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Munich, Bavaria, in a paper in ~hi eh he d:rew the distinct ion 

between tnese stres$es and Direct or Primary Streases. 

To exemplify tbe nature and occurence of Secondary 

Stresses, consider a colv.mn of area. A, moment of inertia I, 

supporting a disc of weight • (Plate I) If the centre of 

gravity of tf1..e disc and column be in t!J.e same stra.igbt line 

as in Fig.l, the unit compressive stress in the column 
r 

equals A ~ F = direct or :pxi.n .. a .. ry stress.. This unit stress 

is unifom1 acr0$!3 the section of the column as designated 

by t~2 tress diagram a b c d. 

Next consider the disc to be placed eccentrically 

on the column, with its C of G a dista.nce ''X" from the 

C of G of the column, which is still supporting the disc w, 

giving a unifoxm stress F across the section as in a b c d. 

Now the eccentricity "Xr of t}'l..e weight W seta up a moment 

M=W·X giving rise to an additional or secondary stress 

MY I --. _ ___.,_ 
I , which gives a at re ss diagran1 of the form a b c

1 
d 1• 

Apply this Malysis in the case of a riveted truss 

member, of area A, and Moment of inertia I, as shown in 

Fig III, Plate I. Suppose the member to be in tension 

under the act ion of a force P. The direct st :ress is there­

fore j. = F, as represented by ab c d. In addition con-

sid.er the member to be acted upon by a moment at ita 



extramity, due to the rivetir.g of the member and the dia­

tortion of the truss. Then M = I 'T. AliD F r represents -y-
the secondary at re ss set up by the rigidity of the joint, 

and va:ries across the member from F1 .tension to F1 

ctompre ss ion, giving tl'1e new stress diagram a b c 
1 

d. 
1 

• 

I 

Thus the maximum stress in trJ-6 member which was a - d under 

the action of the direct force P has been increa.aed to 

a - d , by tbe de format ion of the t:cuss. 

The moment and tberefore the secondaiy streas 

varies throughout tbe length of the member but is a maxiznum 

at t lJ.e joints. ( th.e re is one exception to this in the ea se 

of a. compression member of single curvature, which we do 

not consider) Therefore , if tre moments at the joint can be 

detennined, it Mould be possible to c a1 cula.te the maximum 

secondary stress in the membe1:. It will be seen that, in 

the c~se of a member in hich the direct stress is small, 

the secondary stress may be conceived. to greatly exceed 
~ ·v 

or even rese:I've the sigrl of the direct stxass. 

Thus the Primary or Direct stresses are those whose 

resultar.~.t passc::s through the C of G of the member and act 

uniform along its axis and across the section produc ing 

elongation or contraction of the member. The Seconde.ry 

or Additional Stresses are those stresses produced by 
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bending, shearir.g, or tortiorl of the members and ara not 

uniform in the i:r act ion alor~ the member or across its 

aectior1. 

In detemining tre prin:a .. Iy stresses in a. bridge 

truss, it is assumed that tbe ends of the t:ru!=)s members are 

1nrestrair:ed or are free to take any position of revolution, 

~bout tbe panel points, required by the elastic defonnation 

of the truss. This assumption indicates an ideal truss with 

riction - less pins, in hich the axes of the truss members 

remain straight durir~ the deformation and tbe stresses 

induced in a member are unifonn throughout its length and 

section. 

Thia condition is never realized in practice, as 

even in pin connected trusses there is a great er or less 

restraint of tr_e joints iue to frictional :resistance. This 

frictior~l resistance varies considerably depending upon 

the size of the p ir:., or tre surfaoe in c ontao t, and tre 

stress on tl)e member. If the frictional resistance of the 

surface of the pin exceeds tbe torsional moment caused by 

the member·, the joints must be considered as :tigid. The 

pxofeasion is oeginning to realize that posaibly too great 

value may be at tache d to tne pin joint a a a means of re­

due ir.g the secondary st l."'e sses , an d. that, in the case of a 

Poorly designed p i n , a r·iveted jo i t might be used to 

greater advantage . 



-5-

Now, since the truss is distorted unde:r- the act ion 

of the load, the severa.l members tend to assume differemt 

angles rele,tive to one another around their oom.mon panel 

points. This oon,iition, occurring in the idea tru ~s with 

friction less pins, is impossible in the riveted truss, 

as the members are retai:ne d in tbeir initial relative 

posit ions by the rigidity of the joints. Therefore, due 

to this restra.int, each mentbe r of the truss is bound to be 

defonned in assuming its new position, its axis will be 

distorted and bending or secondary stx·esses will be set up 

in a dd.it ion t o the di xe o t or p r iu: a. IY s t re ss • 

Tbe problem which therefore pxesent s it self is tbe 

calculation of the moments induced at tr.te extremities of 

each member by the deflection of the truss, from which we 

can stiaight way obtain the secondary stresses by the 

single foimula. M = __.!__!'_ 
y 

The eff rl s of Ge rmar1 se ie nt ists are la.:rg ely 

responsible for the intl"''duction and present develop.rrent of 

the theory of secondaiy stressee. Consi ,_ering the subject 

on of importance, the Munich polytechnic school offered 

a prize in 18?? for the solution of this problem. A nigbly 

scientific and mathanatica.l papern entitled nThe Calcula.tion 

of Secondary Stresses ~hich occur in si e trusses ae a. 
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consequence of rigid joints" by ande:rla, was awarded this 

prize, and was tne f il ... st g:reat advance towards its sol ut ion. 

A graphic solution was advanced by Professor Landsbe:r:g in 

1885, in which he assumed only the chords to be restxained. 

l~ext P:t·ofessor Muller Breslau developed an analytic solution 

and P:t·o:fesaor Ritter introduced a graphic method. 

The first work published in English dealing with 

second~.ry stresses due to riveted joints was written by 

Ieami :Horoi of Tokio Imperial University, under the tit le 

of ''Stat ically Indet enninate Stresses" in which he deals 

with tn e solution of the pr_blem by tbe method of Least 

ork. 

The next publication on the subject was by G.R. 

Grimm in 1908. In this work he introduces the methods of 

Manderla, uller-Breslau, Bitter and Mo .a r, with examples 

of the calculated secondary stre ases for different types 

of bridge trusses. I~ present ir.g the subject he remarks 

"The nature of the problem ia such that it ffered great 

obstacles to a solution; in fact this problem is or.e of the 

most difficult in technical mechanics, and althougll Manderla 's 

solution is a very great step for1ard• the problem in all 

its e.spects has not yet been completely solve d." 

In his report to t e Royal Commies ion on the 

design of the Q,uebec Bridge, c.c . Schneider dl:'e rv the 
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~-ttention of the Conunission to the importance of secondary 

at resaea in a. structure of such magn itu.de. F.e further gave 

a brief outline of the theory, with the calculation of 

these stresses for th bottom chord members of the cantileve1· 

and anchor a.rms, a sauming only the crlOrds themselves to be 

restrained. This details the only available information on 

secondary stresses publis~ed in English. 

The calcule.t ions entailed in the solution of 

secondaiy st1·esses are very extensive and laborious and in 

this Theais Manderla 1 a method will be indioa.ted and 

solution executed by the i tegration of the equation of 

the elastic line. 

In the detemir.ation of secondary stresses, in the 

m.embex·s of any truss, und!::!r the action of exte1·ior forces, 

ce1·ta in preliminary assumpt ion.c; must be made. The ext e:I'ior 

forces acting upon the truss, together with the deflections 

and 'leformationa acconpanying the same, must occur vholly 

withir. the plane of the truss. No torsion should exist. 

Tile load is considered as applied at the panel p oint~, and 

each member ia assumed to be of unifo:on section throughout. 

This final assumption does not take into a.croount the sudden 

ino reaae in section at the pane 1. points due to the gusset 

plates. l'.d:and_erla further assumes that in a. riveted truss, 
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the posit ion a of the pane 1 po inta are the same 1 under the 

influence of the exterior forces, as in a truss with 

friction leas joint a. 

B 

Now oonsidering two members of a t:r·usa A l3 and B C. let 

the joint at B be considered a frictionless pin offel'irg no 

reaistar1c e to the rela.t ive movement of the members under 

the defoxmat ion of the truss. Suppose the original angle 

between A B and B C to have been oe • Under t!1e 

influence of the deflection, and with complete freedom of 

rotation ~lbout B, the angle ia changed to oc + ,6oe. 

:Reve :re irg the argurne nt, c o~ ider the membe xs A B 

and B C to be in complete :r:·eet rair.t at B. Then in t be de-

formation of the truaa, the ~tremities of these members 

will retain their original angle oe to one another, but 

will be distorted throughout their length, their elastic 
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lines being reprt=!ae nt ed by the curved lines A B and B C, 

the tar~ents :BD and :BE to tr..e ela.stic linea at B containing 

tbe angle oe The tendency of these members is to a s sume 

the position they would hold if E were a f:cict ionleas joint, 

in which case the angle bet 1een them was shown to 'be oe + iloC 

and the angles B1 and Bz between the poa it ions tbey ten to 

as!?ume and those tbey actua.lly take are called the Ang les 

of Deflection. In t:r1a c se of .the member B , tne 

rea ist ng moment at the end induce i by the restraint of 

the joint l3 deflected tb.e member from the position B A to 

that of B D, through the angle :E1• 

The problem then is: f i rat to express t::n.e 

·aLJ.gle deflect ions in te Dns of the exterior force~, second. 

to establish a :relation between the ~le deflections and 

tbe moments of restraint at tbe extremit iea of the 

members. This gives us the moments in terma of tlo..e 

exterior forces, from which the aecond3.ry stress can be 

rea .:lily de duoed . 

---
' ~ 



L.:s 
Cor4aider a truss element ABC. Under the influence of the 

external foro~a the sides L 1, L z and L 3 of the element 

will be defoDned, and alt ed in length due to their being 

strained. Now if tbe joints of the t Ius e o fer no resistance 

to the rotation of tre members, their ohaage in length will 

oau!'ie a eo r1-e sponiing chain in tbe ir containe i angles 

The elastic de format ion of each member will rave 

an influence on the defonnation of the angle a. , , and. in 

this analysis, it is assumed that two of the membe ra are 

non-alastic, the effec·t of the deforming of one being 

consida:red 9.t a time. The effect of the straining of each 

member with regard to the deformation of the angle a1, is 

thus separately . determined and the summation of these 

for tbe three sides gives the resulting total deflect ion 

of t:'ne angle. 

---- --- ------ --
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Suppose the side AC to be el~st ic. Then tne sides 

BC and AB wil undergo no change in ler.gth, ~'13 beir.g imagined 

!i held f!\st • 

Suppose the sides AC to suffer a contraction 

Then the point C will assume a new pos itioL D ani BC must 

revolve about B and AC about A. 

In this new posit ion, cause i by t r.= de format ion of 

AC, the change in tha angle a 1 will be Ad
13 ) . the 

suffix iniicat ing the · s 'de distorted. 

Then 

~a,~= a,-b, 

where b 1 is the r.e 1 angle between the sides BC and C. 

In DCE 

Now a, : 180° - de - a~ 

and b. = 180° - oz. - a3 -X + z 
. 

~ a,3= X z . . 
and :BCF we h.9.ve two similar triangles. 

Now Z : for small anglea 

gain a. ::: DCE 

Therefore D = a. 
~a. 

or BC x Z Cos. a,= a 

or z = a 
...--~--

BC Cos -- a 
0 

= ~ L.3 
h 



If denotes the total stress in AC when the cross section 

ie A 3 then -: s3 = unit stress. 

A3 

'therefo:re the defor1nation of a, due to the alteration in 

c 

Sim.:.larly if BC is consij_ere.i el::tstic w.e get the change in 

the angle .a,· 

A a JZ. = - :Se. Cot B,s 
E 

If AB only is elastic 

fha total result of these deformations of the angle d 1 

is fo:1nd by the su!ll of these three result a , 

A a, = Ll a, + il ali! + Ll a 13 • 

By proceeding in a. sim1.lar manner with the angles ae. and. a3 

the other three equations for the deformation of the 

angles of the truss increment ara derived • 

.6 a, = ~ (Cot ae. +Cota.3)- i Cota3 - ~ Cot ae 

.t~ae= ~(Cota, +Cota.3)- ECoTa.,- ~Cota, 

s ( • + C :+a) 5 2. Go ... a,- .2!.cot.!:).::. .A a3 .::: T Col de o, ' - E I E 0~ 
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These are tr.e funiamental e'1uations in the solution 

of secondary stresses and are the basis of both Mandez·la 1 s 

and tbe least Work methods. 

Having co11sidered the behaviour of the members 

r·ela.tively to one another from the point of their combined 

action as a structure, the next step is the in"fjestigation of; 

a single member, its defor:na.tion an:l the analysis of tbe 

forces acting upon it. 

Take the member AB. Considering it entirely indepenclant 

of the truss, let the resultant of all the external for·ces 

imposed upon it be represented by Pa , acting at an angle 

with it~ chord. can be resolved into thr·.e forces. 

A direct fo roe S a , a tr~nsverae force ~ d and. 

a moment a • The combine i act ion of these forces 

causes the member to assuroo the double curvatu:re as shown 
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by its e ast ic line. Due to tile equilib:r·J.urn of the member 

in the truss) 

5a=3b, Oa=Qb and Ma+Mb=Qb 
L 

The transverse force ~ is uniforn throug rout the length 

of tne member, as the:re is no ext...,r·nal force acting between 

its ext:remit iea. 

The fo:on assumed by tbe elastic line of' the member 

depends upon the magnitude ni d.irection of the end moment a 

a and! b In the cas of moments having the same sign 

as shown in the figure, a double curvature is induced, having 

a point of inflect ion through hich the resultant of the 

exterior forces passes, since there is no moment in the mem-

"oe r at that point. 'Whe :r·e the end moments are of opposite 

signs, tbe e la.st ic line assumes a simple cu:r-ve with no 

point of inflect ion . 

nde rla proceeds to tbs solution of the second. 

step in the problem, namely, the establia.hl.ng of a relation 

b t·;veen the moments at the extremities of the member and 

the defle et ion angles, from the equation of tne elastic line , 

de..Y = _ Mx . 
d:Xe E I 

-n x ,= . moment at any point of the axia of the manber. 

Consiiering all the forc es acting on the member, 

From this he obtained an expression of the beniing 
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moments in terms of the deflect ion angles us i~ hype rbol ie 

functions for the int ergrations. Expressing the deformation 

angles in te:ons of tbe original angles, he fo u.n d tbe result 

by trial. 

Generally it is assumed t'hat in ell designed com-

preasion members, the tension membere not being so important, 

where ample allo ·.a nee has been made against buckling, the 

value of the lever ann Y is so small that the moment S Y 

can be neglected., together .dth the effect of the trans-

verae force Q 

The simplest and most direct methoi of obtaining the 

relation betneen tbe end moments md the deflection lines 

is by tte integration of' the equat iori of the elaat ic line. _ ............ t ------------ z -----~a 

X 

~---+-----+--L 

Consider a member suffering a double curvature as shown, 

neglecting all oth~:r· forces but the end moments Ma and 

b • Bep resent ing the se moments g rap hie ally · a :: ad 

and Mb= cb. 
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At any point X on the axis of the member 

Mx =Ma-(Ma+ Mb) L_ · 

Now dE_y = Mx =_I [Ma -0;ta+M~~J. 
dxz El El L 

dy = J_ [Max-(Ma -+fV1b)E J -r C 
dX ET cL 

mn X .. 0 :ix.=D .·. C::O. 
ax 5 

Y= ft [ M~Xe -(Ma-rMb) ~LJ +C, 

when I • 0 Y • 0 . • . c, .. 0 

X: L y.z 

Where Z - total displacement of the point :S due to 

resi~ting moment. 

Now 

z ""tr (Mal!_ fv1a~ _ Mbi:). 
C. 6L 6L 

z= 2Mal!-Mbl!. 
6El 

a= z.L = (cMa-Mb).h 
EI 

b= (C.Mb-MaJb· 

d 
Ma M.x 

Ci t-----L---------------l b 

Ap lying this method to the case of a member having end 
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moments of an opposite sign, the curve assumed. by the 

elaat ic line is a s ngle one with no point of inflection. 

The bending moment on the axis g.t X : Mx = ~+(Mb-MaJ-f · 

dey = [Ma +(Mb-Ma)Lx J E_Ll 
dxe. · 

dy = L[M X +1Mb- Ma) xeJ +C. 
dx EI a \.

1 

eL 

When I • 0 ~ =0· .·. C=O . 

.J=- j_[ fv1a~ + fMb- Ma)E.] + C, 
EI e. \. 1 6L 

When = o, y : 0 

X :L Y • Z 

z;: _L (Mal!+ MbL~ _Mall) 
EI C. 6 L 6L 

z= (eMa+Mb).b: . 
E. I 

Now a= f = (EMa+Mb)t£ 

and b = 

Zc 

~---i.uc 

In finding t e deflections in tenns of the 'bend ing 



-18-

moments, the fo:onulae for the case of n1oments witb the 
~eneral ly 

aa.me sign is aaUBlly used. l'eeping to this formula and 

maintaining tre same order roun·i tbe various truss element a, 

the signs will take care of themselve~. 

pplyir~ the equation to the members AB and AC 

at the joint A 

~ BAC = .E=. - ~ · 
Loc Lab 

Therefore 6E Ll BAC =Lac (cMac-/VJca) - Lab (e fV'lab - M ba). 
lac Jab 

Summing up the resultsof the theoretical investigation of 

tbe aecond&.ry stresses of the t:russ elements ABC due to 

rigi·iity of its joints, the relation are:-

For the deflection angles in terms of the exterior 

forces. 

For the end mom~nta in tems of the deflection angle • 

J. 6£Llaa= Le. (cMcb-Mbc)- L3 (eMca-Mac). 
Ic. I:3 

. L 11A ) Lt (!:>Mab-Mba). 
6ELla- 3 (eMac-Jv•Co-- c... c. e.- I

3 
It 

6
- E Lla =h!..(eM ba- M ab)- ll( cM be- fV]cb). 

3. .3 1, Ie 
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Further 'by the equilibrium of eaoh joint ~ M = o, 

therefore 

4. M o b + M c a • 0 

5. M a c T M ab • 0 

6. M b a + M b c = 0 

Thus we have as many equations as unkno vm moments in tbe 

truss el ... ent, and by the solutions of these six equations 

the requirei en.i moments are obtained and tbe theoretical 

determina.t ion of the secondary st reeses ia accomplished. 
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This method 1as a plied in the det el.!nir.at ion 

of the theoretical secondary stresses occ.u ·l.ing l.n the 

Warren Type Truss shown in lates II and IX, Fig. I 

for a load of 13,050 lbs. at t:be pane 1 points D and F 

as shown. In designating the moments, strain, or other 

observation on a member, the first letter indicates tb 

end of tne member at vhich t:f\..ey occur. 

- Compression + ,..,ens ion. 

The folJo ing table gives tbe direct stresses 

and general info :nnat ion of tl"..e action of the truss under 

this load. 

- ~- -

~em be r Le ng!_~ IJI. of I. rea Tot .stress Unit Str. Elor: C!: '1. 

AB 31.88" 

ED 42.0 " 
DF 42.0 " 
CE 42.0 " 
AC 42.0 ' 
BC 31.88" 

31.88'' 

DE 21.88" 

1.28 2.795 -17 ,32·9.8 

1.28 2.795 -22,8~;7.5 

1.28 2. 795 -34,256 .• 2 

1 2.8 2 795 34,256.2 

.77 2.21 11,418.7 

.77 2.21 + 7,399.8 

.77 2.21 - 7,~39.8 

.77 2.21 0 

Cot. BAC • .8749~ 

Cot. ACE = .87492 

C t. ABC : .13402 

-6202).8 -.006,592 

-8170.8 -.Oll,439 

-:c:256.2 -.01?,158 

12256.2 .017 J 158 

5166.8 .00?,?33 

7810.7 + .008,300 

- 7810.7 -.008,700 

0 0 

The result of this table ... re fo nd by considering the 
truss to have pin connected an~ fx·ict ionless j o i ~ts. 
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To etemine the angula.:r: changes which would occ ·r r~it 

free and unreetl .. ~tined joints, use the fom.ulae previously 

dete rrn ine • 

ll "R c = .0002603 ( .13402 + .87492) + .0002067 ( .1~~402) 

- .0001722 (.87492) - .0001397 

A ACE • -.000206? (.13402 + .8?492) - .0002603 (.13402) 

- .0001?22 (.8?492) = -.0003939 

~ CBA: .0001722 (.87492 + .87492) + .000206? (.87492) 

- .0002603 (.87492) = .0002544 

tJ. DBC : - .0002603 ( .87492 + .12·402) - .0002603 ( .1Z·402) 

+ .0002?23 (.87492) -- .0000592 

ll ECD = - .0002723 ( .87492 + .87492) + .0002603 ( .87492) 

- 0002603 ( 87492) - .0004?648 

A CDB: .0002603 (.87492 + .13402) + .0002?23 {.87492) 

+ .0002603 (.13402) = .0005356 

1J DCE : 0 - .0004085 ( .87492) + .0002603 ( .12402) - .0003226 

~ CED =- .0002603 (.13402 +.8?492) - 0 .0004085 (.8?492) 

= - .0006200 

6 EDC = .0004085 {.87492 + .87492) - 0 + .0002603 (.87492) 

- .0009425 

A FDE - 0 - 0 + .0004085 (.8?492) = .00035?4 

~ IIE : - .0004085 ( .87492 t .87492 ) • - .0007148 
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Applying the pre ious equations to all the afl..gles 

successivelJ-:, rea.ding ound each txuss increrre nt, in e. cloc --

rise direct ion~ the s ig ne taking care of themee lve a. 

1. 

2. 

'2 
~. 

4. 

6. 

7. 

8. 

9. 

6 E 42 { .0001297 • - 2 :t ac .77 
- Mea) 

(2 b - Mba~ 
~ ' • 2.8 

6 E -.0003939 = ~ 1 • B ( ? l~C b - 1v1:b C ) 
• 7? 

6 E .OC02544 

6 -.0000592 

6 F -.0004764 

6 .0005356 

6 E -.0003226 

6 -.0006200 

6 .0009425 

- 42 ( 2 llc a ·- l'lac ) .,.,.,.,. 
3l.88 (2 ba - ab) : 
-r.28 

- 31.88 (2 • be - Mob) 
.77 

= 31
•
88 

'2 mbc - cb) • 7.'1.. . 
- 42 ( 2 ~bd - Md 

1.28 

~ 2 ~:~~ (2 cd - Mdc) 

-
31:~~ ( 2 Mcb - rbc) 

42 (2 ao - Mbd) =-
.28 '"1, 88 '-' (2 Mdc - l cd) .?7 

42 (2 ce "ll c) = -
1 28 3 .88 ( - 1ldc) --- 2 11Cd .77 

31.88 (2 ~~"ed - Mde) - .77 
42 

(2 l!"ec ce) - - -1.28 

m1.as 
'2 Mdc - Mod) = --7.'1 
31 88 

(~ !de - l!ed) --.77 



-23 

10. 6 E .00035?4 = (2 de - Me d) 

42 
(2 df - ltlfd) 

1.28 

11. 6 E - .000?1480 (2 ed - Mde) 

12. l!ao + Mab = 0 

13. Mba t :Mbc + bd • 0 

14. Mea + ob + od + oe - 0 

15. Mdb -t Mdo + !de t Mdf : 0 

The solution o~ these fifteen equations give~ the 

n1oments at the extremities of the members and from these 

t ,,.... t b I F , Y l 5 " ' d 1 ~ '' .l.II:i secondary s reases y , : --y- • W.11en • • an • . .. • 

.Mab : -7~·5. 95 in/lbs. Stress per sq. in. 862.4 

'ba -75~.18 " n = 882-.8 = 

Mbd • 1518.98 n n :1780 

M db = 4696.12· " " :5502 2 

df • -2309.93 " " :2?05.8 

Mce = - 6?3. 91 .. " -731.1 

Mec 2078.04 " " ::2 5.5 

ac • ?35.95 " " :l2so.e 

ea - 12-39.66 " .. =22:0.8 

Mbc • -764 80 " " :132() • 7 

ob = 41.85 
,, 

" = 72.8 

- 282.5 " " = 491.5 
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l cd - -75 7. 6 in/J.bs. tress pe sq. in .. 12-18 ? 

Mde = -2103. ~ 11 " 3660.5 

lVIe d = -2?4. 90 
,, ,, 

" 478.3 

As this solution does not take itJto ccount tbe 

size of the gusset pl tea and their u:ldoubtecf/f~enc\he 1uoment 

at the end of t'he members, another solution was made in whic'b 

only the free length of the memrer as conai1ered. That 

i , he distance from the out exmost rivet of the gusset 

plates t the ends of t'he member was taken a.s tbe le rgth 

of tr1e member. 

1 
31 :~~ (2 ~c - Mcd) 

18.~ 
~~8) (2 Mab - l~ba) = 25,146. 

2. 
1?.68 40.59 

• 7 7 ( 2 l c b - l!"b c) - • rt ( 2 1 c a - Jia. c , = - ? 0 , 90 2 • 

z .• 18.13 17.68 ----- ( 2 M.ba - Mab) - (2 Mbc - ob) - 45,?92. 1,28 .?? 

4. 
1?.68 

(2 Mbc - ~cb) 
29.75 

(2 · bd - Mdb) - 10,656. .?? 1.28 = 

5. 1?.68 
(2 "cd - ~de) 

17.68 
c) - 85,762. .?7 - .?7 (2 lOb - = 

29.?5 bd) 
- 17.68 

(2 Mdc - }lie d) 96,408. 6. ---- (2 ·db .77 = 
1.28 

7. ~1.75 (2 ce - c) - ~8 (2 •cd - ~'~de)= - 58,068 
.28 .77 

8 20.68 (2 ,. d - ie) 
31.75 (2 eo - Mce) -111,600 - 1.28 = .?7 
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17.68 

( 2 l{dc Mod) (2 9. --- -d Me d) 169,,.50 .77 = 

JO. 20.68 (2 - Med) 
23 

(2 Mdf - 11fd) 64,3~2 de - • .77 1.28 

11. 41.36 (2 Me - Mde) - 128,664 .?7 
12. Mac + ] ab = 0 

13. Mba + Mbc + Mbd = 0 

14. '[ea + 1!cb + Mcd -t l!ce = 0 

15. l db + ~de + lJrde + Mdf = 0 

This gives the errl moments and the secondary stresses 

to be :-

}.[ab - 8? 9. 30 in/lbs. St ess per sq.:iin. 1030.4 

Mba : - 342.48 n " = 401.3 

bd - 1214.3 " " = 14?7-.0 

M db = 3822.8 tt " = 4478. 

Mdf : -2363.8 n " = ?770. 

lflce = - 801.2 " " 1111 9 39. 

r.ec 11: 3145.8 " n = 3683 

-ac 879.3 " " 1530 = = 

Mea 1633.7 " " = 2B4:3-~ : 

Mbc - 871.8 " " = 15 7.4 

ob = 131.44 " :: 228.? 

l de - 67Z 6 " = 1172.2 

l~ c d = 963.8 " " - 1681.9 
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Stre s per sa_. ir... • 3711.5 

" • 227.9 

These st :r:e sses if added to the calculated 

direct stxess, will give the maxiro:um stx·eas occurring in 

the member. Their signs are plus for one s ·de of the member 

and minus for t~ opposite side. comparison of these 

calculated secondary stresses with tne observed. aecond~ry 

stresses, together with tbeir percent~ge of the calculated 

direct stresses is given in Table III. 
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TEE EXPEBIME1'TAL DETEBii11ll~ATIO'b1. 

The experimental method of dete mining the 

aeconiary stresses induced in truss members by the actual 

obeervat ion of their distortion,when subjected to definite 

exterior loads, ia entirely new and hitherto undeveloped. 

If a truss member (as shown in Fig. III, Plate I) 

be subjected to a direct stress and a bending moment M at 

ita extremity, and if the elongation or contraction on the 

opposite sidea of the member be observed by means of ex-

te aametera, then the unit .stresses ad
1
and bc

1 
could be 

determined., and hence the direct stress ad and the secondary 

stress ·id1 or cc,. 

The truss used in these experiments was of the 

\Varren type , with 4 - z, 1 6 11 paneli3, lengtb 14 1 c - c of 

~ =#== bearings, depth ?.'. It was constructed of 4"-7 .5 and 4"-9.5 

I beams as shown (Platea II and Ill) ~ne end panel of th 

bottom chord and the web members being of the lighter 1etal. 

I be~a ~.era used to avoid eccent:r·ic connectio:n.'3 and on 

account of their comparatively high moment of inertia at 

ight angles to the plane of the truss provi·iing against 

possible deflection in this direction. The 1 r sme.ll moment 

of inertia i n the plane of the trusa gave ample opportunity 

to observe the s.e c ondary stresses . They Nere also more 

convenient i n th js instanc than built up sect ions 
1 

ani 
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apply equally well for these experiments. 

t" rivets an·i t" gusset plates were uaed. th:rougho~t, 

with 7 j.l.6" aplioa plates at the splices at C a.nd G in the 

bottom chord. 2 - 3-}" x 2~" x 1
" x 9t" angles with a 

9~" x 5 /16" x 0' - 9~" bearing plate com·pos ing the end beari~s. 

lt~ preparing the truss, prior to its being placed 

in the testing machire, the neutral axes of the members were 
' 

accurately la· d off and the panel points determined. It 

should be stated that the panel points obtained by the 

inters~otion of the neutral axes of the members, check with 

remarkable accuracy. This is a testimony to the precise 

methods of construction of the Dominion Bridge Co., to whose 

kindnesa ar~d generosity we are indebted for this truss and 

the possibi.lity of carrying out these experiments. 

Having determin~d the neutral axes, the positions 

of the ere marked out. These were placed as 

close to the panel points as the gusset plates would allow, 

it being considered that, though there undoubtedly as 

bending Nithin the plate 1 the maximum bending moment in 

the member would occur just beyond the reetraint of the 

laat rivet in the guaeet plate • 

For experiments of this nature the Testing Labo:ratory 

McGill University is probably the best and most completely 
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equipped on the co ntinent, and includea one of the three 

Wicksteed or Buck n machines in use in Amerioa. This 

machine, whose front and rear elevations are shown in Plates 

IV ani V respectively, is particularly adapted for the 

loading required on the trusa described. 

The beam of the machine A, rests upon a knife edge 

B, as shown in Plates IV, V, VIII and X. The length of beam 

on ona side of the knife edge greatly exceeds that on the 

opposite side, and the balance is maintained by the moving 

weight c. From the knife edge D, which is fixed to the beam 

is suspended the loading system E, F, G. The Plates VIII 

ani X show the arrangement of the machine for two systems of 

loading in which E and Hare two hydraulic rams exerting a 

force upon the end. be e.rings of the truss, which in turn 

transfers this force to the plate G, thence it passes through 

the suspension bars F F to tbe head E and so to the knife 

edge D. 

By advancing the moving weigbt C along the beam, 

maintain the equilibrium of the beam and measure the load 

applied by the rams. Actually, the moving weight C is placed 

in a position requiring a cert in force on the hydraulic 

rams to balance the beam. Fluid under pressure is tnen 

admitted to the rams from the accumulator I (Plate V) till 

the beam ia balanced. 
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In order to accommodate the depth of the truss ani 

the different arrangements used for the seve:r·al systems of 

loading, it was found necessary to re .. ise the rams some 18" 

by means of hardwood. blocks as shown in accompanying plates. 

Plates VIII and IX show the arrangement for a 

symetrical loading at the panel point F and D. A loading 

block W9.s pla.ce·i on the plate G, and upon this 2-7"-15 #: 

I beams, side by aide. Upon these and dire et ly under the 

predetennined panel points D and F, two steel loading blocks 

were placed. The white arrows indicate the point~of appli- -

cation of the loads. The arrangement of the loaliing system 

was made with the great est possible care, the whole being 

symetrically plaoed with regard to the centre of the tr·uos 

and of the machin .• 

In the obsJrvation of etx-ain due to secondary 

stress, the quantities observed are very small, re uiring 

high accuracy in tbe method of determination. With the 

importance of this in mind, q sim·ple but exceedingly efficient 
()1 

extensomet:re, made in the cGill l.abatory., . as used. It was -------- -
a moiifioation of the Martens type and consisted of a cast 

steel extensometer ba:r 3/8" x 3/3~'' x 4-l/8" over all 

(Plate VII). Tbe bar was made of comparatively large 

section to overcome the effects of temperature changes. One 

end lijas turned at right angles 5 /1.6" and brought to a 

tempered knife edge as shown. From this knife edge 4" was 
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accurately gua,ged to a precisely cut V sbaped notch which 

was at right angles to the axia of the bar and parallel to 

the knife edge. 

A at eel iiamond, having t w highly tempered, and 
ground 

accurately~ knife edges was attacned to one end of a steel 

rod l/16" diameter, to whose other extremity waa fastened 

a small mirror t" squa:re. One knife edge of this diamond 

rest e(i in the notch of the bar, -.rv'hile the other edge, 9lld 

tbs.t at the extremity of the bar were placed on the member 

4" apart and held firmly in place by a spri~ S as shown 

in Plates VI and X. Any deformation of the member, elongation 

or cont rao1i.1o n, altered the distance bet Ne en the knife edge a 

on the member, causing the diamond. to rook and the mirror at 

the end of bar to revolve. 

A telescope with a scale as shown in Plate VI 

reoorded the deflection of the mirror. Each exteneometer 

~aa calibrated, that ia the distance of the scale from the 

mirror was determined at which a certain elongation of a 

member uld give a definite reading on the scale: in this 

oaae the calibration was made so that one inch on the scale 

indicated • 02 longation of the member. This, gave a 

very aenei tive and satisfactory extensometer. 

ight extensometeres were numbered and cali~mted 
wa.J 

in thia..., - oden rods being cut the calibrated di st anoe for 

each instrument . 



In placing the extenaometers on the members it 

Nas first thought that it would give the required results 
if they were placed on the front face of the member, near 
the edge. But a.a the secondary Stress varies from zero at 
the axis to a maximum at the top fibre of the member, and 

... as the knife edge a of the diamonds we re 7/16" long 1 the 
... elongation of tre spec iman woulci vary over the 7/16 ". Now 

as the knife edge of tre diamond. and that of the bar are 

held parallel and aa the elongation of the member varisa 

over the ii 'rJidth, therefore one or other knife edge must 

slip on the member, thus making a reliable or consistent 
result impossible. Comparative tests proYe this to be 

true ani the observations tale n on the s id.e '~ere from 25% 

to 50% less t'han those taken at the top fibre. 

E:x:t ensomet ers we re therefore placed on the edge 
or extreme fibre of the member wrere there could be no 

possible variation of strain across the knife edges. By 
thia arrangement, as shown in E and E 1 Plate VI , it was 
necessary to read the instru.mnts by placing the telescopes 
parallel to the plane of the truss. This necessit ted 

longer bars (8") support~ng the mirrors to bring them 

o~ear of o st:ruction by the machine so they could be read. 
(See M, Plat ea VIII and X) . 

As stated previously, the elongation or contract ion 
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must be measured an opposit .... si·ies of tre member, therefore 

the extensometera E and E , we :re arranged as shown in Plate 

VI and ,ere placed accurately over on anoth0r, the m rror 

rods being p rallel. 

These two extensometers did not have exactly the 

same calibrated distance, and as they vere but 3" apart 

it vias very inconvenient to read them separately with two 

telescopes. It was therefore ne oessary to observe the two 

instruments with one telescope, having them reading on the 

same scale. To overcome the differe nee in ca.librat ion, tbe 

rod A (Plate VI) supporting the scale B and adjusted. by the 

thumb acre~ C waa provided with two aluminium collars D 

and D1 , with adjusting screws. These collars were so 

arranged that , hen observing the mirror of the greatest 

calibrated distance, tbe scale and rod wer moved back 

till tbe collar D which was set for the calibrated 

distance, came in contact with the rod support. :Reading 

the other instrument, the so ale was advanced, till the 

c olla:r D1 carne in oont act with the support. This allo V•'e d 

of the two instruments being read on the same scale. 

In order to admit of both instruments being 

read by tr.e telescope, the telescope waa first a ight ed 

on the to·p mirror, then an aluminum disc F, machined so 

that its faces were absolutely parallel, fas placed between 

the vertical adjusting scre G and ita bear,i and given 
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a few turns to insu:re ita true setting. This disc was so 

gua.ged as to be just deep enough to bring the other mirror 

squarely into the field of view. 

The height of the telescope was such as to bring 

its level half way between the mirrors of the instrwnent • 

The telescope stand was then set at approximately the cali­
b:ra.t ed distance from the mirrors and the aluminum collars 

on the scale rod used to male the final adjustment. The 

mirrors being traimed on the scale, wa.~ set with their 

zero xeadings on a level with their centr e.Thia was dor£ 
by revolving them about their supports, to which they am 

held by friction by small aluminum clamps. Since their 

travel on the scale was so lirnited, this setting el· ninates 
any possible error due to tne obliquity of the line of sight. 
This combined arrangement of telescope and extensometers 
required much care in the setting, but \afu.en accurately done 
tbe results obtained ~ arranted the trouble taken. Having 
considered the elimination of errors due to the construction 
and arrangenent of the extenscmeters and telescope, the ne t 

possible source of error is that ariai ~ fr'Om the deflection 

of the truss under the loading. The telesco~ and sea e, 

on hich the reading are talen, a.r~ separate from the 

truaa and extenaometers. Due to the deflection of the 

truss, the extenaometers nearest the end of the truss 
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AJill move slignt~y relative to t 'he scale. A the extr-eme end 

of the trusa, the deflection under the first syatem of loqding 
by S - E pu l , taking account of the deflect ion of the E 
7 n I beams is •16". Now if the plane of the mirror re-

mained exactly at the same angle to the plane of the scale 

throughout this vertical movement, the re woul.d be no error 

in the :readings ue to such def"' ection, but the mir:cor mjght 

pass from the field cf vle ·• As it ie the angle of the 

mi :rror to the pla r.e of tbe scale c~banges due to the mirrors 

having :revolved about tr~ centre of the truss 1 the a.nAo nt 
that the angle ha.s cranged being equal to the angle . ub-

tented by .16" at the centre of the truss. As the lesult 
is a ccnparative one, a.nd tre two mir·rors ould be moved 

the same amount, this e.r:ror ne d not be recognized in de-

tennin1ng the eeconda:t'y stresses. 

Another sou~-ce of error which must be considered 
is tbat d to temperature cnar~es Although no spec ia.l 

observations we re made alor.g these lines, it was dis c eve .r-e ~ 

er :::·ly in tbe experiment, that, to obtain a consistent 

r·eeu+t 1 the temperature must be maintained as nearly uniform 

as prac ical. To p:revent local temperat,.lre ffe .cts, t~ 
~ 

I truss was ~hol y p.otected from the direct rays of the sun. 

The fir t series of experiments was made with a symetrical 

oading of 1~> ,050 lbs. at the top panel y;·oints F and D 

(P-a.tes VIII and IX). 2 - ?" - 15 lb. I beams were used, 
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as p :reviously descx·ibed with loading clock" as ahOVi r. to 

distribute the load uniformly to F and D. The hy(lraulio 
\ rams were ca1·efully set, so that their centres coinc ·ded 

wit the centl'es of the end bearings. 

In order to avoid e:r·ro:r in tpe results due to 

the dep:tession of one end of tr..e truss by unequal loading 

of the bydraulic rams* a very sensitive 18' 1 vel was 

placed directly in the centre, and ove:r: the panel point 

In loading the truss particular care was taken to 

keep the level bubble strictly in the centre. Further a 

ple.te guage K (Plate X) was used to bala.nce the bean, 

in exactly the same position for succeRsive loadings. 

Tria,l runs were rrade to check the stresses in 

col'reapondir€ mem1:e rs or.. o po~ it e ends of the t l."Uss These 

proved entirely symetrical, checkl.ng to . ~vithin 800 lbs. 

in a members wboee calcul&.te l total stress was ::4,000 lba. 

Test& were further made as to the stresses ono posite 

si es of the same members. These were not as satisfactory 

aa tbe p:tevious ont,:)s, bu.t ere within rea.sonable limits 

and we:t·e constant. This small var·iation in reading of 

the front from the bac of the tJ.uss would not effect the 

seconda:ry stxesses) which are t:b.e comparative :resuJ.ts of 

the distort ion of tr.e top and bottom of the meml:e r on the 

same side. It would to a slight extent effect t:be eo-direct 

stress, or the dix et stress m asure d at the same t 'me as the 
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secondary sties • The front of the truss -vas in all ca.se s 

taken as the standard. 

After setting tr..e instruments on the members of 

the ti.u~a, it was found a. vis~lble to load the structure to 

50% or 75% of the intended loading in order t~At the 

extensometers might 'Ork into posi tj on or· limber up. 

In setting the zero of 1·eading, the weight of 

tne truss was not considered. An initie.l. load of lOO lbs. 

was taken as the zero reading in all cases. The loa.d was 

applied in 200v lb. incx:ementa to a maxinttllrt load of 13
1
050 lbs. 

at F and D. The load was then removed nd the extensoru"'etex·s 

c ._ecked back to the zero reading, which tr..ey did in every 

caee to within .00001 or .00002 of an inch. 

The metho1 of hydraulic loading of the 

Wicksteed machine .. proved t:te ideal one for this 'J·ork and 

vith care, the load could be a plied very steadily without 

shock, thus giving most unifol1n results. S"'e Ta.bl I 

for the znethod of recoi·ding observations. 

It was found inconvenient to observe more yhan 

tv- o ember$ at a time• but ";:his did not influence the final 

results aa exactly the same condit ons were maintaim 1. for 

each run. 

In a.ddit·on to the determination of the secol1dary 

stresses J observ-..t ions were made for the direct stresyes. 
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The extenaometers were placed upon the neutral axes of the 

mem·oers at their centres 1 a sho ·1n in Plate X on the member 

EF. 

In order to determine the effect of secondary 

stress as in a cant.:. ve r, an unsymet rical loading of 26 ,a.oo 
lb!il :~Rs cor~e::ntrated at the panel ·point B by the a:t-:rangement 

s ahoilln in Plate IX, Fig.2 and Plate X. The same methois 

and p~ .... u ion were used as in the case of the sym.etric~l 

load.ing. Observations were made for secondary and direct 

tres e~ in the s~me manner as before. More care .as 

requirP.d in loa ing the truss as the pre~sure x ..... rted by 

the t 'JO rams rwas not equal. In tha ea se of the ma :im .l.m 

loai of 26, lOO lbs, the r·am at A c used a react ion of 

6 1 312 l ba • and at K, 9 , 7 8 7 t lhs • 

Tables II and IV give the total observed elongation 

or compression of tne members undi::'r the maximum load in the 

two cases, togetber with the distance of the nearest 

knife edge of the extonsometer from t!J.d )anel point, By 

1 
tbe formula F - L E. (E = 30,000,000), these observations 

give F, the s t:re ss in the extreme fi b:re of the mem1:e r ue 

to its distortion. In th-- c~ se of F being of tbe same s :ign 

Ft - b on each side of the memb r, is the secondary 
2 

at ra ss induced, a1d~ ·Y ; Fb + Fb the c o-J.i re et stress, 
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orrtben ire et st:re ~s observ•ad at the sam.e time es the 

secondary s+ re ases. ((:'fee Plate I, Fig. II and III) • 

It will re noticed, that in the\casc of the 

member DE {Case t J we have an elongation on one s.ide 

and a compre~sion on the opposite side of the member. 

This shows th9.t the iixect st :r·ess is very small, and 

that the secon~ary stresses have reversed ~he sign of 

t be maximum stress. 

By obs~rving whetber the gxeateat distortion 

occurs at the top or the bot tom fJ.bre and noting its sign, 

th~ fo :nn assumed by the el a.st in lire of the member can 

be determined In Plate IX, Fig.II and II, the heavy 

lines indicate the various · positions into which the 

elastic lirea are defJ.ected by the loading hown, the 

dotted lire s represent the posit ions given by the cal-

cula.., e i mo.m.en 

In Tables III and IV, the compaxisons of tr...e 

r ul s of observation and calculation are given for 

the SJYnletrical and unsymetrical loadirg, for both 

the secondary and dire et stresses. 

Before entering upon a discussion of the com-

parioon of the secondary stresses, it might be ~11 to 

first co.~.1sider the relation of the calculate,i to tbe 



-ZB-

observed direct atresses, ani its significance. It is 

very evi1ent from the figures of Taol$ Ill and IV, 

especially in the ea~ of he cantilever, that the 

observed direct stresses and those determined by cal-

culation are not the same. The explanation of this 

ia in the form ani style of the truss on which the 

exp er ime nt s we re m a de • A rivet t e d t r·us 9 , vi t h rigid 

jointa 1 Jiffers from a pin cor:r c ~1 trusa,wit" frictionle!3 s 

jointsJnot only in the fact that the rigidkty of the 

joints set up secondary or bending stresses at the 

extremities of the mambei, but th fixture of the joints 

also alters the distribution of the d.irect stress es anj, ~~ 

tne various mernbezs. 

Fo example, in the case of the first system 

of .LOading, for exterior fo.t·oes within certain limits, 

the chord memb~r C could be cut" and. the truss woul 

not collapse, as the re istance offered by the joint :B 

ould maintain the equilibrium. This shows that, for 

varying conditions, d.>;,p nding on the loading, the design 

of its end connect ions and its posit ion in .the t rua s, 

the actual dire et stress in any mernre r may be great I 

o:r le ss than that determine i by calculation. 

e joints h ing the heaviest conre ctions 

and offer i ng t e gre.:test resistance are ""h t 
~.~ ose a c, 
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ani the corresponding points at the opposite end of the 

truss. It is tberefore at these points that the greates 

iscrepancie bet·.veen the theory and the practice mig ..... t 'be 

xp~cted to occur, Con~idering the members A and CD 

in the first caae (Plate IX, Fig.I) • Due to the fact 

that the rigidity of the joint B absorbed part of the 

direct stress that, in a pin connected truss, wouli go to 

AC and. CD, the observed direct stresses in these members 

::1ere 3, 900 lbs. p ..... x· squa:re inch, and 6, 975 lbs. per square 

inch as co~npare with the c~ .. lculated stress of 5 ,16o.8 and 

7,810. 7 lbs. ye square inch. 

Again in t:'le member D.E, the calculated at :re as 

is zero, but the observed stress is ~?5 lbs. -p .... r squa. .... ~ 

in~h, induced by the restraint of the joints, and the dis­

jrribut ion of the stresses thus int "O :!uc\3d. 

In the unsY.metrioal loadi1 ) ~he members KG and GF 

show this point v...,ry clearly, while the web members in 

general sho 1 the effect of the rediatribtltion of st:ress. 

It is therefore evident that prop~ allowance 

must be made for these conditions in dett:rmining the 

secondary st res se s. In the calculation of these stresses, 

it "!lill be remembere,l that the stresses consJ.dered as 

causing the elongation of the members, and hence the 

angle distort ions, were the direct stresses obtained by 

ea cuJation . Now sine~ the actual direct stresses ~liffer 
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to a great :r or less d gl"ee from the calculated, the 

second.a:ry t.rdsses obtained from the latter ana those given 

by observation will vary correspondingly. It will be 

seen in Table III that 75% of the calculated secol1dary 

stresses are greater thall t e observed, an:l tl"'..a.t the members 
+rue 

in .ihicb the reve se is -thxouglL have a direct relation to 

the afoi·ementioned jointa. (B in Table III indicates a 

difference in the sign of the moment obtained by observation 

and calculation). 

In comparing the two x·esults, it must be further 

remembered "':bat the moments obtained in the case of 

observation are farther along the member than those given 

by calculation. As the moment at the e.x.is at the bar 

varies throughout its length, therefore there will be 

a proportional _ difference bet vr~een the rr..on1ent at the end 

of the member ani that at the extensometer, epen ing on 

th distanc of the ~nstrument from the panel point. If 

:ehe nature of tne curvatum of the elastic lite was taken 

from the solution, a correction could be applied to tbe 

calculated value for the position of the ex:tensometer. 

For these reasons it is very appq,rent that the 

comparison of the theoretical and observed ~~sults will 

not mean a check in tbe cas a vhere these discrepancies 

are lq,rge. 
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In t h is experiment l truss) these effects gi\j tly 

e ceei those encountered in p:ractioe. he general struature, 

the size of the plat..,~ ani -tha v.eight o:' the web members 

compared vath the other dimensions of the truss all tend 

to enhance these, and. in actual practi 1 the effect of the 

restre.int of the joints on the general distribution of 

th.... ire::t stresBes might very properly be neglected. 

In cas I, tr~ seconda~J sticsscs, xhich it is 

customary to express as percentage of th~ dire et stresa ~s, 

are a max~nQm in the cho~d, and increase towards the end. 

Th v.eb members show- a ten e ncy to increase t owa.rds the 

ce nt:re. This is a fo:r:t"..lnat e coinc i :lence , as the excess of 

section of the chord and Neb members generally occur at 

these respective points. In case II, the n:.c-ximum pexcentage 

of ~econdary stress occurs in tne chord members towards 

the end of the ca nt ilev er. 

Though this Thesi h=ts been confired to the 

calculatio a.n observation of s...,cor.da y st res.:)ea due to 

riv~ted joints, there are other important sources of these 

stresses occurring in bridge construction. Amor..g tbeae 

may be mentioned the econdary st resfJes induced in the 

pos+s of the truss iue· to th connection ani deformation 

o ~whe f'10 ox beams) the portal, and t 'he lateral 'hta c i11g • 

he se st, esaes re in a plane at rigb t angles to the p¥tne 
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of the truss, and in the case o:: sha..1.. .... ow floor beams 

or heavy ~ind loads a1-e of considerable magnitude. In 

erection o i. the case of inacC'urately const 1.1cted or 

misfit members, important J though somevhat indet er.m.ina .., 

secor:dary stresses are set up. The designer m·tst take into 

ac .. ount all possible maximum eo ndit ions ani rr.~.a, am~ le 

a 1"" o va.nce for case a of this kini. 

In conclusion, this investigation olea ly 

.emonst :ra.t ea the importance of eo nside rir!a- the secondary 

·stresses in all bridge construction in rh:!.c'b the riveted 

OI' rigid joint ia e d. It further • ho·~;s the n- tu re of 

the subject to be such as to forbid of a quick d t, ... rmina"t~or 

o thes stresses, arj th impossibility of deducing 

de finite rules or formul9.e. In view of the increasing 

po:)ularity of the riveted truss for long spar:$ , ·n American 

bridge p :ra.ct ice 1 fu rthe and lf.O.r.:~ e hausti ve investigations 

and comp8r-isons of these stresses would be tim~ly and 

\~c 1 1 directed e ff'o rt • 

r~o .. t rt.: a l , A st, 909. 



T A B L I. 

Tabulated Form of Notes. 

Run l~o. 12 March 11th, P.M. 

Member G Hat G. Dist. to P.P. 8.00 

Top Exte ns 2 Bottom Ex:tens.6 

Load Reading :Beading. 

lOO .01850 .01265 
.00002 .oooos 

2100 .01852 .01257 
.00002 .00009 

4100 .01854 .01248 
.00003 .00008 

6100 .0185 7 .01240 
.00003 .00009 

8100 .01860 .012Z.l 
.00002 .00010 

10100 .01862 .01221 
.00003 .00009 

12100 .01865 .0121~ 
.00003 .00010 

14100 .01868 .01202 
.00003 .00010 16100 .01871 .01192 
.00003 .00010 18100 .01874 .01182 
.00003 .00010 20100 .01877 .011?2 
.00003 .00009 22100 .01880 .0116 3 
.00002 .00008 24100 • 01882 .0115 5 . 
.00003 .00008 26100 .01885 .01147 

Returning 

lOO . 01851 .01263 

Total Difference + . 00035 + . 00118" 
(Indicates that bot sides of the member have elongated) 



Tots.l Observed train. 

Symet I 'ical Loading. 

~}lord Member Top I.xten . Bot ten1 Exte·ns . Dist. to P.P. 

AB .oooorz c .0007/2 c 8.00" 

A . 001Z·O c .00042 c 6. 50,, 

ED .00153 c .00064 c 8 .oo" 
DB .0008~) c .00117 6.50" 

DF .00137 c .00169 c 5 5 " 
Cl· • 00195 T . .00128 T 7. 75" 

-r::c .00199 T .00118 T 5.25" 

AC .00062 T .00055 T 6.75" 

CA .0005? T .00073 T 6.00" 

Web Mem b e:rs 

:BC .00168 T .00025 T 8 .oo" 

CB .00048 T .00152 T 8.oo" 

DC .0011~ c .00107 c ? .son 
CD .00096 c .00087 c 7.50" 

IlE .00023 T 000?0 ,.. 
... J 6.50" 

ED .00013 T .00011 c 6.50" 



TABLE III. 

Oomparison of Obsex-ve an cl Ca1c ula.t e d 

Secondary an Direct Stresses. 

C.al. Obaer Co.Dir. Ob sex. Ca1cul. et obser. d c j al •. 
2nd.. c t 2nd St C!t • ir. c.t • Dir .st. ?nd of D.ti..r ~nd of 

Dir. 

Chor 

AE 862.4R 4l2.5 - 5812.5 · 6225. - 6202.8 14f 

A 883 8 3300 - 6450. 6225. - 620?. 8 54% 

BD 3ZJ37. - 8137. 8325. - 8170.8 401{ 

DB 1275.0 -7500. 8325. -8170.8 6?% 

DF 1200. -11475. 1~·25 .o -12265.2 1o% 221( 

CE 2512 5 12112.5 11325. 12256.2 

EC 2)037 5 11887.5 m25. 12256.2 27% 20% 

AC _.80 .F. 262.5 4387 .o 3900. 5166.8 

c 600. 4875. 3900. 5166.8 15% 45% 

reb. 

BC 1330.? 4987.5 7612.5 7875. 7810.7 63% 17f 

CJ3 72.8R 3900. 7500. 7875. 7810 7 

DC 491 5R 187.5 -8212 -697 5. -?810 7 

CD 1318 2 462.5 - 6987.5 -6975. · -7810. 7 6% l?tft 

DE 3660.5 1987.5 ?.62.5 3? 5. 0 5oo% 

ED 478 3 900. 75.0 375. 0 



Chord 
lJembers. 

AT3 
BA 
BD 
DB 
DF 
FD 
FF. 
J 
HK 
KH 
I{G 
GK 
GE 
EG 
EC 
CE 
c 
AC 

TAl3 .. IV. - --~ - --
Total Obse :x:ve d St :rE'. in. 

Unaymetrical Lo3.d ing. 

Top .Ex:te na. 

.00102 c 
.00149 c 
.oo1?o c 
.00105 c 
.00142 c 
.00119 c 
.00020 c 
.00048 c 
.00116 c 
.00027 c 
.00083 T 
.00022 T 
.00150 T 
.00108 T 
.0022~ 9 T 
.00231 T 
.00093 T 
.00081 T 

:Bottom Ext ens. 

.00105 c 

.00067 c 

.00088 c 

.00174 c 

.00194 c 

.00180 c 

.00126 c 

.00117 c 

.00017 c 

.00100 c 

.00005 T 
00090 T 

.00092 T 

.00111 T 

.G0184 T 

.00152; T 

.00087 T 

.00070 T 

leb Members 

BC 
CB 
CD 
DC 
DE 
ED 
EF 
]E 
FG 
GF 
GE 
EG 

.001 ?8 T 

.00119 T 

.00110 c 

.OOlf:\3 C 

.00058 c 

.00048 c 

.00048 T 

.00059 T 

.00059 c 

.00029 c 

.00035 T 

.00039 T 

.00070 T 

.00140 T 

.00106 c 

.00106 c 

.00114 c 

.00102 c 

.00108 T 

.00088 T 

.00088 c 

.001!?,() c 

.00118 T 

.00106 T 

Dis t • to P. P. 

8" 
6. 50" 
a.oo 
6.50" 
5.50" 
5 .50" 
6 .50" 
8.00" 
6. 50" 
8.00" 
6.75" 
6.00 n 
7. ?5 tt 
5.25" 
5. 25 tt 

? • 75" 
6.00" 
6.75" 

B.OO" 
s.oo" 
? .50" 
7.5 O" 
6. 50" 
6.50" 
6.50" 
6.50" 
? .50" 
7.50" 
a.oo" 
8. 00" 



TABLE V ·----
Comparison of Observed and Ca lcu J.E.t e d 

Secondai·y and Direct Stresses. 

Co .Dir. Ob se :r· . Ca.lcul. % Obsex· % Cal. 
St. Dir. St Dir.st. 2nd of ?nd.of 

Di:r. Dii. 

- ? 762 5 -10575. - ??54 8 
-8100. -1057 5. -?754.8 29% 

75. -9675. - 1027 5. -10214. 29% 
58? .5 10462.5 -10275. -10214. 
950. 12600 -1Z050. -1225 6.0 
287.5 11212.5 - 13050. -12256. 17~ 
225. - 4725. - 72?5. - 6128 6 441{ 

2587.5 - 6187 .E> - 7275. - 6128.6 
'BX 3?12 .5 ~ 4987 5 - 4475. -4652.4 83% 
KJI 27'67 .5 - 4762.5 - 4475. - 4652.4 
I m 925. +2,300. 2250. 3875. 1W% 
GK 2550. 4200. 2250. 38?5. 
GE 2175. 9075. 8250. 9192.6 26% 
EG 112 5 8212.5 8250. 9192.6 
F.;C 2062.5 15862.5 14925. 153?.0. 5 
CE 2925. 14400. 14925. 15320.5 1ao1 ;'//' 
CA 225. 6750. 6825. 6458.? 
AC 400. 5650. 6825. 6458.? 5f 
Web M bers 

J3C 4050. 9300. 11100. 980 7.4 36% 
CB 787.5 9712 5 11100. 9807.4 
CD 1050. - 9300. -780 o. - 9007 .4 
DC 1762.5 - 9712.5 -7800. -9807.4 2'"'a1 c.,, ... 

?lOO. - 6450. - 4125. - 5884 .o 50% 
ED 2025. - 5625. - 4125. - 5884.0 
EF 2250. 5850. 6900. 5884.0 32% 
FE 1087.5 5512.5 6900. 5884.0 
FG 108?.5 - 5512.5 - 4125. - 5884.0 
GF 3412.5 - 5587.5 - 4125. - 5884 .o 82% 
GH 3112.5 57 37.5 7200. 5884 .o 43( 

I m 2512.5 5437.5 7200. 58 84 .o 
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