n

due to loading at the king pin, is detailed in Section C.5 in Appendix C.
o The highest state of stress at the positich of the upper coupler crnsé-menﬂagi
weldy oceurs at the rearmost cross-member, 600 mm resyward of the king

piﬁ. Figure A10 shows the chaussis I-beatn cross-section at this point. "'

| e F .
] AXIS
145 m f
Von
. i N i
| N

i

Figure A10  Chassis I-beam cross-section at thggrearmost

upper coupler cross~-member

The point of Iﬁgheét stress on this cross-section will be at 115 mm Lelow
the neutral axis at the lower end of the vertical weld indicated. By lnear
interpolation from Table A4,,the extreme fibre bending stress at the lower
flunge at this section i

oy = 36,14 MPa

2h4 :



oy

Henee, at 115 mm below the neutral axiég | ' ’ o f |

Gig) (36,14) |

= 98,66 MPa
The longitudirial divect stress ab this section, from Table A2, i
oy = 7,52 MPy

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

from the neutral axis:
e = 20,84 MPa

The shear force at this section is obtmned from the tablda.tcd results for
Clase 1 loa.dmg in 'I‘a,ble Aﬁ, ie:

V= 114,86 kN

and ' . o

A =4100 mm®
§ = 134,6 fm
tg =10 mm

I=1,5909 X 10° mm® (refer Appendix B) ~



that is
- 7=39,84 MPa
The principal stresses and principal sheur stress are then:

oy == 51,60 MPa

T = 41,18 MPa

Ap-plying the Von Mise; fatlure critezion (03 = 0%
oy~ 52)”.+ of + 0% s'zagﬁ B

ﬁhé.t is

Oy = 12,08 IMPa < Oyt

Here again it s assumed that the allowable stresses for the Anticxﬂ;mdal -112
aluminjum alloy in a heat affected zone are the same as for the a.hoy in the
welded condition, ie. 0y = 110 MPa. (refer Section E.1.1).

The principal shear siress is also well below the allowable shear yield stress -
in the welded condition of 65 MPa (refer Section E.1.1).

A.4  Buckling of main chassis I-beams ]

A beam such as an I-beam may fail by either of two modes of buckling,
je. lateral or locul buckling. Lateral buckling of the chassis I-beams of the
trailer is extremely unlikely since the beamb are restrained laterally by the
deck and torsion tubes. Local buckling of the I-beam web or fanges may

‘o¢eur, however, if local ¢compressive stresses become excessive.’
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o this section the local buckling strength at each of the 31 nodes along
the length of the I-beams is caleulated, and is then compared to the stress
levels evaluated in Section A31 It should be noted, however, that local

budkling is not necessarily indicative of itomiuent collapse and the beams will
be capable of earrying loads above the load that will eause local instability.
This is particularly true for beams in bending where web buckling precedes

flange buckling,

A.4.1 Construction of the buckling diagram

The buckling diagram for the Anticorodal -112 alioy is given by the straight

line:9)
0o == B 2D
dxa.wzi. to mect the Euler curve

a - (Eg-'») | i
- (6 , 885 x lﬁ f_) [MPa

and the horizontal line

Oe = Gye
where

o, = buckling stfength
Oye = compressive yield sty
A == slenderness ratio

B, D = Constants [Kksi]
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|
j
For a fully hent treated sluminiun alloy:
. " )
B =0y + 0,60 (22)
R YN 1D
D = B\* o o o : o
where oy i in ks i
* For the Anticorodal-112 alloy (refer Section E.1.1):
Tye = 260 MPa o | : e
=37,71 kei | '
‘Whence:
A
B == 49,62 kei |
= 203,8 MPa R
D =0,2782 ksi
e= 1, 918MPa
The buckling dmgram for the Anticomda;—fllz alloy, constructed from the
" abous parameters, is shown in Graph Al “
' o "
4.4.2  Suckling strength distribution
Referring to Figure Al1l, the ratio of the width of unsupported flange to the
* web height is less than ﬁn;ty over the full length of the chassis I-beams, ie:
@y /
<l ,, ;
’ 0,



- D]40J SSaAUIPUR|S

&
4

08 oL 08 0= oy e

ol . 0

T T T T T T T T

- "~ odH 092 -

«

00
a”om.1
g0l
0081
0'002
0°052
0°00E

005t -

(o) Ygbuasys Buyxpng

259



e N W N — —— . A . —— . Sak— T W W —

—.J_-—.-.n:.—.—m—-!——--i—_,pn—-m- . —.—J
"
i ]

Figure A1l  Unsupported flange and web heights

With reference to Pigures A1l and A12, the ratio of flange to web thickness
is constant for each node along the length of the beains, je:"

o]

2] __-2{] .
by T 10‘“2’0

Further, the élendemess;;atio is given by the vflationship: B

b -

where m is derived from the left hidnd side of Figure A12 for the particular
260 |
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value af (af b) at each cf the 31 nodes a.ioﬁg the length of the thassis I-é;_»eams.

The web burU,mg strength at eﬁ.ch npde is then obtained fmm Gra,p}j) Al
for each value of A. The distribution over’ the length of the beams i is pre-
- sented here in Table A8 and plotied over the span from node 3 to m;de 16
i Graph 435 in Chapter 4. ‘ -

Camparmg the web chklmg strength a.t each of the aodes to the actual state
of stress at the top of the web, as calculated in Section A.3.1 (refer Table
Ag), it i¢ seen that the actual stress at all of the 31 nodes is sxgmﬁcantly

-

"

' lower than \.he corresponding, bucklmg strength
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Table A8  Web buckling strength distribution

[N X &

Node Slenderness Web bﬁckﬁng

 ratio strength (MPa)
1 29,98 251,07
9 - 22,28 = 251,07
3 - 22,98 251,07
4 | '\\Izz,zs 251,07
5 120,28 . 251,07
6 92, 56 . 250,53
nox 23,13 - 249,43
8 28,27 . 249,17
8, 24,28 247,22 .0
10 28, 52 : U488
11 - 98,60 938,94
12 30,72 234, &8
18 80,74 - 234,84
14 b, 234; 84
15 " 30,74 : 234, 84 :
16 : 30,74 T
17 30, 74 984,84
18 30,74 . 234,84
19 30,74 234, 84
20 30, 74 . 934,84
21 30,74 34,84
22 30,74 - 234,84
23 . 80,74 . 234,84
24 30,74 - 923484
2% 30,74 934,84
2. 30,74 _ 234 84
27 30,74 | 234, 84
- 30, 74 .. 934,84
2 30,74 234, 84
30 86,74 984, 84

1 30,74 234,84

A
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A5 Fatigue analysis of main chassis Ibeams

t

As discussed in Section'4.3.5 in chapter 4, the fatigue life of the main chassis
I-beamns is evaluated at the following three points:

~ At the extreme fibres of the tension flange &t meximum benditg stress
(ie. at node 9). '

- — At the main beam welds below the nentrzl axis at maximum bending

* stress (ie. at node 9)

.+ = At the lower torsion tube bolt hole at 2109 mm from the king—piﬁ.

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

areas along the Iength of the beams (refer Section A3, 2) and since they
detnonstrate the a.pphcat:on 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 axie since the tensile mean 'gireséaes

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

than compresmve mean stressbg (30,4448}

A.5.1 Fatigue stress levels
The fatigue stresses at the three eritical points are calculated for vertical
dynamie accelerations in the renge from i-g (static loading} up to a maxinim
of 2-g in steps of 0,1-g. Values of shedf foree and bending moment are derived
from the static loading analysia (Case 2) in Appendix B, by multiplying the
static loading 1lues by the vertical g-level factor. No longitﬁdinal dynamic
loads are includeci. In all three cases; the maximum stress is 'equal to the

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

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

static loading, The alterna.{'.mg stress, minimume ittref-‘& and stress vatio ave
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B o'y .
= c | . . o
obtained as showh in Figure A13, below,, | :
’ IJ':' iU'-'..'-'n:
o T
i Y

. STRESS LEVEL

" Fi-gurg Al3

Fatigue str_esé p&rameteir&

Note that no stress concentration fa.ctor s mclu&ed in the calcula.tmn of stress

n-l'f

levels 'at the bolt hole at 2 109 nun from the kmg—pm, me such effects are: -

includedin the ‘Ah,an £9) and ‘BS CPp 118 ;969"46] fatzgue curves (refer
Figure A15 a.nd Figure AI?) fo:; class 3 mem\bers - 8

Tables A9 to A11 present values of mammum str&s, stress ra.tio, mean F.tress

and alternating stress at each of the three posmom-. for the ra:nge of g-levela
galected. =

965



Table A9 Fa\‘;igue stresses at extreme fibres of tension __ﬂangé at

node 9 P

Vertical =~ Max. Stress Mean . = Alt,

golevel ~ etress ratio * stress stress

. {MPa) (MPz) = (MPa)

1,1 45,90 0,818 41,81 4,18
1,2 . B0,1T 0,667 41,81 8,36
1,3 54,38 . 0,538 41,81 12,54 |
1,4 58,53 0,429 41,81 16,72
1,5 62,71 0,333 41,81 - 20,90
1,6 65,89 0,250 41,81 - 25,08 7
1,7+ 11,07 0,176 41,81 90,26
1,8 5,25 oG, 111 41,81 - 83,45
1,9 79,49 0,088 - 41,81. - 87,63 .
2,0

83,61 0,000 41,81 - 41,81 -

]

Table A10 “Fatigue stresses nt lower beam welds at node 9

Vertical Max. " Stress © Mean - Ali,
g-levei  stress ratio stress stress
(MPa) - (MPa) © (MPa)
1,1 30,20 0,818 1 _ 2,75
1,2 32,94 0, 667 s AT - 5,49
1,3 35,60 - 0,538 97,45 Tog
1.4 - 38,43 0,429 27,48 - 16,98
1,6 41,18 . 0,333 27,46 | ’ 13,75
1,6 42,92 ¢, 250 27,46 16,47
1,7 46,67 0,178 27,45 19,22 .5
1,8 49,41 6,111 27,45 ' 21,}_.:# '
1,9 52,16 0,053 27.46 ' 24,71 '
2,0 54,90 | 0,000 27,45 27,45



’I‘able All

2109 mm from king-pin -

o

Stress'

-

Fattgue stresses at lower tarsxon tube bolt hole at

A, o

Vertical Max. " Mean _

g-lewsi - stress ratio’ -stress stress

o (MPa) (MPa) (MPa) -
1,17 17,73 0,818 16,12 | 1,61
1,2 19,84 . 0,667 16,12 3,22

18 e 20,96 0,535 ° 16,12° 4,84- -
1.4 . 92,87 0,429 .. 16,12 6,45
1,5 24,18 0,333 o112 8,06 i
1,6 2,70 5,20 ° ¢ 1612 9o.87 - .
L7 . 27,40 0,176 - 16,12 11,28

© 1,8 29,02 0,111 16,12 012,90 -
1,9 © 30,63 0,053 T,-18,12 - 14,81 °
2,0 32,24 -0, 000 T8, - 16,12

A.5.2 'Frequency distribution of fatigue stress "spectrrim L §

I. A Gaussiat ot Normal ﬂ'equency dmstnbutmn, as deﬁned by the dastnbut:on

function helow 47 ig used here to apprmnmate the frequeicy distribution of
the actual fat:gue stredy’ hxstory over the pfo;ected service life of the vehicle,

il

. |
e / e-hlo-wiolg,

Fla) =
( ) 8/ 2

The follomng, two assumptions sre used in applying the trequqmy dla.tnbu»

tion to the fatzgue stress levels: e i

"~ The 2. chvess level corresponds to six standard deviations frem the

o

mean stress,

I

~ The trailer experiences one stress cycle for every metre travelled. B

%7 .



Bt ~

_. "I‘he va.lue of six standard’ dewatmns results ina &eqlzmcy of 2~g stress cycles
of one in every 15679 lcnu The assumption of one stress . cycle per metre -
~ results in i;fqummea of vibration of 17 Hz at 60 km/h gnd 28 Hz a 100 km[h.

. -#

T‘able A12 and Graph A2 present resulte for this assumed ncurmal dxst.r; bhtmn -

in terms of the; pementagn of total cycles at each vertzcal g—level

Tahle A12 _Normal distribution of -fatigua stress cycles'

Ll

Vertical .. Percentage of

g-level total cycles -

1,1 45,26
L2 o ossr .
1,3 . : 15,78 -
1,4 - 5,512
1,6 1,357

_ 1,6 0,23563

'L" 1,7 2,872 x 10~ .
1,8 2,466 x 102
1,9 1,489 x 10~ .

& 2,0 6,378 % 10~
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ASS Cutﬁﬁlﬁtive fatigue damage f

i

The number of eycles to failure at eaékil stress ulevel (ié'. con;at,ant amPiitude
stress cycles) in calculated froni the fatigue stresses and distribution apecé:i;;lm
of Scctions A.8.1 and A.5.2 regpectively, by using available stress-life fa.tigﬁe
data. The cﬁmulative fatizue daﬁzage rmﬁltix;g from each stress level is then
sumned to give an estimution of the fatigue hfe of the chassis beams, at each
of the three eritical points, by applymg the Pmnxgren Mxmar quea.r Damage
Rule or Miner’s Law (refer Section 3. 4).

Two sources of fatigue data for the medium stz ngth aiurmmum alloys were
used; namely ‘Alean’ clla.ta. (Alcan Canada fE;roducts Ltd)® and BS CP 118
1969.4%) The Alcen fatigue curves (Figure A15) relate the r'mmbelr of cycles
tb failure (at constant stress amplitude) for various classes of members, to

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

a
= T

B R

sepa.wfaa fatigue curves (Figures A16 to AlS) for each class of member in

terms of the number of ‘tyeles, the maximum stress and the otress ratio.

Figure A14 shows the various classes, of structural member, The descrlptmn
of the three classes of member®4%} yged in this analyszs, ie. classes 1, 8 and

4, are as follows

Glass 1~ Asrolled or extruded aurfaces mth no other stneas rmers

Class 3 — Members fabricated or connected by close ﬁth g bolts or bv cold
driven aluminium rivets, and designed vo that secondag?xy bending

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

from both sides and with lght bead reinforcement.

Class 4 — Members with continuous longitudinal fillet welds made without
interruptions during welding, and butt-welds with near maximum

bead reinforcement made from hoth sides.



#
o

et}

- o .-

* “Tables A3 to A15 present results for both sets of fatigue curves at each of

EN

the three critical points. Numbers of cycles to fajlure grenter than §' 10°.
eycles are taken to bednfinite. o "

- . * - . ,',I . : t‘)
Figure A14 Classification’ of structural members(® '
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Maximum stress tensile

Figure Al16 Curves relating maximum stxieﬁé, stress ratio and

numbet of cycles for class 1 membersd
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Table A13 ':Cpnstant amgﬁ%ulda' cycles to failure at extreme fibres

of tension flange at node 9
. "

Vertical | (r3lycles to failure Cyecles to failure.
g-level for Alcan data for BS CP 118 data

;

b = b e
S W00~ h O i Q) b

o

w

)

3888888888
8888388283828

>

i K .
Table Al4 Constant amplitude cycles to failure at main beam .

welds at node 9 . :

F
|

Vertical . Cycles to failure ._ Cycles to failure

g-level for Alcan data for BS CP 118 daila
1,1 OO. o \‘JI
1,2 oo o Y
1,3 0o oo
1.4 oo e
1,5 o0 o0
1,8~ 0 1 . s
L7 *5x 108 2 x 107
1,8 “2x 108 3,5 x 108
1,9 2x 107 2,6 x 108
2.0

58x108 ' - 7,8 % 10°

*By extrapolation
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I
Table A15 Gonsta::\t amplztude cycles to failure at bolt hole’

2109 mm from kmg-pm 7 : .
Vertical Cycles to failure Cycles to failure

glevel . for Alcandata  for BS CP 118 data

[T N ]

a

-

Rl ol el ol
oW 00 =T OF Ot e O3 D e

8888828388

3888888888 -

v

A

Applying Miner’s Law to.sach of ’I‘ahieqﬁili to-Alb (refer Section 3.4):
. i v S | |
z (KT:) =1 for failure |

O

At the extreme ﬁbres at node 9 a.nd at the' éolt. hole, the ‘total number of
cycles to faﬂure is infinite since the damage ratio is alwa.ys zero. The number
of cycles to failure at the main bean welds at ‘node 9, for ‘the two sets of .
fatigue data, are given by (refer Table A12 snd Table A14):

[

L

Alean data: S
o

2,872 x 1074 | (2,466 x 10-5Y (1,489 x J0~° oot
80 x 10° 17 x 108 8,5 x 10 :

6,378 x 108 | - o

that is -

Ny ==1,87 x 10" cycles :

T

s
e



BS CP118 data:

2,872 1074} | ('2, 466 x 10~ N
2,4 % 107 ( & 1x108

(6,38 x 107y
+( 9,1 10° )‘N"‘“l

that is

- Nyp == 4,78 x 103° cycles

=

I'|; -
I A b
i r
: o
i
1
~ - (L
o
. e RS =
f e e gL
N 1
- || i
1)
6
! *":.ﬂ
s
-
f\
\
s b
3

(1,489 % 10~¢
1,6 x 106

G y
i
! .
.
’ H
I
R
i
0
]
il
! "
N
Ey
.
[} —
1
I
o .
=y

)

ey e ‘
SNy
T

-
L}
,
I’
N L)
: ' T -
! .
<
h 13
| - .
' Cy -
e, :
|:l' i \‘IJ - -
| i
i - A
L .
" o~
; :
) i
¢ L
g [
l .
i .
I. .-: ®
e
o
kN
. 1
! 1




APPENDIX B
GENESYS ‘FR.AME—ANALYSIS/T SUB-PROGRAM
B.1" . Intrulduéztimm

The ‘Genesys E:a.me&analylsis/ 2; structural analysis sub-program on the Ul'ni—»
 wvetsity of the' Witwatersrand’s IBM 370 Mainﬁ'ame computer was, ysed in
this Qesigu for the loading an. ysis of the two main chassis I-heams. Shear
force, bending moment and deflection results for 31 nodes slong the length of
'a chassis I-benzn -am’f;mer_-sehted here “or all of the support and loading cases
discussed-in: Section A.2. in Appendix A. N

B.2 Gene'rél' -

The posmhns of the 31 nodes &Iong t.he neutral axis of the I-beam are pre-
sented in Figure Bl, with node 1 be.mg at the origin of the Cartesian auis
system and the 2-exis dm,cted along the neutral axis of the beam towards
node 31. The loads in the loading data tables are for & single chassis I-beam '
- and’ are presented in the form of total load between two consecutive nodes
comprising the ends of a purticular member. In this form the sub- -program
reads the load as being umfonnly distributed over the length of that member.
Hence, the skewed dynamic loadmg distribution has to be input as a stepped
loading distribution with the total load for each memb?r being caleulated
- from 'ffhe average value of distributed load for that member. }_Iowever, be-
cause of the rela..vely large number of nodes along the length of the beam, -
this approximation has a neglipible effect on the final results. In the data and
results tables that follow. dynamic loading is denoted by ‘LOADING/V2L1’
and static loading by ‘LOADH_\_'.TG/T. The load transfer within .the suspen-
sion for dynamic loading conditions is accounted for by applying braking
moments.(refm'ISection A.2.2) at the positioﬁs of the axles in the computer
model of the suspension (ie. at nodes 42, 45 and 48). The suspension hanger
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~ morments are applied directly atnodes 18, 23 and 28. -

The load equalising characteristics of (he tﬁ-ﬁ.ﬁe air—suérénsion are modelled

by using 2 “irtree’ system of pm-_]pmted tinks, &s shown in Figure B2. These
links are atl;ached to the chassis IFbéus at the suspens:on hanger and air-bag
nodes and are proportioned to mrrectly dxstmbute the load between axles amd
between hanger and air-bag mounts. For support conditiors where vanous

axles are lifted, this system of links is modified {refer Figures B3 to B6). The"
eross-sect”dnal areas and second moments of area of the suspension links are .
- arbitrarily gnren high values so that the deﬂectzqns of the suspension hnkage o
system are small in comparison with the chassis beam c?icqﬂent:'(;:ons$ a,ud can

Ithus be neglected This can be ﬂlustrated 88 follmr-s

Referring to Figuré B2, for no bending of fink 5G-52, the vertical deflestion
of uode 51 will be the mean deflection of nodes 50 and 52, je: 1+

4
Y51 = (yso . 3,'52)

’I‘hq.s, subst:tutmg the vertical deflections for nodes 50 a.nd 52 from the ta.blﬂs
of resnlts for Case 1 Ioadmg

¥s1 = —20,820 mm -

However, from the tables of resuits:

ys1 = ~20, 772 mm r
)

Thereforé, the component of deflection of node 51 due to bending of link
50-52 is:

(~20,772) — (~20.820) = 0,048 mm
which is negligible.

281



-

%

2



1
50 = ”
¢ :

%—-(}MSSIS : : . i - . ] ; U
41 mnly ) 43
b e il EL NS
LT TaTweew

| Figure B3 Suspension wodel for supp"orf at foremost axle (\_‘LINK'Q /E) .
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Figure B4 Suspension model for support at centre axle (‘LINKS/C")
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Figure B6 Suspension model for support at foremost and centre
axle (*LINKS/FCY) | L
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Similarly, for the othet horizontal links in Figare B2:

"node 42 < 0,000 "mm

node 45— 0,001 mm

node 48  — 0,001 mm

node 54 -~ 0,193 mni’

The compreaxmon de:ﬂectxon of all Vertma.{ lmks is zero, except for Imk 54-56
which compresses by 0,004 mm,

Ir the following a.nal_vses the cross-sectmn of the beam is asme"\ to be -
_ made up of regular rectangular shapes (fe. no radu) for the purpqpes of
ca.lcula_tmg areas and se_cond moments of area. Where the sectm:z{ of the

I-beam changes over the length between two nodes, the cross-secijonnl area

and second moment of aren are ;:a.lculated for the section haliway beﬁveen
the two :n.odes.- -

In the vesulis that follcvw, the shear -force values presented fur nodes § to
13 (and especially for nodes 9 to 12) are shghtly maccura.te This is due
to the inclined Jlr;'-reutral axis of the T-beam in this region, and the fact thgt
the sub-program calculates shear force values in the direction perpendicular
to fhe ‘members’ making up the I-beam. Further, as a consequence of the
difference in sloiae between adjacent ‘members’?"‘fﬂ-the gooseneck region, the
shear force value calealated at 2 particular node for oue ‘member” is diﬂ'erent
to fj&:e velue calculated at the same common node for the adjacent member.

This is particilarly appavent for nodes 10 and 11. If the shear force value

caleulated for the ‘member* of lower siope of the two ‘minbers’ adjacent t.o

5 particular node is used in all caleulations, the above errors can be shown

to be less than one perceni. In this way, the two date points for ‘member’

10-11, where the ervors are as high as three and a half percent, need not be

used,
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Furthermore, longituéma.,. loads, and hence fodal 2-dsfiuitins, afe seen to
. ocsurin the results t.ha)‘ follow, and thése are also due to t}',f:f“aclmed tegtral -
axis hetween nodes § and 18. However, their values aze small § in compar'son
to the y-direction loads and, deﬁectmns, and t:hey are thus neglected
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-B.3 GENESYS ‘FRAME-ANALYSIS/2 1nput data and results
- - N Iy . o .r,l .3 .
tables T : S ’
P _ . a S -
i/ : I3
= l‘]
i
XAXIOOMX 20000000 X po & X OO XX XX
HXOCOOGHRK X 00 K OROOKXER RKARXKKKH XK XK - HAXNXNK
KX XX XXXNK XX XX XXX XXX XXX XX
XX * XX KX KX XXX XX XAK XXN
XX WOOOHKE  ~ XX HRX AN KHOOKK %X AXHHXAK XXX
XX | XHMK X000 XX 300000 XXX OCK XXX
qx AKX MK X X¥xX XX XX WX 3 XXX
XX X< X0 XX XX XX OXRX xX XX
XXX X% OKE  HOOOUKNK mﬁ XX XHHIHK
WCHXXAK JO0DCOXH. - XX WOL IO XX WXKKKK
00K et d o
RO AXX . A
xi- Xx - XXX |
XXX - XXX
XNK HXRXKKK
3000 KXIOOXXXX
XXX , XK X
o - XX XX -
RRXLAKKIOK ;;;:( 0000008 1
, 30000006 X0 -5
W : .
GENESYS 2.6
HGENESYS
SSTART 'FRAME-ANALYS|S/2’
JOB TRAILER
J
I
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DATA TABLES
W

i

o

#TABLES

o012

LiNE

oooy

30,49

238

13! S
'BEAM' _ _
REF AREA, M2 - IRERT[A, ,Mpeel
1 10500.9 - 1.59059E08
2 10596.1 - 1.7122E08 . -
3 10788.4 1.2695E03
4 10986.7. - 2. 2U68E08
5 RS 2.5044E08
& 1140k .8 2.9306ED8
7 12340.10 4, 8062E08
8 13263. 2 , 7.1870E08
g _13572.2 8.1081ED8
16 . 13600.0 8.1951E08
11 - 5.0E05 1.0E10
TRIN® . .
f/EF O, ,KN*M/RAD RIGLD, MM .
1 0,0 0.9,0.0
tMEMBERS' T - W =
MEMBER' pROJEcr\ons.,au SECTION
677.5,0.0 IREAMY, 1
W - - =
u%? o 3800000 | . =
» ] \.\' - - = -
5,6 275.0,~9.61 TREAM? , 2
6,7 = TBEAM' 3
7,8 ) o= ‘BEAM' L
8,9 = 'BEAM* ,5
9,10 216.67,-25.80 TREAM! ,6
0,41 216.67,-56.12 YBEAM',T
11,12 216,67,-29.05 ‘BEAM' ,8
12,13 149.0,=5,58 TBEAM' .9
13,14 ssu.e,o.o YBEAM® 10
1,15 S
15,16 w, =
16,17 = =
17,18 = =
18,19 432.5,0 =
19,20 = =
23,24 = =
24,25 = =
28,29 = =
29,3 = =
20,21 555 0,0.0 =
21,22 = =
22,23 = =
25,26 = =
26,27 = =
27,28 =
34,37 ung.o,o.o =
LINKS/3!
MEMBER PROJECT FONS , MM SECTION
16,41 0.0,400.0
20,43 =
as,nu =
25,46 =
28,47 =

BERAY

'BEAH',11,'PIH ,1




0{18

- -
Jh250 - 0,0,100.0 _"BEAM',ni'pm'-,'-'z
.73 - h
b8,85 0.0,200.0 TBEAMT, 11, TR LN, 1
54,56 6.0, 1#00.0 = 'BEAH‘ nf'?m' ]
- hi,l2 485.0,0.0 BEAR’, 11
Tyl B - = =
57,43 =7
52,43 381.0,0.0 =
45,46 B =
48,49 . = =
5’0’51 1310‘-6,0-0 -
51,52 TLo= =
53,54 = = _
5# 55 2620,0,0.9, ‘= e
) E W ! l‘.
gt AN i
'LINKSIF’
MEMBER PROJECT IONS , ,MM SECTION.
18,41 - 0.0,500.0 ‘BEAH',‘H,'PSN",‘I
20,43 =
1,42 48k4. n, 0.0 'aam',n
42,543 381.0,0.0 ]
42,50 6.0, 1000.0 ."'BEAM‘,'H,‘PIN',!
*s.mxs;.c; _ m
MEMBER .. PROJECTIONS, ,MM - g. :
gg,zg a.o,unu o *BEAH 11 'Plll' i
uh .45 4k, o 0.0 " '351\"' 11
45,46 381.0,0.0 :
. ns 52 0.0, 1000.0 'BEAH'JI  'PIRY
L IRKS/R! Q
MEMBER PROJECTIONS, , MM SECTION
28,47 00,500, 'BEAM’,TI,'P!H' 1
30,49 = . '
47,08 484%.0,0.w 'BEAH',‘H
. 1 381.0,0.0
4E,55 x‘a 0.0,1000,0 'BEM',21,'PIN‘,1
TLINKS/FC' F)\
o i . .
MEMBER - PROJECTIONS, .MM . SECTION
A8,41 .0,400. 'pEAMT, 11, 'PIN', 1
20,43 LA T
23,4 = =
25,46 = iy -
51,42 L34.6,0.0' 'BEAM* , 11
L5, 45 = =
42,43 381.0,0.0 =
I5 8 = =
53,51 1313.0,0.0 =
51,5 = . =
gg,gg 0.0,106.0 *BE_AH‘,'I‘I.'PI!I',‘I
51,53 .0,1000,0 TBEAR', 11, 'PIN' 1
TSUPPORTS/KP3)
- JOINTS DIRECTIONS LINEAR ANGULAR
5,56 X', ty! -1 .=t
3" vz wl 0
58 vzt -1 -1
L
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POSITION " DsRECTION. . . LUAD, KN
1.2 -, i A u265.300
2.3 - n = w25.223
3.4 i = ~19. 68k
b5 o gt o= 18,975
5,6 a = -y |
Iﬁg? . .', = "-9 -Gﬂl}
1,8 B = ~8.866
-8,9 e = -8 .689
9,13 o= =5, 721
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i1, 12 = T -8, 501 .
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13,14 = ~16.213
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15,16 = - 14,720
6,17 = «13,973
17,18 - by -13 228~
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. "MASTER ' . ' -

STRUCTURE IS A PLANEFRAHE
CONSTANTS € 70.0,,K

USE MEMBERS 'HﬁhBERb 'LINKSIS'
USE SUPPORTS 'SUPPORTS/Kp3*
APPLY LOAD ING/VRLA! ,
PRINT ALL RESULTS.

APPLY 'LOARING/1

PRENT ALL RESULTS

CONSTANTS £ 70. n,,aa{u

USE -MEMBERS 'MEMBLRS L TLINES/SY
USE BUPPORTS 'SUP*&RTS}LLS'
APPLY 'LOADING/1"

PRINT ALL RESULTS

CONSTANTS E 70.0, rn;uu**

USE MEMBERS '"MEMBERS 'L {HKS/F !
USE' SUPPORTS 'SUPPORTS/F’

AFPLY "LOADING/ L'

PRINT ALL RESULTS -
GONSTAHT% € 70,0, ,KN/HE*2

(SE MEMBERS TMEMBERS', 'LINKS/G'

USE SUPPORTS 'SUPPORTS/

APPLY 'LOADINGS4®

PRENT ALL RESULTS

GONSTANTS E°70.0, ,KN/MMS _
USE MEMBERS 'MEMBERS 'L!HKS/R'
USE SUPPORTS *SUPPORTS/R'

APPLY TLOADING/1'

PRINT ALL HtQULTS

CONSTANTS E 70,0, KN/Myw#2

USE MEMBERS 'MEMBERST, "L INKS/FC"
USE SUPPORTS ‘SUPPURTS/FG'
APELY TLOADING/1E

PRINT oLl RESULTS
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1 " , ’ v o
o )} v . ) . .
\] 'f ' ) ' . - - A

SUBSYoFEH FRAHE*ANALVSIS/E i~ VERSION 2, u - RESHLTS
'HI L]

F A P N G DA U D 0 I it

- - e
RESULTS FOR SUPPORT AT KING=rIN AND 2 AXLES - LﬂADING!VELi - {FASF 1) (S
-II--IHI-'IC-**&-ﬂ-*il’!ii-ﬁ*H*hﬂ*“***SMH-&W*MH*H*M***H*HM -

'
‘NUMBER OF JOUNTS = b7
HUMBER OF MEMBERS = 51

NEW  NUMBESING SCHEME WITH faxivuM
JOINT NUMBER DIFFERENGE OF [
SFOR INTERNAL USE ONLY,

WILL BE USED BY THE suasvsren

“-utﬁ OF SUPPORTS = A

"REAGTIONS |N GROUP SUPPOR?S/KPS'

JOINT DIRECTION FORGE MDMENT LOADGASE
. KN KR*M
3 X! 0.214 . 0.600 'LOAD!HG/V2L1'
3 Tyl 187.793 0.000 'LOADING/VeL1) Py
3 Z' . 0.000 0.000 'LOADING/V2L1'
o 56 rxt 0.000 0.000 'LOADING/V2LT'
Tyt 134,952 . 000 'IOAD!NG/V2L1'
bs . & 0.000° 0,000 Lonninc/vaL1'
TFORGES !N GROLUP MEMALBS!' _
MFMBER COMPRESS LON SHEAR o, MOMENT LOADCASE
_ KN . KN L KR¥M _
1, 2 0.000, 0.000 =0,.00%1, ~26.300 . =0.001, 2,910 tono:ne;van1'
2 3 0.000, 0.000 -26.391; <«51,523  &,908, 35,272 'LOADING/V2L1'
s, b 0.214, D214  136.270, 116.586 35,272, . ~30.296 ‘LOADING/VZLI'
4, 5 0.2, 6.21% 116.586, 97.611 ~34.298, =~-93.228 'LOADING/VZL1'
5, & »3.195, =-2.8% 97.551, BB.4LS  =-93.22Z, «118.833 ‘LOADING/V2L1'
. 1 ~2.873, ~2.958 88,336, 79.338 =-118.833, ~141.900 'LOADING/VRLY!
. 8 -2 558, 2,247 . 79.380, 70,477 —1u1.&96. »162.533 ‘LOUADING/V2L1'
8, 9  -2.251, ~1.949  70.h77, 61,797 =162.521, ~180.730 'LOADING/V2L1
%, 10 «7.097, =6.366 ' 61.401, 54.723 -~18C. Tac, «193 441 'LOADING/V?L1' “
10, 11 ~13.619, =12.361° 53,350, 46.9%0 ~193.403, =20%.702 'LOAD ING/YZL1"
11, 12 ~-6.445, «5,581 48,089, 43.626 =204.6613, ~214.574 "LOADING/VEL1!
12, 13 =1.572, «~t.007 n2,621, 57.586 -214.519, -220,432 'LOADING/vVEL1!
.13, 1% 0.000, 0.090 37.621, 21.M02 -220.830, -237.06G8 'LOADIHG/V2L1' :
i, 15 0.000, 0.000 21.392, 5,943 237,070 =244.752 ‘LOADING/VZL1Y
15, 16 0.000,  0.000 5.9%1, ~B.8k2 -204.765, ~243.646 'LOADING/VEL1®
16, 17 0.000, 0.000 8.7, =22,760 =243, 944, ~235.039 'LOADING/VZL1}

17, 18 0.000, 0.000  ~-22.80h, ~36.028 -235‘035, -218,450 '{OADING/VELY!
18, 19 0.00q, 0.000 -30.026, ~39.659 =~207.309, ~192.271 ‘LOADING/V2L1®
19, 20 0.000, 0.000 ~39.643, =-48.914 -192.224, -173.144 'LOADING/V2L1‘
23, 26 - 0.000, 0.600 -3&. 551, ~33.526 -Tilk. 966. ~37.623 'LOADING/VZLY'

a4, 25 0.000, 0,000 =h3. 591, =50.127 ~97.624, =77.357 'LOADlNG/V2L1'
28, 26  0.000, 6.600 =27.147, =31.464 ~26.332, <13.629 'LOADING/vaL1!
29, 30 ., 0.000, 0.000 -31.506, ~3%.386 =13.437, 0.638 'LOADIﬂG/V2L1‘
20, 21 ¢ 0.000, 0.000 w2.9313, =~21.638 =173.126, -163.924 LOADING/V2L1‘
21 22 6.000, 0,006  «21.604, «32,51% ~163.926, «148.094 'LOADING/V2L1'

22, 23 0.000, .000 *52 505, ~2.637 ~148.09&, «126.105 ‘LOADING/V2L1'
253, 26 0.000, 0.000 11,207 ~19.347 =71.350, ~68.423 'LOADING/V2L1!
26, 27 0.¢00, ¢.000 ~i9. 339, -26.677 ~68.431, 54,974 'LOADING/V2LT'
27, 28 0.000, 0.000 " ~26.664, =33.1990 =Bu;980, ~37.469 [LOADING/VALY'
in, 1 0.000, 0.000 3. 581, 0.012 ' 0.832, 0.00% 'LOADINGJV2L1‘
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" . MOMERT

c - KN#M
0.000, a.03¢
3.600, 0.0a606

'FORCES IN GROLP LINKS/3' o _
TMEMBER - COMPRESS 1 OR . SHEAR
- KN - KN
18, 41 . ~7.000, ~T7.000 0.500, 0.000
2n, 43 ~39.000, -39.000 0,600, 0.000
25, by ~4.000, ~§.000 Cg.000, . ¢.000
25, 45 «38,938, .«38.938 11.000, 0.000
28, 47 -5,000, ~5.000 0.000, 0.000
30, 49 ~39.000, =~30.000 . 0.001, 6.000
42, s5p  oih.000, <bi,000 0000, 0.006 -
55, 52 Wuy 000, ~44.000 0.000, 9.000
1, 53 «90,000, -90.000 i, Dk, 0.000
g, 55 45000, =45.06G0 0k, 0.000
54, 56 ~134.9%2, ~134.952 . 0,000, 0. 600
k1, gz .00, 0.000 =5.000, -5.000
Ly, 45 0.509, 0.000 ~6.000, =-56.000
by, L8 0.000, a.000 «5.000, . -6.000
42, 43 u.000, 0.000 19,000, 39.000
b5, k6 6,000, &.000 39,188, 39.188
g, &9 a.000, - 0.000 18,000, 38.000
50, 51 . 0.000, ,0.000 «45.000, . -45,000
51, 52 6,000, . 000 973, uu.o73
53, 54 0.000, 0.600 -89.230, -59.930°
54, 5% 0.0006, 9.000 44,977, W4.977
D ISPLAGEMENTS I8N GROUP MEMBERS'
JOINT XDEF, YDEF ZROT LOADCASE
T MM MM RAD
T «0.000 °  29.430 -0,021 "LOADING/VELT®
2 =9.G00 1,932 -0.022 'LOADING/VZL1T!
3. ~0.000 -0.000 =0, 023 'LOADING/V2L1®
y -0.000 =12,693 »0.023 "LOADING/VELY'
5  =0.000 ~24.477 «0.020 ‘LOADRING/V2LY'
6 =0.176 =29.542 0,017 "LOABING/V2L1"
7 ~0.328 ~33.910 =0,015 ‘LOADING/V2L1'
8 Q054 «37.550 -0,012 'LOADING/V2L 1!
g »0,555  =L0.458 - =0,009 TLOADING/VRLT!
10 =0.765 ~42.250 3,007 *LOADING/VEL1!
11 ~1.131 =B32.565 “0.006 ‘LOADING/V2LI1'
12 -1,287 =h4Y,845 «(,005 'LOADING/V2LY'
13 ~1.313  -845.5 =i, 008 "LOADING/VELTE .
1h “1.313  =47.50% «0,.002 ‘LOADING/YZLAY
15 «1.313  ~47.961 0.000 'LOADING/V2L1'
16 «1.313  =47,157 0.003 'LOADING/VRLT'
17 -1,318  ~45.003 0,005 'LOADING/VELTY
18 =1.313 . ~41,847 0.00%7 'LOADING/VZL1"
19 =1.413  «38.090 0.009 'LOADING/V2LY!
20 =1.315  =34.005 0.010 "LOADING/vZL1"
23 3,313 «11.881 0.015 'L0A0|us/v2L1:
24 «1,313 =-5.,274% 0.016 "LOADING/VELY
25 «1.313 1.641 0.016 'LOADING/V2L1®
28 ~1,313 12.090 0.018 "LOADING/VRL1!
29 =1.313 35,983 G.018 "LOADING/V2L1®
30" ~1.313 57.930 0.018 "LOADING/V2L$®
21 «1.313 =2¢.57% 0.012 'LOADING/V2LT!
22 -1,313 =20.168 0,013 "LOADING/V2LT"
26 «1,313 11.411 0.017 'LOANI KG/Y2L1!
27 «1.313 21.587 G.018 "LOADING/V2LY'
31 -1.313 56,181 'LOADING/VEL1'

0.018
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"0.0068

LOADCASE

LGADINGTVELT Y

'LOAR ING/V2LT Y
"LOAD ING/V2LE!
'LOADENG/VELY?

TLOADING/YELY!

0.
- 0.
0,000, 0.000 ‘LOADING/V2L1Y
0.006,. . 0.000 ‘LOAD!NG/V2LI!
0,000, 0.G00 "LOADING/V2LY !
0.000, 0.000 'LOARING/V2LT®
© 0,000, G.000 'LOADING/VELET"
0.000, . 0.000 'LOADING/VZLY'
a.0o0, 0.000 'LOADING/VIELY"
0.000,, 2.87% 'LOADING/VALY!
-0.063, 2.938 'LOADING/VELY® -
0.000, 3,000 "LOADING/V2L1'
15.000, 0.000 "LOADING/VRL1"
14,945 0.063 TLOADING/VELY® "
15.000, «1.000 '"LOADING/V2L1?
u.b00, 58,938 "LOADING/VEL1®
58,914, 0.012 'LOARING/VZLY!
-0.00%, 117.850 'LOADING/V2L{!
- 117.852,



¥
5 'DYSPLACEMENTS M GROUP LINKS/3'

JOITHT XOEE YDEF ZROT

: M - MM RAD "
18 -1.313 51,547 - 0.007
3 0.000  wBI.BH7 © 0.009
20 ~1.313  -34.505 0.010
13 0.008  ~34.004 ¢.009
23 -1.313 11,881  0.015
iy 0.000 =11.881 i G.O16
250 w1.31 1,681, -0.016
46 C.000 1,641 0.016
28  «1.313  33.050 . 0.018
57 0.000  33.090  0.018
30 -1.313 47,930 018
49 ° 0.000  47.930 - G.0i8
42 G000  -37.326. 0.009
5G. 0.000° «37.326 0.013
5 0.000 - -4,314 0.016
" ‘52 0.%00  -b.31 0.013
51 0.000 ~20.772 5.013
v 53 0.000 «20.772 6.016
i G.000  #0.954 0.018
55 0.000  40.354 0.016
54 0.000  «0.004 0.016
56 6.060  ~5.000 0.000

i ;

N

LOADCASE =~ - o N .

HLGAD ING/YRLTY

*LOAD ING/VELS Y _
LOADIHG/VEL1® _

WOADING/VELT" u
TLOADING/VaLY"® -

"L OADING/Y21L1! ; %
MOOADENGAVRLTY

1L OABING/VDL Y

TLOADEIMG/VRE1 -
'LOADtRG/VIL1"

HOABIRG/VELYY

"LOADING/V2LYY 0 .
'LOADING/VRLY! - C s
TLOADING/yaL1! . - ) C

TLOADING/V2LY

" CAD [ NG/V2L1!
TLOAD EMG/V2L1!
fLOAD NG/V2L1"
TLOADING/VEL1!

YLOAD ING/V2L 1Y
Y'LOADING/V2LYT

" 995




=

a

RESULTS FOR SUPPORY AT KING=PIN AND 3 AXLES = innDlNG}1 - {CASE 2I
***n»*****lu*nn«**u**«*ﬂiﬂ*

'NUMBER OF JOINTS =

RUMBER OF MENBERS =

NURBER !N,
D iFFERENGE OF
HWSE ONLY

NEW

JOINT NUMB
SFOR INTERN
WILL BE US

NUMBER OF SUPPORTS =

4

JOENT DIRECTION

3
2
3
56

55
6

!xl
h.'l
!zr
1xl
Ivl
izl

TEORCES IN GROUP MEMBERS'
MEMBER

P N S :
VAL WN D0~ BTN

Py
-2

19

0.000,
0.000,
©.069,
0.069,

-1 i079; N
. “0,967,

E!'\
u7 ¢
51 )
SCHEME WITH MﬁXIHUHuL
BY THE SUBSYSTEM -
3
KCE = MOMENT -  LOADCASE
KN KM
0.06% 0.000 'LOADING!1'
61.736 0.699 &toan;uc/1
“"980 o, 000 *LoADiNG/1"
0.000 0.000 ’LOADING/1'
99,645 0.000 ‘'LOADING/1*
0.60D 0.000 *LOADING/1'
COMPRESS 10N SHEAR
KN KR
0.000 © -0.000, =7.964
0.000  ~7.96k, =15.928
AD69  45.808,  39.3hi .
< 0.069 39,338, 32.873
-0.966  32.849, 20.619
-D.852 29,603, . 26.347
-0.748  26.398, ' 23.178
~0.628  23.146, 19.92%-
-2.009  19.815, 17.28%
~3.725 , 16.867, 14,381
D a1.636 1 I4.723, 12.206
-0.395 12,341, 10.750
0.000  10.558,  3.926
0.0800 3.917, <2.714
. -2.715, 49.3u7
Q.0%0 g L, -15.974
0.000 - -15.973, ~22.605
M 00 "7;958, "13-0"2
0.000 ~13.021, =18.704
, 0.000  =5,540, =10.624
0.000 =10.818, =15.702
0,000  =3.021, =8.104
0.000  -8.208, -13.292
¢.000 G.438, =-6.438
0.000  »6.437, -13.313
0.000 =13.316, =20.192
0,000 5.852, ' -i.02h4
0.000  -4.019, <106.095
0.000 ~in. 898, =-17.774
0.000 264, ~0.014

o O B B T 0 4 WO

* "REACTIONS TN GROU?-SESPGRTSIKP3' L

206

e 33

0.000,

2697,

19.79¢C,
-12.627,
~32.488,

-41.086,
~48.793,

55,615, -

-671.5480,
=55.599,

'69-0?9,
-72.103,
-73.751,
-77.837,
~T8.176,

*7“-7?“'

ksg,
~43.71%,

«3T. 042,
w18, JTB;
-18.634,
=14, 2?5.

1.186,

I‘\J

MOMENT
KN*H

2.697
10.790
-12.827
=32.488
-41.090

-l 707

=55.617
~61,547

-69 110
<72.142
~T3 1725
-74.778
"6? 638
"56 |751
“52 -203
-45 . 472
-2 ‘65?

=-18.971

=37.946

28,1485
=18.634
14,278
«5.891
~0.006

e

T

N a
i Il

i ll\:\ a
KLOADGASE

'Loanins/1'
'LOABINGZ1!
'LOADING/1'
‘LOADIRG/ 1"

SLOADING/ T

'LOADING/ 1"
'LOADENG/Y!
'LOADING/ 1!
't OAD NG/ 3%
'LOADING/ 1!

'LOADNG/1!

PLOADING/1?

*H DADING/1!
'LOADING/i'
'LOADING/ +1

'LOADING/ 3!

'LOADING/1Y

'LOADING/1!
'LOADING/1'

MoapinNeg/1"

'LoADING/ 1!
lLoaninGs1!
YLOADING/ 1}
TLOADING/1!
"LOADING/ 1!

ILOADING/ 1"
ILOADING/ 1"
TLOADING/Y"
ILOADING/1}
TLOADENG/1?

[




*FORCES IN GROUP LINKS/3'

MEMBER COMPRESS 10N
- ) KN . KN
18, 41 ~14.000, ~i4.000 0.000,  0.000
20, 43 -14.963, -18.563- 0.600, - -0.000
23, 44 -314.688, =14.588 0.000,  0.000
25; ‘uﬁ -180559,’ “18-559 00000: 0-000
28, 47 ~14.688, ~14.688 - 0.0C0,  0.000
30, 49 -19.000, =19.000 0.000, , 0.900
b2, 50 +~34.000, -34.000 0.00G, = 0.000
4%, 52 ~33.250, -33.250 0.000, 0.00D
51, 53  «56.000, <«66.000 ©.000,  0.000
ha, 55 -34.000, -34.G00 0.066,  €.000
BY, 56 99, 645, -~99.645 0.000, 0.000
i1, b2 0.000, 0.000 <i4.688, -14,688
'-lll-, 45 0.000, 61000 "1"‘-813’ -14.813
u7, 48 0.000,  0.600 =iu.813,- -14.813

n2, 43 0.000,  0.000 18.000, 18.000
45, 48 0.000,  0.000 18,500, 1§.500
na, 49 060, . 0.006 19.000, - 19.000
50, 51 0.000, .Q,000 ~33.219, ~33.219
L5152 0.009, -~ -guo 33.293, 53.223
53, 5h 0.000, { 00 -66.43k, ~56.434
Sk, 55  6.000, 0.000. 33.212, 33.212
D ISPLAGEMENTS IN CROUP MEMBERS' . :
JOINT | XDEF YDEF ZROT  LOADCASE

" . . RAD

Y1 -0,000 9.858  =0.007 'LOADING/1'
2 «D.000 b, 900 ° ~0.007 °‘LOADING/®
¥ -0.600  =0.000  -D.U08 'LOADING/1'
4 0,000  -B.219  ~0.008 'LOADING/1’
5 0,000 =8.102  =~0.006 'LOADING/t'
6  ~0.057 =9.75%4  ~0.006 'LOADING/1'
T «{1.105 11,165 -0,005 ‘LOADING/1?
8  -0.145 ~12.325  =0.004 "LOADING/1!
9  ~0.176 ~13,23F  ~0.003 'LOADING/1'
10 -0.239 ~13.776  ~0.002 'LOADING/1'
11 ~0.3%5 =14.191 -0.002 'LOADING/1*
12 -0.389 ~14,518  -0.04i *LOADING/1!
13 =0.396 =14.704  =0.¢v) *LOADING/1!
1. ~0.396 15,147 -0.00% "LOADING/1!
15 =8,396 «15.160 0.005 *LOADING/1!
15 =0.396 -~1h.743 0.001 ‘LOAGING/1!
17 «0.396§ ~-13.909 0.002 'LOABING/1!
18 ~0.396 ~12.703 6.002 'LOADING/1'
19  =0.396 - ~11.5%9 0.003 *LOADING/1'
20 -0,396 ~16.2L5 0.003 'LOADING/3'
23 +0.396  -3.451 0.00% 'LOADING/1?
24  -p,396  ~-1.487 0.005 'LOADING/1'
25  «0.386 0.556 0.005 *LOADING/1¢
28 =0.3%6 9.458 0.005 'LOADING/1!
20 «0.396 11,748 6.005 'LOADING/1!
30 -0.396 - L.049 0.005 'LOADING/1!
21 ~0.396 @ ~8.227 0.00k 'LOADING/1'

22 -5.95% 0.004

:0.395
:‘} ’

SHE#R

'LOADING/1’

297

0.000,

87.016,

- LOAGCASE
'LOADIRG/1
'LOADING/ 1!

'LOADENG/ i

TLOAD NG/
"LOADING/ 1!

TLOADIRG/1?

‘LOADING/1!?
TLUADING/ 3!
fLOADING/t!

 TLOARING/ 1!

TLOARING/ '
TLOADING/1!
TLOAD ING/ 1! -
TLoAD NG/
L OADING/Y!

' OABING/1?
'LOADENG/1T
ILOADING/!
"LOADING/1!
1LOADING/T!

'LOAD NG/ 2"




C 28 . -p.396 . 3.422
27 ' _~0.396  6.399

317 7-01396 16,438

e

{Jnnsﬁticsﬂ&urs IN GROUP L INKS/3"
INT _ XDEF _  YDEF

[

S Je YOE
TR e MM
S8 ~0.396 12,703
43 - 0.400 ¢ ~12.702.
RT20 0 ~0.396 ~10.245
43 0.000 ~10.245
23 «0,396 - ~3.451

u7 0.600, 958
30 -0.396  wi.on9
39 0,600 14 . 0u9
42 7 g.000 -At.327
50 - 0.000  ~11,326
S 1 2.000 / ~1.208
. 5@ 0.0007 «1.208 . -
&1 0.000/ © =6,232
53 ¢.00 -6.232
43 .0 12,028
55 = 0-. 0 *.2' 028J
54 - odood  -0.003
54 §.000 . -0.0C0
4 It s
! ¢ # 3
.-i’!.
rd

¢

- o.oosjfioanludz1:

0,005
o.e

"LOADI NG/ 1Y
fLOADING/ 1!

207 - LOADCASE
£ RAD

£ 0.002 TLOADING/1T-

¢ 8,003 'LOADIRGs!

0.003 "LOADING/1'
0.003 ‘LOADING/Y!
0.09% 'LOADING/1'

€.005 'LOADING/1"
0.005 "LOADING/1Y
0.005  LOAGING/1!
0.005 'LoADING/ 1!
' 0,008 ‘LOADING/1'

0.005 - “LOAD ING/1"

U, 005 'LOADING/1!

07003 ‘LBADING/1" Do
¢.004 TLOADENGS ! .
0.005 "LOADING/1' .

2 r
J 0,004 - TLOADING/ 1!

- 0,004 LOADING/Y'

s 0,005 'LOADING/A"
0.005 TLOADING/1!
0.005 "LOADING/ 1"

0,005 LODING/1"
0.000 [LOADING/1'

al i

it - ] ’
L S
by <

208

el




_ RESULTS FOR SﬁngﬁT kT LAHD!HG EEGS AND 3 AXLES = LO&D!HG/! * (GASE 3]
u*&*ﬂ*&{l?{l*&*ﬁ WAER u*i»**wnlﬁu****uﬁannﬁd*as*pﬁun****

o

| NUMBER OF Jﬁnurs = i uy - J B
NUMBER OF Hsnazas‘=t 51 F A h
MEW . NUMBERING SCHENE WYTH MAXIMUM R B
JOINT NUMBER DIFF R GE OF g - s b P

LFOR INTERNAL U _ . : _ .
"WILL BE USED bY Tms puasvsTEu o A K

4 f e ‘NUMBER OF SUPPORT$ { 2 R
b . . S
o -
L : ‘REAGTIQH% i snoun UPPORTS/LL3" ’ )
1 : JOINT DIRECTION T TFORCE 1OMENT LOADCASE 4
s _ _ _ . ﬁ RN KNy ' “
o 12 ' | 0.008 © D.000 'LOADING/1':
12 . 'yY lon,ren 0.066 "LOADING/ !
. 12 izt 1; 0.00G 0.000 *LOADING7 1! ‘
. .. 56 X, g 0.000 0,000 *LOADING/1®
: o 56 'yt L 70.654 - 0.000 'LOADING/1!
' 56 LA v 0,800 0.000 "LOADING/1"
: J . L .
"FORGES {M GROUP Mamaens' S . o Lot '
MEMBER upnas&10n © SHEAR ) " MOMENT LOADCASE
'5J| : . S KN . KN¥
1, 2 0.000,} 9.000°. 0.0081, '-7.962 -0.004, 3.700 'LOADING/1'
' E, 3 i 0.000,“ 5.900 -7096“' ”"15_‘92? 2. 699, 10-790 “..0&0!"6,1'
: 3, 4, 0.000,] 0.000 ~15.928, ~220393  10.794, 21.328 'LOADING/1:
i 4, 5 0.000,; '0.000 ~22.393, ~PB.857 21.328,  25.h22 'Lu:n&u6/1
' 5, 6 1.016, | - 1.125 ~-2B. 329, '=32.050 35.422, N43.801 "LOADINGSA
: . . N ! L
8, 7 1.13fL§. j.ang  -32.078, =-35.305- a43.805, 53.062 'LOADING/?'
7, B 1.2uJ,' 1.354 =35.289, =38.52) 53.062, _£3.223 'LOADING/1!
4, 9 1'35§P . 1,467 ~38.536, -41.763 53.224, ~h.258 'LOADING/1!
9, W b,oug,  5.248 45493, 44,529 74.269, '-43.593 'LOADING/1!
10, 11 11:1agz 11,755 ~42.934, =45.396 83.600, 93.482 'LOADING/t'
11, 12 6.230)  6.368 -b6.hh, -48.989  93.485, 103.924 'LOADING/3' |
12, 13 ~1:505, 1,580 . 4i.288, 39.558 103.928, 97.898 'LOADING/1' . b
13, ‘i 0.000, 0.00G jg.546, 32.915 97.902, 77.u63 'LOADING/1’
ik, 15 o0 0,000, 0.000 32.916, 26.278 71.462, 60.765 'LOADING/1® - -
15, %6 - 0.900, 0.000 26.277, 19.645 60.765, U1.809 ‘LOADING/3'

16, 17 0,000, 0.009 19 648, 13.016 k7.808, 38.59% ‘LOADING/1!
17, 18 0.000, 0.0C0 13.015, 6.383 38.594%, 33.122 'LOADING/Y!
18, 19 $.000, 0.000 16.757, 11.673 . 33.121, 26.976 ‘LOADING/1!
19, 20 - 0.000, 0.000 11.667, 6.583 26.976, 23.027 'LOADING/1!
23, 24 0.000, - 0.000 9.502, 4.hia 6.439, 3,828 "LOADING/1'

2y, 25 0.000, ¢ 0.000 4,420, ~0.663 3.42%, 2,616 "LOADING/1}
28, 29 0.007, 0.000 2.257, -2.827 -1,25%4, ~1.181 'LOADING/1'.
29, 30 0.009, 0.000 -2.82%, ~7.909 ~1.133, 1.183 'LOADING/1!
20, 1 0.040, 9.000 19.7466, 12.890 23.028, 13 476 TLOADING/ 1!

2%, 22 Oﬂﬁﬁﬂ, 0.000 12.891, 6.015 13.4%76, 7.946 'LOADiNGi!'
22,23 _ _beO, G.000 6.011, =Q.865 T.546, 6.439 'LOADiHG/1'
25, 26 0,000, 0.00% 12.523, 5.647 2.615, ~2.699 'LOADING/1!

26, 27  /0.000,  0.000 5.6u5, =1.231  ~2.698, =3.990 'LDADING/1!
27, 28 0.090, ©0.006  -1.230, <-B.106  -3,990, ~1.289 LOADING/1!
50, 31/ 0,000,  0.000 5.279,  0.002 1,186, -0.002 "LDADING/1’

) : )
P




oA

b .
YFORGES I GROUP LiNK3/3!
T HMEMBER COMPRESS 10N SHEA
- : KK K
18, &4 -10.375, =10.37% 0.000, o.ooé-
20, 3 =13,188, ~-i3.188 £.000, 0.00
23,84 W1D.367, -=10,367 . 0.000, ¢.09
- . ‘\- ._!_ . |
35; he -Jili&&, -13{ 180 0.000, 0.0
28, 47 ~13.375, s1n&375 G.000,  0.002
. R "ol
36, 49 ~13.188, -13,183 0.000, o.ouﬁ
2, 50 -23.%63, -23.563 0.000, 0.00
¢, 52 «23.591, =23i351 0.000, - 0.00
51, 83  ~47.063, =u7|063 .000, 0.010¢
4, 45  -5%5.500, -23.500 6.000, 0.000
54, 56 -70.654, ~7G.654 4.000, 0.000
41, 4 . ©.000, 0.000 =-10.313, «10.31ﬁ
u4, 45 65,000, GO0  ~10.359, --~10.359
o 47, 4B 8.000, 0.000 «10.375, <10.375
~H2, B3 10.000, G.000 13.188, 13,188
45, 4§ | 0000, 0.600 13.184, 13.034
48, 49 | 6.002: . 0.000. - 13.188, 13.188
50, 51 - 0 0,000, G,008 ~23.551, =23.551
51, 52 ! 0.000, 0.000 23.55%1, 23.551
53, 54 ¢ | -0.008, 0.000 - ~47.105, =47.105
54, 55 | 0,000, 0.000  23.552, 23.552
i
''15{SPLACEMENTS IN GROUP MEMBERS® )
_ JOINT®  XbEF ~ YDEF ZROT L.OADCASE
- R T ~ RAD '
1 - -0.06% =35.903 0.011 TLOARIMG/1'
-y =0.064 ~2R'07D 0.011 "LDADING/1"
3 =008l -2, 163 0.011 *LOADING/1’
-4 -0.064 -14.99S 0.010 TLOABRING/1'
5 - «0.084 -5.810 0.009 '"LOAGING/Y!'
6 -0.056 «~7.5545 .0.008 ‘LOADING/1'®
7 ~0.050 -5.537 © 0,007 "LOADING/1!
-3 «0.084  =3.802 °  0.006 'LOADING/1'
9 «0.039 «2,355 0:005 'LOADING/1'
10 - =0.028  =1.42% 0.004 ‘LOADING/1!
11 -0.009 - 1.655% 0.003 '"LOADING/4?
12 =0, 000 «G.0060 * 0.003 "LOABING/1?
13 0.015 0.394% 6.003 'LOADING/Y’
% - 0.615  1.562°  0.002 'LGADING/1!
15 0.01% 2,297 G.006 TLOABING/1'
16 G.015 2,694 0.000 "LOADING/1!
17 0.015 2.824 0.000 ‘LOADING/1!
1 . ¢.01% | 2,737 =0.000 ‘LOADING/1'
19 /  0.01% 2.547  ~0.000 'LOADING/1!
20  0.015 2.269  =0.000 ‘LOADING/1!
23 0.015 0.589 ~0,001 "LOADING/1!
24, 9.015 ©.107  =-0.007 'LOADING/1®
25 0,015 -0.386 ~0,001 "LOADING/1!
2a 0.015 =2,361 0,001 ‘LOADING/1!
29 0.015 ~2.826 ~0.001 *LOADING/1!
30 0.015 ~3,288 -3,001 'LOADING/1!
21 0.015 1.780 «(3,000 "LOADING/1!
22 0.01% 1,209 -9,001 'LOADING/1"
26 0.015 «1,0561 -0.001 "LOADING/1!
27 0.015 ~1,722  =0,001 "LOADING/1!
31 0.015 =-3.768 ~(,001 'LOADING/1'

300

‘I j )
i
I
/
\

LQAE)CASE .

HOMENT
KA
i

0ioft "LOADING/®®

' 0J000 TLOADING/1!

R

0%000 ' OADING/1Y

0.600 ‘LOADING/1®

0.000 *LOADING/Y’
0.000 'LOADING/1!

G000, 'LGADI#!{;}}}' :
s,

0.000' TLOADI

0.000 'LCAD ING/1! .
0.000 “LOADING/1'

Ty

. B r
0.000 '"GOADING/'
%.ozo

/5.016 'LAADING/!
'LOADING/1"

0.007 ‘LeADING/1®

\ 0.000 °LOARING/T' -

80.855 TLOALING/4'
~0,000. "LOADING/ 1!
61,704 "LOADING/1'

<0,000 "LOADING/ 1"
L l '

‘ 3

TLEOADING/1T
5 016 'LHADING/1"

SEFT T
o2



1 4
50|n7

18
I

XDEF
MM

ISPLAGEMENTS 1N GR

OUP LINKS/3"
YREF ZROY
MM RAD
2.137 =(3.005
2,738 ~{1.000
2 vaég =0.9000
T 2.2069 ~{1,000
0.589 - -0.001
0.589 =-(.001
-0.386 ~0.001
~0.356 ~0.001
-2.361 ~0.001
~2.361 ~0.00%
-3 0288 =i}, 001
-3.2487 «{) . 001
2.476 ~.000
2.476 =0 .000
0,045 ~0.061
0.0h4 -i. 000
1.28% = . 000
1285  -0.000
-~2.879 . -0.001
“2.879 =0.001
-0.002 ~0.0601
=G.000 . | 0.000-

LOADGASE

FLOADING/1!
't GADING/1!
"L GADING/1"
' OADING/1!
TLOAD ING/1Y

'LOADINGZ1Y
1. OADINGA™
1L OAD BB
"LOADING/Y"
LOADING/ 1!

Ty OADING/ 1!
' OADING/1"
*LOADING/ 1!
'L OADING/ 1%
‘LOADING/1"

LOADING/Y!
YLGADING/1?
LOADING/1!

LOADING/®

JLOAING/1"

‘LOAdIHGII'-

'LOADING/ 1Y

301
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A -
{ r
w

L]

uunazg OF JOINTS =

'NUMBER OF MEMBERS » -

- HUMBER ING SCHEME WITH HAXEHUHa

NEW -

35ﬁ
?ﬁ‘w

JOINT NUMBER DUFFERENCE OF
LFOR INTERNAL USE

ONLY .
WiLL BE USED BY THE QUBSYSTEH

NUMBER OF SUPPORTS

JOINT DIRECTIDN

L

5
5

Q -
G

50

'IDRCSER

'h’s

1,
1§:

4,
3,

L4

7,
18,

T eyt
.lvt

_’E'

Ty?
tYI
!zl

2

XN
=,033

20, 352
0.000

T G.000

4t.019

0.000

IN GROUF MEMBERS®
) GOHH.ESSlﬁﬂ

£2.000,
0.000,

~0.033,
. 0.2864,

~0.033,

2]
0.000
9.000

w.033

-,033 " -
9.377 -

0.496
0.508
0.716
2,812
6.652

3.864
1.154
0.000
0.000
0.00¢

0.000

0.000

2.000

0.000

IREACTIONS IN GROUP SUPPORTS/F
FORGE

o

4

v

no.
QHEHF
WM

0.000°

0.000

- @.000

0,00
0.000'
g.000-

""[\’l.o
-50.7

59.993,

53.1
36.1
29
22.3

5.451,

251,

A

,LOADGkSE
'LOADING/1"

'Leanlucf1'
'LOADIRG/1?

G . 'LOﬁninG/1'

H.OADING/ 1!
’LOADING/T‘

SHEAR
KN

=7.963
~15.928

h2%, =2.0u0

~8.502

00, ~11.733 .

- 14.960
-15.199
21,412
~23.83h

 ~25.701

=5G., 707

=57.347
"63 -996

~& JIE3
=~12.069

15, »
15,

220, u1.146

-36.146
10.333
b2, 4,958
59.995
53.417

A5 .2u9
29.2h9
. 22,378

26
26,

13,
0.17%

302

15,437

69,648,
92.856,

119.398,
149,882,
181, 113,
186.0L2,
90.921,

T2.027,
10.183,
.4y
190.167,
153,058,

119,984,

55.327, .
3

245,
21.179,
119,

33,

SULTS FOR SLPPORT AT KING-P IN AND FRONT AXLE - LBABIRG{1 - (QASE u)
: *ﬁ&h**ﬁiﬁ*****l**i***&l**ﬁ*&ﬂiil*****Q*ﬁ**il*l****h&*&l

13.034
15,815

" 19,492

25.051
22.500
34.425

- 89.913
CA5.921

50.397

92,659
1197394

149.886
184.116
186.043
190. 166
72.023

55321
i.596
1.308

153,063
119.980

90.313
36.238
21.3171
10.132
«0.053

LOADGASE,

'LDADING/1‘
'LDADING/T®
TLOAD NG/ 1!
"LOADING/ ]

TLOADING/1"

"Lbﬁﬂlﬂuli“

o

'LOADIRGI1'

'LOADING/Y!
"LOADENG/ 1!
*LOADING/Y'

TLOADING/!
'S OADING/ 1"
LOADING/ 1Y
VLOADIRG/ 1"
H.OADING/ 17

L OADING/ 1!
1LGADING/ 1!
TLOADING/ 1!

FLOADKNG/1!

TLOAGING/1!

TLOADING/ 1!
TLOADING/ 1!
LOADING/ 1}
"COADING/1®
SLOABIRG/ 1"

'LOADING/1"
'LOADING/1}"
'LOADIHG/i’
TLOADING/1!

'LOAﬂINGf1'




'FORCES |N GROUP LINKS/F® .

MEMBER CCMPRESS 10K - SHEAR
_ - " KR . KM
18, 41 «~€2.043, =-62.063 0605,  0.000
20, 82 -78.938, ~78.938 . | O0.04G, 8.000
B, 42 0.000, 0.000 =61.935, -531.938
42, 43 - 0,000, 0.000 79.063, 79.063
B2, 50 -HT.619, =1W1.019 - 0.009, 0.000"
'DISPLACEMENTS lit GROUP MEMSERS' ’ .
JOINT -~ XDEF YDEF ZROT  LOADCASE
M MM RAD
C1 o~ DL000 ~5.974 0.90% ‘LOADING/1®
2 . G.000 -2,922 ¢.C0 "LOADINGS 1!
3 0.000  ~N.000 .00 TLOADING/T®
i 0.000 - 2.105 0.004 'LOADING/1!
5 ¢ 0.600 3.926 0.003 'LOADING/1'
6 0027  B.713  0.003 'LOADING/1
7 0.051 5,407 0.002 LDADING/1"
8 6.071 6.009 0.002 'LOADIAG/ 1’
9 " Q.08 §.h8l 0.002 TLOABING/1'
10 0.122 6.782 0.001 "LOADING/1'
11 0.181  FT.DI5 0.000 "LOADING/?1"
12 0.204 7.097 0.000 'LOADING/3'
13 0.208 7.298  0.000 ‘LOADING/1®
14 0.208 7.487  °-0.000 'LOADINGFY!
15 Q.208 7.287 -0.000 "LOADING/S'
C16 G.208 5,572  ~0.002. 'LOADING/1'-
17 9.208 5.192 -0.003 TLOADENG/1®
18 0.208 2,978 - -0.005 'LOADING/1®
19 ¢.208.  0.674  =0.006 'LOADING/1'
20 ¢.208 . ° =-2.398 -0.008 "LOADING/1"
23 ' p.208  -19.801  -0.012 'LOADMNG/1'
24 0.208 25,038  -0,012 ‘LOADING/1!
25 . §.208 ~30.510 «0.013 'LOADING/1Y
28  0.208 -54,7118 -0,03 ‘LOADING/1" .
29. ' G.208 ~60.095  -0.014 'LOADING/1'
- 30 0.208 -66.089  =0.0Th 'LOADING/1'
21 0.208  -1.323 ~0.009 'LOADING/1"
22 0,208 -13.203 «0,011 *LOADING/E . |
26 0.206 -38.191 =0.012 'COADING/1' |
27 0.208 ~L6.090  ~0,0i% 'LOADING/1'
31 0.208 =72.313  -0.0%4 'LOADING/I' .
T . i _
IDISPLACEMENTS !N GROUP LINKS/F! . 7
JOINT XDEF YDEF ZROT LOADGASE
m RAD:? - i .
i3 0.208 2.978 ~0.,005 'LOADING 1}
i1 0.000 2.979 =3.G06 TLOADING/1!
20 0.208  -2.358 -0.008 'LOADING/1!
43 0.000 42,357 ~0.005 'LOADING/1"
g2 0.060 =0,004 _ ~0.006 'LOADING/1'
50 0.000  »0.000 ©.000 TLOADING/T'
' il
"\i‘. TJ-\
“3 ) T
203\
!

~
Ji

=i

e
Sz

. ."jr

T

xnéwf

m

LOADCASE .

T} GAmING/ 1"
YEOADINGS 1) -
'LOADING/ 1’
HOoADING/1"

TLOADING/ 1Y




K]

gl IIK%t

RESULTS
L2 Ly

NUMBER OF JOINTS =
NUMBER OF MEMBERS =

“NEW

NUMBER OF SUPPORTS = 2
'RE&??IONS IR GROUF SUPPORTS/C'
JOI4T DIRECTION FORCE
~ KN
3 oy 0.064
rg Tyt g1 743
) LTzt 0.000
52 ry? 0.000
52 - tyt  9Q @37 -
52 'Z' a0.000 ﬂ
TFORCES ru cnoup MEMBERS!
MEMBER compnzsstnu
1, 2 6.000, - 0.000
2, 3 0.000,  0.000
a, 6.064,  0.06E
¥, .5 - ©.068, 0.064
B, &  -1.084, =0.970
&, 7  -0.972, ' -0.862
7, 8  -0.859, -0.7u46
8, 9 -0.788, ~).533
9, 10~ -2.296, ~3.01%
M, 11 -4.32h, _ ~3,727
S
11, 12 . .=1.975, ' ~*.637
12, 13 -0,46%, - -0.'95
13, 1) 0.000,  0.0d0
10, 15 0.060,  0.000
15, 16 0..000, .G0C
16, 17 0.000,  0.000
17, 18 0.00G6,  6.000
18, 19 0.000,  0.000
19, 20 0.000,  0.000
23,24 0.000, - 0.000
o, 25 0.000,  0.000
28, 29 6,000,  0.0¢0
29, 30 6.000,  0.000
20, 21 0.000,  0.000
2%, 22 0.000,  0.0C0
29, 23 0.000, 0000
25, 26 £.600,  0.060
26, 27 0.006,  0.000
27, 28 .000,  ©0.G00
30, 3 0.000,

i

_ r
35
35

.,000

KN#M
0,000 'LOADING/1'~
9.000 "LOADING/1'
0.000 'COADING/1'
o.boo 'LOAGING/S1" -
6.000 *LOADING/3’
0.000 'LOADIKG/1'

n SHEAR
1 : KN
- 0. uoo ~7.963

3088 19097

us5., 317 39.352
" 39.350,. 32.885

32,868, 29.635

29.653, - 26.435

26.421; 23.183

23-175. A 19-9“

19.827, 17.258
a16 84, | u.401

{ 5 753, 12.187
12208, 30,457
10.558, . 3.926
3.937, .-2.655

-2.708, -9.339

«9.333, ~15.964
-15.977, =22.809
~22,583, =27.66T"
'=21.708, =32.792

=9.498, ~14,577
575, ~19.659

15,436,  10.353

10,354, 5.271
-32.769, =39.645
-39.640, -56.518
-05.519, =53.395

38.075, 29.199

29.196,. 22.320

22.33%, 56

'5.276, ~0.002

MUMERT

NUMBER LNG SCHEME  WITH MAXiMUM
JOINT HUMBER D1FFERENCE OF
»FOR IRTERNAL USE ONLY,
Will BE USED BY THE SUBSY&TEH

2

"o LOADGASE

304

o.udo,

0. 790,
~12.631,
~32. QQE,

|~h1 094,

[-u5.80%,
~55,633,

ua.75§1

K7.958,
10. 14k,
L.566,
'»32.848,
=-11. 569;

13.5319,

55.359,

&6,
21.198,
- 1.190,

OR SUPPUﬁT AT KING=PiIN AHD CENTRE AXLE - LO&D%HG{! - (CASE 53
***&u&&**&*&*»ﬁ***ﬁl*ﬁ**&ﬁ&***nlﬁ*ﬁ*ﬁl**ﬁ»i**&*

-

MOMENT
KN¥M

2697

10.790
=12,631
32 497
-i1.302

=45 .80%9
-55 G633
=61.555
55,622
~69.122

-?“ .809

| ~67.659

-56.790
45,022
~32.848

47.958

55.359
.50
1.187

-11.67%

13.531

i 0'756I

36.267
21,197
10. 18

0.002

LOKbGASE

'LOADING/ 1%
'LOADING/ 1}

TLOADINGA 1! -
TLQADING/ YT

*LOADING/1?

TLOADINGAT! -

ILOADIRG/1'

'LOADING/Y® ¢

LCADING/1?

TLOABING/1" ¢

'LGADIHO/‘IIII
TLOAD ERG/ 1}

'LQADI“G/i«

"LOADING/Y!

L OADING/ 1T -

'LOADJHE/!'
TLOADENGF 1°
LOAD NG/ 1"
'LOADING/1?
‘oA NG 1!

'LOAD NG/ 1!
'LﬁADING/?'
TLOADING/Y!
'LOADING/1?

'LOADING/ 1" ¢ )

'LORD!HG{1'
LOADENG/
TLOADING/T!

YLoADING/ 1!
TLOABIHG/1'




2

. MEMBER LOMPHESS 168 SHEAR
e . . KM . KK
23, k4 -i3,938, +i3.038 6.000, 4.00¢
25‘; x‘g . ‘“55-75&, N “55; 7.50 04000, 0»000
i, b o.0n, . 0.000  -43.871, -43.8M
45, < 3,000, ~ 0,600  55.68B. 55.688
5, 52  ~99,437, =-99.637 0.000, - 0.000
il . -n -

I ESPL AGEMENRTS 1N GROUP MEMBERS!
JOINT XDEF . YDEF ZroT LOADCASE
MM . MM gAl .
1 «0. 000 49.378 ~0.007 "LGADING/1®
2 -0.080 i, 75 ~0,007 "LOABING/1}
3 «(3,000 ~0, 000 =3.007 "LOADING/1"
4 <0000 -l 023 =0.007 LOADING/1!
4. ={.000 «7. 718 ~3.006 "LOADING/1'
A w3053 9,266 0,005 *LOADING/?'
7 «0,089 «10.%579 -~ ~0.004 ‘LOAGING/1®
8 «0,135  «11.642 w0003 'LOADING/TY
9 - «0.163 ~12.452 wG,002 TLOARING/1®
10 «0.216 ~12.217 ~0.002 'LOADING/ 1!
11 -0,302 «13.25% ~0.001 'LOADIRG/!
12 w0340 «13.504 «0,.000 LOADING/T"
13 3,350 ~=13.648 -0.000 “LOAD ING/1T
14 ~3,240° . ~13.880 ~0,000 'LOADING/1"
1% «0.350 ~i3.692 0.000 'LUADENG/1!
15, =0.340 ~1i.0N 0.001 'LOADING/1'
7 ~0.300  =12.03% 0.002 'LOADING/1’
18 . «p.580 -10.62%9 0.003 'LOADING/T
18 «0.380 ©  +9.333 6.003 'LOADING/T
20 -0.340  -7.889 0.003 'LOADING/1’
23 =0, 340 =1.493 0.003 'LOADING/T?
o 2 <0, 340 -0, 485 0,003 LoroiNG/1Y
2% ~0.340 1.166 6,003 'LOADING/1®
25 «(, 3ist) 4.49% T ¢.002 TLOADING/1!
29 =0, 340 5.650 0.002 'LOADING/T'
0. =0.340 6.392 0.002 'LOAD NG/
21 ~0., 340 5.7 0.00% 'LDARING/1’
22 =}, 340 ~3.592 0.00% 'LOALING/1'
26 w), 340 2.596 0.002 "LOADING/1®
27 «0.340 3.808 0.002 "LOADING/1!
31 =0.340 7.158 0.002 'LOADING/1!
. if “ .
"DISPL 4 EMENTS IN GROUP L INKS/C' g
JOINT XDEF YOEF 2ROT LOADGASE
: : MM M RAD
24 LhgL300 =1.493 G.003 'LOADINGIY®
Ll 0.000 »1.492 0.003 LOADING/1’
25 »(), 340 1,166 0.003 'LOADING/1'
46 0,900 1.166 0.003 TLOABING/ T’
45 0.000 =H.003 0.005 "LOADING/S!
52 0.000 ' ~0.000 5.0N0 "LOADING/1'

3]

W TIroRCES N GROUP-L LHKS/CT
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0.000,
0.000,
21.242;
d.600,

L]

MOMENT -

LOABCASE

KNM .

0.000
00
21.246
0.604
0.000

L OADING/1"
¢ 'LOADING/ !
ALOAR NG/’

YLOADING/ 1!
TLOAD NG/ 1Y



\

NUMBER OF JOINTS = 5 .
NUMBER OF MEMBERS = 35

NEW  NUMBERING SCHEME WITH P1.:IHUM
JOINT NUMBER DIFFERENGE or 3

,FOR IRTERKAL USE -ONL

WILL BE USED BY THE SUBbY°T£H
NUMBER OF SUPPORTb 2
"REAGTIONS 'N GROUP SUFPDRTS/R'

JOINT DIRECTION ~ ©FORGE ~ MOMENT  LOADCASE
KRN KNSM

3 oy 0.185% G.000 'LOADING/1‘

3 Ty 84, 357 0,000 ‘LOADING/1?

3 - rpY $.000 ¢.000 TLOADING/1'.

54~ Ty T 3.000 0.000 ‘Loanlucxl' e
55 Ryt 77.080 0.000 ‘LOADING/1' -

55 'z 0,000 0.000 "LOADING/1'
"CORCES 1N GROUP nsuasns' _ : g )
MEMBER CDHPRESSIOH '= -SHEAR MOMENT
. KN KNny
1, 2° 0.000, 0,000 ° 0.001, . -7.962 0.000, 2,695
2, 3 0.600, 0.000 =7.965, «15.928 2.697, 10,789
3, 4 0.185, 0,185 68.432, 61.957 10, 159, =25 . 010
4, 5 g,185, 0.385 -51.963, 55.498  =25.073, +57.371
5, 6 ~1.75%3, =1.638 55,476, 52,238 w57.371, =72.199
6, 7 ~1.641, =~1.527 52,259, H9,08% «72,19%, ~86,125
7. 8 ~1.52%, 1,414 49.001, H5.765 - -86.121, =-99.164
&, 9 =1,0116, =1.302 %, 745, ua.ssﬁ 04,160, =111,.317
9, 10 -u-aug, "ll.ﬁoa 2 T' .q:|75s =31 .357, "120;329
0, 11 »9,915, «9.397°  38.¥99, 36,301 <~120.204, -128,767
11, 12 «l, 980, ~4.542 37.185,  34.67F ~128.767, -136.517
12, 13 -1.307, «1.242 34,956, 33,198 ~136.603, -1i1.503
1%, 14 0.000, 0.000 33.128, 26.497 ~iut. ﬁub. ~158.477
1, 15 0.000, i1, 000 26.%03, 19 812 ~198.477, ~171.57%
15, 16 0.000, 0.000 19.878, 3.7, -1, 571. =~1890,923
1.6. 17 0.0400, 0.000 13.253’ a.628 "1&0-923’ =184.532
1. 18 0.000, 0.000 6.628, -0.003 =~186,532, ~188.407
18, 19 9.000, 0.0 <p.02t:..  ~5,104 =188.379, ~187.317
19, 20 0.000, 0.00G =5.083, =10.167 =~187.317, ~184.004
23, 24 0.000, 0.000 »30.771, -35.854 ~-148.0495, ~133.629
2, 25 0.000, 0.0460 ~35.896, ~U0.979 =-133.653, ~117.632
28, 29 0.060, 0.000 =27.552, =32.636 «~27.047, -t.032
29, 30 G.000, 0,000 «32.6G6, =~37.729 ~1h.028, 1.188
20, 21 3.000, 0.000 ™~10.124%, =17.001 =-184.009, -176.048
21, 22 0.000, 0.000 =17.062, =23.938 ~176. 051, 164,067

}i.

ap, B3 0.000, - 0.000 -23.874, =-30.751 ~164. 067, -148.063
25, 26 0.000, 0.000 -40.937, -h7.813 «117. ou0, ~91.063 .
26, 21 0.000, 0.000 -b7.824, =54.760 =91, 067, =61.067
27, 28 0.000, 0,000 =54,.730, =61.606 ~51.071,- ~27.048
30, 3 6.000, 0.000 5.2%%, 0.017 1,186, 0.002

306

_ RESULTS FOR SUPPORT AT KING-PIN AND REAR AXLE - LOAD!E*/I -
*»********w**n¢**u*aa*a«**n***wu*n**nn****nuuau*n*ﬁn*

f'm....

n

LCADCASE

"1 OAD ING/1'
'LOAD NG/ 1!
'LOADINS/ 1"
'LOADIHG/1'
'LoAD 14G/1?

'LOAD ING/1!
'LOADING/ 1’
"LOADING/1',
'LOADING/ 1!
TLOAD ING/ 1!

'LOADING/1!
TLOAD NG/ 1!
'L OADING/1?
"LOADING/1!
'LOADIHG/1'

'LOADING{1'
'LOADING/1"
'LOADING/1!
TLOABING/ 1T
'L OADING/ 4!

fLOADING/1"
LOARING/1!
LoADING/YT
"L OADING/1®
'LOADING/ YT

LOADING/ 1T
oAD"
'LOADING/1F
fLOADING/1"

n



. - n
: 1

A o _,,-'- l ) N : : . : i ' .

YFORCES IN GROUP LINKS/R' -~ N S .

MEMBER ~ .  COMPRESSION L~ . SWIR® - . MOMENT  LOADGASE .
PER. o o TN o wowewr 1

) 28, 47 -33.875, -33.87% 0.000, 0.000 0.000, 0.000 "LOADING/Y!
. 30, k9 - -43.060, -43.000 0 9.000, | 9.008 - 0,000, 0,600 'LOADINGAT
a oL b ug 6004, 0.060 +33.875, -33.87% L0223,  16.375 TLOADING/1t -
- hBLiuD 0,006, 0.000 . -§3.188, 43.188 15,563, ~0.047 *LOADING/Y!
P B8, 55 ~TT.040, ~T7.040 0.000,. , 9.000 @ 0,000, £.000 “LOADING/t!

+ _ -
"l A S . - .
10 iSPLAGEMENTS N CROUP MEMBERSE "~ . = = o
S JOINT _ XDEF 0 UYOEF ZROT - LOADCASE
no : ¥M MM RAD- -
TS Ty L 80D 25,545 «0,019. TLOADING/1" L
2.7 -0.000 T2.837 oG 019 'LOADING/1? . T
Fl ~¢_ 000 w() . BO0 ~0.019 'LOADING/T" ) -
b «0.000 - 10.52% -0.519 ‘LOﬁglN&l1’ :
5 H '-0; [Hi101] -20. 386 _. "0 AB’!? 'LO Iﬂcf'l'
6. =0.153° 24,799 ~0.01% 'LOADING/1' - .
7 ~0.200 ~28.787 | ~0.014 "LOADING/t’ .. ' _ .
) 0413 ~32.332 «0.012 "LOARING/ 1! ST
9 ~0.520 =35,430 - ~0.0!0 "LOADING/1', : s .
n 16 0. 776  ~37.556 -0,009 'LOARING/1! : - )
17 =1.255 <39.449  =0.008 ‘LOADING/3' - T 5o al
12 ~T.487 ~iU1,178 ~G.008 'LOADING/T! i . Caon
13, =1.528 ~k2.295 ' =0.007 "LOADINGS1' ' . \ o - S
18 ° ~1.528 ~46.011 ~0.006 TLOADING/YY - - S }
a 15 °©  =1.528 ~48.850"  ~0.004 “LOADING/Y” A
- 1 «1,528  ~50.738 ~0.002 'LOADING/1' -
17 -1.538  ~51.62§ =0.000 ‘LOADING/1! , :
18 «1,528  =51476 0.001 'LOARING/1" ,
.19 - w1,538  ~50.655 - 0.003 ‘LOADING/T! .
e ©20 7 «1,528  ~49.225 0.00% *LOADING/1' : .
. _ . .
P23 =1.528 ~37.4938 0.609 'LOABING/1Y _
- -1.528 ~33.201 0,010 "LBADING/1" X - :
25 1,528 ~28.652 0.011 ‘LOAGING/T' . : ‘ ) . P
28 ~1.528 »6.598 0.0%13 "LUADING 1! . :
L1+ =1.526 0. 728 . 0.0i% ‘LOADING/t'
30 =1.528 5.187 . . 0.0%% ‘LOADING/' D
21 -1.528  -46,339 0,006 'LOABING/1}
22 ~t.528 -42.405 . 0.008 'LOADING/1' - -
26 1 -1.528 -21,782 9.012 "LOADING/1® - . R ; "
2t . . ~t.528  ~14,.371 01.013 'LOARING/T® - o A )
g1 =1.528 11.333 0.014 'LOADING/1' , .
FOTSPLAGEMENTS 1N"GROUP LINKS/R' . - " ’ .
SJOINT XDEF . YDEF. ZROT LOARDASE "o s .
IR RAED - . ' z
28« =1.528 «5,508 0.013 'LOADINGST! .o coon

S TV 0.000 ~6.598 Q.01 ‘Lonnrugfr'
.30 . =1,528 5.187 0,01y 'LOADING/Y!
) 49 0.000 - 5.187 . 0.0 'LOADINGSY' © . :
T 48 G,006 0,002 0.014 *LOADING/ 1" . .

55 . 0.000 -0.000  0.000 'LOADING/1'

e - . ‘n

3l




n

RESULTS FOR SU?POR? AT K!ﬂG-PIH AND FRDNT & CENTRE AXLE = LOADING/1 ;-'CESE 7!

**G**ﬁ**ﬂ**&*******i****&*

NUHBER oF JOlﬁrs =

LY I

NUMBER OF MEMBERS. = us

NEW
JOINT NUMBER DIFFERENCE OF 4
LFOR INTERNAL USE ONLY,
*WILL BE USED BY THE SUBSYSTEM R
NUMBER OF SUPPORTS = 2 '
TREAGTIONS (N GROUP suppoa?s;rc* 3
JOINT DIKECIION ng NDEEHT LOADGASE
3, txt g. b1 0.006 ‘LOADING!1'
3 o onh 606 i1.000 ‘LOADING/1E
3 F1 0000 - 0,000 "LOABING/1'
53 . '"'  0.000  0.000 ‘LOADING/1'
53 YU 116,769 0.000 "LOADING/1’
53 'z 6..000 0.000 'LOADINGZ1®
"FORGES IN GROUP MEMBERS'

HEHBER COHPRESSlUH SHEAR"
; KN KN
1, 2 0.000,  0.000  ~0.000, ~7.964
2’ 3 04000’ - 0.000 h -7.96""3 "1519%?
3, & 0.011, 0.011 20.579, 22.214
h, 5 0.011, - G6.01%Y - 22.214, 15.749
5. & -D.539, - ~0.BD6 15,756, 12.50%
6, 7 =-0.426, ~0.313 12,513, 9.280
7, 8 "0.31""' “0-200 9-283, 6.053

8, 9 -0.200, ~0.087 6.055,  2.825

“g9t 16 -0.322, ~-0.025°  2.800, . 0.271

10, 11 -0.0871, 0.570  0.27h,  -2.201

11, 12 0.302,  O0.641 . -2.284, ~4.748

125 13 @.186,  0.246  -4.811, ~5.562

13, 14 000,  0.000 - -6.571, =13.203

1k, 15 0.008,  0.000 ~13.203, ~19. aa

15, 16 0.000:,  0.000 =19.835,  ~26.4

16, 17 0. OOdy ' 0,000 ~26.468, =33.099

17, 18 o+ooa, 0.000 =33.099, =39.731
18, 19 0.000, 9,000 14,0313, =19.097

19, 26 0.000. 0.000 ~-19.09%, =2&.179

23, 24 0.006, 0. 000 13.557, = 6.47h

24, 25 £.000 0.000 | 8479,  3.398

28, 29 6.002, 0,000 - i5.479, 10.396

29, 30 0.000,  0.000  10.35h4, 274

20, 21° 0,000, ©.000  8.481, 1.605

21, 22 0.0G60, 0.000 . 1.610, =5.266

22, 23 0.009, 0,000, e, 268, -12.14%

25, 26 0.000, . 0.000 - 3bs _29:191

26, 21 0.000, = 0.000  29. 203, " 22,320

27, 28 L0080, . 0.000 22,313, 15.437

30, 31 ¢.000 o 000 5.264, =0.014

~

RUMBER ING SCHEHE HITH HAXiHUH
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ﬂiﬁﬂ#ﬁﬂilﬁﬁilﬂﬂiﬁﬂﬁﬁiQ**ﬁ!*ﬁﬁ*lﬂ&**ﬁ*ﬁ

- f‘iﬂ v

o 1 J‘IG\

LOADCASE

DADIHGI?'

'LO&D%NG{!'-.

'LOAD!NG!1'
TLOAENG/ 8!
'LEADING/1!

"1LOADENG/ '
'LOADING/ 1"
*LOADING/ 1"
'LOAD {NG/1!
ALVADINGS Y

"LOADING/1?
'LOAD ING/Y!
b OADIRG/1"
FLOAD NG/ E
*LOADING/ 1!

YLOHDING/1!'
TLOADING/ 1!
tLOADING/ 1!
W OADING/ 1!
.OADING/ 1Y

L OADING/ T
TLOADING/1®
'LOADING/ 3
'LOADING/ 1’
TLOADENG/1'

") OADING/ 1"
FLLOAD ING/T®
' OADING/ 1"
'LOAD NG/ 1"

MOMENT
KM
0-000) 2.698
20698, 10,790
10. 790; -3 -205,.
-3,205, =13.645
~13.645, -17.532
«17.%32, =20.230
-20,.536, -~22.638
-22.638, =23 859
-23 .860) "2"" 019?
~-24.196, =-23.917
=23.9717, =~23.212
-23.209, -22.351
~22.361, 16,781
=-1&. 732, w7462
-y l"jln’ 5 600
5.600, 22,4503
22,903, 42.94%
h2.948, 50.108
-50.108, | 59.467
62.678, 57.913
57.911, 55.352
.‘Nﬁi, y.562
4570,  1.183
59.467, 56.514
56.51h, 57.58%
57.584, 62.678
55.3u6, 36.260
36,257, 21,191
21.187, 10.148
T 182, g ,002

'LOAD ING/ 1Y



"FORGES 1N. GROUP LINKS/FC™

MEMBER _ COMPRESS 108 - - SHEAR
KN Py |
i8, 41 ~25,750, ~25.750 0,000, g.000
29, 43  =32.625, =32.62Y 0.600, ¢.000
23, 4 ~25.711, =25.71% 0.000, ¢.000
2%, 46 ~32.688, ~-32.688 0,000, 6.000
i1, g2 0.000, C.000 ~25.583, -25.588
uy, 45 0.060, 0,000 ~25.684, «25.5681
82, 43 0.000, 0.000 32.688, 32.688
b5, 46 0.000, 0.000 32,688, 32.688
56, 51 0.000, 0.000 ~58.388, =%3.388
51, 52 ?.000, {.000 58.382, - 58,382
k2, 50  -%8.37%5, ~58.379 0.00C, 0. 04D
4%, 52 58,438, =58.h38 ¢.000, 6.000
51, 53 -116.789, -116.769 0.000, 0.600
*DISPLACEMENTS IN GROUP MEMBERS!
JOINT XDEF YOEF ZROT LOABGASE -
MM M RAD
1 ~0.600 1.608 «0),. 001 'LOADIKE/1®
2 «-p.000 - 0.86% ~0.001 "LOADING/1!
3. -0.008 =0, 060 -3.002 'LCADNG/1’
4 =(,000 -0.913 ~0,002 "LOADING/1®
5 -0,000 =1.746.  ~0.001 "LOADING/1'
6 -0.010 =2, 044 ~0.000 'LOADING/T'
7 -9.017 -2. 240 ~0,000 TLOADING/1?
8 u(),020 ~3.330 =0.000 *LOADING/1"
9 ~0,019 -2.318 0.000 LOADING/T!
10 -0-GF -2,211 0.00¢ 'LOADING/ 1"
11 0.023 - -2.116 0.900 "LOADING/1®
12 0.043 “1.961 0.000 "1LOADING/1®
13. 0.048 ~1,842 0.00G 'LOAGING/1"
17t 0.048 -j.318 0.00% 'LOADING/1®
15 0.0us -0, 702 0.001 "LOADIRGS !
16 ‘0 U48 -0 . 016 0.001 "LOADING/3'.
17 0.0U8 6.577 0.001 'LOADING/1!
18 v U8 1.974h 0,000 'LOADING/1'
19 £ _ouB 1.30% 0.700 TLOADING/1®
20 ©* D48 1.372 =006 "LOADING/1Y
23 0.048 0,271 =0.002 'LOADING/1'
24 0. 049 ~1,163 -3.002° "LOADING/1!
25 0.0u8 «2,2h% =0.003 'LOADING/1®
aa 0.048 ~8.004 ~0.004 'LOADING/T!
29 0,048 «=9. 584 «0,004 TLOADIRG/1?
30 0.048 ~11,179 -0,004 TLOADING/ 1!
21 0.048 1.166 ~0.600 'LOADING/T!
22 0.048 0,620 ~(,001 "LOADING/1'
26 0.0ub6 =3.976 -0,003 'LOADING/1’®
27 0.048  «5.928 «(1,003 "LOADING/Y!
11 0.008 «12.839 =), 004 TLOADING/ '
DISPLACEMENTS IN GROUP LINKS/FC'
JOINT XDEF YOEF ot LOADCASE
MH MM RAD -
1] 0.008 1.074 (.000 ‘LOABING/1?
81 0.000 1.074 0,500 LOADING/Y!
20 0.048 1.372 =0,000 "LOADING/1'
IT% 0.000 1.373 0,000 "LOADING/1®
23 0.048 -0.271 =0.002 'LOADING/1'
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0.000,

0.0006, .

0.008,
12.449
12,441,

0.000,
76.483,

0.000,
£.000,

MOMENT
KN*M

0,009
0.000
0.000
0.000
12449

15,434
-6, 004
0.00%
76.483
0.000

4.000
0.000
¢.G00

" LLOADGASE

TLOADING/ 1!
Y OADI NG/ T?
SLOADING/ 1!
TLOADINGS1T
'UOAD NG, 1

TLOADING/1!
L OADING, 1"
TLOADING/ 1"
" OADING/T®
TLOADINGS 1T

" OADING/1!
'LOADINGF1®
" OADING/ 1!



a

“0,271  -0.002 'LOAGIKG/1Y

ny - 0.G00
2% 0,048,  -2,245  ~0.003 'LOADING/1’
46 =~ 0,600  -2.285 «3.002 "LOADING/1!
42 0.000 . 1,242 . 0.000 *LOADINGS1!

s - 0.000 -1.374 =0.002 '"LOADIRC/1'

" 50 9.00¢6 . 1,242 «0.000 'LOADINGSY"
. 5t . - 0.000 =0, 008 =0.000 TLOADING/1"
52 - 0,000 . -1,37h ~0.001 " OAQING/TF |
53 ~€.000 “0.000 "7 0.000 *LOADING/Y’

*INISH o : !

o~

R T TR —

SUBSYSTEM USED =FRAME~ANALYSIS/2 .
3243 LINES INPUT FROM READER

1438  LINES WRETTEN TO PRINTER

3867 BLOCKS READ FROM WORK=F (LE

0926 BLOCKS WRITTEN 70 WORK-F ILE.

0489 STORAGE RECRGANISATIONS

0256 WORD WORK-F ILE BLOCKSIZE

®XO0T
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. APPENDIX.C

STRESS ANALYSIS OF CHASSIS SUB-STRUCTURE

C1  Introduction:

Thl'i appendm d@taﬂs the desngn ca.culatwns relating to the gemi-{railer chas-
" sis bub—structure The tern, chassis sub-structure refers tn those portions of
: the chassis which contribute to the load bearing ability of the complete strue-
tare. ) "

'C.2 ' Side rails and outriggers -

.
‘The stresses in the outrigger-side rail structure are 'z:ma.lysed for the semi-
 trailer subject to loads duting loading and uxiloading 6pera.tions (eg. forklift
truck tyre loadsl).' The IS0 container fluor test load™® is ueed &8 8 represen-

tative maximum load.

ISO 1496/1 - 1978(E)“) gpecifies maximura vertical loads as follows:
~ 5460 kg over two tyres (eg. front tyres of a forklift truck).

~ Tyre centres st 760 wmm.

9
The worst case for loading on the side rails and outriggers oceurs when

the the two tyre londs are applied on the deck directly above the side rail
(Figure C1). This situation corresponds to a forklift truck or similar vehicle

travelling transversely across the trailer deck at the point wherelt-he front ~ |

tyres are directly above the side rail. A proportion of the 5460 kg total load
is supported by the transversely mounted deck planks and the remaiuder by

the outngger structure,
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Figure .: = Typical loading conﬂgurﬁtiun on portion |

of the side rail

In the following analysis the side rail is considt;resi a8 a continuous beam
supported over its full length on multiple elastic supports. The supports are
positioned at each outrigger or end rail locat,on, as well as midway hetweenl
each pair of outriggers (refeﬁ. Figure C7). Bach support is conmdered as be-
ing made up of a combination of an cutrigger und the series of deck planks
immediately adjé.cent to the support position, or the series of deci{ planks
alone, as the case may be. This is detailed further in Section C.2.3. Both
tl‘.‘i;e outrigger and cantilevered deck planks will ha.ve a certain flexibility or
stlfﬁless, and the total stiffuess of each elastic support is then the sum of

. the individual outrigger and deck st:ﬂiaesses at that p031t1m The. propor-e_
' t:ons of a particular support reaction cézrned by the outngger structure and
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: deck plmks respertwely, are I:ne:n determmed relatrve to the outnggier and -
" deck :.tlffnesses at that suppbﬂ The ::esultant stresses in ths outnggers are
analyspd in 5ectmn >.2.5, whilst those in the deck pla.nks are analysed in
d_' Section C.3. '

A beam aua]yms mﬂxputer program, dweloped by the a.ut.hor at Henred Frue-
hauf Tra.xlers (Pty) Ltd, and based on the 3-Moment equamon for contingous

. bea.ms, m nsed. 1 in all of the followmg analyses except Section 2.1, where

the mmpiex:ty of the structuze pre’gents its use. This program ealculates

o the bending moments, support reactmns and deflections at up to 26 nodes

: ailong the length of the continuous beam Each of these nodes may be either

a support node or a free node. A ﬁmte support flexibility is entered for a
flexible support, whereas rigid snppo: !-.s hiave fexibilities of zero. Very high

- flexibilities (eg. 10% xm/IN) are”entered at free n_pdes. _

= oo d

C.2.1 Calcnlation of outrigger fj_iexibility

- The outrigger-torsion tubé structure is as shown below.
_ : I

Figure C2 'Outri.gger/tc;rsion tube structure

v
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BT TR T L L

o C‘ons:demz’\the centm section of the structure on its OWn (ie. torsion tube
S, o nly),- laaded at the Ieﬁ hand end by a moment Fd, the £ree body dlagram,
- . f?-' o bendmg moment -and deﬂectxon dmg:ams are as shown in Figure C3. -
-0 : - - . - . - - ) - rl"t)
" )
{ Figure C8 Loading and deflection diagrams for a torsion tube
loaded via an outrigger )
s | o
. | : Applying the Moment-Area theorem®**? {o this span:
. _ " : o

314



" b
- P
hr." b A

. where I i the second moment of area of the torgion tube,
_ ]

I

:'_For '-Ifsmall,lIf:d% andhence o ' R .

FDe o
Y=3ET, : o

Since the slope of the outriggers is always small (ie.u maxiroum slope is
~ 9,88°), the outrigger is assumed horizontal. The deflected shape of the oirt-c.,
rigger/torsion tube strycture is shown in Figure C4.

Figure C4 Deflected outrigger/torsion tube structuré

The deflection of the loaded end of the outrigger is then caiculated as follows:

815



5 .
" y' 2 deflection due to mta.txon T
‘= ‘I’d -~ for 'II: stnall _
= P . e
- 3EL '
" 4 ® T
y" = deflection of cantilevered outrigger
F&  gosgth sanal43) | u ]
-__l 3EL (stanﬁg.r{ Xsolut;ons 3 L :.;I .
~where I is the second moment of area of the ouirigger. '

load ist - .
y= ¥ +9y" | |
_ PP PE e
T 3EL,  3EL, S | R "

i ION.
T 3B }é,

Hence the flexibility of the 0uthgger/ tnrs;ou tube structure fora Ioad a.pphed
to the end of one of the outnggers ia:

for= y[F .
2 e 4\
= -é"ﬁ,(iﬁ‘f.;)

516
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For small deflections Y is agsumned vertical and the total deflection at the !




‘where

L= 8,619%x10° mm*.
Iy = 3,336 x 10° mm?

E =69 x 10° MPa {refer Ai;peigdix E) .
Whence:
for = 6,968 x 107* mm/N

cr, in terms of stiffness .

w4

koij;a..-'= F

-

4 A ; ) .
: " " - o
1 -

P

A siriilar analysis to the above was ala»o ap Jed. to the upper coupler Cross-
_msmber and oufrigger structure. }11 th:s 6 “Be 1@:;:151:11 £ is madé up ot the-
upper coupler cross-member a.nd a 150 inm ‘mde stnp of rubbmg pIa.te (refer---

B 'T‘@g'?re L»5)
i
I
P
J\l\._ . I_ . . ’ ) o
a7 o

= 1435 N/“mm' o e L

I



P ;

r"-“ 8.9 nnj - 129 mn

o | t

1

7.92 nn e =
. {77.9 tn

65.3 Y "
«J N 1 __ y
| —

a

L 150 nn-—-—-.—HI—l 16 1

mn

Figure C5  Combined crosg-member/rubbing plate section

The sccond monment of atea term I in the fléxibility equation is replaced by

the second moment of avea of the combined upper coupler eross-member/plate

section, e

I = 3,112 % 107 mm*

For the upper coupler outrigger, the second morent of area ferm is:

I == 8,673 x 10° mm*

Hence, the flexibility and stiffness of the upper qouplé:r outrigger for a load

applied {0 its end are, respectively:
318
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for=" 12395 x 10~ mm/N

kor= 4176 N/mm

"

€.2.2 Calculation of deck plank flexibility

“The deck planks ave supported over the full 200 mm width of the t;m mait

chassis Lbeam top flanges and are firmly clamped on both the inner and
outer edges of the 'ﬂanges. "This is modelled as shown in Figure C6. .

= o'
[ 23
\ Y/
[ 1 A
=] basem HY Ay
e 570 nn RE_1R 860 nn K. U J—.

Figure C8 Loading diagram for deck plank loaded at side rail
;
J,

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
from the end of the plank.

The beam:anaal'lysis program discussed above was used to caleuate the flex-

ibility of the deck plank for a load positioned as shown in Figure C6. All

four supports were entered ag rigid supports and a unit force was eatered for
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force F. The rmiﬂtani: ﬂéﬁ‘.’-ﬁbﬂit}f per deck plank fa: - (f

for = 1,658 x 11 mnifN

L e s

&

L kp o= 608,97 N/mm

S (ipts 6,568 10° nun® — refer Section C.2)

.23 Continuovs beam analysis of side rail/outrigger struciuie-

"i‘h;‘c_:e load casés ave considered i;; this analysis. These are:

Loé.d"_ca,se 1 . Here the two'loads are;fmsitioned on the side.rail syt~
;" inetrically arranged about the midspan node between two
. (:utngger nodes. This situation results in maxirum stress

m the side ra.11

L{md case 2 " and 3 Here the two tyre loads are positioned on the side ra.ll
with each load an equal distuw ‘e on each side of a square
tube or upper coupler outrigger, respactively. These two
loading conditions result in maximum load (and hence,

maximun stress) on the cutrigger under consideration.

In applying the bean a.ﬁalysis computer program, thport nodeg are posi-
tioned at the front and rear end rails, as well as at each outrigger position

~ along the length of the beam and mldway between the outnggers These po-

sitions are detailed in Figure C7. The deck ﬂe:nbxhty at each node is obtained
by oombmmg the deck plank fexibilities for half the spay en either side of
the node. dutrigger support Hexibilities are then derived by combir}ing this .
deck flexibility vith the respective out:iig_ger flexibility. The front | ‘
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and rear end rails are entered as rigid supports, due to the siiﬁeniﬁg effect of
the headboard and light boxes. Free nodes (1e very- Iugh relative flexibility)

are pos.‘rmued at the points of apphcatxon of the forklift tyre loads.

[t

The support Hexibilities for the 23 support nodes are taBuiated in Table Gl,.

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

indicated in Figure C7.

Tubles C2 to C4 present results for bending moment, support reaction and

deflection at each node. The s:ipport reactions and deﬂection" are pcisiti#e in

the upward dxrechon, while the sign convention for bencimg momerzt values
is indicated in Figure C8. '

C T

re 68 Bendmg moment sign convention for contmuous beam
gram "

Maximum bending moment in the side rail and maximum snde- rail deflection
oceur for lond case 1., The results for ‘this loadcase are presented in graphu,al
form in Graphs 4.36 to 4.38 in Section 4.4.1. : '
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_Sﬂbpbrt node flexibilities for the outrigger/side rail ,
. P - " ‘.‘-h - I e . ) . ) .

Support ﬂexibiliﬁjr .~ No: of deck planks

(/N x 10%) included in calculation
L '- of Aexibility ’
0,000 LT - -
. 8,375 S -
1,784 1 2,37
6,020 " - 2,78 :
1,642 | - 3,18
. 4,805 ,_ 3,60
2,796 T 3,55
4,798 . - 8,81
S 2,815 . 3,51
| 4,793 3,51
T 2,815 o 3,51
4,723 - X
2,874 L 3,39
5088 . 3,28
2,020 : p 3,28
5,085 i 3_, 28
2,020 = 3,28
5,088 3,28
) 2,029 3,28
S 5,055 3,28
3,226 2,76
17,868 2,25
0,000 -
I
5
',C_, It
f
/
"’ " 823 ]
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 Table _CZ_ Bending moment, pzjeaci_:ioii and ci;.ﬂectiom results for

'tﬁ_g siglé rail for load case 1

S}:pi:b;-t _. Bending | Support Nodai

"7 node moment reaction deflection
. (Nm) - (N)  (mm)
1 0,0 94,9 0,00
5 37,5 1,5 —0,00
3 75,8 ~39,4 0,01
4. -100,9 83,0 0,05
5. 92,0 ~869,8 0,14
8 —552,8 ! ~527,4 0,24 .
S ~1576,9 612,3 0,17
§8 —2146,2 3765,0 ~1,78
9 ~72,9 16852, 1 ~4,74
ioad 6285,0 A —6,07
10 3634, 7 13969;.2 -6, 60
load 6992,4 = 6,07
1 79,1 16852,0 4,74
12 ~2138,7 3770,0 ~1,78
13 ~1552,1 582,0 —0,17
A4 ~523,6 . —B11,9 0,28
“15 —30,3 ~730,8 0,21
16 84,4 - —~184,2 0,09
17 78,4 ~BT,0 0,02
18 35,1 19,2 0,01
19 4,4 35,4 . =0,01
20 - -3,2 10,5 ~0;01
P ~3,8 50 0,00
29 -2,1 0,7 0,00
23 0,0 —4,6 - * 0,00
[}
.
524 '
L -
[ ,
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Table .C3

. the side rail for load case 2

Support i Bending
‘node Cmoment
- (Nm). -
%‘-.. % ' ‘f
B 0,8 .
L2 /13,9
.3 80,7
\ 4 82,2
Y 5 .~ 130,8
kY 6 v, 192,38
AT ~495,8
N8 ~1801,1
10 1162,2
“load 6134,3
Al 1825, 1
oad 6137,0
12 1168,8 -
13 -2454, 4
14 ~1678,8
15 - —-614,7
16 © 107,60
17- 102, 5
18 81,8
19 35,
20 8,7 .
2 2,9
.22 ~-2,3
23 0,0
_ 325

Support -
reaction -

(N)

35,0
7,6
. 50,9

B4

~315,0
-417,9

- ~932,1

327,5

-, 5443,0
- -10248,1

- 99860,0

10270,9
6345,0 .
440,4

. —849,4

~351,4

39,8
30,8
22,7
19,1
3,7
-B,1°

;

1
1
- F

Nodal -
deflection
" (wam)

0,00
.';".—0".\01
-0,01 .
0,00
- 0,06
0,19
0,26
-0, 158
=1,81
i, B4
=6, 00
—-6,39
6,01
C -4 85
-1,82
-~0,22
0,25
0,23
0,10
0,02
~{, 01
-~0,01
-0,01
0,060
0,00

Bending moment, feaction and d.ei:lectimi rﬁ?hlts fo:;-

;

|
fy

i \k
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. e

the side rail for load case 3

r E «..Suppoft |
.. .HOde

<

_17 - .

f

o

Behding

- monent

(Nm)

0,0

—~1167,9
- -1982,3 -

2403,1 °

4803,6° -~

1204,7 0
~1783,4

T 1906,2°
. ~5093,3

3

_Supp'orlt.

. reaction

o™

—~2057,0 -

§99,9
10030, 1
6064,6
- 27226,0 -

8018,4

. 5104,0

334,4
\ —658, & -
397,38

~209,8 - .

- -12,1
- 28,3
13,3
-9,6
20,9
R |
- 0,6
w5
—~0,1
0,0
0,0
0,1

" _-'}/ -Nédal

" Tab{L C4 Bendmg moment, ‘reaction and de__ﬁéctjonrresul-ts for'

deflection -

(rom) -

0,00. -
. =0,75
-1,79
~3,66
—4,09
—4,47
—4,48

- -3,89
1,43
' -0,16
0,19
0,16
0,06
0,01
~0,04
+0,01
0,00
0,00°

0,00

0,00
0,00
0,00
0,00
0,00
0,00
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C.2.4 Moawimum stréss in side rail
. - ) - . - lIIH - N . ~ .
Maximum bending moment on the side rail oceurs at the position of the

applied loads for load case 1, ie!

Minas = 6252,4 Nm

The 's,écopc%'moment ?/'a' ares and maximum distance to extreme {:{Eres for the
side rail are: R
I= 891x10° jam* -

Mmaz = 88,9 mm -
- Whépce-the extﬁ_ame fibre bending Istresg_i&

antz-ifmu#'

ezl

(6202,4 x 10%)(88,9)
(8,576 x 10%)

o=

m 62,32 MPa
) Shearpstreés is zero at extreme ﬁbma,, and hence:
7y =0y
 Applying the Von Mises fa.ilt&e eriterion “(0'2 = gy = (}):
22 & 2oy 2
that is

Om =0y = 62,32 MPa < oy
327



where gy =255 MPa for the D65S-TF alummmm alloy (refer Sectwn
E.13). ST i

C.2.5 Maximum stress in outriggers

The maximurhi support reaction at a square tube type outtigger position is
found to oceur for the twe tyre loads pomtloned as indicated for load cuse 2,,

te. maximum sa.pport reaction is:

Ry = 22690 N (Node 11, Table C3) - ”\J\

As previously dis‘cussed the prt;portidn of the. support.rea.ction wiiich is
carried by the oui.mgger is determined pmportlonally to the outrigger stiff-

ness, ie: - . %

k
Por= Ry (k‘?)

where

kor = stiffness of the square tube outrigger
k11.= support stiffness of node 11 (Table C1)

Alternatively, in terms of flexibilities:
POR = Ryy ( Ju )

for

2,815 x 104
== (92 ——— et i
(22690) (6, 068 x 1o~4)

=9166 N ,

328
A



it
¥

M

- Further, since shear stress is zero al extreme fibres:

-

Maximum bending stress oceurs at the extreme fibres of the outrigger fube

seciion immediately adjacent to the outrigger flange weld. The m-ome-n\i at

. this position is:’

*(9166)(668 — 21)

i

5,930 x 10° Nmm

Hence:

n (5, 930 x 10%)(50)
T (3.336 x 108)

. 88, 80 MPa

b

oy =a

il

The Von Misaﬁ failure eriterion then i'eduqe_s_' tor .
2¢r1 2. < '20-? .2

that is

Gm =01 = 88,80 MPa < oy

where oy; = dﬁ,g = 110 MPa for DE55-TF aluminium elloy in the as
welded condition (refer Section ¥:1.3). - '

Maximmm support réa.ctiton at an upper coupler outrigger p.osition,”'on the
other hand, cccurs for the two tyre loads positioned a3 indicated for load
case J. In this case tiw mex'mum jrupport reaction is:

o
Lo
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- i’ - _ 3y
. -I‘?T“;
B - - L | v v | : ’ -
He=27228 N ;,{_Node 5 ‘Ijg.bie S

. A similar andlysxs to that detfmled above wes wmpleted for the upper coupler

outriggEr The main reslﬁfs ame - . SN
SN S . S
| }mz- 18460 N ' t '_ Do - N
1{\ = 0 _ - f‘rz(j) T |
| o C i | : - t
. Tfle Von Mises failire criterion then yields{oy = 03 = 0): - R

3oy 2 < 20.'3t2

that is

Om == "= 106,7 MPa < ‘rBfF )

Tom,
i

" where Oyt = ogz = 110 MP& for DESS-TF alummmm alloy in the a3 welded

;11 -

cond:twn (rei'er S'ectmn E 1 3}-, e Uy “
[ ’ __:'-g
5

[

' ca3 Déck'Pl_anks

The extruded aluminiue deck pf mks are rated as bemg able tt car"y a
) forkhfl: tru(‘.k of maxinum 3 50‘0 kg ﬁVM ("‘9) _'

H 'Tt-._’\'

In this section this valie i'é "heckéd for & éingle poiﬁ; load applied on a deck
plank nudway between the main chassis beluns The stresses in the deck
planks as 2 result of the loa.dmg detaaled in Sect:on C 2 and Figure 06 are

also analvsed - . ' '
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The position of the neuttal axis (ie/ centrmd) and the second moment c-f :

area for the deck plank sectzcm are caleulated for the apprmnmated section

. ShOW*‘l in- Fxgurﬂ C9. These tesults ave: -

k)

-

§ = 24,06 mm_
Ip = 6, 588 % 10° mm® .
I {
C.3:1 Stress in the deck plank for-a single pomt ioad mldway

between the main chassis beams
The free body diagraa for this loading situation s shown in Figute C10.

- B -
n 1 o A

(O] poe pstris @ B

- JJ,_ I

o

- A0 iy e -

~

3

Figure C10 FBD of deck plank loaded at centre

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

332 -
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n

, - solution is sta.t’ically, indeterrainate.

For the purpese of this- ana.lysm, I-orce B is entered as g 1000 kg [9810 N} -
_loa.d The maximum Inad that can be carried by the deck ‘plank i is then _
deduced by co}npa, ing the meaximum stress resulting from the 1000 kg load‘ T
ffé/{'.ge yield strength wg,g) for the Anticorodal Mvnummn alloy. A]I six
. ‘supports are aﬂ?}‘me?i rigid. ' - _ o

o

Table (5 presents bending moment results for the defl plank,

Table 05\ Bending moment distribution for deck pla;hk loaded at
centre . ' '

Sﬂpporﬁ_ Bending m““mhent -
node L (Npam)

0 ,
122835 . '
~921 265
1187885

~921 265

122835%,

S\

Maxm'mm bendmg moment occura a.t the pomt of a.pphca.tmn of load F and
reemlts in an extreme fibre bencxmg s%resa of '

4
#

@ 1STSE 24,08 . o S
~ (6,568 x 105) '

"“'43 51 MP& I

o
<3



i » o
. _Sinc»s« ilf“-b’: 0 at the extretne fibres, the maximum priz}cipa;l stress is;

oy == &
== 43,51 MPa

u
H

Further, since og = a3 :Fﬁ, the Von Mises failure stress is equal to this

maximum principal stress, ie:
Tm == 43,51 MPa
’I'lw il 2% proof strer\fa for the A.ntxcorodal 100 aluminium altoy is 260 MP&
(refer Section E.1.2), I‘Ience, the maximum value for load F is:
' 260

=5976 kg - ,_ _ | N,

1

This is obviously far in excess of the front tyre load from a 3500 GVM forkliff
truck. r' '

For the 2730 kg, 1SO 1496/1 - 1978(E) forklift truck tyre load®® (refer
Section C.2) the Von Mises stress is:

O = 118,8 MPa
C.2.2 Stress in the deck plank for loading at the side rail

The greatest ioad imposed on s section of deck for the loading detailed. in
Section C.2 is found to oceur for those deck plan'iés correspouding to node 11

334



in load case 2.

’I‘hL Snpporf. ,reactlon at node 11 for load case 2 is (rei'er ’I’a.blo C3)

!\

1}}11 = 24690 N

L

and the proportion of this load supported by the_'-outrigger is {refer Sec-
" tion C.2.5) ‘- .

P_(_)R = 0166 N ) - : ' 5
Hence,‘the Jond carried 'l;j'_the deck is:

Pp =13 524""1@.

o

'I'h:s section of deck s:orresponds to 3 ﬁl deck planks (refer Ta.ble C1). The “.Y\«.
I_ load per deck plank is the.n _ " 4§ "

ks

.E

F;#_3353 N

ol l!-\ . L
Rﬂfernng ‘o Figure €8, the bending moment at the outer edge of the {na.m
chassis beam ﬂange is: ; o . ' L
M = (3853)(570 — 30) )

= 2080620 Nmm
“'which results in an extreme fibre bending stress of
)
335 ' 4



B

- = §
A

_ _(come20)208) . LT
T T e % 105 D

=769 MPa. - R :

_ - - e '

oy = o3 at the extreme ﬁbres and o3 = 0’3 0 The Von M‘ses fa\ﬂ

criterion then reduces tor " aoT : . )
%02 € 2yt _ o //
that is. : -7 B e

Om = op=76,22 MPa < oy R Y o o N

o

w!f_ere oypi = 0'0,2 260 MPa far tho Antlmrodai 100 a.lum1mum alld '
(refer Section E.1.2 S .

C.4 Torsion tubes

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

twisting of the ‘ladder-frmne chassis struci:ure {m main bearns and torslon

tubes) are analysed for the chassis sub;ect %o & representatxve angle bf tovist
aver the length from the king“pin to the centre of the tri-axle bogie. This

" is achieved by considering the tyres on ane side of ‘the trailer parked On A

200 zom high lgm-h while the. tyres on ‘the other,side and all the tyres of the
truck-tractor e resting on o level surface (refer Figure C11), -



/ .

the two niain chasms A
relative tcﬁane ancther, ‘I‘h:s i depicted ; in Flgure
[n] bl : ; ' : I—- -
" 337 .
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q;- KING-PIN

S0 ST -,
. ms )

I
]
.. - .. 2 - ﬁI

Figure C12 Mam chassis I-beams in deflected position (ekagggr-
ated) as v:ewed from side -. n ' o !

The height, h, is dedticed from Figure C11 and Figure C12 as follows:

1060

h e (2030) g.m)

e 104,4 Tt

7 105 mm " | o
Then:

h

Y = ~1
6 = tan (8924)

x},l?? x~2 radians -

338
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0 is appro:dm;:.tely the angle of twist imposed on each of the torsion tube
9 ' -~
cross-members. o = - . b

[ A

For a straight beam of cirenlar cross-section:¢4)

B - I
b :

- Maximum ttrsmnal shear stress doeurs at the maximum radms From Draw—'_
mg No, OR-03: . } ; "

Frus = 80 mm
- Il'. - |1

£=1018 mm’
From. Se;cticn E:1.3 in Appendix\_ 7
¢ = 26,14 x10° MPa . - g
Th__us:

(1,177 x 10-2)(26 14 x 10%)(80)
Tmas =T (oig)

= 24,18 MPa

The torsion tubes are also subjedbed to a bending action (refer Figure C13)
as a result of the a.ngle of twist ¢ imposed on the mam chassis I-beams.
3

A
L]



o

!

Figure c13 Bending moments and shear forces on the ends of

the torsion tubes resulting from the to_fsioxia! twisﬁng of the ¢hassis

Referﬁng to Figure C13;
200 A |
-1 ) i T
¢ S 2030) E _

== 9,868 x 10~ radians

The varying depth of the chassis T-beams is approximated by Eonsidering the
beams ns stepped bearns, S e A

_340"
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Figure C14  Chassis I-beams upproximated as stepped beams

Then: ' o {0
Ptotat = 1 + 2
For a thin walied opett section:(30:43) T ) | | |
Gé
T =y 3. ded
Subatituting:
b 3T¢, L 5Th
wl = G, T O,
and reaﬁanging : 5
st )



=y

Il

.:}

', - Goggar

Tm-3:'[ 4 .. b ] 7 AP
df),  (3odt),

oo | o

where (refer Drawing No. M5260-415.3)

I 3y . nye ' \3
(E dt ).1 = (2)(200)(20) + (_56?)(1{?)

L =3760002 mm® |
(Edtau)z':‘ (2}(390)(2'0)3 +(§50)(1!p)_3 - (

= 3450000 mm*

Hence:

(26,14 % 10%)(9,868 x 102 -

T 3] ST 320
- xa 760000 © 3450000

fin

P+

" )% 354497 Nenm -

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

o

Tke ma:nmuznn bending stress will oceur immediately adjacevt t6-the welds

| _at the ends of the tubes (ie. at'max. bending moment) and is giver o

o )

M
: co'b)ma:n = _I-E
where N
i
_ 342 l{\.
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B = T 854427 Nmis

y=80 men -, T s

I=38,59%10° mot e e

Thus: o o T

The dxrect shear gtress remﬂtmg from the shear forces mdn,ated in Fzgure C13

" can be sbbwn to be neglisible. .
R Y

1

_5-
- '_‘ N
3

The XX p{ }nc;pal stresses occut at thfnupper and lower F.ﬁ;}ds of a
_vertical éame.,@r at either end of the tube. L B _ﬁh - | \,

|III
Il

By Mth ercle i:echniques. f-or ZEro longtu i Qtriss s - R
a‘:h o " .nl ’ - I -;ﬂ .
ORE =
Iwherc ‘ |
_.—.('-

o, = maximum bending stress R .

7 = maximum torsional shear stress S ’ T
N e : . ) B

[

ol

that is

oy = 95,88 MPa . ' L ‘* \ S

and ) S . ) S



&2=~22,59 MPa . ¥ |
. - o v i s i e

Here the mamnmm behdmg stress has heen taken to her,pesxtwe “The ax:tual o
‘gign of the mazumum bendmg stress, und hence of the prmcxpal stressgs, - :
_wﬂl denend c:n the rj.lrectmn 6! the angle of tmst xf) and the nomtmn of thfl
principal stress:es bemg_, eva.luat.ed '

oo

'Applymg thu, Von M;bes fculux? cntenon k ) : : ' . e
G e . _
. : .

(01~ 2Y + of 4 0F < 2oy
. thatis
O = 42,01 MPa < Oyt

where O'yf == gy = 110 MPa for the D65S alunummn allq,r in the weld
regwn (nefer Scetion E.1.3). ‘

C.5  Upper Coupler
Due to the possibility of lugh iﬁlpact forces at the king-pin, the ur)per c{;ﬁpler
stracture is degigned to stringent désign tequirements I(refer Section 4.4.4).

In the following. analﬁrsis, the maximum horizontal load appiiéd at the king-
pin is the $5970 kg maus af th(s loaded seini-trailer times a ioad factor of
3,5. Maximurm vertical load, on the other hand. is equal to the Inng-pm loud
for the pseudo»dynamm (C‘m(g 1) loading condltlon in Section A2, that is,
187793 1\

4
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n

Due to the extmme nature of theae Ioads they are n.ot consxderad "t art

simultaneously.

=
- .

S
rll. ‘ i

. CLE.1 Upper couplier structure - horizontal Joad dnalysis I

.‘-Horizont{xl loads at the king-pin are upplied rel;'a.t;zwlix,r doge f-ffl.the plane o ,-.ﬁ

the rubbing plate (ié via the wearing_ ring and lock jaw assembly of the

F

5th wheel on the truck-tractar) and are consequently resz.:ted for the most.

cross-members and rubbing plate cross-brace ch...zme‘a 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 following analysis then, all of jthe horizontal load is assumed to be

cartied by thetwo rubbing plate cross-brace channels immediately adjaoeht.
to the king-pin as well as a portion of the rubbing plate (refer Figure C15
and Drawing No. UC-02). L

The %80 mm cut-out cormsponds to the mounting recess for the ‘Hope ati-

jack-knife kmgupm and the 70 zm]hmetre dimensien is assumcu. Furthermo"e,
.only bending and shear loading are mciuded in this ana.lys:s, since the shear

_ centre of the rubbing plate and cross—bra.ce, structure - 1 be shown. to be

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

wheel wear ring and lock jaw asggmbljr
e

The free body dzagram for horizontal loading of this oomposxte beam is as
shown in Figure €16. The end fixing conditions of the composite bea, will be
somewhere between fixed snd simply supported, since flexure of the chassis
beams will allow some movement and rotation at the plate edges However,
the precise natuce of these edge fixing conditions is not deﬁenuina.ble, and

3456

- part by the rubbing plate actmg as a large shear pla!:e The upper coupie a

e SR L o o



50 for the puipose of1 this dﬂsxgn check a worst case o of snnplv supported is

aSsl_me\‘i The length of the cotaposite beam is assuned to extend to

i
K

%

A Ay A

" - Figure C15 Section through upper coupler sﬁpport stiucture at

king-pin - .

the inner row of rubbing plate mounting bolts in the lower ﬂangeé of the

chassis I-bears, The horizontal load is dxs*rzbuted over the width of the
‘Hope’ king-pin mounting recess.

346
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Figure C16  Free body diagram of upper coupler structure for

horizontal loading

" Mastinmum bending moment for bending about the y-axis occurs at the centre

of the beam and is given by:

M, = (3, 5)(35970)(9,81) [( 96“) (32.9.)] )

w,ss x 10° INmm

The second moment of aren of aven of the tussl section about the y-axis in
Figure C15 is: "
I, = 8,860 % 10° mm*

| AT

0

A g

P



| .-,"'; and oy = “-3 = 0. The "’;{m NIIIS&S faﬂure cntennn thus vleldng - o

A k A : " I. :
8 . B : { ‘“.,_"'\ _ ; . } Wy

j
il
BT
N 5
e
=
N
)"
bl

(2,532 x 10°)(366) L
{8,880 108 - v o

=#4104,6 MPa, . . 4 v ..'«% I

e
P
=

Shear ﬁfm:e 1s zero wh the cenfre of the beasu Hﬂme, 9-1 g ab an& m = gy = B.' .
" The Von Mises failure criterion then reduf% tor 3 b

A

\ O = Ti_éw,\& MP& < @ryt_ - K \ I:_:I ..“". T . B L B

o I\ . "-. . . ‘, W /’_ -

%Vmere crg; k d‘o 2 = 255 MP,e. for i.he BSIS~TF alw:mmum allay (referﬁect:_m; 1, |
AR _ , , _ ?.i . \ -
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i
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AS abmw shear forca‘ i zer0 at the centre af the bean aud ‘ﬁeme 01 = gy !
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Oy == BO 28 MPa. <a‘ll : : .ob ) L S
where U'yl o'y ,2 &= 110 M’E’a for the 1668 and BolS alumﬂlpm mloys in the :i:' .
welded eondlt‘.mﬁ (referf Senf: :oh E.l. 3 a.m‘l Sectmn E 1. 4) ’ 'I ' : -_ /

l : L . : : 0

. . . v, . ‘ i
[ i ' . _ . .. ; ;
I ! R . . i 5 p

b L o : . B ' Lt . S 1y

iy
't
N ¥ on
©d ;
CORF R
Y ,.‘r , )
né i
848 i ;
. £ i
' i !

S et

o ke i




wfl

CA=9277 mm® oy

E

I

i . . :

I : : -
i . . o

)

’VIaauq;mm shear stress occurs a.t the neutral axis ou the CIGSS*aeﬁtlﬂn :mme

ma.teljr adjacent 1o the 280 millimetre dzameter ‘Hope king-pin mousting

recess, viz e

Cvay . L A

wPere ’ : ) - i

V= 617515 N

[

= 203,3 mm

-_é;-:15;'88mzi¥; . a o B

I =9,150 x 10° mm*

Thust.

7 = 80,15 MPa

The shear yield strengih of the B515-TF alominium al 'oy plate is 145 MPa
(refer Section E.1.4).

C.5.2 Upp'er coupler structure - vertical load anulysis

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

~ roughly oval contact area between the truck-tractor th wheel coupling snd

the rubbing plate. For a typical 5th wheel,(52) this contact area is centred on
the king-pin position and extends to & total mdth of 915 millitnetres and a

total length of 660 millimetres (refer Figure 017) Furthermore, the length
of that portion of the contact arca that protrudes under ‘¢he main chassis

349 -
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Figure C17 Contact area between 5th wheel and rubbing plate

 Under these conditions, failure of the upper eouple;' structure as shown in
Figure C15 due to binding is unlikely because of the large width over which
the vertical load is d!strlhuted and the fact that the 5th wheel plate is very
rigid. 'I};he likely mode of fa.tlure in this case is the development of a plastic
hinge it the lower ¢nd of the chassis I-beam web and in the rubbing plate
along the sdge of the 5th wheel contact ares. This is depicted in Figure C18
where F is the resultant of the force between the rubbing plate and the

, unders:lde of the I-'be-am lower ﬂange '

360
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Figure Ci8 Plastic hinges at edge of upper coupler structure -

In the i?;;lldwing deéign check, for the sake of siﬁp]icity, all of the vertica;l .
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 Iengl:h to the ventre of the chassis I-beam web' -

15 95 millinetres, __

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

¢ Figure €18 is thed derived from:
351
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F :_ Jl;;f,, at Loweb ( M,_, at rubbing plate Py
: . 4{95 d) - { ; ., X
L (460%&2) 409-xmt3 ’ s
T - A _
r"'. . r{}
- (400)(260!(1&)2 , (400)(255)(15, 88"
| d T A5~ 4d) ;
" : ) ) | R
2,600 x 10°\ (8, 10%
- (2600 x10°) . (6,430 x 10 )
i d R - 95 —d R
7, L . o .
' Solviﬁg for nummum i 3 W
({'I -
.f {! d=36,9 mm B
! R i . 7
|[|’ : . 0 ‘
j from which’
if

4 F=151140 N

Hence, for both sides of the traallr, the total foree necessary to caiise failure
is 362280 N. This is 1, 93, tunes greater than the maximum dea:gn vertical
lang-pm load of 187793 N dlSCUSEEd above.

C.5.3 Rul:;bing plate mounting b&lts
| ¥

The horizoutal load applied at the king-pin results in bearing stresses at u
the rubbing plate mounting bolts. Although a small percentuge of this load | /-

is transferred from the rubbing pla.te to the chassls L-beams via the upperi
coupler cross-members, all of the horizontal load is assumed in this a.nalyms. N

352




A= 3659 mm - g

-
¥

to be supported b§ the mbbms plat,e to main I-beam ﬂangemuntmg bo}ts :

F‘:xti:hermore, in pmde: to ackount for inaccuracies in the pomtzon,ng and size

cmly e}gh{-sr pereesit of the bolts are assumed to be bearing.

Maxzmum ‘neanng stress will oceur in the rubbmg plate since the rub‘tnng‘
plete is thiomer than the chassm I-b‘*am ﬁange For twen'ry ‘M16 mountmg

‘bolts and a 15,88 mﬂhmetre rubbmg plate (vefer Dra,wmg No. UCI-US), the
total bearm,g aren isy

[

| z:4ilﬁ€ mim

Whence, the average bearing stress is: . : " h L

(3 5)(35970)(9 §1). B

(a08) -
-\* \'rl! . .

1y

= 303,8"MPa Ve

The allowable bearing stresa for the BSIS—TF alummmm a.lloy plate is 607 MPa '

(vefer Sec‘hg\n E.14).

C.5.4. - ‘Hope’ king pin foundation blate boits )

. i
The horizontal king-pin load is supported at the ‘Hope® king-pin foundation -

‘plate by exghteen M6 bolts. As above, only eighty percent of the bolts ure
-a.ssumed to be beanng ak a.ny time. For bearing in the rubbing plate, t.he

total bearing ares is:

Hence, the béaring stresses in the r;;b'bing plate are:

353

- of the bclt holes tesultmg durmg thP manufacturm& and assembly processes . f
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_G, 5)(35970)(9 31)

(3659)

¥l

= 337,53 MPa. .

i

R

' The allowable b»armg gtress for i’.he g 1S-TF a.ll@y ruhbmg plate matenal iy
607 MPa (rei‘ex Section E.1. 4) -

4

tion D 5 of Appendm D.
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STRESS ANALYSIS OF ANCILLARY STRUCTURE

D.1 . Intrqducﬁon

' D.2  Rear Under-ride bqi’nper

i

APPENDIX D

3]

cillary strocture. The term ancillary structure vefers to that 'semi—'téa,il-ﬁr :

stances, and to minor vehicle components '

The rear under-ride bumper is designed to meat the specifications of QABS
1055-1983 {refer Section 4.5.1). "

i

With referénce to Figure D1, the maximum load requirements of SABS 1055 *

are:

_— A horizontal £orce of 25 kN applied sut,cesswely to both pmnts Py and

to pomt Py

L .

f " " ) b

Note that the exact 1,,\ ,itxcm of pomts P, are to be specified by the manu-

et A honzontal force ef 109 E{N a.pphed successwely to both pomts Ps.

facturer. In hh:s demgn these twe pomts are positioned at 700 mm centres.

i

In order to a]lowthé bumper to deflect to some” degree under load, and
--thergby' to absorb a certain amount of iﬁ:pax.t energy (refer Section 4.5.1),

the bumper is designed without any factor of gafety and over;design is reduced

{0 a minimum. .

- 355
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This appendix details the des:gn calculstions relating t0 the's-emi-trgiler'anf,

- structure that is in general non-load. 'l)red.)::«u(;_;~ except under ceri;am cireum-
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D.2.1 Stresses due to load af 1§

Meximum stress in the honzontal bumper bar for "5 kN apphed at pomt P;

occuys at the adjacent upnghf. member v
300 ey~ E. '
ey B iy, 0 o "

) l'r j\ Mu———y !

S L !

o1 |

- 1 !

I : I !

. p |
Ho_-! . ; —
[ il N | . » o

1

I | |

. !

l‘l . I;} |

do_ 14 i

B y

. I

- 301,5 tipy r-sebe—— 1050 nn ;

¥
. 1!’

- - 2300 nn

2455 o —

|

Figure D2 General dimensions of bumper showing position of

point P
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szemn@ to I}ra.wmg No RB-01 and Migure D2 ¢ ;a.bove and assummg that i;he
humper bar suppmted at the centre of the npnght, the bendmg inoment
is: . : > o !L'_
M = (25000)(397.5) - T .

= 0,038 x 10% Nmm n

Section properties for the bumper bar are:

I= 5,;384 X 10% mm?

¥mae = 63,9 mm .

Whence, the éxtreme fikre bendiﬁg_ stress is:

oy =111,0 MPa

and
v -
O'!j:._ = g3 =111,0 MPa
f . : : :
since shear stress is zero at the extreme fibres. Consequently, for oz = 03 =0

oy = 111,0 MPa

This value is approximately equal to the 110 MPa, minimum 0,2% proof
stress for the D65S-TF alloy in the welded region, but is beluw the ultimate
tensile strength of 165 MPa, {refer Section E.1. 3)

" The stresses in thf- upnght members due’ tn the 25 kN Joad at P; ean be

showa tc be lews than those due to the loaés at points Py and, hence. are 0t i

shown here, "
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L B wme e

I).2;2 Stredses due to load at:Pz

The honzontai humper bar ig assumed to be Slmply supp«:)rted t the gentres _

. of the upright members. The ft‘ee body dlagram for the bumper bar s then
as &zhown in Flguré D3.

0k B

- L— 180 nn .. "

[I

Fi?gure D3 Free body diagram _61‘ bumper bar for 100 kN load at
point P, ' '

The reactions at the uprights are:

R, =830 KN
and
By =17,0 kN

Maximum bending moment iri the bumper bar is at the 100 kN load and is

358
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o

' owi=166,9 MPa

—
7o '
. ) 7
. =2qual to: '
M =1,494 % 10" Nmm __
’I‘he'extme ﬁbré bending stress is then: , ' & S
! Tooe - . . \‘-»-..\.//
. . ’ h \}
{1,494 x 107)(63,5) ¥ - -
5= TTE, 68d % 105) ~ AT,

=166.9 MPa

and -

i\ )
ry = op = 166,08 MPa
a the extreme fibres. Applying the Von Mises fa.llure eriterion for

o303 =0
a

§

This value is significantly less than the allowable stresses for the D655-TF

_ alloy. That is:

g2 = 255 MPa

. L
. -

duLt = 205 MP& -

- The maxxmmn stress in the uprightﬁmembe}ﬁﬁon-espbﬁding to force H, ot~

curs at the éxtreme fibres for the section hﬁmé"dig.telyﬂhelod the fillet welds™ -

{through the full penetration vrelds) at the top of the member. The bending |

moment ai this seetion (refer Drawing No. RB-01) is:
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| e

e el

M= §00)(509)

-7 o
s ) \,

= 4,225 % 16" Nmm
Section properties ave:

"7 = 8,256 x107. mm*
Yoo = 00,5 mm

- "Pius, the extreme fibre bending stress is:

w

By =117,4 MPa
: . v . N | :l
‘Shear stress is zero at extreme fibres; whence: -

;?0'1 = oy =117,4 MPa ) I! -
|

For oy = a3 = 0, the Von Mises failure criterion reduces to:

Om = 01 = 117,4 MPa TS

iy

Note that, although the Ven Mises stress -calculatad above is marginaliy ’

higher than the 110 MPa 0,2 percent proof stss of the D66S alumininm alloy
in the héat alfected vone, it is significantly less than the 165 MPa. ultimate
tensile stress of the material iu the heat affected zome, a.nd is considered
accepbable in this cage. '

% . -

The shear stress at the web-flange welds for this section a-rzﬁ‘.‘-‘given by:

Y4y 1
oM

3961
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"
i
| -

|\R‘I- i
where ‘ .
V = 83000 N
A =2017 mm?
o ) §=82,56 mm

b= (4)(6)(0,707)
= 16,97, mm

That is: .

v = 25,01 MPa

ﬁériding .’;stresé'at the welds is:

o4 = 96,80 -MPa
1‘ 'y
E =0

. | o1 = %’Ei \ (%—)2;?2

N that is
oy = 102,9 MPa
e == ""“6; 08 MPa

e
!

P
7p = 54,48 MPa
362
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‘Maximure and minimim principsl stresses are:
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# : ’I‘h:s ﬂ the mhaumtth prmcxpzﬂ shear atress in the wehﬂange welds of the

X r - upn#ﬁht memimrs The transv‘erﬁe shez) 515"“35 at the web ﬂa.r.ge welds for the

* " 5 | section mmedmte]i’ aboye.the bumper bar (ie. 40=95 MPs) s highér than

;o .- that calwnahed for the sectmn above, but ﬂu‘ prmczpai shear stress in the

- s we]ds i 1esaf (ie. 41,31 MP“J B ;
;o o

i S
! ) ": J“ B
N 2 ; ‘ §

’ : i

£ B _ _
. S“q:i}stxtutir:g iutt;f the Vc;i'r Msses failure criterion:

§
Y
g

Vi L el b el tat <oyt
- f * 0‘.,,.'" = 1q_6, 1 1\99;1-’9 < Oy
kg ] f "
; :{;:II,I. § where a,t i ?a.ken to be ﬁ’he lower: of the 0,2 pe?rcent pmof stregses for DS5S
S A _" and D548 a]ioys in the wpblded ccmd:tlon, ie. "1:! = 110 MPa. (refer Sectlon '
: ﬁ N E 1.8 and qé’ctxou 1.1 5)‘ - K o )
A . : __
e f |
;;7-9' ¢ ody chagram for 25 kN at pmm Py is shown in F:gure DA

",_ _;:i§_7 ! o ;
S o Mammll-tfl bendmg mament is a.t the centre, 1‘“3'. -

i-,::- - : E
# ;o . .?
M e 6,625 % 10% - Nmm

The section i)roperﬁes for the bumper bar are

I= 5 ’38'1 3 10% mm?

1:' : " R
t’ o
/ : Ymax = 03,6 mm
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T e e

TRt i men i

=

/1. Whence, thg'e axtremy ﬁhe bending stress is: .

. ,:'gl . . oo
] ] i oo \?" l.:i- . \ ! '
oy = 74, gl MPﬁ}«, i ' o - - .
:u .gl' .'-;JI' - . - . B ' - .' 1
a‘n‘d ‘ ?T !.fr
/ ‘-

smce T =m/0 at *!,he extreme ﬁbres *prlymg the Von Mises fmhu'e cntenon ‘--___L- e

for oz = ..;, log = ;) -
Om rf;‘?é, 0'!' LﬂFPa, < Oyt -, - . |
| ”’:'? TR - E ; .

whebo ¢y = tro =255 MPa for ghe D85S TF alumu}ium alloy (sefr e
* \\

tloif/ E1 3) ,r || o _f: f
) ' _ - : " ;

|

|/
A

Pl S
F : .'15”- T o §

;I' n:!j' i ! 25 kN ; S\)}
¥ K - 1
* i 1 - -

. 1

o . m : -I

Figure D4  Free body diagram of =‘imh:per bar for 25 kN at load

point B
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than the‘maxlmum stress calculnted in Section D 2.9 _ - B

»\

: n.ﬁ Hei’idhoar_d

y

¢ )
The headboa.rd must be capabie of sustaining any force em'ted by the pay—
load d'mmg braking. Assuming that there is no slip between the payload and
ths deck, the 1oa.d distribution on the headbosrd may be modelled as foﬁows

| FIRCE EXERTED [N HEADBOARD
DN 0 SHIFTING PAYLDAD '
ARING BRACING s
765 s - . : .

: Yo .
Figure D5 Load distribution on headboard

L
i

Note thet the load is assumed to extend only to thetop c:f the 4,77 mm pla.1 2 ;

on the headboard; that is, 765 mm 'above deck level (refer Drsmng

Mo. HB-01). {

_ i

For a braking deceleration of 0,65-g and a hmutmg goefﬁclent of fhctmn cf _
0,5 between an evenly dxstrlbute& lvad und the de-ﬁk, the lvad 11:11:.-6'5@:5V on

the headboatd can be shows to be in the J;‘egmn ofl 5000 kg for s/ 30 000 kg
paylna,d Thafv two inner upnght members a}s assunqu to support tme third -

.f

P

i .,'. :

[ , 305 |

E# k! i 1
i \ -
H % i

l

T e



N

L AR

TOTAL LOAD 16,735 kN
(1667 kg) '

D

LATLLLLY
il

= S

e

.j3ﬂm

=
z

"l

~8,338 kha

Figure D6 Shear force and bending moment diagrams for head-

board inner members
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‘ I:;,usaxmé_mm‘l |

i
il

' of tl'n.a loa,df-each while the outer upnghts each support one sixth of the load’

Figure DS presents shesr force and ‘bending mnment d;agrams for the inner

upnght members. . so -

T

The section properties for the headboazd upgight"members are:

' Yonur = 52,5 _mum o 3

.'-‘.

_Although maxinmum bending stress will ocour at the extreme fibres of the

I-section member immediately above the mount:ng bolts, the most cnt.lcal
section is at the welds at the deck level due to reduced material strength i -

" the heat aﬁecteé‘ zone. This corresoonds tb the left band end of Flgure Da,

above.
Caloulating the extreme fibre bending stress for the section at deckilew.el:

(8,339 x 105)(52,5)
(4,033 = 10°)

= 108,56 MPa
At the extretne fibres ¢y = o and the Von Mises stress is:
Oy == 01 = 108,05 MPa a’,'. Tyt

where oy = 05,2 = 110 MPa for the D653 alloy in the weld zone (vefer

Section F.1.3).

For the load distribution in Figure D5 the horizontal channel section 765 mm
above the deck will experience approximately 2400 kg load uniformly
. iy
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oo T e e e

e e T

)

. A f
{’ » _.“_ T

ysed using the beam analyszs program discw:: o in Seutwn C 2. The piain

results are presmted in F1gure D7.
The sex:tiiin properties fur the channel sectiop are: |

Ymue = 50,8 "min

I=1,880x 105 mm* AT o

Whence, the extreme fibre bending stress at the centre is:

[y
Sy

[

B : e
(585 2 » 10%)(50, 8)
{1,840 x 105)

= 16, 16 MPa.

Aiso,_ oy = oy at the extreme fibres. The 'Von'.Mises fa;.ilure stress is:..

Om = 0y = 1§, 16 MP;, < Oy

_ dxstnbuted over the full. wxdf.h of the hea.dbaaré This channel sectaon is.
- mode!led as & continuous beam supported on fous vigid sanports and is a.na1-=

-

(e

= ::L‘I.*\

s
s

where (g = 02 = 255 MPa for the DESS-TF alloy (refer Section E.L.3).

The bending mor_nenisé'!ia.t the two inner supports gbove are cérried by the .
welds. The weld area is shown in Figure D8 (also refer D;Pmng No. HB-01}

and yields a second moment of area of 1,467 % 10° mm*.
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. ;_24mg.mmuim S

.

91598 -815.9 Net

Figure D7  Shear force and,bénding moinent diagrams for hori-

gontal headboard mgmber
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— e d— fr SCE W S— i p—— Rk
R 5 .

Etﬁ [ Ry L—-

1016 mey »neerrmaeaie
Figufe D8 'Headboﬁrd channel welds _ N

The extreine fibre bending stress in the welds is then:
_ (815,9x 10°)(50,8)
(1,467 x 10%)

=2, o5 MPa

' -

;o
Shear ia .42%1% at the extrema fibres and hence oy = op. Applying the Von

Mises fmlure mtenon

AT . 1

Ky T 0'1 "-:28325 M.Ii 3‘_; { 031

i p
1 3 S
L =

i . I : . W
" whiar oy = 0o,z = 110 MPa for the DE5S alloy in the welded condition

(vefer Section E.1.3).

D Landing Legsl
Stresses fu the landing leg mountings and support structure are checked here
' 370
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S

* are not considered here ' °

R
i

- for va.ribus .loadiﬁg conditions (also refeld Sect.ion'é.ﬁﬁ}. o

Vertical loadmg is madelled for a Z-g support slam when the uraxler isin t?hé
unﬁormly loaded condition. This is depmted mathema.ticahy by supmm—
posing onto the 1-g umformly distribated Toad an additional tnang\ﬂar 1oac'l |
of sach magnitude as fo only double Ry, 1) I order o accomplish this it
is required that its centroid be at the landing leg location, ie. as shown in
Figure DY, . -

[
[

Figure D8  2-g Support slam condition
The stresses thus g?emted in the main chh'gsis L-beams can, Iigwever, he
shown to be less than the stresses resulting from the dynamic loading con-

ditien (fe. Case 1 loading - refer Appe.udix Asgnd Appendix B) ami henr:e,
# TN

~

From the static uniform'iload distzibution 'for the semi-trailer supported aj
the landing legs (refer Case 3 loading - Appendix 'B) the static landing leg
Joad is 90724 N per leg or 181448 N per sét. That is: ’

871



. iiemee the 2.¢ élzimuloadfpef Igndingnleg is 18148 N ot

' D.é.j:‘ Lﬁzmxding lyg moﬁnting.brackeé welds

Ry, =181448 N .. - I

Note that, t‘ms is ieas than the ma:mnnm statrc load of 25 000 kg per leg

{50000 kg per.set) tha.t can be supported bv the Js::st E240'G landmg 1eg5 .
) (refer Sectmn 2 p 1) . Lo ‘ o

Maximum trausverse and Iangltudmal loads on’the landmg legs in this a;nal—'
ysw are htmted to b 000 kg per leg n each dixeatmn a.pphed at the underside

. of the foot. _ | | . S N G

B ﬂ r

Maxmmnn stzess in the welds of the laudmg leg mountmg bra.cket occurs in B

" the welds attaching che bracket to the main I-beam web (Figure D10). Note
_ that, although muich of the &ppmeﬂt bending load on these welds would be -

supported by che landiog lewﬁ su,ppurf structure, the full bendmg moment is “‘

applned here #9'g Worst case situation. - R
'Ibkﬂal welriaxea st | _ | . R | v
. A= (348)(10)2) + (100)(10)(0, 707)(2) - a
"“8314 mm. ) b
| Asmzmnga u:ruform digtribution of shear strs-ss on the weld sectqom("‘“
. ;., i'st@is :
EEcy )
= 21, 67 MPs ' )
gz |
[



hn

3 ' ' =~

th

Figure D10 Landing lug mounting bracket

13"1:44_3

[ n

The ultimate shear strength of A 5356 fller slloy welds is 124 MPa (refer
Section®2. ., - “ |

| |
'I‘lié ‘bending load on the welds is: |

M = (181448)(136) - - oo

= 2,286 x 107 Nmm

. Section properties of the weld area are (refer Figure D10):
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. s ( LA '
._‘ o‘l’z = ? j: . (—;;ﬂ) ...}., -rz

Ymis =194,9 mm -

1= 8,949 x 107 mm? -

Henvce, the bending stress at the Tower end of the weld pattern is:

oy =2.49,79 MPs _ A

and

[a]

that. it

7, =33,00 MPa
o1 = 57,00 MPa

o3 = —8,110 MPa,

Applying the Von Mises ;-~.It1u;é cntenm,
(o “;02)2 +oritap? L 2créc o

that is

om = 62,36 MPa <oy

where oy = :0'{),2 = 110 MPa fu}-'l the B5IS alloy in thfg;;._‘-v.'elded condition

{refer Section E.1.4),

v : 374
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’f ll' T on : ’ hl .
D.4.2 Landmg leg mountmg bracket bolis 'md bolt hole.s
o

. Each landing leg is balted to its respectwe bxacket using ten M14, 8.8 grade

high tensﬂe steel bolts. - o

"The total bedring a:ea-mgithe mounting plate of the landing leé mounting
bracket is: < '

-t

A= (10)(14)(35,88)

= 29223 rom® -

Hence, bearing stress is:

) op = ~81,62 MPa

" 'The aﬂowable beanng stress for the BS!S-TF alloy is 607 MPs (refer See- -

tion E 1.4). .
B .'l.'-J'-, .'_'_\J_

The M14 bolis will be'in smgle shear The total cross-sectmna] area of the -
ten bolts is: _ - '

= (10)3—(-@-

= 1830 mm"

Wherw>. assuming g uniform distribution of shear etress atross each bolt '

shei W ~

P

7= 117,9 MPa

‘The allowable bolt shear stress §s taken .as 50 percent of the 0,2 percent proof |

F
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stress for the 88 grade bolts; ie. 314 MPa.(®)

]

My

e

D.é.:’g Rearward brace

’I‘he vearward landiny leg brace will be in compresazm and wﬂl fail by lateyal

buckling when the landing legs are loaded as shown in Fi gure Dll below. . |

Note that the ]oadmg legs ave shown at half extensmn

Figufe DIl Landing leg rearward brace

376
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Tahngi;loments about the centre of the mounting holt pattern:
PCos(44, 5°)(647, 5) I= F(400 + 647, 5) | o |

fllat is

Pt 341 ke

The buckling diagram for the DE5S-TF aluminivm alloy is presented in
Graph D1 and is constructed by a similar procedure to that described in
Appeudix A, Section A.4.1. | |

. The slenderness ratio for the reayward brace is:

?
A=
where
- k = radius of gyratios d*f , "
_JT |
- ) A
and
£=1029 mm (Drewing No. LL05) |
I =3,797 x 16* mm* <“
4 = 1181 mm® . .

B |

LA

377



01304 S53UUAPUI|S

o0 o6 o8 oL 03 o8 O  OE 0 o -

1 0°002

0°008

"

* 070sE

1

4

(Odh) yabusuys Buirepng
378




L] - 42

A=56,16

.-Pc"'*ﬁ'cA

th&tiﬁ 0 '_ -__'\

“ b'=18,32 mm

V/
and

-7

" The compressive load requued to prdduc_g Jateral buckling is then given ]‘;,y:(.oj.

u

: 'wh-ere ¢, s obtained from Graph D1 for A = 56, 16. Thus:

0o =153,4 MPa .
and

P, = (183,4)(1131}
. =207425 N -

= 21144 kg

This is 1,86 times greater than the compressive load applied to the rearward

brace. _ N

The Euler buckling load for a pin-ended strut is:(3943)
" n*EI

P, = 7

= 244207 N

= 24804 kg

379
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.

_!l ot
—
" 4

pressxve stresa and i is thus not aceurate for relatm,ly low slendemess .

ra,tzos L -fm}.

- ey
= e

D.4/4 Cross brige” S

by - | i . . . - . ot 1}
The londing leg cross braces are loaded as depicted in Figure D12. As above,
the landing legs are considered to be at haif extension. |

Té.kirag moments gbout the centres of the mou'nlting bolt patterns: . "

;vc:as(sz,r;)(efz,s)-: ;(4(;64_@6#7;"5} T o o
that i-s" - |
13; = 9549 kg The slendemess ra.tlo for ;he eroi ﬂ‘braoe ist
% \QI |
| where. T o ) ) . o
£=664 mm II(Drawing Nﬁ LL—{}4) ' | |
k=1832 pim (refer Section D4.3) { o 1\
T - SR,
380

o As expected thzs va.lue m si:ght?y Iughef than the buc.klmg load calculated
above, since the Euler load doés not mclude the cmmbutm of direct com-

k)
!
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Figure D12 I‘:ahding-leg Cross brace:__s’ .
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S Lo '

h
st T |
Refersing to Graph DL:

6o =220 MPe
Whence, the buckling load for the cross brace is given by:®

Fo=o, A , o
) U s A o
© = 248820 N --

'-;'%253621:\..1;@

a,pph&d to the cross bra.ce

e ~ . - L T L fi
’IherEuIer buckling -loa.d(“"a} in this case is (pin—eude{* ) T
i }.-';‘ . C“| : ' | .n i
— _13_»1 22El ! "
‘T i
- 58‘48[} N ?
- 59784 kg

' which s far fn excess of the spplied load.

D.4.5 Landing ieg brace ends
I force F in Figure D11 is applied in the c'»;’)poéite direction te that indicated.,
the rearward b_rage will be in tensit_m and the brace ends Wwill be required to

i
' 382



" “sustain the tensile force P calculated in Section D.4.3.

Referring to Drawing No. LL-05, the minimum cross sectional srea in the

weld zone betwan the brace end and the end cap is:
" : - ’

A = (T0){15,58)

= 1112 mm®

Hence, the weld stress is: “‘_j__

_(11341)(9,81 )
=TI

= 100,0 MPa

-, 'This is less than the 110 MPa 0,2 percent pronf stress uf the B513 alloy plate

in the heat aﬁucted zone {; refer E.1.4).
For the 7 mm fillet welds between the squa.re tube and the hrace end eap:

A = [(50,8) + (2)(T)(0, 707 — 50,8

= 1104 mm?
and

_ (11341)(9,81)
= {104

= 100,7 MPa

I

The ultimate shear strength of the transversely loaded AA 5356 filler alloy -

welds is 165 MPa (refer Section E.2).

383
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' The bearing area at the bolt hole for a M16 bolt ist

A = (16){(15,88) = 254, 1 mm®

which results in a bearing stress of:
op = 487,88 MPa

The allowable bearing stress for BE1S-T alfﬁtmmum alloy is 607 MPa {refer "
Section B.1.4). -

The 17 ram dismeter hole is grester than 1,5 diameters from the edge of the

plate and, hence, shear tear-out can be neglected. (86 -~ o,

F.
il

D.zi.G_ Landing leg ¢ross-member

| ) Onee again referring to Figure D12, the resultant compres;ion in the left hand

cross brace causes the landing leg eross member to be loaded as indicated &
Figure D13, below. ‘

(L

From Seétion D.4.4 above: -

P s 0549 L - : S

= 03676 N B

4

'The moment M is given by (refer Figure D12):

M = PCos(32,1%) x (164,5) "
= 8,203 x 10° Nmm |
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' following equatzoﬂ is obtained: - Sy

N | o. - f g
- . v
. . i
1
i
oo R
P Sin32,1°) 1
A P Cost32,1°) 'w |
7 — - E
- :ﬁ’ -I I'él" '

P Sin(32,1°)

e 125 0

Figure D123  Free body diagram of Janding ieg cross member

'I‘he free and fixiug moment dingrams are as presented in Figuve D4 By :

consideration of the final deflected shape and by symﬁietry, the lefi and right
hand end fixing moments are equul in magnitude and of opposite ﬁié;n..

Deﬁectioﬁ at the centre of the beam is zero. Hence, taking moments of

area®™) of the portion of the free and fixing moment diagrams between the

centre and 1'1ght ‘hand end of the beam about tne centre of t,he dmgram, the - ”

M' 2,695 kNm=0 - T K
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o

Figﬁfg D14 Free and fixing moment Jiagrap:s of lnuding kg cross

“member
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o that is

"

M’ ==12,603 "kNm

. | | |
Whence, the total bending moment diagram is as shown i Figure _b15.

4,834 khn

| / Vi on 2,593 K
'L/{ -“,/ /////
ZBRME 3 450 e

: - 4,834 kn v
= —~ 574 m-—-———l uonl—- |
PR 1258w —

Fig&re D13 Total bending moment diagram of landing leg cross

membier -

Section _properties for the Janding leg cross member are: ' “

n . ~

"L I=4,038% 10° mm? A
Hwmex = 02,0 mIn
l \‘i
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Maxmmm éﬁmﬁe fibre bendmg stress is then:
: Y" : . it - a .
(4,884 x 10°)(52,5) ..
(4,933 % 108) _ o

oy =%

== 62,93 "MPa 1 :

The foroes PC‘cs;ﬂ ,1°) result in a tensile ditect'streas in the Ieftmost 574 m';nr
of the heam, and a oompresszve direct stmss in the nghtmest 574 mtn wlucif
s gwen by ' '

(936“6}6’03(32 14)

= E5380)

3&34, af.s“ MPa, -

Hence, the maximum séress in the €ross member beam ocours at the extreme

fibres at-the pomts of a.ttachment af the ¢ross braces, ier j|

oy = Uy 0y
= §2,93 + 34,80 -

= 07,73 MPa ' L

"and

O'm. = o-'_l =i 97, ?3 ":_‘Uyt

duee,op=oy=0 L
b ) : ﬁ i " I ki

]
i

'I‘lus subisfies the Von Mises faalurie criterion fnr m failure. Note, that heve
oyt = 110 ‘\JIPa, in the heat affected 'fone adjax:ent to the cross brﬁce hiacket
welds (refer Section E.1.3 for the D658 alloy). "
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Tak:ng moments in }'%gure Dls the auppurt rear.t:ons at the ends of the
bea.m are: i e :

. -1129_-=-.-—Rb==3331 N Y

=" A Wl TN AR TR

The cross sectional aves ocf the welds at the la.admg leg cross member ﬂanges
is shown in F‘Q'ure D16 .

%

T LT SRl W R,
=

L e i b g S

- AXIS

be— 58, 16 i~

116,3 m———-——-————-

;

R

10 o0 TR . b

. . !I:-. ) ) : “ -
n{ -~ Figure D16 - Weld| cross section at landing leg vcross member
I‘ ﬂang:aé o ) E( "
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" Secfiop.pmpeﬂiejs of the weld aves are: ' A

Ymee = 38,16 MPa S
I = 4,434 x 10° mm*
A ;}_2553‘ mo? / (

/
The average weld shea;r a{‘,ress is then:

_ 8831 ) . P . ) r. M - i - ) | \ T-- r“?ﬁr__‘
= 3553 |

= 3,46 MPa T y . - L . ' T

1

which is significantly less than the minimum ultitnate shear strength of the

_'_AA _5356 fillet welds (zefer Section -E,.z)“.'

(o .
The bendmg moment or, the ﬂange welds is equal to the end ﬂxmg moments
calcula.ted above, ie: '

Mr=2,693%10° Nmm N
‘The extreme fibre bending stress is then given by:
;1:(2 693 x 10%)(88, 16) et .
(4,434 % 10°3
== 435, 32 MP& L .
X - _r.[i,I ._} . e a ' R . N
The Jongitndinal direct stress on the weid zross section is
J ' .\- ) i q

\ - . 390 1-
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oy = o = 66,40 MPsa

i

" DB _"H‘9p_g’ king-pin foundation plate

g
(93676)6‘03(32 ®y -
o ;i: } P .
(3553) ) | ”
m"ﬁ:—zlgBSﬁ MP& I{i‘: '.# o o . - : - I' ))

For the left hend end of Figure D13, the longitudinai &irect stress adds to
the tensile bending stress on the ﬂazxge m‘elds Thus, the total :c-d:rectmn '
: streés a4 this position is: | ' )

) . 1

0.; = O -F-%_'}t' | -

| =66,40 MPa

F;ixther, sines ==} at the extreme fibres: -
. - ) !

and

S = or/2= 33,20 MPa

Applymg the Von Mises f;ilﬁre cntanon for oy =1§73 =0

) Om = 03 = 66,40 MPa < Oy

where gy = ag,g = 110 MPa for the D65S asid 'B5i§,'alldlys in the weld zone
(refer Sections E1.3 and B.14), .

j

The stressés in the 12,3 mm fhick, bolted mounting foundation plate for the |

‘Hope’ anti-jack-knife king-pin (refer Section 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 ssction at tha following positionis:

"~ .— Beuring stresses at the Z_{S % 18 mm foundation pla;e mo nting-bc_ﬂt

(1235 X 103)
T = |~

) d’\lﬂj ..’ A ' : P
RO -

N
£

f

o holes. . ) e
~ Thread stresses in the foundation plate at the § x }"inch UNF device

mounting bolt holes.

i

The hosizontal oad at the king-pin afplied here § is the satne 8s th L6 used in

Section C.5 £, that is 1235 kN. No veitical loads are unposed on the ‘Hope®

device.

D.5.1 Bearing stresses
»

The full hnmontal load apphed at the kmg-p@ is transferred to thé rubbing '_

plate by the elghteen Mlﬁ founda.hon plate bults .Asin Section C. ‘\L assum-

 ing that ofily eighty percent of the bolts are beating at any time, thie total
bearmg aven at the foundation plate bolt holes is: 1
A _--=..(18)<..16)(12,3)(0, & . E
= 2834 mm? ; A _ S 2

Hence, the sverage bearing stress at the bolt-hole is:

A o

2834

== 435,8 MPa._ :
i

» The allowable bearing stress for the ROC-tuf AD690 steel foundation plate
material is taken as the 0,2 percent proof stress, ie. og2 = 690 MPa (;'efer ‘

Section E.3).




D.5.2 Thread stressez
The maximum axial load applied to the § x § inch UNF device mountirig
bolts, and heace to the threads in the founidation plate, is equal fo the bolt
preload Shigley(®®) gwes an apprmunatc. fommla for pre-k-ad ‘in terms of
' the t:ghtenmg torque

]

-t
T {0,2)d,

T = (0,2)Fdy
where
" F =preload [lb-force]
T = torqué [lb-inch] i
dy = nominal diameter
— 01“5 inch . ) = .-. : . "

(0,2) = Constant

The installation instructions for the Hoi;e device require the e:‘ight bolts to
be tightened to a torgque of 80 Ib-f (960 Ib-indh). (89) The resultmg preload -

is then:

F = 9600 Ih-force

= 49807 N

For an internal thread, the threads will shear off bn the ni:-\ajor diameter, and

393 T .
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e
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ik
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Ve
o i
]

[

|

|

) - R
so the average thread sheer stress{®®) is
[
_oF
T wdat . >
o o :
where. ‘ E

dy == major dismeter -

=12,7 mm .

¢ = thickness of foundation plate |

=12,% mm | '

Thus: _' " 1 .
r=174,46 MPa |

Multiplying by a factor of safety of 2 -« |

7= 348,03 MPa ' -

) Allowable shear stress for the ROD‘-tuI AD 690 steel is 400 MPa. minimum
* {refer Section E.3). '

_ . i L .
The bearing stress on the threads(®® is |

o _—
B= :rt(dm —~d, 2)

where

[

4

RV

R
*



-

_ - p fxdbread pitch o o 2
- = 20 threads/inch _ o
g N " ; p
N » y i
K " i 1, 27‘9 mnl T ™
o a o . .",{r,‘-- . ‘ )
. T ;.. - ) kX ‘\ﬁ
: q{,— = mor qi;am»eter ‘ -
* n .'ﬂ

[
n
LY " n
" o . ., Lo
. . o - R
a7 : - - . . i 3
-~k B -
.. Thus:
- - a .
- - .

.. op=~189,30 MPa .
Mubtiplying by a factor.of safety of 2

.[r‘ - &B -_-,n_"...a'{a,ﬁ[)_ MR - S et

-

n

.
"

o

73]
o
e
a -
l
-~ i
- " ’
5 Do . . .
] . L
\- [
y . i
I ‘
i
i
i
b o
- e
L e
N
,
o
-

:
. L ' :
W :

LY - . N
B ' , 355
)
W

A

4

S

5]
. - " e 1
" il ’
[l .
o . .
" b ]
. P
- LI
. B
.
I
,
o f‘l\k
-a . -
P .
T N
.
B
i
-
- 1 o
S
. -

E
™
h - El\-
x r _
H HS
[



)

/’7

)

L Ea  Aluminium Alloys

=
u )
e .,

MATERIAL SPECIFICATIONS AND

MECHANICAL PROPERTIES

he,

Bl Auaﬂicamdal ~ 12 aluminiom-afloy

OI'igm Al*z-mhse - Bwiss Alurmmum Ltd, Zur v‘h . ;.‘:T |
"In hmxse designation : A.utlcoem-dai 113/ 6]

ré's.hurmm'a:mrs Assoe. Eqmvalent AA 6082 'ILﬁ -
Temper Solutmn hea.f trea.ted and arhhma.‘ly a.ged
F‘orm uéed Main uhaasm I-beams. "

Reterence : Alusmssemﬁ??; Alean(?
& : .

Mec,hamcal Propertnes - Base Ma&enal
"Ultlmate\genszia. strengl;h {oyps) - = = 319 MPa .
) ‘{310~ 870 MPa)
(3 2% Proof stresd (60,2) = 260 MPa )
T {280 — 350 MPa)
© Yltimate sheat strenbth (rurr) = 155 MPal*!
- Shear yield strength () = 130 MPa®
 Modulus of elesticity (E) = 70 GPa
- "Shear modulus (b‘) Tt = %5 (IPa
- Elengation, minimum, 45 R o ) percens
- Havdness, Brinnel 4B (ty \\ B 90
Fa.hguu strength at- lﬁTcyclea.““} ’ °
- -~ Pulsating streigth (R = 0) = 130 MPa
=~ ‘Alternating stremysth (R='w1) . = 80 My -
- Alt bending strength (R = mi) == 80 MPa -
.
| 356 "



. -

S Mathmical Pm;m.:es Welded and;tmn.
.Y MP& ,

R e tensile strength (cm:rs)
T L0, 2% Proof stress (o) o

. _Ulfﬂktt shenr streugth (Tvz.'r)
* Sh ywld strength (r,.,) o7
(a.) Based on 50 percent of a'ufrs

t'b) Btmed on 50 perceﬂt of a‘n.z

Ll

i [

Unless otherw:se apec:ﬁed a.ll propertles are ﬁnmmum guarantegd vaiueq

]

: W
- Ly

]

Hoioios

Bl f?-

110 MPa
95 MPs -
65 MPa(®

sa

(C) ’I‘ypicai Valuﬁﬂ - - &

- E'tpectec* ranges are given in parentheses

52 Anticorodal . 100 atuminium alloy

7

. Origin : ‘Alusgisse’ - Swiss Alumitﬁum it.d Zuarich.

- Tn housn des;gnat:on Antxcomdal 100/61 "} '

Alumlmum Assve, Equ’wlent AA 6081~'IG

'I‘émper Solui:mn hieut trea.ted and artificially agﬁd

Form used : Deck plcmks deck clamp sextion.

Rtferem.e Alusmase“s”m Alc:mw?)

\,Jl

f .

397
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P

) "(d) Ba.aed on 50 pcrcent ef equwalent base’ 1xmtenai~properb3r S-AI i
' Sller sllow (DI’N 1742). These: propertxes apply to the weldmant and _
to the buse matdmal w:thm 95 mm of the weld.



Mechauical Propert:es Base Matenal I '
'.-Ult:mate tenslle strength ( au:r's) © = 810 MPa o
(310 — 370 MPa) :
0.2% Proof stress (U‘urg)ﬂ X = 260 MPa :
. SN (960 - 350 MPa)
Ultimate shear strength (vwzr) = 155 MPa@)
Bhear yield strength (1) = 130 MPa®
- Modulus of elasticity fE) . = 76 GPa
~ Shéar modulus (@) = - 25 GPa -
. Elongation, mimmum, A5 = 10 percent
.- Harduess, Brinnel HB (typ.) = 100
. Vatigue sfrength at 107cyecies(® - : 5 S
"~ Pulsating strength (Re=0) = 1830 MPa
w’_- Alternating strength (R = ~1) = 80 MP4
Al bendmg strength (Rmml) = - 80 MPa

.

| | Meé;‘.*.ﬁnical Properties ~ 'We_lded Condition :

.(b) Based on 50 perCent of ag,2

L

Ultimate tensile strength’ (opzs) 170 MPa «

('.3) Basad oﬁ 5!) percent of opye

_ (c) Typ:ca.l v&lues

0,2% Proof stress (do2) = 110 MPa - \
Ultimate thesr strength (ryzy) = 95 MPa i
. Shear y;eld s+n-ength (7yi) = 65 MPa@.
e - R
=

- (8) Based on 50 percent of equivaleﬁt base material propesty: 5-ALSi§ |
ﬁller alloy (DIN 1732) 'I‘nesnﬂ propertles apply to the weldment and
to the base matenal vm]:un 25 tm of the weld

Uniess other'mse sPemhed all p:opertzes are minimum guarmtvea leuﬂs i

Expected ranges axe gwen in parentheses,-. U

I
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B 18 néss'al-miniu'm alloy

: (,Jngm Hulettb Alumininm Ltd SA.

In houae des:gnation Dgss - TF

\, Aimm_mmn Assoc. bqualent : AA 6261-T6/ |
Temper : Solution heat if:éated .a.nd suﬁéé&gently precipitation :ﬁrellter_l.
Form ted : Extrusior:;s. |

Referencfe Huletts; (10,20} Alean(®

¥

Mechan‘ie;i Prbperties - Bas_e Material :

“Ultimate tensile strength (opre)
~ B o (295 — 330 1.7Pa)

- 0;2% Proof stresy (op3) = 255 MPa

a | -- (255 - 315 MPa)

© Bearing strength (og) = 552 MPa
Ultimate shear strength (rwzr) e 165 MPa
Shear yield strength {ry:) = {138 MPa
Modulus of elasticity, (E) = | 80 GPa .
Shear modulus (G‘) = @ 2 GPa
Elongation, mmm:mm. A5 e 7 percent
Hardness, Brinnel HB {typ.) = 95

Mechanical Pmpertms - Welded Con}:li'tidﬁ' 3 &) _
165 MPa - -

Ultimate tensile strength (G'UTS') e

" 0,2% Proof stress (gq,) . = 110 MPa ‘
Ultimate shear strength (ryzr) =~ = 103 MPa
Shear yield strength (""m) = 69 MPa

{a) For cheinical composition only.

(b These properties apply to the weldment and o the base material -

within 25 mm of the weld. AA 5356 filler alloy.

Unless otherwise specified all properties are minimum guaranteed values,

Expected ranges ave given in parentheses.

i
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E 1.4 BSIS aluminiam alloy ° |
Ongm Huletts Alum;mum Ltd SA s T ,

In house designation : B51S - TF

A"ummn;m Aasoc Eqmvaleant AA 6351 T6 e
b aeo

Y
Téknpcr Solut:on heat treated and subsequently prec:p:iatmn trea.ted
Form used : Pflate. |

R;eference : -.Huiétts;(“?’m Alcanm _ . o

e

Mechamcal Propert:es Base- Material :

| Ultimate-tensile strength (oyrs) = 2985 MP, :
o T (205330 MPa)-

 0,2% Proof stress {d9,2) o = 2556 MPa_

' . ' g c (265 - 315 MPa)
Bearing strength (op) = 607 MPa _
- Ultimate shear strength (rozr) = 17 MPa- = -

- Shear yield strength (1) ;= 145 MPa '
Modulus of elagticity (E) J = 60 GPe
Shear modulus {G} 4 == 0 26 GPa
Elongatior, minimush, 45 b= 8 pereent
Hardness, Brinnel BB {t.ypl = 95

Mechanieal Properth - Welded Comﬁtmn e}

 Ultimate tensile strength' (oyr 5-) = 165 M‘Pa

0,2%. Proof stress {0p,2) = 110 MPa
Ultinzate shear strength (TULT) a2 103'_[ MPa -
Shear yield strength (7y:) = (? MPa

(a.) These properties apply to the weldmﬂ-rﬁ and to. the base meterinl
within 25 mia of the weld. AA 5356 ﬁ]iv'nr alloy. .

h

~  Unless otherwise specified all propetties are minimun guarmteecl values.

Expected ranges ure given in parentheses.
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" E1LS D54S aluminjumalloy - N o
| _Ongﬁl Huletts Almmum Ltd, SA 3
In house desxgnatxon D54S H2 ) "-fg: \ : |
oL 1{' R
’ Almmmum Assoe, Eqmvalent AA 5083 I-I2 1"'-'1 - !
\ Tempez i ’Strmn hardened and paﬂml]y annealed
Farm uﬂed Plate. _ ) ‘
Referenw I-Iuletts 10,20) Alt-a.nf"’) . Y
| echamcal Properties Base Materml b B .
Ultlmate tetmle strength (awsj = 310 MPa |
__ (310~ 875 Mm)
0, 2% Proof ﬁstrms (0’0'21 o= 935'MPa 1 ' )
7 (235250 MPd) - .
Ultimate chear strengt;h {ruL) = 179 MP2 . '
" . Shear yield strength () = 138 MPa S .
- Modulus of elasticity (E) = . 69 GPa
Skear modulus () . = 26 GPa
Elongation, minimum, IAE % ‘8 percent

“‘Mechanical Properties - Welcied Cpnc_lition :(“5 o

\ Ultimate tensile strength (oprs) = 202 ‘MPa )
0,2% Proof stress (o9,2) ‘= 124 MPa ;
Ultimate shear strength. (ryzy) = 159 MPs
Shear yield strength ('ry,) = 76 "MPa’,

r

(aj These pmpmtxes ap;ply to the weldmmt a.nd to the ba&h ma,tenal
withit' 25 mm of the weld. M 5356 Aller allojc )

i ) II ) b

% A ',i

_ Unless stherwise specified all propemes are mmunﬁm guaranteed values

H.
5

Eapected ranges are given in i-)_aremhgses.
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B2 el-ﬁiﬂér alfoys « aluminivm welds * - -~ T ke

The g:ombiﬁa.tions'bf pgrent,,alléys _wﬁelded i:ogethe'r in the eonstruction of the .
. Ee:-:rﬁ-.—i'.'mﬂe_r: and the filler alloys used ave presented in Table E1. o
able 1 Weld parént alloy combinziions and ﬂnesﬁea{noyfs

X @
!

- Pareni sfloy

——

" combination Fillerﬂalloy a j--App_lica.tion
Aticorodal <112/ S/AISi5 ) 'Main chassis I-beam
 Anticorodal - 112 {DIN- 173") " web/flange welds
. Auticorodal—112/ . AA 5356 . Various
| D658 - TF H_ - .
Anticorodal — 112/ Ad 5356 Various,
B51S ~TF " _ i
Anticorndal—112/- . AA 5356 Deck cover angle .,
D655 ~TF " e -
D655 —TF/DESS -TF = AA 5366 Various
DE5S — TFB51S ~TF Ad 5356 " Varous

D65S ~TF/D545 ~H2 ~ AA 5356  © - Various
B515~TF/BSIS~TF  AA53%  Various
B51S ~ TF/DS4S —TF - AA 5356 °  Light box mounting

D545 ~TF/DSAS ~HS  Ad 5366 Light boses

The strgngth of a butt weld iy usually aictated by the w;zlded _si_;,réngt’:h of
the patent alloy® (refer Section E. 1). The sheéx strength of ﬁﬁéf welds,
however, is usually governed by the ﬁllev A.Lloy Fhe uitimate shear stress for
fillet welds of AA 5356 filler allc;,, we gmu:. iur longitudinal and transverse
 loading in Figure E1 below.(®)
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\ i -:"ﬁ
. v
]
| Trensverse | ' . Longitudins! |
‘}'{;Lxrm” 165 MP& o N ' 1‘[}1,]"‘" 124 MPa
i ) o
Figure E:t Strength of flllet wel&s for AA 5356 ﬁiler alloy
As a géﬁeral fule, i;he_mechanica,l pmpertiesi of heat-treatable alloys in the
_TF condition will drop to those in:thé FB condition, but the properties of
. . material welded in the TB condition will be substantially unaltered.(10 Weld.
o ' ing non-henf-treatable alloys,’on the other hand, will reduce the mechanical
properties in the heat affected zote to those of the annesled condition irre-
speciive of the original temper.
£.3 ROC-trif ADEDO steel o
N Ongm frsccm Lid. o,
In House demgnatmn ROC-tuf ADE90 alloy sted
' {roller quenched and tempered),
Appﬁcaﬁon ‘Hope' antx»;aclc knife dev:ce fctundatwn plate :
Refelence Vdn Rheenen and Nichols; (ss} Iscor. (e}
)
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Mechsmical Properties: = | o

. ook,

Ultimate tendile strength tevrs) = 790 MP& : e
- (790 — 930MP3) .
G,2% Pmcrf gtress (au,-;) = 690 MPa’ ' .
Ultimate shear sirength (rypr) . = 518 MPe
 Shear yield strength {ry:) & 400 MPs .
Modulus of elasticity (E) = 200.GPa
s . Elongation, min. in 50 mm =/ 18 percent -
' Rardness, HB (typ.) = 235/203

W

Unless otherwise specified all properties are minimum guaranteed val_ueé.

B B54560 - Gd 43A steel  © °
Ongxn ISCOR Ltd. o

b

v nesxghauon BS 4360 - Gra.de 43 A “ ,
.. (Weldahle atrgctural steel) LT
-Application : Suspension mounting prla.tesl. ' _ Coa
_ 'Reference : I%iéor;('ﬁa) British Standards. (79 -

no Mechan_icél Properties :

. Ultimate tensile sirength (oyrs) = 430 M
o | " (430~ 510 MPa)
Yield strength (dfm) : = 226 MPa -

(220 — 280 MPa)

Ultzmate shear strength (mm) 215 MPale)

Shear yield strength (ryi) = 110 MPa® i
| Elongation (min) . = 20 percent :
(a) B?.sed on 50 percent of oppg
(b) Bused on 50 percent of ¢y,

-All properties are minimum guaranteed values, E\:pected ra.nges a;e gwen
in parentheses,
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E.5 Nuts, Bolts, and Washers-

: o
" Ultimate tensile strengtls {oyrs) =800 MPa | J?

vy

in the cenqtmctiﬁm of the éefni-'tmiler are ptesented in .}'ables E2 and B3 -
. Gradé v nute and grade 8.8 bolts are used throughout. Mﬂi}imum mechanical

 propesties arei(571) : : %

b

!

0,2% Proof stress (ffm,g) = 640 MPa

Al nuts, bolés and washers are either zine dr‘é:ad_mium'blatei‘l as protectiop

. . [}
against corrosfon. : o

Table B2 Nut and bolt proof loads@}

\
L Proof Loads (kN) @%
Boltsize M10 Mz Mi4 - M16 M20 | -

Gd. 88 bolt 33,2 48,2

56 89,7 140,83
Gd. 8 nut 45,5 66,1 3

6
90, 122,6. ° 192,8

[

Table E3 _Bolt tightening toryues©™)

Proof load

‘é\.,%
“.“J . ‘h“‘
Torque (Nm) .~ s
Bolt size M10 Mz, Mi4  Mi16  M20
Torque to induce load ' :
" equal to 65% of 51,7 90,2  143,3  223,8  487,7
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APPENDIX F

SEMI-TRAILER BRAKE SYSTEM Ly

L7

Fi Genera} : __ | \;

As discussed in- Section 4, 7 the semi-trailer bmi:e syétem is dea:gned to meet
all reqwrements of SABS SV 1051 1980 ~ ‘Mctﬂr vehicle safety specification

. for braking’. (29 Thig append;x presents all deszgn snd compatibility calou-
Iatlonu for the traﬁer brake system as reqmred by that spemﬁcatmn., as we!I
~as other relevant caleulations, o

The pneuma.tm circuit diagram for the brake system and relaxﬁgd pneuma.tm
encmt d:a.grams are to be found in Drawmg series PM—01 to PM_OI} in Ap-

' pendlx H.

F.2  Available braking forced

i
i

Asf__ discyssed in Section 4.7.2, the maximum coupﬁné’.,}ﬁressme in the service

brake line is assumed to be 650 kPa and the threshokf‘pressure, a8 méasurcd

at the coupling head, is assumed to be constant and egual to 50 kPa This

results ina mammum brake chamber pressure of 600 ‘cPa

i £
P :
]

The eflective aren of the service chambeh of the type 24/30 spring brake

chambers is:(88) S

A= 14314 mm?

Hence, the pushrod force 2,600 kPa brake chamber pressire is:

=8588 N '
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| Ft)r a tyre radius of 561 i the braking forces per axle are thus:

| able b*akmg {orce at the road surface is:

° The llack n.d,;uster lever Iengt.hs for the FIA ateenn\g nflee and for the 'Fienred
'_ Propaﬁ 11 000 fixed axle are 145 mnhand 152 mm reSpectwelv Tﬁe torque B

‘on the s-cam shafts i i then

L.
(LI

E T,-. =3 ,:245 % 106 Nrm - steering axles .

T, =i,395;<10‘* Nmm - fived axle

'I'hs- brakemratla (v ratio of braking torque on wheﬂl to mput torque at "

e camshaf?) fur the Henred Phieha.uf 420 x 160 mm brake»xs 11572 Thls

ts in braku:fg torques at each foundation brake of:

)

Ty =1,370x10" Nmm  ~steeringaxles ' .

T, = 1,436'% 107 N’mm ~fixed axle
e S

e

By, 544836 N\ ~steering axles e,
Py =511 N ~fixed axle |

Summmg these forces over the full se,rm»tra.:ler trpa.xle bog:e, the total avail-

9 Vi,
: _ ¢
F; = 148866 N : C

This total braking force exceeds 45 percent of the mauximum weight borne by -

‘the wheels of the trailer when stationary (ie. 22100 kg or 226 611 NY. The sep- |,

ﬁf:e bral;ing system of the semi-trailer thus meets the minimum performance _.
requirements of SABS SV 1051 'for Ca.teg_ory (0, vehicles. |

Dﬁkr:dmg the total available hraking force by ihe 600 kPa bra]-:e chamber

B b
SRt | E
\:1 - (1_ A ) R . 40 i il
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pressure, the total available braking force
ft 248*,&1\1/1:?-4.\ b e

i

I A . . ’ . " ' Bl

F3 Compatibility CUrves . S _;..-*

" The laden and unladen compstibahty bands are constructed § hy mult:p;ymg
the apper and lower boundaries given in SAVS: 'SV 1051 - Part VI by the
k, (iaden) and &, {1m1aden) correction factors, tbspeci.zvely (réfer Gra.phs ;

N equa‘t;m}_ . :‘ { 'r - . Lo
. . o zfj o I:‘.n‘;._ O o o |
) [}’I)Rg][ 096( o =
-.s % ..1‘?»-( 1¢35 — 10 { 12 :
" ’. (RZ)mn.x _ W5 } + ﬁl" ) 2/ 1.
. -: LA rRZ)nuz [ \;\2 5 s - |
 where - | REEI
P, = gross weight of the trailer [N} . - " S
, Ez =tot§1 normal static reaction of the ;om'liﬁu_.rfme ST e
o

Fi anq“F‘z) ’I‘he ke and ko c ectmn factors are gwen*hy the f{)]lomng

on-the wheels of the semi-tf}asleg 5] oo

(R2)maa: = value of Rg at the maximum wexght of the se:m-trauler [N]

Bl
1PN

ws = wheglbz;f;e of ﬁem:~traaler [m] = O o

LA TN ]

hy = height above ground of centre of gra‘if;ty of _
T  the semi-trailer and payload [m)-. . I

' . { ‘:J - I\:"‘(
- i . i} . I~,| g

R 408
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The laden and wnladen data ave (sefer Fighre 2.1 and Figure AL):

¥

Laden ~ ° Unladen -
_;% (N, = 359881 | e5B3L )
= 296611 s18%6
{R?-)‘*u.i-”; (N) L= | 226611 . 225311 n
WS {m) = 8924 8,024
o ke () Y 0,96
S . . _
TL’\;"i'f.:lém:e:
| . N |
5 i,025 ’ ¢ ﬁl:f
kﬁ _""-'-‘21 087
and

Laden Upladen

zﬂ%'m 450 kP2 — mox. Nimit, 0,420 0,850

) - fnin Bmit 0,207 0,605
A g )
5 = -ﬁ% at 750 kPa — max. Bmit 0,666 . 1,357
- min lmit 0461 0,080

The load‘-seﬁsing valve ratios selected for tlie laden and unladen conditions
are 1.2 and 2.7 tespectively. Noj:e that load wensing is incp,tps-»ra.tefi in the

laden condition (ie. maximum leged payload) in order to allc}w & factor of _.

salety in the event of the trailer being overloaded (refer Section 4.7.3).

F‘rom Sectiqn F.2, the total available br‘&kihg force;. per unit pressure at the

409 -
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" load-sensing ratio in the legul laden condition. The tri-axle’bogie load corve-

N .
tfoad surface is:
=281 NfkPa @

- o

- - Hértc;e,_the Ioad senﬁed bra?king ratios at 650 kPa coupling pressuxe_(ﬁ(l{) kPa
- brake chamber pressure) are: ‘

Laden b ozl
(248, 1)(650 — 50)
T(226811)(1,2
= 0,547

Unladen: 2z = %i-
_ 1248,1){650 — 50)
Tl (51826)(2.7)
. 3%&.\9 064 |

\
4

.

The laden and unladen compatibility curves are shown in Graphs F1 and F2.

respectively.
F.4 . Load-seunsing valve settings

As was previously mentioned {refer Section " ), load-sensing is incorporated

in the legal laden condition. The load-sensing valve is therefore adjusted

for a correspondingly higher laden condition 50 as to achieve the required

sponding to this maximum laden condition (héréafter referred to as thie laden

condition s opposed to theé legal laden condition) is determined proportion- |

ately (refer Figure F1), ie:

(Rp)y »= 26476 kg _
410
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"‘tx"i_-éx‘lé bogie load -

o

Fou: each loadmg condition the total load mposed on the suspension is equal
to the tri-axle bogxe load ininue the unsprung megs (1e axles, wheels, brakes,
tyres, ete.). The total unsprung tmass for the fuli tri-axle 'bogxe is 3240 kg;
(refex Figuce 2.1). The resultant suspension air bag pressures reqmred to
‘sustain these loads are determined from Figure F2 and wre presented in Table
F1. Noie that the saspension ride height of 614 mm on Drawing

No. 38-01 msults in an ajp ba,g des:gn beight of 420 mm or 16,5 mdﬁes

413
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Table m\\ Swpensmn air-bag pi'essurés: for laden and miladeu conditions
'~. 0 \ " ! -
Load ~  ‘Total ioad on Average load  Air Beliaws
condition suspension per air bag . - pressure
S ke b kg b bar  psi

Unladen 20438 4504 100 420 0488 - 7,08
Legal laden 19860 '43?84 is? 4083 . 402" 58,3

 Mex. laden " 22236 002 ¥ 201 a2 ’_4,49 65,'1

The “Wabceo! automatic loa&~sensmg valve (inodel 1:"5 700220 0) used on. the .

. trailer btaiung system 15 shown in Figure F3. Asis the case with niost load-

" sensmg valves fi)r -use with paenmatic suspensmm, this walve controls the

service broke pressure zs a function of air stmpenman pressure aud conse-

" quently of a.:cle toad,

nio ay
=T
FE s

18 ==

B Mseen O

Figure F3 “Wabco® automatic load-sensmg valve
{model 475700220 0) | ST
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i £ : o ‘e J'
. ;
- The device is adjusted to suit the range oirmr rmg pmssurea encountered (’I’a-_'

, ., bleF1) by Selcctmg thecorrech gpring and a.djustihg screws nnd setting them
at the d;mensmns det enmned from the two valve nmzograms e Figures F4 -
 and 5. To deﬂ:emne khe@e settmg dxmenmons, thﬂ followmg; mformatwn is

"

Tﬂl‘hmd . . . ‘-‘:\. T - - ”.-';

~  Brake cyl. pressure - luden \M\ 6,00 bar
(max, brake chamber pressure - §e{:‘;10n F1) - : :

— ' Brake ¢yl pressure - unladen e 2_,122- bar
- Air bag pressure - unladen - . - .} =0,488 bar
= Air bag pressire - laden - " Te= 4,488 bar

"~ Air bag pressure difference (laden unladen) = 4,000 bar

" Using nomograph I (Fignse F4) the correct spring and its adjusted length

are determined, ie: ; _ ‘ J'-mﬂ_ ﬁ

f;; - 1'1:'9_‘.'5 mm - (Spring 896032 580’%} g

Lz and Ly are tieterminegi using nomograph IT (Fig_urg Fs); ie:

L4=39,0 min . (Hex;gon head screw 891 2010202) -

and | | .

Lg = 20,:3_ mm )
a6 - L

.
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F.s ' _Parking brake . = e T . »
_ ; s .
v N -

L]

The sem:-trailer pa.rlnng brake is prmnded by means oi' the «.mergency s’pnng _.

_* brake cylinders on all three traaler axles (refex Dra.wmg No PM-01, Appen-
 dix H). U s '

-
a
~

' Fzgure Fﬁ*m shows the spﬁng force olive for th&; 34/30 spring braLPs _—

a function of push.rod strolm Note tha.t an. Anchoriok apring foree eurve
has been used here because no spring fome eusrve was available from Diesel )

. Electric A (Piy) Ltd for the 24/30 spring brake eylinders supplied. This
| wa.s, howé’ver deemed acceptable since a review of & auraber of spnng brake'

cylinders an the SA market by Hem'ed Fruehat.f Trailera (Pty) Ltd has indi-

| _ ca.fed very similsr spring force curves.(2) In thia calculation, apnng force is

computed 4or half of maximum push rod stroke in order to aﬂow a factor of -
safety for malacijusted brakes. | ‘

a

From Figure F8, the spring force at haif maxinm stroke (ie. 28 5 mm)

'a.pprommately o . ol e e

R

b . RS e

F.; = 6400 N h T ) - : I'.t.. -

W et

f - y ‘ D o
Thua for the steermyr dxles (14% mumn lever), the s-cam torgue is:

T, “‘Jf 9,280 x 10° N |
and for the fixed axle (152 ram lever) '
T, = 9,728 % 16° Nmm

by

Mult:plymg by the brake rat.w of 11 {refer Section F2), the brabng torquss

419
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Dividing by 561 mm tyre radius, braking forces for each wheel are:

Fp=18196 N

- steéﬁng axles

: = fixed axle

™

- TR T - - ) 5
. i o - .
L 1?_‘-‘ (T,\ l' 4
- - Ijl ]
I “ ’ ; . " |
_ perwheel are: "
) - . ’ " | b - . Le\..-_;,.
© Ty =1,091x 107 Nmm ~ steering axles
Ty = 1,070 % 16° Nmum ~ fixed axle S
rﬁn -
MODELS 2430 and 3030 ' -
o SPRING FORCE cunvs. ) -
WAL LsGIie - e
Wa e ETmonEmGia g g
Mav  TORCK O 5 13 5 20 a8 S0 somcEaae
00N 4
J} g;d Tﬁal E - |
s + S0 i
. 180 .
y =
onti
wesf 7%
o] " e o
0
oo e M
1l H
”"a;';'-nssm ﬂ' ng T m __ - Y
. %P M—* a i o Wi FURLL STICSCE-2000
: psm«qﬂﬁl&maﬁm«ﬂm L. v FLAL STROKIE-2420
b : e 75W GF A FULL STRORE-5030
s f“ . T OF MU FULL STROKE-S4R)
Flgln'e Fﬁ Spring force curve for Type 24/30 spring brake(™

Summing over r the full tii-axle trailer bogze, the total avaalable brakmo g force
at the road surface is:
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a

the ﬁq.!y Iaden velpclﬂ suatmnazy on an 18 pement gra.dlent (1e. # s!ope of 1

P

. :;;53560:1020&@5:&3) sﬁ_ S " ,J ¢

3

" Pigare FT "Ligﬁmuéﬂ'ga%gnt'ﬁr trailer park brake
‘ --With reforenice to Figure F7: S T o ;
.. PSiny=F,

thatis i B S W

w F t . N -
a ‘? n“r s e
. P
FropaPigure 2.1 in Chapter 2: “ - ‘
- [ 2 : .
_-'.]‘.J- . -

P, = 36680 kg , "

= 359831 N

o1




. Q.

- TN
) ) \
’I‘Pus: "
v=17,96°

ie. a 3'2,4 percent gradient.

6 - Requifed brake reservoir capaéity

Figure F8 shov:s a simplified diagremuatic representation of the semi-trailer

service brake systeny and reservoir. In Case A ﬁixe'systm is ch#rged to the
-

I 'mmmam

operating pressure (ie. py = 6,5 bar) :md is xsolated from any

wmpressed air supg!y The selay valve is closed a.mi the pwsaure in the

service brake chambers is zero (gange). Vohime V; is the reservoir volume,

Daring brake application {Case B), compresse& air is released to the brake

chambera aud the overall systetn pressure reduces o p;. The total volume
'{4 i then gnren by:

: Vz Vr -}f mlum:a of air in brake chamhers+ volurhe of air in service Yines
= T";-.-i_"V}:-I—.V;

0
_\I]

il

Note that IV is.caiculated for half the maxitmm stroke of the serviae. brake

chambers. This allows for a certain factor of sefety over the usual nne~th1rd
of maximum stroke aajustment position.

When the brakes are released, the air in the brake churnbers is exhausted and

the pressure in the reservoir remains at p;. Asswning that the air behaves

as an ideal gas and that there is no témperature chunge

492 6 R

)

e e S

[ —



% i
- p Y% <
VALVE CLOSED
. Cose A - Before broke application
y L VY, 4 S © h
/ \ o )
R P S V‘\l
YALVE DPEN
{1 =] ={ ]
Cose B ~ Tueling broke opplicatlon
C F"*rxré ¥8  Simplified schematxr representatmn of

betm-trailer service brake system
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quQI':me

| that is ' KF

a.nd after'n brake appli_cat'iqnsl

" PramtVe = palVe + Vot V)
) o .

@

- f'-??l(vr‘*‘vé'l-“)' = | n o

- .
o a “ e

Vedk Ve T

Siﬁﬁl&ﬂy, after & second brake gpf)]icai}i_om

V= p:!I_(Vf + Ve + ¥ - o !

W

Hencer

1

o
m=n (i)

“Now, SABS SV 1051 : Past 111 - 1980, requires that the cagiacity of the

 pir yeservoirs in 4 teailer brake system be such thai, when the sysiem has

been charged to the maximum operating presgure and then jsolated fromany

E exige;nal supply of air,mthe level of the energy prédu'ced in the trailer brake
) chﬁmbéx\‘s on the ninth application of the service brake contro) i at least fifty

percent of that attained on the first application, je:

e ‘

Substituting:

424



Ve == 1,10 _litres

A R
- u:? T

-

“’*zo

o U 3 . o | S b, o,
(Vr"i"%"l']"s 2 ";"'l"vc“}‘vs . s ) . E .on [ .
° . . a - . . ’ | ) ’ F
| ed ssmpﬁfying- e ’ .
I." o h (} . I,j ‘ N | " .. _.IE‘ | !
. (VP+E+V3 . " : ." ’ . ) . .
i . [N N ) ﬂ‘ i
c thets - . -
T ! o vt ll}{\‘
A
i =
The minimmn :equn-ed brake reservoir capacity is then: - _
- A A “ | "
. (Vr)mm = (Vc + ¥, )f 11,040) & “ |
' @ " ’ r*: s

’I‘hé voluwne of a type' 94 service brake cha.mber at magimuom stroke is 1,07

Jitres. (8 Total service chagber volume for six ciy ,mbers adjusted to haif

_ maximum steoke is therefore;

: | i
4 ; o |
V=232 litres : < e

* The service line volurae (includity volume of relay vaﬁ!vea)' is dstimated to be:

AT g

Hence:
(Vidmin = 47,6 Litres

* 425
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e , The total of 60 litre brake yeservoir capacity (ie. two 31 litre reservoirs) fitted””

.. to the semy-trailer is thus sufficient. . S
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As a result of the dependence of the legal g_roés vehiclf_é Imass‘_? payload and
" overall dimensions of the semi-trailer on the tare mass and dimensions of |

APPENDIX G -

SELECTION OF OVERALL VEHICLE PARAMETERS

o G.l . General

o

the towing vehicle, some discussion of possible trdéklw'tractor and semi-trailer

‘combinations is necessary in oréer' to define m'er'all design pamngtetsv

I«T-he foﬂowing *‘ﬁis of ezghteen represeutative truck-tmctors on the South
Africcm market 61yaines mlculahons and presents’ resu]ts of maximum overall

serni-treiler dimensions and tmck-tra.ctor 5th wheel posman, as well as maan

mum gross combination mass and payload for each of the truck-tra.cmr/sem1-

* trailer combmatlons vonsidered. Three dxstnbutmna of load between the

truck-tractor and trailer are considered. These are:

- Gase A - F‘uﬂ use of the payload eapucity of t,he ' truck-tractor as well as
an optimum load distribution between the fromt a.xle. and the resr a:t:le
bogie of the track-tractor. Since the Gross Combination Mass (GCM) is
lower than the sum of the i dividual legal axle mass loads due to bridge

-~ formula restrictions, this results in the axle loafla on the semi-trailer tri-
axle bogie being lower than the legal maiimuﬁ allswed for that group of

~ 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 be below the legal maximum Joad.
This l_fpa:f,iculapr Joad distribution results in slighi;ly longer tratler lengths

since the requiced 5th wheel pagition is further forward than the previous
case

427



b

I?

.;"': I tlhe reapectxve legal mmumum loa.ds

| oy Ca.ae B represents the foremost 5th wheel pomtlon w:thaut aompmtmsmg on

GG\J in thit 5th wheel positions further forward will necessitate a reductivn
S "in allowable payload to prevent overloadmg of the fmnt axle of the truck-
. ti‘actor In all three cases above; the front axle of the truck—tmct&r is loaded

£ b B

5th wheei pos:t:on on the tmck—tractor a.nd thus, the longest possxble semi-
ftraaler length C '

o - -

R o “ Case C.- Mmmumlegal axle ma%é load on the front a:;c}e of the truck-
I ;. ,- tmtm: and the centre of &vity of the payload a,t\ the centre of the trailer

S deck G’f}us is an intermediate case wh.tch results in ax!e mBss losds at hoth .

- " the tmck tractor rear bogie and the semi-trailer tn—axle bogie of less than ' .

' tco the legal meximum axle load in order to achieve the furthermo«t forward

Only forward control or ‘cab over engme type 6 X4 truclv-t.mctom have been _

conaxdered in this ana]ysxs since they afford considerable advantages in terms -

'I‘he overall &menmons and ﬁare masses of the ezghteen fruck- tra.ctors, ns
£

detailed in the individual ffmnufacturer s date sheets, are presented in To-
' b]e G 1. Tt should be noted, however, that the actual tare masses will vary

B I el
T

| (g shghtly in practice depenmng on the optional eqmpment fitted to"the vehicle, |
‘” The tare mass of the 5*41 wheel and sub-frame is assumed to be 200 Lg
X Figure Gl deﬁnes the relevant ciimensions used in this anaiysis (refer See-
tion 4.2,1). The taze mass of the senu-trmler is assumed to be § 970 kg (vefer
r L Section 4.2.2).

4%

of allowabie semi-trailer ]engths when compared to nermal control miodels,
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- F&' the purpose of this aample calcnla.hqn Y Feden 5106 §x 4 t:uckn tmctor

: xs aelected

) For a31 of the tmck-tractor/sem:-traﬂer combinations cons:demd in ‘this anals |

/gszs, the limiting, bridge formu]a. span (refer Sectxon 4.3, 1} is e:t.her frmn t‘- :
{ront axle of the truck o the remrmost axle of the sem:- -trailer; or from' th%

forémost drive axle of the truck o the rearmost axle of the semz-traaler In

_th:s _sample calculation the former span js limiting and the legal GCM is:.
GCM =1, 8 X 146824 16000 ‘

= 424"'8 kg

Hence, subtractm,g the tare mass. of the tmck—tra.ctor (Table Gl), the 51:11
wheel'and the M.‘.rauer

. Poyload = 42'423 ~ 6841 ~ 200 — 5870

= 20417 kg
\\

"‘Qi

G2 1 Gase A Full use of payload capacity of truck-tractor

“The mammum front axde Iomi for ‘the Foden 5106 truck-tractor is 6100 kg

(refer Table Gl) and the maximum legd iodd on the truck rear tandem axle.
bugie is 16 409 kg (refer Section, 4.2.1). Subtracting these zxle loads from the

' GCM in Table (22, the semi-trafier tii-axle bogie load is thus:

Ry = 4‘342‘?-6100 16400

= 19098 kg |

[
P

o



~ Heferring to Figure G1, the semi-trailer king-pin load is then:

Ry = 29417 4 5970 — 19928 )
T . . ) 4 v v o - i qril -
= 15459 kg_ S “h _
: \;"‘u.% . ' -

'.-r. " -

: Addmg the mass of the 5th wheei and tal - moments about the centre lme

of the truck«tra,a.tor rear aﬂe bog:e

. 041)(3566) | e __
== (15450 + 200) Ly
- i - N : .“._I . &I .
=464 mm L
The semmi-trailer lefigth, from Figure G1, s thus:
J, = 17000 ~ 1468 — 3560+ 464 -+ 1460
= 13806 mm
) k ’ ) C,
and the axle spacing on the semi-trailer tri-axle bogie is )

dox = 13896 ~ 1460 — 8924 — 850

= 2662 mm

With the 5th wheel positioned 464 mm forward of the centre line of the truck
rear axle bogie, the swing clearance between the trailer and the truk cab
willbe: ' '

|
1|.
| f

. | — .
S =2760 ~ 45}”1/(3%92) + (1 460)?

i
!

P : !

= 403 mm

431



R _ hs"_.

o G.2.2' Cme B Mmmum load on trzuler tr:-axle bogne und fh:-nt

aitle of truck-trm:%or ]\, ,_\

o

-

- :Ir, .

The legbl s lead on aades ﬁttch with super smgle tyres is 7700 kg,
| per ax!e (refe.r Sectzon 42 1) ,Provxded the axle spacing on the trailes tn—axle
- bogie ekceeds 1 072 mm and, tnus, theq'brxdge forinula does not *'uﬂher Hreit

the allowable load on the tz‘mler bogié, the legal 1ad.c1 on the trucl: tandem
" axle bogie is:

Ry = 42425 - 3 % 7700 - 6100

= 132928 kg

Referring to Figire G1, the semi-tradler king pin load is:

i n . o

Ry = 29417 + 5970 - 23100

= 12287 kg - g "
Takmg moments about ﬁhe centre of the 'srﬁck rear axle bogie!
" p. = (2041)(3560)
© 7 (12287 + 200)
== B82 rami

The trailer length from Figure G1 is:

I = 17000 —~ 1488 — $560 -+ 582 + 1460

- = 14014 mm

.I?-,

and the axle simcing is

432 o

S



’ o r"ﬂ - T
'\‘; . }F\‘T e " L -_ Y L
.. ’ q- .. \I.k: - - s & G\: ’ F . o = f.-:.' .
T duz = 14014 1450 §924 ~ 8t A ‘
= 2 780 omm ' " o=
- Th'e swing cleara,nce between the freat of the trailer and the fruck cab is: -
| 8= oma 58 / (24“9) #( 460)2

".—_fzssum'm ﬂ o

“n

G.2.3 Case C- Maxlmum load on front axle of tmck-tractor and

ot 'rentre. of" grmty of payload at centre of trailer deck

n_“r-.

'Far a mmdmum fron* axle load of 6100 kg on the Fodén ﬁmck tré,ctor, the’. _
o portzon of the load imposed at the 51;11 wheel mox.ntmg that can be tmnsferred T

to the truck iront axle'is 2041 ke, ‘I‘akmg mmq.gnts about 4he centre lme of -

the tmck—tractor rear axle bog:e in F:gu:ce G1:

i . o ) ’ /f s
B = (2041)(35_60) — 200
. - Dy LR
The length of the semi-trailey is: . X
£ = 17000 — 1468 ~ 3560 + I, + 1460 R
' =13432+ D, ‘ |
Taking moments about the centre line of the semi-trailer tri-axle bogie:
F1(8924) = (20417 + 2000 + 250)[8 924 — (1, /2 ~ 1460)]
L. : " that is I h \\ —
433
l“‘\;-.
i ’ { .-Il- ;

e,
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 Ry=128Bkg . 7o O

"o

o
1 2»-”1460

R:l "'(3255 }( - —3—;.8924 )

,EM:} .I "

LA

Soiving 1 ti:ese three equa*:mrennultaneously e

o o
-~ R

D, =580 1m

L =14012 mm

]

P 'ﬁ:ua, .ﬂ;e semi—traﬂm‘,_tri-a;;le bogie load ist

o , _ Ig;/ } _ N
By =20417 4507012328 , . -

[0

T =23080 kgt -, ‘

B ) B
— oA

»and the truck réag__ bogie load is

\ s N i

__Rt_4?4zs' 6100 ~23059
A 13‘259 kg ".' '“‘J o .

B

Again referring to F:lgure Gl ‘the seml-—trmler axle saacmg is gwen by

.f,'

el

—1460-8924'—350 -

A T

d,o = 14012

o= 17?8 mm

Finally, the swing clearance between tne front corner - of the trailer and the

 truck ceb in this case 1s

&

£}
- ) ,,
Y
o o
bog
Ton 1
o
i
o
fald
™
]
I
N
Ba s
s
o~ -
i Id
- e
e
o
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__.,3,.:_2750-@;9“\/(3%?3) +a802

s

= 287 mm
. .

L Qa3 Results

; “"I‘e;‘ble G2 presents results of maximum GCM und payload, \thlst Tables G3

io Gb present results as detailed in the a.bove sample calculatzcms fm the

- ‘eighteen trﬁcbtractors conmdeﬁ%d

" The'inmmzm paylo;?;—nnmm i} this analysis s 20417 ke (refer Table G2)

. or the tase of the Foden 5106 t{ﬁck—tmcto; and semi-trailer combination,
A design payload of 30000 kg wes thus selected for design purposes in this .

project.

e

" Although the waxiraum deck length attained in this analysis is 14196 mm
*(refer Teble Gi4), it was considered prudent vo size the length of the semi-

" trailer so that it could be coupled to the majority of the truck-tractors ansl- -

yeed without compromising on payload (also refer Section 4.2.1). With this
(‘n mind, an overall trailer length of 13850 muu was selected. This length is
axiita.ble for approximately 75 piercent of the truck-tractors for the Cose B
load distribution in Table G4 and résults in a 2620 mm spamng between -~

&

m:les on the semi-trailer,

o
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e = - ‘E‘j"_v.'-
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A ) 7 5
* Table G1 meundctﬂr dat - co s
Teuck - .ﬁx: M« Tare Mu&mtﬁ hm:t thp!bue Hn!ttmﬂm CA.
trackor - 1, stoer gﬁzdam axie Joad overheng . bogie sproad  dimension
- axls gio o __
B k) () (kg) 7 (um) {hn (mg)_’ {mm)
- Scania " L C 0 o : .
© R1128-81 4205 3760 - 6500 1360 3175 575 3505
 Tuternstional R | S | ,
-rr__m SWB 2080 3430 6000 1412 T 3848 675 3132
Trmar.wn 4025 360 6U0 1412 4310 615 3252
‘183315-32 49715 © 4000 - 6500 1410 3876 875 3235
mu }m_ A0 6500 - 1240 £190 6 3700
. froon e 20 41000 680 1240 4300 690 s,
 MAR - - | o .
BDODFT . 380 420 8500 - . 1500 3876 - 875 3285
MAN . . ' :
mnﬂf&w o amo 8500 1500 3875 825 3005
Nm.___ “ - .
CWAL-HD 3580 4000 6000 1240 4000 50 3000
fausn " . '
CVRZAMIS | 3600 3285 6000 1428 3790 675 - $380
Toyoto Hino o )
42.260F 3655 3505 8000 1465 £000 650 2916 -
Oshlkosh . - - |
‘EI46TI80 5120 8010 6000 1248 -3734 885 - R0
Oshkosh e o
EI344°T200 4825 367 6000 1945 - 3784 65 2790 -
¥ord Loniseille -
INT'350 8700 3780 6000 692 4420 33 2758
ERF $ingle cab s ’
60A 2808 4200 3400 6500 . 3283 ' 3683 820 3093
ERF Eumcn;
864 2808 4400 3400 850D 1283 3683 35 2860
ERF Single cab° o | h
86Cu 3508 4650 4350 6500 1983¢ - 8682 835 3033
Faden . , ‘ |
 5106~6x4 4058 292 6100 1468 3560 685 2760
436 \
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'I‘ab!e G2 Maxm:xum GCM aml payload

.

Trivek- | B
tr&gtm- T

 “Bcasia R112 I-I~31

Intem&tmnal TF 2670 SWB

y

Intf-rxmtmnal 'I‘F 2650 LWB

Mercedes 2633/&32 :
sgmé:g 28 h?zﬁzer :
‘Samag 320 M~26FS :

& MAN 30 280 DFT

© MAN 30280 DFT/S

Nissan CW41-HD

. Tsuzu VPZ 4418
" Toyota Hino 42-260F
Oskkosh E1446 T350

- Oshkosh E1344 T290

" Ford Louisville ENT 350 -

" ERF Single cab 66A 2808 -

ERF Buro cab 664 2808

Foden 5106 ~6 ¥ 4

ERF Single cab 86Ca 3508

- 437

N

GC’\i

(k)

42622

42598

41377

- 42532

42838

L&

42370
42370

42808

42505
42403

42827

| 49838

b

......

42827 .

43010

42761

42761

42761

42428

Payload
(kg)

98487

P
:aslof:;o _
27920
20058 .
zé:__m .
o
27627 _- N
28 157
59 360
28951

28701

. 27601

L op4T
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Table G3 Results for Case A weight distributions

Trock -
trackor bogie
load
(kg -
RMZE3L 16400
Tatetsational
TF 26TH.5WE 164060
K Inbexmm tonal
TF 2610 IWB 16400
Mercedes _.
2833/5-52 . 16400
. Ssmag . :
280M - 28FS 1640[!
Sarmay
320M - 26F5 ( 16400
n \1 . .
MAN R
30980 DFT . 16400
" MAN .
0280 DFT/S 16400
" Nisesn
CW4l - HD 16400
YPZ 4418 16400
Toyote Mine :
42.260F ~ 16400
Oshlkout y
E1448 'T350 18400
- Oabkosh .
E1344 T20D 18400
Ford Louiaville :
LNT 356 15400
ERF Single cxh
GoA 2B0R 15400
ERF Euto esb
O60A 2808 16400
ERF Siagls cab
65Cu 350B° § 16400
Foden
5106~ 6x4 16400

(kg) Gg) - (mm)
Y0722 W T

:'l? .

W M8 mt.
warr e’ m
10632 ¢ 1863 o
1098 oo om
W08 14400 st
w0 s e
ﬁs&zél iuzo_ Lot
20408 nsﬁq" - 853
06 15205 508
0003 14T | 828
w4 13170 248
Wzt 18700 318
20610 14720 68
19851 mnn..( 54
}gs;si 14990 512
igael 1800 w
19028 f5ase "

. 438

bogie load  position Jemgth
Ioad

{ram)

13605

ey

Coisat

13602

13724

L

[ h3e00

s
13729
13978
1331;:',}
1362
13736
13794
14028

14088

4008

i3e81

13696

Tandem Tridem Kingpin Sthwheel Tradlar “Trailer  Swing

e clasvince :

wpncing

(mmj}

2071

-

2454

ey 4

2,308
2480

458

2495
2639
2570

2389

2562
G2m

2808

2772

2147

. 2862

8514

{imm)

1632

g 8

860

305
- 58l
- 511
184

586

- 457

853

403

"
i

|
4
|

h
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Table G4 Results for GaseﬂB' weight ..distributitin

\\ : Track - . Tendess Tridem Kmﬁn 5tk whea) ’.l'nﬂ: ‘n:]?r Smng
tractor bogis  hagie _ positlon - lengt tlearance
ko G ) () (o) (me) ()
RI1ZBE 13022 29 11387 760 - MO76 2841 8Ls
A .
Internationd : . '
! TP2G0SWE 13458 23100 11848 8B4 13857 3623 888
. Internationsl o :
TR IWE 12777 210 0%z M 13440 2216 806
ii . 9633/5.52 12932 23100 16187 570 13745 2,511 m
'\. Samsg 5 .
250M - 26F5 13738 23100 11438 s82 13912 2878 1015
Sumag .
320M-J6FS 1328 20 1128 83 13873 2689 1054
30.280 DFT 12710 23100 1080 81 13088 273 611
. MAN ' : : ¢ .
TR MISODET/S 1270 210 10790 857 . 1oz 278 %8s
Nissan t
! OW4L-ED 13708 23100 11998 - 796 MO8 2784 308
Tousy : o . .
VPZ 4415 18405 25100 12280 ° T4 - 13040 3716 ™
* *Toyota Hino _ -
. 4260F 13308 23100 11843 792 13787 255% %51
! Ostikosh L
~ B8 TI50 1B 28100 10497 50T 13787 2553 520
&i\ T200 1877 W0 0w s 18871 2637 438
= Ford Dbninville R
5 LNT 350 4050 28100° 12230 765 1111 2878 100
. ERF Single cab S
: €6A 280 18161 23300 11881 - TR M198 2862 438
E£RF Euto cab . "
‘B6A 2808 13161 233100 11661 852 114 - 2912 17
ERF Siagle eab ' ' _.
864 3508 13161 23100 0561 633 Myw 2803 - 507
Foden ) "
S106--6%4 10228 23100 12987 883 ' Mom 2780 985

*Maximum front axle load reduced to 6851 kg Lo ensure clearance greater than 100 min.

T
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Table G5 Results for Case C weight distribution

feack- Tndem Txidem Kingpin 5th wheel
toactor - bogls - bogie load  position
- p) | G ) Com)
s » : ) " a )
R112 H-31 W2 WP . newr . s
Interastionsl ._ :
TF 2670SWB 34086 23418 - 12500 o2
Intersationsl -
TP 267G LWS W87 20060 13082 552
. Mercedss h )
2633/5-3% M M £10
Samag " : : ’
230M - 26FS Megi a1 1281 882
“320M - 20FS a4 22090 12304 m
- ) |
30.280 DFT 13008 W0 12012 %
MAN ' S
30280 DIL/S 4018 2186 12085 P
£W4L - HD 13994 214 12214 780
VPZ 415 18617 22888 12442 s
 Toyota Hino ' '
" A2200F 14251 2158 12801 738
| E1446 TS50 15387 21460 . 19307 267
| Qehkan
E1344 T200 14881 21968 12161 855
" Ford Youisville
LNT 350 14208 21600 12230 0
BRF Single cab - '
66A 280B WA 2BIN™ 11851 687
ERF Euro cab . ' :
60A 2808 13371 2280 nan 641
ERF Single cab
66Cu 3508 14169 23082 1156 578
Foden )
5106~ 6 x4 13268 29050 12398

";5681' kg ou steering axle Lo provent overload on tridem bogie.
#6451 kg on steering sxle to prevent overload o5 triden bogie.

4490 .

iLé".".‘.?’J

Treniler “Trailar "Swing

{mm)
14089

13824,

1328

13854

13852
13801

13884

13855
14060

1303

13738 .

18T

1383

14054

14138
413

‘14073

14012

spacing
(mm)

2805

- 2008

2,420
2618
anay
2650
2631
-
2'7M

24

2513

- 2601

2820

amr

2901

983

2118

'(m) .

805

818

R i ,fa.i

5”3 "'-.'- :'all B
]_- 1&& - h

82

- :

77

" .
560

472 .
58

453

. 328

561

27
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APPENDIX H o

ENGINEERING DRAWINGS

This appendix contains all of the engmeenng dra;winés used in the condteic-

- tion of the alumyininm semni-trailer. These aze divided into fourteen drawing

series denoted by the following prefixes:
"CA - General assembly dtowing
M5266 - ‘Alusuisse’ main I-beans Srawing
o CE - Chassis assembly and general component dra.mngs
DE - Deck assembly and component dra.urmgs
_. ucC- Upper coupling assemhly and component drawings
- OR - Quirigger and torszon tube drawings |
S5 - Suspensm&: assembly and component dramngs _
3L - Laat png Ieg assembly and campone_nt drawings
LG - Light and rehro—re:ﬁector n}ountmg drawings
RB - Rear bumper Jassémblyﬁ snd component drawings
HB - Hea.dboard assembly and wknponent dmwmgs
PM - Pneumatic (nrcmt dramngs
EL Electtical cirenit ”dra.wmg
JG - Jig dra.wings
Unless otherwise indicated onl the drawings, the permissible doviations for

marhined dimensions and non-toleranced fabrication dixpensimm are given in
Table H1 and Table H2 below.

441
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Table H1I  Permissible deviation for non-toleranced

machined dimensions

Nominal machined
dimension {mm)

" Over to
0 15
15 70
0. 206

200 500

500 1000

Table H2 Permissible deviation for non-toleranced fabrication <

dimensions

Nominal fabricaﬁon'
dimnension {(mm)

Over to
0 . 1%
175 500
500 - 1300
1300 2809
2800 6006

6000 14000

Permissible
deviation (mm)

-

>

aa

coooe
=1 € LS B

Permissible
deviation {mmm)

3

LN

.p-mpn—n:—tm
S OO uro;m

* All dimensions on the drawings ave in millimetres. |
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