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S '.1 144 feet Panels 6 . Panel leneth 24 ft . 

Deed Load . 

Live Load. 

Length of Di agonal 37 .355 f t . 

lidth center to center of Trusses l G ft . 

:Jead load 1.)e r panel 30 :.-:i ps. 

Tor pQnel oint 1/3 of 30 or 10 Kips. 

Bottom :panel point 2/3 of JO or 20 :aps . 

Cooper's Class E - 50 loading . 

(r.:e :;:ri1i:an & Jae o by F!lrt I p11 . 1 21 . ) 



DISCUSSION 
OF DEPTH. -

24 
Tan Q = ~ = 0.8391 g = 40° 

Sec. Q = 37.335/28.6 = l.3054 

IEPTH us~ . .D = RB. 6 ft. 

Part l, page 233. (Merriman and Jacoby) 

Depth should be about l/3 span for four panels, ·and 

about l/6 span for twelve panels, therefore for six 

panels the depth should be about 1/5 panel length or 

l/5 of 144=28.9 ft., or, by another method: 

we have h/p w therefore h/24 = 

~ therefore h = 24 ~. then h = 36,6 ft. which 

Ts"9the economic depth, but eoonori1ic depth is generally 

regarded aa too large, as there can be considerable var

iation in depth without increasing the quantity of mater

ial. 

Part 3. ( Merriman and Jacoby.) 

The depth may vary 10% from economic 

depth, without affecting t he quan i ty of materia:i. 1%. 
Therefore depth ie about 36 ft. which is too large. 

From (r.c.s.) Bridge Specification. The diago-

nal should not make an angle with the vertical over 

40°, i.e., the diagonal should not make an angle less 

than 50° with the lower chord, therefore we will take 

the angle as 40 degrees.Therefore t&."1. 40 ° = 24/8; th ere
fore h = 28.6 ft. 

From Cooper's Specification. 

HEA.piOOM . Clear head room from base,..p~ rail is 21 feet, fora 

width of 6 feet over each track. 

CLEAR WI Dr:l!. 

IBAD LOAD. -

Clear width of bridge must be 14' feet, i.e., about 

16 feet frlm center to center of truss. 

Dead Load. 

Part I. w = 1100 + 71 where w = weiBht of bridge -
A. in lba. per linear feet, l •- 144 ft. -

TherefQee, w = 1100 +? x 144 = 1100 + 1008 = 

21oafbs. 
t. 



B. -

2. -
From Cooper's Specifications. 

Track weight 100 lb. per foot or track, ties, 

guard timbers shall be taken as 400 l b . per linear foot 

as minimum. Therefore, suppose we take 440 lbs. per 

foot as total weight. 

From A we have W = 2108 lbs.perr linear foot. 

Therefore total dead. load for bridge -per 1 inear 

foot is W + 440 or 2108 + 440 = 2548 lbs. per linear foot. 

Therefore, for one truss, we have 2548.;. 2 = 1274 

lbs per linear foot. Therefore, dead panel load= 1274 X 

24 = 30570 lbs.= 30.57 Kips. 

We have from A the Dead Panel load to be equal 

30.57 Kips. From B we have the Dead Panel Load to be ~ 

equal 28.03 Kips. 

Part III. 

W = 600 1+91 where W equal weight of bridge in -
pounds i.e. for a pin connected bridge (weight not inol~d

ing cross ties, guard-timbers and rails) 

Therefore W = 600 X 144 + 9 {144) 2 = 86400 + 

9 X 20736. 

Therefore, W = 86400 + 186624 = 273024 lbs. e~ 

qual weight of bridge. 

Therefore weight of truss= 136512 lbs. 

H H 
• " one panel= 136512 + 6= 

22752 lbs= 22.751 Kips. 

Weight of track equals 440 
2 = 220 lbs p:er 

linear foot; therefore for one panel of truss equal 220 X 

24 = 5280 lbs.= 5.28 Kips. 

5.28 = 28.03 Kips. 

Dead Panel Load= 22.75 + 

Seeing that these two different calculations range 

close 30 Kips per panel point, we will take t he Dead Load 

per panel as 30 Kips. 

Now one-third of this goes to upper panel point, 

and two-thirds to lower panel point (Part III. p 306) 



3. -
Dead Load 

Top- 10 Kips. ~ 
Bottom 20 Kips. ) 

Total 30 Kips. 

Dead Load Stresses. - - ----
.E 

a~---=a...-'--i:--'-="'"--'_,,__,_~__.~~--~,_-__.,._..__-,l~ 

Factor 
numbers. 

Stresses. 

~ -=2.S-

To find the factor numbers, load each panel point . 

with one Kip, therefore total load is equal to five Rips. 

Therefore R, = R2 = 5/2 =2.5 Kips. 

Compression is noted by - and tension by+ · 

See diagram for factor numbers. 

(Ref. Art. 27, part I) 

The factor nurnbers*on the web members represent 

their vertical shears due to the panel loads on dia

gram. i. e. l Ki~. 

To find Stresses in upper and lower chards multi

ply factor numbers by panel loads and then by tangent Q. 

S~r~es i~ ~,horde. 

Stress BC equals - 4.0 X 30 X .8391 = - 100.69 

kips. 

Stress CD= - 4.5 X 30 X .8391 = - 113.28 Kips. 

Stress ab= +2.5 X 30 X .8391 = + 62.93 " 

Stress be=+ &tress ab = +62.93 .. 
• 

Stress cd = + 4.0 X .8391 = +100.69 II 

To fi nd stresses in verticals, multiply the total :,anel 

ioad by its factor ~umber and then subtract the upper 

panel load from this. The upper panel load is 10 Kips. 

Stresses in verticals. 
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Stress Bb = (+l .o X a0)- 10 = +20 kips. 

Stress Cc = t_.o. 5 X M>) • 10 = -25 Kips. 

Stress Dd = (0 .O X 30)- 10 = -10 Kips. 

Stresa Di == (+O. 5 X 30 ) - 10 = + 5 Kips~ 

To find stresses in diagonals multiply factor numbers 

by panel 

End Post. 

♦ 

load and then by Sec. e. 
Stresses in diagonals. 

Streas aB = -2.5 X 30 X l.3054 = • 97.91 Ki• s 

Stress Be = +\.5 X 30 X l.3054 = 58. 74 Kips, .• 

Streee Ccl = +o.5 X 30 X l.3054 = +19 .58 Kips. 

Stress De= -0.5 X 30 X 1.3054 = -19.58 Kipsl 
Countera 

Stress Ef = l.5 X 30 X l.3054 = -58.74 " 

Stress Fg = -2.5 X 30 X l.3054 = • 97.91 Kips, 

End Post. 

~esses due to_ Live Load. 

\ 

onals -.. 
Diagonal aB. 

For first panel, i.e. Stress aB try wheel 

4 at b. 

Fro!!l tables l,= 120 +18 = 138 feet length 

of train on bridge. 

• 
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Therefore W = 429+3 X 2.5 = 42.75 Kips, weight 

of train on bridge. ( 

pl = ffi'. W = 

Below pl means P prime. ) 

427·.6 ! wheel ( 3) 6 = 712 
ff ( 4) 

correct ly 
loaded. 

M R-- l 

M = M1 +Vi x+ W X 2 
2 

S = V x See Q 

= 30530 + 420 X 3 + 2.5 X (p)_: 
2 

= 30550 + 1260 +lJ.25 = 31801.25 

R = 
31801.25 

144 " = 220.84 

at left panel point due to panel load. 

V = R - vb= 220.84 - 25 =195.8 

Stress a.B = 19 5. 8 X 195.8 X 1.3054 = - 255.6 Kips, 

Co:npression piece. -

Diagonal Be. 

Try wheel (3) at c . 

From table lt = 24 X 4 + lS = 109 f eet length 

of train. 

piece. 

W = 355 Kips weight of train of bridge.(Engines.) 

For Shear P = 1/m W = ~ = 59.13 ' (2)=37 •5 
6 t (3)=62.5 

wx2 
R equals ! = M, + V, X + -:r-

l 

20-!2,L+ 355 XO+ 0 

144 

= 11.98 

= 142.05 

V = 142.05 - 11.98 = 130.07 =130.1 

= 

Stress Bo= 130.l X l.3054 = +1 69.8 Kips Tension 
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Diagonal Cd. 

Try wheel ( 3 )' at d • 

From table 1-t = 85 feet (Engines only) 

W = 290 Kips. 

290 P = -,r = 48.3 

f wheel (2) = 3?.5lCo~rectly 

( " (3) = 62.5 loaded. 

= 12650 
144 

= 10910 + 290 X 6 
144 

= 287.5 · 24 . = 11.98 

Therefore V = 87.82 - 11.98 = 75.84 

stress Cd= 75.84 X 1.3054 = +98.95 Kips tensi6n 

piece. 

Line Lo,,!¥i Stresses in Verticals. 

vertical Bb 

l = 18 + 24 = 42 feet. -t 

P = 145 

P ,· 145 
·= ~ = 72.5 I Wheel (3) = 

" ( 4) = 

3 p;c..-~:.......,,c..~----.,.., 
-II~ ~ 

62.5 Correctly 

87.5 loa.ded. 

= 2693.75 - 600X2 
24 = 62.24 Kips 

Stress Bb = +62.24 Kips as stress equal to shear in 

verticals. 

Vertical Co 
To get maximum shear 
in verticals load to 
right of section. 
Try wheel (3) at d 
l = 24 X 3 + 13 = 85 ft. -
W = 290 

Therefore p = 290 
er 

(Wheel (2) =37.51 Correctly 
= 48.3 ( " (3) =62.5 loaded. 
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l 

= 10910 + 290 X 6 
144 

R = 87.82 r 0 = ~ = 11.98 

Therefore V = 87.82 - 11.98 = 75.84 

" S r e s Cc= ?5.84 Kips. (In verticai'e the 
vertical s'hear is the aame as the stress.) 

Vertical Di 

Try wheel (2) ate 

From table !t = 24 x 2 +8 = 56 ft.(Engines) 

W = 190 Kips ( Weight of engines.) 

p = l/6 X 190 = 31.7 i•h:el (1) =12. 5) Correctly 
( 2) =37.5) loaded. 

R 
:M = 5790 = - = 40.2 rd= 100 !. 144 - = 4.1 

24 

Therefore V = 40.2 - 4.1 = 36.1 Kips. 

Therefore Stress Di= - 36.l Kips Compression · 

piece. 
' 

k_ive Load Stresses ip URP,er £~~pds. 

(l) Assume some wheel at the center of moment 

of the required chord. 

(2) Find length of train on bridge= l -t 

( 3) " weight of train " " 
l n1 ( 4) 'l'hen :for chord stresses p -~ iii W is that 

condition that must be fulfilled ! number of panels 

from the ,l.iatt. (P1 mea.ne P' i.e. l = prime. ) 

(5) Find reaction at left support. 

( a) find mon1ent 11 about a point · ( about 
right support.) 

M 
(b) R = I 

(6) Find bending moment Mb 
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X 

a. -
(n1 = number of panels and M& = mo?.nent at wheel 

found from table 4la) 

Mb 
(7) Therefore Stress= T where dis depth ot "truss. 

Chord EC 
Take center of moments 

at C • 

Try wheel (7) at o, the 

center of moments. 

!t = 4 x 24 + 37 = 133 feet length of engine~ and 

train. 

Therefore W0 = 40.75 +2.5 x 3 = 415. 

P = ~l W here n1 = 2 m = 6 
m 

p = 2 (wheel (6)~ 128.75) Correctly 
6 x 415 = 138.3 ( " (7)= 145.00) loaded. 

M = M1 + V~ + W X 2 
2 

= 28461.25 + 407.5 X 3 + 2.5 X 9 
2 

= 28461.25 + 1222.5 + 11.25 = 29695 

R 29695 
a in'" = 206.21 

Mc= Rx pnl - M7 

=206.21 X 2.x24 • 2693.75 = 

Stress BC= Ms.= 7204.33 

7204.33 

d 28.6 
Corapression piece. 

Chord CD 

Take center of moments at d. 

Try wheel (ll) at d 

~ .- 251 . 0 Ki:ps 

lt = 24 x 3 + 64 = 136 feet (Engines am train) 

Therefore W = 420 + 2.5 x 1 = 422.5 Kips; n'=3. 

p = 3/6 x422 5 = 2ll 25 (wheel (10) =190) Correctly loaded 
• • ( H ( 11) =215} 

M= 30530 + 420 x l + 2.5 x (1 )2 - 3095.25. - ~ 
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9. - 30951.25 
R = 144 = 214.93 

Md= 214.93 X 3 X 24 • 7310 = 8164.96 

Stress CD= 8164.96 
28.6 = • 285.4 Kips CompreA~ion piece • . 

Live Load,§~J'e:i?es in Lower Chor~~. 

To find stresses due to live load in lower chords ap)lY . 

the srune rule as for upper chords assuming the wheel 

directly under the center of moments. 

Chord be 

Take center of mo1:1ents 

at B 

Try wheel ( 4) at b beltlW 

the center of moments. 

!t = 24 x 5 + 18 = 138 feet (Engines and train) 

W = 420 + 2.5 X 3 = 427.5 Kips 

p = :l W = l/6 x 427,5 =7l,25!wh!el 

M = 30530 + 420 X 3 + 2 •5 X g 
2 

= 31801.25 

R = 31801.25 
1~ 

= 220.84 

Mb= 220.84 (1 x 24) • 600 = 4700.16 

( 3) 
( 4) 

62.5tCorre•tly 
= 87.5)loaded. 

Therefore Stress be -- 4700.16 
?ffl. ~ = + 164.34 Kips 

Tension piece. 

stress in ab= Stress be. 

Therefore Stress ab= +16~.34 

Chord od 

Stress in od is the same as the stress in upper chord 

BC 

Stress cd = +251.9 Kips (Tension piece) 

Impact •• 

I= sf ~S66 .... S is the oori!.puted live load 

stress in the member and ~ is the loaded distance ihfeet 
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that produces the greatest stress in the member. 

Impaot in diagonals. 

- - 255.6 ( 300 ) 
( 138 + 300) = - 173.8 End Post. 

IBO = + 169.8 ~ 300 
+ 30ol 109 = + 124.5 

Icd = + 98.95 ~ 300 
300+ 85 + = + 77.l 

Impact in verticals. 

I ( 300 } Bb = + 62.24 
( 

. ... 54.5 
42 + 300 

Ice -75.84 
( 300 

J 
= 

( 85 + 300 ... 59.l 

IDd 36.1 
( 300 l 30.4 - - ( = -56 + 300 

Impact Upper Chords. 

1BC f 
300 

~ 174:5 - - 251.9 133 + 300 = -

I - ( 300 ! = - 196.3 CD - - 285.4 ( 136 + 300 

Impact in lower chords. 

( 300 ) 
1 ab • Ibo = + 164• 3 ( 138 + 300) 

+174.5 

"'o find wi11d t 1 d l l t l • s reases n upper an ower a eras: 



ll. 

Take w, nd l oad as 30 lb. per square foot. 

Consider all these members as being one 

foot wide. 

Therefore, total length of al l members 

in one tr~sa is 144 + 96 + (8 x 37.34) + (5 x 28.6)= 

681.7 foot. 

681 . 7 x 1 = 681.7 sq. feet. 

681.7 x 30 = 20451.0 lbs.= 10.225 tons. 

Number of panels= 6+ 4 = 10. 

Therefore • anel wind load= 

10.225 ~ 10 = 1~02 tons • 
• 

Stress in top- laterad: 

The top laterals are to be designed f or a f i xed hor-

izontal f orce of 85 lbs. per l inear f oot= l.02 X 2000 • !i FI 

= 85 lbs., and the bottom l ateral ,for a fixed horizoa tal 

force of 440 pounds per linear foot,.addit i onal. 

P~nel dead load for top and bo±tom laterals= 

85 x 24 = 2040 lbs. Panel live load for bottom laterals 

only= 440 x 24 = 10560 l bs. 

Length of diagonals= V 2 f2a.s 

Top Lateral Stresse s, 

Shear in Panels. 

BC = 2040 x l ~l /2 = 3060 let. 

CD = 2040 x l/2 = 1020 2nd. 

Stresses in Diagonals. 

3060 X 37,335 _= 2,2 
17.o 

1020 X 2.2 - • 2244 

= 6732 1st . 

2nd. 

Bottom Lateral Stresses. 

Shear in panels. 

= 37.335 

ab= (2040 X 2-1/2) 
be= (2040 x 1/-1/ 2) 
cd = (2040 x l 2 ) 

+ (10560 X 15/6) = 30582, 
• (10560 X 1061//,66) = 20660. 
+ {10560 X } = 11580. 
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1st. 

2nd. 

3rd. 

Stress in Diag@nals. 

(_37 .335 
30582 X 2.2 - • 67280 KipS ,\17.0 

20660 X 2.2 45452 ff 

11580 X 2.2 25476 " 

Stresses in Port!}. Strllt. (This is one method 
Of WQ~king stresees, see second method in deaign of portal 
'braces.) 

There are 2½ panel loads of wind force applied at 

the top at' portal stru~t = 2040 x 2½ = 5100 pounds. This 

force is assumed to be resisted equally at the foot of aach 

post. It is also assurned that each post tJJ fixed at bottom, 

and that the plane ,4af' contra.flexure is ha.lf-wa.y between 

the foot of posts and the lower extremities of portal 

stru~t. Then, f.or the purpose of figuring the portal 

stresses, the emis of the posts may be considered to lie 

in this plane, as shown in Plate I. 

The horizontal reaction. at the foot <Yf each post = 

5100 x t = 2550 pounds, and the bending moments at the 

knee connection due to theae forces= 2550 x 14.5 = 36975 

These mor.a.ents a.re resisted by forces at the top of post 

acting with lever arms of 8.2 fee.t which forces equal 

36975 7 8.2 = 4509. The force of 4509 pounds on the 

leeward side of portal induces a tensile stress of the 

same amount in this side of the top struct; and on the 

windward side, the :force of 4509, combined with the ap

plied force of 5100 pounds induces a compression stress 

= 4509 + 5100 = + 9609 pounds. 

The horizontal force at the lower end of each knee

brace is equal to the induced force at top o~ post plus 

the horizontal reaction at its foot = 4509 + 25'50 = 7059 

pounds, and stress in the knee-brace is equal to the horizontal 

force at its foot multiplied by its length and divided by 
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one-half the width of portal= 7059 x 1!5 = 10147.3 

pounds. This stress will be tension. on the individual side 

of portal and co1npression on the leeward side. 

Fl oor Stripge.r,I!.!, 

The span of the stringer equals the panel length 

of the truss or 24 ·feet. The Dead Load on one stringer oon

sists of one-half the asewned weight of floor plus the 

weight of stringer. = 440 pounds per linear foot. For the 

maximum live load reaction or end shear, wheel (2) is placed 

over one support with wheels 3, 4, 5 and 6 on the stril18er. 

Moments of these loads are then talcen about the opposite 

support and divided by the span. 

End Shear. 

Dead Load= 440 lbs. x 24 x ½ = 

Live Load 

Impact= 

= E_500 ( 9~!:4:f-19-tM}~ = 

( 68,750)~ 
68750 + 5280 = 

5280 

68750 

63750 
137780 lbs. 

For the specified sheari ng stress of l000Opounds 

per sg .in. by Cooper's Specifications. 

137780 ~ 10000= 13.78 sq. in. Area., required 
• 

· for web :plate. 

A 42 x 3/8 in. web •late= 15.75 sq. in. will 

be used. (Page 305 Cambria..) 

Suppose we try wheels (2), (3), (4) and (5). Section 
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of maximum moment. 

As these loads are same the c. G. is midway 

between (3) and (4). Therefore section of maximum moment 

passes through wheel (3) which under the condition must 

be placed 1.25 feet to left of center of beam. Therefore 

section of maximum moment is 12 - 1.25 = 10. 75 feet froni 

left reaction. Therefore moment a.bout (3) is 1':s =Rx 10.75 

- 2.5 x 5, but Rl = M; therefore R = M 
! 

M = M 5 + V 5 X + WX~ 
2 

= 1037.5 + 172.5 X 3.25 • 12.5 X 26.25 

= 1075.0 

R = 107111..0-w = 44.8 
24 

M:s = 44.8 X 10.75 - 2.5 x 5 = 366.6 Kips feet. 

MB= 356600 lbs. feet. 

Moment 

J:ead Load = l/8 Wl 2 = 440 x (.2.,4)..:_ = 31680 
a 

Live load= 44800 x 10.?5 - (23000 x 5 = 366600 

Impact (366600) 2 
= 337800 

366600 + 31680 Total = 736080 f t. Lbs. 

The effective depth of stringer or distance C to 

center of gravity of Jlanges will be about 3.25 feet 

Flange stress= 736080 ~ 3.25 = 226480 lbs. 

Flange area required= 226480 ~ 1600=14.16 sq.in • 
• 

Then 1/8 of 42"x 3/8 in. web plate= l.96 sq.in.net 

2 angle a 6 ''x 6 "x 1/8 tn,.-=l .22 gr .. 
- 2 In. web holes =12.97 11 " " 

Net area-- 0 --------------=~1~4-:91sq. in. (one 
hole 1 in. diameter in each angle.) 

Intermediate floor beams. 

The effective length of floor beam is aseumedto 

be equal to the distance center to center of trusses= 16 

feet. The stringer concentrations 6.6 feet apart and 4.75 

feet fronL center of trusses. The weight of floor beam is 



15 • . 

assumed to be 3000 lbs., which is a distributed load. The 

Dead Load concentrations f'rorn stringers= 440 x 24 = 10660 

pounds. The Live Load concentrations from stringers.which 

are equai to the maximum panel. Concentration at bis f'aund 

by the following method: 

Panel length = 24 feet. Placing wheel 

(5) at b the load pl in the pan.el ab varies from 87.5 

to 112.5 kip■ and 2P1 from 175 to 225 Ki~•• The total 1 ad 

Pon both i,anels varies from 161.25 to 17?.5, thus satisfy

ing the criterion p = 2P1 

Rb = (4370 • 2 x 103?.5)/24 = 95620 

End lhear 

Dead Load= (3000 x t) + 10560 = 12060 

Liive Load = 

Impact = ( 95620 )_:__ 
95620 + 12060 

Area required in web plate= 192780 

sq.in. We will uee this. 

Moment. 

95620 

= 85100 
___ ,.... __ 

192?80 lbs. 

+ 10000= 19 .28 

Dead Load 3000 X 16 
8 

+ 10560 X 4.75 = 56160 

Live Load= 

Impact 

95620 X 4.75 

(454000) 2 

= 454000 

454000 + 56160 
= 403000 

913160 lbs. 

Assuming an effectiTe depth of 53 in. or 4.25 feet 

and using the specified unit ~tress. 

Flange stress = 91360 .:. 4 .25 = 214800 lbs .• 
• 

Flange area required= 214800-:- 16000 = 13.43 sq. in.. 
Then l/8 of 54 in.x 3/8 i n.web plate= 2.53 sq.in.n•t. 
2 angles 5 in. x 4 in. = 7.5 sq.in.gr.= 6.60 ff ff " 

l plate 13 in. x 3/8 in. = 4.8,1__ 

Net area,---•• e--= 14.00 sq. in. 

2 holes 1 in. in diameter in each angle ie accounted 

for in the angles. 
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End Floorbeams. -
The effective length and location of st~i~er non

centration are the same as for intermediate floorbeams. 

The weight of floorbeams = 3000 lbs. 

Dead Load concentrations from stringers= 440 x 12 

= 5280 pounds. 

Live Load concentration from stringers as dete•ined 

in conne ction with stringer= the maximum panel concentra

tion at a is found by the following method: Panel length 

= 24 feet. Placing wheel (4) at a. 

Ra = 2050 .-

End Shear 

2 X 100 
~4 -

= 77080 

Dead Load= (3000 x ½) + 5280 = 6780 

Live Load= 77080 

Impact = ( 77080) 2 . 
77080 + 6780 = 70850 

154710 

Area required in web plates= 154710 + 10000= 15.,? 

sq. in. 

we will use this 

Moro.ent 

Dead Load 

Live Load 

Impact 

= 3000 X 16 + 5280 
8 

= 77080 X ,.?e 

= .(366100) 2 

366100 + 31080 

X 4.75 = 31080 

= 366100 

= 337800 
734980 

Assuming an effective depth of floorbeams = 4.33 

feet. Flange stress= 734980 ~ 4.33 = 169500 pounds • • 

Flange area = 169500 ~ 16000 = 10.05 sq.in • 
• 

Then 
l/8 of 54 in. x 3/8 in web plate = 2.53 sq.in. 

2 anglee 3½ in. x 3½- ,n. = 4.22 
sq. in. gr. = 3.42 " " 
1 Jlate 13 in. x 3/8 in. = 4.8'7 

Net 10.82 •q.in. 

(l hole •ne in. in diameter in each angle.) 
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The connection. angles for stringers or floor 

beams shall have no leg less than 3½ inches or be of less 

thickness than½ inch. (See blue prints for angles used. ) 

Design~ Members. 

In designing compression verticals you want 

the lightest channels .~ossible with the greatest stiff

ness possible, and alao ttie web cannot be lees than 3/8 

in. or .38 inch thick. 

The least width of posts from Cooper's Specifica

tions 1s 10 inches. 

The vertical suspender Bb is designed to take 

tension as it receives stress only from loads on first 

two panels, and also designed to take compression as it 

receives impact more directly, and this design reduces 

the excessive vibration. Therefore its composition will 

be nade on order of other verticals. 

For tension allow one hole in each flange and 

two holes in web of channel. In suspender 4 holes in angles 

and 4 in webs will be required. 

Required web section area 

= 136740 
15000 

= 9.2 sq. in. approx. 

2 channels 12"; 25 lb. = 14.70 sq. in. t = .39 

4 holes in web 4 x .39 x 7/8 = l.3~ 

4 ff 1.96 -in flange 4 x .50 x ,7/8 = 
3.12 

Therefore a web sectional area= 14.70 - 3.12 = 11.58 

sq. in., which is greater than 9.2 sq. in., but wii~ use 

this combination as the channels may be weakened some where 

floor beam is ri~eted to it. 
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Neglecting the wind stresses, which are relatively 

small, in accordance with the specified unit stresses, the 

total stress to be considered is 159940 pounds. A trial shows 

that 15 in. channels are required, (from Cambria pp.256-257' 

16 in channel 40 lb. r = 5.44 t = .52 gross 

area= 23.52 sq. in. 

:t -r = 28.6 
5.44 

= 5.25 

Ultimate strength in lbs. per sq. in. from 

Cambria pp. 202-203 

L = 5.25 r = 40967 

Therefore to obtain safe unit stress for 

moving loads as in bridges, divide 40967 by 5 = 8193.4 

159940 
8193.4 

= 19.52 sq. in= net area.required. 

Area of two 7/8 inch holes in web= 2 x 7/8 x .52 = .91 

sq. in. 

Area o·f 4 flange rivet holes = 4 x 7/8 x • 65 

= 2.28 sq. in. Total area to be deducted for xxxx holes 

is .91 + 2.28 = 3.19 aq. in. 

Gross area of channels= 23.52 

Net ff H H = 23.52 - 3.19 = 20.33 

Net area required is 19.52. There is an excess of 

0.81 aq. in., therefore we will use this combinattion. 

N~ turning the backs out and spacing the channels, 

Bo as to have the same strength both wiwe. The moment of 

inertia ~ust be the same about both axes. Using tables on 

pp. 227, Cambria, we have E = 12.3 in. 

The to t al stress ia 76500 lbs. Trying a 10 in. 

2 5 lb • t = •. 53 r = 3. 52 = 28.6 
3.52 

= 8.1 

The ultimate strength from table in Cambria 

= 32790 and the safe unit stress= 32790 
5 

= 6558 

76500 
6558 

= ll,7 net area required to stand this stresn. 
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De 

Now 2( 10 in: 25 lbs.) beams have section area 

= 7.35 x 2 = 14.7 sq. in . .D!ducting area of 4 un!-t holes 

as this is as many as can come in one section= ~- 62+24 ii24~ 
• ~ 2 ) 

x 7/8 x 4 = l.~2 sq. in. , also one rivet for each web= 

.53 X 7/8 X 2 = .94 

Now 14.7 • ( 1.52 + .94) = 12.24 sq. in. web 

area left. 

12.24 - 11.7 = 0.54 sq. in., wh.ich is an excess. 

We will use this. E = 12.3 as E has to be the same forall 

verticals in qrder to make the floor beams the same length. 

Design of Diagonalf!.:. 

Since the maximum stress in Be is a tension of 

353040 pounds, it may be composed. of one or more pairs 

of eye bars. For a unit tensile stress of 15000 pounds 

per sq. unit, the sectional area must be 353040 / 15000 

= 23.53 sq. inches. Two eye bars 8" x l½" provides an 

area of 24 sq. in. The thickness of eye-bars ranges 

in practice from one-fourth to one-seventh of their depth 

or wid~h. These bars come in the limite of these. 

Sinaethe maximum stress in Cd ia tension of 

195630 lbs., it may be composed of one~~ more eye-bars. 

for a unit tens ile strength of 15000 pounds per sq. in., 

the sectional area must be 195630/1500 = 13.04 sq. in. 

= required net area. 

Take two eye-bare ? " x l "= 14 sq. in., therefore 

will be used. See page 339, Cambria Head of 15½ inche~ . 

with 5¼ in. pin hole. 

Counter. 

The area of counters shall be determined by taking 
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the differences in areas due to the live load and dead 

load strains considered separately; the counters in any 

one panel must have a combined sectional area of at least 

three square inches. or else must be capable of carrying 

all the counter live loads in that panel. 

Live Load Stress = 47040 pounds. 

Impact 

Total Stress in De 

= 39510 

= 86550 

" 

86550 
15000 

= 5.77 sq. in., net area required. 

Take one eye-bar 6" x 1 • = 6 sq. in. 

Bead= 15-t in. pin hole = 5½ inches. We will use 

this eye-bar. 

Desisn .9J: 1tower _ ehords. 

The stresses which govern the design of ab and 

be are the same and hence a single member may be extended 

from a ;o c. The required net area= 339770/l5000=22.65sq. 

~n., aince the stress in ab= 339770 lbs. Let ac be composed 

of two built channels. ~Since the eye-bar heads of the 

8 inch eye-bars that will be used for cd are 17 inch deep 

according to the handbook, let the web plates be made 18 

inches d eep so as to .avoid cutting the angles in order 

to pasa · the eye-bar head at c. Selecting two web plates 

18" x ½" = 18 sq.1n. 4 angles 3" x 3" x 3/8" = 8.44 sq.in. 

Total area gross= 18 + 8.44 = 26.44 sq. in. The 

rivets in the end •in plates can be so arranged as not •o 

deduct more than three rivet holes in each web plate, add 

one in each angle, giving a web area of 23.6"1. sq. in. 

If the wind stress be neglected, the required net 

area for the lower chord member cd is 527090/15000= 35.14 

sq. in., required web area, where 52?090 lbs., is the stress 
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in ed. 

Take four eye-bars 8" x 1-1/8" = 36 sq. in. 

therefore we will use these. 

The s~cification.s also require that if the unit 

stress due to the weight of a member is greater than 10% of the 

safe value allowed/ the sectional area must be increased. io 

test this, use the formula.found in Mechanics of Mate rials, 
Mc 

Art. 103, that; S. = nPl~ 
I+W--

weight 
= wl. 
lbs. 

lb 
Where P = 169885 lbs. l = 288 in. E = 29000000 Tn2 

M 
Medium steel 'ii = 96. Vol. of bar= 

8/12 x 1.125/12 x (24 + 3) = 2.25 cu. ft. Therefore, 
of bar is 2.25 x490 pounds per cu. ft.= 1102.5 lbs. 

M = l/8 wl2 = 178 X 1122.5 X 24 X 12 = 39690 ft. 3 
c = 4 in. I = 1/12 bd = 1/12 x 9/8 x a3 = 64 in. 

s = 
39690 X 4 

1 x 1~§aa5 x 2!e2 
04 + 9.6 X 29000000 

15000 

= 1581760 = 131'7 
64 + 50.6 

1/10 er cent of i = 1500; therefore 1387 comes 

within this limit, and the section area will not have to 

be increased. The same result is ·obtained for any thia.kness 

of bar, hence this determination is all that will be required 

for all bars of the same depth. 

Upper Oho~ds ~!.iS~• 

Since the specified unit stress involvee the radise 

of gyration, an ap~~oximate value must be assumed. A conveni

ent rule makes the radius of gyration about a horizontal 

axle equal to 4/10 of the depth out to out. This depth is 
. l 

estimated to be 19.44 inches making r = 7.78 in. r = 37.02 
15000 

p = f X (l_) 2 
l + l3500 (r) 

square inch, and the required sectional area ia 627090/13550 

= 13550 pounds.per 

= 38.80 sq. in., where 527090 lbs. is stress in BC. 
The composition of the section is as follows: 

l COTer plate 26" x ¼8" = 9.?5 sq. in. 
4 angles 3" x 3" x 3 S" = 8.44 " H 

2 web plates 18 n x 3/8" = 13.50 H " 
2 flats, 4" X l" = 8.00 ,., .. 

Total 39.69 H H 

In riveting these together, we ~ill use the minimum 
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spacing of rivets for two feet on each side of joint increas

ing spacing toward the middle, bu~ never make the spacing 

greater than six inches. 

To find an appoximate valu.e for the radius of 
' 

gyration about a horizontal axis. Take 4/10 of depth out 

to out of section. Estimated depth= 18" + 7/16" • l in. 

= 19.44 in. 
L 

Then r = 

Therefore r = 4/10 of 19.44 in.= 7.78 in. 
(24 X 12J.' = 37.02 7.?8 

15000 = 15000 
p = l 

l + -1-35"""'0"""'0-

= 13550 unit stress to be used in this piece. 

Total stress in CD= 594980 lbs. 
594980 

Therefore, section area = 13560 

Net area required. 

= 43.91 oq.in., 

Width of cover plate= 18.5" + 6" + 1" = 25.5", there-

fore will use cover plate= 26 inches. 

Composition of section. 

l cover plate 26" x 3/8" . = 9.75 sq._ in. 

4 angles 3" x 3" x 3/8" = 8.44 " " 
2 web plates l8"xttt =18.00 " 

., 

2 flats 4" X l" = a.oo ff " 
To al 44.19 " " 

This composition is required in order to receive the 

verticals and the heads of the eye-bars. 
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Design .2!, ~ Posts. 

The maximuui direct compression in the end post 

aB is 52?310 lbs. Its length is 37.335 feet= 

448.02 in. Using the value obtained for BC of r = 

7.78 L = 448.02 = 57.5 r ,.,,s 
Jt = 15000 

l 
l +l3tffio 

15000 
= ( 5,f. 5) 2 

l + 13500 

= 15000 
l.245 

= 

12500 pounds per sq. inch, and the approximate sectional 

area is 527310 
i2Soo 

= 42.18 sq. in. 

Therefore, the :following composition will be used. 

l cover plate 26" x 3/8" = 9.75 sq. in. 

4 angles 3" x 3" x 3/8" = 8.44 " " 
2 web plates 18" x ½" =18.00 " " 
2 flats 4tt X 1 tt = 8.00 " " 

Total - " " 44.19 -
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Pin Plates. 

Specification rivets shall not be counter sunk 

in~ plates less than seven-eixteenths of an inchm 

thickness. We will use pressure on bearing surface as \S500 

lbs. per sq. in. (Combined dead and live load.) 

Shearing strain on. rivets shall n~t exceed 9000 

per.. sq. in., therefore, will use 7500 pounds per sq.in. 

Pin plates shall be used at all pin ~olea in 

built members, for the double purpose of reinforcing the 

metal cut away, and redu0it1g the unit pressure on pin and 

bearing) to or below the specified limit. 

Each plate shall distribute properly, through 

the riTetn, its pressure to the web and flanges ot each 

member. 

In riveted tension numb4tra the net section 

through any pin hole shall have a net sectional area 40 % 
in excess of net section of body of member. 

The net section outside pin hole and along 

the line of stress shall be at least 70% of net section 

through the pin hole. 

Design of pin plate~ .. _for ell members at the 

Panel Point C. 

At the upper panel point for Post Cc, the 

maximum bearing value on the pin is the full working 

strength of post, which is 160,000 pounds. hen (from 

page 323 Cambria) the bearing value of !:.,.l. in.~late on 

a 5.5 in pin ia 74250 lbs. 

Therefore 160000 + 74250 = 2.15 inches, the 

required thickness of pin plate and webs for poat. 

Therefore½ of 2.15 = 1.075 web= .52 in. 

thick. Therefore, l.o75 - .52 = .65 in. of •in plates 

required for each ~ 1o:f' post. The minimum plates allowed 
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Pin 
Plates 

C 

are 7/16" outside for counter sunk rivets, and 3/8" on 

inside, whioh 1s greater than .55" but will be used. 

Bearing value for .5. 5 "pin l " pl ate = 67 500 l be., 

therefore for .813" plate = 548?8 lbs., bearing value of · 

a 7/8" rivet in web ie .875 x .52 x 13500 = 6142 lbs. 

Therefore, 54878 = 8.9 rivets or 9 nitets. 
614-~ 

Use minimum spacing in pin plates. Two addition. 

al riTets are placed above the pin t Ol keep the plates in 

contact. Pitch should not be less than three diameters tff 

rivet 7/8" x 3 = 2.6 in. say 3 in. is pitch to be used. 

Pin bearing at point C in upper chord is to be 

designed to take the horizontal component of the full ten

sile strength of the diagonal Cd or 195630 x Sin 40° = 

125751. Therefore thickness required for 5½ in. pin 

is 125751 = l.70 in • 
. 74250 

Now thickness of plates is 

t of 1.7 = .8fu in. = linear beari ng on each side. As the 
thiok,we will use -.\- •• 

web plate is ½ "C .!.. ate on outs d e of web. 

Bearing value of l in. plate of 5.5 in. pl•te 

is 74250; therefofe, ½in.plate the bearing value in 

37120 lbs., \"lhich is pin plates share of bearing, and 

this must be transferred to web plate. Bea.ring value of 

7/8" rivet in web ie 

.875 x t x 13500 = 5900 lbs. , whi.ch 

is greater than single shear 4510 for 7/8" riTet. (Unit 

shear 7.500 lb. sq.in. Cambria, pp.272) 

Therefore, 37120 + 4510 =-.: 8+ rivets. 

Therefore, 37120 = 6.3 rivets. It 
5900 

wi ll take seven rivets. Most of' them must be placed on .. 

the right hand side, but wi l l make other side symmetrical 

f or i&ppearance sake. Use minimum spacing in pin platesabout 

3 inches. Th head of the eye.ba.r8 at this joint are the 



Hip 
Joint 

B 

CHORD BC 
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same thickness as body of bar, and 15.5 in. in diameter. 

DESIGI'i OF HIP., JO;l:ti!". 

At the hip joint B, the center stress in the upper 

chord ZDember BC, and that in the end poet aE are traneferred 

to the pin; all the plateA and ehapes, except the hinge 

or la~ plates being faced parallel to the bisecting plane of 

the angle and about l/8 inch frorn it. The hinge plate a of 

each member consiat of two plates, located on the inside 

in one caee, and on the outside in the other, and extend 

past the pin. Their purpose is to prevent any accidental 

blow from displacing these members, and to :facilitate the 

erection of the truss. The combined pin plates on both 

members must be arranged with respect to each other, ~o 

as to provide a clearance of at leaAt 1/8 inch between them. 

For thia joint, we will use the limit of a beating 

•alue ot 15000 lbs. The full strength of upper chord is 
~ 39.69 x 13550 = B37800 lb/in. Full strength required in 

upper chord ia 527100 lbs., the mean is 532500 lbs. There

fore the thickness of pin plates and web combin~d for a 

5½ff pin is by Cambria pp. 323, for l" thickneee we findin 

table 82500, therefore 

therefore 

532500 = &.45 in. 
82500 

thickness required on each 

3.22 in. 
EIVJJ POST, 

~ 

~~ 
' ' 

~ 
~ 
~ ' '-

' ~~ 
~ 

1---............. -1-- ...... _ ------... 

Ch ordJ;W, 
3/8" + 3/8" + 3/8" + 7/8" + 7/8" + 3/8 = 26 = 3.25" ,a 
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Chord BC the bearing of plates is as follOWl!I! 

( l) 5.5 X 15000 = 30900 lbs. 

(2) = 30900 " 
( 3) = 72150 " 
( 4) = 72150 " 
( 5) :f i ller = 30900 " 

web = 30900 .. 
Total ....... ... ~!,~oo .. 

Directly from pin bearing web takes 30900 lbs., 

but web will take 89500 lbs, 

Therefore 89500 - 30900 = 58600 lbs., more stress 

than it gets directly from bearing. 

Considering only one side of the members, the divi•ion 

of stree~es ie ae follow~: 

Gross area. stresses. 

t of 3/8" cover plate 4.87 sq. in. 

l upper angle 2.ll " " 
6.98 " " 93800 lbs. 

i web plate 6.?5 ff " 89500 ff 

l lower angle 2.11 ff " 
t flat 4.00 ff H 

6.ll If H 82500 " 
Total 19.84 265800 " 

3/8" filler is not directly connected to angles,and 

it will take 5.5" x 3/8" x 15000 = 30900 lbs., which , . 

transferred to web. Therefore, 58600 - 30900 = 1?700 lbs., 

the web will stand yet, and this will be transferred through 

the extra rivet~ in webe from other ~latee, which are al-
of riTets 

ways more than the numberLhere required to transmit t.his 

amount to web. 

Bearing value of' 7/8" rivet in 3/8" web is 7/8" 

x 3/8" x 13500 = 4350 lbs., which is less than the shear 
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Plate (2) 

Plate ( 3) 
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for a 7/8" (4.510) rivet. so will use thi•. 

Bearing value= 4350 lbs. 

Therefore 30900 = '7.l or 8 rivets, or 4 in s~ter 
4350 

an.gle ae 1 ts strees must be diirided about equally betvreen 

angles. 

30900 
4350 

= 7.1 ~r 6 rivets, as web takes one 

rivet from each plate or say 3 rivets to angle beyond ex-

tremity of plate (1) to make symmetrical. 

plate 2. 

72150 = 16.6 or 17 rivets used, beyond end of 
4350 

Plate ( 4) 72160 . = 16. 6, the_re:fore, will use 14 exti-a 
4350 

rivets for symmetry beyond extremity of plate (3) 

Plate (5) Number of rivets required to carry stresses f~om 

the filler plate to web is 30900 = 8 rivets, but many 
4350 

more than this number must be inserted to keep the plates 

in contact, end give necessary stiffness in compression. 

One rivet from plate (2) and three from plate (4) through 

the web will transmit 4 x 4350 = 17400 lba., to the web, 

which is about what the web was able to take (17700),be

sides the filler. 

Em Po.st, Joint B. 

Fulll strength of end post is 44.19 x 12500 = 552400 

lbs. Full strength required in end post ia 527400 lbs.,aay 

540000 (i.e., a mean between the two) and will use this. 

Therefore, 540000 
82500 -

each web= 3.2? in. 

= 6.64 in. Therefore, for 

3/8" + 3/8"+ ½" + 3/ 8" + 7/8" + 6/8" = £.2. =3.25 in. 
8 

Distance out to out of web of end post is 19•; 

therefore, 19" -(2 webs½"+ 4 plates 3/8") = 19"-2.5 = 

16. 5 ". Distance out to out of diagonals BC is l6.4r; 

therefore the diagonals will fit between these pin plates. 

Considering only one side of the member, the di

vision of stresses is as follows: 
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29. - Gr.oss area Stresses. 

½ of 3/8" cover plate 4.8? sq.in. 

l upper angle 2.11 ff " 
6.98 84500 

1 web plate 9.00 sq.in.111500 

l l ower angle 2.11 

l flat 4.00 
6.11 74000 

Total 22.09 2?00000 

Stress in half' end post is 270000 lbs. 

Directly from pin bearing,web plate gets 41250 

lbs., therefore web takes 111500 - 41250 = 69250 lbz. more 

stress than it gets directly from beari and f iller, w1ll 

also transfer 30900 to web bearing 69250 - 30900 = 

38350 lbe., that the web will etill etand, and which will 

be transferred by the extra rivets in plates through the 

web. 

The bearing of plates are as follows: 

( l) = 5. 5" X 3/8" X 15000 ::: 30900 lbs. 

(2) = 5.5 + 3/4 X 15000 = 61800 " 
( 3) = = 30900 ff 

( 4) = 5.5 X 7/8" X 1500 = 72150 .. 
( 5) = filler = 30900 r.'! 

web 5.5 X 't X 1500 = 41250 " 

Bearing value of 7/8" rivet in ½" web is ?/8" x ½" x 15500, 

= 5900 lbs. 

The shearing value of a 7/8" rivet is 4510 using unit shear

ing stress as 7500 lbs. per sq. in. 

Therefore, when the pin plates a.re thicker than ·· the 

web, we will have to use this shearing stress, as it is less 

than bearing Talue in ½" plate, but when the pin plates are 

thinner than the web, we will have to use the bearingvalue 

of 7/8" web in ~late under consideration. 

As this is a 3/8" lflate, and is thinner than the 
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web, we will use bearing value of rivet for thio thickness 

ot plate. This is 7/8" x 3/8" x 13500 = 4350 lbs. 

Therefore, 30900 = 7.1; therefore 8 rivets 
4350 

will be placed, four of these being placed in shorter angle 

as stress must be equally divided between the angles. 

These rivets will also take 4510 (shearing 

value of 7/8" rivet) - 4350 (bearing value in the 3/8 plate) 

· or 160 lbs. per rivet from another plate, say plate (2); 

therefore, the total bearing value remaining in these 8 

rivets is 8 x 160 = 1280 lbe • 

This plate is thicker than web, therefore, 

will use shearing valw, for rivet•• 

Then plate (2) will 

require 61800 • 1280 = ia.4 use 14 rivets. 
4510 

"!lill use 8 ri ~eta through the anglee beyon.d end a1f 

plate (l), and the other 6 through the web. 

Now the web will still stand a little more, i.e., 

38350 - (6 x 4610) or 11290 lbs. 

Plate ( 3) This plate is name as plate onf, and will re

quire 7.1 rivets. Will use six of them in the angles beyond 

end of plate (2), and one in the web, which leaves 11290 

Plate( 4) 

• 4350 or 6940 lbs. of exces3 strength in web. 

These rivets will also take 1280 lbs., pressure 

from another plate, say plate (4) (See calculation for 

:plate (l)-) 

This plate is thicker than web, therefore, 

will have to use shearing value for rivets. 

Then plate (4) will require 

72150 - 1280 = i5 rivete. 
4510·· 

Will use ten of these rivets in angles beyond 

end of plate (3) and the web will take ( 11290) or about 
( 4510) 

three of them while the other two can be located at the 
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end of post through the :iarger angle. 

Number of rivets required to carry stress from 

filler plates to web are 8, but many more than this 

number will be used to keep all the pi11 plates i11 coritut 

with themselv.es, and with the web1 also there. must be e

nough used to give the . necessary stitfness in compression. 

At. joint B, the connection for the diagonal 

~c is two eye bars whose body i s~ in. x l½ in. The hem!ls 

Eye Bars . on the8e bars are the name thickness as the body of the 

bar, anci of 1.7 inches in diameter. ( S~e Cambria. pp. 339. ) 

... ouepen-
der Bb, The net seation area of suspender Bb is 14.7 
Pin 
Plates. sq. in. , i . e., (2 channels, 12 in. 25. lb, t = 89 in.) 

Since this is a tension member, its net 

se<ttional area at the pin hole must be 40% in excess ot · 

the net area in its main body. The area of each side 

is, therefore, 14.7 x 1.40 
- 2 . 

= 10.29 sq. in. 

Using a pi11 plate 12" x 71/16" on outside, 

and 9-l/2" x 3/ 4" on inside. Net area of these pin plates 

is 2.62 sq. in. and 2.62 sq. in. Web area of ohannel pin 

hole ia 7.35 - (39 x 5.5) = 5.20 sq. in., therefore 

5.2 + 2.62 + 2.62 = 10.44 sq. in., therefore, 

tensi le strength in web • 5.2 of 136800 = 34000 lbs. 
10. 44( 2 

in 7/16 11 plate x 12" = 17200 " 
" 3/ 4" " X 9½" = 17200 " 

Total -----------------= 58400 " 
Bearing value of rivet in web of channel is J/8" 

x .39 x 13500 = 4607 lbs., which is less tha11 single she.a.ring 

value of riTet. 

Therefore, 3/4" plate will require 17200 = 
4607 

3.7 or four riveh to transfer stress to web of channel 

likewise (7/16" x 12") plate will require 17200 = 3.7 
4607 
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or four riwets; therefore, will make both plates same 

length, and put 8 rivets thr ough them, which will trans

mit the stress to the channel, also there will be a few 

extra put in beyond pin to hold plates and web in contact. 

Web eection through pin is 10.44 sq. in. Web 

section outside of ~in along center line of stress shall 

be 70% of this, 

Therefore, 10.44 x .7 = 7r.3 sq. in. AB the 

thiok11ess of :.1ates and webs are ( 7/16 •+ 3/ 4" + • 39 ") = 

l • 5 7 • we have, 

7.3;. 1.57 or 4. 65 in. as length beyond the 

p~n hole; 

Therefore, 4.65 + 5.5 = 7.4, or use 7.5 in. 
2 

froin center of ~in hole to end of slis:pender. 

Now since allowance was made for two rivet 

holes in flanges, and also two in web of each channel, only 

two rivets will be placed in any one section of pin plates 

after going between the tie plates '.' Shown in the detail 
,) 

drawing. 

(a) End post at panel point (a), is the same 
Pin 
Platesas at panel point large~. but must also take the reaction, 
of aB,. 

or the additional vertical load transferred by the end 

floor beam (See details on blue print) 

The vertical load due to end floor beam is 

126.720 lbs. 

PP• 323) 

(Unit bearing value 15000 lb 

in2 
Cambria, 

From table we have bearing value of 1• plate on 

5.5 in pin= 82500, therefore 126720 = 1.54 in additional. 
82500 

thickness of of pin plates to be added to those of upper 

end of End post l.54 divided by 2 = .77 in. or about 3/4" 

plate to be connected to each web. 

Let these plates extend down ta the pin, then 
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they would not necessarily need to be riveted to the 

end post, but it is a better plan to fasten them and abost 

126720 or fourt~en additional rivets will be used. The 
4510d 
other pin plates a·t this joint are arranged a little dif-

ferent from those at upper end of post, and also the 

flanges of the angles turned off in order to let end 

~ost in between the bottom chords. 

New arrangeinent of in plates. 

~ ' 

. ?J-
~ ~, 

-----_ ......_-~--.&..-- ---1 ~~ ~ 

_23p# om ~/£//✓ ~ st; 

Plate (l) will require sixteen rivets; plates 

(2), (3) and (4), about fourteen rivets each; about 48 of 

these rivets will be put through the angles, and the 

rest through the web. (See blue print for detail) 

The floor beatn will have to be fastened to 

these extra pin plates extending up from end post and will 

require 126720 
4510 

or 28 rivets in single shear. (See 

blue print for connection.) 

Pin plates at (a) for lower chord. are plaved 

on outside Oi - web in order to let the end post extend 

down between the channels. 

339770lbs., therefore 339770 
82500 .. 

Stress in this chord is 

= 4" nearly- required thick-

ness of plates. 4 divided by 2 =2 in for each half of 

member. 2" .. ~ ,~(web) + 3/8" (filleril = 1-1/8"; 

Therefore will use one 5/e" and one ½" pin plate 

both on outside of web; the ½" plate takes 41250 lbs.• of 

stress, and the 5/8" plate takes 5155 lbs. of stress from 

the pin. 

Therefore,½ in. pin plate requires 41250 or 
4510 
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Joint 
b 

Joint 
0 

ten rivetl!J, while the 5/8" plate requires 51250 , or 
4570 

twelve rivets. 

There would also be a pedestal at this 

joint, but have not designed it. 

This end o:r suspender Eb would have the 

same design as at end B. (For this eee joint B). 

The lower chord is continuous at this point, 

and would be reinforced to the mnount cut away by a 5.5 * 
in. pin. Use plate½ in. thick. (SA the blue print for 

details.) 

The end (c) or the lower ohord bo, would be 

designed exactly the same ae the end at panel oint (a) 

( See point a) 

There are four eye bars ·cQnneoted to this joint 

representing the lower chord ed. The body of these bar• 

is 8" x l-1/8", therefore, the heads ot the bars are 1-1/e" 

thiok, and 17" in diameter. (Cambria, pp. 339) See blue 

print for arrangement) 

There are two eye bare connected here _from the 

diagonal Bo; the lads of these are l·t" thibk by 17" in di

ameter. 

Pin The maximwn pin bearing at the bottom of the 
Plates 
Verti- post Cc equals tlble maximum vertical shear in the diagonal 
cal Cc 
at c Be, and according to the rule, the value tm be used in design-

ing the pin plates of the post is the vertical oamponent 

o:f the ful·l working strength of :Be, which is 24 x 15000/1.--.. 

;3054 = 275700 pounds, the sectional area of Bo being 24 11,q. 

inches, and l.3054 the secant of the angle which it makes 

with the vertical. As the diameter of the pin is 5. 5 in

ches, tb.e bearing required on each side of post is 

275700/2 x 5.5 x 13500 = l.225 inches. The thiokness of the 
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channel web is • 52 inches, and hence two pin plates al'e· 

required whose thickness are respectively 7/15" and 3/8" 

If both plates be extended the same distance above the 

pin the numbe~ of rivets required to connect them will 

be determined entirely by their bearing value in the 

channel web, or .875 x .52 x 13500 = 6141 pounds for 

eaah rivet. This 1s less than for double shear of riTet, 

therefore will be used. 

Then the full bearing in the 

two plates is (7/16 + 3/8 = .813) ; o.a1 x 5.5 x 13500 = 

54810 pounds. 

T-erefore, the required number of rivets 

is then 54.810 divided by 6.1.42 = 9 nearly, therefore 

will use ten rivets for this plate. 
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Pa.l'lel Point The maxi1num pin bearing at bottom of post 
d 
Pin plates Dd equal a the maxi1num vertical shear in diagonal Cd; the 
at d on ver-
tical Di. vale to be tad is the vertical componen~ of the full wo~k-

Pan~.l 
Point D 

ing strength o! Cd, which ia: 

14 X 15000 
sec 40° 

= 14 X 15000 
1. 3054 .•. 

:Sy use of Cambria, we find 

= 160000 

159000 = 2.1 in. of thickness, which is· 
42500 

a little less than that used at ~anel point C; therefore, 

we will have to use the mimimur1 thickness of pin plates, 

1. e. 7/16" on outside, with counter sunk rivet heads 

and a 3/8" in. plate on inside of web; from calculation 

at · ( C), we find that it takes 9 rivet.a tor these plates. 

Next. we have 8 eye bars coming into this 

joint from the two lower chords od and de. These bars 

have a body of 8" x 1-1/8", therefore, thickness of 

heads or each of these eye bars is l•l/8", while diameter 

of head is 17" (Cambria, pp.339) Likewise we have 4 

eye bars coming into this sa.m.e joint from. the two diagonals 

Cd and dE. These bars have a body of 7" x l" 

Therefore , 

thickness of head is l" and diaoeter of head is 15½" ( Cam

bria.) 

At this upper panel point the maximum bearing 

value on the pin is the full working strength of post which 

is 12.24 x 6558 = 78700 lbs., this is smaller than ~e 

stress whi~~ gives the minimum sized plates, therefore will 

use same pin plates as at bottom of this post, a 7/16" 

outside a...~d 3/8" inside. 

The pin bearing at Din upper chord is designed 

to take the horizontal component of the full tensile strength 

of' De, or 86550 
1.30544 

= 66200 
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A stress of 66200 lbs. does no t requi re quite an 

inch thickness of plates. Here the two webs of the upper 

chord are= l", . ahd therefore no pin plate is needed on 

account of pin bearing , but the upper chord needs to be 

reinf orced to the a..-,iount of web cut away by a 5.5 in. pin; 

therefore wi l l use a plate ½ i n. th i ck , and about 12 in. 

wide, which wi ll increase the web Dy that cut away. The 

compressive stress in this plate would be about 5.6 x 

13500 x ½ or 3?125 lbs., therefore use 37125 = 8 +, 
4510 

i.e., use 8 ri ve t s om each side of the pin hole. Note-

(if pin fit closely there woul d be no need of reinforcing 

as it would make up for the part cut away in the compres

sion piece ) . 

There are also extending to -this panel 

pojnt two counter bars, whose body is 6" x l" , ( the stress 

in them being 86550 lbs.) therefore, the head or these 

bars is l" thick and 15-r" in diameter. (Cambri a) 

Portal bracie,s. 

From previous calculations the panel wind 

load at top chord is 1.02 tons or 2040 lbs., therefore, 

the reaction from the wind load at the end of panel is 

2040 X 4 
2 

= 4080 lbs •• which represent&;W on portal. 

Diagram

w ~~~------i,fr"-----,ia---.-...--~ w 
Therefore w = w1 = 4080 lbs . 

" 

H = W = 4080 " 

Take mom nts about 

i' to get R 

(w+w1 ) 18.6 -RX 16=0 

" R = 8160 x 18.6 
16 

= 9500 lbs. 

" = 9500 
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Since the moment is O in the middle section 

through M of BB1 , there is no stress in s1 s, and hence 

there can be no stress in B1S or BS. The object of insett

ing these pieces is to hold the diagonal in line and to 

improve the appearance. Same sections will be used for 

these as for the diagonals. 

Now paasing a section cutting the members B1 

l and nm, and tak i ng moments about B1 , we have for stress 

Stress n1m x 5.8 + H x 18.6 = 0 

Therefore ~tress n1m = 4080 x 18.6 = 13000 lbs. 
5.8 

Likewise Stress nm= 13000 lbs. 

Next taking center of moments at n1 • we can 

find the stress in Bl m 

Therefore Stress B1m = - 4080 x 26.a 
, 8.2 

13350 lbs. 

Likewise, Stress Em=+ 13350 lbs. 

= 

These members must be designed to talce com

pression. 

Therefore from Cooper unit s t rain i a comp. 

members is P = 13000 - 601 where 1 shall not exceed 'l' '!' 
l 120 for lateral systems. Let r = 110 in this case. 

l form n = 138 in. 

Therefore r = 110 = o.a 
138 

P = 13000 - 6600 = 6400 lbs., the 

unit comp. strain that we will use. 

13000 
6400 

Therefore, Section area of m n = 

= 2.03 sq. in. 

By specifications, no angle shall be 

less than 3 x 2½ x 3/8 in., and the area of two such 

angles is 3.86 sq. in. 

Deducting two rivet holes l sq. in., 

we have left 2.86 sq.in., which i s over the required area. 
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But the least radius of a etruct built "Lg>,- of two 

pairs of theee angles, with one system of lacing between 

the pairs, the angles being placed 3/4" apart, is l.63, 

therefore l = 138 = 85, which is within the limit - r l:"63 
for 1. 

r• 
Likewise using the same co?n.bination l for Bl m 

r 
is found to fall with the limit 120. 

Now the net strength of the sections making up 

the portal me1ubers is, 

4 angles 3 x 2½ x 3/8 = 7.72 sq. in. 

deducting for four rivet holes we have 

7.72 - 2 = 5.72 sq. in. 

Therefore 5.72 x 13500 = 71000 lbs. 

Talcing bearing value of riyet in 3/8 plate, as 

5000 lbs. we have, 

71000 = 14 rivets to section or 7 rivets 
5000 

to each oenneotion. 

A section area o! 6.32 or 3.16 in. will .,.... 
be required afeach connecting plate. 

The lacing to be used between these angles 

is 2 in. x 3/8 in., with 5/8 in. rivets. 

Upper lateral &Y,stem. 

The diagonals in the uger lateral are 37 

feet or 444 in. long, but _considering them stayed at 

the middle l would be 222 in., therefore, l = 222 = 136 , r 'i":63 
this does not come in limit of 120 and therefore the angles 

3 x 3¼ x 3/8 cannot be used. 

From tables in Ca~br.a, we find that r = l.92 

for 2 angles 3½ x 2½ x t with the 2½ in. flanges 3/4" 

apart, therefore l = 222 = 115, which :falls within r n-2 
the limit, therefore will use this combination. 

Net strength of section making up the ~top 

lateral 4 angle= 11.0 sq. in. 11 - 2 = 9 in x 13500 = 

121500 lbs. 121500 = 22 riTets (unit shear being lOOOOlbs) 
6013 .. 
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Therefore will be 11 rivets to each connection. 

Each connection plate in this case will reCJUire 

10 ,or 5 sq. in. for each member connected. r 
The struts in the upper lateral system have 

various stresses, and therefore will use 4. .L_s 4½" x 3½ 11J<½ 11 

latticed. 

The bottom Laterals. 
- .................. --· I _.,_ 

For the bottom strut e just µse the floor beams. 

The di·agonal can be riveted to the stringers at 

the points where they cross them, and this will reduce the 

value of l; therefore here we will consider 1 as the lon~est 

part of free lateral. Let 1 = 13 ft. = 156 in. 

Here we will use t wo angles. 

4½" x 4½" x 5/lo" placed back to back. For this 

coubination the last radius of gyration is 1.40 

l . = 156 = 1.11, which falls within the r r.io 
limit of 120, therefore area of this section is 5.44 x 

13500 = 73300 lbs., the greatest streas in any of the 

bottom laterals is 67280 lbs., therefore, this section 

is sufficient all around for t he diagonals, but they 

must be riveted to the floor stringers where they cross · them, 

and also riveted together in the center at intersection. 

73300 . 
doi3 

= 12 rivets at a connection. 

The area of connecting plate must be 5.44 sq. in., 

net for each connecting member. 

See the blue print for the remainder of details. 
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