.ono, .000 -33.219, -33.219 "'0.004, 43.512 'LOADING/l'
51. 52 0.000, "~oo 33.:::23, ;'3.223 43. ::)16. 0.000 ~LOAOING/ll
53, 54 0.000, ,00 -66.434, -66.434 0.000, 87.027 'LOAD I NO/"

54, 55 0•.000, {l.ooa 33.212, 33.212: 870016. 0.007 'LOAOlNG/"

"0 I SPLACEMEMTS IN GROUP MEMBERS'
JOINT XOEF VDEF ZRor LOAOCASE

MM MH RAO

1 -0.000 9.858 -0.007 'LOADING!1'
2 -0.000 4.99L~ -0.007 !LOADI,.G/1'
3 -0.000 ·0.000 -0.008 'tOAD INaIl'
4 -0.000 -4.219 -0.008 'LOAD ING/l'
5 "·0.000 -8.102 -0.006 'LOAD IIfG/l,
6 -0.05" -9"7~4 -0.006 'LOAD INGll •7 -0.105 "11.165 -0.005 'LOADING/1'
8 -0.145 "12,',.25 -0.004 'LOAD ING/l'
9 -0.176 ~13.234 -0.003 'LOADING/1'

10 -0.239 -13.776 "0.002 'LOADING/l'
11 ~0.345 -14.191 -0.00:2 'LOADING/l~
12 -0.389 -14.518 -0.1)""li 'LOADINGll'
13 -0.396 -14.704 -0.s::'_!1•tOAD INO/1'
14 ~0.396 w15.147 -0 'LOAD INGll t

15 -0.396 ""15.160 o. ILOAD IHG/t'

16 -0.396 -14.741 0.001 'LOADiNG!l'
17 "'0.396 -13.909 0.002 'LO,~ti iNG/"18 "0.396 ·'12.703 0.002 'LOAD ING!1 ,
19 -0.:;96 -11.559 0.003 'LOADING/I'
;l:!0 -0.396 ·10,245 0.003 'LOADING!l'
23 -0.396 '-3.451 0.004 'LOAD ING/l t

24 ~O.396 -1.481 0.005 'LOADING/1'
25 ~O.396 0.556 0.005 jLOADING!1~
28 "0.396 9.458 O.(i05 'LOAOING/1'
29 "0.396 11. "/48 0.005 'LOADING/1 '

30 -0.396 14.049 0.005 'LOAD ING/'tI
21 "0.396 ~8.227 (}'OO4 'LOADING!"
22 -0.396 -5.951 0.004 'LOAD INGll '

297

._--_ ....,----



-.-;i,

,;;/
;/

;/

26
21
31

-0.396
--O.39~

-0:396

3.422
6.399

0.005 )/LOAO INOll tO.005/'LOADING/l·
O.CQ$ 'LOADING/l'

,/

n /
1/"-~DI3Pt.AC[M(HTS. IN GROUPLlNi<.S/3') ..i
" JO IH r XOEF YDEF' .;LP.OT

HH - t-lM / RAD
LOADCASE.

48 -0,396 I. :-12.703 I' 0.G02 'LOAD! HO/1'
4i O.MO -12.702 0.003 'LOAD iN'.'>/1'
20 -Q.396 -10.245 0.003 'LOAD!NG/1'
43 O.OOC- -10.245 . 0.003 'LOAOING/1'
?3 -0.396 -3.451 0.01)4 'LOAD ING/lt

44 0.000 -3.4~(j 0.005 '(OADINO/1'
2.5 -0.396 0.556 O.OOS 'LOAD ING/l'
U6 0.000 0.5.)')6 O.uOS t LOAD iNO/1 '
2li ';'0.396 9.U58 0.005, 'LOADING/l'
47 0.(:00

" 9/458 O.(JO~ ILOADIMG/1'

30 -0.396 1!4.049 0.005 -~LO~.e ING/l'
49 0.000 1'4.049 u•.UC5 'LOADING/1'
42 0.000 "11! .327 0:003 ! ...;iMD IHGI 11
50 O~OOO ;.\11.326 0.004 i lO.AD!Nt:/l'
45 ;).000 ~1.208 ;0.005 tLOAOING/1'

0.000 !
.

52 -1.208 0.004 c'LOADING/1'
51 0.0001 -6.232 O.OOI~ 'LOADING/1'
53 0.00.9 -6.232 0.005 'LOA!) WG/1 '
48 0.0("0 12.•028 a.oo!' 'LOAOING/1t
55 0.060 t?028 G.oos 'LOADING/l'

54 orcco -0.00$ 0.005 ~LO(lOING/1 t

56 f). 000 -O.OGO 0.000 tLoADING/l'
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~ (CASE 3)
*****~,...*

NU~ER Of JOIIHS .,i= i 4"1
NUMBER OF -MEMaER~ .. ',! 51

:,'1 \'1
NEW· NUMBER !NC SC~El-!\EWITH MAXIMUM
JO I NT NUMBER 0 I FFi~R~NCE Of i~

,fOR I NfERNAL USE j)N~I(.
WILL OE LISED BY TI~E i~UBSYSTEM

NLiMBER Of SUPPORT;. ~! 2
i

'REACTlONS IN GROU~,' ~:UPPORTSJLL3 •
.JOINT DIRECTION I, fORCE ~IOMENr LOADCASEKN KN*H

12 'X' !! 0.1)08 0.000 'LOADING/1 t,

12 'yl i! 9Q,724 0.000 'LOAD ING/ I',

12 'z' , 0.000 0.000 'LOAD ING/l'
56 'X' 'i\ 0.000 Q.OOO ·LOADING/1!
56 'y' u 70.65/J 0.000 'LOAD ING/tl

56 'z, \i 0.000 0.000 'LOAD ING/l i
:,
"Ii

t FORCES I ill GROUP Mti~IlERS '
II MOMENTMEMBf.R C;;)I~PRESSI ON SIfEAR lOADCASE

I,i KN KN l<N*M
1, 2 0.000, :', 0,.000 0.001, ~7.962 -0.004, 2.700 'U.)AOING/1 '
2, 3 0.000" \1 O.{)OO -7.964. ,.,~15.921 2.699. 10.790 'LOAD IHG/1'
3, 4 0.000" I' 0.000 ..15.928. -2,?C393 10.794, 21,328 'LOAD INGj1'
4, 5 0.000,,,I, 0.000 ~22.393, "28.857 2'1.328, Z5.42:t 'Lu.";fl , NOll f

5, 6 1.01~'.',',1.125 -28.829, -32.050 35.422, 11·3.801 'LOAD INt./t'
ii 1;'1

;,

6, 7 1•131i~ , 1.21~2 -32.078, "35.305 ll3ti 805. 53.062 'LOAD ING/1'
7. 8 1 2411, .• 1.354 -3::>'289, -38.521 53.062~ ~3.223 'LOADING/1'
8. 9 1: 35~i: 1.467 -38.536, ..41/763 63.224. ~,4.2513 'LOAD ING!1 '
9. 11) 4.94. II' 5.248 -4L493. -44.029 14.269. iU.593 'LOADI NG/l'

10, 11 11: l2"1~ 11.755 -42.934. -45.396 83.600, 93.482 'LOADING/1'
11, 12 6.230~ 6.568 -46.464, -48.989 93.485, 103 ~'<)24'LOAD ING/l'
12" 13 -1.54:), '~1.480 41.288, 39.558 103.928. 91'.898 'LOADING/"
13, 14 0.000, O.OCO 39.546, 32.915 97.902, 77.463 'LOADING/"
14, 15 0.000, 0.000 32.910. 26.278 77.462, 60.765 'LOAD INO/1 t

15, '6 0.000, 0.000 26.277, 19.645 60.765. 4"'.809 'LO,AD I MG/l r

16, 17 O"QOO, 0.000 19648. 13.016 47.808, 3S .591~ 'lOADING/1'
17, 18 0.000. 0.000 13.015. 6.383 38.594, 33.122 'LOP,DING/l'
18, 19 (J.OOO, 0.000 16.757. 11.673 33.121. 26.976 'LOADING/,'
19, 20 0.000. 0.000 11.667, 6.58,3 26.976. 23.021 'LOADING/l'
23. 24 0.000. 0.000 9.502, 4.418 6.439. 3.428 'LOAD ING/l'

24, 2'5 O.OOOi 0.000 4.420, -1),663 3.4:?~. 2.616 'LOAD ING/l r

2e, 29 O.OOQ. 0.000 2.257, -2.827 -1.25'-1-, -1.141 'LOADiNG/"
29. 30 O.OQO, 0.000 -2.825, -1,909 -1.133. ,) .183 'LOADING/1'
20. 2:1 0.000, 0.000 19.156, 12.890 23"0~!8. 13.416 'LOAD ING/1'
21, 22 a.()OO, 0.000 12.891, 6.n15 13.4'76. 7.946 ilOAD INOll'

,i 'lOADING/"22. 23 Q;OOO, 0.000 6.011, -0.865 7,(;46, 6.439
25. 26 0.000, 0.000 12.523 .. 5.647 2.615. -2.699 'LOADING,!,'
26, 27 fO.OOO, 0.000 5.645. -1.231 -2.698. ·'3.990 'LOAD ING/1'
27, 28 0.000, 0.000 -1.230 .. -8.106 -3,.,990. -1.259 'LOADING/1'
30, 31 IJ .000 .• 0.000 5.279, 0.002 1.186, -0.002 elOADING/l'
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troRC£S IN GROUP LINKSi31
SHEArt!iMEMBER COMPRESSION Kti K~

I:
18, 4l -10.375" -10.315 0.000, 0.00(1
20. 43 -:-13.188, -13.188 0.000, o .00('
23. .1,1.f. -~~10"367, -10.367 0.000, O.OQi)

;\ .... ,

46 :12~ .. -nqao. -13i~180 0.000, O.OGO....
28. 47 -to.£7.5. -1(\'! ~15 O.OOtl, 0.0(11)

"30, 49 -13.188, -13 .18d 0.000" o .OO~~42, 50 -23.563, -23;563 0.000, 0.001
.w-r; 52 -23.551, -23,551 0.000, o.oot •\ 1,
51, "'3 -41..,063. -47,063 0.000, 0.000
48. $5 -23'.500, -23;500 0.000, O.OOC,I

54, 56 -71).654. -70.654 0,000, 0.000
41, 4'" 0.000, 0.000 -lO ••H3N "10.3U'.e.
44, 45 0.000, O.rOl:O -10.J?9. -10.359\\
4". 48 0.000, 0.1)00 -10.375. -10.375 i',

-. 42. 43 0.000, 0.000 13,. H\8'f 13.188
\',

1~5• 46 (>,000, 0.000 13. 18i,. 13. 184
48,.-. 49 C.Oljt:l. 0.000 13. 18e. 13.188
50, 51 0.000, i)~UU(} ~23.551. -23.551
~1. 52 0.000, 0.000 23.551,. 23.~'51
53. 54 0.000. 0.000 -47.105. -47.105
54. 55 0.000, 0.000 23.•552, 23.552

'OlSPLACEMEN15 I~ GROUP r-tEMBt:RS'
JOINT XDEr YDEF ZROT LOAD CASE

MM t~H RAD
·'0.064 -35,;903 0.011 'LOAD 1NG/l t

2 -0.064 -~J.'.··nD 0.011 'LOADING/1'
3 -0.064 -2.l"·.~!68 0.011 'LOADING/l'
lj -0.064 -14.995 0,010 'LOADING/1'
:; -0.(164 -9.810 0.009 'LOADING/l'
6 -0.056 -7.545 0.008 'LOADING!l'
7 -0.050 -5.537 0.001 'LOADING/l'
8 ~0.O44 -3.80~ 0.006 'LOADING/l'
9 -0.039 -2.355 0~OO5 'LOADtNG/l'
10 -0.028 -1.423" 0.004 'LOADING/l t

-0.009
\\ 'LOADING/111 9.652 0.003

12 ~O.OOO -0.000 ! 0.003 'LOADING/1'
13 0.015 O,~94 0.003 'LOAOING/l'
14 0.015 1.562 0.002 'LOADING/1'
15 0.O1~ 2.291 0.000 !LOADIHG/l'
16 0.015 2.694 0.000 'LOAD ING/1'
17 0001\) 2.824 0.000 'LOAD ING/"
18 0.,015 ~.737 -0.000 'LOADING/"
19 0.015 :L~47 -o.oeo 'LOADING/"
20 0..015 2.269 ~O.OOO 'LOAIlING/l'
23 0,015 0.589 ·0.001 'LOAD IHGn t

24 {L015 (~.107 -0.001 'LOADING/1'
25 0.015 -0.386 -0.001 'LOADING/l'
28 0.015 -2.361 -0.001 'LOAD I!'tO/lt
29 0,015 -2.826 -0.001 'LOADING/l '
30 0.015 -3.288 -0.001 'I_MOl NG/l'
21 0.01S. 1.780 -0.000 'LOADING/l'
22 0.015 1.209 -'.).001'LOAOING/1'
26 0.015 -1.061 -0.001 'LOADING/'·
27 0.015 -1.722 -0.001 'LOADING/t I

31 0.015 -3.768 wO.OOl 'LOADING/1 '
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0.000,
0,000,
0.000,
0.000 •
0.000,
0.000,
0.000,
0,000.
0.000,
0.000.
0.000,O.oaOi

-0.000,
0.004,
5.063,

\,
\

~IOMt~T
': J(,N1fM

0\.000 'LOAD ING/l t
0(011') 'LOADINGn'
0,'000 'LOAD fNG/ll

0.000 'LOAD ING/1'
o.ooo ttOAOING/1'

O. ooe ILOJ\O iNOll'
0.000. 'LOAD IN,t.j! l'0.000 \'LOAD iN";/1t0.000 \.'LOAOI NG/l t0.000 \LGADING/1'
0.000
r".020
5.016

/ 5.016
;/0.063:~/

5.020. /
5.COO. J-0.004,(

30.d53.;;o.OOop
61.705/t

('

1/
Ii

O.OO::!
0.000

:iO.855..0.000
61.704
"0.000

\\ r

'IiOADINGpt'
'l'pADING/l'
'U)ADING/l''LQ.ADn~G/1'
tL;O\~OING/1 '

..

'LOAD INGll,eLOAI\)ING/1''LOAt.'.I NG/1 '
'LOAD,ING/l '
'LOAD\I NG/,'

'LOAD j'i~G/1 •



'$ISPLACEMENTS IN GROUP UNKS/3'
~jOINT XOEr YOEr ZROT LOADCA~EMM 101M RAil

18 0.015 2.737 -0.001) 'LOAD I NG!l'
41 0;000 2.738 ~O.OOO ILOAD!NG/l'
20 r ().O15 2.269 -0.000 'LOADING/1'
tn'~>"o.o:)o 2.209 -0.000 'LOAD iMG/l' Ii

1\
23 0.015 0.589 -0.001 'LOAD ING!l' I)

44 0.•000 0.5ag -0.001 'LOAnING/i~
25 0.015 -0.386 -0.001 'LOAD IHOlY .
46 0.000 -0.366 -0.001 'LOAD l:!'iC: ~\ \
28 0,015 ·2.361 -0.001 'LOAD ING/1'
l.!7 0.000 -2.361 -0.001 'LOADING/l'

30 0.015 -3.288 -0.001 'LOAOING/1'
49 0.000 -3.287 -0.001 'LOAOING/1 t

42 0.000 2.416 -0.000 'LOADING!1'
50 0.000 2.476 "0.000 'LOAD!NG/1'
45 0.000 0.044 -0.001 'LOADING!l'

52 0.000 0.044 -0.000 'LOADII\C/1 t

5i 0.000 1.285 -v.OOO 'LOAD INeill'
53 o.()OO ..1",285 -0.000 'LOAD I NG!1'
48 0.000 -2.879 -0.001 'LOADING!"
~5 0.0.00 "'2.819 -0.001 .' LOAf) I NOll'

51!. 0.000 -0.002 -0.(;01 'LOAD IHGI t t
56 0.000 ~o.ooo 0.000 'LOAD "lG/1 t
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II
Ii

.11 -
!:(,:---,
Ii i! ,RESULTS FOO SUPPORLAT k.IN(;-PIHAND FRONT AXLE - LOADIHG/1 ..

*"******(~****************~********************************

(!_

((!ASE I~)
***_it**

NUMBER Of ,IOllHS "" ,;:,
vI-~

NUMBER OF "'EMBERS .:I;;
fJ,,",/ NEW NUMBERING SCHEME WITH MAXiMUM

JOINT NUMBER DIFfERENCE OF 3
.fOR INTERNAL USE ONLY,
WILL BE llSED BY THE ZUB~YSTEH
NUMBER OF SUPPORTS = 2

'REACTIONS IN GROUP SUPPORTS/f' 0
JOINT DIRECTION fORCE MOHE'f'r LOADCASE

;(N KM*H

:3 'X' -0.033 0.000 'LOAD IHG/1'
1 'V' 211,.352 0.000 'LOAD ING/1 t

3 II~* {l.OOD 0.000 'lOAD ING/1 t

50 'X' 0.000 0:000 'LOAD INCn'
50 tV' 141.019 0.000 'LOAD !.rm/1'
50 'z' 0.000 O.OOQ .'LOA1HNG/1'

'FORC~S .IN GROUP HEMB~RS'
HEM IiR COMPRESSION SHEAR MOMENT LOADCASE

J<N KH KN*M
(I

1. 2 0.000, 0.000 0.000, "7.963 -G.OOO. 2.698 'LOADliiG/l '
2, 3 0.000, 0.000 -7.964, -15.928 2.698, 11).791 'lOADING/"
3, 4 -0.033, -0.033 4.425, -2.040 10.791, 10.135 'LOADING!1'
4, 5 -0.033, -0.033 -2.037, -8.502 10.136. 13.034 'LOADI.NG/l'
5, 6 0.264. 0.371 -8.500, -11.733 13.039. 15.815 'LOAD IfiG/11

6. 7 0.371, 0.490 -11.730, -14.960 15.816. 19.49.2 'LOAD ING/l'
" . 8 Q.491, 0.608 -14.972. ~18.199 19.488, 24.051 'LOAD IHG/l t

,,8, 9 0.601. 0.716 -18.169. -21.412 24.055, 29.500 'LOADING/l'
9. 10 2.501, 2.612 "21.294. -23.834 29.503, 34.425 'LOAD ING/l '

10. 11 5.992, 6.652 -~3.256. -25.701 34,417. 39.913 'LOAi)INO/l'
11, 12 3.525, 3.864 -26.29.5, -28.797 39.909, 45.921 'LOADING/l'
12, 13 1.088, 1.154 "29.054, "'30.805 45.959, 50.397 'LOAOING/1'
13, 14 0.000, 0.000 -30.811. -31.449 50.394, 69.648 'LOAD ING/l t

1l~. 15 0.000, 0.000 -37.469. -44.101 69.648, 92.659 'LOADING/1'
15. 16 0.000, 0.000 -44.075. MSG.707 92.656. '19.394 'LOAOING/1 t

16, 11 0.000, 0.000 -50.715. -'j7.347 119.398, 149.886 tLOAOIK(;/1 '
17, 18 0.000, 0.000 -57.364. -63.996 149.882, 184.116 tLOADING/lt
18, 19 0.000, 0.000 -1.900, '6.983 184.113, 186.043 'LOADING/l'
19, 20 0.000, 0.000 -6.985, -12.059 186.042, 190.166 .t~OADING/l '
23, 24 0.000, 0.000 46.229. 41 lIt6 90.921, 72.023 'LOADING/l'
24. 25 O~OO!). 0.000 41.229, 36.146- 72.027, 55.324 'LOAOING/1'
28. 29 C.OOO, 0.000 15.417 • 10.333 10.183, 4.496 'LOADINGi1 '
29, 30 0.000, 0.000 10.042. 4.958 4.433, 1.308 'LOADING/l '
20, 21 0.000, 0.000 66.872. 59.995 190.167. 153.063 'LOADING/1'
21, 22 0.000, 0.000 59.993. 53. '111 153.058; 119.980 'LOADING/1'
22~23 0.000, 0.000 53.126, 46.249 119.984, 90.313 'LOADING/1'
25, 26 0.000, 0.000 36.126. 29.249 55.327, 36.238 'LOAD ING/l ~
26. 27 0.000, 0.000 29.251, 22.374 36.245, 21.H1 'LOAD IHG/t'
27, :!8 0.000, 0.000 22.313, 15.437 21.179. 10.132 'LOAO~NG/lr
30, 31 0.000, 0.000 5.451. 0.174 1.191,. -0.053 ILOAD ING/l r
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'FORCES IN GROUP LINKS/f:
MEMBER CCMPR£SSION

KI<

18,
20,
41,
42,,...,~G;.,

41 -62.063,
1~3 -78.9S8,
42 O.nOG,
4:j 0•.000,
50 ~'!kn.019,

-62.063
-78.938

0.000
0.01)0

-141.0H)

o
O.OiU:U,

~61.938,
79.063,
{l.OOO.

0.000
O.ilOO

~61.938
u'') .063
0.000

'D I SPLACEHEtfTS I i! GROUP MEMBERS IJOINT XDEf YDEF ZROT
!'1M MM RAD

LOADCASE

1 0.000 -5.974 0 .•1)05 t LOAD INGri '
2 0.000 -2.922 0,0(1" 'LOADINGj1'
3 0.0(10 -0.000 0.004 'LOADING!"
4 0.000 2.105 00004 'LOADING/l'5 0.000 3.926 0.003 'leADING/l'
6 03J27 4.713 0.003 'lOAt)ING!l'
7 0.051 5.407 0.002 IlOAD ING/l'
8 0.071 6.00') 0.<)02 'LOAOHlG/t'
9 0.088 6.484 0.002 'LOAIHNG/l'
10 0.122 6.782 0.001 'lOAD ING;'l'

11 0.181 >7,.015 0.000 'lOADING/l '
12 0.204 1.(;77 0.000 'LOAD INGi'l,
13 0.208 7.2~8 0.000 !LOAOtNG/l'
14 0.208 7.487 0.000 'LOADING/"
15 0.208 7.281 -0.000 'LOAD IHCll t

16 0.208 6.572 -0.002. 'LOAl)iNG/1'
17 0.208 5.192 -0.G03 'LOAD tNG/1'
18 0.208 2.978 -0.005 'LOAD! NG/l'
19 0.208 0.614 -0.006 tLOADHtG/l t

20 0.208 -2.358 .,.0.008 'LOADING/1 '
23 o.2na -19.801 -O.OU 'LOAD~HG/l'
24 0.208 -25.038 -0.012 'LOAD INGIt'
25 0.208 -30.510 -0.013 ILOADINGj,'
28 0.208 -54.118 -0 •.014 'LOAOINGj1'
29 0.208 -60.095 -0.014 'l_OADING/1 r

30 0.208 -66.089 -0.014 'LOAIHNG/1'
21 0.208 -7.323 -0.009 'LOADIHG/l '
22 0.208 -13.203 uO.Oll 'LOADh,G/1'
26 0.208 -38.191 -O.Ol~ 'LOADING!1j
27 0.208 -46.090 -0.014 'LOAD IHO/ 1 t
31 0.208 *"12.315 -0.014 !....OADING/l '

/ /
//

'DISPLACEMENtS IN GROt.:PLINKS/F'JOINT XOEF '/DEF ZROT LOADCASE
MH MM RAO

18 0.208 2.978 ~O.O05 'lOAD IHcr--, •
41 0.000 2.979 -0.006 'LOADING/l'
20 0.208 -2.358 -0~OO8 'LOADING!"
43 0.000 ..2.357 -0.006 'lOAD INO/l t

42 0.000 -0.004 -O.0(J6 'LOAD ING/l,
50 0.000 ..,..0.000 0.000 'LOADING/l'
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0.000.
0.000.
O.OOB,

30.055.
0.000,

'),000
0.000

3()'039
0.000
0.000

i'lOAfrINGI1'
'tOMING!l '
'LOADi NGil'
tLOADING/"
'lOADING/1'



RESULTS \lOR SUI'PoRT.a.T KING-PiN. AHD CENTRE AXLE - LOAOING/1 - (CASE 5)*********~*********~*~***************~***********~*****************

NUMBER OF JO IHTS :: 35NUMBER OF MEMBERS '" 35
~~NEW NUMBERING SCHEME.WITH MAXIMUM
\\ JO INT iiUMBER 0 IFFERrNC.E OF ~
\ , fOR I NrER~AL USE ONLY,WILL tiE USED BY THE SUBSYSTEM

NUM8E~ OF SOPPORTS = 2

'Rt;,~110NS If{ GROUP'SUPPORTS/C'
JOI~T DIRECTION FORCE MOMENT

KH KN*M
LOADCASE

:21 'X' 0.064 0.000 'L,OADIN~/l'
I~

'v' 6'!.743 0.000 'LOAD ING/l'
'z' 0.000 0.000 'LOADINGll'

52 'X' 0.000 0.000 'LOAOING/l '
52 'yl 99.637 O.OOQ 'LOAD ING/1 t

52 'z' O.OOQ 0.000 'LOAOING/1r

'FORCES IN t3kOUP MEMBERStMEMBER COMPRESSION SHEAR IItOMENT LoMcASE
KH KN KN*M

1 • 2 0.000, 0.000 0.01)0, -7.963 0.000, 2.697 t LOAD ING/ 1 fcc.

2, 3 0.000, 0.000 -1.964, ~15.927 ~~2.697. 10,790 'LOA~ING/l'
3, 4 0.064, 0.064 45.817. 39.352 >0.790, -12.631 •LOAD U~G 11 !
4. 5 0.064, 0.064 39.350, 32.885 -12.631, "32.491 ILOAD rN~i ~,
5; 6 -1.084, -0.970 32.868, 29.636 "'32.496, -41.102 'LOAD ING/1 ,
6, 7 -0,972, -0 ..862 29.653, 26.435 (1'41.094, ..48.809 'LOADING/1'
7. 8 -0.S59, -0.746 26.421. 23.183 i,-48.80S, -55.633 'LOADING/i'
8, 9 -0.748. -0.633 23.175, 19.944 -55.633, -61.555 'LQADING/l·
9, 10 -2.296, "2 •.014 19.821, 17.268 -61.559, -65.622 'LeAD ING/1 t

11) , 11 -4.321~, -3.727 16.884. 14.401 "65.62~,. -69.122 'LOADING/1'
11, 12 -1.9lS, ~"',637

. ~ 12.187 -69.079, -72.079 'LOAD ING/l ~,,.753.
12, 13 -0.,.',,61,-0.195 '12.208.". 10.457 -72.103. -73.791 rLOAD IMG/1 t

13, 14 0.000, O.uOO 10.558, ~.926 -13.778. ..77.860 'L(,AD I r:G/ 1 t
14, 15 0.000, 0.000 3.937. -2.695 -77.856, -"'8.208 'LOAD INGn '
15, 16 0,000, 0.000 -2.708, -9.339 "78.208. -74.809 'LOADING/"! '
16~ 17 0.000, 0.000 -9.33~. -15.964 -74.813, ,-67.669 'LuAOINGjl I

~7.18 0.000, 0.000 -15.977. -22.409 -67.673, -56.790 'LO.i:\fJINGji'
18, 19 0.000. 0.000 -22,,583, -27.667 ~56. 7t,6, -45.922 'LOADING/i'
19, 20 0.000, 0.000 ;.21.108, -32.792 -45.922. "32.848 'LOADING/"
23, 24 0.000, 0.00l) -9.493, "14.571 42.756. 41.958 'LOAllING{1'
24, 25 0.000, 0.000 -14.5'15, -19.659 47.958. 55.359 'LOJl.D!NG/1'
28, 29 0.000, 0.0(0 15.436, 10.353 10. 141l', 4.570 'LOADING/"
29. 30 0.000, 0.000 10.354, 5.211 4.566. 1.187 'LOAD INGIl '
20, 2"1 0.000, 0.000 -32.769, -39.645 ~32.848. -11.6Ta 'LOADING/1'
21, 22 0.000, 0.000 -39.640, -46.516 -11.669, 13.531 tU)l~OiNO/l'

22, 23 0.000, O:;flOO -46.519, "53.395 13.531. 42.756 'LOAD!N9/1'
25, 26 C.OOO, 0.000 36.075. 29.199 55.359. 36.267 'LOADING/1'
26~ 27 0.000, 0.000 29.196, 22.320 36.266, 21.197 tLOAD IfiG! 1,
27, 28 0.000, 0.000 22.333. 15.456 21.198. 10.148 •LOAD J hO/1 t

30, 31 0.000, 0,000 5.216, -0.002 1.190, 0.002 'LOA&ING/l'

304



fORCES INGROOP L II{K$/C'
MEMBE.R COM?RESSIOI\I SHEAR HOMENI' LOADCp.SE

Kt4 KH KN*M
23, 4'~ ··41.!J38. ·43.938 0.000, n.ooc 0.000, 0.000 'LOAD ING/1 •
25, ~~~ "55.150, -55.750 O.MO, 0.000 0.0001 0.000 'LOADING/1'
44., 0.000, 0.000 -43.87'l. -43.871 ., 0.000. 21 C1246 'LOAOING/l'
45. 46 0,000. 0.000 55.688. 55.688 21.242. 0.004 'LOADING/1'
h5, 52 -99.637. -99.637 0.000, 0.000 o.aoo, 0.000 t LOADlNG/I'

[1

torsPlAGEMENfS IN GROUP MEMBtRS·
JOINT XDrr '{orF znot LOADCASE

MH 101M RA£J
c.

IUJADING/l '1 -0.000 9. 3~:6 ~().O07
2 -0.000 4.154 "(L001 'LOAtH NG/ l'
3 ~o.ooo -o.roo "c~LOO7 'lOAOINGl1'
4 -0.000 -4.023 "0.001 'lOADI.NG/'·
5 -0.000 -1.711) -0.006 'LOADING/l'
6 ~O.053 -9.266 ·0,005 'lOAOINGn'
7 ··0.099 ~10.519 ~O,OO4 'LOADIMG/1i
8 -O.1~5 -1L642 -0.003 'LOAOING/l'
9 -0,163 -12.452 uO.002 'LOAO !tWIll
10 -0.216 ~12.911 ~O.OO2 ILOAOING/l'

11 -0.1>02 ~13.255 -0.001 'LOA::lINC/l'
12 ')"'0.340 -13.504 "'0,000 'LOADING/I'
13 -0.340 -13.6.'18 -0.01)0 'lOAOING/l'
14 ~{L::40- -13,880 -0.1),)0'LOADINC/lt
15 ~0>34rl -i:!.692 O. (WO 'LOADING.!l'
16 -O.3lI0 -1.L071 0.001 'LOADING/l '
1i1 -0,340 -12.031 0.002 'lOAD1NG/l'
18 -e.340 -10.629 0.003 'l.OADING/1'
19 -0.340 -9.333 0.003 'LOAOING/lr
20 -0.340 -7.889 0.003 'LOAD1NG/l'
23 -0.340 -1.493 0.003 ILOt..')ING/l t
21. -0.340 -0.085 (hOOS I LOll) iNG/l1

t,w -0.340 1.166 (;.0fJ3 'LOAD ttW/1',,_?:
2~ -0.340 4,~91' 0.002 'LOADING/1'
29 -0.340 5.650 0.002 'LOADING/l •
30 ~0.340 6.392 0.002 'LOAD INGll', ,
21 ~O.340 ft5.774 0.004 'LOAD INGn'
22 "0.340 -3.592 0.004 'LOAIJING/l'
26 ··0.;140 2.596 0.002 'LOADING/1'
21 -0.340 3.S08 0.002 'LOAUING/1'
3i -0,340 7.158 0.002 'LOADING/l'

II'

'OISI-'L I·F.:MENTS IN GROUP LINKS/C'
JOINT XOEF VDEr: ZROT LOAocMiE

MM MH RAD

23 0.340 ~1.493 0.003 .'lOAOINO/l t

44 0.000 ~1.492 0.003 'LOADING/l'
<:5 ~O.340 1.166 0.003 'LOAD INOll'
'46 0.000 1.166 O.Q{l3 'LOAOING/l'
L~5 0,000 ~O"OO3 0.00i> 'LOAD1MG/~1
52 0.000 -0.000 a.ooo 'LOADINGl1'
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RESOL 15 FOR SUPPORT AT K I HO-? IN AhO REAR AXLE: - LOAD I.NG/l - (\'ASE 6)
***********'***f;****If*************,*********It**lHHt******,It+.* *+ilIt*****)

NUMBER OF JOINTS"" 35NUMBER OF MEMBERS ~ 35
NE!'" NUM"ER I NG SCHI::ME iii I TH iliiUM
JOINT NUMBER DIFfERENCE OF 3

•FOR INn::RNAL LISE ONLY,
WILL BE USED. BY TIiE SUBSYSTEM

NUMBER OF SIJPPORTS :: 2

; HEACn ONS IN GI'{OIJP SUPPORTS/R i

JOINT DIRECYION fORcr MOMfNT
I<N ,KN~H

3
3
3

IX'
'y'
'Z'

0.18584.351
0.000
0.000

17 .040
0.000

t PCRCES I N GROUP MEMBERS'
MEMBER COMPRESSIONKN

6. 7
7 8
8, 9
<). 10
10, 11

11, 12
12, 13
B. 14
14. 15
15. 16

16, 17
'17. 18
18. 19
19. 20
23. 24
21~. 25
28. 29
29, 30
20, 21
21, 22

2
3
4
5
6

0;000,f).OOO.
0.185.
0.185,
-1. 7S3,

-1.641,
-1.525,
-1.1116"-4.849,
"9t915,

-4.960,
-1.307•
0.000,
0.000,
0.000,

0.000.
0.000"0.000.0.000,
0.000,
0.000,
0.0(10,
0.000.
0.000,
0.000"
0.000,
0.000,
0.000,
0.000,
0.000,

0.000
0.000
0.185
O. i85
~1.63S

-1.527
~1.414
"I. 302
-4.603
··9.39T

-4.642
"'1.242
0.000
0.000
0.000

0.000
0.0000.\)00
0.000
0.000
O.OuO
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.0'.10

LOAOCASE

0.000 'LOADING/1'
0,000 !LOADING/!'
{I"OOO 'LOAD INO!"
0.000 'LOAD IHG/1'
0.000 'LOADING/'·
0.000 'LOAOING/"

0.001,
-7.965.
68.432,
61.963.
55,.476.
!}2.259i
4~J.001.45.795.
42.29"{.
38,",99.

37.135.
34.956,
33.128.
26,503,
19.818,

13.253.
6.628,

-'"0.021 ..·
-5.083,

-30.111,
-35.896,
-21.552.w32.646.
''''10.124,
-17 .062.

-23.874,
-40.937,-47.824,
-54.130,
!;'295,

SHEARKN
-7.962

-1,5.928
61.96755.498
52.238

49.02.5
45.765
42.564
39~i75836.301
34.677
33.19826.497
19.872
13.247

(5.622
-0.003
-5.104

-10. 16"{
-35.854
-llO.979
-32.636-37.129
-11.001
-23.938
-30.751
-lrI.813
~54.100
~61.606
0.011
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(l.(JOO,
'2.697,
10."1&9,

-25,.073,
"57.371,
-72. '195.
-86.12'1,
-99.160,

-c~11.261.
"120.204,
-128.767.
~136.603.-141.645.
-158.4"77,
-111.571,

-180.923.
~186.532.
--HI8.379"
-187.317,-148.0"i5,
-133.653.ft27.047.
~14.028.

~184.009,
-176.051,

1'~

-164.067 .•
...1,., .040.
-91.061,
-ti1.01"I,

1.186,

LCAOCAstMOMENTKH*M
2.696 'LOADING/1'
10.7/39 tLOADI'tW/1'

-25.010 'LOADING/1'
-57,371 'LOADING/"
-72.199 'LOADING/l'
-86.125
-99.164

...11'1.317
-120.329
-128~161
-136.517
-141.603..1!i8.471
-111. !rl,)
~18{),923

-186.532-188.407
-181.317
-184.004
-133.629
-117.u<12
-'14.032

1.188
"'116.048~164.061
-148.063
-91.063-61.067
-27.048
0.002

tLOADINO/l''LOADING!1'
'LOADING/1''LOADING/1''tOAOING/ll
'LOAD ING/l'
'L'O.,DING/1'
'LO~UING/1'
'LO-'DING/l'
'LOADING/1 t

'LO.6.D I NG/l1
'LOADltIG/l '
'LOADING/1'
'LOADING!l'
'LOADING/I'

'LOAIHNG/1''LON»ING/11

'LOADING/l''LOAOING/1''lOADING/1'
'LOADING/l'
'LOAtlING/1~
'~.OADING!"
'LOADING/l''LOAD ING/l'



'\ i,1

'i' Ii

'fORqt~ IN GROUP LINKS/R'
I4E~~!-R COMPRESS1,0'"

. KH
SWlAR

,:H

~33.S75
~43.000

0.000
0,000

...11.040

0.000.
0.000,

..,)3.l!75.
43.18~.
0.000.

0.01]0
0.000

-33.13"15
43.18&
0'.000

-33.875 .•
-43.0(;0,

0.000,O.OOG.-77.040.

'!) I SP!~AcEMtNrs I H CRCUP MEMBnis! .~'
JO I !'H XtlEF '(OEf zsor

....M MM HAl)
LOAOCASE: li

~o.ooo 2!L")45 -O.019·'LOAOING/11

-, ~O.OOO i2.83T oO.019"LOAOING/11e:
~: -0.000 ~O.OOO ~O.019 'LOAOIHO/11
I.t. -0.01'10 ·10.529 -0.019 'lOAPIHG/1'
5 ~O,UOO -20.386 -O.~17 'LOADINC/,'

6 -0.153 -24.199 -0.015 'LOAI)ING/1'
7 -0.290 -28.78"( ~O,Oi4 'LOAOING/1'
8 -0.413 -32.332 -O.0~2 'LOADltH'>/1'
9 -0.520 -35.430 "0.010 'LOAD IPiG/1,
10 ~O.770 w37.556 -0.009 'LOAD INell'
11 -1.255 "39.41J9 ...0.008 -LOADING/l'
12 -1,487 -41.178 .,0.008 'LO.AO I ~lG/1'
13 -1.528 -42.:2:95 -0.007 'LOADINGj"
14 -1.528 -46.011 -0.006 'LOAD I f4G/ l'
15 -1.528 -48.'850 -0.004 'LOADING/"
16 ~1.528 ~50.n8 -0.002 'LOAD ING/ 1 '
1"4' -1.528 ~51.62:l -0.000 'LOAIJ INOll'·
18 ~1.528 -51;476 0.001 'LOAD I NG/t 1

19 -1.528 ~50.655 0.00.3 'LOADING/."
20 -1.528 -LI9.225 0.004 ·LOADI~G/ll

23 -1.528 -37.494 0.009 tLOAOI NGl1 t

24 -1.528 -33.291 0,010 'LOAD INOll '
25 -1.528 -28.65:! 0,011 tLOAOING/l t
28 -1.528 '"6.598 0.013 'LOAD I NGJ l'
~9 ,·1.726 -0.728 0.014 'LOAOHIG/l '

30 -1.528 5.187 0.014 clOAOIHG!':' '\
21 -1.528 '"_46.339 0.006 'LOADING/1 '
22 -1.528 -1~2.405 0.008 'LOADING/"26 ~1.528 -21.782 0.012 'LOADING/1'
in -1.528 -14.371 0.013 'LOAD ING/l'

;31 -1.528 1.1.333 0.(l14 'LOAD INC/I ~ r

~DISPLACEMENTS IW GROUP L iNKS/R IJOINT XOEr YO!::I' :lROrMH HM RAD LOAOCASE

28 -1.528 ..6.598 0.013 'LOAOINQ!l'
IH o .eoe ~6.598 0.014 'LOAOING/l1
30 -1.528 5.181 0.014 'LOAf,)ING/l'
49 0.000 5.HZ1 0.014 ILOAOING/l'
48 (~.OOG ~O.OO2 0.014 ~LOAD ING/1'
55 0.000 -0.000 0.000 »LOAOINO/l'
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1).000,
0.000,
O.02d,

16.563,
0.00(;,

Ii

L(X~OCASEMOMENTI{N*M
0.000 'UMDING/l t
0.000 'LOAOING/l'
16.318 'LOADING/"
-O.OI~7 tLOAOING/110.000 'LOAOING/1'

!I



RESULTS FOR SUPPORT AT KING-PIN AND fRONt. & CENTRE AXLE - LOADING/1 ...{CASE.1)
****************I1**,,********l\"i**-It~fi*****"'****************It**** ****** *~***lt***

NUMBER OF JOINtS = 41
NUMBEP. OF MEMBERS = 43

NEW NUMBERINGSCHnl!: t.fITH MAXIMUM
JOINT NUMBER DIFFERENCE OF q

.FGR INTERNAL USE ONLY,
WIl.L BE USED BY THE SUBSYSTEM
NUMBER OF SUPPORTS '" 2

'REACTIONS IH GROUP suPPO~rS!FC'
JOINT DlkECIION I"ORGE MOMENTKN KH*M LOADt;tASE

3 tx' 0.011 0.000 I LOAD IHGIl •
3 'y' 44.606 0.000 'LOAOING/1
3 'l' 0.000 ().OOO 'LOAD 1NG/1'

53 'X' 0.000 0.000 'LOAOING/l '
53 'y' 116.769 0.000 'LOAD 1NO/t j
53 'z' G.OOO 0.000 'LOAD INe/t'

tFO~CES IN GROUP MEI"!BERS~
MEMBER COMPRESSION SHEAR HOMEI\IT LOAOCASE

KN KH Kl.#M

1. 2 0.000, 0.000 -0.000, -1.964 0.000, .2 .6lJ8 vLOADING/1'
2,. 3 0.000, 0.000 -7.964. -1~.9?7 2.698, '10,79(,·LOADING/",
3, 4 0.011, 0.011 28.679. 22.214 10.790, -3.205 'I.OAOING!"
4. 5 0.011, 0.011 22.214, 15.749 -3.21)5. ~13.1.)45 'LOAD lNG/ ,I
5. 6 -~o.539, -0.426 15.7L.O, 12.50.9-' "13.645. -17 .532 'LOADING/1'

6, .. -0.426, -0.313 12.513. 9.280 -17 .532 • -20.530 'LOAD ING/1 tI

7, 8 -0.314, "'0.200 9.283, 6.053 -20.530, -22.638 'LOAt)!NG/l '
8, 9 -0.200, -0.067 6.055. 2.825 -22.6;;)8, -23 ~S9 tLOP<OING/11
9, 10 -0.322, ~O.025 2.800, 0.271 -23.b60. -24.192 'LOADiNG!"
10, 11 -0.061, 0.570 0.274, -2.201 -24.196, -23.977 ~!L\)ADIriG!)~
11, 12 0.302, 0.641 -2.284, .-4.748 -23.97;'. -23.212 'LOAOIIIG/1 t." 13 0.180, 0.21u1 -4.811, -6.562 -23.209, -22.361 'LOAD IHG/l'I~,
13, 14 (J.OOO, 0.000 -6.571 .. -13"203 -22.361 .. ~16.181 'LOAD ING/l •
14, 15 0.001), 0.000 -13.203, -19.835 -16 ...782" :"1.462 'LOAD INOli f

15. 16 0.1)01l' 0.000 -19.835. ~2.6.467 -r '-..112:. 5.600 ILOADING/1'
1I'j. 17 0,1)00, (i.OOf) -26.468, -33.099 5.600, 22.403 'LOio\DING/1'
'17. 18 0,000, 0.000 -33.099. -39.731 22.403, 42.94!i 'LOADING!1'
18. 19 0.000, 0,000 Iq.01~. "19.091 42.948, 50.108 t LOAD 11i0/1t
1'9. 2G 0.000, 0.000 -19.095. -~4. 179 50.108. 59.467 ILOAIJING/1'
23, 24 0.000, 0.000 13.5~r7. 8.474 62.613. 57.913 'LOADING/1'
zu, 25 0.000, 0.000 '3.479. 3.396 57.911, 55,352 ILOAD I NO/\ '
28. 29 0.000, 0.000 15.479. 10.396 10.144. 4.562 'LOAOING/lt
29. 30 0.000, 0,000 10.354, 5.271 lL570. 1.183 ILOAOINUll'
20, 21 0,1)00, 0.000 8.481. 1.605 59.467. 56.514 'LOAD INGn •
21, 22 0.000, 0.000 1.610. -.5.266 !:itL514. 57.584 'LOADING/l'

'(
2'> " - ..:;.268, "'2.144 62.678 'LOADING/l'.... 23 0.000. 0.000. 51.584,
25, 26 0.000, 0.00(1 l6'.<IQl-. 29,191 55.346, 36.260 'LOADING/"
26, 27 0,000, 0.000 29.201j~-- 22.324 36.257, 21.191 'LOADING/1'
27, 28 0.000, 0.000 22.313, 15.437 21.187, 10.140 'LOA))!NG/l'
30. 31 0.000. 0.000 5.264, -0.014 1.182, -{l.OO2 'LOAOING/l'
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'FORCES IN GROUP LINKS/fe'
MtMBER COMi'RESSION SHEAR MOMENt 1.0ADCJlSE

KN KN KN*M
i8, 41 -25.750, -2::).750 0.000, 0.000 0.000. 0.000 'LOADJ NG)'I'
20, 43 -32.625. -32.625 0.000. 0.000 0.000, 0.000 'lOAD INOli r

23, 44 -25.711, -25.711 0.000, 0.000 0.000, 0.000 'lOADING/l!
25. 46 -32.688, -32.686 O.Ouo, G.OOO 0.000, 0.000 'LOADING/I'
41, 42 0.000, 0.000 -2!L6S8, -25.688 0.000, 12.449 'LOAD INGll"
44, 45 0.000. 0.000 -25.684, -25 .68l~ 0.008, 1'~,.434'LOAD; NO/1'
l.2. 43 o.UOG, 0.000 32.688, 32.688 12.449. -0;004 'tOADING/1 t

45, ll6 0.000, 0.000 32.688, 32.688 12.1~41. 0.004 'LOAD I NGl1 '
50. 51 0.000, 0.000 ~58.388. ·58.388 O.UOO~ 16,48J ~U)AO INOll '
51, 52 p.ooo. 0.000 58.382. ~8.382 76.483, 0.000 'LOADING/1'

,'I

1!2. 50 ~~"8.375. -58.375 0.000. 0.000 0.000, 0.000 'LOADING/1'
liS) , 52 -58.438, -58.438 0,000, 0.000 0.000, 0.000 'LOAD iNOll t

5"1, 53 -116.769, -116.169 110000. 0.000 O.OQO, 0.000 'LOADING/1'

'OISI'LACEMENTS IN GROllP MEMBERS!
JOINT XDEF VIlEf' Zf{or LOAOCASE

MM HM RAO
1 -0.000 1.608 -0.001 'LOAD INC/ I r
2 -0.000 0.869 -0.001 'LOADING/1·
3 -o.coo -0.000 -0.002 'LeADING/"
4 -0.000 -0.913 -0.002 'LOADIHG/1 '
5 -0.000 -1.,46 80.001 'LOAOING(."
6 -0.010 ~2.044 -0.000 'LOAOING/l'
7 -0.017 -2.240 -0.000 'LOADING/l'
8 uO.020 -2.330 -0.000 'LOADING/1'
9 -0.019 -2.318 0,000 'LOADING/"

10 -q-<\09 -2.21,1 0.000 'LOAD ING/l'
11 0.023 -2.116 0.000 'LOADING/"
12 0.043 -1.961 0.000 ILOAD INGIl '
13 0.01J8 -1.842 0.000 'LOAD ING/1'
14 Q,OM -1.318 0.001 'LOAOING/lt
15 0.048 MO.702 0.001 tLOAI)ING/l t
16 0 1I.l48 -0.046 0.001 'LOAOING/"
17 0.048 0.51'1 O.OU1 ·LOADING/l'
18 t~.11)l48 1.074 g:\~gg 'LOAD ING/l t
19 If', 048 1.305 'LOADING/1'
20 Q'\ 'J48 1.372 -0.1)00 'LOADING/lt

23 0.048 -0.271 -0.002 'LOADING/1'
24 0.049 -1.163 -0.002 'LOADING/1'
25 0.048 -2.245 wO.OO3 'LOAD!NG/1'
28 0.048 -8.004 -0.004 'LOADING/"
29 0.048 -9.581,J ~O.OO4 'LOADING/1'
30 0.048 -11.179 -0.004 'LOAD INtJ/1j
21 0.048 1.166 -0.000 'LOADING/l'
22 0.048 0,620 -0.001 'LOAD I NG/l'
26 0.01.8 -3.916 -0.003 'LOADING/1 ;
27 0.048 -5.926 ·0.003 'LOADING/1'
31 0.048 -12.839 "0.001l 'LOAOING/I'

'I)I;);PLACE:MENTSIN GROUP LINKS/FC'JO~NT XOEF VDEF ZROTMH MM RAO LOAOCASE

18 0.048 1.074 0.000 'LOA!)1NG/1!
41 0.000 1.074 0.000 'LOAD!NG/1'
20 0.048 1.3/2 -0.000 'LQADING/1'
43 0.000 10313 0.000 'LOAD INGll f

23 0.048 -0.271 -0.002 'LOADING/1'
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1~4 O.QOO -0.211 -0.002 1LOADING/1 "
2~ O.O~8. ~2.21~5 -0.003 'LOAD INGO'
46 0,000 -2.245 -C.OO:? tlOAOiNG/1'
42 0.000 1.242 0.000 'LOADI NOll t

45 0.000 -1.374 -0.002 'LOAD1Hef' I
50 0.000 1.242 "'0.000 t LOAD I NC/I'
51 0.000 -0.003 ~O.ooo 'LOAD ING/l'
52 0.000 -1.374 -0.001 'LOAOING/lr

53 C.OOO ~O.OOO 0.000 'l.OADING/11

*fINISH

SUBSYSTEM USED.~fRAME*ANALYSIS/2
)243 LINES It{purrROM READER
1438 LI NES WP.InEN 10 PR INTER
3867 BLOCKS READ FROM WORK-FILE0926 BLOCkS WRITTEN TO WORK-FilE
OI~89 STORAGEREORGANISATIONS0256 WORD WORK-FILE BLOCKSIZE

~EXIT
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APPENDIX.c

" "

s'rRESS ANALYSIS OF CHASSIS SUB~STRUCTURE

G.l Introduction

This appendix details the d-esign calculations relating to the semi- trailer chas-

sis sub-structure. The term ..chassis sub-structure refers to those portions of

the chassis which contribute to the load bearing ability of the complete struc-

ture,

C.2 Side rails and outriggers

The stresses in the outrigger-side rail structure are analysed for the semi-

trailer subject to loads during loading and unloading operations (eg. forklift

truck tyre loads), The ISO container floor test load(48) is used as a represen-

tative maximum load.

ISO 1496/1 - 1978(E)(48) specifies maximum vertical loads as follows:

5460 kg over two tyres (eg, front tyres of a forklift truck).

- Tyre centres at 760 rum.

The worst case for loading on the side rails and outriggers occurs when

the the two tyre loads are applied on the deck directly above the side rail

(Figure 01). This situation corresponds to a forklift truck or similar vehicle

travelling transversely across the trailer deck at the point where. the front

tyrea are directly above the side rail. A proportion of the 5460 kg total load

is supported hy the transversely mounted deck planks and the remainder by

the outrigger structure.
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2730 kg

2730 kg

Figure c., 'I'ypical Ioading configuration 011 portion

of the side rail

In the following analysis the side rail is considered as a continuous beam

supported over its full length on multiple elastic supports. The supports are

positioned at each outrigger or end rail location, as well as midway between

each pair of outriggers (refer!!Figure C7). Each support is considered as be-

ing made up of a combination of an outrigger and the series of deck planks

immediately adjacent to the support position, or. the series 01 deck planks

alone, as the case may be. This is detailed further in Section C.2.3. Both

the outrigger and cantilevered deck planks will have a certain fle:dbility or

stiffness, and the total stiffness of each elastic support is then the sum of

the individual outrigger and deck stiffaesses at ~hat position. 'I'he prop or-

tions of a particular support reaction carried by the outrigger structure. and
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deck planks, respectively, ate then determined relative to the outrigger and

deck stiffnesses at that support. The resultant stresses in the outriggers are

analysed in Section C.2.5, whilst those in the deck planks are analysed in

Section C.3.

A beam analysis computer program, developed by the author at Henred Frue-

haufTrailers (Pty) Ltd. and based on the 3-Moment equation for continuous

beams, is used in all of the following analyses except Section C.2.1, where

the complexity of the structure preyents its use. This program calculates

\~hebending moments, support reacfions and deflections at up to 26 nodes

along the length of the continuous b~am. Each of these nodes may be either
!\ " "

a support node or a. free node, A finite support flexibility is entered for a.

flexible support, whereas rigid supports have fiexibilities of zero. Very high

flexibilities (eg. 106 mm/N) are entered at free nodes.

C.2.1 Calculation of outrigger flexibility

The outrigger-torsion tube structure is as shown below.

r
~~~ ~---l!J.-: -..._~:~---
....__ 658 nn -! ..""".....---~ 1060 nn --- ......*"'J.........__ 668 nl'l -

Figure C2 Outa-lggerj'toraion tube structure
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Consjderil~.I'jthe centre section of the structure on its own (ie. torsion tube

only), -loaded ai, the left hand end by a moment Ed, the free body diagram,

bending moment' and defiection diagrams are as shown ill Figure C3.

== "J. -~' ':

M{1X) o o

..Fd

y.( X) ~11
__ --.--~_l

Figure C3 Loading and deflection diagrams for a torsion tube

loaded via an outrigger

Applying the Moment-Area theorem(:>o,4a) to this span:
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where It '1S the second moment of area of the torsion tube.

For

Since the slope of the outriggers is always small (ie, maximum slope is

9,88°). the outrigger is assumed horizontal. The deflected shape of the out-I.",

rigger/totsioll tube structure is shown in Figure 04.

rd = 1i68mr 1= !1liiO'm-=-rd= 1i68 nnl
) W

\1

1/
li'

Figure C4 Deflected outrigger/torsion tube structure

The deflection of the loaded end of the outrigger is then calculated as follows:
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/
y'..... deflection due to rotation 'It

~ 'wd, for W small

ree-. sst,

yO = deflection. of cantilevered outrigger.,

Fd3

3EI,)

where 10 is the second moment of area of the outrigger.

For small deflections yll is assumed vertical and the total deflection. at the

load is:

FiP£ Fd3- -+-3EIt 3EIo

Hence the Hexibility of the outdgger/torsion tube structure for a. load applied

to the e:nd of one or the outriggers is:

fOR ~ 'ylF

_ <[:l (e d)
3E. It + 1'0
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where

E =:: 69 X 103 MPa (refer Appendix E)
,\

Whence:

fOR = 6,968 X 10-4 mm/N

r:~r:!in terms of stiffness

1
kOR.= I

== 1435 N/mm

A similaranalysis to the above was also apr ~~dto the upper coupler cross-
i \

member and outrigger structure. In this £. ~ Iength e .is made u:p or .the

upper coupler cross-member anda 150 nun wide strip of tubbing plate [refer-

~P1g";"~eC5).
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r, n

12,'1 M("j

Figure 05 Combined cross-memben/rubblng plate section

The second moment of area term It in the flexibility equation is replaced by

the second moment of area of the combined upper coupler cross-member / plate

section, ie:

I .. . 1 '1··4
OJ = 31 1 2:><:10 mm

FOl' the upper coupler outrigger, the second moment of area ~erm is:

Hence, the flexibility an(~ stiffness of the upper coupler outrigger for H load

applied to its end are, respectively:
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hon = 4176 N/r:nm

C.2.2 Calculation of deck plank flexibility

'The deck planks are supported over the full ~~oonun width of the two main

._,~,,,,,,,,,,.•c I-be~_1r.ntop fia1?;gesand are firmly damped 011 both the inner

outer edglC'8 of the flanges. This is modelled as shown in Figure Cti.

F

L ....f f

;0 : _j_200J ..- 9JJ nn .,

'I r-"-'~"",:::l

Figure C6 Loaciipg diagram for deck plank loaded at side rail

The forklift tyre is positioned with the outer edge of the footprint area level

with the end of the deck plank. The resultant load is approximately 30 mm

f1'0111 the end of the plank.

The beam analysis program discussed above was used to calculate the flex-

ibility of the deck plank for a load positioned as shown in Fi~;ure eG. All

four supports were entered as rigid supports and a unit force was entered for
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result<mt flexibility pel' deck plank is:

rnmj'N

~I Njnl.121

10 ~ refer Section C.3)

J.;,,2.3 f..)6nthlU0l1S beam analysis of side rail/outrigger seructure

Three load cases are considered In this analysis. These are:

Here the two loads ate positioned 011 the side rail sym-

metrically arranged about the midspan node between two

outrigger nodes. 'I'his situation results in maximum stress

in the side rail.

Load case 2 and 3 - Here the two tyre loads are positioned on the side rail

with each load an equal dist""u -e on each side of a square

tube or upper coupler outrigger I respectively. These two

loading conditions result in maximum load (and hence,

maximum stress) on the outrigger under consideration.

In applying the beam analysis computer program, support nodes are posi-

tioned at the front and rear end rails, as well as at each outrigger position

along the length of the beam. and midway between the outriggers. These po-

sitions are detailed ill Figure C7, Thedeck flexibility at each node is obtained

by combining the deck plank flexibilities for half the spas .. on either side of

the node. Outrigger support flexibilities are then derived by combining this

deck flexibility with the respective outrigger flexihility, The front
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and rear end rails are entered as rigid supports) due to the stiffening effect of

the headboard and light boxes. Free nodes (ie. very-high relative flexibility)

are positioned at the P0111tsof application of the forklift tyre loads.

The support flexibilities for the 23 support; nodes are tabulated in Table el!

and the most severe loading positions for each of the three load cases are

indicated in Figure C7.

Tables 02 to 04 present results for bending moment I support reaction and

deflection at each node. The support reactions and deflections: are positive in

the upward direction, while the sign convention for bending moment values

is indicated in Figure 08.

M M
C~)

Fi~~re 08 Bending moment sign convention for continuous beam
!iprogram

Maximum bending moment in the side rail and maximum side rail deflection

occur for load case 1. The results f01" this loadcase are presented in graphical

form in Graphs 4.36 to (1.38in Section 4.4.1.
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'Tabie Cl
.,'

//
_(/

Suppdrt'
no4~

3
4
:3
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

Stlppo~t node flexibilities. for the outr-igger/side rail

Support flexibility
(mm/N X 10')

No. of deck planks
Included in calculation

of flexibility

0.000

I]
II

1,784
6,029
1,642
4,605
2~796
4,723
2,815
4,723
2,815
4,723
2,874
5,055
2,929
5,055
2•.929
5,055
2,!:29
5,055
3,226
7,.368
0,000

1,98
2,37
2,75
3,18
3,60
3,55
3,51
3j51
3,51
3,51
3,51
3,39
3,28
3,28
3,28
3,28
3,28
3,28
3,28
2,76
2,25
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Table C2

the side rail for load. case 1

Bending moment, reaction and deflection results for

Support
.node

2
3
4
5
6

8
9

load
10

load
11
12
~3
"14
15
16
17
18
19
20
21
22
23

1

Bending Support Nodal
moment reaction deflection
(Nm) (N) (mm)

0.0 94,9 0,00
37,5 1,5 -O~OO
75~6 -39.,4 0,01
100,9 .~83,9 0,05
tl2)O ....869,8 0,14

-552,8 \\ -527,4 0,24
--1576,9 612,3 --0,17
-2146,2 3765,0 -1178
-72,9 168q'2,1 -4,74,
6285,0 II -6,07.J;,

3634, '1 13969,,2 -·6,60
6292,4 ,6,07
-79,1 16852,0 --4 74,

-2138,7 37'lO,O -1,78
-1552,1 582,0 -0.,17
-623,6 -511,9 0,26
--80,3 -730,8 0,21
84,4 -184,2 0,09
78,4 -57,0 0,02
35,1 19,2 -0,01
4!4 35,4 -O~Ol
-:3,2 10,5 -0.101
-:3,8 ti,O 0,00
-2,1 0,7 0,00
0,0 -4,6 ":'-, 0,00

7

~24
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Table C3 Bending moment, reaction and deflectiou re~:alts for

the side rail for load case 2

Support
node

Bending Support Nodal
moment reaction deflection
(N~r) (N) (rnm)

/;
if

/A 0 35jO OlOOi' ~,

../13,9 7,6 "-0,01
30,7 "50,9 -0,01
8212 -5,4 " 0,00
130,8 -;:315,0 0~06

-;__';"""32~3 -417,9 0,19
-495,8 -932~ 1 0,26
-1601,1 327;5 -0,15
-2478,2 6443,0 ~1,81
1162,2 10248,1 -4,84
6134,3 -6,00
1825,1 22690,0 -6,39
6137,9 -6,01
1168.R 10270,9 -4,85
--245ik,4 6345,0 -1,82
~1678,8 44014" -0!22
-614,7 -849,4 0,25
-107,0 -455,3 0,23
102,5 -351,4 0,10
81,8 39,S 0,02
35,2 30,8 -0,01
8,7 22,7 --0,01
-2~9 19,1 -0,01
-2,3 3,7 0,00
0,0 -,5,1-- 0,00

1
2

4
5
6
,..,
I

8
9

10
load
11
load
12
13
14
15
16
17·
is
19
20
21
22
23
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('

Bending moment, reaction and deflection results for

the side rail for load case 3
(i

~J )}Support Bending Support Nodal
node moment reaction deflection

(Nm) (N) (mm)

1 0,0 -2957,0 0,00
2 -1167,9 899} 9 -0,75
3 --1982,3 lOO30~1 -1,79
4 2403~1 6064,6 II ~3,66

load 4803,$ -4,09
5 -39,0 27225,0 -4,47

load 5464,2 -4,46
6 1.294,7 8018,4 --3,69... ~.f183 4 5104,0 -1,43t ., ,
8 -1206,2 334,4 -,0,16
9 -393,3 -658,5 0,19

10 -43,2 .....:.327,3 0,16
11 77,6 -209,8 0,06
12 51,1 -12,1 0,01
13 16,2 28,3 ~O 01

j 'I
14 2,1 13,3 ''-0,01
15 -3,3 9,6 0,00
16 ....,,2,4, 0,9 0,00
'1Joooo1 -1,,0 -"1,1 0,001.1

18
'\

-0,2 ·-0,6 0,00
19 \\ 0,1 "-U,5 C,OO
20 0,,1 -0,1 0,00
21 0,1 0,0 0,00
22 0,0 0,0 0,00
23 0,0 0,1 0,00
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C.2.4 Ml.l:d.lUo.mstress in side rail

\\
..Maximum bending moment on the side rail occurs at the position of th~

C/'

applied loads for load Case 1, ie:

The second moment r!area and maximum distance to extreme fibres for the

side rail are:

~;ma.x:::':: 88,9 rom

Whence the extreme fibre bending stres1 is:

A1«.(J,x.Ymax
db :::.::

I

(6292~4 x 103)(88,9)
-' (8,976 x 106) -_ .

._- 62,32 MPa

Shear stress is zero at extreme fibres, and hence:

Applying the Von Mises failure criterion (0"2 :::.::0"3 = 0):

that is

O"m :::.::0"1 :::::62,32 MPa < O"yt
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where (fy! =, 255 r.,'IPa for the D65S-TF aluminium alloy (refer Section

E.1.3).

C.2.5 Maximum stress in outriggers

The maximum support reaction at a square tube type outrigger position IS

found to occur for the two tyre loads positioned as indicated for load case 2, Ii

ie, maximum support reaction is:

Ru :::::22690 N (Node 11, Table C3)

As previously discussed, the proportion of the support reaction which is

carried by the outri~ger is determined proportionally to the outrigger stiff-

ness, ie:

(kOR)POR::::: Rll kl1

where '\
I,

kOR:::: stiffness of the square tube outrigger

kn_= support stiffness of node 11 (Table Cl)

Alternatively, in terms of flexibilitiesr

I f11 \
POR -= Rll I .z:- J

\/OR,

= (22690) (21815 x 10-4)
.6,968 X 10-4

= 9166 N
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Maximum bending stress occurs at the extreme fibres of the outrigger tlube
'-C \1

secsion immediately adjacent to the outrigger Hauge weld. The moment at

this position is:

_Tv! = (9166)(668 - 21)

- 5,930 X 106 Nmm

Hence:

(5,930 x 106)(50)
O'b = ~.(3.336 x 106)

=-- 88,89 MPa

Further, since shear stress is zero at extreme fibres:

The Von Mises failure criterion then reduces to:

that is

Urn = 0"1 = 88,89 MPa < Uflt

'where t7'yt = 0"0,2 == 110 MPa for D655-TF aluminium alloy in the as

welded condition [refer Section E.1.3).

Maximum support reaction at an upper coupler outrigger position, on the

other hand, occurs for the two tyre loads positioned as indicated for load

case 3. In this .case the max'mum support reaction is:
n
il
!:
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h

\I~

115= 2722f> N (Node 5, Table C4)

A similar analysis to that detailed above was completed for the upper coupler

outrig$~ier.The main results are:

POll. 18460 N

(e'}~treillefibres)

-- 0'1 (r =0)

"The Von Mises failure criterion then yields'~o2 :::;::liil = 0):

'\rr :2 <
':;vl ....::

(1'm = (1'1 = 106,7 MPa < (t!i~

whereO"yt = 0"0,2 =: 110 .MPa for D655-TP aluminium alloy in the as welded

condition (refer Section E.L3l· I

C.S Deck Planks

'the extruded aluminium deck p: mks are rated as being able tc I:a:rcy a

forklift truck of maximum 350'0 kg GVM.(49)

In this section this vai.re is checked for a single point load applied on a deck

plank midway between the main chassis beams, The stresses in the deck

planks as a result of the loading detailed in Section C.2 and Figure 06 are

also analysed.
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The position of the neutral axis (ie-/! centroid) and the second moment of

area for the. deck plank section are calculated for the approximated section

shown in Figure e9. These results are:

fJ = 24,06 mm

C.3.1 Stress in the deck plank for-a single point load midway

between the main chassis .beams

The free body diagram rbl' this loading situation '1sshown in Figure ClO.

r··C-~

f I
CD ® (0

FIgure CtO FBJ) of deck plank loaded at centre

The beam analysis program discussed in Section C.2 is used here since the



solution is statically indeterminate.

For the purpose of t.his-analysls, force ,Pr\ 1$entered as ,,~1i. 1000 kg (9810 N)

load. The maximum load that can be carried by the deck ,',plank is then

deduced by c61nP9j1ng the maximum, stress resulting from the 1 000 kg load
~ .','

{~ the yield strength (0"0,2) for the Anticorodal aluminium alloy. All six

supports are assumed .rigid.

Table C5 presents bending )moment results for the det"k plank,

Table C5. Bending moment distribution for deck plank loaded at

centre
Support
node ,~

Bending moment
(Nmm)

c-:

3
load
4
5
6

o
122835
-92126m
''i.187885
·=921265
122835:\

o \

1
2

Maximum bending moment occurs the point of application' of load F and

results in an extreme fibre bending S~l'CSSof:

(118'1885)(24,06)
Cl'b == (6,568 x 105)

=43,51 MPa

3:33



SinCE' o at the extreme fibres, the maximum principal stress is:

:.:::::43,51 MPa

Further, since /12 ::.::: ((:3 = 0, the Von Mises failure stress is equal to this

maximum principal stress, ie:

am = 43,51 MBa

Th '11,/2% proo~ strt'J11ffor the Anticorodal ~ 100 aluminium alloy is 260 MPa

(refer Section E.1.2). Hence, the maximum value for load F is:
~ ii

Fmax ~ (1000 kg) (4~~~i)
= ,5976 kg

This is obviously far in excess of the front tyre load from a 3500 GVM forklift

truck.

For the 2730 kg, ISO 1496/1 ~ 1978{E) forklift truck tyre load(48) (refer

Section C.2) the Von Mises stress is:

(ftn =: 118!8 MPa

C.3.2 Stress in the deck plank for Ioading at the side rail

'I'he greatest load imposed on l\ section of deck for the loading detailed in

Section C.2 is found to occur for those deck planks corresponding to node 11
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in load case 2.

fr-
.1

The support reaction at node 11 for load case 2 is (refer Tabt.e C3):

and the proportion of this load supported by the outrigger is (refer Sec-

tion C.2.5)

POR = 9166 N

Hence, lIle load carried by the deck is:

Pv == 13524 N

This section of deck corresponds to 3,lp1 deck planks (refer Table C1). The
I

load pet' deck plank is then:

F 8853 N

Referring-to Figure C6, the bending moment at the outer edge of the main

chassis beam flange is:

.1"1 := (3853)(570 - 30)

= 2080620 Nnun

which results ill an extreme fibre bending stress qJf_
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(2 080 620)(~4, 1)6)
O'b = (6,568 x 105)

c..,

::=: 76,22 MPa

0"1 = t1'b at the extreme fibres and (12 = 0'3 =::: O. The Von Mises

criterion then reduces to:

that 1S

Urn = 0'1 == 76,22 MPa < O'yt
:-,

where i7t"t = 0'02 == 260 MPa -for the Anticorodal M 100 aluminium ultJi')
lJ, ,j '"

(refer Section E.1.2).

C.4 Torsion tubes

The torsional and bending stresses developed in the torsion tubes due to the

twisting of the 'ladder-frame' chassis structure (ie. main beams and torsion

tubes) are analysed for the chassis subject to a representative angle of twist

over the length from the king-pin to the centre of -the tri-axle bogie. This

is achieved by considering the tyres on one side ofthe trailer parked on a

200 mm high .kerb w,hile the tyres on the other. side and all the tyres of the
I', -, "'

truck-tractor are resting on a level surface (refer Figure 011).
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/1

-~~ ==~"
\

Figure Cll Torsionally dellect~dsemi.trailer elias.i. viewed froll!real"

Apart £rom this torsional twisting, the two lllain choesis I-beams wilJ rotate
".,]ative to,~e another. This is d''Pieted in Figure C12.
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~. OOGIE \-KING-PIN
I,

h I I 9I ' I

L c: 1- :~ ir=::=a-i
1 [===-r=~----- ! "
T W I I

I. - 8924 nn ,_, - ___j
Figure C12 Main chassis T-beams ill deflected position (exagger-

ated) as viewed from side

The height) h, is deduced from Figure en and Figure C12 as follows:

1 ~- (" 1060 ') "'0')
t - ,2,030" ('" 0,

~~105nun

'Then:

! / h )(:~= tan - 1-" -~'
- \8924,

1"'''',-2 .]";:.:::1) 'I X rarnans
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e is approximately the angle of twist, imposed on each of the torsion tube

cross-members.

For a straight beam of circular cross-seC£ion:(44)

T GS -r-~"---. ~"-'-'-'

)1

J r

that is

eo-
T= _·1_e 1/

1/
((

Maximum t'ol'sional shear stress OCC1.11:S at the maximum radius. From Draw-

ing No. OR~03:

.e = 1 018 mm

From Section E.L3 in Appendix E:

G = 26,14 x 103 A1Pa

Thus:

(1,17'1 x 10-2)(26,14 x 103)(80)
'Tmax = .. (1018)

= 24,18 MPa
I

il
I

The torsion tubes are also subjed~ed to a bending action (refer Figure Cla)
.. . ii

as a result of the angle of twist ifJ:! imposed on the main chassis 1-beams.
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Figure C13 Bending moments and shear forces on the ends of

the torsion tubes resulting from the torsional twisting of the chassis

Referring to Figure C13:

::::::9,868 X 10-2 radians

The varying depth of the chassis l-beams is approximated by considering the

beams as stepped beams.
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rBOOm

Figure C14 Chassis I..beams &~ppl'oxhnated as stepped beams

Then:

<Ptotal = <P1 + 4>2

For a thin walled open sedion:(30,43)

T =:04> ')' 'It3
3£ 4J a

Substituting:

and rearranging
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where (refer Drawing No. M5260-415.3)

.-==: 3 76U 00'] mm 4
, '

(2: dt3) '2 = (2)(200)(20Y~ + (250)(10)3

= 3450000 mm"

Hence:

T _ (26! 14 x 103)(9, 868 x 10~=
- .. r, 6724 2200 J

(3) 'LS760000 + 3450000
II

:.._354427 Nmm

This torque is the bending moment applied. to the ends of the torsion tubes.

The maximum bending stress will occur immediately adjacent to the welds

at the ends of the tubes (ie, at Ima:>t. bending moment) and is giv€y ~':\t:.
, / ,

" l!tfy
lUb )ma:c =T

where
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M = l' ;;:;::354 427 Nmm

y = 80 mm

Thus:

((J'b}mtlx = 3.,290 MPa

The direct shear stress resulting from the shear forced indicated in Figure C13

call be ~.~\Vn to be negligible,

The maximum Pllacipal stresses occur at
" \

vertical diameter at either end of the tube.
I

the) upper and .lower ,j~ds of a
1(' vI .~ ,\
I '\

I)
ij

) ,

By Mohr Circle techniques for zero longitl..ldin:at~tress:
~ - ., '. '_I;_"~:;

where

(J" J: =maximum bending stress

T =maximum torsional shear stress

that is

<71 = 25,88 MPa

and



(f2 = -22,59 MPa

,- --

Here the maximum behciine': stress has been t:1kEn to be.positive, The actual

sign of the maximum bending stress, and hence of the principal stresses,

will depend on the ,t}irectiou b: th(:; angle of twist ¢ and the position of the

principal stresses being evaluated.

Applying tI1,~Von Mises failure criterion:

that is

t:rttl, . 42,01 MPa < O"yt

,
where O'':!i == ,!'ro,:;; ::= 110 MPa for the D65S aluminium alloy in the weld

region (~!.efe,:Section E.1.3).

c.s Upper Coupler

Due to the possibility of high impact forces at the king-pin, theupper coupler

structure is designed to stringent design requirements (refer S-ection 4AA).

In the following analysis, the maximum horizontal load applied at the king-

pin ,is the 35 [1'70kg mass of the loaded semi-trailer times a load factor of

3,5. Maximum vertical load, on the other hand. is equal to the king-pin loud

for the pseudo-dynamic (Cl:1tj~~i) loading condition in Section A.2. IS\!
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Due to the extreme nature of these loads, they are not considered to ~d

simultaneously.

C.S.1 Upper coupler structure - horlzontalIoad .inalysls

Horizontal loads at the king-pin are applied relatively close to the plane 6£

the rubbing plate (ie. via the wearing ring and lock. jaw assembly of the

5th wheel on the truck-tractor] and are consequently resisted for the most

part by the rubbing plate acting M a large shear plate. The upper coupler

cross-members and rubbing plate cross-brace channels, especially those in

close proximity to the king-pin position, also help to support these loads and

to transfer them to the main chassis longitudinals.

,

In the foll.:!Winganalysis then, all of :lthe horizontal load is assumed to ben:

carried by the two rubbing plate cross-brace channels immediately adjacent

to the king-pin as well as a portion of the rubbing plate (refer Figure 015

and Drawing No. tJC~02).

The :::80 111m. cut-out corresponds to the mounting recess for the 'Hope' anti-

jack-knife king-pin and the 70 millimetre dimension in assumed. Furthcrmoce,

only bending and shear loading are included in this analysis, since the shear

centre of the tubbing plate and cross-brace structure be shown. to be

marginally below the under surface of the plate, ie. in line with the 5th

wheel wear ring and lock jaw assembly,
1\\1\

'I'he free body diagram for horizontal loading of this composite beam is as

shown in Figure G16. The end fixing conditions of the composite beam will be
somewhere between fixed and simply supported, since flexure of the chassis

beams will allow some movement and rotation at the plate edges. However,

the precise nature of these edge fixing conditions is 110t determinable, and
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so for the purpose of-this design check, a worst case of simply supported is

assumed. The length of the composite beam is assumed to extend to

y

l_.....,.....X
~8B.9 nn

L
I
I
I

ctJ 290 nn - .........- 226 noJ
Figure C15

king-pin

Section through upper coupler support srructure at

the inner row of robbing plate mounting bolts in the lower flanges of the

chassis f-beams. The horizontal Ioad is distributed over the width of the

'Hope' king-pin mounting recess.
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Figure C16 Free body diagram of upper coupler structure fOJ.·

horizontal loading

Maximum bending moment for bending about the y~axis occurs at the centre

of the beam and is given by:

1\11, = (3 5'\(35970)(9.81) r(~6.0). __(280)]
y ,'J ." •.. \ 4: . 8

=~\532 x 108 NllL.'11

The second moment of area of area of the tt,.~al section about the y-axis in

Figure C15 is:

. . 8··· 4Iy ~ 8,860 x 10 mm
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T!ie extreme fibre bending stress is then given

=.±104,6 MPa

Shear force 15 zero at the centre of the bea.\£~.Hence, 0"1

The Von Mises failure criterion then reduces to:
f/

,
waere O'yt

Fi:)A).

";"", "\, ".\

Th~\bending stress in the heat a:ffecteJr zone immediai:e~y outboard of the
\\..' . '. . '. . . "

outd; charlliel to 1mbbit\g'plate welds is:
\'.

\\
\\

~\2\532. x'JGtl)(301, 9)
(fb = 4:, '.(8:-~ ,<''[07)--

== ±~l6,28 MFa'
'ii, ,',

, .
\\

.zero at the centre of the beam

I:

O"m :::= 86J,2B MPa, <

where O'y~ = 0'0,2 ~=110 :M~)afOJ: the ~\)65Sand B5iS alumbd.,f1,Ill alloys in-the
I

welded condition (refel".se;~!.inhE.1.3 and Section £1.1.4:).,
! ., ,( ',' .,'
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Maximum shear stress occurs at the neutral axis on the cross-section imme-

diatelJr adjacent to the 280 millimetre diameter 'Hope" king-pin mounting
'-:-\

recess, ViZ:

IIA1i
T = -.-..-~

tI

where

V = 617515 N

fj;:::: 203,3 mm
.\
'Ii

t ,,-::::15,88 nurl.'

I = 9,150 X 108 mm''

'rhus:

T = 80,15 MPa

The shear yield strength of the B51S~TF aluminium al'oy plate is 145 MPa

(refer Section E,1.4).

-

0<5.2 Upper coupler structure - vertical load analysis

Verticai'loads applied to the upper coupler structure are distributed over the

roughly oval contact area between the truck-tractor 5th wheel coupling and

the robbing plate. 1''01' a typical Iith wheel,(51) this contact area is centred on

the king-pin position and extends to ::t total width of 915 millimetres and a

total length of 660;millimetres (refer Figure <J17), Furthermore, the length

of that; portion of the contact area that protrudes under che main chassis
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T-beam flanges is 275 millimetres.

il

1
275 I'In
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I
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------.' -915 Mr." --

660 nn

Figure C17 Contact area between 5th wheel and rubbing plate

Under these conditions, failure of the upper coupler structure as shown in

Figure 015 due to bending is unlikely because of the large width over which

the vertical load is distributed and the fact that the 5th wheel plate is very

rigid. 'l1~elikely mode of failure ill this case is the development of a plastic

hinge lit the lower end of the chassis Lbeam web and in the rubbing plate

along the edge of the 5th wheel contact area. This is depicted in Figure 018

where F is the resultant of the force between the tubbing plate and the

underside of the l-beam lower flange.
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-CHASSISI-BEAM
f -~:.(r-i. . RUBBING PLATE'
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/'PL~TE
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/
'0 .....HINGES

\1'"i
i'i
Ii

I., J
1--95 nn

Eigtrre C18 Plastic hinges at edge of upper coupler structure

In the £~llowing design check, for the sake of simplicity, all of the vertical

load is assumed to be transferred from the 5th wheel to the chassis structure

over a 400 millimetre length. The average distance from the edge of the 5th

wheel contact area over this length to the centre of the chassis l-beam web

is 95 millimetres.

The value of force .F necessary to produce plastic hinges as indicated in

Figure C18 is theu derived from:
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(400)(260)110)2 (400)(255)(15,88)2
== (4)d + - (4)(95 - d)

Solving for minimum F:

d = 36,9 rom

from which

.F· 181140N

j'

Hence: for both sides of the trailer, the total force necessary to cause failure

is 362'280 N. This is 1,93 .times 'greater than the maximum design vertical

king-pin load of 187793 N discussed above.

0.5.3 Rubbing plate mounting bolts

T,!J.ehorizontal load applied at the king-pin results in bearing stresses at

the rubbing plate mounting bolts .• Although a small percentage of this load

is transferred from the rubbing plate to the chassis f-beams via the upper

coupler cross-members, all of the horizontal load is assumed in this analysis
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to be supported by the rubbing plate to main l-beam flang~'l~1t;l1nt.ingbolts.

Furthermore, in order to account for inaccuracies in the positioning, and size

of the belt' holes !esulting during the manufacturing and assembly processes,

only eigh1:'tf\ percent of the holts are assumed to be h;earing~
\. \ .

Maximum bearing stress will occur in the rubbing plate since the rubbing

plate is thinner t,han the chassis f-beam flange Fo:r twenty M16 mounting"

bolts and a 15!88 millimetre rubbing plate (refer Drawing No. LTC-03), the

total bearing area is:

A = 406t: mm

Whence, the average bearing stress is:

_ (3,5)(35970)(9,81)
(J'B -- - (4065)

= 303,8' MPa

The allowable bearing stress fOI the B51S-TF aluminium alloy plate is 607 MFa

(refer Sedti~n E.1.4).

C.5.4. 'Hope' king phI foundation plate bolts

The horizontal king-pin load is supported at the 'Hope' king-pin foundation

plate by eighteen M16 bolts. As above, only eighty percent of the bolts are

assumed to be bearing ~t, any time. For bearing in the rubbing plate, the

total bearing area is:

A= 3659 mm

Hence, the bearing stresses ill the rubbing plate are:
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(3,5)(35970)(9,81 )
(jB = . . (3659)

=337,)5 MPa

jl'
'I. :'

The allowable bearing stress for the ~,,1S- TF alloy .rubbing plate material is
II

607 MPa (refer Section E.IA). - ~/
n

_J3--,~arlng stresses in the 12,3 millimetre foundation plate
(;

tion D.,/5of Appendix D.

discussed l..;t Sec-
\ '
\ (
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ApPENDIX D-,-,~#-~,

STRESS ANALYSIS OF ANCILLARY STRUCTURE

n.i Introduction

II

This appendix details the design calculations relating to the semi-trailer an-

cillary structure. The term ancillary structure refers to that semi-trailer

structure that is in general non-load bearing. except under certain circum-

stances, and to minor vehicle components.

D.2 Rear Under-ride bumper

The rear under-ride bumper is designed to meet the specifications of SABS

1055-1983 (refer Section 4.5.1).

'With reference to figure Dl, the maximum load requirements of SABS 1055

are:

- A horizontal force of 25 kN applied successively to both points Pi and

to point Pa-

_..A horizontal force' of 100 'l:r;N applied successively to both points pz.
_-- \

:.

Note that the exact .,ition of points Pz. are to he specified by the manu-

facturer. In this design these two points are positioned at 700 nun centres.

III order to allow the bumper to deflect to some" degree under load, and

thereby to absorb a certain amount of impact energy (refer Section 4.5.1),

the bumper is designed without C!J1Y factor of safety and over-design is reduced

to a minimum.
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D.2.1 Stresses due to load at Pl

Maximum stress in the horizontal bumper bar for 25 kN applied at point PI

occurs at the adjacent upright member.

[~~11
i \q

I,
I,
II
II
!

{I
II
II
II
II
II
II
i I
I!

~
;

I

I

I

I
I.. ---,----- 2455 nn (/'".~ -.. ---~--

I

II
II
II

II IJ
\l " _1'

'L- ,....-L397,5 no ._..........,._ 1060 nn -"'"":""-

, " -- 2300 nn-------1-- .........

Figure D2 General dimensions of bumper showing positjon of

point PI



Referril1~ to Dr~wing No. RB401 and Figure 112above, and ~suming that-the
\ . '

bumper bar is supported at the centre of the upright, the bending moment

hi:

At ::= (2ti 000)(397, 5)

Section properties for the bumper bar are:

Whence, the extreme fibre bending stress IS:

and

:::::all = 111,0 MPa

since shear stress is zero at the extreme fibres, Consequently; for 0'2 = (13 ::;~O., u

This value is approximately equal to the 110 MPa; .minimnm 0,2% proof

stress for the D65S~'I'F alloy in the welded region, but is below the ultimate

tensile strength of 165 lvIPa (refer Section E.1.3).

The stresses iu the upright members due to the 25 kN load at P1 can he

ShOWJ.l te be leas than those due to the loads at points Pz and, hence, are not

shown here.
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D.2.2 Stresses due to load at P2

,~-)

'The horizontal bumper bat is assumed to be simply supported 'at the centres

of the ..upright members, The free body diagram for the bumper bar is then

as shown in Figure D3.,

100 kN

________ l._,.-- ._::_:_:_::...."
RJ t~
.~....,.._._~~ ::n:._J

Eigure D3 Free body diagram of bumper bar for 100 kN load at

point P2

The reactions at the uprights are:

Ra = 83,0 kN

and

Rb = 17,0 kN

Maximum bending moment the bumper bar is at the 100 kN load and is
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Ai :::::1,494 X 107 Nmm

The extreme fibre bending stress is then:

:::::166,9 :MPa

I':

and

at the extreme fibres. Applyir.lg the Von Miscs failure criterion for

(j2 ..:::cJ'a :::.::0

ani = 166,9 MPa

This value is significantly less than the allowable stresses for the D65S~TF

alloy. That is:

0'0,2 :::.::255 MFa

O'tlLT == 295 MPa

The maximum stress in the upright l11eD1bei'~\'torrespondirlgto force Ra oe-
'\

curs at the extreme fibres for the section immediately ,.below the fillet, welds 1

(through the full penetration welds) at the top of the member. The bending

moment at this section (refer Drawing No. RB-Ol) is:
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M .- (83000)(509)

:=: 4,225 X 107 Nmm

Section properties are:

::::90,5 mm

'Phus, the extreme fibre bending stress is:

th = 117,4 MPa

Shear stress is zero at extreme fibres; whence:

(1'1 = (1b == 117,4 MPa

For (12 = (13 = 0, the Von Mises failure criterion reduces to:

17m:::::0'1 = 117,4 MPa

Note that, although the Von Mises stress calculated above is marginally

higher than the 110MPa 0,2 percent ,roof st~~ss of the D65S aluminium alloy~ ,

in the heat a.Jfected zone, it is significantly less than the 165 MPa ultimate

tensile stress of the material in the heat affected zone, and is ecnsidered

acceptable in this case.

The shear stress at the web-flange welds for this section ar~ given bjr:

VAy'r :=:: _._.-. •
if '

I
I'
(

) 3tH



where

V:= 83000 N

fj::::: 82,56 mID

i == (4)( 6)(O~707)

= 10,97 mm

That is:

" = 25,01. VlPa

Bending stress at thfl welds is:

Maximum and minimum principal stresses are:

that is

0'1 =:: 102, 9 MPa

trz == -6,08 MPa

and

I!I
iii

Ii
IJII;

1p = 5,1,48 MPa
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, ,i ii . J " >

'I'his ,lS the roaxim-qin principal shear stress in. the web-flange welds of the

uPl'i~~htmembers, 'l~hetransverse she~r stress at the web-flange welds for the
.. ,.:, - Ii ,,',,' ) (

section imm<itdiately abo\'f'z.tJle bumper bar (ie. 40,93 MPa) is higher than

thal~calculated fo!~the section above, but the principal shear stress in the

welds, is,less (ie, 4:1.,31 MPa).

S\Lbstitutirtg il1tq the Vorr Mises failure criterion:

;' ,','

where (1!1~is ~ta]{eIL to be t,he lower of the 0,2 percent-proof' stresses for Do5S
,,',r: ',' :)' . " " G

and D5451 alfoys in the welded condition, ie, (.r:yt == 110 MPa (refer Section
"ii " ;"

E.1.3 and S(~ctiol1m.1.5),'
(' ",

ii ,i"

ii "

f ' ' J
Sti.(,...essl.~s due 1&0 Ioad at Pn

i/ ,', "

Ii ' " ,'i,ii I,

The fre(IMody c.;iiagrarr.ifor 25 kN at point Pa is shown in Figure D4.
/i '" .1

I'

I,' ;'" :')

Max:iv.),urh bending 7l1~ment is at the centre, ie:

M :t::; 6.,625, X J.06 Nmm

'I'he section properties for the bumper bar are:

Ymax :::::63, 5 mm
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,,' i,

{j
i

G'lJ = 74,01 MPa/

whE1te '''yt = ~fo,~= 255 MPa for

tkJii E.l.3). I

il '

Ii
II

and

since r ~l0 at

(J'. ='/'"', J. 0 1m ,! ." .
I

)/

extreme fibres. Applyi:tlg the Von Mises faiJure criterion

< Uyt

))655" TF' alumi~~{1IDalloy (refer See-
d

25 kN

lc::---~-

~r
Q

F'igtrre D4

point Pa

:

Free body diagram of bumper bar for 25 l:N at load
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The stress in the upright members as a result of this 25 kN load will be less

than themaJci.mum stress calculated in Section D.2.2.

1\

The l~eadboard must be capable of sustaining any force exerted by the pay-

load d\lring braking. Assuming that there is no slip. between the payload and

the deck, the load distribution on the headboard may be modelled as follows:

r--
765 fr.'

L
FORCE EXERTED rn J£AOfIlARO
O~~TO SHIFTING PAYLOAD
WRING BRAKING

Figure D5 Load dlstributi~n o~ headboard

Note that the load is assumed to extend only to the top (')£ the 41Ti' mm plate

011 the headboard; that is, 765 mm above deck level (refer Drawing

No" lIB-Ol).

!

For a braking deceleration of 0~65-,gand a limiting i~oefficient of friction of

0,5 between an evenly distributed load and the cleltkl the load itnposed.! on
,\ J' ;', \'

the headboard Call be shown to be in the lregion of:5 000 kg for 1:130000 kg
I: \\ I

paylo~i:L Th~rtwo inner upright members ate assumed to support 1:)11ethird
I
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TOTAl.lOAll 16.35 kN
(1667 kg) '~i,

16.35 kN r--___ -
~ <,

~
o O~--------------------~~----~

M( X)

".~-----~--~~---------~-
-8.339 kNII

Figure D(3 Shear force and bending moment diagrams for head..

board inner members
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<;f this 10ad't3achwhile the outer uprights each support one sixth of theload,'
,

Figure 06 presents shear force and· bending moment diagrams for the inner

upright members.
J)

.The section properties for the headboard upright members are:
1\

'Ymux = 52,5 mm

I = 4,033 X lOt) mm4

Although maximum bending stress will occur at the extreme fibres of the

f-section member immediately above the mounting bolts, the most critical

section is at the welds at the deck le-veldue to reduced material strength ill
.. ...\

the heat affected: zone. This corresponds to the left hand end of Figure D6,
I

above.

Calculating the extreme fibre. bending stress for the section at deck level:

(81339 x 106)(52,5)
0"0 = (4,033 X 106)

At the. extreme fibres 0"1 = (1'11 and the Von Mises stress is:

<.1m = a1 = 108, 5 MPa <;!7 yt

where O"yt = 0'0,2 :::::110 MFa for the D65S alloy in the weld zone (refer

Section B.1.3).

For the load distribution in Figure D5 the horizontal channel section 765 nun

above the deck will experience approximately 2 400 kg load uniformly

367



distributed over the full width of the headboard,

modelled as a continuous beam supported on £(1111'
c

C channel section is.
r,

supports and is anal':::",;')

Section C.2, The mainysed using the beam analysis program dlscu,;

results are presented in Figure D7.

The section properties for the channel section are:

Ymt}.x = 50,8 rum

Whence, the extreme fibre bending 8tl'~SSat the centre is:

(585,2 x 11)3)(50,8)
O'b = (1: 840 X 106)

= 16,16 MPa

Also, 0"1 = O'b at the extreme fibres. The Von Mises failure stress is:

O"m = 0"1 = 16,16 Mf>a. < O"yt

where Uyt = 0"0,2 = 255 MPa for the D65S-TF alloy (refer Section E.L3).

The bending moments at the two inner supports above are carried by the

welds. The weld area is shown in Figure D8 (also refer Dr?},vingNo. HB-Ql)
(, '.'

and yields a second moment of area of 1)467 x 106 IlU114•
;-,
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2400 kg lOTAl UlAO

L
f _..-

L-l~M-+-- ..1IIIol1 J
,-----.-- 2300 M------ . 'Iv : \i

I
":..-jc

\l II

1981 N

vex) O-'--~--+----':'_'-~--'-, ,-,+--~~ N

-4411 M -5288 N

585.2 tin

-815.9 Nt! -815.9 Nn

Figure D7 Shear force and bending moment diagrams for hori-

zontal headboard member
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tEUTfW.AXIS

I

I
II C

6.36 .. JL
, L-tol,6M

Figure DS Headboard channel welds

The ex.tl'e.tne fibre bending stress in the welds is then:

(815,9x 103)(50,8)
dp:·' (1,467 x 106) -

= 28,25 MPa

)

Shear is zero. at the extreme fibres and hence 0"1 =: 0"&. Applying the Von

Mises failure criterion: ,

wl.ere (J'yt == 0'0,2 ::.0: 110 MPa for the D65S alloy in the welded condition

(refer Section Kl,3),

D.4: Landing Legs

the landing leg;mountings and support structure ate cheeked here
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for various .loading conditions (also :refer Section 4.5.3).
;, -

"i
'~

Vertical loading is modelled for a 2~g support slam when the irailer is in th~
uniformly loaded condition. This is depicted mathematicahy by superim-

posing onto the I-g uniformly distributed :!',~adan additional triangular load

!')f such magnitude as to only double R1,.(·U} In order to accomplish this it

is required that its centroid be at the landing leg location, ie. as shown in

Figure D9.

Figu.re D9 2-g Support slam condition

The stresses' t}UJS g~\nerated ill the main chassis I-bearns can, however, be

shown to be less than the stresses resulting from the dynamic loading con-

dition [ie. Case 1 loading - refer Appendix Ac~ihdAppendix B) and. hence)

are not considered here.

From the static uniform load distribution I for the semi-trailer supported at,

the landing legs (refer Case 3 loading - Appendix B) the static landing leg

load is 90724 N per leg or 181448 N per set. That is:
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RL = 181448 N

Hence" the 2-g slam load per Iandiugleg is 181448 N.

Note that this is less than the maximum statie load of 25000 kg per leg

(50000 kg per. set) that can be supported by the Jt)st E240G landing legs

(refer Section 2.2.1).

Maximum transverse and longitudinal loads on the landing legs in this anal-

ysis 'are limited to 5 000 k~ per leg in each, direction applied at the underside

of the foot.

D.4.1 Landing l~gmounting bracket welds
., /1

,"-...,.~
~.",-,...____./","

Maximum stress in the welds of the landing leg mounting bracket oCCUl~S in

the '''''eldsattachillg: the bracket to the main l-beam web (Figure D10) .. Note

that, although much of the apparent bending load on these welds would be
1 \

supported by ~ohelauding leg::sUrppnrt structure, the' full bending moment is

applied here as a worst case situation.

~ . '

Total weld: area is:

A = (348)(10)(2) + (lCO)(1O)(0! 70'1)(2)

Assuming' a uniform distribution of shear stress on the weld st'ction:('i4)
I -

~~ (181'.:.<48)r - ~"-..~'-83'1'4.. ' .-

= 21,G7 MPa
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,!'-'-7.07 nn

I
~_1

~
100 nn 348 nn

_J
f

fiP~,
,. to 17 .: .'

WELD PATIERN

Figure D10 Landing leg mounting bracket

The ultimate shear strength of ~.~A5356 filler alloy welds is 124 MPa (refer

Section B.2).

The bending load on the welds is:

1\1= (181448)(126)

= 2~286 x 1(f Nmm

Section properties of the weld area are (refer Figure DI0):
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Ym~1 := 194~9 rom

Hence, the .bending stress at the Iower end of the weld pattern is:

O'b ::.-::! 49, '79 MPa

and

thatill

T'p = 33,01 MPa

0'1 == 57,90 .MPa

(12 = -8,110 MPa

Applying the Von Mises ,,\lure criterion:

that is

where O"yt = (lo.~ ~'" 110 MPa fot the B51S alloy in th~..welded condition

(refer Section E.1.4L
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D.4.2 Landing leg mounting bracket bolts and holt holes

Each landing leg is bolted to its respective bracket using ten M14, 8.8 grade

high tensile steel bolts.

The total bearing area on the mounting plate of the landing leg mounting

bracket is:

A .. (10)(14)(15,88)

=2223 mm2

Hence, bearing stress is:

erFJ :::::: -81~62 MPa
-,

The allowable bearing stress for the B51S~TF a110y is 60"!MPa (refer Sec-·

tion E.1.4),

The M14 bolts will he in single shear. The total cross-sectional area of the

ten bolts is:

A=: (10) 71"(14)2
4

~=1539 mm:.l

Whe1(' .c.. assuming ~..uniform distribution of shear stress across each bolt

U)

'i ,.== 117,9 MPa

The allowable bolt shear stress is taken as 50 percent of the 0,2 percent proof
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stress for the 8;~grade-bolts; Ie. 314 MPa. (6)

D.4.3 Rearward brace

The rearward landing leg brace llill be in compression and will fail by lateral

buckling when the landing legs are loaded as shown in Figure D11 below,

Note that the loading legs are shown at half extension.

It. rF I~Tltli
Illl_{ PATi'eRN·r

s
In

~

I!
~
I
1.._ ..

o

F ;:: 5000 kg
\\

Figure D11 Landing leg rearward brace
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Taking moments about the centre of the mounting bolt pattern:

PCos(44, 5°)(647, 5) ::::F(400 +647,5)

t4at is

P = 11341 kg

The buckling diagram for the D65S~TF aluminium alloy is presented in

Graph DIJ.and is constructed by a similar procedure to that described in

Appendix A, Section AA.l,

The slenderness ratio for the rearward brace is:

where

k :::::radius of gyration

== fT_.VA
and

.e.:;:: 1029 rnm (Drawing No. LL~05)
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that is

and

>. = 56,16

The compressive load required to produce lateral buckling is then given by:(9)

where Ue is obtained from Graph D1 for ,\ :::.::56~16. Thus:

(Ie = 12::~,4MPa

and

Pc:= (183,<1)(1131

= 207425 N

= 21144 kg

This is 1186 times greater than the compressive load applied to the rearward

brace .

•
,I

The Euler buckling load for a pin-ended strut 18:(30,43)

= 244207 N

= 2489:1 -kg
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As expected, this value is. slight?y highe: ! than the buckling load chlculated

above, since the Euler load does not include the contribution of direct com-

pressive stress. and is thus not accurate for rela,tivdy low slenderness

ratios:(431 -:

! )

The landing leg cross braces are loaded M depicted in Figure D12. As above,

the landing legs are considered to be at half extension.

Takh.:; moments about the centres of the mounting bolt patterns:

PCo.3(32, 1°)(647, 5)= F(400 + 647,5)

that is

p i.:; 9549 kg The slenderness ratio for the crol", brace is:

where

f,= 664 111111 (Drawing NtL LL-04)

k .== 18,32 mm (refer Section D.4.3) (]
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Thus:

). = 36,24 --- )

Referring to Graph D1:

17(; = 220 MPa

Whence, the buckling load for the (;1'OSS brace is given by:(9)

=248820 N

=25364 kg

This b!l~kling load is 2166 times greater than the maximum compressive load

applied to the cross brace.

~ ("
( I

The-Euler buckling load(311,43) in this case is (pin-end~4 I '

.: 11'2EI
=!' {1

= o8~'480 N

= 59184 kg

which is far in excess of the applied load.

D.4.5 Landing leg brace ends

If force P in Figure DIl is applied in the opposite direction tG that inuicated,

the rearward brace will be in tension and the brace ends will be required to
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u
Ii
Ii
Ii
Ii

sustain the tensile force P calculated in Section D.4,3.

ReferrIng to Drawing No, LL,·05, the minimum cross sectional area in the

weld zone between the brace end and the end cap is:

A == (7(J)(15~38)

Hence, the weld stress is:

(11341.)(9) 81}
(f = --...,..~-.-.-.~

(1112)

= 100,0 MPa

i,

This is less than the 110 MPa 0,2 percent proof stress of the B5IS alloy plate

in the heat. affected zone (refer E.l.4}

For the 'l nun fillet welds between the square tube and the brace end cap:

A = [(50,8) + (2)(7)(Oj 707)]2 ~ [50,8]2

and

(11341 )(9,81)
r = -"'~"-'-~~~'(1104)

= 100,7 MPa

The ultimate shear strength of Hie transversely loaded AA 5:J56 filler alloy

welds is 165 MPa (refer Sed:bn E.2).
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The bearingarea at the holt hole for a M16 bolt is:

A := (16)( 15,88) =::: 254, 1

which results in a hearing stress of:

The allowable bearing stress for B51S-Tl?' ali~111iniu1t) alloy is 607 MPa (refer

Section E..IA).

The 17 mm diameter hole is greater than 1\5 diameters from the edge of the

plate and, hence, shear tear-out can be neglected. (66)

D.4.6 Lauding leg cross-member

Once again referring to Figure D12! the resultant compression in the left hand

cross brace causes the landing leg CfOSS member to he loaded as indicated in

Figure D13, below.

From Section DA.4 above:

p::=. 9549 kg

== 93675 N

The moment A1 is given by (refer Figure D12):
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-574~-_1110n.J
-- ........- 1258 nn ---,--~~---- .....J

F'igure D13 Free body diagram of lauding Ibg cross member

The free and fixing mOIDE'nt diagrams are as presented in Figure D;14. By

consideration of the final deflected shape and by symmetry, the left and right

hand end fixing moments are equal in magnitude and of opposite sign.

(

j

Deflection at the centre of the beam is zero. Hence, taking moments of

ul'ea(43) of the portion of the free and fixing moment dlagrams between the

centre and right hand end of the beam. about tilt:" centre of the diagram, the

following equation is obtained:
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7,501 kNn

//
, 0~------.-,~f---;:,.c;

-0.1251 kNn

0,7251 kNt:

(
:
I Figure D1,.I: Free and fixing moment diagrams of lnnding leg cross

member
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that. is

M' == 2~693 kNm
"II
II

'. I:
Whence, the total bending moment diagram is as shown hi Figure !p15.

4.834 kNIt
2.693 kNra

O.,--~~---+~+-----~~~

-2.693 .,kNta ~3.459kNn
-4.B~ krm

..,._-- 574 .. __j 110 IIIL
14------.~--t2§8 !Ill --. -------..Mto.I

/;\'".,, ,
(,i

Fig~re DiS Total bending moment diagram of landing leg cross

member

Section properties for the landing leg cross member are:

!lmux =: 52~5 mm
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(\

Maximum extreme fibre bending stress is then:

:.:.;;±62,93 MPa

The forces PO(t3(32, 1Q) result in a tensile dited, stress in the leftmost 574 nllu
of the beam, and a compressive direct stress in the rightmost 574 mm whicll'

is given by:

(93$76)Cos(32,1~')
O"d ::: ± .. (2280) .

:::;:±34j 811MP~.

Hence, the maximum stress in the cross member beam occurs at the extreme

fibres at-the points of attachment of the cross braces) ie:

== 02193 + 34,80

== 97,73 MPa .

and

i,
[I.
'I
\1

;..~\·.1
\.

This satisfies the Von Mises fai1ur~\criterion fo~ no failure, Note, that here
,-, ",\ \'

G'yt == 110 MPa in the heat affected zone .~d[acent to the crOSH brace bracket

welds (refer Section E.1.3 for the DG5S alloy).
,I t,
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Taking moments in F,lgure DIS, the support reactions at the ends of the
, II

beam are:

Rp. = ·-Rb ::::8831 N

The cross sectional area of the welds at the landing leg cross member flanges

is shownin F~~ureDl6.

(!.:!.....-fR1 _

'----"I __j

"---__ c:::=: :::::::::::: I--

l~L-OOM_j
Figure D16

flanges

Weld] t:.i.'OSS section at landing leg cross member
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Section properties of the .:Jeld area are:

Yma~ = 58, Hi .MFa.

The average weld shear stress is then:

8831
7"= 2553

= 3,46 MPa

u

which is significantly less than the minimum ultimate shear strength of the

AA 5356 fillet welds (rEfferSection E.2),:

The bending moment on, the flange welds is equal to the end fixing moments

calculated above, ie:

Mr = 2,693 x 106 Nmm

.i
The extreme fibre bending stress is then given by:

_ ± (2, 693 x 106)(58,16)
(Jb - (4 4''''~ ~Oe)" ' oj'\!: X J. J)

=:: ±35~32 MPa

The longitudinal direct stress on thf>weld cross section is:
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=-±31, 08" MPa II
))

For the left hand end of Figure D] 3, the longitudinal direct stress adds to

the tensile bending stress on the flange welds. 'I'hus, the total z-direction

stress at this position is:

=66,40 MPa

Further, since T' == 0 at the extreme fibres!

O"J = O'x = 66,40 MPa

and

Tp = O'x/2 = 33,20 MFa

Applying the VonMises f~ilure criterion for 0''1, = 0'3 = 0

am = 0'1 = 66,40 MPa < (Jyt

where O'yt = 0'0,2 t:::: 110 MPa for the D65S and B51,§ alloys in the weld zone

(refer Sections 'E..1.3 and E.1.4).

D...5 'Hope' king-pin foundation plate

The stresses ill the 12,3rom thick, bolted mounting foundation plate for the

'Hope' anti-jack-knife king-pin (referSection '4.5.4 and Drawing

No. UC-13), due to a horizontal load applied at the king-pin, are checked in
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, this aection at thJ following positions:
c I,: II

- Bearing stresses at \i!le 18 x <;616mm foundation plate mtY~,nting bolt.

holes.
'1\

Ii
_ Thread stresses in the foundation plate at the 8 x *" c inch tiN!'" device

... il
( - Ii

Ii
]i

I
!i

mounting bolt holes.

I:,

The horizontal load at the king-pin applied here is the same as thi~t used in
II

Section C.S, that is 1235 kN. No vertical loads are imposed OIl the 'Hope'
~II

\'1device. \\
II

1,\

D.5.i Bearing stresses II
Ii
\

The full horizontal Ioad applied at the king-pin is transferred to th)~rubbing

plate by the eighteen M1S foundation plate ~~l!... As in Section c.lf: assum-

ing that oMy eighty percent of the. bolts are bearing at any time, \~hetotal
1\

hearing area at the foundation plate bolt holes is:

A ~.,(18)(16)(12, 3)(0, 8)

=2834 mm2

Hence, theaverage bearing stress at the bolt hole is:

(J' := (~~35X 103)
B 2834

::::::435,8 MPa

The allowable bearing stress for the ROC:tuf AD690 steel foundation plate

material is taken as the 0,2 percent proof stress, ie, 0"0,2 = 690 1\IPa (refer

Section B.3).
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D.5.2 Threa.dstresses

The maximum axial lo...d applied to the 8 x !inch UNF device 1110untirig

bolts, and hence to the threads in the ..foundation plate, is equal fo the bolt

preload, Shigley('36) gives an approximate formula for pre-load -ln terms of

the tightening torque:

TF=-_·-. -
(0,2)do

or \.

T = (0,2)Fdo

where

F == preload [lb-fcrce]
\\

,
T = torque [lb-ineh]

do == nominal diameter

== 0,5 inch

(0,2) == Constant

The installation instructions for the Hope device require the eight bolts to

be tightened to a torque of 80 Ib-ft (960 Ib-inch),(59) The ;cst11ting preload

is then:

F = 9600 lb-force

= 4280'" N

For an internal thread I the threatls will shear off on the n~ip,jordiameter, and
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so the average thread shear stress(66) is:

2FT= _._-
, 1rdml

where

dm =major diameter

= 12,7 nun

t .= thickness of foundation plate

Thus:

T == 174,46 MPa

Multiplying by a factor of safety of 2:

T = 348,93 ~1Pa

Allowable shear stress for the ROC-tuf AD 690 steel is 400 MPa minimum

(refer Section E.3).

The bearing stress on the threads(66) is:

where
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== 20 threads/inch

= 1,270 rom
',/:

(l 'i

-<ir = minor .ilia!ij!eter

= 11,4''1 ,rom

-: Thus:

Multiplying by a factor-of saiety of 2:

()'B ; -378,60 MPa

The ~bwable cu~Ptt'.s~-~e stress for ROC~t\.1fA:.JtJQOstee.~js O'o,z-~ 6911MPa

(refer Section E.3) ..,
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APPENDIXE
~

MATER1AIJ SPECIPJCA~l'\IONSAND
1vlf!JCHANICAI. PROPERTIES

E.1 Aluminium Alloys

E.1.1 AUli8ico:rodaI .. 112 aluminiumalloy

In house deh~t"fiatiOll : Anticorodal .. 112/61
II

Aluminium. Assoc. Equivalent: ; AA 6082-1~6

Temper : Solution heat, treated and .artitiriaHy aged.

Form u§ed : Main chassis l-beams,

Mechanical Properties. Base Material :

Uhirn{tte'\~ellsii~strength «(jUT'S)
'\;\

012% PlO'b£ stresi (UOl2)

Vl~imate shear strength (1'(, LT )
Shear yield strength (r1/.) .
Modulus of elastidt3i (E)
Shear modulus (G)
Elongation, minimnm, AS
Ha:rdnes81 B!;hmel liB (typ.)
Fatigu« strength at 107('yde!.;(d
-'c' Pulsating &trIC,,)j\6th (R::::: 0)

Alternating strctl,gt,l;' (R. =.;- ~ 1)
Alf, bending strength (R ~1)

310 MPa
(310 - 310 MPa)
260 MPa
(2~,G~ 35Q MPa)
155 MPa('"
1:30 MPap,j!
70 CPa
25 CPa
!) percent

-90

130 MPa
80 ~.J()a

80 l\llPa



Mechanical Properties" Welded Oonditton :
, .'. 1
iO'ltim"te'.tensile strength (dUTS)
0,2% !/Proof stress '(t.tO,2) c,

Ultirri!~tt! 8he~1l'strength (TV LT)
She8.rii yit'ld. strength (1'tit)

(I

"

(a) B~d Of! 50 percent of otrrs
II

tb) Fased on 50 percent of' 0"0.2

(c) Typical values.

rzo MPa;
110 MPa
95 MP;·:;,
65 MPa(d)

(,

II_

"(d) Sued on 50 percent of equivalent. base material-property; S-Al iSi 5ii

filler allow (DIN 1732). These properties apply to the weldment and
,.

to the base material within 25 mm ~)ft4e weld.

Unless otherwise specified .~ properties are iuinimurn guaranteed values,

Expected ranges are given in parentheses.
I

~t.l.2 Anticorod~l ~..100 aluminium alloy

Origiu : 'Alusulsse' '. Swiss Aluminium Ltd, Zurich.

'In house designation : Aneicorodal - 100/61

Aluminium Assoc. EqtJvtJ.1cnt : AA 608VI'6

Temper: Solution he&.ttreated and artificialJy aged.

For,m. used : Deck planks: deck clamp se.;:ti(}l~.

Reference : Alusuis:sef.1S,,;W); Alcan(l)"r)

Ii
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M:--echanicalProperties .. Base Material: '

Ultimate tensile strength (OUTS),

Ultimate shear strength VUL'!')
. Shear yield strength (ryi)
_)v1odulus of e1a.st~dty (E)

/~' Shear modulus (G)'
Elongation, minimum, AS
Hardness, Brinnel .fJ"B (typ,)
:Fat.~guestrength at, 107cydes(C}

Pulsating strength (R:::: 0)
Alternating strength (R = -1)
Alt. bending strength (R = -1)

310 MFa
(310 - 370 MPa)
260 MPa
(2eu - 350 MPa)
155 MPa(li)0

130 MPa(l!)
70 GPa
2~ GPa
10 percent

100

180 MPa,
80 MPa
80 MPh.

Me~~anical Properties ..WeJded Conditfon :
'0

Ultimate tensile strength" (O',(11'S)
0,2'% Proof stress «(to,2)
Ultimate shear strength (rCl4T)
Shear yield strength (rYi)

(a) Based 011 5n percent. of Urn's

(h) Based on 50 percent of 00,2

(c) 'Typical values.

"=

17.0 MPa
110 ..MPa.
95 MPa
65 MPa(d,)

Ii
II -

,r_\

(d) Bas~d on 50 percent of equivalent base material property. S·Al Si 5

IDler alloy (DIN 1732). :rhes~properties apply to tht' weldment (mil

to the base material within 25 rom o(the w~Id.

Unless otherwise specified all properties are minimum guaranteed values,

Bxpected ranges are given in parentheses.
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E.1 ii,S- D65S aluminium alloy
II
?rigin : Hulett", Aluminium Ltd, SA.

In. house designation : D65S - TF

Aluminium Assoc. Equivalent : AA 6261-·T6(,tL)

Temper : Solution heat ti'~ated and subs{:~uentl;v precipitation trehe(t

Form used : Extrusions.

Reference: Hulett,l:l;(10,20) Alcah(9)
p

Mechanical Properfies .. Base Materfal :

Ultimate tensil~ strength (IYUT s)
o

0, 2% Proof stress (Uo ,2)

Bearing strength (O'B)
Ultimate shear strength (TU LT)

Shear yield strength (ryi)
Modulus of elasticity'., (E)
Shear modulus (G) '.
~Elongation, minimum, A5
Hardness, Brinnel HE (typ.]

295 MPa
.(295 - :~30 1..:Pa)
255 MPa
('255 - 315 MPa)
(552 MPa
165 MPa

- ':138 MPa
89 GPa
26 CPa
7 percent

95

Mechanical Properttes .. Welded Conaition ~(b)

Ultimate tensile strength «(JUTS)
0,2% Proof stress (0'(1,2)
Ultimate shear strength (TU LT )
Shear yield strength (Tyi)

(a) For chemical composition only,

165 MPa
110 MPa
10:3MPa
69 MPa

(b) These properties apply t.t) the weldment and to the base material

within 25 111m of the v...reld. .AA 5356 filler alloy.

Unless otherwise specified all properties are minimum guaranteed values.

Expected ranges are given in parentheses.
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E.l.4 BISIS aluminium alloy

()_

Origin: Huletts Alun~niutn Ltd~ SA.

:rn'ho~ designation: B51S - TF

.A!h..min..hun Assoc. Equivalent: AA 6351-T6
'I j~
\) .. \C... n .. :1

T~t;nper ~ Sol;ution heat treated and subsequently predphatiop treated.

Form used ~ Plate.

Reference : Hu1etts;(10,20) Alca;n(9)

Ultimate tensile strength (OUTS)

Mechanical Properfies .. Base Material:

r

0, 2% Proof stress (Cia ,2)

Bearing strength (erB)
, Ultimateshear strength (TULT)
Shear yield strength ('T11*)
Modulus of elast,icity (E)
Shear modulus {G)
Elongation minimtllll, .45
Hardness, Brinnel HB (typ.)

295 MPh,
(2$15- 330 MPa)
255 Mf-'a -.)
(255 - a15 .MPa)
607 MPa
17.~MPa
l45 MFa
69 GPt:"
26 GPj;l,
8 pereent

95
Mechanical Properties ..Welded Conaition :(4)

Ultimate tensile strength «(jUTS)
0,2% Proof stress (do,2)
Ultimate shear strength (7'1] L2')
Shear yield strength (r yi)

165 \'tPa
110 MPa
103 MPa
mJ MPa

(a) These properties apply to the weldmelit and to the bal5e. material

within 25 rntn of the weld. AA 5356 nUl."! alloy,
I; •

Unless otherwise specified all properties are minimum guaranteed values.

Expected ranges are given in parentheses,

400



E.l.5 D54Saluminlum,alloy

Origin : H~letts Alurclniurn Ltd, SA.

In house designation : D§4S - H2

Aluminium Assoc. Equivalent : AA-5083 - H2

'Iemper ~,Strain hardened and partially annealed,

Form used: Plate.

Reference : Huletts;(10,20) Alr.:an(9)

Mechanical Properties - Base Material :

Ultimate tet1sile strength CO'tlTS)
i.'.,

310 MPa.
(310, - 375 Mli;a)
235iiMPa '
(235 - 250 MP~) -
179 MPa
138 IvIPa.
69 GP,a
26 GPa
8 percent

tl

0;2% Proof ~tress (O'o.z),

Ultimate cliear strength ('0UL'1')
Shear yield strength (1'yi)
Modulus of elastlcHy (E)
Shear modulus (G)
Elongation, minimum, AJ5

Mechanical Properties - Welded Condlfion :(0;)

Ultimate tensile strength (O'V',}'S)
0,2% Proof stress (0'0.2)
Ultimate shear strength (r(}£:1')
Shear yield strength (rl/i)

262 .LV1:Pa
124 MPa
159 MPa
76'MPa

(a) These properties apply to the weldment arJ:~to the base material

within/:25mm of the weld. ilk 5356 filler alloj;.

I'

Unless otherwise specified all ~toperr.ics are minimam guaranteed values,

El ..pected ranges are given in tllir02'.I1theses.
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B.2 Filler al1:1)'& ~ aluminium welds

The combinations of parent alloysw-lded together in the construction of the

semi-trailer and the filler alloys used. are presented in T&.bleEL

~r'ahlel?l Weld parent alloy combinar.ions and fille~\\,aJloys
" )(

Parent ""lUOY
eomblnation

Anticorodal-> 112/
Anticorodal -- 112

Anticorod~1-1121
-D65S-TP'

Anticorodal=- 112/
B51S-TF

Al!ticorodal-- 112/
. D65S-TF

D6SS - T F/ D65S ._ TiF

D65S -- TJ/'j B518 - TF

Do5S - TFID54S - H2

B51S - TF/B51S ~ TF

B518 - Tl?/D548 -. TF

D54S -- 'I'F I])545 ~ H S

}!"iller-alloy Application

, ~?I,~lainchassis I-beam
web /fiange welds

S/A1Si5 i

(DIN 1732)

A ..--1 5356 c, Various

A.A ,5356 Various ..

AA 5356 neck covet' angle

A.A 5356 Various

AA 5356 Various

A.4 5356 Various

A.A 5356 Various

AA 5356 Light box mounting

A.A.. 5356 Light boxes

The strength of a butt weJd is usually dictated by the welded 8~rength of

the parent alloy(9) (refer Section B.1). The shear strength of fillet welds,

however, is usually governed by the fllle» 'CI,lloyo ultimate shear stress for

fillet :'\)\reldt,; of AA 5356 filler a1le,; tl"':: giW.;L 1'-',1 longHudin.al and transverse



Longitudinal
Tuw' = 124 MFa""tWT.:::;: 165 MPa

F'igure E1 Strength of fillet welds for.AA 5356 filler alloy

As a general rule! the mechanical properties ofheat-treatable alloys ill the

TF condition will drop to those in the TB condition, but the properties of

material welded in the 'l'E: condition will be sub;tantially unaltert~d)lO) \~.re1d-

ing non-he~t~treatable alloys, ·011 the other hand) will reduce the mechanical

p:ttJperties ill the heat affected zone to those or the annealed condition irre-

spective of the original temper.

i
n

E.3 ROC..tuf ADaOO steel

In House designation : ROC~tuf AD690 alloy steel

(roller quenched and tempered)
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\ I

Mechanical Properties :

Ultimate terr&ilestrength ('tUTS)

O~2%Proof stre~s (0'0,2) .~
Ultimate shear strength (1"ULT) ,
Shear yh"!ld strength (1'1/1) -
Modulus of elasticity (E)
Elongation, min. in 50 mm
Hardness, HB (typ.)

790 MPa
1\

(790- 930MPa)
690 MFa
518 MFa
400 MPa
200;1GPa.
18' percent

235/293

Unless otherwise specified all properties are minimum guaranteed values.

E.4 BS4360 .. Gd 43A steel

Origin: ISCOR Ltd.

Desigaation: BS 4360 - Grade 43 A

(Weldable structural steel)

Application : Suspension mounting plates.

IReference: Iscorj(09) British Standards. (70)

Mechanical Properties :

Ultimate tensile strength (O"U'1'8)

Ultimate shear strength (ru L1')
Shear yield strength (1'yi)
Elongation (min)

(a) Based on. 50 percent of tJ'V1'S

(b) Based on 50 percent of a s!

,
Ii

4.30 MI\,
(430 - 510 MPa)
220 MPa
(220 - 280 MFa)
215 ~i[Pa(a) .
W MPa(b)
20 percent

All properties are minimum guaranteed values. Expected ranges are given

in parentheses.
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, 'The proof' loads and tightening torques for all of the hl~tBand holts used
- i\

'} 1'[

ill the construction of the semi-trailer are presented in tables E2 and Ea.
il

Grade-:: nuts and grade 8.8 bolts are used throughout, Miipmum mechanical
',I

1\\

\
'"

\'\
'I

1,\
(,

E.5 Nuts, Bolts, and Washers

properties &re:(6,71)

. Ultimate tensile strength (O-UTS) = 800 MPa.

0.2% Proof stress (<TO 2) = 6iO MPa, i' ",i

against corrosion.

All nuts, bolts and washers are either zinc 01' cadmium plate~iJ.as protection
\

Table E2 Nu1;and bolt proof Ioads(6)

Proof Loads (kN)

Bolt size MIO ~f12 MI4 MI6

Gd,. 8.8 bolt 33,2 48,2 65,6 89!7
as. 8 mit 45~5 6611 90,3 123j6

Table E3 cc:::::.~~olttightening tor4ues(6,1l)

Torque (Nm)

Bolt size :MIO M12 M14

Torque to induce load
equal to 65%of
Proof load

51,1 90,2 143,3

405
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M20

140,3
192,~!
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APPENDIX F

SEMI-TRAILER BRAKE SYSTEM
(,1

F.l General
'.,'1

\,
1', !

I. . . 1,\ !i\

As discussed in Section 4.7, the semi-trailer brake system is designed to meet
,. i·

all requirements O! SABS sy 1051:1980 - 'Motci:~vehicle safety specification

for braki!!g~.(:Z4) This appendix presents all design and compatibility calcu-

lations for the tran~r brake system as required by that speciflcation, as ~en

as other relevant calculations.

The pneumatic circuit diagram for the brake system and related pneumatic.

circuit diagrams are to be found in Drawing seriesPld-Ill to PM-03 in Ap-

pendix H.

F.2 Available braking force~

As discussed in Section 4.7.2, the maximum coupling. pressure in the service

brake line is assumed to be 650 kPa and the threshold .pl'essure" as measured

at the coupling head, is assumed to be constant and cHual to 50 kPa.: This ,-

results in a maximum brake chamber pressure of 600 kl?a.

The effective area of the service chamber of the type 24i30 spring brake

char~bel's 18:(55)

A. = 14314 mm2

Hence, the pushrod force a~"600 kPa brake chamber pressure is:

Fp = (14314)(600 x 10-3)

= 8588 N
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The 1Il!.Ckadjuster l~~er lengths for therfIA steerin~_ ~es and f01: the Henred
-

Prop8.t 11"000fixed axle are i45 mm.and 152. rnm respectively. Tfle torque
.' " " ,~

on the s-cam shafts is then:

- steering axles

- fixed axle

The brake~rati6' (ir
i
:. ratio of braking torque on wheel to input torque at

>-'t;:~ecamshaft) fur the Henred Fruehauf 420 x 160 mm brake-is 11.(12) This
,\

res/~lts in hrakirtf~orques a,t each foundation brake of~

'- steering axles

- fixed axle

For a tyre radius or 561 null th ..e braking forces per axle moe thus:
/i'

Fb.. ::::::4~ 836 Nii - steering axles

- fixed axle

Summing these forces over the full semi-trailer tri-axle bogie, the total avail-

able braking force at the road surface is:

Fi:::::148866 N

This total braking force exceeds 45 percent cf the maximum weight borne by

-the wheels of the trailer when stationary [ie, 23100 kg or 226 611 N). The ser,..

vice braking system of the semi-trailer thus meets the minimum performance

requirements of SABS SV 1051 for Category 04 vehicles.

Di~;,ding the total available braking force by the 600 kPa brake chamber
i.1

407



\~

\
\
\\
1\
~.

pressure, the total available braking force ~herunit pressure is.

i!
1,1

it ::;;248. 1 N/kPa

F.3, Compatibility curves

The laden and unladen compatibility bands are constructed by multiplying

the upper and ,.lower boundaries given in SAVS:SV W51 - Part VI by the

kc (laden) and kv (unladen) correction factors, tespectiv{:ly (rmel' Grapks'

.Fl all:~?F2). The kc and kt) correction factors are given by the following

equation:

r .. R2 t- ] ,If.h....1.,...1,0.]- 1 0 - --~~, ~. '.
L' (Rz)".a:z: .\~2.5

!' \~

where

== gross' weight of the trailer [N}

R2 = total normal static reaction of the road sttrfar,e

on the wheels (If the semi-trailer [N]

'0 '
(lLZ)max = value of R2 at the maximum weight of the semi-trailer fN)

~1fS == wheelbase of semi-trailer [m]

hi =: height above ground of centre of gravity of
the semi-trailer and payload [1111
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The 'laden and unladen data are'(refer FigUre 2.1 and Figure Al)~

Laden Unladen

Pi (N) -""'-- 3598Sj 65531
II

R2 (N) - 226611 51826

'R) I (N) 226611 226611" z rt, !tx --
ws (rn) _ .. 8,92·1 8,924

h'l J' ) 2,47 0,96trn -

,\Vhtmce:

k; = 2,087

and

r;
s ::= R" at 750 kPa

2

Laden Unladen

max. limit, 0,420 O~856
min. limit 0,297 O!oOQ

max. limit 0,66(; 1,35"

min. limit 0,461 0,939

z ::=; ~: at 450 kPa

The load-sensing 'Valveratios selected for the laden and unladenccnditions

are 1,2 and 2,"l respectively. Note that load sensing is inC()lpHrateddn the

laden condition (ie, maximum legal payload) in order to allow a factor of

safety In the event of the trailer being overloaded (refer Section 4.7.3).

From Section F.2, the total available braking force per unit pressure. at. the
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tinad -surface is:

It =: 248, 1 NIkPa

Hence, the load sensed braking ratios at 650 kPa coupling pressure (600 kPa

brake chamber pressure) are:

Laden: '".t<t
i¥ ~ Rz

(248~1)(650-50)
:= (226 (11)(1, 2) ~

== 0,547

Unladen :
)':1c,.t

Z ::: I:£;
(248,1)(650 - 50)

= Ii (51826)(2,>7)

='L064
\\

The laden and unladen compatibility curves are Shown in Graphs 1"1 and F2
r,

respectively.

F .4 Load-sensing valve settings

As was previously mentioned (refer Section

.\lI
I;1
1\
\

in the legal laden condition, 'I'he load-sensing valve is therefore adjusted

for a correspondingly higher .laden condition so as to achieve the required
\.\

load-sensing ratio in the legal laden condition. The tri-axle bogie load corre-

sponding to this maximum laden condition (hereafter referred to as the laden

condition as opposed to the Iegal laden condition) is determined proportion-

ately (refer Figure Fl), ie:
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Ii

I)
Ii

2,7

1.2
1,0

Figure Fl Load-sensingvalve ratio as a function of

hi-axle bogie load

For each leading condition the total-load imposed on the suspension is equal

to the tri-axle bogie load minus the unsprung mass [ie, axles, wheels, brakes,

tyres, etc.), The total unsprung mass for the full tri-axle bogie is 32·1.0kg

(refer Figure 2.1). The resultant suspension ail' bag pressures required to

sustain these loads are determined from Figll"~F2 and iM:e presented in Table

FL Note that. the suspension ride height of 514 rum on Drawing

No" 58-01 results in an ail' bag design 'height of 420 rom or 16,5 ind~~s.
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Figure' F2 Design curves for 'Firestone' ITI5..9 air bag used 011

'Fruehauf T' airsuspellsioll(73)
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"Dible F1'\. Suspension air·bag pressures for laden and unladen conditions
\\~"-

Load 'lbtalload 011 Average load .Air bellows \'\

condition suspension pel" air bag pressure
kg lb kg Ih bar- psi

{:\

Unladen 2043 4504 191 420 0,488 7.08
Legal laden 19860 43784 1852 4083 4,02 58,3

Max. laden 22236 49022 2074 4b72 4,49 651,

The '\Va.beo' automatic load-sensing valve (model tiS 7002200) used on.the ~.~

trailer braking system is shown In.Figure Fa. As is the case with most load-

sensing valves for use with pneumatic suspensions, this valve controls the

service brake pressure as a function of air suspension pressure and conse-

quently of rude load.

,Iii___ I:

r:~---r"I
I; fA.:) II I I '4I : 1..11 .:-t-Q. .. I r :

I, .. ~ __._J !
L~ - -_1

2

Figure FS 'Wabco' automatic load-sensing valve

(model 4757002200)
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The device is adjusted to suit the range orait Odg pressures encountered (Ta~'

ble Fl) by selecting the.correct spring; and ~justih"~crews and.setting them

at the dimensions determined from the two valve norrsograms, Ie, Figures F4

and F5. To determine these setting dimensions, th-e followit,lg information is

required:

Brake cyl. pressure ~laden
(max. brake chamber pressure - Set~io~lF.l)
, ~
Brake evl. pressure .. unladen
Air bag pressure ~unladen I

Air bag pressure - laden
Air bag pressure difference (laden - unladen)

il

= 6,{}O bar
r,

I' _ 2,22 bar
il = 0,488 bar

'1= 4, 4~~8bar
.= 4,OtlG bar

Using nomograph I (Figure F4) the correct spring and its adjusted length

are determined, ie:

LJ = 110,8 rom (Spring 8960325304)

L'l and L3 are determined using nomograph II (Figure F5)~ ie:

L'j ::=: 39, 0 min (Hexagonhead screw 8~12010202) .

and

L:$ = 20~3 rnm

\
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F.5 Parking brake

The s~mi-.trailer parking brake is provided by means of the'emergency spring

brake cylinders on all three trailer axles (refer pra~ing No. PM-01~ Appen-

dix H).

'. \

Figure F6(14) shows the spring force ttl~;;vefor th(\ ~4/30 spring brakes as

a function of push rod stroke. Note that an Anc~or1ok spring force curve

has been used here because no spring force curve was available from Diesel

Electric SA (Ply) Ltd for the 24/30 spring brake cylinders su.~wlied. This

was, how€ver~ deemed acceptable sin~e a review of a number of spring brake

cylinders on the SA market by Henred Fruehauf Trailers (pty) Ltd has indi-

cated very similar spring force curves, (72) In this calculation, spring force is

computed for half of maximum push rod stroke in order to allow a factor of

safety for maladjusted brakes.

From Figure Fo, the spring .+?rce at half maximum stroke (ie. 28,5 mm) is

approximately:

Fs = 6400 N

f i /1

'I'hus, for the steering ~les (14~ mm lever), the s-cam torque is:

and for the-fixed axle (152 rum lever)

T,= 9,728 X 105 Nml11

\. \

Multiplying by the brake ratio of 11 (refer Section F2), the braking torques

\
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per-wheel are:

II,

- steering axles

MODELS 2430 a~d 3030

SPRING FORCE Cl,JRVE
I..5G[NO MII'MIIIlflI"
_ Sl'AIMIFOI"Ct: _II':TlWI!_AII'l~_

::,S :1<1 I'04IC:t l\k..

fixed rude

20i" f

I
u

~

,.

~ fi

r-, ""'~ ~." !...
t ~ _INa ~0A8e ",t~ "I I~ A!IlIIM~

\\0
,

i c-,

0 10f,I!,I 2:lMU ~ <IOMM ~" ~ 10M.f,

!L)(~'~

"

KP. " law !'Asc.~(S ,"
!':; iG, ~ pq_ut.c~!'E'·HI(n1'flE INCH
I.I.U '/1 ,TEllS
N ~' is
~'3S iw j,_

FigUl~kFtf Spring force curve for Type 24/30 spring brakc(74)

Dividing by 561 mm tyre radius, braking forces for each wheel are:

Fb = 18196 N

Fb = 19075 N

steering axles

fixed axle

Summing over the full tri-axle trailer bogie, the total available braking force

at the road surface is:
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SABS Sl1 Imll .•Jpati I requires that the parking brake be capable ofhol~ling
-, /) II II . '....

c the M~Yladen vehicle stationary 0:r:t an 1? percent gradient (ie. & slope of 1

o i~. 5,556- ~r 10120 Jlegrees):- ,

Pt
I-----

,~
Figure F1 1\.1~'\';imul'Jl)~·,lgradientfor trailer park brake

Ii

'With l't=!'erence to Figure F7:

that is

Pt = 36680 kg

= 359831 N
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ie. a 32,4 percent gradient.

F.6 Required brake reservoir capacity

-,

Figure F8 shorrs a simplified diagrRUltHatie representation of the semi-trailer

service brake system and reservoir. In Case A the system is charged to the
u

ma~iID:um operating pressure [ie, 1-10:::= 6,5 bar) and is isolated- from any
i'-

compressed ail' supply. Th(: t~lay v-alve is dosed and the pressure in the

service brake chambers is zero (gauge). Volume l'r is the reservoir volume,

During brake application (Case B), compressed all' is released tv the brake

chambers and the overall system 'pressure reduces to Pl' The total volume

Vt 1S then given by:

Vi == v~·~/;vclurneof air in brake ~anlbers + volume (,f air in service lines
(i < ••

1,'.1

Note that v~is calculated for half t'tie maximum stroke of the service brake

chambers. TIlls allows for a certain factor of srfety over the usual one-third

of maximum stroke adjustment position,

\Vhe:a the brakes are released, the air in the brake chambers is exhausted and

the pressure in the reservoir remains CIt PJi' Assuming that th-e air behaves

as an ideal gas and that there is no temperature change:



.Ii

(is! It - .!J!fore brake 9PP.llcotloo

j
FL"~~I'eF8 Simplifiedschematlcrepresentation of

semi-trailer service brake system
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that is

Similarly, after a second brake application:

"r! ('f/' + Y.'/ -L T? 'PI l t' :::::P2 , .' t' J' C i ~'II .1

'and after ':n brake applications

Hence:

(
V )n

Pn = Po V-';V + 1/. r C II

-Now, SABS SV 1051 ~ Part III ,.. 1980 requires that the capacity of the

air reservoirs in a trailer brake system be such that, when the system has

been charged to the maximum operating pressure and then isolated b-om allY

external supply of air, the level of the energy produced in the trailer brake

chambers on the ninth application of the service brake control is at least fifty

percent of that attained on the first application, ie:

Substituting:



!)

g ii( V. )V,. .... PO. J"

Po. . . >- ----(Vr+Vc+V,) '- 2 \.V",+Vc+V:I

and simplifying

that. is

The minimum required brake reservoir capacity is then:

The volume of a type 24 service brake chamber at maximum stroke is 1~07

litres. (l'l~) Total service chamber volume fer six chsmbers adjusted to half
,

maximum stroke is therefore:

j/

Vc = 3,2'~ litres

The servi(~e line volume (il1dudh~~volume of relay valves) is estimated to be:
~~ .

v~= 1,10 litre!'!

Hence:

(l'r}min = 47,6 litres
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//
The tots.!. of 60 litre brakereservoir o:\pacity (ie. two 31)Iitre reservoirs) fitted r

to the 8emi~traileris thus sufficient.

il
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APPENDIX G

SELECTION OF OVERAJ..L VEHICLE PARAMETERS

G.l General

As a result of the dependence of the legal gross vehicle mass, payload and

overall dimensions of the semi-trailer on the tare mass and dimensions of

the towinz vehicle, some discussion of possible trUck~tract()r and semi-trailer

combinations is necessary in order to define overall design parameters,

The following ruP-'""1isof eighteen representative truck-tractors 011 the South
j ('. . ..':: ,.,

African market Ot'!lJnes calculations and presents results of maximum overall

semi "trailer dimensions and truck-tractor 5th wheel position, as well as maxi-

mum gross combination mass and payload for each of the truck-tractor/semi-

trailer combinations considered. Three distributions of load between the
.'

truck-tractor and trailer are considered. These are:

- Case A ~Full USc of the payload capacity of the truck-tractor as well as

an optimum load distribution. between the front axle and the rear axle

bogie of the truck-tractor. Since the .Gross Combination Mass (GeM) is
(.

lower th311 the sum 01 the ~~udividuallegal axle mass loads due to bridge

formula restrictions, this result," in the axle loads on the semi" trailer tri-

axle bogie being lower than the legal maximum allowed for th?.t group of

axles.

~"Case B " Maximum legal axle mass loads on the semi- trailer tri-axle

bogie and the front axle of the truck-tractor, Here the load on the rear

axle bogie of the truck-tractor will he below the legal maximum load.

This particular load distribution results in slightly longer trailer lengths

sincethe requited 5th wheel position is further forward than the previous
cast'



-.c- c-Maxim1_U'1llegal axle mass load on the front axle of the truck-

c traetf.ll' sad the centre of gtC/'Iity of the payload at,.the centre of the trailer

(, 'deck. c'1~hisis anintermediete case which results in. axle mass loads at both
/I

the eruck-tractor rear bogie C1.l1d the semi-trailer tri-axle bogie of less than
'-:-'
····t.herespective. legal maximum loads.

Case B represents the' foremost 5th wheel position without compromising on

GeM in that 5th wheel positions further forward will necessitate a reduction

in aUO'Wablepayload to prevent overloading of the frent axle (_If the truck-

tts.ctor. In all three cases above, the front axle of the truck-tractor is loaded- . . r

to) the legal maximum axle load in order to achieve the furthermost forward

5th wheel position on tIle truck-tractor and, thus, the longest possible Semi-

trailer length.

On(y forward control or 'cab over engine: type 6 x 4 trucl;:-t:raetors have been

considered in this analysis since they afford considerable advantages in terms

of allowable semi-trailer lengths when compared to normal control models.

The overall dimensions and tare masses of the eighteen truck-tractors, as

detailed in the individual rf~anufacturer's data sheets, are presented in Ta-

ble G.1. It should be noted, however, that the actual tare masses will vary

slightly in practice depending on the optional equipment fitted to the vehicle.
I

The tare mass of the 5~~1wheel and sub-frame is assumed to he 200 kg.

Figure G1 defines the relevant dimensions used in this analysis (refer Sec-

tion 4.2.1). The tare mass of the semi-trailer is assumed to be 5970 kg (refer

Section '1.2.2).
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G.2 Samplecalculation

F:~rthe pUI1?~seof this sample calculation a Foden' S~06 6,x

is selected.

t,l'uck~tractor ,,'
Ii

ft \

For all of the truck-ttac.torlsemi~trailer combinationsconsideredin this ana].,:;

ysis, the limiting, bridge formula span (refer Section 4.2.1) is either from ~J.~
(,.,~.',") , .'

f,ront axle of the truck to the rearmost axle of the semi-trailer, or from' UHf .•
,

foremost drive axle of the truck to the rearmost axle of the semi ..:trailer. III
this sample calculation the former span ~s limiting and the legal GeM is: '.

GeM = 1~8x 14682+ 16000

:= 42428 kg

H~nce,'subtr.ictin~ the tare mass of the truck-tractor (Table Gl)l the 5th

wheel 'and the S~T'~;iitrailel':

Payload =42428 - 6841 - 200 - 5970

:::;29417 kg,

G.2.1 Case A .. Full use of payload capacity of t'ruck·.tractor

The maximum front axle load for the Foden 8106 truck-tractor is 6 100 kg

(refer Table Gt) and the maximum legal 10;1(1 on the truck rear tandem axle

bogie is 16400 kg (refer Section 4.2.1). Subtracting these axle loads from the

GeM in Table G2, the semi-trailer tri- axle bogie load is thus:



\\
Referring to Figure GI, the semi-trailer king-pin Ioad is then:

I:
\\
ii Rl = 29417 +5970 -19928

:::,.:-1.5459kg
,-, -

~4.dding the mass of the 5th wheel and t~V:~'gmoments about the centre liue

of the truck-tractor rear axle bogie:

(2041 )/3560)D ".::= (15459 + 20D)

='464 rom

The semi-trailer length, from Figure G1, is thus:

It = 17000 -1468 - 3560+464 + 1460

= 13896 nun

and the axle spacing on the semi-trailer tri-axle bogie is

dax = 13896 - 1460 ~ 8924 - 850

== 2662 mm

'With the 5th wheel positioned 464 rum forward of the centre line of the truck
"

rear axle bogie, the swing clearance between the trailer and the truck cab

will be:

=40:j mm

r .. . --._
, (')490)2-: V - 2 + (1460)2S = 2760-
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G.2.2 ,)Case B • Maximum load on ttailer tri-a.."'lebogie and front

axle of truck-tractor

The leg,hl maximurri load ()U axles fittili with super single tyres is 7700 kg"
I

per a.'IClE~(refer Section 4.2.1) .. Provided the axle spacing-on the trailer tri-axle. ~~

bogie exceeds 1072 rum and, thus, thebridge formula does not further limit
1\

the allowable load on the trailer bogie, the legal load.on the truck tandem

axle bogie is:

R, = 42428 - 3 x 1700 - 6100

~!: 13228 kg

~)eferring to Figure G1, the semi-trailer king pin load is:

Rl ::;29417 + 5970 - 23100

= 12287 kg

Taking moments about the centre of the truck rear axle bogie:

D _ (2041)(3560)
x: - (12287 + 200)

= 582 mm

The trailer length from Figure G 1 is:

1t :=: 17000 ,- 1468 - 3 500 + 582 + 1 460

= 14014mm

1\
II
1\
\

and the axle spacing is

432
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aai = 1401~.-1460 - 8924-

=2780 mm

. The swing clearance between :i;lle fr-..nt of the trailer and the truck cab-is:

1(2409)2 .' ·7-
~ :::= 2.76,0 - 582 _- V 2 + (1460)2

n
Ii

=285 rom

G.2.3 Case C - Maximum load on front axle of truck-tractor and
centre of gravity of payload at centre of trailer deck

For a maximum front axle load of 6100 kg on the Foden tl't.ck-tractor, the

portion of the load imposed at the 5th wheel mounting that can be transferred

to the truck front axle is 2041 kg. Taking moments about -the centre line of

the truck-tractor rear rude bogie in Figure G1:

Rl .; (2041)(3560) _ 200
Dx

The length of the semi-trailer is:

l!t =..--: 17 000 - 1468 - 3 560+ iJ x + 1460

Taking moments about the centre line of the se~i-trailer tri-axle bogie:

Rl (8924) =: (29417 +2900 +250)[8924- (It/2 -- 1460)]

that is
)\
;)
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f
I

_JJ

Solvl-ng these three equatio~oimultaneously:
-.... -I

D;t: = 580 mm

Rl :; 12328 kg

Thus. the semi-trailertri-axle bogie load is:

R2 = Z9417 + 5 970 ~ 12328

= 23059 kg

..and the truck rear bogf~ load is

\,~I

Rt = 4? 428 - 6100 -, 23059. . I

'I
I"= 13...2.t:9-kq-Y 0

Agaill referring to Figure Gl, -the semi-trailer axle sf1~cing is given by:

dux = 14012 ··1460 - 8924 -- 850

= 1778 mm

Finally, the swing clearance between the front corner of the trailer and the

truck cab in this case is:
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S = 2760 _ 580 _. (2~09) z + (1460)2

,
=287 mm

G.3 Results

Table G2 presents results of maximum GeM and payload, whilst 'Iables G3

to 05 present results as detailed in the above sample calculations for the

eighteen .truck.tractors conside*d.

The maximum paylo~nchieve!d i~,this analysis is 29417 kg (refer rfable G2)
'.

for the case of the Foden 8106 tmek-traetor and semi-trailer eombinatiou,

A design payload of 30000 kg was thus selected for design purposes in this

project ..

A~though the meximum deck length att~.ined ill this analysis is 14196 rom

(refer Table G4), it was considered prudent '110 size the length of the semi-

.trailer so that it could be coupled to the majority of the truck-tractors anal-

ysed without compromising on payload (also refer Section 4.2.1). With this

I.!U mind, an overall trailer length of 13850 111111 was selected. This length is

suitable for approximately 75 percent of the truck-tractors for the Case B

load distribution ill Table G4 and results ill a 2620 rnm spacing between

axles 011 the. semi-trailer,
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Table G2 Maximum GCI\1 and payload

'lruck~
tr&etm:'

International TF 2670 S\V13

International TF 2670 L\'VB

Mercedes 2633/S·32

Samag 280 M-26FS

Samag 320 :M-26F"S

MAN 30.280 DFT

MAN 30.280 DFTjS

Isuzu VPZ 441S

Toyota Hino 42-260F

Oshkosh El446 T350

Oshkosh E1344 T290

Ford Louisville LNT 350

ERF Single cab 66A 280B

liiRF EuI'o tab 6uA 280B

ER:B~Sing!e cab 66011 350B

Foden S106 - 6 x 4:

437

GC~1
(kg)

42622

42528

41877

42532

42838

42838

42370

42370

42808

42505

42403

42827

4282'/

43010

42761

42761

42761

42428

Payload
(kg)

28487

28978

28122

27397

28568

28368

28020

27920

2a05B

29360

28773

27627

28157

2~360

28991

28791

27691

294'1,7



Table G3 Results for Case A weight distributions

Truck- Tandem Trldem King~pin 5th wheel Trai1e!' Trallex' swing
tractor hope bogie load position length &Xle clUl";lIlCe

lo.d load illpacing
(kg) (kg) (kl> (ntm) (rlml) [mm] {nun)

Semi.,
R1l2 Heal 16400 UIl'l2 14135 sso 131;05 2671 1032

International
TF267tiSWB 164.00 20128 14820 525 13728 2494 714

Inteml!.tiolllll J/

1'F26?OLWB 15400 19411 14615" :)83 13261 c2027

Mercedes
2633/5-32 16400 19632 15635 421 13602 2.3138 IUS

Samag
1991;S i41WO2S0M·~ 26FS 1~400 694 13724 2490 1203

S~
?~237320ltJ - 261'5 16400 11)938 1HO!) 660 ~3690 2456

MAN
30.28l) DFT 1.64(10 1U470 14520 663 1314g 2514 829

MAN
30.280 DFT/S 16400 19.70 14420 6+1 13729 2495 ·~68

Niasan
CW41-HD 16400 20408 14620 1153 1381:1 2639 454

kwm
VPZ+.US IM.OO :tQ 105 15225 ~ 1381:\ 257P 869
1byotl). !Iino
42-260F 16,(00 20003 1474U 628 13623 2389 3S5

(.)ShkOllh
E1446 'ra50 :\6400 20427 13170 246 13726 n ~492 5tH

Oshkosh
EIM4 T290 164:00 20421 13700 316 13196 2562 511

Ford Louisville
LNT 350 164::10 20610 14120 681 14028 2194 184
ERP' Smgle eab
66A 280B 16400 19861 15100 1)54 14048 281-i 586

ERF Eutoc:ah
6GA 28GB 1154(10 19851 14900 51'2 14006 2772 45'1

Ii
ERF Singl~.cab
eece 350B 16400 1ge61 1380i) 487 13981 2147 653

~

Foden
\ S106-6 X 4 16400 19928 15459 464 13896 261j2 403\
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Table G4 Results for Case B weight distribution

~I:'ruclt - .. Tandem Tridetn King-pin .sth wbeo1 Trailer Trail$;' Swing
trador bogie 'bo,;ie lO'J;d position ~~h axle clearanee

load load .p~clng
(kg) (kg) (kg) (nun) (mm) (ttsm) (nun)

Scani"
R112 B·31 13022 2311)0 11357 7!'iO 14015 2841 8t2

internatklnal
TF2670SWa 1342B 23100 U848 tiM laS'S? ~623 5S5

Int.ernl!.tionM
TF 2670Lwa 12717 23100 10992 771 13«9 2216 800

Mercedeat
~tl33jg.32 12932 23100 101t17 570 13145 2,511 112

SarMP;
280M ~211FS 13238 23100 11438 882 13912 2578 1015

Sarna,
320M - !ltlE'S 13238 23100 11238 843 13813 2t1!Q 1054

MAN
30.280DFT 12770 23100 10890 SSl 13066 2732 611

MAN
3fJ.2S0 D1:'T/S 12770 23100 10'100 $51 13942 2708 :5S
Nitaan
CW41- an 13108 23100 111)28 19ti 14018 218,( 309

&U:l11
VPZ+llS 13405 2alOO 12230 .1ot lU49 2115 733

ToyotuHino
42·~260F 13303 23100 11343 702 13181 21ilil 2:31

Othbh
-', E1445 T350 13727 23100 10491 3Il7 13787 2553 520---

O~hEl T200 13727 23100 11027 S91 1387f 2631 436
\\:;-.

Ford hnuiaviUe
LNT350 140M)' 23100· 12230 '165 111112 2318 100
ElU' Single eeb
eGA 280B 13161 23100 118(!1 702 141S1t} 296~ 438

ERF' Euto cab
65A ssen 13161 23100 11661 652 141·16 2{112 317

ERF Single esb
66Cu350B 13161 23100 ..0561 633 14~27 28P3 507

Foden
S106 ~-f) x 4 13228 23100 12787 582 II 14014 2780 285

·Maximum frcmt axle load reduced to 5851 kg tt> ensure eklltance greater than 100 min.
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Table.G5 Results for Case C weight distribution
.'

Truck • Tandem 'l'tidem Kin1(~pin 6th "heel 'l'raiIer Trailer Swing
tractor , bop bogie load position IeD&tlt me e1earam:e

load load lp41cing
(kg) (kg) (kl) (mm) (mm) (mm) (rum)

Se.auil.
R112 lUI 135~2 22530 115127 114 H()39 2800 898

lntetrlational
TF 2670SWB 14080 22418 12500 621 13824, 2500 618

lnternat.»nll
'l'F 267(1LWa wm 21060 13032 652 13300 2n96 737

Met~
2633/8-32 14 POI 21Illl 12136 479 1~4M 2,4'20 ~~~

Samag
280M- 26FS 141)91 22241 1221)1 882 13852 2618 822
Satnag

'320M- 26FS 14304 22()s'~ 12304 711 13801 2Mt 1126 c

MAN
30.2S0DFT 13\}!)~ 21ll(\S 12022 m 13884 28ro 693
MAN
30.280 DFT/S HOIS 21855 12035 110 13855 2621 342

NWl'ln
~"'''{4I - HD 13Vi14 22814 12214 180 14000 27M 327

,.\

JsUS'll.
VPZ 4413 13617 22888 12"42 G03 13038 27M 744
ToyotaHino

20042--2WF 14:151 22152 12b91 733 13728 24Q4

O.hk<Aln
•E1446 T3110 15331 21490 12107 2&7 13147 2513 560

o.hk.. h
E1344 T'JOO 14861 219<15 12161 355 13835 2601 472

Ford LouiaviUe
LN1' 350 14~23· 2311)0· 12230 j07 140M 2820 158
ERF Sm~l~cab
116A28GB 13210~· 23100·' 11861 687 141131 2947 453

ERF Euro cab
66A 280B 13311 22890 H871 641 14135 2901 328
ERF Single cab
660u 350B 14169 22092 1156D 579 14073 :l839 561
Foden
SlM~·6x4 13269 23059 12328 580 14012 2178 287

•. i> 6811!l: on .teering axle to prevent overload on tridem bogie,

"*6451 kg on IIteering :..:deto prevent overl~i.d on tridem bogie.
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APPENDIX Ii

ENGINEERING DRAWINGS
I,

This appendix contains all of the engineering drawings used ill the consrruc-

tion of the aluminium semi-trailer. These are divided into fourteen drawing

series denoted by the following prefixes:

.CA ~ General assembly drawing

M5260 - 'Alusuissetruain l-bcam drawing

elI - Chassis assembly and general component drawings

DE - Deck assembly and component drawings

DC - Upper coupling assembly and component. drawings

OR - Outrigger and torsion tube drawings
~J

SS - Suspensi~~ assembly and component drawings
~' ..-..Jj

LL - Lan~ling leg assembly and component drawings

LG - Light and retro-refiector mounting drawings
/11

RB - Rear bumper assembly and component drawings

HB ~ Headboard assembly and cdhlponent. drawings

PM ~ Pneumatic circui] drawings

EL·o Electrical circuit drawing

JG - Jig drawings

Unless otherwise indicated 011 the drawings, the permissible deviations for

machined dimensions and non-toleranced fabrication dimensions are giycn in

Table HI and Table H2 below.

441



1\

'rable Hl Permissible deviation for non-toleranced

machined f~imensions

Nominal machined
dimension (mm)

Permissible
deviation (mm)

Over to

0 15
15 70
70 200
200 500
500 1000

Oj2
O~3
0,4
0,5
0,7

Table H2 Permlsslble deviation for non ..toleranced fabrication
dimensions

Nominal fabrication
dimension (rum)

Permissible
deviation (mm)

Over to

o
175
500
1300
2800
6000

l'l5
500
1300
2800
6000
14000

0,5
1,0
1,5
2,0
·3,0
4,0

All dimensions on the drawings are in millimetres,
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SECTION A-A
(WELD PR~PARATIDN DETAIL)
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NOTE.
1. GRIND WELD PREPARATIONS USINGNON-CARBDRUNDUM GRINDING DISCS,
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SECTION 8-8
(WELD PREFARATION DETAIL)
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SECTION [-[
(WELD PREPARATION DETAIL)

MATERIAL: 20 I'ln ALUMINIUM PLATE 434 x 110
851S - TF ALLDY

NOTE.
1. LH AS SHOWN. RH OPPOSItE.2. GRIND WELD PREPARATIONS USINGNON-CARBORUNDUM GRINDING DISCS.
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SECTION A-A
(WELD PREPARATION DETAIL)

MATERIAL: 15.88nn ALUMINIUM PLATE 70 x 100
851S - TF ALLDY

NOTE.
1. GRIND WELD PREPARATIONS USINGNON-CARBORUNDUM GRINDING DISCS.

UWt UNIVERSITY OF THE WITWATERSRAND. eC LIGHTWEIGHT ALUMINIUM SEMI -TRAILER PROJECT--MATERIAL: TITLE:
SCALE: 1: 2
DATE: 20-01-84
DRAWN: M,ELSTON

ORG. No:
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SCALE: 1: 2 j 5
DATE: 15-01··84
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MATERIAL: EXTRUDEO ALUMINIUM FLAT BAR
15.88 x 127 x 201 LG.HULETTS SHAPE No. 10216 (TYPE 1 FLAT BAR)
065S .. TF ALLOY

MATERIAL: __ TITLE:

~~~~~: 1~~~1"~~3 MOUNTING FLANGE
_OR_~N_:~M.~as~To~N w_.. .~, ...__ ~_~, ~.J

RB-02
DRG. No:
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SECTION A-A
(WELD PREPARATION DETAIL)

MATERIAL: EXTRUDED ALUMINIUM FLAT BAR
15.88 X 514 X 127 LG.HULETTS SHAPE No, 10216 (TYPE ~ FLAT BAR)D6SS ""'TF ALLOY

NOTE.
1. GRIND WELD PREPARATION USINGNON-CARBORUNDUM GRINDING 0IS[;S.

U"'w' t"" 'I :~:~~.]JNTVERSITYOf THE WITWATE~SRANlL_eC 'LIGHTWEIGHT ALUMINIUM SEMI -TRAILER PROJECTf---____ - - _.. --.---MATERIAL: TITLI::~'I npG NUs., 0:

RB-03SCALE: 1:5
DATE: 10-11-83
DRAWN: M, ELSTDN

UPRIGHT FLANGE
,,;-------...._.......------
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SECTION A-A
(WELD PREPARATION DETAIL)

MATERIAL: EXTRUDED ALUMINIUM FLAT BAR15.88 x~ 127 x 481 LG.HUL.ETTS !;HAPE No. 10216 (TYPE 1 FLAT BAR)D65S - TF ALLOY
NOTE.
1. GRIND WELD PREPARATION USINGNON-CARBORUNDUM GRINDING DISCS.

UlIr t UNIVERSITY OF THE WITWATERSRAND" e c lIGHTWEltHl~LUMINIUM SEMI - TRAILER PROJECT......--_----+-----------._---,,_.J~MATERIAL: TITLE:
SCALE: 1: 5
DATE: 10"'11-83
IIRAWN: M.aSTON

DRG. No:

UPRIGHT FLANGE
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~MA~TER....-IA--lL:i....-.---4 TITLE: I "ORG. ,No:
SCALE: 1:2 MOUNTING FLANGE
DATE: ' 10-11-83 - RB-05 -]'
DRAWN: M•El.STON.....__-~;;.;;;.;.;;;;;,~-------__..,I-- - .. .-

'-- 2 HOLES
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i !SECTION A-A

(WELD PREPARATION DETAIL)

NOTE.
1. GRIND WEL.D PREPARATIONUSING NON-CARBORUNDUMGRINDING OISCS.

MATERIAL: EXTRUDED ALUMINIUM FLAT BAR
15.88 X 100 X 1.27 LG.HULETTS SHAPE No. 10216 (TYPE 1 FLAT BAR)
D65S' _, TF ALLOY
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MATERIAL: TITLE:
----+--------1
SCALE: 1: 5
DATE: 10-11-83 WEB PLATE
DRAWN: M. ELSfDN

RB-06

" \

R 9 .:» .92 .. I
GRIND

MATERIAL: 6nn ALUMINIUM ALLOY PLATE 149 x 514
D54S - H2 ALLOY

NOTE.
1. GRIND CORNER, USINGNON-CARBORUNDUM GRINDING DISCS,

t---- ---r---.....,_..----"'--'---------~~
UW·t UNIVERSITY OF THE WITWATERSRAND. eC LIGHTWEIGHT ALUMINIUM SEMI -TRAILER PRD'~JE[----iT

DRG. No:
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1. REFER DRG. No. HB-J2 FOR WELDINGDETAIL OF 4.77nn PLATE TO FRAME.2. ALL WELOS TO Bt MIG WELDS.
AA 5356 FILLER AllOY 1.2nn WIRE. !
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~SECiION 8-8
nyp. UPRIGH1' TO CHANNEL WELDING OETAIL)

(SCALE 1:2 .5 )
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NOTE.
SECTION 8-8 1. GRIND WELD PREPARATIONS

(WELD PREPARATION DETAIL) USING NON-CARBDRUNDUMGRINDING DISCS.
MATERIAL: EXTRUDED ALUMINIUM CHANNEL SECTION

101.6 x 50.8 )( 6.36 x 5.36 x A LG. 1550 HB-03-02
HULETTS SHAPE No. 162,2 I9aO HS_;03-01065S - TF ALLOY

I------...;..__ __ .- I A OPTION No.Ullt UNIVERSITY DF THE WITWATERSRAND" eC LIGHTWEIGHT ALUMINIUM SEMI -TRAILER PRDJECT~--~--------+------------------~---------MATERIAL: TITLE:
SCALE: 1 :2
DATE: 30-10-83 HEADBDARD CHANNEL~-
lRAVN: M.ELSTDN

mG. No:

HB-03 J
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DETAIL ON ARROW 181

MATERIAL: EXTRUDED ALUMINIUM I - SECTION
105 x 80 x 10 x 8 x 1264 LG.HULETTS SHAPE No. 17099D65S - TF ALLOY
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1"-----.--"7' -----.-~-. _. .

UW t UNIVERSITY OF THE WITWATERSRAND·· .eC LIGHTWEIGHfA[DMINIUM SEMI =TRAILER fiR-OJ-EC--lT
ORG, No:

--,--_\_H8_-~4j

~~MA_TER=--IA__L :I--_~ TITLE:
SCALE: 1 :5 HEADBOARD INNER
DATE: 30-10-83 UPRIGHT
IDRAWt~.~.1M,ELSTUN....i-.- _
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OETA1L ON ARROW '8'

: ... __ ~_o

,---- NOTE.
1. RH AS SHOWN. LH OPPOSITE, I,

MATERIAL: EXTRUDED ALUMINIUM r - SECTION
105 x 80 A 10 x 8 x 1222 LG.
HULETTS SHAPE No 17099
D65S - Tt: ALLtlY

_~_'_..._,.___'_..._..__................._ .. - . ~-...."._~ __ ;.:.-.i __

UW t UNIVERSITY OF THE WITWATERSRANDeC LIGHTWEIGHT- ALUMINIUM SEMI:-TRAILER-P--"RO~JE[~T-t
1-----.-- ~___;,,;_.~----~-,~.'"----r-r-- ......----
~:~~~AL: 1 :5-' TITLE:Ht:ADBDARD' DU"fE,"'.R" I DRG.No: "
DA1E:'

o

30-10-83 UP~RI"G'H~T ' I HB-05~1
DRAWN~ M.ELSTON I;i I....,___..:JiI< ..............."..... ----_. dJIII*b'lil-' .• ~, .• _---.... . -.~.:.:. ............. "'-*i¥_- --- ~~ ....
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MATERIAL: 20m'. ALUMINIUM ALLOY PLATE 130 x 80
851S - TF ALLOY

-----...-'--------,
UW tee LIGHT~i~:S!~~Mf~IJ:1~¥~ri~~:A~~OJE(f
MATERl~L:1 __, , TITLE: ------ \'ORG. No:
SCALE: E_ HEADBOARD UPRIGHT
DAlE: 30-10-83 HB--06
DRAWN: M.ELSTDN SKID Pt2J]



1

~

,,~.,

.~

f
I

f~€[I J

j
i

I
I
1
i

I,

t1 "'" """" _ I"""" . I'IS IIJl(U~ YM.\IE _ ~ Mm III ~l Im~.:; -I
IS T'IF£ "'~ Bllli IIWJ: t'!'I..DIB TSE24~ n i
I H !IJlIlE om 7M.1E JDOl IIoIIt 017 QIM. 1
13I~ YM.\'E INIl mIDI.. 1 ,_ .,

.- Un ,_ t M11451 E Jar 0 l 23 Dtti PllIi 1Y>f FllTE ~~

. . . ... _._ iIlSOf 0111011 GII2 2 22 !mE nJW1... __ .., . TR1!DI III .', -4-.::-r-r..W_A .~ h ! Iimlt !}tin». 2 2t SIlIiE IllTlIJi ~ zm .. _ -1Ja lZ.ht mE

ImH Ml.~ IJI5 1
I llUl £!ROJlf 0Mil1li VM.VE !DOl.1 f1l1 o:l4lT~T1ttoo - S9IS1J(I YM.1E : ~ ~1S '/Il7tO 0 I' I· I
5 lIFE Il'IltE mmn. YN..YE ! - --_.

t2MID lC t.SMw..
-'----- I I112~1D!1::Mw. ' '

_ '--iESGnFil~ .' •.. ' I;~~'t:rr j
tHIVERSITY [f Ttl: WIUl;,tERSROO '~.

.'---'. I LIOOVEIGITAl~NilH S~!RAI!fL~t

n~"'lmom,,"nn{m::~ 17:,:i!mf~E~':.::1- 'i~~~~TEWVICE r No, PM-Dl' J

2!1 ~ ~ Itt.YMm;'E ruE ~ \t'UW
19 I~ PlLYNmE r.-El

s !tIlE F!l.1fI IWIll 432 5IXI1Tt1lll

~ _lIEfi",,,. • ....'" !
~~3JZ1nFlmlE(P.m) _ Imf.S!I-IIl+Flt
2 " '~!CE llIf OlROO em oM '3



~)

""', ,.. J
~W~ubl1·-

'i
Ii
i

~
\
\

-$-El 0lITRll. SIIml. m
lIlAD-SENSItIi VAl.VE t
(J<G. No. PH-Oi) fi

?

~

, \r~J'-_- ,/:1:;r==4LL_J; .=..._=StmY AI. i:JAl.VE • ~~,~ ----r--
c

' Alii COOJlit.~
OOAL ~.l..-DI') --L- --I-'~-T, " ' 0' . _",,'~,. '~, '", STEER,t~ PH-03)
<1l1G, ~, (2), , _ \' . ' ~ (!I1G.~.

.~ \, 0 J -.
<l) /

" ~AIR8AG

J

CDr
I

I: IlllIff< rul; 12~c;s " ' 1"'1Im =
It, .'IOH!ElJfIIDiJ IU~ TIlE -.!UX . •0.25 DOf. 11Mm -
5 I~ 1'l.1_1IJ£ - lUrI _ : Il~ 'I) , 1.5..J-'I _, -.-,-=------=-=., • '

, ~. lllit flL~ , " ," .IJ~BWf.A-9'l2ml II I fJWt , " ~IVERSln [f. UE WHWATERSROO _,
1 9_1E1K~ yltlf 1_HBilIl-I I ~ 11, eC LIGlMlrill ALlJ1I_Illi!j SEHHRA!LER mJ.m
L2 lfI.IH YN.Vf .... 00S0l1H31 om fJt! I l!A1BI!Al:1 TIn.E: 1lJ!ii' H!!:

f t,' '~~l , " ' - iR!6WFHt,~Hi 1 :~: '~.~~ AIR SUSPE~ION '," PM-02
IITBlJ, "",', ' r£S(JIPTIIJI! I P.wt'~, __ LUTY IrRf.lIH:I H.fi.S11l4 ,P~ATI[ SYSTEM L ..;.

"~c·

l

8



- .~ I
) i' .t ..7 II I

~ ~ Ii !t, ~_
~Y'5 /

A'!'R,SPRI~ RESTRAIMl~, _j , _/
sB..llJtS IJi FIA STEERlfll

AXlE LOCKINGPIN CYLlttJ:R
00 F!A STEERING AXlE

Sl.PPLY AI~ FRIJ1 AIR ..d~
SUSPENSIfli CIRLl.lIT
(lEi. No. PM-02}

1[la lSllG£ IllT'ItIIIAllIIUIH 1M:E!mE - ILl,[!( 112,1M IDE • -

• 1- ..._ ...-- 1"..,n, i.s .. ""!- """'" .,,, ... """" _ ~ __
~~ IPi1ESDlE lillIE fBIRlS II! - 100 PsI) I 1 11 !me IlM '. iR1IDl i'If" 6

1 IFlESUE 1lB'IDIi,YN.\'!: (SI Psi) " ImH IMIiIa!MII I ITEM .-- D:S£RIPTIIlt ' , . • "PART II..i'Ia 11m I
& ~ IIBIDJtj YAlVE(25 PsI) \ ' IIlSOi 1JI2! lJ2 404. [ , _j

~ 5 Imae om YN.vr.: - IlISQ! !Mill, 017 m.. I U.t I.tnVERSlTY [f UE VI rVATERSRAtll
4 ; SIl9fJll) YAltE 12 Y •- mH O4ellllllliS -- '""2 '" (lC 'UlIDWEIGHT -ALIJ1INI~ SEMI-TRAIlER'.~.J:CT
'l IlW!Iil!Ii YlL.tE (M IF fimWf AlP ~ nn - I " I· I
:{ !IAlK VIL.'IE ~. ImlIlI48t e!!! lIT.! I ~~N.: I: 1.5 :rIllE: AUXILIARYPNE~~!~.~, lJ(G. No: ~. 'E' I,"""""""'i . ,- "" '51~ u., llllE, 2,2-UNl4· SY~TEMF£R STt:tt<lNbI .•.PM-Q 3
Hat ' IECRlflillJi I P/.Rl1lKH mY 00.: li,asTON ~XLES t

. ,

~.
~
"Ji:~
~

t
_)

:::-\


