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Strustural Deslgn of an Auto Zransport

The aim of this thesis is to cheok the design of tlre
Auto Transport which 18 shown in the sccompanying drawings.
In oheokings this design, I h:uve mades use of the following
faots:
l. The welght of each car is 3I500%,
2+ The genter of gravity lies midwsy bhetween the front
and rear wheels and 2' abvove the ground.
3+ #heel-base is 120",
4. Gage distance of wheels is 4' - 97,
5. The dlistsnoe beiween beads on the rim is 4 172 ",
6. The radius of the wheels when inflsted is 14",
7. All jJoints are welded and I have considered the weld-
ed Joint to be as safe as the metal welded.
lJoForse due to bmpast will bs used as 1003,
2, Allowable stress due to bending = 20,00 l 8,/8q. in %~
0000/: =g /7. Comp.
10. Allowable stress due to shear « 12,000 1bs./sq. in.
I have tried to pisk the worst eonditions trat may arise
and this is very evident from the faet that the force of imp-
act 18 taken as 100#%, Of course this is not irue in all inst-

ances ani these cascs will be pointed out a8 they urise.
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Fig. 1.

The runw:iy aiB is shown
in its true position during
the process of loading the

upper deock.
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Chesck Stresses In ilember 4iB.

(a) Lonent of inertia of oross-sectlon a-a.

The one-half inoh aguare bars are onitted in this comp-
utation beouuse they do not take up any of the dbending in

ths direction of the runway.
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1.19 X lo5 - 1031 5066 - .368 oG .:’37"
X o= ) .9 B Y ) = v

I .- Il‘f 12 bl [1.6*1.139 1013 )f’ L 4 [1.2? 1071(1003)2]

1.6 -+ 1.53 + 102 + 1.?)9
4

I= 5B.,72" _
63 3+(.27 -.25) = 3.12"

{b) Stress dus to dbending miment.

The maxloum roment ocours when the rear wheel reaches

the senter of the span as shown in Fiz. 1.

ed = 6 xein 1.° =z 1,04
& = agrosin -%695- z 57 59
1B, » 0
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% =6 o008 10 X910 = 539) ¢

g = Eg = 5’90;{;§2‘1 Z63_ = 29,700 1bs. / eg. in. Ten.

8 = 5330 X 12 X 212 / 5.72 =« 35,300 1lbs. / 8g. in. Coup.

Zhe cears sre in i:1s position only when they are dYelng
loulded, and they sre nmoved up s0 slowlr thut the force of
1:pnoet wouild be verr s8aall thut it muy be neslected.

(6) GStress due to shenr.

Thers 1s such & sliyht dirference in the loads, which
are tranaxlttsd by the whesls due to the airference ln elsv-

ation, that thery msny be oconsldared ezual for eheck purposes
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Fig. B
. 2.1 )
v = 1300 + £ 1200 = 2150

A “
2 = 131 Xx1,03 7 1 3/8 X 1/4 X704 * 18 T/718 X .06

8 = %% . 2180 { i.js - 237 1bs. / 83. in.

The shearing stress 1s 8o low thuat I was s:fe In assune-
whee!
ing that e ch/carried the szme load,

(4)
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1a) Stresses due 10 %L.s bending cosent and the shear
in the 1/2" agu:rre bers,

in chesicing the stesses on ‘he bur, I hsve zonsiiered
the tire to be flat, whi:h 18 the worst possitle c:se that

muy exist,
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Kjfjgjf = p/i% (ad® ~arp? )
3390 [1 15716 (6 710)%
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5 7/16 (1 15/1=~)2]
to = 134077
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Fig. 4
biax ® 900 X1.928 - 1240 = 405™

8 = 19.‘00 lbs. / 8¢ in. Ten. & Comp. Celee

8 e "' - 3}‘}930 s 5400 lba. , 83. 1n. 0'&.

(6)



Cheok L iresses in :lemder BC.,

I'4

{a) ioment of inartis of seotion b-)b,

1
/ ~
/;'
VoAl |
|
24 &
p
X -
‘4
Fige. 5.

B 3 XY
1 =12 g0) =Zf3*i§§il- c 4 8 o? L ARl
L x(3)®, Lﬁ.’f_’f o a g ren?/

= o016 + 2 [’.assqﬂ 2.210 + D01 +2.645 + .09 +-1.419_]
= <016 + 2 X 7.24 ’

I = 14.496 suy 14.50 "%

(b) Check the stresses,

w00* ¢
Ha 3.1 9200 ¢ 2790
&/’ 2/’ )
l'e 2790 x }2 x3.375
T900#. ® S ¢ . ;
|

_ .
| o0 2

!

!

‘Tﬁirﬁj\,\,\ Shear Dwagram | 8 « 7,775 1ds. / 8q. in.
I ' | N

: :M]-?OO* Ten. & Comp. 9.K.
| |

i 8o 6o Momnfﬂ’my rarn
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Vaux = 1300 7

« 35 Xz a1l AE;13, 0 xL5 X2
e 1.421 7 ,817 ~ .51

« ® e?7D

¥ 13000 x 2,75 7230 22,75
8 » LJ e/
.I—s = —I‘ics X g . 14.5

8 = 1270 1b80 / Qe in. 0.Xe

chea’s Iiresses in Sottom Runway.

{a) oment of inertis of Fig. 7.

378 + 1,801 7 4673 £ W75 o 3.239
CRA B IT

X 2 .75"
3 3

1 2 1)® a
1. 2L L3 o) 24 B2 Lle75 ()2 LAgl)
, 3
<133 x (2 5/8)2+31—’-_'-(—1L ¢ o8 xi2g)?

L @ L,016 # 14170 +6329% #3785 # 4..01 # .59 # .71 #1.C15

I a 2.670%

(7)



(b) JStetiocsl mouent of inertia of Fig. 7.
S @3 x5/8+3 x3 x3/8 = 1.875 # 070

(o) Stresses due to bending moment and sheur.
Yaxizun Berding :loient will ocour with the wheel on the

incline %0 tre resr of the traller as shown in Fig. 8.

Flge 8.

yanx =z 2.135 x 1300 a 3,340'%

o 3
V.. = 1300
: 32 2 =
s = X2 ZMOXIZX0.75 = 9470 1bs. / 3. 1n. Ten G.X.
8 = 2340 x 12 7 2,75

3.67— = 39.:00 lbs. / 8l e in. Comp. Uerce

%% - 13296;}}5”45 = 3,820 1bs. / 83. in. O.Ks

g4tresses In The 5 Inch Channel On “he Dottor DecXe.

(a) loument of inertia of Fig. 9. % L "
(4

4 N T I — — _"._44',4
12_2. = 20" (from hendbsok) t& [ 35"
ib) Statical mouent of inertla 2 ﬁ.—‘L-
of ¥Fig. J. Fige. 9.

(8)
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| ; |, zsas
| |
) I
| | Mornen? p/ajfa”" | |
'/ 'f/&OD# : | E = 1800 X 1.325
/‘l | | = 2385 14
|
|
/ Shear D,aqram |
7 et

Flg. 10.

3~z 2 /1212 x } x(.928)% [+ 93674 x .935¢e§7
iz2 [018 4 .209] « .254

. = ¥z s 2385 x 12 x 933 _ 13,410 1bs. /7 8q. in. Ten.

S e k s 1800 xx.zu = 4,570 lbs. /7 8q. in. 0.K.

s 5 23885 x 12 % .48 4 6, 330 1ba. / sq. in. Comp. Of K.

(9)
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Fige. 1l.

(10)

Center of Zoring

This drawing shows
the pdiliion of the osrs
when they are loaded

for transportation,




Find The heel Losds

(a) ¥i:.4 wheel loalis A and Be

., 00 x
|4 X. Cof G b
J° Z
’]‘\91‘ %600% L
/o‘ (/’
Fig. 12.

® s arcein 1l.2/10 = 6 53¢

Zug =z 0

e 3600 x 5.13 43g30°

vA o 7

zr,-o
V3 e 3500 - 1380 = 17:0%

(v) Find wheel loads C and V.

X
1A A, o (oG Yo
5 ¥4
C - — 77 7
e —p
Fige. 13.
@ = arosin .7/10 = 4 1
(11)
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a
¥ige. 1l2a.

- 9.9?— : 1.?4

o
2 x 1.2 0 240

CAC
p
A

FiBe Ao

8 = 9.98 H 07




1.2 '
X ®fang - 0% azf X2 . .14
- 3 8 e

[ ]

5.14 x 9,98 '
xl - 10 s 5.13

-Skg =0
5,13 x 3600 - 9,93 Vp = 0

55.1% x 7600 o
vy "3 ® 1850

<EF} 8,0

Vg = 3600 - 1850 = 1750#

(6) Find wheel loads E «wnd F.

X

YF X, C.fG.

W=

Co 6!

a

Fig. 14.

Filge 144,

& = arcsin 1.7710 = 9 47

- 1.? »
X * Tang ~ .88 s Eg%géiz e X5
4.65 x 9.83

¥y =0

Voea 1670
SF 30
y s

#
V, = 2600 = 1670 = 1930
(d) Xind whaeel loads G =nd H,

(12)
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N

CoH?

Xx

Fige 134

® = arosin 1,3/710 = 10 22!

1.8 .989'
x = fang - 082

= 5.37 x 9.82 . , ,,,'
xl 10 - bot.?ﬁ

-3 -
Kﬂ =0

5.275 x 2900 = 9.82 V. = O
V., = 1925"
ZFy:O
2600 = 1935 =

Vg = 1665¢

a\za‘
sa’ pC’

CofC
r
a

Flg. 154,

2 :as 9.82 : 1.8

(e) Calcnulations for reaetions Ry and Rop.

Zhng = ¢

- 1.4 x 1670 = 1.12 x 1330 + 8.8 x 1720 + B.43 x 1930 +

15.1(1935 » 1750) + 25,08 x 1850 + 24,92 x 1635~

23.7 R1/2 =
46,400 + 40,750
®, = -r.m)"i
R, = 14,3203
ZF, = 0

23.7 Ry x} = 0
«2340 « 2110 + 15,150 + 16,230 + £5,700 ¢+

= 169,870

#

R, = 4 x 72,00 - 14,320 = 14,480

(13)




/‘ﬁ' o 18 5" whee! b P
i ) , .
:ﬂl re8 LF i LA
265’
'.
@ " ¥lg. 16A.
! z¥, = O
z0' | z6" | s 2.6 3 = :5.68; 1850
zo- B = 2620
“ 2Fy =. 0
Fut A = 2620 - 1850 = 7707
"“;,:z ' 4 a

e pasS X =
I tH

T4 |,

5180 18.

Pig. 17.

The stresses, 4ue to dending, in the dars of Fig. 17
will de considersd safe beocause the size of the plate on
the truck, upon whioch 1t rests, is not xnown,

The maxisum shear on the bars of Fig. 17 are one fourth
of the reaetion R; which is equal to 14320/4 = 3,580%,

8 e wabeoxx 1.3 s 3,880 1bs./8q. in. OeKe

2= 2 Q) xi+ (1382 x316xk = 1.3
(14)




Cheok stress in bar ¢ of Fig. 16,

Take moments ebout 0 of the portion to the left of sec-

tion a-a of Fig. 18.

‘225 = 0
1.6 x 770 X 2 ¢ 14320 X 3.9 = 4.2 X 2620 X 2 = 5,1 X 1665 x2 =
2,52 =90
1,25 P = 1.6 x 770 ¢ 7160 x 3.9 - 4.2 x 2620
P = 085 ¢ 22350 - 5800
Pz 14,535
4 = 2 (1.95) + 4 x 1.19 = 8,66 sq. in.

8= .§. s 3%2%% s 1,680 lbs./sg. in. tene O0.K.
[ ]

2
The tenile atress Just found is resisted dr 4 - %"= 4,1

channels and 2 - §" = 6.7§ channels,

Cheok the stresses in bar @ of Fig.lé
In order %o get tha maxizum shear and bending mozent,
wheel load H of Fig. 12 will be 7' from the front of the
trailer, In moving the wheels loads G and i dnuok 5.1 feet,

the resotion Ry will be reduced dut for oheck purposes 14

will be considered to be the saume in bBoth cases, This

assurmption is on the safe side,

See Filg. 18 on the next page,
4,3 0

6.85 V5 = 2520(2.25 +« 3.55) = 20,750
vg = 30307
V, = 7160 - 3030 = 4.130#

(15)




;//,, AL 30 L/g—‘ﬁo_?o

T T 1 Shear 7’”.9’”'”

Plso 18,

Maax ® 2030 x 3.3 ® - 10,000'#

1 x 1
s = -ggggz-—i s 4'690 1bs./8G. in. Ten and Comp. 0.K.
Vamex = 4,1307

s ® ¢§§0xx =2 = 4,470 1bs./8q. in. 0.K.

The portion to the left of seetion b-b of Fig. 16 forms
a oantilever and it is the next member to de cheoked. Bend-
inz eoeurs about b-bd snd adout the asenter line C.-L. I am
only eonoerned with the one that will produse the maximum

bending monent.
(16)




D2 2l
> /
#30%
“o¥ | i
. KC.L. - 2.1 x 4130
[ - —F « 8670*7
#*
My Mpy T 28X 410
«( - Fl -
L <ss0# \ Ymax = Yyop = 12,000°
s
V. _ = 4,170%
2r30% max ’
T 28’ I//////
44
Fig. 19,
8 = IROngf 25 o 4,650 1lbs./B87. in. Ten and Corp,
g = ;’;2_025.3.}1%- 5,070 lts./sq. in. 0.%,

Cheock 12 x 1 x# " angles for tensile stress.
Th: maxirum stress will ooccur when the front wheels of

the oar are just above the 5* shannel at point @ of Fig. 11l.

Y - 1880

%: //.Zad

7.3 !

@ tgoa”’

Fig. 20.

The loads of Fig. 20 are 8o olose to the locds of Fige.
(17)



12 that I hive assumed them to be the same. Therefor the
#

maxinus load will be 1830 on the ehunnel. This load is

to Ybe s8plit up between the two angles as follows:

¥ #60"  jes0™

Vo= 720%
T 4 al l /. 3' T

FAM

Fla. 2.
v, © 1.3 x 13s0/2.1 = 1160
VR =z 1880 - 1160 = 720#
Y 1160
s s "2" . s 2,080 1bs./sq. in. 04K.
Cheok stresses in 2% x 3% x ;" angle I-J of Fig. 11.
The maxiuzum bending moment will oecur ir panel 2 of Fig.
1n,
Rl yp30% v 79227 The wheel loads will
71 18’ J, 47’ T,, be the same as in Iig. 1l4.
[ 25 |
! |
?30#1 1 :
| 3.5 73 = 1.7 x 1920
| Shear Pra. | Vg = 9SBi
| vV, = 1930 - °28 = 99zF
I _goz¥
I | |
| ! ! N, ® 1.7 x 992 = 1,685'F
| ! at | ¢
I /685 I
| |
: |
o merrt :ayram

(18)




o = 2682 x 12 x 111 = 32 450 lbe./sq. in.  Ten.

gs 1688 x 12 x 2,37 4
T

26,800 1lbs./sq. in. Comp, 0.X.

The maxizum shear will oecur when the 6ar is in the
same poeition as in Fig. 20. Therefor the nmaximum she..r
will be 1160 ¢ (Fig. 21). i

2 34
4 @ (2.39) x i xk = 715 v * Y

M-

%

2z
Fig. 23.
e « 2160 X 715 3 3 550 1bs./sg. in. 0.K.,

X .

Check stresses in lismber 3 of Fig. 11,
The reaotion Rz is split up into two components
as shown in Fig. 24.

f.f:oa"'
f
Shear Diagram
- |
- 1940" |
| | |
I | |
: Mornen? Diagrarn } Fig. 24,
' |
| -
| |
|
: lots0 !
| |
! 4 | !
r/ao | l%
<’ !
T 2 7G R
L. . 7240 ..
7 % = 7240#




Zkp =0

= 4,4 x 7240

03]
WS
=3

|

Vg = 53007 1ax.

14,480 - 5300 = 9,130%

<3
[
1]

5200 x 1.6 = 3,480'¥

3

2

&
]

- 8430 x 1%

D)oo

3,980 1lbs./sq. in. Ten and Comp., O.X.

s = géggzﬁzé%é = 5,740 lbs./sy. in. 0.K.

Checkx bar 4 of Fig. 11 for coumpression.

s - £ =z ;%%% 6,375 1bs./sq. in.  0.K.

Check for the s*tresses in the 2% x 23" columns.

Failure will ocecir by buckling or latzral bending rather
than by direct compression. I shall check the column at thne

rear of the trailer which is the most stressed member.,

loment oi inertia of cross-section of column,

4 4 4
P B PR €+ S W ) A _
I = 39.1 = 16 _ 1.93"4 iw
1-1 / — /
z%”
Fig. 25,

(20)




P = 21507
e = 3" or 1.2"

§= e ( se0 VYP/LI 1 =1)

=z 1.2( ses V2150/3) x 106 x 1.93 x 7.1 x 12 - 1)

2 1.2 ( ses .52 - 1)

1.2 ( see 29 - 48! - 1)
§= 1.2x1.71 = 1.212"

¥= 2170 ( 1.21 ¢ 1.2) = 5180°F

s =35130 x 1 4 3 350 1bs./s3. in. O.K,.

This eonocludes the oheck of the design.

The results of ay computations show that the

|
traller is saf~, and has a falrly high fsetor of lHﬂoty

in most oasez. 7The 8slze of ocurtain nme:rbers
nay be made saaller upon further investiga-
tion, but will not be csonsidered hers due

to the lack of tiaze.

(21)

zZ<t’

z/°

Fig. 26,
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