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Foreword to the First American Edition 

By I. F. Morrison 
Professor of Applied Mechanics, University of Alberta 

The practical design of statically indeterminate structures is a trial 
and error process. Because the elastic equations are dependent on the 
substance, as well as on the form of the proposed structure, it is necessary 
to assume the size of each member in advance. This is based primarily 
on the experience of the designer, hut these assumptions must then be 
justified by computation, and, as a rule, more than one trial is necessary 
lo arrive at the final design. 

The setting-up and solution of the elastic equations for the chosen 
redundant quantities involve much more work than the analysis of the 
comparatively simple statically determinate cases. Anything which will 
facilitate this work is therefore desirable, and such aids are often to he 
found in the algebraic formulas which are the solutions of the elastic 
equations in general terms. 

Since the first appearance of Professor Kleinlogel's Rahmenformeln 
in 1913, this remarkable book has gone through eleven German editions. 
From time to time, it has been revised and enlarged from its initial form 
and now embraces nearly all of the practical single-span types of the rigid 
frame. This new English-language edition in one volume makes the book 
readily available to the structural engineer unfamiliar with German. 

During the last fifty years, substantial progress has been made in 
structural analysis and design, but during the early part of this period 
there was some reluctance in practice to adopt indeterminate types. Thi11 
was due chiefly to the difficult and often lengthy computations requirefl 
and, so long as the numerical computations were time-consuming, the 
de~ign office frowned on such procedures and preferred the more quickly 
computed statically determinate types. However, increasing costs and the 
more precise design of aircraft structures produced a demand for greater 
economy of material, and the advantages of continuity, stiffness and 
economy of the rigid frame, both in welded metal and reinforced concrete, 
came to be recognized. But, although systematic methods of stress analysis 
"'·ere developed, the demand for rapid computation, especially for pre· 
liminary design, still remained, and a handbook of reliable, compact 
formulas became more and more desirable. 
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The introduction of European methods of structural analysis, well 
developed there just before the tum of the century, came slowly on this 
continent and, until such methods came to he well established, there wa~ 
little inclination among American engineers to indulge in the prodigious 
task of working out a large number of cases in algebraic form. And even 
today this has never been done to any great extent. 

Owing to its pictorial character, this book is, in a sense, unique. The 
reproduction of the large numbers of diagrams of which it is comprise1l 
has made it necessary to retain the original notation, which differs some· 
what from that familiar to the American engineer, but the use of J 
instead of I for the moment of inertia and of F instead of A for the aren 
of the cross-section of a structural member should present no practical 
difficulty. Other features, such as the sign-convention, are also different, 
hut these are fully explained in the text and will offer no handicap to 
those familiar with the subject. 

The practical use of this handbook may be said to be three-fold. 
First, the formulas for the .bending moments and reactions on rigid frames 
of a number of different types, and many loading conditions, may be used 
to secure results rapidly by the direct substitutio~ of numerical values. 
Designers, even without advanced training in structural analysis, can 
avail themselves of the advantages of the rigid frame by its direct use aml 
with but little added effort, influence lines, or tables, can be readily con· 
structed as described in detail in the text. 

Second, for those who are experienced in advanced analysis, the Mohr 
equation, aided by the diagrams in the book, will give a ready and rapid 
method for computing displacements of rigid frame structures. The 
moment-area theorems can be applied without difficulty. . 

Third, the rigid frames, themselves statically indeterminate, can Jje 
used as units in adopting a "primary structure" dealing with cases of mo~e 
highly indeterminate frames, and so bring such structures within the range 
of easy computation by means of the Maxwell-Mohr work equation or, 
if one prefers, the slope-deflection equations. This extends considerably 
the field of practical application in the design of such structures and mak~s 
available an accurate and rapid method of analysis of structures which 
could heretofore be handled only by approximate methods or hy lengtln
numerical computations. 

Edmonton, Alberta 
June, 1951 

I. F. M. 
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Preface to the 12th edition 

The present 12th edition encompasses the same number of pages 
and frame shapes as the 11th edition. However, eleven frames have been 
omitted in order to create space for eleven entirely new frame shapes. 
The former can be easily obtained as special cases of the tabulated frames. 

The eleven new frames are divided into three groups. Group I 
(frames 17 through 21) is a series of symmetrical triangular frames with 
tie rods and various end conditions of the diagonals; group II (frames 
38 and 45) consists of a symmetrical and an unsymmetrical fixed rec· 
tangular frame with hinged knees; group III (frames 68-72) is a series of 
sheds with hinged or fixed bases and with or without ties at various 
levels. These new frames were added in response to the wishes of many 
users of the book. 

With few exceptions, no changes have been made in the arrangement 
and form of the formulas; a small number of them have been transposed 
for easier use. All loading cases have been renumbered by a system X/Y. 
Here X denotes the frame shape (from 1 through 114) and Y the loading 
condition for that particular frame, each time starting out with 1. 

For all 32 symmetrical frames, new antisymmetrical loading cases 
have been added to the symmetrical ones. This enables the user to obtain 
any unsymmetrical loading as the sum of a symmetrical and an anti· 
symmetrical loading. 

As before, no general normal loads on inclined members have been 
considered, because the corresponding formulas would not be simpler 
than the superposition of the formulas for the vertical and horizontal load 
components. Nonetheless, the triangular frames and some of the others 
contain loading conditions for normal loads on inclined members in line 
with some building code specifications. 

The former rolr and rol1 which denote the static moments of the 
load resultant s - about the supports have been redesignated er 
and e I • This follows the notation used by other authors, and the 
former quantities will henceforth denote fixed-end moments (FEM) 
exclusively. 

The Introduction has been considerably shortened. The derivation 
for the load terms ~ and !Jl has been omitted because it proved too 
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skimpy. The interested reader is referred to the volume Belastungsglieder* 
for a complete explanation of these quantities and their application. The 
Appendix remains unchanged except for required modifications. 

Planning and detailed execution of all the above changes was again 
in the hands of Mr. Arthur Haselhach, civil engineer, my co-worker of 
many years' standing, to whom I am greatly indebted. 

Darmstadt, Germany 
October, 1956 

Adolf Kleinlogel 

•Beam Formulas by A. Kleinlogel. Translated, considerably expanded and adapted 
'or American usage by Harold G. Lorsch (Ungar). 
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• 
Introduction 

I. Organization of Rigid Frame Formulas 

The ll4 frames, sh<>wn pict<>rially in the index, are treated as 114 

separate chapters. 

Each type <>f frame is preceded by a full page which contains two 

sketches, the frame constants, and additional information if required. 

The left-hand sketch shows the type of frame, its rmpport, the dimensions, 

the moments of inertia, and the joints notations. The right-hand sketch 

shows the positive direction of the reactions, the positive direction of 

the moment (tension on the face marked by a dashed line), and the 

coordinates of an arbitrary point. 

Following this page are listed a certain number of loading conditions 

for each frame; e.g., case 15/3. Here 15 denotes the number of the frame 

shape and 3 the loading condition for that particular frame. For all types 

of frames general loads on the members and a uniform temperature rise 

are covered first. The section on "Load Terms" in the Appendix is to be 

used in connection with the former. A varying number of special loading 

conditions are then given depending on the importance of a particular 

type of frame. 

Each loading condition is again illustrated by two sketches. The left

hand sketch shows the frame and the load; the right-hand @ketch showP 

the moment-diagram and the reactions. Formulas for temperature chanf!:es 

are shown with one sketch only. 

For every loading condition formulas for vertical and horizontal reac

tions, moments at any point, and moments at the joints are given as a 

minimum. In casee where the computation of axial stresses and shearing 

1>tresses iR complicated, the formulas for these stresses are f!:iven as well. 

2. Arrangement of Formulas 

As a rule, the formulas for the joint momente have been given directly 

at first. Usually it is then possible to compute reactions and moments 

at any point of the frame. 
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The kind of formula depends on the degree of statical indeterminarly 
and the shape of the rigid frame. Auxiliary coefficients X were introduced 
whenever the direct expressione for the statical quantities became too 
complicated or for other reasons of expediency. The X-values were rep
resented in a convenient matrix form in the case of the more complicate1l 
rigid frameb. statically indeterminate to the second or third degree (see 
pp. 235 and 236). The letter §13 denotes "composite load terms" which 
occur ~n the equations for the X. -

In the case of symmetrical frames two symmetrically located momentR 
and forces have usually been combined into one douhle formula. The latter 
would have the typical form of 

which represents the two forms 

G = Y, + Y2 and G' = Y, - Y2. 

In these formulas Y1 represents the influence of a symmetrical load, Y2, 
the influence of an antisymmetrical load. 

The letters A, B, C ... designating a joint are used as indices for the M, V 
and H values (for example M 8 , V,,, H<:). 

The indices 1, 2, 3 are used in connection with the J or k values, to per· 
tain to certain members (for example ],, ] 2 ). 

The indices x and y are used in connection with the moment M aml the 
~lwar Q at any point (for example M,, Q11 ). 

A.B,C 

a, b, c 

l, h, s 

X, x'; y, y' 

I 
k 

a, fl, "f 

m,n 

N,F; 
Ng.L,G 

A, B, C, 
K,R,L 

3. The More Important Notations 

Special points of the frame (support, joint, connection to thr 
tie rod) 

} Lengths of members and other dimensions 

Variable dimensions (co-ordinates of any point on the frame I 

Moment of inertia 

Reciprocal of stiffness coefficient 

} Coefficients (explained on the first page of each chapter) 

Denominator in the formulas for determining statically in
determinate quantities 

} Constants ( explai~ecl on the first page of each chapter I 
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M 

v 
H 

Q 
s 
z 
E 

x 

f,m 
s,w 
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Ext~rnal sini:de concentrated load 

Uniformly distributed load or trian!!:ular load per unit liengtl 

Bendin11: moment 

Vertical reaction 

Horizontal reaction 

Shear 

Axial force 

Temion in tension rod 

Modulus of elasticity 

Constant (statically indeterminate moment) 

Coefficient 

Load terms 

Resultant of external loads for vertical and horizontal 10:111 

respectively 

Static moments of resultants of external loads1 

Bending moments in a frame member considered as a sim1 

supported beam under vertical and horizontal loads, respecti' 

Composite load term 

4. Sign Conventions 

General Rule: All computations must be carried out algebraicall) 

hence every quantity must be used with its proper si11:n. The result wi 

then be automatically correct as to sign and magnitude. 

Laad: The direction of the external forces (single concentrated Joa• 

uniformly distrihuted load and moment) shown in the left-hand sketc 

for each type of frame is assumed to be positive. If the load acts iu tl1 

opposite direction, its value is to be preceded hy a negative sign whe 

suhstituting in formulas. 

RP.actions: The direction of the reaction shown in the right-ban 

sketch for each type of frame is assumed to be positive. Therefore vertici 

reactions ( V) are positive acting upward, and horizontal reactions ( H 

are positive actin6 toward the structure. 

Moment: A moment is positive if it causes tension in the face marke 

by a dashed line. There is no relationship between this sign conventi&. 

and the actual direction of rotation. Moment diagrams are drawn on th 

editions of Rigid Frame Formulas and in Beam Formulas (translated an· 

for Am~ri~an usage by Harold G. Lorsch) these quantities are denoted by Wl 
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side of the member on which they cauae tension. Hence, positive moments 
are shown on the dashed (inner) face of a member, negative moments on 
the face of the member opposite to the dashed one (outer face). 

Unless otherwise noted on the first page of a chapter, the moment 
diagram in the right-hand sketch is approximately correct for the lengths 
shown and for equal moments of inertia of all members. Therefore the 
moment diagrams shown are to be used for general information only. For 
simple frames with normal variations of moments of inertia, however, the 
diagrams shown will usually he correct. For more complicated frames, for 
special dimensions, or for unusual variations in the moments of inertia, 
the actual moment diagrams can differ· considerably from the moment 
diagrams shown, even to the extent of a change in sign. 

Shear: The shear is positive if it l.s directed upward at the left end 
and downward at the right end (regular beam convention) of a member. 
The siitn of the shear is independent of that of the moment and therefore 
independent of the dashed line. 

Axial force: An axial force is positive if it causes compression; nega· 
tive, if it causes tension. · 

Tie rod: A negative stress in a tie rod means that there is compression 
in the tie. A tension rod cannot take compression. If this compression 
is balanced by other tensile forces so that the final result is a tension force, 
the formulas used are correct. If the final stress remains compressive, the 
frame has to he figured by neglecting the tension rod completely. A rigid 
frame may then become a simple beam, if the force in the tie rod was 
the only redundant in the frame. 

5. Assumptions Made in Deriving the Formulas 

All formulas are based on the following assumptions: unyieldinj!; sup· 
ports, no rotation or displacement of fixed supports, no displacement of 
hinged supports, and no vertical settlement of roller supports. 

The influence of the hending moments alone was considered in the 
formulas for statically indeterminate quantities. The influence of axial 
aml shear forces was neglected as being usually very small. Practical 
experience has shown that, except in special cases (short heavy lev;s of a 
rigid frame, etc.), the influence of axial forces may he ne11:lected. This 
applies even more to shear forces. It must be remembered, however, that 
no "rule" is pronounded to neglect these forces in the general analysis of 
statically indeterminate structures. 

The influence of different moments of inertia is taken care of by 
using the stiffness coefficient k. It is assumed that the moment of inertia 
of any member remains constant. 

The modulus of elasticity E is assumed to he the same for a11 
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for tie rods. Both moduli of elasticity appear in the expressions for tie 

rml forces and temperature forces only. 

The influence of a temperature change is computed by assuming a 

uniform tempe1·ature change for all members except the tie rods. Assuming 

that the tie rod is located between the supports, that the temperature 

change of the tie rod is the same as that of the other members, an1l that 

the coefficient of expansion of the tie rod is the same as that of the other 

memhers, a change of temperature does not cause any moment, axial stres1<, 

or shear stress in the structure. If a frame is statically determinate ex· 

temally, a uniform change in temperature of all its members does not 

cause any stresses. 

Special assumptions which pertain to individual frames alone are 

explained where they occur. 

6. General Loads on Members 

Introduction·: A positive moment causes tension in the dashed face 

of a member. Positive moments are shown on the dashed side, negative 

moments on the opposite side. In order to distinguish between the left 

anrl the right end of a member, it must he looked at from the positive 

side. This hook containe single-story frames only; the insirle face of all 

members was dashed; hence the. positive face of all members is the inside 

face. All members should be viewed from the inside in order to define 

"right" and "left" ends. 

General unsymmetrical loads are always indicated by the dashed re· 

sultants of loads S or W. The load terms f and m are indicated by a 

double line 11 at the ends of the loaded members or their projections. 

The significance of the static moments e>r, e, and of the simple beam 

moments M! and M 8 is explained in the figure on page 440. 

Loads do not g;nerally act normally to the axes of inclined members 

(e.g., snow or wind loads on inclined girders) . The figure below shows that 

the uniformly distributed load of p,, lbs. per ft. acting normally to the axis 

of the inclined member of length s is equal to a vertical load p,. acting on 

the horizontal projection of the member and a horizontal load p 11 acting on 

the vertical projection of the member. This will enable readers to use the 

present tables for horizontal, vertical, or inclined loads acting on hori

zontal, vertical, or inclined members. 

fl.TIJ l/frl: -----
~ I ~ I 

pp <'<:;) l + PP I'<) I 

_: ___ lJ . _____ J_j 
I I J 1 

f--- a,-----l -----a-
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Frame I 
Single-leg, two-hin~ed ri,Qd frame. Vertical leg. 

Horizontal girder. 

Shape of Frame 
Dimensions and Notations 

Coefficients: 

i--x--i--x•----1 
D' I...!!!:_ 

: ::., tie 

! + 
I "'> 

!fL_1_ J 

t~ 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point; Positive 
bending moments cause tension at. the 

face marked by a dashed line. 

N=k + I. 

Case l/l: Rectangular load on the girder 

q x x' x' 
M .,=-2- + yMB 

, V e 
Xo=q 

Case 112: Rectangular load on the leg 

I{ 

q [2 
MB=-sN; 

Ve x~ 
maxM = - 2-
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FRAME 1 

Coefficients: N=k+ 1 

Case 1 I 3: The moment acts at joint B 

J, 

A 

Case 1/4: The moment acts at hinge C 

8--.--. ...... --+~"" c 
~ 

M 

A 

:ase 1/5: The moment acts at hinge A 

B "" lie -~ {JI ~ -ii& I I 
I 

" A 

I 
I 

-MB 
VA=-Vc=-l-; 

Jf 
MB1 = + N 

. Mk 
MB2= - 7 

(M Bl - M B2 = M); 

x x' 
M.,=zM+yMB. 

MA=+M 

Mk 
MB= -2 N; 
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FRAME I 

See Appendix A, Load Terms, pp. 440-445. 

Case 1/6: Girder loaded by any type of vertical load 

V - 6,-MB 
A - l 

V _61+MB 
c- l 

f 
MB=-2N; 

-MB 
H.{=Hu =-h-

x' 
1l1 =Mo +-MB 

:r " l 

Case 1/7: Leg loaded by any type of horizontal load 

w 

61-Mn 
He= h H.4=-(W- Hc); M =M' +JLMB 

11 y h 

Case 1/8: Uniform increase in temperature of the entire frame 

~ 
I 

~=.i"'"'~i"A'~~ojjloj;~o!C)l-'!£_ E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = Change of temperature in degrees 

M 3 E J 2 et l2 + h2 

J B= - -,;_~·-z2- ; 

Nole: If lhe lernperalure decreases, the direclion of all forces is reversed, and the 

signs of all rnornenls are reversed. 
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Frame 2 
Single-leg, one-hinged rigid frame. Vertical leg, hinged 

at bottom. Horizontal girder. 

Shape of Frame 
Dimensions and Notations 

Coefficients: 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
hending moments cause tension at the 

face marked by a dashed line. 

N=4k+3. 

1se 2/ I: Uniform increase in temperature of the entire frame 

E = Mo<lulus of elasticity 
E = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constant~: 

T= 6EJ2 et 
lN 

1te: If the temperature decreases, the direction of all forces is reversed, and tlw 
signs of all moments are reversed. 
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Case 2/2: Rectangular load on the girder 

Case 2/3: Rectangular load on the leg 

~ 
t~ 

He= q2h _ M: 

Case 2/4: The moment acts at joint B 

M.r;;~...---.~~~~~-C_.,,.1 ._ 

A 

I 
I 
I 
I 

--l---
__ i 

3M0 
VA= -Vo=-z-; 

I I 

l--i 
t--3 ,~c 

• 
FRAME 2 

-MB 
HA=Hc=-,,,-; 

qh2k 
Mn= - 2N 

-MB 
Mc = -2-

3M 
Mn1 = N 

4Mk 
MB2=--w-

(MB1 -MB2=M) 
- MB2 

Mc = --2-; 

MBJ 
HA = Hc =- h 

y 
M 11 =h,MBI· 
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AME 2 

efficients: N=4k + 3. 

See Appendix A, Load Terms, pp. 440-445. 

se 2/ 5: Girder loaded by any type of vertical load 

M 2iR(k+l) - ~ 
a = - N ; 

x' x 
M =M8 +-MB+ ·- Mc "' .• l l 

18e 2/6: Leg loaded by any type of horizontal load 

2mk 
MB= - ---W-

3Mc: 
VA= -Ve= -l-; 

H _ ei,-MR 
c:- h HA= - (W - Hc) ; 
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Frame 3 

Single-leg, one-hinged rigid frame. Vertical leg. 
Horizontal girder, hinged at one end. 

8 c;:;: 
~ 

J, 

A 
~ 

Shape of Frame 
Dimensions and Notations 

Coefficients: k = J 2 • .!!... 
Ji l 

1--X x~ 
I 

:~ B' 

-T Le 
I 
I "" Ll __ _l 

~'41 
~ 

This sketch shows the positive direc
tion of the reactions and the coordi
nates assigned to any point. Positive 
hending moments cause tension at the 

far.e marked by a dashed line. 

N=3k+4. 

Case 3/1: Uniform increase in temperature of the entire frame 

~Ii 

h:. A -
""~ t~ 

I 

__ ] 

M =+T[2l(k+I)+.B] 
A hk 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = ChangP. of temperature in degrees 

Constants : 

Note: If the temperature decreases, the direction of all forces is reversed, and the 

signs of all moments are reversed. 
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F'RAME 3 

:::ase 3/2: Rectangular load on the girder 

I[ 

Vax~ 
maxM=-2-

:::ase 3/3: Rectangular load on the leg 

';JIIHElrdfnIIIID==---~ 

-lvc 
T 

-MB 
MA=-2-; 

qh2(k+2) 
MA=- 4N ; 

lo=qh+MA-MB 
2 h 

:::ase 3/4: The moment acts at joint B 

(;g ~ 

J.i c, 
I 

l.IJ.IJ.J.j.Wi.~µu.u.w.1JJWIIJ:-.. -Hc. 

J~ 
I 
I 
I 

. 3Mk 
MB2=-~ 
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FRAME 3 

Coefficients: N=3k+4. 

See Appendix A, Load Terms, pp. 440445. 

Case 3/5: Girder loaded by any type of vert~cal load 

V _ ei,+MB 
c - l 

Case 3/6: Leg loaded by any type of horizontal load 

lf... 

M __ 2f(k+l)-9lk 
A- N M - - (29l- f)k. 

B- N ' 

H _ ei,+MA-MB 
c- k HA=-(W-H0 ); 
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Frame 4 

Single~leg, hingeless rigid frame. Vertical leg. Horizontal 
girder. 

8_. __ ._....., __ ...,,... _____ c.~ill-, 

A 

Shape of Frame 
Dimensions and Notations 

B :x -~--~~j-Hc 
I ";.. *f 
I t~· 
I -
I ;;... 

.!L- Ll 
~'ii 

lft 
This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

N=k+l. 
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Case 4/1: Uniform increase in temperature of the entire frame 

M =+T[l(k+l)+B] 
A . hk 

Mc-MB 
V,i=-Vc=--z-

x' x 
Jf.,=7MB+yMu 

E = Modulus of elasticfty 

e = Coefficient of thermal expansion 

t = Change of temperature in degrees 

f'..onstants: 

T=3EJ_y.et 
lN ' 

MB=-2TB 

Note: If the temperature decreases, the direction of all forces is reversed, and th~. 

signs of all moments are reversed. 

Case 4/2: The moment acts at joint B 

M(",8 
.y 

A 

"' 

M 
MBl =+ N 

oci! 

(Jf Bl -MJJ2 = M); 

~ 

di c, 
I 
I 
I 
I 

Mk 
MJJ2= - 7 

-MB~ 
Mc=-2-

3MA 
HA=Hc=-h-; 
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FRAME 4 

Coefficients: 

Case 4/3: Rectangular load on the girder 

------

Case 4/4: Rectangular load on the leg 

8 

M __ qh2(2k+3) 
A- 24N 

Hc=q:+M..t~MB 

---

N=k+l. 

-MB 
Mc=~; 
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See Appendix A. Load Terms, pp. 440-445. 

Case 4/ 5: Girder loaded by any type of vertical load 

1s 

8 

A 

'1 - - ill(3k+4)-2~ 
"' c- 6N 

V _ e,-MB+Mc 
A - l Ve= S - VA; 

' I / \V 
I 

I 
I 

I 

-MB 
MA=-2-; 

3MA 
HA=Hc=-h-; 

Case 4/6: Leg loaded by any type horizontal load 

B 

w 

~ ( 4 k + 3) - 2 m k 
MA= - 6N 

k-!,.lll1lll1*l!lllllIIIIann:..~l-""""";=-i=j-~ 
-* 

HA= -(W - Hc); 

-MB 
Mc=-2-; 
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Frame 5 
Single-leg, rigid frame. Vertical leg. Horizontal girder 

with roller at one end. 

B 

A 

c 
Iii 

"1 
Ji I 

~ I 

)-l I 

__ 1 

Shape of F1·11me 
Dimensions and Notations 

:oefficients: 

I -r 
I ;;., 

iLJ 
~~ 

~ This sketch shows the 
positive direction of the 
reactions* and the coor· 
dinates assi~ned to any 
p.oint. Positive bending 
moments cause tension at 
the face marked by a 

dashed line. 

N=3k+l. 

Case 5/1: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

M -M __ 3EJ2 eth 
.;1- B- l2N 

-MB 
VA=-Vc=-l-; 

Note: If the temperature decreases, the direction of all forces is reversed, and thr 
signs of all momenta are reversed. 

*Contrary to the sign convention used for all other frames, the positive direction of HA 
has been chosen as shown. 
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Case 5/2: Rectangular load on the girder 
I[ 

Case 5 I 3 : Rectangular load on the leg 

If. 

qh2k 
MB= 2N 

HA=qh 

e 
l>: 

I 

Case 5/4: Horizontal concentrated load on the girder 

p e 
~ 

I 
I 
I 
I 

f vc 

• F'RAME 5 

c 

M _3Phk 
B- 2N 

MA= -:Ph+MB 
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FRAME 5 

Coefficients: N=3k+ 1. 

See Appendix A, Load Terms, pp. 440445. 

Case 5/5: Girder loaded hy any type of vertical load 

IS 

Case 5/6: Leg loaded hy any type'of horizontal load 

.!!. 

V _e51+MB. 
c- l , 

c 

~t 

.. 
t 

: ,, 
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Frame 6 

Single-leg, rigid frame. Vertical leg on roller. Horizontal 
girder. 

8 

"' 
A 
~--

~ 

~ 

c 
I 
I 
I 
I 
I 

Shape of Frame 
Dimensions and Notation:-

This sketch shows the pos1t1ve direc
tion of the reactions and the coordi
nates assigned to any point. Positive 
hending moments cause tension at the 

face marked by a dashed line. 

Note: In this frame the bending moments are independent of the ratio of the moment• 

of inertia of the members. Therefore k does not show in the formulas. 

Case 6/1: Uniform increase in temp~rature of the entire frame1 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = Chan!!e of temperature in degrees 

M 3EJ2 eth 
c=--z2--

Mc 
V..t=-Vc=-z-

Note: If the temperature decreases, the dire1·tion of all forces is revened, and th~ 

signs of all moments are reversed. 

'ln this ease only the change of temperatnrP of the leg influences the moments and 
reactions. 
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FRAME 6 

Case 6/2: Rectangular load on the girder 

I[ 

qP 9qP 
M 0 = -8 max 11!= 128 ; 

v -~q~ 
.A.- 8 Va = 5 ~__! ; M"' = q; (~l - x) x0 = 3

8l . 

Case 6/3: Rectangular load on the leg 

t~ 
M =-qy2 

II 2 

Case 6/4: The moment acts at joint B 

A 
~--

qh2 
},fn= -T 

H 0 =qh 

'il 

I-'(, 

" ; 
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s~e Appendix A, Load Terms, pp. 440-445. 

Case 6/5: Girder loaded by any type of vertical load 

m 
Mc= - 2 

• 

V _®,+Mc 
A- l 

V _®,-Mc 
c- l . 

Case 6/6: Leg loaded by any type of horizontal load 

3Mc v .A = - v c = - l -

x' x 
M,.=yMB:+yMc 

t~ 
-MB 

Mc=-2-; 

Hc = W; 

FRAME 6 
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Frame 7 

Single-leg, two-hinged rigid frame. Vertical leg. Inclined 
girder. 

Shape or Frame 
Dimensions and NotationF 

:oefficients: 

I--~-""'---· 
I 
I 
I 
I 

81 

i -t 
H. I J"" 

--!.. '--

t~ 
This sketch shows the positive direc· 
lion or the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

N=k+l 
h 

or.=-. a 

! :ase 7 I I: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

M __ a E J 2 et . z2 + 1i,2 
B - sN la 

-Mnor. 
VA=-Vc=--z-

y 
M =-Mn 

II a 

Note: Ir the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 

•; 

' i 

•••• • •• 

I; 
''\ 
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See Appendix A, Load Terms, pp. 440-445. 

Case 7 /2: Girder loaded hy any type of vertical load 

.s 

J, <! -.el 

A _ _l ___ _ 

H . H -MB 
..i.= o=-a-; M =)!_MB 

'V a 

Case 7 /3: Girder loaded by any type o1 horizontal load 

Jf.. 

Case 7 /4: Leg loaded by any type of horizontal load 

.!!. 

. 
~ .. 

• FRAME 7 

V be1 -hMB 
VA= - o= la 

H _ '51-Mn 
o - a HA=-(W-H<;); M = M 8 +Jf_MB v Y a 
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Frame 8 

Single-leg, hingeless rigid frame. Vertical leg. Inclined 
girder. 

Shape of Frame 
Dimensions and Notations 

x' 
~'=7; 

This sketch' shows the positive direc· 
lion of the reactions and the coordi
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

N=k+l. 

Variables: 
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See Appendix A, Load Terms, pp. 440-445. 

Case 8/1: Girder loaded by any type of vertical load 

!.r 

, · __ L_J 
ll ·= - ffi(3k + 4)-2f 
- c 6N 

V _el,+ Mc .L (2h+b)MA 
A - l ' la 

M x = M! +;' ·Mn+;· Mc 

, 

I 
I 
I 
I 
I 
I 

• I 

' \ I 
' . I '.\J 

- MB 
MA=-2-; 

3M,. 
H_.=Hc=-a-; 

Case 8/2: Girder loaded by any type of horizontal load 

.!!... 

8 

'·_J ___ J 
ffi(3k+4)-2f 

JJ.fc = - 6N 

H _ 3M_. 
.1--a- Hc = W + HA 

M x = M! +;'·MB+¢· Mc 

2f - ffi - Mn 
MB=--~ . MA = - 2- ; 

V --V _elr + Mc+(2h + b)MA. 
A - c- l la ' 

M 11 =r/·MA +1rMB . 
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FRAME 8 

See Appendix A, Load Terms, pp. 440445. 

Case 8/3: Leg loaded by any type of horizontal load 

V --V _bMA-hMB+aMa 
A - a- la 

M 11 =r( ·M.4 +ri·MB 
Note: If the temperature decreases, "the direction of all forcl's is reversed, and the 

signs of all moments are reversed. 
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Frame 9 

Single-leg, two-hinged rigid frame. Inclined leg. 
Horizontal girder. 

i---a---i-01------" 
I I 

rr---~, ~ 

1) ;/ 
Shape or Frame 

Dimensions and Notations 

c, 
l 
I 
I 
I 
I 
I 
I 
I 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

N=k+l 

Case 9/1: Uniform increase in temperature of the entire frame 

---+,.._---!J ---1 
I 
I 

~lttlJWJJ~[ll!J;Wli:1:11;o-i_~~ _!!s_E = Modulus of elasticity 
C e = Coefficient of thermal expansion 

-MB 
VA=-Vc=-b-

Y 
M11=}iMR 

J-it t = Change of temperature in degrees 

-MB/3 
H .{=Hc=-,,,- ; 

Note: If the temperature decreases, the direction of all forc,es is re.versed, ~nd the 
signs or all moments are reversed. 
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FRAME 9 

See Appendix A, Load Terms, pp. 440445. 

::::ase 9/2: Leg loaded by any type of vertical load 

!S 

~ cl 
~mmlfimnmtm=--!!L 

-G-.._..-1---b----t 

H -H _ f6,-f3Mn. 
A- c---}i,--' M =M•+'!LM 

1J y h JJ 

Case 9 I 3: Girder loaded by any type of vertical load 

J 

Case 9 I 4: Leg loaded by any type of horizontal load 

lf... 

i---a--i~--o--~~. 
I ~ 

c, 
I 
I 
I 
I 

I -llA 

1------ -----ii --t~ 
H _ fa,-fJMB 
c- h 

M11 =M~+tMn 

jib MB 
V_t=S--b-

Vc=S-VA; 

x' 
M,,=M!+l)MB. 

He 

J;-

HA=-(W-Hc); 
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Frame 10 

Single-leg, hingeless rigid frame. Inclined leg. 
Horizontal girder. 

i--a b 

: ;-' 
: 8 ~ 

/ .(! 

l - A 

.___ 

Shape of Frame 
Dimensions and Notation• 

(e+e'=l). 

c 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

t---X x'~::;-I 

8 *I He 
"';:,., 

i 
v "" ~ ! - ------

~ l;i 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 

1 hending moments cause tension at the 
face marked· by a dashed line. 

Coefficients: 

N = k + l. 

Variables: 

' y' 
1/ =-,;; 

(ri+ri' = 1). 
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FRAME 10 

See App~ndix A, Load Term~, pp. 440-445. 

Case 10/ 1: Leg loaded by any type of vertical load 

!S 

... __ f(4k+3)-29lk 
""A- 6N 

M __ (29l-f)k 
B- 3N 

-Mn 
Mc=-2-; 

3Mc 
Vc=--b- H -H _ e,+M...i (2l+a)Mc 

A - c- h + hb 

M 11 =M:+r/·MA +'Yj·MB 

Case 10/2: Girder loaded by any type of vertical load 

!S 

' 
I 

1-----l ____ _, 

··r _ _ 9l(3k+4)-2f 
·'· c- 6N 

2£-m 
MB=·-~ 

Vc = S- VA 

H a(e,+Mc)+(2l+b)M...i. 
HA= c= . hb ' 

-MB 
.MA=~; 

Mu=r/·MA +'f}·Mn Mx=M!+ ~'·MB+ ~·Mc. 
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FRAME 10 

Se" Appendix A, Load Terms, pp. 440-445. 

Case 10/3: Leg loaded by any type of horizontal load 

w 

MA= 
f(4k+3)-29U 

6N 
M (2!R-f)k 

n = ---3~ 

He= ®1 +M;1 + (2l + a)Mc 
h hb 

.__ lJ 

I j"--\~ I I 17C 
I 

- Mn 
Mc=-2-; 

H.~ = -(W-Hc); 

M11 =M~+r]'·M.t+1J·Mn M.,=$'·Mn+.;·Mc. 

Case 10/4: Uniform increase in temperature of the entire frame 

r-a 
I 
I 
I 
I 

b----·~i-'i; 
~j,l!ll.ll.J.UUlll~~o:rrnTmTm/!CJ:i:\:_ E = Mo,Julus of elasticity ::J Hr. ' = Coefficient of thermal expansion I 

I 
I 
I 
I 
I 
I 
I 

lf4 A' 

~'/;; #,-...._+..., 

\ti-·~---

t = Cha11l(e of temperature in de~re 

Constants: 

[2 + h2 
B = l!l), 

T - E J2!}:_ 
- bN 

M..i = + T[l(4 ~~ 3) + 2B+ cj Mv='Y/'·MA +'Y}·Mn 

Mn =- 2Tl*+2B+c] M., = $'·Mn+.;·Mc ; 

Mc = + T[i + 2B+ C(3 k+4)]; VA = - Ve = Mc~ Mn 

H - H _ bM;1 - lMn + aMc 
A - c - hb 

Note : If the temperature decreases, the dire<'lion of all forces is reverse<!, and th<' 
signs or all moments are reversed. 
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Frame 11 
iingle-leg, two-hinged rigid frame. Inclined leg. Inclined 

girder. 

Shape or Frame 
Dimensions and Notations 

oefficients: 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 
N=k+l F=bc-ad. 

!Se 11/1: Uniform increase in tempe.rature of the entire frame 

-M l 
H.=Hc=-!L· 
~ }!' ' 

E = Modulus of elasticity 
E = Coefficient of thermal expansion 
t = Chan!!;e of temperature in de!!;rees 

·ote: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 
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FRAME 11 

See Appendix A, Load Terms, pp. 440-445. 

is Case 1112: Leg loaded by any type of vertical load 

r-~--
">:! I tM1 

]-+---: 8 
~a I ?;·-----' 

I ~ 

l_) ~: ____ l 
~-

H. = Ha= be,-lMn 
•• }I' 

ffi k 
Mn= - 2N ; 

v __ de,-hMn 
c - ]I' 

VA= s- Ve; 
x' 

M,,= ·"i)MB . 

Girder loaded by any type of vertical load 

', \ / 
' V 

~ 

1!4 

I 

I 
I 

I 

7 

~ 
Ji u '= - 2N ; V _ ce, - h M il 

A - }!' V0 =S - VA ; 

f l . ·- H - ~ \S, - lMn 
. 1 - a- F 

r--a·~----b·---~ 
I 
I 
I 
I 
I 
I 
I 
' ~ : " l 

_!j__ : ~ _____ l _____ _ 
:r 

M = }!_ Mn 
II C 

x' 
Mx= M! +b Mn . 

Case 11/4: Vertical concentrated load 
at joint B 

There are no bending moments. 

V _ _ P ad 
c - F 

Pab 
HA=Hc = -p · 
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rnAME 11 

See Appendix A, Load Terms, pp. 440-445. 

Case 11/5: Girder loaded by any type of horizontal load 
,..-a~----/J----

!f ~=--t--~------ ,--c:. 
~J!__B 1 _ <f I 

I I 

l ., ~j ! 
I ____ _ _l_______ ! 

I 

i--a~----b~--~ 

I 
I 
I 
I 
I 

o<:! 

., I 
A_~ ___ L _____ _J 
1------l-----

r-------------
~ ~ 

t---~~ i--a.J-..+~--b--+------; 
I 

<> I -4 o<!l 

lAi -----------
~ " 

He -
1-~ 

H _ ae,-lMB 
A - }I' 

M =.Jf._M 
11 c B 

Case 11/6: Leg loaded by any type of 

horizontal load He 

i;-

Case 11/7: Horizontal concentrated 
load at joint B 

There are no bending moments. 

H _ Pbc 
c- }I' 
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FRAME 12 
Single-leg, one-hinged rigid frame. Inclined leg. Inclined 

girder, hinged at one end. 

--r---X~ 
I~ 

-] 

r i 
r "" 

~ l _____ _J 

w :4 
Shape of Frame 

Dimensions and Notations 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned lo any point. Positive 
hending moments cause tension at the 

, face marked by a dashed line. 
Coefficients: N=3k+4 Jt'=bc - ad 

Case 12/ I: Uniform increase in temperature of the entire frame 

lia 1 ° l rc u E = Morlulus of elasticitr 
I C" "C 

r----j---;--- ---- ---- 1 •=Coefficient of thermal expansion 
I I , ,... (' • d 

"' I , . <!. 11 t = ,, iaul!e o temperature 111 el!rees 

t --~- I \ i _Jj 
I - 1 ', ;'f- ---------- I 6EJ t : ~ \7' St J J~ Constants: T = -;;.Je , 

<> I I 
I I I A=lb;hd B=l2;h2 

~~:' tr~~ - --------~1 - - . k+ 1 . ,.~ ~ MA=+T(2A-k-+B) 
14r-------

V --V _dMA-hMB, 
.-1·- c- l!' ' 

H - H _bM.t-lMn_ y'. y 
1- c·- M =-M1+-MB . . p ' y c • c 

Note: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 
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\AME 12 

See Appendix A, Load Terms, pp. 440445. 

ise 12/2: Leg loaded by any type of vertical load 

!S 

rd--
t-+---:~ 1--a...,...+-~t---~b'~~~~ 

" I 

1) 

:::ase 12/3: Girder loaded by any type of vertical load 

!S 

' ., / 
' I 

' ' I ',\/ 

I 
I 

I 
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FRAME 12 

Se" Appendix A, Load Terms, pp. 440445. 

~ 

_____ l _____ l 

Case 12/5: Leg loaded hr any type 

~a--i~~~o~~~--' 

I 
I 
I 
I 

~ 

if, 1" l 
----- ------

2f(k+ 1)- illk 
M,i=- N 

H _ b(e1+M,.)-lMB 
a- F 

V _ V _d(i!l1+M,.)-hMB. 
A-- a- F ' 

y' . y 
M =M'+-M..t+-Mn 

II Y C C 

H,i=-(W-Hc); 
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Frame 13 

lingle . leg, one-hinged, rigid frame. Inclined leg, hinged 

at bottom. Inclined girder. 

Shape of Frame 
Dimensions and Notation~ 

:oefficients: 

r---r-...,..___x•___, 
1 1"":\'c /1, 

I ITC 
i ~t 

81 --J 

f 
;:,, 

!!I ~ I - _______ 1 

t~ 
This sketch shows the positive direc

tion of the reactions and the coordi· 

nates assigned to any point.· Positive 

bending moments cause tension at the 

face marked by a dashed line. 

K = 4k+3 F=bc -- ad. 

Case 13/l: Uniform increase in temperature of the entire frame 

-If-I 
,--:-a . . lJ t M, 

__ L ___ l__..J ______ ___ C ' c He E =Modulus of elasticity 

f I (f- e = Coefficient of thermal expansion 

~t I i1. , 1 t = Change of temperature in deg~ees 

--+ z -----t'""' 
I ' ------ I 

l \ f -----52 I ~j Constants : T = 6 !2~ et, 

~ I Y. ~ I 

1 1 1 .,.., 
1 i2+h2 lci+h c 

Al --1------------L-- B =~ C= -F--

lt, ~ ..._ I MR = - 'l' [ 2 B + C] 

~t · l--~~--
x ' x 

M 0 = + T[B + 2C(k + l)] ; M x =-r;Mn+f)M<' 

cM0 -hMn H -H · _aMc- lM 11 . 

V..i = ·- Ve= F A - c - p ' 
,):: 

' ~·-

Note: If the temperature decreases, the direction of all for~es is rrvcr.ed, und the 1 

signs of all moment's are reversed. 

. ~. 

i 
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.FRAME 13 

See Appendix A, Load Terms, pp. 440-445. 

Case 13/2: Leg loaded by any type of vertical load 

,s 
f-~--
"'i l t " I 

1-1--- 1
8 

1--a-ri'~-+-~-o~~~~ 
I 

l) _: ___ J 
~ 

I 

111R - - 2 ffi k '1 ffi k 
- N , , u = + y; 

T'. __ de\1+ (2h +c)Mc 
c- }I' 

Mu = M 8 + }/_MB 
y c 

I 

~ 

H - H _ b ® 1 + (2l + a)Mu . 
.1 - c - fl' ' 

V.t = S - Ve; 

x' x 
.Mx =IJMn + /)Mc . 

Case 13/3: Girder loaded by any type of vertical load 

Vc = S - VA; 
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'RAME 13 

See Appendix A, Load Term•, pp. 440-445. 

ase 13/4: Girder loaded by any type of horizontal load 

!--a !J----

w,1 ~-t-~------ --C
1

1 

-· ._. I I 
~ I ~ I 

I - - "B I 
I ~ I 

1 l I ,! ___ __]______ l 
I 

M =Jf_M 
V c B 

:ase 13/5: Leg loaded by any type of horizontal load 

i---a-..+~---b-----. 
I 
I 
I 
I 
I 

-~ __ _l ____ J 
------t----~ 

M __ 29lk 
n- N 

H _be,+ (2l+a)Mc 
c - 1!' 

t -14 
l4 

9lk 
Mc=+y; 

HA=-(W-Hc) 

V _de1 +(2h+c)Mc. 
VA= - c- F ' 

x' x 
M.,=-,;Mn+ -,;Mc. 
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Frame 14 

Single-leg, hingeless rigid frame. Inclined leg. 

Shape of Frame 
Dimensions and Notations 

Inclined girder. 

--:.r 

f 
:;., 

..L _____ J 
114'- l( This sketch shows the positive direc· 

1 I !:I. ti on or the reactions and the coordi· 
1 nates assigned to any point. Positive 

hending moments cause tension at the 
race marked hy a dashed line. 

Coefficients: N=k+l F=bc -a d . 

Variables: 
y' 

ri'=-c 

1 
!:I l~~~~---i 

MB= -2T[A +2B+O] 
V --V _dM..t-hMB+cM0 
A- c- F 

M11=rj'·MA +ri · MB 

Note: Ir the temperature decreases, the direction of all forces is reversed, and the 
signs or all moments are reversed. 
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FRAME 14 

See Appendix A, Load Terms, pp. 440-445. 

Case 14/2: Leg loaded by any type of vertical load 

s 
r--~-
~ :2 tDi: 

1-f--- 18 
i--a..-~+---b-----i 
I 

<> : 

l_) 

'tf· = -f(4k+3)-29lk M = - (291-f)k -Mn 
~·A 6N " n 3N Mc=-2-; 

Ve=_ d(®1+MA);(2h+c)Mc VA =S-Vc; 

HA=Hc= b(e,+MA);(2l+a)Mc; 

M 11 = M8 +17'·MA + 'r(Mn Mrr.= ;' · Mn+ ;·Mc. 

Case 14/3: Girder loaded by any type of vertical load 

s 

M - - 9l(3k+4)-2f 
c- 6N 

-Mn 
M.t=~; 

V _ c(e,+Mc)+(2h+d)MA 
A- F Ve= S-V.1 ; 

H -H _ a(e,+Mc)+(2l+b)MA. 
A- c- F ' 
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FRAME 14 

Sec App~rulix A, Load T"rm•, pp. 440-445. 

Case 14/4: Girder loaded by any type of horizontal load 

-Mn 
111.l=-2-; 

Case 14/5: Leg loaded by\any type of horizontal load 

-~~---b----

w ~ 

_: ____ l _____ l __::"! 

~~ 
M __ f(4k+3)-29tk ll1 =-(291-f)k ll1c=-M2 B; 

A- 6N B 3N 

H _b(ei1 +MA)+(2l+a)Mc H =-(W-Hc) · 
c- p A ' 

d(ei1 +MA)+(2h+c)Mc. 
VA= - Vo= F ' 

111 y = M~ + r/ · _MA + r; · 111 R J:l x = $' · MR+ $ · Mc · 
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Frame 15 
~ymmetrical two-hinged, triangular rigid frame. 

;$: §li 

A .. ' ~----l------1 C 

Shape or Frame 
Dimensions and Notations This sketch shows the positive direc

tion 0£ the reactions and the coordi· 
nates assigned lo any point. For sym· 
metrical loading or the Frame use s 
and s'. Positive bending moments 
cause tension ·al the face marked by a 

dashed line. 

Case 15/ 1: Uniform increase in temperature of the entire frame 

,__-----l~-----< 

M __ 3EJetl 
B- 2sh 

E .:_ Modu1us of elasticity 
e = Coefficient of thermal expal)sion 

t = Chunge of temperature in degrees 

H; 

x 
M,.=2MBT. 

Note: 1£ the temferature decreases, the direction of all f orc:es is reversed, ""d th~ 
signs or al moments are reversed. 
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Case 15/2: Rectangular load on the left leg 

'l. 

~ ...... =:..--

r~ 
M i=qlx1(!_- x1) 

x 2 16 l 
ql 5qP 

Vo=s; H.{=Ho= 64h; 

Case 15/3: Rectangular load over the Jntire frame 

I 

·~I · i I ----z I 

' ....-----l~~-__JC 

• 
FRAME 15 

.... ---- ...... 

_!L 

f ic 
3 l 9 ql2 

xo=16 maxM=512; 

Q'" = ~z; (136 - 7) · 
Case 15/4: Horizontal rectangular load from the left 
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FRAME 15 

See Appendix A, Load Terms, pp. 440445. 

Case 15/ 5: Left-hand member loaded by any type of vertical load 

!S 

- 0 • Xi 
Mxi-M,,+2MnT 

V_4 =S-V0 ; 

Case 15/7: Both legs loaded by any type of antisymmetrical vertical load 

HA=H0 =0. 

Note: All the load terms refer lo the left member. 

Case 15/9: Left leg loaded by any type of horizontal load 

., 
) 

- 0 2M Xi M:xl-M., + BT 

H _ 15,_Mn 
c- 2h h H .1 = - (W-Hc). 
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I 5.,., Appendix A, Loud Terms, pp. 44044~·.) 

Case 15/6: Both legs loaded by any type of symmetrical vertical load 

m 
Jf 11= -2; • 8 x . 

.1¥I x = M_. + 2 il/ BT • VA= Vi·= s; 
Note: All the load terms refer to the left leg. 

,,..,.. ----.. 

ll - H - 15, - 1l1 B 
A- c- h 

Case 15/8: Both leg~ loaded by any type of antisymmetrical horizontal 
load 

B 

Jf11= 0; Hu=-H.4 = W . 

Note: All the load terms refer to the left leg. 

Case 15/10: Both legs loaded by any type of load, both carrying the same 
load 

B 

w 

-lie 
c-

V V H .-1-- H,,-_ - '5,+h.¥1: .i= u=O; - ~ 

Note: All the load terms refer to the left leg. 
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FRAME 15 

Case 15/11: Vertical concentrated 

load at ridge B 

Ip 

' He 
CiSl -

i------l----t~ 
There are no bending moments 

p 
VA=Vo=2 

Pl 
HA=Ho= 4h. 

Case 15/12: Horizontal concentrated 
' 

r-----
1 A 1 

load at ridge B 

p 

~~ li------l- ----1 
There are no bending moments 

p 
HA=-Ho=-2 

Ph 
VA= - Vo=--z-· 

Case 15/13: Three equal concentrated loads at the midpoints of the legs 
and at the ridge 

l l p [, l 
i--- - -r- - --r-- - -1 I 4 .+ + +. 
I p 
I 
I 
I 
I 

Al 

3Pl 3P 
MB= -32 VA=Vo=2 

Within 5P 
the limits of A p: M z = 16 x 

,,,.,..--... 

.....!L 
t ~ 
~ 

19Pl 5~ l 
HA=Hc= 32h Mp=64 
Within ·pl 11 P 

the limits of p B: M z = 4-16 x · 

Case 15/14: The moment acts at the ridge B 

IC . 
-~t I 

· .~ 
,, 
" 

. ( 

t .... 
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FRAME 16 

Symmetrical triangular rigid frame with tie-rod. Externally 
simply supported. 

~ :f 
A l ~,------< 

Shape of Fraine 
Dimen•iona and Notations 

Coefficients: 

3J ' z E 
L=--·- · -

h2Fz s Ez 
Nz=2+L. 

E = Modulus of elasticity of the material of the frame 
E, = Modulus of elasticity of the tie rod 
F. = Cross-sectional area of the tie rod 

Note concerning cases of antisymmetrical load 

The antisymmetric case 15/ 7, p. 44, is valid also for frame 16, since Z 0 

because of H = 0. 

For the antisymmetric case 15/ 8, p. 45, with elastic tie-rod and hinged joint 
at A we have: 

Z _2W 
- Nz H.A =2 W; V C = - VA = 2 ~r; 
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FRAME 16 

See Appendix A, Load Terms, pp. 440445. 

Case 16/l: Left-hand member loaded by any type of vertical load 

s 

~~~~~1--~--~c 

t~ ~~~~l~~~~~ 

z- m+2e,_ v _ e! 
- 2hNz ' c- l 

e, Le,-m 
Mll='f:-Zh= 2Nz ; 

Case 16/2: Both legs loaded by any type of symmetrical vertical load 

!S 

~~~--1>..,f,-~~~.c 

t~ 
Z __ m+2e,_ M """ Zh Le,-m "' M•+?M x hNz ' V .. 1=Vu=S; 11=~,- = Nz ; ~r1;,= x ~ n[· 

Note: All the load tenns reCer to the le£t member. 

Case 16/3: Left-hand member loaded by any type of horizontal load 
B 

'' 
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FRAME 16 

Se<' Appendix A, Load Term<, pp. 440-445. 

Case 16/4: Right-hand member loaded by any type of horizontal load 
--- ..... 

Case 16/5: Both legs loaded by any type of horizontal load, both carrying 
the same load -- --~ 

w 

:4 >------l------

Z = - 215r- m* MB=-(15r+Zh)=-Ll5Nrz+_9t_ 
hNz 

Note: All the load terms refer to the left member. 

M - o M x .,-M.,+2 BT· 

Case 16/6: Horizontal concentrated load at ridge B acting from the right 

P* 
Z=-

Nz 

*For the case of the above loading conditions and for a decrease in temperature (p. 50) 
Z becomes negative, i.e., the tie rod is stressed in compression, This is only valid if the 
rompressive force is smaller than the tensile forre due to dead load, so that a r.-idual 
tensile force remains in the tie rod. 
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FRAME 16 

Case 16/7: Vertical concentrated load at ridge B 

>--~~~~t-~~~--' 

Pl 
Z= 2hNz; 

p 
V.A=Va=2; 

B 

,~, 
kl t z z tit 

Case 16/8: Horizontal concentrated load acting at ridge B from the left 

p 

~~ 
-1'~c 

1:4' ! z l tit 
Ph 

VA=-Vc=--z-; 

Case 16/9: Uniform increase in temperature of the entire frame 

Z=3EJetl 
ah2 Nz 

E = Mocl11l1111 of elasticity 
• = Coefficient of thermal expansion 
t = Clump:e of temperature in rlegre~s 

Note: If the temperature decreases, the direction of all for~c's i• reversed, und the 
signs of all moments are reversed.* 

*See footnote on page 49. 

'I 

, I 

! 
"' 

: ~· 
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FRAME 17 

Symmetrical triangular two-hinged frame with hinged com· 
pression tie and with step-wise varying moments of inertia. I 

• 

Shape o( Frame 
Dimensions and Notations 

He 

~ N,~ HJ 
~ ---------------------- 4!--

tfA fa f 
Positive direction of all reaction8 at the ridge and all a:r.ial 

forceA.2 

Coefficients: 

l1 h1 l2 h2 
fl1 = w = h ; fl2 = w = h ; 

(fJ1 + fl2 = 1) · 

Note: The moment diagrams shown for cases 17/1through17/6 were drawn for J, = J, 
and special case b: q 1 = q2• 

1 If the moment of inertia is constant over s, i.e., if J1 = J 2, then k = s1/•t.. 
2 Positive bending moments M cause tension at the face marked by a dashed line. Positive axial forces are 

compression. 
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FRAME 17 

See Appendix A, Load Terms, pp. 440-445. 

Case 17I1: Entire frame loaded by any type of symmetrical vertical load 

Constants and moments: 

Reactions and Shears: 

Axial forces: 

N 1u = N 3u =VA· sinoc +HA· cosoc 

N 10 = N 30 = S2 • sinoc +HA· cos or. 

N 20 = N 40 =Ha· cosoc 
N 2u = N 4.,= H 0 ·cosoc+S2 ·sinor.. 

Note: All the load terms ref er to the left half of the frame. 

Special case 17 I la: Symmetrical loads (9f = f) 

(S 1 ) Mn 8 2 Mn-Mo 
HA=HB= 2 +s2 · cotoc-Ti Ha=2·cotoc+ hz 

X = 2 fi k + f 2 All other formulas same as above 
F 

Special case 17 /lb: Uniformly distributed loads q1 and q 2• By substitu
tion in the previous formulas: 

I 
.
I· :··.· .. •. I ,. t 

II 
( 1 
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Srr Appendix A, Load Terms, pp. 440-445. 

Case 17 /2: Entire frame loaded by any type of symmetrical horizontal 
load 

10 . 
I I -"!~ I -+--1_.L_J. __ 

~ I I ~ 
A l-t,-1-lz lz--1-t,--lB 

Constants and moments: 

Reactions and Shears: 

H - ~12 - Mc+MD. 
c- h2 ' 

N 0 = W1 + W2 +H.i1. -He. 

Axial forces: 

Niu= Nau= HA· cosoc N 2o = N 40 = H c · cos oc 

N10 =Nao= (H.J.+ W1) · cosoc N 2,, = N 4,, = (He: - W2) • cosoc. 

Note: All the load terms refer to the left half of the frame. 

Special case 17 /2a: Symmetrical loads 

W1 MD 
H.i1.=HB= - 2-hi 

All other formulas same as above 

Special case 17 /2h: Uniformly distributed loads qi and q •. By substitu
tion in the previous formulas: 

o - W2h2 
.l:2- 4 . 
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~BAME 17 

See Appendix A, Load Terms, pp. 440-445. 

:ase 17/3: Entire frame loaded by any type of antisymmetrical vertical 
load 

Moments: 

M 0 =0 

Reactions and Shears: 

Ve·= 1511+S2l1+1512 . 
w ' 

H0 =0; N0 =0. 

Axial forces: 

N 1u = - N 3u =VA ·sin ct N2o = - N 40 = - Va·sinoc 

N 10 = - N 30 =(VA - S1) sinoc = N 2u = -N4,,= (Sz-Vo}sinoc . 

Note: All the load terms refer to the left half of the frame. 

Special case 17 /3a: Symmetrical loads (151 = 15,) 

All other formulas same as above 

Special case 17 /3b: Uniformly distributed loads q 1 and q 2 • By substitu• 
tion in the previous formulas: 

' .. ,.·· . 

; ti,\ . 
'' 
.~ n?.1. 
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See Appendix A, Load Terms, PP• 440-445. 

Case 17 I 4: Entire frame loaded by any type of antisymmetrical vertical 

load 

c 

--------- f T 
~ 

Moments : 

Reactions and Shears: 

H 0 =0 N 0 = 0. 

Axial forces: 

N 80 = -N10 = N3., - W1 ·cosot = N 4., = -N2u= Va· sinoc+ W2· cosoc. 

Note: All the load terms refer to the left half of the frame. 

Special case 17 I 4a: Symmetricalloads, (e, = el,) 
I 

M =-M =(W1 +W2)h1 h2 • VB=Vo=-V,=W1k1+~2(k+k1) 
D E 2h ' A 

All other formulas same as above 

Special case l7/4h: Uniformly distributed loads q1 and q •. By substitu• 

tion in the previous formulas: 
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~RAME 17 

See Appendix A, Load Terms, pp. 440445. 

:ase 17 I 5: Left half of frame loaded by any type of vertical load 

.sz 
c 

---------------- ~ t;-
Moments (constant X same as case 17/1, p. 52): 

M = -m2+x MD"-.. __ x e11·/32+f6r2 · /31 
0 4 ME / - 2 ± 2 

Reactions and Shears: 

v A = S1 + S2 - v B ; 

H _ Vo·l2 -Mo+ME 
o- h2 No=HB-Ho. 

Axial forces: 

Niu= VA· sinoc +HA· cosoc 
Nio =Niu - Si· sinoc; 
N 8 =VB· sinoc + HB· cosoc 

N2o = - V 0 · sinoc + H0 · cosoc 
N2u=N20 + S2· sinoc; 
N 4 =Vo· sinoc + H0 • cosoc. 

Special case 17 /5a: Symmetrical loads (91 = f) 

MD"'=-:!±(Si+S2)lil2. v =V =S1·/3i+S2(l+/3i) ME/ 2 2l ' B 0 4 . 
All other formulas same as above (Auxiliary value X exactly as in case 17 I I', 
p.52): 

Special case 17 /Sb: Uniformly distributed loads q1 and q2. By substitu· 
tion in the previous formulas: 

Si=qili S2 =q2 l2 ; (fi=S1l1/4 f 2=S2l2/4). 

~ ' - '.~ . .. -. 
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See Appendix A, Load Terms, pp. 440-445. 

Case 17 /6: Left half of frame loaded by any type of horizontal load 

Moments (constant X same as case 17 /2, p. 53): 

M - -ffi2+X 
e- 4 

Reactions and Shears: 

V _ V _ V _ ei11 + W2h1 +el12. 
B- e-- .A.- l ' 

VB·li -ME 
HB= h1 

Axial forces: 

Niu= v.A. ·sinot+ H.A. . COSot 

N10 =Niu+ W1 · cosot; 
N 3 = VB·sinoc+HB·cosoc 

N2o = - Ve · sinot +He· cosot 
N2u = N2o - W2 • COSIX; 

N 4 = Ve·sinix +He· cos ix. 

Special case 17/ 6a: Symmetrical loads (ill = f) 

Mn"-=-!±(W1+W2)h1 h2 • V -V --V _W1h1+W2(h-f::~ 
MB/ 2 4/i. ' B- e- .A. - 2l 

All other formulas same as above (Auxiliary value X-exactly as in case 17/2, 
p.53): 

Special case 17 /6h: Uniformly distributed loads q1 and q2. By substitu· 
tion in the previous formulas: 

W1=q1h1 W2 =q2 h2 ; (~1 =W1 h1 / 4 ~2 =W2h2 /4). 
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~BAME 17 

::ase 17 /7: Full uniform symmetrical load, acting normally to the inclined 
members 

q(2k·ai+a~) 
Mn=ME= - 41!' 

H _ H _ q(ll1-ai) Mn 
A - B- 2h1 -Ti 

V0 =0; 

qa~ Mn 
Mo=-g--2· 

H - qa~ +Mn-Mo. 
0 - 2h2 h2 ' 

N0 =qh+HA -Ha. 

N2 = N 4 = H 0 ·cosoc. 

Case 17 /8: Full uniform antisymmetrical load, acting normally to the in· ' •' 
clined members (Pressure and suction) 

c --------1 
f ____ f 

-+---t--~-- _r 
~ I .· I 16 
A i-l,-1- l2 -¥-TV•l/2--i 

Axial forces: 

M - M _ qa1a2 
n-- E--2-

q(h2-w2) 
VB=-VA= l 

HB=-HA=qh 

M0 =0. 

qa2 
Va=T; 

Ha=O; N0 =0. 
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Case 17 /9: Symmetrical arrangement of concentrated load 

' 

Axial forces: 

There are no bending moments. 

(Mc=Mn=ME=O). 

V P2 ,.= Vn=P1+2 

FRAME 17 

V0 =0. ' 

Note: The horizontal loads W1 merely cause an additional axial load W1 in the tie rod. 

Case 17 /10: Antisymmetrical arrangement of concentrated load 

c 

Mn= -ME= (P1 l1 + W1 h1)f32 M 0 =0. 

V P 1 l1 + W1 h1 W2 h 
c= w +-z- VB=-VA=V0 -P1 ; 

W2 
H B = - H,t = w 1 + 2 H 0 =0; N0 =0. 

Axial forces: 

There are no bending moments. 
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FRAME 17 

Case 17 /11: Unsymmetrical arrangement of concentrated load 

V - v - p li + w hi n- o----z-- VA= P- Ve; 

c 

Pw W 
Hn=No=2h+ 2 Hc=O; M 0 =0. 

Axial forces: 

Ni= VA· sin at+ H.-1. · cosoi; 

N 2 = - V0 ·sinoc; 

N4 = V0 ·sinoi; 

N 3 = VB • sin oi; + H B · cos at . 

Case 17 /12: Uniform increase in temperature of the tie DE by t 0 degrees 

VA = v B = v c = 0 ; 

N 0 =HA -Hc. 

3EJ2 ·e 
\.onAtanl: 1' = l' · -h ; 

82 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 

-MD 
H.{=Hn=~ 

Ni= N 3 =HA· cosoi; 

H _Mv-Mc. 
c- h2 ' 

N 2 = N 4 =He· cosoc. 

Note: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 

,1· 

' '•. 
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FRAME 17 

Case 17113: Uniform increase in terriperature of the lower diagonal bars 
by ti. and the upper diagonal bars by t 2 degrees (Symmetrical 
'case) 

,,. ...... ---..... 

c 
•• + ------~.--rr ___ _ 

----! l 
A I-~ 

Constants T, E, and e same as case 17 / 12, p. 60. 
Mn = ME = 1'·[- 211 +3 12] Mc= T·[+ t1 - (2k +3)t2]. 

Formulas for all V-, H-, and N-forces same as case 17 /12 

Case 17I14: Unsymmetrical increase in temperature 
If the temperature increase t 1 or t2 occurs in the left half or 
the right half of the frame only, all moments and forces are 
one-half of those for case 17 /13. The moment diagram re
mains symm'etrical. 

Case 17 /15: Uniform increase in temperature of the entire frame (includ
ing the tie DE) by t degrees 

":-------T) 

11 
E = Mo1lulus of elasticity 
f. = Coefficient of thermal expansion 

o, Ila 
------ i - -----1 

Formulas for all V-, H-, and N-forces same as case 17 / 12 

Note: If rhe temperarure decreases, the direcrion or all forces is reversed, and tJ,.. 
signs or all momenls are reversed. 
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FRAME 18 

Symmetrical triangular three-hinged frame with hinged ' 

tie-rod and variable moment of inertia 1 

/!'; -------rl 
11< "~ :· ---{. 
·,<' _:'~L---~----:- Ll 
A~ I 1 "' 8 

i-l,-i--l2~111-l/2---4 
I I 
--~~~-l~~~~~ 

Shape of Frame 
Dimensions and Notation~ 

He 

~t/~----------------1u~t fB 

Po111itiYe direrlion ol all reaction& at the ridge and all axial 

force11.2 

Coefficients: 

Note: The numbering of the cases for frames 17 and 18 is identical. Hence 

18/3, 4, 9, 10, and 11 are not repeated because they are identical with 17/3, 

4, 9, 10, and 11 on account of Mc = 0. 

Note: The moment diagrams shown for cases 18/1, 2, 5, and 6 were drawn for ] 1 = ], and 

special case b: q, = q,. 

11f the moment of inertia is constant over•, i.e., if ] 1 = 12, then k = •1/•2· 

•Positive bending moments cause tension at the face marked by a dashed line. Positive 

axial forces are compression. 

( r 

' 
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FRAME 18 

• 
Case 18/7: F~1ll uniform symmetrical load, acting normally to the inclined 

members 

-------1 

~~--l.-!-~<c~,~~~---t 
I .<!' 

--~---~---~ - __ l -
~fc-l,...;_l:__j___Z1--:....l,~8 ~r ~ -------------- H9 ~t 

VA=VB = qw 

Axial forces: 

V0 =0; 

N 1 =N8 = VA ·sinoc+HA · cosoc 

qs~ Mn 
Hc =2h2 +--,;;-; 

N0 =qh+HA -H0 . 

Case 18/8: Full uniform antisymmetrical load, acting normally to the in

clined members (Pressure and suction) 

~~--------f 

~jp-.....J.4,~~~£----1~ 
I -<::~ 

~ -+---~---- _l 
A' I I 19 
i-t1--t2 --4--111- l/2---1 

M _ M _ qs1s2 
n - - E--2-. 

q(h2 -w2) 
VB=-VA= l 

HB= - HA=qh H0 =0; 

Axial forces: 

qs2 
Vc=-z-; 

No=O; 
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~RAME 18 

See Appendix A; Load Term~, pp. 440-445. 

:ase 18/l: Entire frame loaded by any type of symmetrical vertical load 

:onstants, Reactions and Shears: 

\.xial forces: 

Niu= N 8u = VA· sinot +HA· coscx 

Nio = N30 = S 2 • sinot +HA· coscx 

H -H _en +S2l1-MD 
A - B- h1 

v A = v B = S1 + S2 v c = 0 . 

N2o = N 40 =He· coscx 

Nzu = N4u =Ha· coscx + S2 · sinot. 

Note: All the load terms refer to the left half of the frame. 

Special case 18/la: Symmetrical loads (m = f) 

HA =HB= (~1 + S2)·cotcx- ~; 
\.11 other formulas same as above 

Special case 18/lh: Uniformly distributed loads q1 and q2• By substitu· 
tion in the previous formulas: 

,, 
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FRAME 18 

See Appendix A, Load Terms, pp. 440-445. 

Case 18/2: Entire frame loaded by any type of symmetrical horizontal 
load 

~-

Constants, Reactions and Shears: 

8lik + ~2 
Mn= Jl!E= -2(k+ If. 

Axial forces: 

Niu= Nsu =HA· cosoc 

Nio =Nao= (HA+ W1) • cosoc; 

N2o = N 40 =Ho· cosoc 

N2u = N4u =(Ho - W2) · cosoc. 

Note: All the load terms refer to the left half of the frame. 

Special case 18/2a: Symmetrical loads 

W1 Mn 
HA=HB=-2-h; 

All other formulas same as above 

Special case 18/2h: Uniformly distributed loads qi and q 2• By substitu· 
tion in the previous formulas: 
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'RAME 18 

S"" App"nrlix A, Load T<'rms, pp. 440-44!i. 

:ase 18/5: Left half of frame foaded by any type of vertical load 

VlomentR: 

leactions and Shears: 

V _ V _ ei11 + S2 Zi + ei12 
JJ- a- l 

VB·li-ME 
HA =HB= hi 

\.xial forces: 

Ni,.= VA· sin0t +HA· cos0t 

Nia= Niu - Si· sin0t; 

N 8 =VB" sin0t + HB · cos0t 

v A = S1 + S2 - v B ; 

H _ Va·l2+ME. 
a- h2 , 

N2o = - Va· sin0t +Ha· cos0t 

N2u = N2o + S2 · sinoc; 
N 4 =Va·sin0t+Ha·cos0t. 

Special case 18/ 5a: Symmetrical loads ( 9l = f) 

MD""- __ fi k + f2 ± ( S1 + S2) Zi l2 . 
ME/ - 4 (k + 1) 2 l ' All other formulas same as above: 

V -V _Si·/3i+S2(l+/Ji) 
B- a- 4 · 

'pecial case 18/5h: Uniformly distributed loads q 1 and q 2• By substitu
tion in the previous formulas: 
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FRAME 18 

See Appendix A, Load Terms, pp. 440445. 

Case 18/6: Left half of frame loaded by any type of horizontal load 

Moments: 

Reactions and Shears: 

Axial forces: 

Niu= VA· sin at+ H..i. ·cos at 

Nto =Niu+ Wi · COBOt; 

N 3 = Vn ·sin0t+Hn·cos0t 

N2o= - V0 ·sinat+H0 ·cosat 

N2u=N2o-W2 ·cosat; 

N 4 = v 0-:-'sin0t + H 0 ·cos at. 

Special case 18/6a: Symmetrical loads (9l = f) 

MD " - fik+f2 ± (Wi + W2)hih2 . V -V _ -V _ Wih1 + W2(h+h1) 
ME/- 4(k+l) 4h ' n- o- -•- 2l 

All other formulas same as above 

Special case 18/6b: Uniformly distributed loads q, and q 2 • By substitu· 

ti on in the previous formulas: 
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FRAME 18 

:::ase 18/12: Uniform increase in temperature of the tie DE by t0 degrees• 

c 

------Tl 
~~J 

E = Modulus of elasticity 
f. = Coefficient of thermal expansion 

i--~~~-l-2m-~~~ 

-Mn 
HA=HB=--h1 
VA= VB= V0 =0. 

Case 18/13: Uniform increase in temperature of the lower diagonal bars 
by ti and the upper diagonal bars by t 2 degrees (Symmetrical 

1ii 

case)* '' 
3EJ2 ·e li 

Mn=ME= 82 (k+l} · h1 ·(t2-t1)** ; Eandeasabove. 

All other formulas same as for case 18/ 12. . s· 

Moment diagrams similar to case 18/ 12. 

Case 18/14: Unsymmetrical increase in temperature• 
If the diagonal bars of the left or the right half of the frame 
suffer temperature increases of t" resp. t., degrees, all mo· 
ments and forces are one-half of those for case 18/13 and re
main symmetrical. 

Case 18/15: Uniform increase in temperature of the entire frame (includ· 
ing the tie DE) by t degrees• 

3EJ2 ·e w 
Mn= ME= - 82 (k+ l) ·hi · t. All other formulas same as for case 18/ 12. 

* With a decrease in temperature all moments end forces reverse their direction. 
**With simultaneous operation of (h = ti) -= t. MD ::s Ms • 0 . 
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FRAME 19 

Fully fixed symmetrical triangular frame 

l 2---.i--

Shape of Frame 
Dimensions and Notation,-

l 
2=w . 

C'@. 
I 
l 

This sketch shows the pos itive direc tion of the rc1tc lions 
a nd the coordina tes assigned to a ny point. For sym
me trical loading of the fra me use z and z' . Positive 
hending moments cause t ension a t the face m arked h y 

o d ashed line . 

Case 19/1: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = C.hange of temperature in degrer 

M ., =MA(x'-x). 
w 

Note: If the temperature decreases, the direction of all forces is reversed, 1111d the 
signs of all moments are reversed. 
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FRAME 19 

&e Appendix A, Load Terms, pp. 440-445. 

Case 19/2: Both members loaded by any type of symmetrical vertical load 

!J' !J 

2i-9l 
MA= Ma= - --3- = Wl, 

~,-i+9l 
H.A=H0 =--,,,--; 

Note : All the load terms refer to the left member. 

... ... -- .... 

Case 19/4: Both members loaded by any type of antisymmetrical vertical 
load 

Note : All thP. load terms refer to the left member. 

Case 19/6: Vertical concentrated load at the ridge 
p 

There are no bending moments. 

p 
V.A=Va=2 

Pl 
HA=Ha=411,· 

I" 

' . . 
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FRAME 19 

Se" Appendix A, Load Terms, pp. 440-445. 

Case 19/3: Both members loaded by any type of horizontal load, both 

members carrying the same load 

2~-0l 
,w.J. =Ma= - --3-=Wl, 

H ·-H _ e.+~-m . 
A.- a-- h , 

Note: All terms refer to the left leg. 

w 

29l- ~ 
Mn= ---3--=Wl,; 

x' x 
M =M9 +-M. +-Mn. 

"' " w 4 w 

Case 19/5: Both members loaded by any type of antisymmetrical hori

zontal load 

~ 
Ma= - M ... =2 

f61 -Ma 
Va =- V ... =--w-; 

Note: All terms refer to the left leg. 

Mn=O; H0 =-HA = W; 

x' 
MN = M• + -M.J.. 

N " w 

Case 19/7: Horizontal concentrated load at the ridge 

There are no bending moments. 

p 
Ha = -HA = 2 

Ph 
Va=-V ... =-z-· 
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FRAME 19 

:See Appendix A, Load Terms, pp. 440-445. 

Case 19/8: Left-hand member loaded by any type of vertical load 

I I 

"----------- l---------' 

M--U-2ill 
A- 12 

H _ H _ el, - f + ill 
A- a- 2h 

2ill- f 
MB=---6-

e, f 
~o=T-21 

Special case 19/ 8a: Symmetrical load (ill =·f) 

5 f f 
MA=-12 Mn=-6 

f 
. Ma=+ 12; 

Case 19/9: Left-hand member loaded by any type of horizontal load 

M __ 7f-2ill 
.d.- 12 

2ill-f 
MB=---6-

Ha - '5, :- f + ill 
- 2h 

Special case 19/9a: Symmetrical load (ill= f) 

5f f 
MA=-12 MB=-6 

-MB 
Ma=-2-; 

HA=-(W-Ha>· 

f 
Ma=+12; 

3W 
HA=-4· 
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FRAME 20 

Symmetrical triangular fixed frame with hinged tie-rod 
and variable moment of inertia I 

Shape of Frame 
Dimensions and Notations 

Po"itive direction of a ll reactionA at the ridge and all axial 

forces.2 

Coefficients: 

k = ':!.! . ~ 1) ; (~ = ~ = h1). (Ji = ~ = !!:! 
Ji 82 82 l2 ~ ' w h 

K 1 =k+2{32 (k+I) K2=k(2+/32); 

/32 = 1 -/31 · 

G=K1 {32 +K2 

Note: The moment diagrams shown for cases 20/ 1 through 20/ 6 were drawn for J, = J, 
and special case h: q1 = . q,. 

l If the moment of inertia is constant. over•, i.e., if Ji = Js. then k - •a/•1. 
2 Poeitive bending moments M cause tension at the face marked by a dashed line. Positive e:iial forces are 

compression. 
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FRAME 20 

See Appendix A, Load Terms, pp. 440-445. 

Case 20/1: Entire frame loaded by any type of symmetrical vertical load 

Constants and moments: 

Reactions and Shears: 

H -H _ e11 +S2l1 +MA -Mv 
A- B- h1 

VA= VB= S 1 + S2 V 0 = 0; 

Axial forces: 

Niu= N 3u= VA ·sino:+HA · coso: 
N 10 = N 30 = S2 · sino: +HA· coso:; 

N2o = N 40 =Ha· coso; 
N2u = N 4., =Ha· coso; + S2 • sino:. 

Note: All the load terms refer to the left half of the frame. 

Special case 20/la: Symmetrical loads (91=2) 

(S1 ) MA -Mv HA=HB=2+s2.coto:+ h1 

~ik+ ~2 
X= 3(k+ l)" All other formulas same as above 

Special case 20/lb: Uniformly distributed loads q 1 and q 2• By substitu
tion in the previous formulas: 

~i = S1l1 
4 

' I 
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See Appendix A, Load Terms, pp. 440-445. 

Case 20/2: Entire frame loaded by any type of symmetrical horizontal 
load .... · 

Constants 
and moments: 

X = (2 tlli - f~) k + (2f2 - tll2) __ '»lri k + '»l12. 
3(k+l) - k+I ' 

M -M _ - fi+X 
A- n- 2 

Reactions and Shears: 

H _ H· _ - e,i +MA - MD 
A- n- hi 

VA=Vn=O Ve= O; 

Axial forces: 

Niu= Ng,,= HA· COSot 

Nio = Ng0 =(HA+ Wi) • COSot; 

M _ -tll2+X 
e- 2 

H _ e 12 -Me+Mn 
e- h2 

N 0 = Wi + W2 +HA - He. 

N2o = N 40 =He· cosoc 

N 2,, = N 4,, =(He - W2) • cosoc. 

Note: All the load terms refer to the left half of the frame. 

Special case 20/2a: Symmetrical loads 

H,i.=Hn=- Wi~MA-MD 
2 h1 

All other formulas same as above 

Special case 20/2b: Uniformly t.uotributed loads q, and q2• By substitu· 
tion in the previous formulas: 

W1 h1 02 = W24h2 . 
Wi = q1 hi W2 = q2 h2 ; fi = - 4- ~ 



• - 76-

FRAME 20 

See Appendix A, Load Terms, pp. 440-445. I 

Case 20/3: Entire frame loaded by any type of antisymmetrical vertical I 
load 

Sz 

Constants and moments: 

Reactions and Shears: 

M 0 =0. 

v --v _e,1+S1l2+e,2-MA 
A- B- W V0 =S1 +s2- VA; 

No=O . 

Axial forces: 

Niu= -N8u= VA ·sinoc 

N 10 = - N 80 = (V.A - S1)sinoc 

H0 =0; 

N20 = -N40 = - Va·sin0t 

N 2,. = -N4u= (S2 - V0 )sinoc . 

Note: All the load terms refer to the left half of the frame. 

Special case 20/3a: Symmetrical loads (9l = 2) 

6 = (S1 + ~2) l1 l2 Q3 = 21 k ( 1 + /32) + 22 /32 ; 

All other formulas 

same as above 

Special case 20/3h: Uniformly distributed loads q, and q 2• By substitu· 
tion in the previous formulas: 

21 = S1l1 
4 

a - S2l2 
~2- 4 . I 
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Se~ App~ndix A, Load Tn111<, pp. 440-445. 

Case 20/4: Entire frame loaded by any type of antisymmetrical horizontal 
load 

c 

Constants and moments: 

6=1!>11 ·/12+1!>,2·/11 

MA=-MB=- 6·K1+c.B 
G 

Reactions and Shears: 

V -V --V _1!>11+W2h1+1!>12+M.11. 
B- c- A- w 

HB= -HA= W1 + W2 H0 =0; 

Axial forces : 

M 0 =0. 

N 0 =0. 

N 3u= -N1., =VB' sin()( + HB· COS()( N 40 = - N2o = Vc·sin()( 
N 30 = - N10 = N 3,,- W1 ·cos()(= N 4,,= - N2u= Ve· sin()(+ W2·cos()( . 

Note: All the load terms refer to the left half of the frame. 

Special case 20/4a: Symmetrical loads (ffi = f) 

6=(W1+ ~2)hih2 c.B=f1k(l+/12)+f2/J2; 

V _ V __ V _ W1 h1 + W2 (h + h1) + M.11. All other formulas 
B - c - A - l w · same as above 

Special case 20/4b: Uniformly distributed loads q, 
tion in the previous formulas: 

"1-- W41h1 W2=q2h2 "' 

and q 2• By substitu-
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FRAME 20 

See Appendix A, Load Tnms, pp. 440-445. 

Case 20/5: Left half of frame loaded by any type of vertical load 

Moments: 

Constants X, 6 and ci3 same as 

in case 20/ 1 and 20/ 3. 

MA "' - -f1+X 6·K1+ci3 
MB / - 4 =F 2G 

Reactions and Shears: 

M -9l2+X 
o= 4 

Mn " X 6·K2-ci3 · /32 
ME / =-2± 2G 

v -v _e11+S2l1+e12+MA - MB v - s +s v. 
B- a- l l A- 1 2- B> 

H -H _ VB·l1 +MB-ME H _ VB·~-Ma+ME . H H 
A - B - h1 0 - h 2 ' N 0 = B - a . 

Axial forces: 

N 1u= VA · sin0t +HA· cos0t 
Nio = N 1,, - S1 · sin0t; 
N 8 =VB·sin0t+HB·cos0t 

N2o = - Vo· sin0t +Ha· cos0t 
N2u = N2o + S2 · sin0t; 
N 4 =Va· sin0t +Ha· cos0t . 

Special case 20/Sa: Symmetrical loads (el= f) 

Constants X, 6 and ci3 same as special case 20/ la and 20/ 3a. 

V -V _ S1 · /31 + 82 (1 + /3il +MA - MB All other formulas 
B- a- 4 l 

same as above 

Special case 20/Sh: See the special cases 20/lb and 20/3b 
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Case 20/6: Left half of frame loaded by any type of horizontal load 

Moments: 

Constants X, 61. and <;s same as 

in case 20/ 2 and 20/ 4. 

MA '-... -f1+X 6·K1+<;s 
MB / = 4 =F 2G 

Reactions and Shears: 

M _ -m2+X 
o- 4 

MD "-. - - ~ ± _:6:.._·_K_,2,_---=<;s=-·_,_/J_,,_2 
ME/- 2 2G 

VB=Vo=-VA eln+W~h1+'512+MA~MB; No=HB-Ho; 

H - VB·l1 +MB-ME H - VB·~-Mo+ME HA= -W1-W2+HB. 
B- h1 0- h2 

Axial forces: 

N 1,. = V .A· sinot +HA · cosot 
N10 =Ni .. + W1. COBot; 
N 8 =VB·sinot+HB·cosot 

N2o = - V0 · sinot +Ha· cosot 
N 2., = N2o-W2 · cosot; 
N 4 =Va· sinot +Ha· cosot. 

Special case 20/6a: Symmetrical loads (m = f) 

Constants X, 6 and <;s same as special case 20/2a and 20/4a.. 
V -V - - V _ W1l1+W2(h+h1)+MA-MB Allotherformulas 
B- a- A - 2l l same as above 

Special case 20/6h: See the special cases 20/2h and 20/4h 
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FRAME 20 

Case 20/7: Full uniform symmetrical load, acting normally to the inclined , 
members 

-------1 

L§.§~-L+,~-crr.::~---f 
I ~~ 

~ -1----~---~-~ _J 
A t-l1--+-lz--l--lz--!-l1-lB 

q(k · Bi+B~) qBi MD 
-HD=ME=- 12(k+l) MA=MB=-g-2 

q (ll1 - si) MA - MD 
HA=HB= 2h1 + h1 
VA=VB=qw V0 =0; 

Axial forces: 
N 1 = N 3 =VA· sincx +HA· cos ex 

qB~ MD. 
Mo=----• 8 2 

Case 20/8: Full uniform antisymmetrical load, acting normally to the in· 
clined members (Pressure and suction) 

c -------1 

>--.J...4__;5~£ ----l 

6- q8182 
- 2 

Axial forces: 

M 0 =0. 

l 
~ 
I 
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FRAME 20 

Case 20/9: Symmetrical arrangement of concentrated load 

There are no hendinit moments 

Axial forces: 

(MA = MB = Ma = MD=ME = O.) 

P2 
VA=VB=P1+2 V0 =0. 

Note: The horizontal loads W1 merely cause an additional axial load W, in the tie rod. 

Case 20/10: Antisymmetrical arrangement of concentrated load 

W2 
HB=-HA=W1+2 

Axial forces: 

H0 =0; 

N 3 = - N 1 =VB. sinoi: +HB· cosoi: 

There are no bending moments. 

c 

M 0 =0. 

N0 =0 . 
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FRAME 20 

Case 20/ 11: Unsymmetrical arrangement of concentrated load 

c 

M 0 =0. 

HA=HB-w. 

Axial forces: 

N 1 =VA· sin ix+ HA· cos ix 

N2 = - V0 • sin ix+ Ha· cos ix 

N 4 =Va· sin ix+ Ha· cos ix 

N 3 =VB' sin ix+ H B' cJSIX. 

Case 20/12: Uniform increase in temperature of the tie DE by t0 degrees 

c 

Axial forces: 

"*--------T-i E = Modulus of elasticitv 
,.'/Ii. ~l e = Coefficient of thermal expansion 

---i ~l H9 ~ 

~1-
~ 
I 

Constant: 

v_{ = v B= Ve= O; 

N0 =H....i-H0 . 

Note: If the temperature decreases, the direction or all forces is reversed, and the 
signs of all moments are reversed. 
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FRAME 20 

Case 20/13: Symmetrical increase in temperature of the inclined members 

t 1 in degrees for rods Bv 

t2 in degrees for rods s2. 

Constant T as well as E and e same 
as for case 20/ 12, p. 82. 

Mc= T[+t1 -(k+2)t2] 

M.t =MB= T [({- + 2)t1 -t2 / Mn= ME = 2 T[-t1 +t2] . 

Formulas for all V-, H-, and N-forces same as case 20/ 12. 

Note: For the special case 11 = 1, we have Mo = M 8 = 0, and M,.: (-Mc) = 1: k. 

Case 20/14: Antisymmetrical change in temperature of the inclined members 

c 

--~::----s-1 
[ _____ t ~l 

(•tr) -~ -<:!~ 
.A¥-t-1-------~~. f:J_L 
~- t-'B 
If l•ZTIJ----1 

t 1 and t 2 as before, but negative for the 
right half of the frame. E and e same as 
case 20/12. 

No=O. 

Mc=O; 

6EJ2 ·e h MB 
MB= -MA = SG·w(f31 t1 +{32 t2); VA= - VB= - Ve= w. 

Axial forces: }.,-1 = N 2 = - N 3 = -N4 =VA ·sinci. 

Case 20/15: Uniform increase in temperature of the entire frame (includ
ing the tie DE) by t degrees 

E and e as in case 20/ 12. 

3EJ2 ·e l 
Mn=ME=- 82(k+l)·hr·t 

MA=MB= -:n(i+2) Mc= -:v 

Formulas for all V-, H-, and N-forces 
same as in case 20/ 12. 
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Frame 21 

Symmetrical triangular one-hinged frame with hinged 
tie-rod and variable moment of inertial 

Shape of Frame 
.Dimensions and Notations 

Positive direction of all reactions at the rid@:e! 

and all axial forces. 2 

Coefficients: 

k = J 2 . 811) ; (81 = ~ = ~) ; 
J 1 82 82 l2 h2 

F=3k+4. 

/J1=~=~ /12=~=~; 
({/1 + fJ2 = 1) . 

K 1 = k + 2 {J2 ( k + 1) 
G=K1 {J2 +K2 • 

Note: The numbering of the cases for frames 20 and 21 is identical. Hence 
21/3, 4, 9, 10, 11 and 14 are not repeated because they are identical with 

20/3, 4, 9, 10, 11, and 14 on account of Mc = O. 

Note: The moment diagrams shown for cases 21/l, 2, 5, and 6 were drawn for 11 = ], and 

special case h: q1 = q,. 

1 If the moment of inertia is constant overs, i.e .• if Ji =Ji. then k = s1/si. 
2 Positive bending moments M cause tension at the face marked by a dashed line. Positive a:xial forces ore 

compression. 
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FRAME 21 

Case 21 /7: Full uniform symmetrical load, acting normally to the inclined 
members 

-------f 

~j-...J.......1.-~~~=r---f 
~~ 

l\'SS~~~ 
I 
I 

/ + + \ 
--~---~---:-- _J 

· I I I ~ 
A 1-l,-l--lz--l--lz--l---l,-...;B 

~1~--------------~~~ 
)I '8 

q (k·si + 2·s~) 
Mn= ME=- 4F 

q(ll1 -si} MA-Mn 
HA= HB= --v,--;-- · + ~-
VA= VB= qw V0 =0; 

Axial forces: N 1 = N 3 =VA· sinoc.+ HA· cosoc. 

qs~ Mn 
He= 2h2 +-x;-; 

N 0 =qh+H4 -H0 • 

N2 = N 4 =He· cosoc.. 

Case 21/8: Full uniform antisymmetrical load, acting normally to the in· 
clined members (Pressure and suction) 

c -------1 

~D--'-+~~'---~ 
..:!' _1 

Axial forces: 
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FRAME 21 

See Appendix A, Load Terms, pp. 440-445. 

Case 21/1: Entire frame loaded by any type of symmetrical vertical load 

Constants and moments: 

x = (2 ilh- ~i)k+2~2. 
I!' ' 

M -M - --~1+X 
A- B- 2 

Reactions arid Shears: 

H -H _511+S2l1+MA-Mn 
A- n- h1 

Ve=O; 

He= 512t2Mn; 

N0 =H.4 - He . 

Axial forces: 

N 1u = N 8,. = VA · sin CIC + HA · cos CIC 

N 10 = N 30 = S2 ·sin CIC+ HA· cosC1C; 

N2o = N 40 =He· cosoc 
N 2., = N4,. =He · CDSCIC + S2 • sinoc. 

Note: All the load terms refer to the left half of the frame. 

Special case 21/la: Symmetrical loads (iR = ~) 

Special case 21/lh: Uniformly distributed loads q 1 and q 2• By substitu
tion in the previous formulas: 

~1 = S~l1 o = S2l2 
"'2 4 . 
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SP.P. AppP.ndix A, Load Terms, pp. 440-445. 

Case 2112: Entire frame loaded by any type of symmetrical horizontal 
load 

Constants and moments: 

M -M _ -f1+X ,{ - n- 2 

Reactions and Shears: 

H - H _ - e,1 +MA-MlJ 
;1 - n - h1 

Ha = e,2 +Mv. 
h2 ' 

VA=VB = O V0 = 0 ; N0 = W1 + W2 + HA - He. 

Axial forces: 

N 1" = N 3u = HA · cusot N2u = N4o =Ha · COS ot 

Nin = Nso = (H_i + W1) • COSot; N2u = N 4u = (Ha - W2) cosot. 

Note: All the load terms refer to the left half of the frame. 

Special case 21/2a: Symmetrical loads (ffi = f) 

X = f1k+ 2 f 2 • • 
}I' , 

. W1 MA-MlJ 
HA = HB = - ? + --h--

- l 

All other formulas same as above 

Special case 21/2b: Uniformly distributed loads q 1 and q2• By substitu· 
tion in the previous formulas: 
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FRAME 21 

See Ap1wnrlix A, Loar! Tntno, pp. 44044~. 

Case 21/5: Left half of frame loaded by any type of vertical load 

Constants and moments: 

X= (21Ri -1\)k+ 2f2 • 

p ' 

MA" - fi + x e;. Ki+ ca 
MB/= 4 T 2G 

Reactions and Shears: 

6 = e,i. fJ2 + !5,2. fJi 

ca= (fi + mifJ2) k + 'i.2fJ2. 

Mn"- = _ !_ ± 6- K2 - ca· fJ2 
ME/ 2 2G 

v -v - l511+S2li+l512 MA-MB 
B- c- l +--l--

H -H - VB·li +MB -Mg 
A- B- hi 

Axial forces: 

Niu= VA·sinix+HA·cosix · 

Ni0 =Niu - Si· sin ix; 

N 8 =VB" sin ix+ HB· cos ix 

N2o=- V0 ·sinix+H0 ·cosix 

N2u = N2o + S2 • sin ix; 

N 4 = Vc·sinix+Hc·cosix. 

Special case 21/Sa: Symmetrical loads (ffi = 'i.) 

X=fik+2f2 . 
l!' ' 

6 =(Si+ f2)li l2 ca= fi k (1 + fJ2) + 'i.2fJ2. 

V -V _Si·fJi+S2(l+{Ji)+MA-MB 
B- c- 4 l . 

All other formulas 
same as above 

Special case 21/Sb: Use expressions for special case 21/lb 
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FRAME 21 

See Appendix A, Load Terms, pp. 440-445. 

Case 21/6: Left half of frame loaded by any type of horizontal load 

Constants and moments: 

Reactions and Shears: 

SB= (fi + illi/12) k + f2P2. 

Mn"-=_!± 6·K2-SB ·P2 
ME / 2 2G . 

V - V --V _ '511+W2hi + ei12 +MA - MB . 
B- e - A - l l ' 

Axial forces: 

Niu= VA ·sin°'+ HA· cos°' 
Nio =Niu + Wi ·cos ix; 

N 8 = VB·sin°'+HB·cos°' 

N2o = - Ve· sin°'+ He· cos°' 
N 2u=N2o- W2 ·cos°' ; 
N 4 = V0 ·sinix+H0 ·cos()(. 

Special case 21/6a: Symmetrical loads (ill = f) 

X= fik+2f2 • F , 6 = (W1 + W2)h1h2 SB= fik(l +/12) + fz/12; 
2h 

V -V _ _ V _ W1 li + W2(h + h2) + M.~ - MB All other formulas 
B - e - A - 2 l l same as above 

Special case 21/6h: Use expressions for special case 21/2h 
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FRAME 21 

Case 21/12: Uniform increase in temperature of the tie DE by t0 degrees* 

>-----l------t 

MA=Mn=+T10 [(~ +3)~:+1] 
MA-MD MD-

HA=Hn= h1 Hc=-h-2; 

Axial forces: N 1 = N 3 = HA · cos oc 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

Constants: 

T = 3EJ2 ·e _!_ 
821' h. 

Mn·= ME= -Tt0[3~+ 2); 
N0 =HA-Hc; VA= Vn=Vo=O. 

N 2 = N 4 =He· cosoc. 

Case 21/13: Symmetrical increase in temperature of the inclined members* 

c 

"!4 

~I 
I 
1-----l -----i 

MA=Mn=Tf(~ +3)t1-t21 
Case 21/15: Uniform increase in temperature of the entire frame (includ

ing the tie DE) by t degrees* 

c 
E and e as in case 21/12. 

9EJ2 ·e l 
MD=ME =- --F-·-h ·l 

, 82 1 

MA =Mn= -MD·(32k + 1) 

Formulas for all V-, H-, and N-forces 

same as in case 21/ 12. 

•With a decrease in temperature all moments and forces reverse their direction. 
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Frame 22 

Unsymmetrical two-hinged, triangular rigid frame. Hinges 
at same elevation. 

A' ... ~-----

Shape or Frame 
Dimensions and Notations 

N=l+k; 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
hending moments cause tension at the 

race marked by a dashed line. 

Coefficients: 

(oc+/3 = 1). 

Case 22/l: Uniform increase in temperature of the entire frame 

-L 
• 
A :____----l------' 

-Mn 
HA =Ho=-h-; 

Note: Ir the temperature decreases, the direction of Hll forces is reversed, and the 
signs or all moments are reversed. 
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FRAME 22 

See App1mdix A, Load Terms, pp. 440-445. 

Case 22/2: Left-hand member loaded by any type of vertical load 

M =M•+x1 M 
zl ,. a B 

Case 22/4: Right-hand member loaded by any type of vertical load 

u 
MB=-2N; 

v_.= ~r 

Case 22/6: Vertical concentrated load at the ridge B 

There are no bending moments. 

VA =/3 P V0 =aP; 

Pab 
HA=Ha=lh. 
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FRAME 22 

Ser. Appendix A, Load Terms, pp. 440-445. 

Case 22/3: Left-hand member loaded by any type of horizontal load 

.!!... 

HA =- (W - H0 ); 

Case 22/5: Right-hand member loaded by any type of horizontal load 

o x; 
M,,2 = M., + -,;MB; 

VA = -Vc = ~r. 

Case 22/7: Horizontal concentrated load at the ridge B 

There are no bending moments. 

HA = - ocP H0 = {3P; 
Ph 

VA=-Vc=--l-. 
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Frame 23 

Unsymmetrical triangular rigid frame with horizontal 
tie-rod. Externally simply supported. 

Shape or Frame 
Dimensions and Notations 

f---;;r;,-a:;---i-.21,-+-.Z:i-I 
I I 
I I 
I I 
I I 
I I 

: 'q : 
l!!._1 'q c 

-~ t z z tlb 
This sketch shows the positive direc· 
lion or the reactions and the coordi· 
nales assigned lo any point. Positive 
bending moments cause tension at the 

race marked by a dashed line. 

Coefficients: 

a b 
a.=7 /3=7 (oc+{J= I); 

N=I+k 
3J1 l E 

L = h2 F z "i;_ . E z Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Formulas to case 23/3, p. 95: 

e, 
VA= ·-·Va= -T; 

x; 
Mx2=f)MB 
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FRAME 23 

See Appendix A, Load Terms, pp. 4411-445. 

Case 23/ 1: Left-hand member loaded by any type of vertical load 

!S 

M M O X1 
:i:1= s+-MB · a 

Case 23/2: Right-hand member loaded by any type of vertical load 

IS 

Case 23/3: Left-hand member loaded by any type of horizontal load 
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FRAME 23 

Case 23/4: Vertical concentrated load at ridge B 

8 

A~C 
t~ 2 z tlf 

Va=cxP ; 

Case 23/5: Horizontal concentrated load at ridge B acting from the left 

N 
Z=(JP- · Nz' 

L 
M =(JPh- · 

B Nz' 

8 

~ -1?1 c 
I z z . t 

-~t 10 
Ph 

VA =-Va=--z-; 

Case 23/6: Uniform increase in temperature of the entire frame 

Note: If the temperature decreases, the direction or all forces is reversed, 1md tlu! 
signs of all moments are reversed.* 

*See footnote on page 97. 
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FRAME 23 

Case 23/7: Right-hand member loaded by any type of horizontal load 

See App~ntlix A, Load Term•, pp. 440-445. 

Case 23/8: Horizontal concentrated load at ridge B acting from the right 

N* 
Z=-{JPNz ; 

L 
MB=-{JPhNz; 

*For the above loading conditions and for decrease in temperature (p. 96) Z becomes negative, i.e., the tie 
rod is stressed in compression. This is only valid if the compressive force is Hmuller thun the tensile force due l.o 
deed load, so that o residual force remuinl' in the t.ie rod . 
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Frame 24 

Unsymmetrical triangular rigid frame. One support fixed, 
one support hinged; both supports at the same elevation. 

Shape of Frame 
Dimensions and Notations 

r-z,---t--:ti--+-z,-t--zi-. 
I I 
i : 
I I 
I ~ I 
I I 

~ I-!!£_ 

~~ t~ 
This sketch show• the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
hending moments cause tension at the 

face marked by a dashed line. 

All coefficients and formulas for external loads same as for frame 27 (pp. 103-
105) with the following simplifications: 

(h1 =h2)=h v=O F=lh. 

Case 24/ 1: Uniform increase in temperature of the entire frame 

M _ T·2(l+k)b+l 
A-+ h 

2l+b 
MB=-T·-h-; 

Note: 1£ the kmperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 
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Frame 25 

Unsymmetrical hingeless, triangular rigid frame. Both 
supports at the same elevation. 

Shape or Frame 
Dimensions and Notations 

i--x,~rf----1Xz-i-rh 
I I 
I 8 I 
I I 
I I 
I I 
I I 

~ I I he 

w ~ 
This sketch showa the positive direc
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
lu-:nding moments cause tension .at the 

fare marked by a dashed line. 
All coefficients and formulas for external loads same as for frame 28 (pp. 106-

108) with the following simplifications: 

(h1=h2)=h 

Nb+l 
M..t=+T·-h-

M0-M..t 
V..t=-Vo=--z-

v=O F=lh. 

Note: Ir the temperature decreases, the direction or all forces is reversed, and the 
signs or all moments are .reversed. 
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Frame 26 

Unsymmetrical two-hinged triangular rigid frame. 
Supports at different elevations. 

~r+---X:-37-r---xz'---j 
I I 
I p B "I. I 
I '?'? "I. I 
j P'? "l."l."I. I lie 
I '?P --

1?4 I '?P ti& 
~ 

A>------- -----< t~ 
Shape or Frame 

Dimensions and Notations 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned fo any point. Positive 
hendinp; moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

k=Ji.~. N=l+k 
J2 81' 

1se 26/ 1: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Note: Ir the temperature decreases, the direction of all forces is reversed, and the 
signs or all moments are reversed. 

~-;when h1 > h,, v becomes negative. 
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See Appendix A, Load Terms, pp. 440445. 

Case 26/2: Left-hand member loaded by any type of vertical load 

is 

a _______ T 
Jz .. 

-<: 

<--A~-a----i.--b_; -i 
----------------i-1 

I 

V _ h2e1+ vMB 
a- F 

M =M8 +~M zl ., a B 

Case 26/ 3: Right-hand member loaded by any type of vertical load 

Case 26/4: Vertical concentrated load at the ridge B 

FRAME 26 

There are no bending moments 

V _ Pb.h1 
A - ]I' 
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FllAME 26 

See Appendix A, Load Terms, pp. 440445. 

Case 26/5: Left-hand member loaded by any type of horizontal load 

H ... =-(W-Hc); 

0 X1 M 1 =M +-Mn 
z " a 

Case 26/6: 

H 0 =-(W-H.A); 

Case 26/7: Horizontal concentrated load at the ridge B 

There are no bending moments 

Hc _Pbh1 
- jj' • 
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Frame 27 

Unsymmetrical triangular rigid frame. One support fixed, 
one support hinged; supports at different elevations. 

Shape of Frame 
Dimensions and Notations 

i--r1---i-rf--~--i-z-2~ 
I I 

I B I 
I I 
I I 
I 
I 

_£_1 

~'i( 
This sketch shows the positive direc
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked hy a dashed line. 
Coefficients: 

k=J1.~. 
J2 81' 

N=3+4k 

Case 27 /l: Uniform inc_rease in temperature of the entire frame 

MA=+T[2A(l+k) + BJ 

-h2 MA-vMB 
VA=-Vc = F ; 

X~ X1 
M 1=-MA +-MB 

"' a a 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 

t = Chauge of temperature in degrees 

Constants: 

lb- vh2 

A= F ' 

MB= - T[A + 2B]; 

bMA - MB 
HA=Hc= F ; 

Note: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 

-----
'When h, > h,, v becomes neltlltivr. 
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FRAME 27 

See Appendix A, Load Terms, pp. 440445. 

Case 27 /2: Left-hand member loaded by any type of vertical load 

2f(I+k)-m 
N 

H -H _b(fS,+MA)-lMB. 
A- a- }!' • 

Case 27 /3: Right-handed member loaded by any type of vertical load 

H -H _afS,+(2l+b)MA. 
A- a- F • 

I 
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FRAME 27 

Sec App~ndix A, Load Tenn., pp. 440-445. 

Case 27 /4: Left-hand member loaded by any type of horizontal load 

.!!. 

2m-~ 
MB=---w-; 

Case 27 I 5: Right-hand member loaded by any type of horizontal load 

Hc=-(W-HA) 
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Frame 28 
Unsymm~trical hingleless, triangular rigid frame. 

Supports at different elevations. 

Shape of Frame 
Dimensions and Notations 

He -
~ -

11,i'--t_,,,1 
I~ 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

Coefficients: face marked by a dashed line. 

N=I+k 

lb-vh2 
A= F 

C _ la+vh1 
- F 

Note: If the temperature decreases, the direction of all forces h reversed, and the 
signs of all moments are reversed. 

*When h. > h,, v becomes negative. 



- 107 - • FRAME 28 

See Appendix A, Load Terms, pp. 440-445. 

Case 28/ 2: Left-hand member loaded by any type of vertical load 

1s 

-Mn 
Mo=-2-; 

H -H _ b(e1+M.d+(2l+a)M0 . 

A- o- "f!' • 

Case 28/3: Right-hand member loaded by any type of vertical load 

s 

M __ 9t(3+4k)-2U 
o- 6N 

i--!!~ 
I J ' 
I 
I 

..1._1 + 

1~ 
M __ (2f-9t)k 

n- 3N 
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FRAME 28 

See Appendix A, Load Terms, pp. 440-445. 

Case 28/4: Left-hand member loaded by any type of horizontal load 

M -- ~(4+3k)-29l 
A- 6N 

-MB 
Mo=-2-; 

Case 28/ 5: Right-hand member loaded by any type of horizontal load 

w 

M __ ffi(3+ 4k)-2U 
o- 6N 

M __ (2~-ffi)k 
B- 3N 
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Frame 29 

Unsymmetrical two-hinged, triangular rigid frame. One 
leg vertical. Both supports at the same ele_vation. 

Shape of Frame 
Dimensions and Notation• 

Coefficients: 

This sketch shows the positive direc· 
lion or the reactions and the coordi· 
nates assigned to any point. Positive 
h~nding moments cause tension at the 

face marked by a dashed line. 

N=l+k. 

Case 29/l: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e --:- Coefficient of thermal expansion 
t = Change of temperature in degrees 

Note: Ir the temperature decreases, the direction or all forces is reversed, and the 
signs or all moments are reversed. 
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FRAME 29 

See Appendix A, Load Terms, pp. 440445. 

Case 29/2: Inclined member loaded by any type of vertical load 

~ -~ 
\ 

I 

Case 29/3: Inclined member loaded by any type, of horizontal lo~~ 

x 
M.,=M!+7MB 

H4=-(W-Ho); 

Case 29/4: Leg loaded by any type of horizontal load 

/j 

x 
M.,=yMB 

H 0 =-(W-HA); 

' 8 \ 
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Frame 30 

Triangular rigid frame with horizontal tie·;od. Externally 
simply supported. One leg vertical. 

Shape of Frame 
Dimensions and Notations 

r---x-~---x~ 
I I 

I -J 
I I :::... 

i : i 
I I ;;,, 

!f4 I I I 
---- (_J_}* 

t~z zict 4 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

N=I+k; Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rorl 

*Ho occurs when the hinged supporl is at C. 
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FRAME 30 

Sec Appendix A, Loud T~"""• pp. 440-44!i. 

Case 30/ 1: Inclined member loaded by any type of vertical load 

9t 
Z=2hNz; 

Is (Hinged support at A or C) 

0 x 
M.,=M.,+yMn 

VA= ~r 
e, 

Va=T; 

Case 30/2: Inclined member loaded 
(Hinged s'1.pport at A) 

by any type of horizontal load 

I , B 

-~------::~- --, 
.-": ~ cJ 

HA=-W; 
-e, 

Va= -VA =T; 
x 

M =M9 +-M 
"' "' l B 

Case 30/3: Leg loaded by any type of horizontal load 
(Hinged support at C) 

Z = H+2Nel,. 
2hNz ' 

VA= -Va= ~r; 

9t 
Z= 2hNz 

Mn= -Zh; 

---- ' ' ' \ 
I 



- 113 -

See Appendix A, Load Terms, pp. 440445. 

Case 30/4: 

w 

H 0 =W; 

Z= - (w~-~)* 
Nz 2hNz 

Vo= - VA=~'; 
Case 30/5: Leg loaded by any type of horizontal load 

(Hinged support at A) 

8 

r-------------

1_~A~---...L.:.:'-----'~ 
--~~~i--~~ 

Z= _ 2Nf!>1 - ~k* 
2hNz 

VA= -Va=~'; 

• 

Case 30/6: Uniform increase in temperature of the entire frame 
E = Modulus of elasticity 

FRAME 30 

e = Coefficient of thermal expansion 

t = Change of temperature in degrees 

Z= 3EJ1 etl . MB=_ Zh; 
sh2 Nz ' 
x 

M.,=zMB 

Note: If the temperature decreases, the direction or all forces is reversed, and th< 

signs of all moments are reversed.• 
-----

"For the case of the above loading conditions and for a decrease in temperature 
Z becomes negative, i.e., the tie rod is stressed in compression. This is only valid if the 
eompressive force is smaller than the tensile forre due to dead load, so that a re~idual 

tensile force remains in the tie rod. 
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Frame 31 

Triangular hingeless rigid frame. One leg vertical. Both 
supports at the same elevation. 

"' 
--~~-i~-----l 

Shape of Frume 
Dimensions and Notations 

Coefficients: 

This sketch shows the positive direc
tion of .the reactions and the coordi
nates assigned to any point. Positive 
bending moments cause tension at the 

faee marked hy a dashed line. 

N=l+k. 

Case 31/l: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constant: 

MA=+T Ma = + T 1 +k2 k; 
Mo-MB 

HA=Ha= h 

y y' 
M 11 =hMB+-y;Mo. 

Nole: If the temperature decreases, the direction of all forees is reversed, 'llld the 
signs of all moments are reversed. 
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FRAME SI 

See Appendix A, Load Terms, pp. 440445. 

Case 31/2: Inclined member loaded hy any type of horizontal load 

M __ ~(4+3k)-29l 
A- 6N 

Hc=3~c HA=-(W-Hc); 

Case 31/3: Leg loaded by any type of horizontal load 

M __ 9l(3+4k)-2U 
.c- 6N 

M - - (22- 9l)k 
B- 3N 

H _ rr!>r-MB+Mc 
A- h 

-MB 
Mc=-2-; 

-MB 
MA=-2-; 
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~ME 31 

See Appendix A, Load Terms, pp. 440445. 

1e 31/ 4: Inclined member loaded by any type of vertical load 

1S 

M __ f(4+3k)-29t 
A- 6N 

V _ e,+M..t-Mo 
c - l 

x' x 
M.,=M:+TM..t+TMB 

1se 31/5: The moment acts at joint B 

,.,{\ 

-1 
< 

c_l 

ase 31/6: Horizontal concentrated load at joint B 

There are no bending moments 

Ph 
Vo=-VA=-l-
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Frame 32 

Triangular rigid frame. One leg vertical, hinged at bot· 
tom. Other support fixed. Both supports at the ·same 

elevation. 

Shape or Frame 
Dimensions and Notations 

Coefficients: 

This sketch shows the positive direc· 
tion or the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

(ace marked by a dashed line. 

N=3+4k. 

Case 32/l: Uniform increase in temperature of the entire frame 

1'+-; l---... 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

MA 
Va= -v.d = -z-; 

Note: Ir the temperature decreases, the direction or all forces is rever•ed, nnd the 
signs or all moments are reversed. 
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FRAME 32 

See Appendix A, Load Terms, pp. 440-445. 

Case 32/2: Inclined member loaded by any type of vertical load 

!s 

-MB 
HA=Ha=-k-; 

x' x 
M.,=M!+TMA+zMB. 

Case 32/3: Inclined member loaded by any type of horizontal load 

-r;:--~--------0 __ 1 -zr, 

·- ~ c] 
He -h 

e,+MA 
Va=-VA=-z--; 

x' x 
M.,=M!+TMA+zMB. 

Ha= -(W-HA); 

M11 =Af!+iMB· 
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Frame 33 

Triangular rigid frame. One leg vertical, fixed at bottom. 
Other support hinged. Both supports at the same elevation. 

~'~-] 
~er, ~ ~j 
'A ------------ C 

Shape ol Frame 
Dimensions and Notations 

Coefficients: 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

N=4+3k. 

Case 33/ I: Uniform increase in temperature of the entire frame 

...L 
~ 

!41 ... ·----

MB=-3T 

H -H _Mo-MB 
A- o- h, 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constant: T= 6 EJietl 
shN 

V V Mc 
A= - c=-l-

y y' 
M 11 =JiMB+JiMc. 

Note: If the temperature decreases, the direction ol all forces is reversed, and the 
signs of all moments are reversed. 
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FRAME 33 

See Appendix A, Load Terms, pp. 440-445. 

Case 33/2: Inclined member loaded by any type of vertical load 

1s 

Vo=S-VA; 

y y' 
M 11 =-,;MB+-,;;Mo. 

m 
Mo=+w; 

Case 33/4: Leg loaded by any type of horizontal load 

.lf. 

lti 

-t~ 
M __ 2ill(l+k)-U. 

o- N ' 

HA = -(W-Ha); 

y y' 
M 11 =-,;MB+-,;;Mo. 

B 
-, 



r 
f 

I 
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Frame 34 

Single-leg, two-hinged rigid frame. Vertical leg. 
Horizontal girder. Skew corner. 

Shape of Frame 
Dimensions and Notations 

This sketch shows the positive direc· 
lion or the reactions and the coordi· 
nates assigned lo any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

a 
rx = h (rx + (J = 1) 

c d 
r=z 0=z 

C = oc + 2 o ( 1 + k2) ; 

(y+o=l); 

N=rxB+Co . 

For the inclined member, the coordinates x are used for the vertical load, y for the 
horizontal load; Their relationship can be slated as follows: Y• : "'' = y'·, : x', = b : c. 
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FRAME 34 

See Appendix A, Load Terms, pp. 440445. 

Case 34/l: Inclined member loaded by any type of vertical load 

Constant: 

c 

I 
I 
I 

I 
~-i----d---j 

I 
I 
I 

x- ocf+om+o oe, 
- N 

M0 =o(ei1-X); 

Case 34/2: Girder loaded by any type of vertical load 

!s 

Constant: X=o~k2 './cer. 

MB= -ocX M0 =yeir-oX; 
x 

V.D=S-VA; HA=HD=-y;; 

X~ X1 
M i=-MB+-Mo "' () () 

l 
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See Appendix A, Load Terms, pp. 440-445. 

Case 34/3: Inclined member loaded by any type of horizontal load 

Jt'. 

Constant: x 

MB=ix(l!ir-X) 

H __ er-x HD=W+HA; 
A- h, 

~...,.. ...... w.w.J.ww..- Ho 

l-;.; 

Mo=-dX; 
x 

V,t=-VD=y; 

Case 34/4: Leg loaded by any type of horizontal load 

Constant: 

M 0 =-i5X; 
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FRAME 34 

Case 34/5: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constant: 

X=6EJ3 et(!!_+}_) 
sN l h . 

Note: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 

Case 34/6: The moment acts at joint B 

Constant: 
M I 

X= N[oc(B-2)-15]. 

M-X 
H.A=HD=--h-

MB1 =oc(M-X) 

YIM M111 =a Bl 

MB2= -M+MB1 M 0 =-15X; 
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Frame 35 

Single-leg, one-hinged rigid frame. Vertical leg. Horizon· 
tal girder, hinged at one end. Skew corner. 

Shape or Frame 
Dimensions and Notations 

Coefficients: 

t--X7---l-.lf-+--Xz--.-+<--X~ __ ,_, 
I I I It rr-----c i~ D 

t- I 8 
-~ I 

/ti: 
~MA'\. • .J 
-~ 

This sketch shows the positive direc
tion or the reactions and the coordi· 
natea assigned to any point. Positive 
bending moments cause tension al the 

face marked by a dashed line. 

{3 = 1 - a. y = l - b; 

Bi =3ki +2+b 

B2=2a.(ki+l)+b 

R1 = 3ki +Bi+ bOi 

Oi=1+2b(l+k2) 
02=a.+2b(l+k2); 

R2 =a.B2 +b02 

N= RiR2- K2; 
K 

n12=n21 = N 
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FRAME 35 

See Appendix A, Load Term•, pp. 440·44!;. 

Case 35/l: Inclined member loaded by any type of vertical load 

!S 

Constant: 
c.81 = /W1 e,+ ~+dill 
c.82= d02e,+ ex.~+ dill; 

MA =X1 MB=X1 -cx.X2 

X1 = - c:a1 nu+ c:a2n21 
X2 = - c.81 n12 + c.82n22 · 

~=~+~-~ ~=S-~; 

Mo=d(e,+X1-X2); 

X2 
HA=Hn=-,;; 

Yi M Y1 M 
M111=a A +a B 

x;· 
M.,2=a;Mo. 

Case 35/2: Girder loaded by any type of vertical load 

!S 

C:onstant.: 
c:a1 =y01 er+d~~ 
c.82 =y02er +.d ~~; 

YiM Y1M M111=- A+- B a a 

Xi= -Q31n11 + c.82n21 
X2 = - c.81 ni2 + c.821122· 
Mo=rer+d(X1 -Xz); 

X2 
HA=Hn=--,;:; 
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FRA!UE 35 

See Appendix A, Load Terms, pp. 440-445. 

Case 35/3: Inclined member loaded by any type of horizontal load 

~c--+---

....!!. 

1 
I 

Constants: CU1 = oC1 er- (f + o ffi) 
CU2=0CJ2elr-(d+o9t); 

ti._~)lll!JJliJWJJ.IJ.J.llWl.l.1.1.lto. -1. 
i-117 

X1 = -CU1n11 + CU2n21 
X2 = - CU1 n12 + CU2n22. 

M 0 = -o(er+X1 -X2); 

V _ -V _ elr+X1 -X2 . 
.A - D- l ' 

Case 35/4: Leg loaded hy any type of horizontal load 

Constant: 
c:81=(B1+0C1) el,+ (f + 9t) k1 
CU2 = (B2 + 0C2) e, + r1. 9tk1; 

AJUIBIII!IHiinnID:m:--1-
J-~ 

X 1 = + CU1 nu - CU2n21 
X2 = - <;81 ni2 + c:82n22 · 

Ma=o(el,-X1 -X2); 
e,-x1 -X2 

V.A=-VD=- l ; 
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FRAME 35 

Case 35/5: Uniform increase in temperature of the entire frame 

Y~ Y1 M i=-MA+-Mn 11 a a 

Constants: 

T= 6EJ3 t;th 
sl 

X 1 = T(-n 11 + A.n21 ) 

X 1 = T(-n12 -1;- A.n22). 

Note: U the temperature decreases, die direction of all forces is reversed, and tlu· 
signs of all moments are reversed. 

Case 35/6: Vertical concentrated load at joint C 

p 

Constants: 

VA=oP+x2~X1 

y~M Y1M 
M111=a "+a B 

Pod 
Mo= -l--o(X2-X1); 

X2 
HA=Hn=h; 
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Frame 36 

Single-leg, one-hinged rigid frame. Vertical leg, binged 
at bottom. Horizontal girder. Skew corner. 

Shape ol Frame 
Dimensions and Notations 

i.x,--1-.xi--:-xz---+--x2i 7-Mo 
T _ j_ __ _ ____ I ' It 

-~ : c ------t ' 
} I ,,."' V0 
~ I v t I ,,. 
-- 8 

-~ I r : 
~ I 

!IA ..t.:._. r 

A(,'¥ 
~ 

This sketch ehowa the positive direc· 
lion ol the reactions and the coordi· 
natee assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: k1 = J 3 . !!____ k - J 3 • !:__ · Ji s z - Jz s, 

a d 
(1.=---,; fJ=I-(1. a=y y=I-o; 

B1=ak1+2+0 B 3=2r:1.(k1+1)+0; 

C1=1+2o(l+k2) C2=2y(I + k2)+k2 C3=(1.+2o(l+k2) 

R 1 =3k1+B1+oC1 K 1 =(1.y+oC2 

R2=(y+2)k2+yC2 K2=r:1.B1 +0C1 

R3 =(1.B3 +oC8 K 3 =y+oC2; 

N= R 1R2 R 3 +2K1 K 2K 3 - R1 K~- R2K~-R8 K~; 

~~-~ ~~-~~ 
n11 = N ni2 = nz1 = N 

R1R3 -K~ 
nz2= N 

R1R2 -K~ 
nss= N 
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FRAME 36 

Sec Appendix A, Lo11d Terms, pp. 440-445. 

Case 36/ I: Inclined member loaded by any type of vertical load 
Is 

c 

-r 
: I .k c---i-·--di l 

~ --- - · ------ - T-

~- -- -- - - -·- l ~----~ 

Constants: 
S81 = lJC'i e,+ 2 + {J m X1 = - ':81 nu - S82n21 + 'San31 
S82 = lJC2e,+y 9t X2 = + S81 n12 + S82 n22 - SBana2 
S8a = 0 Ca e, +IX f + 0 m; Xa = - ':81 n13 - ':82 n23 + <;83 n33. 

MA=X1 Ma=o(l5,+X1 - X3) - yX2 
MB·=X1 -ocX3 MD=-X2 ; 

V _~+~+~-~ ~ j)- l V.d.=S-Vj); H A=HD=J; · 

Formulas for Mu !lnd M. same as for case 36/5. For M.1 add M.0 to these. 

Case 36/2: Girder loaded by any type of vertical load 

1£ 31.1 -r 
~ : : 

I I 

C-_J__,_J l ___ ________ J_ 
I 

----~l~~----i 

Constants: 

~i =rC1 e,+0U2 
sa2 =rc2 e,+ (yf + m)k2 
<;83 =y03 15, + o fk2 ; 

MA=X1 
MB=X1 - ocX3 

V _er - Xi - X2 +X3 
A- l 

Formulas for Mu and M. same as for case 36/5. For Mx2 add M.0 to these. 
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FRAME 36 

:;ee Appenaix .A, Load Terms, pp. 440445. 

Case 36/3: Inclined member loaded by any type of horizontal load 

r---c--'---d--< 
I 

;...__ ._ - - -l - -- . ·--

Constants : CS1=00115r- (f + o :Jl) X1 = - ca1 n11 - ca2n21 + ca3 n31 
CS2=002 15r -y :R X2 = + ca1 n12 + ca2n22 - casna2 
ca3 = o 0 3 l!>r - (oc f + o :Jl); Xa = - ca1 n1s - ca2n2s + caansa. 

MA=-X1 M0 = - o(l!>r+X1-X3)+yX2 
MB=ocX3 -X1 M 0=X2 ; 

HA= - Xa HD= W+HA ·, v = -v = er+X1 +X2-Xs 
h A D • l 

Formulas for M. and M. same as for case 36/ 5. For M 112 add M_~ to these. 

Case 36/4: Leg loaded by any type of horizontal load 

.--·c----d--

Constants: 
S81 =(Bi +601) 15,+ (f + :Jl)k1 
S82= (y + 002) 15, 
ca3 =(B3 +o03)15,+oc:Rk1 ; 

MA=-X1 
MB=l51-X1-ocX3 

V --V _X1+X2+Xa-1!>1 
A- D- l 

Formulas for M. and M. same as for case 36/ 5. For M 111 add M; to these. 
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FRAME 36 

Case 36/5: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e :.__ Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constants: 

T= 6EJ3 eth 
sl 

z2 + n,2 
).= li,2; 

H X3 
HA= ])=-,;; 

M 1 = y~ MA + '¥.l MB u a a 
Note: If the temperature decreases, the direction 0£ all forces is reversed, and the 

signs of all moments are reversed. 

Case 36/6: Vertical concentrated load at joint C 
p 

0 ' 

Formulas for M • and Mr as above. 
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Frame 37 

Single-leg, two-hinged gable frame. 

* t l I 
1----2~ 

Shape of Frame 
Dimensions and Notations 

Coefficients: k = J 2 • !!.... 
Jl 8' 

5 
B=2k+ 2 +rp 

This sketch shows 0 lhe positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 
1 

r=2+rp; 

N=B+2yC . 

Case 37 /l: Uniform increase in temperature of the entire frame 

M 0 =-yX; 

E = Modulus of elasticity 

F = Coefficient of thermal expansion 

t == Chanp:e of temperature in {lep:reei 

Constant: 

X _ 6E J2et (!!... -' }_) 
- sN l ' h · 

x 
Vo=-V11=y; 

x 
HA =Hn=h; 

2x; 
M.,2 =-z-Mo. 

Note: Ir the temperature decreases, the direction of all forces is r~versed, and the 

signs of all moments are reversed. 
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FRAME 37 

See Appendix A, Load Terms, pp. 440445. 

Case 37 /2: Both halves of the girder loaded by any type of vertical load 

14 -
t~ 

Constant: X - O(S,+S~)+ f+y(8l+f') 
- N 

Case 37 /3: Leg loaded by any type of horizontal load 

Constant: 

e,-x 
Vn= -VA = -z-; HA = -(W- Hn) ; 

y 
Mv=M!+xMB 

2x~ 2x1 
M.,1 = -z-Mn +-z-Mo 

2x; . 
1lfz2 = -z-Mc . 
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FRAME 37 

See Appendix A, Load Tern!', pp. 440-44'1. 

Case 37 I 4: Left-half of the girder loaded by any type of horizontal load 

Constant: X= C(ei1+2ei,)-f-y9t 
N 

M =- e,+2e,+ x · 
a 2 Y ' 

2x; 
M.,2=-z-Mo. 

Case 37 /5: Right-half of the girder loaded by any type of horizontal load 

c c r--------
":-,1_! l l I 

2 - ---2----, 
-<:! ;f, I 

LA 

w 

l.onstant: x- ce,+yf 
- N 

MB=-X Mo= ~r --yX; 

V.a = - VD = e, 7 X; Hn=-(W-H.4 ); 
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FRAME 38 
Symmetrical fixed rectangular frame with hinged girder 

8 c 

.,, .<;! ~ 

A ___ L _____ _ D 

"' \<; 
I I 

Shape of Frame 
Dimensions and Notation• 

1---x_,......_ __ x'------1 

8 1 le 
~ - -~A;, 
-~ :::., t 
+. t ~ 
~ :::., l ..!!!__ A __ i __ J__ __{J _!!!._ w ~ 

This sketch shows Lhe positive direction of the react.ions, 
and the axial forces in the girder. 1 

Case 38/ I: Uniform increase in temperature of the girder by t degrees2 

8 c 
E = Modulus of elasticity 
e = Coefficient of thermal ex·pansion 

y' 
M11=TMA; 

1 Note: IC the temperature decreases, the direction or all forces is reversed, and the 
' signs or all moments are reversed. I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

' I Case 38/2: Girder loaded by any type of load 

,__ ___ z ___ __, 

\ ,. / 

7 
/ 

I 
I 

\ I 
\ . / 

A ------>.:p.t---- - 0 

t~ \I ivt 
e e, 

VA=-f Vn=T · 

1 Positive bending moments M cause tension at the face marked by a dashed line. Positiv~ axial forces N 
produce compression. 

2 Temperature change in the members bus no static influence. 

~ 
I 
I 

I 
I 
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See Appendix A, Load Terms, pp. 440-445. 

Case 38/3: Both legs loaded by any type of external symmetrical load 

B c 

~ 
M_4=Mn=-2 

HA = Hn= - ~r - 2~; 
Note: All terms refer to the left leg. 

Case 38/4: Both legs loaded by any type of antisymmetrical load from the 

left 

Hn=- HA=W 

Note: All terms refer to the left leg. 

Case 38/ 5: Left-hand leg loaded by any type of load 
B c 

VA= VJ)= 0; 
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Frame 39 

Symmetrical rectangular two-hinged frame 

8 c 
r--J, ~ 

.ft 
~ 

L 
~ ~ 

Shape of Frame 
DimensionB and Notation,; 

D 

t--..r-x~ 

o ' --- --- 'c. 

IT t -r i 
I ~ ::., f I 

~I _l ___ j ___ {"_I Ho 

t~ h 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to ariy point. For sym· 
metrical loading of the frame use y 
and y'. Positive bending moments 
cause tension at the face marked by 

a dashed line. 

Coefficients: 

.f2 h 
k=-·-

J1 l 
N = 2k+3 . 

Case 39/1: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in rlegrers 

M -M __ 3EJ2 et 
B- a- hN 

Note: 1£ the temperature decreases, the direction of all forces is reversed, and the 
signs o( all moments are reversed. 

~ 
I 
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Case 39/2: Rectangular load on the girder 

Case 39/3: Rectangular load on both legs 

8 c 

If 

M =qyy'+'!LM · 
II 2 h B> 

Case 39/4: Rectangular load on the left leg 

8 

-Mc 
Hn=-h-

c 

J, 

0 

.ilfB , = qh2 , _ __l_ ± l]; 
Mc/ 4 .2N 

HA= - (qh - HD); 

Mx=Mc+VDx' 

• FRAME 39 

--Ho 

HA =Hn= -(q: + M,:). 
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FRAME 39 

S..e Appendix A, Load Terms, pp. 440.445. 

Case 39/5: Girder loaded by any type of vertical load 

Ho 

t;-
v .• = ~r MB=Mc= - (f+ffi) · 

2N ' 
-MB 

HA=HD=-h-,-; M.,=M!+MB 

Special case 39/5a: Symmetrical load (ffi = f) 
VA=Vn=S/2; MB=M0 = - f/N . 

Case 39/6: Girder loaded by any type of antisymmetrical load (ffi = - f) 

B -_ 1 __ --irrmmTt~=waic VA= -VD= ~r; 

-<:! 

__ J __ 3 - _z _____ 2__ o 

t~ -~i 

A 
' ~ 

Ph 
MB=-Mc=+2; 

p 
Mui= -M112 = 2Y · 
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Case 39/8: Both legs loaded by any type of external ~ymmetrical load* 

w 

Case 39/9: Both legs loaded by any type of antisymmetricaf 
load from the left* ~ 

I 

tH, . 
~ 'D 
IJ 

Mn=- Ma= + \51 ; M11 =M;+fe, x' - x 
Mx = e,.·-l_._ ; 

2e, 
VD =-VA = -i-

Case 39/10: Left leg loaded by any type of horizontal loadl\::li 
I 

w 

x 
M,, = Mn - y\51 

:z 
~ 

~ 

c B 

Hy, 

0 

•Note: All the load terms refer lo the left leg. 
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BAME 39 

:ase 39/11: Symmetrical moments acting at the corners 

3M 
MB1=Ma1 = +7 

:::Sse 39/12: Antisymmetrical moments acting at the corners 

;T. ~ J, 

A 
1 

____ 1 ____ 0 
~ 

:::ase 39I13: The moment acts at joint B 

~ ,., 
~ -<:! 

A 
_j-z 

~ 

3M 
MB1=Mc= 2N; 

~ 
c 

J, 

D 
~ 

M 
VA=-Vn=T; 

I 
I 
I 

l I L 
2--l-z 

M B2 = - M + M Bl ; 
x' x 

M.,=yMB2+yMa 

• 

i 
i 
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Coefficients: N=2k + 3 . 

Case 39/14: Load on bracket on the left leg 

B .--..,. 
i--
t$ 

L 

Within the 
limits of a: 

M111 = -HAY1 

p ~ 

c-< 
~ 

A 

M 1= - HAa 

Pc 
VD=T 

c 

-<:! 
.ft 

u 
" 

Within the 
limits of b: 

M 111.=Pc-HAYi 

Ho 

r;-

Case 39/15: Equal loads on bracket on the legs (Symmetrical load) 

HA=HD 

M -M _Pc(3oc2 -l)k. 
B- o- N ' 

VA=VD=P. 

Within the Jimits of a: 

Within the 

limits of b: 

M 2 =Po-HAa; M11 = ~ HAY M 11 =Po-HAY· 
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Frame 40 
Symmetrical rectangular frame with tie-rod, externally 

· simply supported 

8 
~ 

di ~ 

A rz 
~ 

l 
~ 

c 

0 

I-- :x-..i---.:r:'----1 
o' ~ 

1 ... ...~ 

1~ f f 
I t ;:,, >;;' 
I ~ 
I . 

z 

Shape or Frame 
Dimensions and Notation• 

This sketch shows the positive direc· 
ticm or the reactions and the coordi· 
nates assigned to any point. For sym· 
metrical loading or the frame use y 
and y'. Positive bending momenta 
cause tension at the race marked by 

a dashed line. 

/'J'- Coefficients: 

cl 3 Jz . ~ N = 2 k + 3 C!:J= h2Fz Ez Nz = N +0. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Case 40/l: U:niform increase in temperature of the entire frame 

E = Modulus of elasticity 

rJ\ 

e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Z = 3EJ~ . 
h2N z , 

MR=M0 =- Zh M 11 = -Zy. 

Note: Ir the temperature decreases, the direction or all forces is reversed, and the 
signs or all moments are revened. • 

•See footnote on page 146. 
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.Sec Appendix A, Lo11d Term•, pp. 440-445. 

Case 40/2: Girder loaded by any type of vertical load* 

Z= (f + !R) . 
2hNz' 

MB = M 0 = - Zh 

VA= ~r 
M,, = M! +MB 

• FRAME 40 

Case 40/3: Left-hand leg loaded by any type of horizontal load 

c 

fz 0 

I ~ 
i---l.-----< 

Z = N\51+ !Rk_ 
2hNz ' 

M 0 = - Zh 

H,i = - Jfl' 

Jlf B= 151+ M 0 

Special case 40/3a: Single concentrated horizontal load Pat the girder 

p N 
Z=9·N-; · 

- z 
H,i= - P; 

(Jfl' = P; 151 = Ph ; m = 0). 

Ph 
Vn = -VA = -z-; 

M,,= Ma + Vnx' 

Mc =-- Zh; 
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RAME 40 

:ase 40/4: Both legs loaded by any load, both carrying the same load 

' .<;! 

'--~~~l~~~~ 

Z=_Ne,-iRk*. 
hNz ' 

HA=O; 

Case 40/ 5: Right-hand leg loaded by any type of horizontal load 

B 

~· 

A 

i...-~~~l-~~~ 

Z= _ (Wh+e,)N-U * 
2hNz 
MB= -(W+Z)h 

_y 
,lf111-7i,MB 

I 
I 

/ 
I 

I 

,/-~ 

-z 

VA=-V])=~'; 
Ma=e,+MB 

M 112 = M: +*Mo. 

Special case 40/5a: Single concentrated horizontal load Pat the girder 
< w = P; e, =:= o e, = P,,, ~ = o) . 

. P N Ph 
Z=- 2 ·N/ VA=-Vn=-l-; HA=P; 

MB =-(P+Z)h M 0 =(-Z)h 
M 111 =-(P+Z)y1 M.,=MB+VAx M 112=(-Z)Y2· 

*For the above three loading conditions and for decrease in temperature (p. 144 bottom) Z becomes negative. 
i.e., the tie rod is stressed in compression. This is only valid if the compressive force is smaller than the tensile 

force due to dead load, so that a residual force remoins in the tie rod. 
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Frame 41 

Fully fixed symmetrical rectangular frame 

B r- J, 
~ 

;r, .;,: 
~ 

L --l--
A 0 

s ~ 

Shape of Frame 
Dimensions and Notation; 

c 
i-.--x~-~-.x'---, 
I I 

B 1 'C r ~ ~ 
i ~ t f I 
I l ;::,, ~I Hi ___ J ____ ~~ 

This sketch shows the positive direc
tion of the reac<ions and the coordi
nates assigned to any point. For sym
metrical loading of the frame use ·y 
and y'. Positive bending moments 
cause tension at the face marked by 

a dashed line. 

Coefficients: 

Case 41/1: Uniform.increase in temperature of the entire frame* 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constant: 

MB=Mc= - T 

T 2lc+ 1 
HA= Hn = h. -le-

Note: Ir the temperature decreases, the direction of all forces is reversed, and the 
signs or all moments are reversed. 

*Only the temperature change of the girder cami.es stress. For an antisymmelricol change in temperutm 
(left lei. + t, right leK -1) 1mhKtitut.e in the formulu of I.he footnote on p. 148 the following: e = 12 E J2 .h E l/1 
und e,. = o. 
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'RAME 41 

Sec Appendix A, Load Terms, pp. 440-445. 

::ase 41/2: Girder loaded by any type of vertical load* 

f.onstant: 

x' x 
M.,=M!+zMB+yMc 

Case 41/3: Girder loaded by any type of vertical load, acting symmetrically 

~~ ~""''"'"''LLlllllllV.' 
\ 
\ 
i' zT-1 I -, \ ' / 

~ \I I 

..!L. J"' '.j/ 

~ 
~,... II. 

L ..,,.JL 
\.._ + __)1i 
if' 

, ~·; 3MA 
MA=M1i = +3Jil; HA=HJJ=-h-

s 
VA= Vn=-· 2' 

M11=Mc = -2M,i M.,=M!+MB Mv = MA -HAY· 

Special case 41/ 3a: Uniformly distributed load S = q l 
ql2 ql ql~ 

maxM., = g+MB. M.11 = Mn = +12N1 V.11 = Vn = 2 

All other formulas as above. 

*For an antieymmetrical load. (9i = - 2) X 1 = o, X 3 - 2/N2 ; Mn·= Mc 
=-MA= -MB =£/ll'2andHA =Hn =0. . 
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See Appendix A, Load Terms, pp. 440445. 

Case 41/ 4: Both legs loaded by any type of external symmetrical load* 

Case 4115: Both legs loaded by any type of antisymmetrical load from the 
left* 

k 
,l[B= --Mo= [3el, - (~+ ffi)] N2 MD= -MA= e, - MB; 

2MB o y'M YM v D = - VA= --z- M 11 =My+ 'h' A+ h - lJ 

x'-x 111 z = _l ___ - . MR 

Special case 41/5a: Uniformly distributed loads W = q h 
k qh2 4k +I 

,l!B= -M0 =qh2 ·N; MD=-MA=T ·N; ·· 
Mo= qyy' 

y 2 . 

All other formulas as above. 

• Nole: All 1he load 1erms refer to the lefl leg. 
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FRAME 41 

Case 41/6: Left-hand leg loaded by any type of horizontal load 

See Appt'ndix A, Load Tenm, pp. 440445. 

c 
~ -1 

lf.. J; 

] st 0 
~ 

Constants: 
2(2k"-i- 3)-- 9\k 

Xi= 6N1 
x _ [3 e, - (2 + m>1 k 

a- 2N2 

M o Y~M Y1M 
vi = M,. + Ji: A + h B 

Case 41/7: U~iformly distributed load acting on the left leg 

H _ qh(2k+ 3) 
n - 8N1 
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Case 41/8: Horizontal co~centrated load at the girder 

p 

'T; ~ c 

Ji 

1 A o · 
~ ~ 

MA "- Ph 3k+ 1 
Mv/=T2·~ 

p 
Hn= - HA=2; 

MB "= ±Ph. 3k . 
M0 / 2 N 2 ' 

2MB 
Vn=- VA =-z-; 

p 
M 112=Mn - 2Y2· 

Case 41/9: The moment acts at any point of the girder 

~-~--· ·· . .\ r-
~ 

l_ l 
A 

"' 

a 
rx.=T 

Ji 

D 
~ 

c 

MA ', Ml {J-rx. 1- 6rx.{J I 
MD / = ~- _2_N_1 T ---c2=--N=-2 ~ 

H = H = 3M({J-rx.). 
A D 2hN1 ' 

b 
{J = T 

Within the limits of a: 111"' = M ii+ v A x 

Within the limits of b: M., = M0 + Vvx'; 

(M2 - M 1 = M ) M 111 =MA - HAY1 

--+--o---

(rx. + {J=l). 

M1= M B+ VAa 
M 2 = M 0 +Vvb. 

M 112= M n -HnY2· 
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Frame 42 

Rectangular two-hinged frame with unequal moments 
of inertia of the legs 

8 c 
~ 

-<! 

_l 
l 

Shape of Frame 
Dimensions and Notations 

r--.r .r~ 
B' 'c 

~ t T I I 
.!L J __ Lt 

I 
I 
I Ho 

t~ 1;-
This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. For equal 
moments in both legs use y and y'. 
Positive bending moments cause ten· 
sion at the face marked by a dashed 

line. 

Coefficients: 

N=;=B+C. 

Note: The moment diagrams are liased on the a•sumption J, > ],. 

Formulas to case 42/ 3, p. 153. 

M __ 6rO+ U 2 
B - N 

Hn= -(W-HA) 

Mo= 6r + MB ; 

VA = - Vn = ~r; 
i 

M~=M: + ~Mo. 
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s~e Appendix A, Load Terms, pp. 440·445. 

Case 42/1: Girder loaded by any type of vertical load 

!s 

(~+ 91) 
.ilfB=Mc=--N--; 

-MB 
H_.j_=Hn=-h-; 

• 

Case 42/2: Left-hand leg loaded by any type of horizontal load 

c 

-<:! 

L_ 0 

FRAME 42 

v' = 1!:5, .• l 

-Mc 
Hn=-h- HA=-(W-Hn); 

Case 42/3: Right-hand leg loaded by any type of horizontal load 

B 

-Ti 'O -Vo 

See p. 152 for formulas to case 42/ 3. 



FRAME 42 

Case42/4: 

w 
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Both legs loaded by any load, both members carrying the same 
load" See Appendix A, Load Terms, pp. 440445. 

8 C 8 • - C 

I Iii: i-'.j 
J, 

w 

-----l---~ 

M _ M _ _ 9l(k1+k2) 
1 n-~ c- N H = H = - e, + Mn 

.t . ]J h 

Note: All the load terms refer to the left leg. 

Case 42/ 5: Horizontal concentrated load at the girder 

p 

c 
H.1 = -PN 

Ph 
VD=-VA=-i-; 

1_ ~ 0 

)\11 
I 

B 
Hn= + PN ; 

M111=( - HA)Y1 

Case 42/6: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of t1>rnperature in !legreeR 

M 11 = -HAY· 

Note: If the temperature decreases, the direction of oil forces is reversed, and the 
-~--si.:.g-ns of all moments are reversed. 

• Symmetrical loading condition. The moment diagram i• eymmetrical in epite of the unequal momcnu of inertia 
of the legs. 
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Frame 43 

Rectangular frame with tie-rod and unequal moments of 
the legs, externally simply supported 

8 c 
;Jj 

I 
~ o<:i 

fz 0 

~ 

Shape of Frame 
Dimensions and Notations 

~x-----x'-

Bm'~-""1"'-~-'""""-,,...~=-,,,,.;: C 

r t rl~ 1,
1 

,,;; "" 
~ I 

t~ z z h 
This sketch shows the positive direc
tion of the reactions and the coordi
nates assigned to any point. For equal 
moments in both legs use y and y'. 
Positive bending moments cause ten
sion at the face marked by a dashed 

line. 
Coefficients: 

J3 h 
k1= J1.T 

N = B + C 

C= 3 + 2k2 ; 

E = Modulus of elasticity of the material of the frame 

Ez = Modulus of elasticity of the tie rod 

F z = Cross-sectional area of the tie rod 

Note: The 1110111ent diagram• are ha•ed on the assumption }, > ),. 

Case 43/l: Uniform increase in temperature of the entire frame 

'z 
z 0 

~ 
i-----l---~ 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

-1 t = Change of temperature in degrees 

6EJ3 et 
Z = h2 N---;- ; 

Note: If the temperature decreases, the direction of all for~es is reversed, and the 

signs of all moments are reversed.• 

•See footnote on page 157. 
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FRAME 43 

See Appendix A, Load Terms, pp. 440445. 

Case 43/2: Girder loaded by any type of vertical load 

s 

Case 43/3: Left-hand leg loaded by any type of horizontal load 

8 c 
~ ~ 

w -<::! ~ 

~ 0 
~ z 

t~ 

HA=-W·, Z=B6,+9lk1. 
hNz ' 

Mo= -Zh 

M 111 ~M:+ ~1 MB M.,=M0 +Vnx' 

Special case 43/3a: Single concentrated horizontal load Pat the girder 

Z=P!!_· 
Nz' 

HA=-P; 

(W=P; 6 1= Ph ; ill=O; M:=O). 

Ph 
Vn=-VA=z; 

M 111 =(P-Z)y1 
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FRAME 43 

Case 43/4: Both legs loaded by any load, both members carrying the same 
load"" 

;r, 
~ 

w ---
~ 0 • -z -z 

Case 43/ 5: Right-hand leg loaded by any type of horizontal load 

WhB+oe,- ~k2 * 
Z=- hNz ; H,t=W; VA=-Vn=~r; 

MB= - (W+Z)h Mc = '5r+MB; 

Special case 43/5a: Single concentrated horizontal load Pat the girder 

( W = P ·, l!i = 0 · '5 = Ph · ~ = 0 · M 9 = 0) I , r ' ' y · 

B* 
Z=-- PN ; 

z 

Ph M. B=-(P+Z)h 
V.t=-Vn=-l; Mc=(-Z)h; 

M 111 =-(P+Z)Y1 M uz = (- Z) 'Y2 . 

*For the above three loading conditions and for decrease in temperature (p . 155 holtorn) Z hecomes neg~tive 
i.e., the tie rod is stressed in compression. This is only valid if the compressive force is smaller than the tensile fore( 
due to dead load, so that a residual force remains in the tie rod. 

** See footnote p. 154'. 
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Frame 44 
Fully fixed rectangular frame with unequal moments of 

inertia of the legs 

Shape of Frame 
Dimeneione and Notations 

i...--.:r---+--r~ 
' ' 

8' 'C 

1 r ~r 1,1 
I "1> 
I j ~I 

.!L'- L'J.. 
·~~ ~Mo 

Thie sketch ehowa the positive direc· 
tion of the reactione and the coordi
natee aseigned to any point. Positive 
bending moments cause teneion at the 

face marked by a daehed line. 

All coefficients and formulas for external loads same as for frame 48 (p. 168) 
·ith the following simplifications: 

(h1=h2)=h n=l (v=O). 

:Sse 44/l: Uniform increase in temperature of the entire frame 

E ~ Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constants: 

T - 6EJ3 et . 
- h ' 

X2 = Tn32 

M,1.=X3 - X1 

Mc=-Xz 

X 3 =Tnss· 

MB=-X1 

MD.= X3 - X2; 

Note: If the temperature decreases, the direction of all forces is reverPed, and t!H" 
signs of all moments are reversed. 
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Frame 45 

Fixed rectangular frame with hinged knees and 
unequal-length legs 

f---X x'-----t 
B .13 c I I 

B 'C 
Ali ',_,No 
~ f Ji -<:!~ 

..:!."' ~ I :§;' t I L __ D ,,.;;- l~o 
A __ J :ii 

I 

~ 
I 
I I 

Shape or Frame 
Dimensions and Notations 

w1 l1o 
Yp 

1 ~ 
This sketch shows the positive direction of the rea-ctiom~. 

and the axial forces in the girder. 1 

Coefficients: 

Case 45/l: Girder loaded by any type of load 

The girder behaves like a simple beam. Formulas same as for case 38/2, p. i; 

Case 45/2: Uniform increase in temperature of the girder by t degrees2 

B c 
E = Modulus of elasticity 

e = Coefficient of thermal expansion 

- Note: 1£ the temperature decreases, the direction or all forces is reversed, and the 

signs or all moments are reversed. 

' Positive bending moments M cause tension at the face marked by a dashed line. Positive axial forces 

produce compression. 
2 Temperature change in the members has no static influence. 
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lAME 45 

Sec Appcn<lix A, Load Tern", pp. 440·445. 

ise 45/ 3: Left-hand leg loaded by any type of load 

8 c 

~ .f 

L __ o 
~ 

I 
I 

Mv = (e, - {) no; 

HA=-W + HD; M o y~ M 
111 =My+ h;_. A 

ipecial case 45/ 3a: Single concentrated horizontal load P at ridge B 

(W= P ; ®1=Ph1 ; ~=0; M~ = O) . 

l.{=-Poc HD=N0=Po; Jl!A = -Poc·h1 Mn=+Po·h2. 

:ase 45/4: Right-hand leg loaded by any type of load 

8 c 8 

A 
>l:l 

I 

JV/A=(®,-~)~ 
MA 

H.{=N0= h; Hv= - W+HA; 

c 

3pecial case 45/ 4a: Single concentrated horizontal load Pat ridge C 

(W= P; ®,=Ph2 ; ill=O; M~=O) . 
'1A=N0 = p oc HD= - p 0 ; 21(4 = + p oc. h1 MD= - p 0. h"!.. 

Note: With the exception of No case 45/4a is the same as the negative case 45/3a. 
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Frame 46 

Two-hinged bent with legs of unequal length. 

8 c 

Shape of Frame 
Dimensions and Notations 

r---x x'----j 
B' ------- - 'c 

I 'N I 

ii l ii t L_' __ii. 
I ;::;;- t ...!!._ _l Vo 

t~ 
This sketch shows the positive direc
tion of the reactions and the coordi
nates assigned to any point. Positive 
bending moments cause tension at the 

fare marked by a dashed line. 

Coefficients: 

k -~-~-
2 - Jz l ' 

h., 
n=ti; 

C= 1+2n(l + k2); N=B+nC . 

Case 46/l: Hc>rizontal concentrated load at the gii:der 

p 

T: ~ c --1 
~ ~"' 

l 
LA 

0 
~ 

-~ -~ 

i-~ 

nC B V --V _MB-Mc . 
HA=-P·N Hn=P·N; n- A- l ' 

MB=(-HA)h1 M 0 =-Hnh2 ; 

~ x -
M111 =(-H.tJ.)y1 Mx=yMB+yMc 111 112 =-HvY~· 
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BAME 46 

See Appendix A, Load Terms, pp. 440-445. 

:ase 46/2: Left-hand leg loaded by any type of horizontal load 

c 

C.00111:1111: X=B'5,+ 9lk1 
N 

Mc=-nX; 
x 

HD=h;_ H .. =-(W- HD); 

Cue 46/3: Right-hand leg loaded by any type of horizontal load 

8 

C.onRtant: · 

MB=-X 

Mc-MB 
VA=-VD=--l--; 

~ 

t~ 
X = 0'5,+nU2 • 

N , 

M0 ='5,-nX; 

x 
HA=h;_ HD=-(W-H .. ); 

M112 =M0 +,,,~Mc. 
y 2 
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(See Appendix A, Load Terms, pp. 44044a.) 

Case 46/ 4: Girder loaded by any type of vertical load 

VA= e, +Xv 
l hi l 

M:111 =~MB 

Constant: 

~ -
t~ 
X=~+nm 

N 

MB=-X M 0 =-nX; 
'51 Xv 

Vn=T- h1l; 

x' x 
M.,=M! +zMB+ -,;Mo 

-N. 
Uz 

x 
HA=Hn=h;_; 

M112 =~Mo. 

Case 46/5: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degree! 

Constant: 

M0 =- nX; 

Xv X v A = - v D = h1 l ; HA = HD= h;_; 

x' x 
M,,=zMB+zMo 

Note: If the temperature decreases, the direction or all forces is reversed, and the 
signs or all moments are reversed. 
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Frame 47 

fied bent with inclined tie-rod. Externally simply 
supported. 

1-
-<:!~ 

j_ 

,....._x x'~ 
8 c I I 

8 -- 'C 
~ 

er, ~ 
--1 

< .. 

0 
:,11 

Shape or Frame 
Dimensions and Notations 

J 

This sketch shows the positive direc· 
lion or the reactions and the coordi· 
notes a1Signed to any point. Positive 
bending moments cause tension at the 

· Care marked by a dashed line. 

Coefficients: 

Jsh1 Jsh2 h2 
ki = Ti · T k2 = J 2 • T; n = ~; 

B=2(k1 +l)+n 0=1+2n(l+k2); 

6J E l ~ N=B+nC L=--8 ·E· ; Nz=N-+L-l •. hiFz z e -

E = Modulus of elasticity of the material of. the frame 
Ez= Modulus of elasticity of the tie rod 
F z= Cross-sectional area of the tie rod 
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FRAME 47 

See Appendix A, Load Terms, pp. 440-445. 

Case 47 /l: Girder loaded by any type of vertical load 

A 

t~ 

Case 47 /2: Left-hand leg loaded hy any type of horizontal load 

c 
~ --1 

.<!"" -4 ,<:?_~ 

o_l 

H = - W· 
.4 ' 

M Y2M. 112=1t; C· 



• - 166 -

RAME 47 

See Appendix A, Load Terms, pp. 440-445. 

:ase 47 /3: Right-hand leg loaded by any type of horizontal load 

w 

V - -V _ er+Wv .{- v- l 

l 
111 c = - z - h2 - e, ; e 

111112 = Mo + _hY2 Mo. 
y 2 

Case 4 7 I 4: Uniform increase in temperature of the entire frame 

E = ModuluR of elasticity 
s = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Note: If the temperature decreases, the direction or all forces is reversed, and the 
signs or all moments are reversed. 

*For the above loading condition. decrease in temperature, and case 47 / 6 (p. 167) Z becomes negative. i.e .. 
the tie rod i11 stressed in compression. This is only valid if the compressive force is smaller than the tensile force 
due to dead load, so that a residual force remains in the tie rod. 
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Case 4 7 I 5: Horizontal concentrated load at the girder 

B 
Z = PNz HA= -- P ; 

MB = (P - z~)h1 

hi 
Vn= - V.-1=PT; 

l 
Mc = -- Z -; h2 ; 

1'1'1112 = ~2 Mc . 
ll•o 

Case 47 /6: Moments of different magnitude acting at joints Band C 

z- _ Mi(2 +n) +M2 (1+2n) * 
- h1Nz 

l 
MB1 = ( - Z) -; h1 

l 
Mc1 = ( - Z) -;h2 

MB2= - (M1 -MB1) Mc2 = - (M2 - Mc1); 

x' x 
M., = zMB2 +7Mc2 

*See footnote on page 180 
•*The moment diagram is based on the assumption M, > M,. 

Y2 
M 112= -h Ma1· 

2 

•• 
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Frame 48 

Hingeless bent with legs of unequal length. 

1-....--X X1~ 
8 c 

r-- ~ ~ --1 

L-__ -_-_-___ --------~-~J 
81 - -------- :c 

I ~f I 
I '1i.,~ i, 

ii l ;::ll' I 

~ 

Shape of Frame 
Dimensions and Notations 

k Ja h1 
1 =J;."T. 

R1 =2(3k1 +1) 

R2 R3 -9n2 k~ 
nu= 3N 

R 1 R 8 -9ki 
nz2= 3N 

R1R2- l 
nas= 3N 

t L'~ 
I o:I> \ +,, 

.!L '_l ~~ 
1'-i! 7J 

)I 

This sketch shows the positive direc· 
tion of the reactions and the coor.di· 
nates assi11ned to any point. Positive 
bending moments cause tension at the 

fare marked by a dashed line. 

Coefficients: 

Ja h2 
k2=J2·y; 

R2 = 2(1+3k2) 

h2 
n=h1; 

R 3 =2(k1 + n2 ~2 ); 
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FRAME 48 

Case 48/ I: Horizontal concentrated load at the girder 

-HA 

~ -~ 

Constants: MA= -Ph1 +X1 +X3 

MB=X1 Mo=-X2 
Mn=nXs-X2; 

HA=-(P-Hn); 

Y2 y; 
M112= h2 Mo+ h2 MJJ. 

Case 48/2: Moments of different magnitude acting at joints B and C 

~~ ..... ~~Y.~,~--.~~ 
~ ~~ 

0 

Constants: 
X1= f Mi(2n11 +n21)+M2(n11 +2n21) 
X2 = +M1 (2n12 + nd+M2(n12+2n22) 
X 3 = -Mi(2n13 +n23)-Mdnis + 2n2s). 

V _ -V _ Mc2-MB2 
.4 - n- t 

Y~ Y1 
;lf111 = h;. MA+ hi MBl 

Xa 
HA=Hn=h;; 

x' x 
M.,=yMB2+7Mc2 

~Ii 
I 

• 

MA =X1 +Xs 
MB1 =X1 M01 = X2 

MB2= -(M1 -Xi) 
Mo2=-(M2-X2) 
Mn=X2 +nX3 ; 

*The moment dia~ram is l1ased on the assumption M, > M:. 
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RAME 48 

See Appendix A, Load Tenns, pp. 440445. 

:ase 48/ 3: Left-hand leg loaded by any type of horizontal load 

w 

Constants: 

c B 

~Ii 
I 

~ -1 
~ ~ .. 

o_l 
"" 

c;a1 = (ae,-(~+ m)Jk1 
.;as= [2 e, - ~l ki ; 

Xi= +<;81nu -<;83ns1 
X2 = - <;81 ni2 + <;83ns2 
Xa = - <;81 n13 + <;83 naa · 

Mc=-X2 MD=nX3 -X2 ; 

H _Xa H H 
D - h; A= - ( W - D) ; 

x' x Y2 Y~ 
M,,=yMB+yMc M 112 = h2 Mc+ h2 MD. 

Case 48/ 4: Right-hand leg loaded by any type of horizontal load 

8 r- ~ 
;!, 

.<!" l 

LA 
~ 

Constante: 

-~ 

<;82= [ae.-(f+ iR)Jk2 
<;83 = [2e. - M]nk2 ; 

~li 
I 

Xi= - S82n21 + <;83n31 
X2 = + <;82n22 - <;83ns2 
Xa = - <;82n2a + <;Bsnsa · 

MD=~e.+x2 +nX3 ; 

HD=-(W-HA); 

M112 =Mo+ '!j_h2 Mc +!_h; M1>-
Y 2 2 

I 
I - ' 

·~ 



- 171 - • FRAME 48 

See Appendix A, Load Term•, pp. 440445. 

Case 48/ 5: Girder loaded by any type of vertical load 

s 

Constants: 

H,.i 

--:{• ~ 
'~ 

MA=X3 - X1 
MB=-Xi 
M.v=nXa-X2; 

-H. 
Yz 

Mc= - x~ 

M.,=M!+fMR+yMc 

Case 48/6: Uniform increase in temperature of the entire frame 

~Ii E = Modulus of elasticity 
I 

e = Coefficient of thermal expansion 
t = Change of temperature in degree: 

Constants: 

T - 6EJ3 et. 
- l ' 

I
v l ., 

X1 = T 1 (nu - n21) + k;na1 

• X2 =T[y<n12-n22)+~1 ns2] 

X 3 = T [1-(n1s - n23 ) + ~ n33] 
1 . 

MA =X3-X1 Mc= -X2 

MB=-X1 M.v=nX3 -X2 ; 

x' x Y2 y; 
M., =TMB+7Mc M112 = h2 Mc+ ~Ml). 

Note: If the temperature decreases, the direction of all forces is 1·eversed, and the 
signs of all moments are reversed. 

*When h, > h., v hf'romes negative. 
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Frame 49 

Bent with legs of unequal length. One support fixed, one 
support hinged. 

c --1 
~ "' 

• o_J 
_____________ _ _t 

Shape 0£ Frame 
Dimensions and Notations 

f--- X X~ 
I I 

8 1 -------- 1C 
~, 

ti 
L_' _!!!. 

t JP 

I 
I '~ 

It 
I :::Ii" 

lL 1_1 
w ~ 

This sketch shows the positive direc
tion of the reactions and the coordi
nates assi111ned to any point. Positive 
hPndin111 moments cause tension at the 

ra~e marked hy a dashed line. 

Coefficients: 

Ja h1 Js h2 h1 
k1= Ji . T k2= J2·T; m=h;; 

N = 3(mk1 +1)2+ 4k1 (3 + m2) +4k2(3k1 + l); 

2(m2k1+l+k2) 2(3k1+l) 
n11 = N n22= N 
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See Appendix A, Load Terms, pp. 440-445. 

Case 49/1: Left-hand leg loaded by any type of horizontal load 

c --1 
~ ~ ... 

~-+----~oJ 

Constant~: ~1 = (3 e, - (f + m)J k1 
~2 = [2 e, - ~] m k1 ; 

X1 = + ~1 nu - ~zn21 
X2 = - ~1 n12 + ~zn22 · 

MA= - e, + X1 +mX2 MB=X1 Mc =- X2 ; 

V --V _X1 + X2. n- A--z-, 

M '_Mo y~M Y1M 
• 111 - y + h A+ h B 

I l 

HA=-(W-Hn); 

Case 49/2: Right-hand leg loaded by any type of horizontal load 

w 

Constant~: ~1=3rnS,k1 
~2 = 2m2 S,k1 - fk2 ; 

M A= m(S, - X 2 ) - X,_ 

VA = - Vn = X1-rX2 ; 

X1 = + ~1 nu - ~zn21 
X2 = - ~1n12 + ~2n22 · 

MB= - X 1 1lf0 =X2 ; 

Hn=- (W - H,.); 

M112=Mo+ h~Mc. 
y 2 
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FRAME 49 

See Appendix A. Load Terms, pp. 440445. 

Case 49/3: Girder loaded by any type of vertical load 

Is 

Comtant11: X1 = 2n11 + 9ln21 

M_.... = mX2 -X1 MB= - X 1 

v' =er+ X1 -X2 VD= e, - X1 -Xz. 
~ l l l l ' 

Case 49/4: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrel'11 

Constants : T _6EJ3 et . 
- l ' 

[v l ] X1 = T l (nu - nz1) + hzn21 

X2 = T [r (n12 -n22) + ;2 nzz]. 

Note: If the temperature decreases, the direction of all forces is reversed, 11nd the 
signs of . all moments are reversed. 
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Frame 50 

Symmetrical two-hinged bent with tie-rod at mid-height* 

>---x x~ C' ~ 

r:~ f~ 
~ ~ 

J;:: -1, 
i .i 
1 t~ 11-t H, 

c 0 

~ 
~ -1 -<!)"' ~ 

B 
1 

E-<! 
I 

Fl 
;.f -<!)"' ~ 

A _J 
% 

Shape or Frame 
pimensions and Notations 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Po•itlve 
bending moments cause ten1ion at the 

face marked by a dashed line. 

Coefficients: 

(v= {:) • k=J2_!!:_ L= 6J2 .!£* . 
J 1 l v2Fz Ez ' 

K 1 =7k+24 K 2 =5k+ 12 K 3 =2k+6; 
L N=K1 +8(2k+ 3) · k. 

E = Modulus of elasticity of the material of the frame 
E, = Mociulus of elasticity of the tie rod 
F= = Gross-sectional area of the tie rod 

Note: The tie rod force becomes negative (compression) for cases 50/1, 3, 5, Sa, 7, 8, 12, and 13. This is only admissible if there exist simultaneous other loads which cause sufficiently large tensile forces to make the resultant tie rod force positive (tension). 

* All formulae for frame 50 are valid for a compression tie if L is set equal to zero (L =- O). 
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FRAME 50 

See Appendix A, Load Term•, pp. 440-445. 

Case 50/1: Upper halves of both legs loaded by any type of load from the 

outside (Symmetrical load) 

C ~ D 

A-
-~ 

er·K2L/ k-f(Ks +L)- ffi(2L-k) _X 
~-~= N - i 

M -M __ er·6L+2(2L-k)+ffi·4(L+k) -X. 
c- n- N - z, 

Z=- e,-2X1+X2= _ er·K1 +2·K2 -9l·6k* 
v vN 

_,. 
-~ 

Case 50/2: Upper halves of both legs loaded by any type of load, acting 

from the left (Antisymmetrical load) 

My1 

Al -~ 't-~ 
H v, 

MB=-Mg= Wv M0 =-Mn=Wv+e,; 

Z=O; Hp=-HA=W V _ V _ Wh+2e1 
p-- A- l 

M112=M8 + Wv+ Y2 e, 
y v 

x'-x 
M.,=-z-Mc. 

•See footnote on page 191 
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FRAME 50 

Ca8e 50/3: Left-hand leg above the tie rod loaded by any type of hori
zontal load See Appendix A, Load Terms, pp. 440445. 

0 

w ~ 
h 

~-1 
~ 

E-<:! 
v=2 

f 
J1 F_l 

" 

Constants X 1 and X2 same as case 50/ 1, p. 176. 

MB"'-. = X1 ± Wv Mc"- = X2 ± Wv+'51• 

ME/ 2 2 MD / 2 2 ' 

' ~r - 2X1 +X2 ~r·K1 + f ·K2 - ffi ·6k Z=- =- *· h hN . ' 

M • y;M + Y2M 
2 =M +- B - c II Y V V 

Ca8e 50/4: Horizontal concentrated load at the girder 

p 0 - c ~ -1 ~ 
~ 

o<:!I., 

8 
'.i 

E-<:! 

;!, .<:!'"' J1 Fl A _j 
" 

p 
Hp =c=- H,i. = 2 Z=O 

Ph 
Vp = -V,i.=-z- ; 

Ph 
MB= - M E= T 

p 
11·f111 =2 Y1 

p 
M 11a= - 2Ya 

* For Z • o Mee note p . 175. Z for coee 50 /3 equuls one~tialf of Z for cuse So / 1. 

M = Ph(_!_ - ~) 
"' 2 l 

p 
M114 =- 2 (v+y4). 
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FRAME 50 

Sec Appendix A, Loud Tt:rn•>, pp. 440-445. 

Case 50/ 5: Lower halves of both legs loaded by any type of load from the 

outside (Symmetrical load) 

c 0 
c 

"'!I"' 
~ ----1 

I '4 
><! 

__ _l 
'------l-----' 

M -M _f6,·K2L/k-9l(Ka+L)_x 
B- E- N - 1 

Mc=Mn= - f6,·6L+ ~(2L-k) =X2; 

e,,-2X1+X2 e,·K1+9l·K2* 
Z=- v = - vN 

M i=M•+ Y1MB 
II y V 

H •=Hp= - e,+X1. 
.. -i v ' 

Special case 50/5a: Pair of concentrated loads at B and E acting from the 

outside (f61 = Wv; e, = O; 9l = O; M; = 0) 

X _ Wv·K2L 
1 - kN 

K1*) X1 
Z=-W · N HA=Hp=--:;;· 

All other formulas as above. 

Case 50/(): Lower halves of both legs loaded by any type of load, acting 

from the left (Antisymmetrical load) l 
1--y--i 

C 0 I I 
~- - - -, C nrm~:W.WJllJJ.WWJ.lt::=::::! 

==~-----1-~:----.==:aE ><! 

L+w • " -- w j 

Z=O; 

" ~ _____ j _____ - ----
~ ,,. ___ _, 

M =M•+ Yie 
111 y V I 

.. • See footnote p. 175 Cor Z negetivf·. 

x'-x 1 .Y.,=-·-z-e, . 
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FRAME 50 

CaBe 5017: Left-hand leg below the tie rod loaded by any type of hori· 
zontal load See Appendix A, Load Terms, pp. 440-445. 

c 0 

~ ---1 
~ ~, ... ~ 

B 

Jf. ~ 
-4 :J 

Constants X, and X2 same as case 50/ 5, p. 178. 

MB"-=x1 ±e, Mc"- = x 2 ± e'. 
1l!E/ 2 2 Mn / 2 2 ' 

Z= _ e>,-2X1 +X2 = _ e>;·K1+9l·K2* 
h hN 

M i=M0 + YlMB 
11 y v 

e, 
Vp=-VA=T; 

Case 50/8: Horizontal ~oncentrated load acting from the left at the tie rod 

K1* 
Z = -Pv ·N ; 

M i = 'J!.!MB 
11 v 

- M E 
Hp = - v-; 

All other formulas same as case 50/ 7. 

* For Z negative see not.e p. 175. Z for case 50/7 is one~hatr Z for case 50/ 5. 

P v 
Vp = - VA = -l- . 



• - 180 -

FRAME 50 

Case 50/9: Girder loaded by any type of vertical load 

s~c A11p~11dix A, Load Term•, pp. 440-445. 

!S 

Special case 50/9a: Symmetrical load 

91 = f (f + 91) = 2 f. All other formulas same as above \. 
~~ ~~- ~ ~-"'~~ - ...-.;r~""' ~-~._ - ,,,.. -~ 

Special case 50/9b: Antisymmetrical load -~--- '~"' -·--·--

91 = - f (2+91)=0; MB=M0 =Mn=ME=O; Z=O. 

Note: This case is identical with case 39/6, p. 140. 

Case 50/10: Girder loaded by any type of vertical load-fully rigid tie 

(L=O) 

l \ I I 
\ I 

~1 \ l I - \ I 
-~ t \ I V. \ I 

i4 

M -M __ 4(f+91). 
a- n- Ki ' 

All other formulas same as case 50/ 9. 
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Case 50/ 11: Uniform increase in temperature of the girder1 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in rlegreeR . ~ 

1-1 "' ___ .l __ _ Constants: T = 3 EJiZ·~ 
Nv2 

-~ -+ ~, 
MB=ME = +T(3k+6-L) 

M 0 =Mn= -T(5k+2L); 

Z =!(Uk+ 12) 
v 

MB 
HA=Hp=-----:v 

h 
v=-· 2' 

M =y;M +Y2 M 112vBvc 

Case 50/ 12: Uniform increase in temperature of the tie rod1 

All other formulas same as case 50/ 11. 

E, e, t and constant T same 
as case 50/11. 

MB=ME=-T·K2 
M 0 =Mn=+T·6k; 

T 
Z= -v-·8(2k+ 3). * 

Case 50/ 13: Uniform increase in temperature of the entire frame1 

Superposition of cases 50/ 11 and 50/ 12. 

All other formulas same as case 50/ 11. 

T 
Z=--·K.* v -

1A uniform temperature increase in one or both legs does not cause stress. All signs are to 
be reversed for a temperature decrease. 
• See footnote p. 175 for Z negativt~ . 
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Frame 51 

Two-hinged bent with horizonal tie-rod at any elevation. 

Moments of inertia of the legs change discontinuously at 

tie-rod elevation* 

Shape of Frame 
Dimensions and Notations 

~:& :&~ 

~ :o t ~--- ---Jg 

t fi 1 l t 
y i z z I ~ 
T I I * _.41 I ,'f 
1' t~ ~t HF 

This sketch show1 the positive direc· 
tlon or the reactions and the coordi
nates aui11ned to any point. PoRitive 
hendin111 moments cause tension at the 

race marked by 8 dHhed line. 

Coefficients: 

J5 a J5 b Js a J5 b 

k1=J1'T k2=J;.'1 k~ =Ja ··z k4=J~,'T ; 

a {1= ~ (ix+{l=l)·, L= 6J5 . ER* 
ix=T u P~ ~ 

B = 2 ix (k1.+ k2) + k2 D = 3 + (2 +ix) k4 

C =(ix+2)k2+3 E =k4+2ix(k3 +k4) 

R1 =2(k2+3+k4)+1L R2= oc(B+E) + (C+D) 

K =C + D; N =R1 R2-K2=oc2 · G+R2·L ; 

G = 4 (k1 + k3) (k2 + 3 + k4) + 3(k2+ k4)(k2 + 4+ k4) . 

Ea= Modulus of elasticity of the material of the frame" 

Ez = Modulus of elasticity of the tie rod 

F z = Cross-sectional area of the tie rod 

Note: The moment diagrams 11re ba•ed on the 11•1umption },, }, > }., },. 

*To prevent confusion with the constant E, the subscript R was added to the modulu• 

of ela1ticity E. 
All formulas for Frame 51 are valid for a compression tie if Lis set equal to zero (L = 0). 

See, for example, case 51 / 2, p~ 183. 

1 
l 
I 
! 
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Case 5111: Girder loaded by any type of vertical load 

Sec Appendix A, Lua<l T~rn1", pp. 440445. 

IS 

' I 

' I / \ . I J.._,1 

Constants : 

• 
I 

I 

MB=ME=- ~X1 M 0 ·= Mn= - (X1 + X 2) ; 

FRAME 51 

V..4 = ~' Vp= ~' X1 X2 
HA=Hp= h Z = b; 

M 111 =-HAYi Mu'J.=MB-(HA+Z)y2 Mz=M! + Mc. 
Spec~al case 51/la: Symmetrical load 

et = f (f + et) = 2 f . All other formulas same as above 
Special case 51/lb: Antisymmetrical load 

et=-f (i+et) = O; MB= M0 =Mn=ME= O; Z=O . 

Case 51/2: Girder loaded by any type of vertical load-fully rigid tie 
(L = 0) 
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FRAME 51 

SPr Apprndix A, Load Terms, pp. 440-445. 

-Hu+ 

i::=-;~.:..:11...~~~~---~'Zf-~ 

Constants: 

c;a1 = Wa(B+G)+ e,c+ (d+ m)k2 

S82= 3 Wa(k2 + 1) + l51(2k2 + 3) + mk2 

X - + S81 Ri - S82 K 
i- N 

X - -S81K + S82R2 
2- N 

V --v _ Wa+\51 .Xi X.* 
Hp=-;;: HA=-(W-Hp) Z==-,: p- A- l 

MB= Wa-ixX1 Mc= Wa+\51-(X1 +X2) Mn= -(X1 +X2) 
M 113 = -Hpy3 M 114 = -Hpa-(Hp+ Z)y4 ME= -ix.Xi 

M111 =(-HA) Y1 M112 =M;+~MB+ ~Mc M,,={Mc+.YMn. 

Case 5114: Left-hand leg below the tie rod loaded by any type of horizon
tal load 

~ 

~ 
r: 

.!i. ,+f!li 

Constants: S81 = e, (B + G) +IX m kl 
The formulas for X 1 and X 2 sa.me as above. 

Vp= -VA= ~I MB=l5,-ixX1 

M -Mo+Y1 M 
111- y a B 

The formulas for Hp, H~, Z* 1 

the same as above. 

*See footnote on page 188. 

-Hy+ 
-H£ 

-My, 

are 
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See Appendix A, Lo11d Term~, JIJI. 440·445. 

Case 5115: Right-hand leg above the tie rod loaded by any type of horizon· 
tal load 

w 

Constants: 

<;131 = Wa(D+ E) + e,D + (f +oc !R)k4 
c;a2 = 3 Wa(l + k4) + e,(3 + 2k4) + u~ 

X _ + CZ31 R1 - <;52K 
1- N 

X - - <;131 K + <;132 Rz 
2 - N 

VA=-VF=wa7er HA=~1 HF=-(W-HA) Z=~2* 
MB=-ocX1 M 0 =-(X1+X 2) MD=Wa + e,-(X1+X2) 
ME= Wa-ocX1 M 111 = -HAYl M 112= -HAa-(HA +Z)Y2 

x' x M o Y4 M Y~ M M.,=-yMa+zMD M 11a=(-HF)Ya 11,=MY+b D+b E· 

Case 51/6: Right-hand leg below the tie rod loaded by any type of horizon· 
tal load 

D 

.tr.. 

Constants: <;131 = e, (D + E) + oc f kn <;132 = 3 e,(l + k4) . 
The formulas for X1 and X1 are the same as above. 

e VA= - Vp=-f MD = e,-(X1+X2) ME=e,-ocX1 

M 3 = M 8 + 'f!1ME 
II y a 

The formulas for HA, Hp, 
the same as above. 

•See footnote on page 188. 
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FRAME 51 

Case 5117: Full uniform load acting at the girder 

~ o:I 

A _ _l 
" 

Constants: 

" , 
ql2 R1 -K 

X1=2·~ 
Xz= ql2. cx(B+ E) 

2 N 

MB=ME=-cxX1 

ql2 
maxM= 8 +Mo; 

ql 
V..t=Vp=T 

X2 
Z=b; 

qxx' 
Mz=-2-+Mc . 

Case 5118: Horizontal concentrated load at the girder 

p 0 
c ~ ~ :-1 J.i "" 

B 
~ ,J J, o:I J.i 

A _J 

1zllmlpll~ .................... ..,~¥fff/ 

~'2''i1--=--~~~~--~~ 

~ " 

H..t = -P. (D+cxE):1 -DK Hp=P· (cxB+CkR1 -CK 

Pa CE-BD* Pk 
(Hp-H..t=P) Z=b · N ; Vp=-V..t=T; 

MB=(-H..t)a M 0 =(-H..t)k - Zb 
ME= -Hp a· MD= -Hpk-Zb; 

x' x 
M 111 = (-H..t)Yi M.,= yMc+zMD M 118 = -Hpy3 

M 112 = (-H..t)(a + ii2)-Zy2 M 114 = -HF(a+ y4)-Zy4. 

* Z can also become negative. See footnote 2, p. 188. 
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FRAME .SI 

Case 51/9: Horizontal concentrated load from the left acting at the tie rod 

c D 

~ "" 
~ 

~ ~--, p 

6 'z ~ 

<4 I:! .& 
F__l A _ __! 

~ ~ 
I 

C'..onstan ts : 

Xi= Pa· (B+C)R1 -3(k2+ l)K 
N 

Pa 
Vp=-VA= T 

-~ l ~ 

Z=X2*. 
b ' 

);::Ii 
I 

t/f ~ 

HA=-(P-Hp); MB=Pa-<J.X1 M 0 =Pa-(X1+X2) 

-~. 

Mn=-(X1+X2) ME=-<J.X1; M 111=(-H.A)Y1 M11s=-Hpy3 
M 112 = (P-Hp)a- (Hp+Z)y2 M 114 = -Hpa-(Hp+Z)y,. 

Case 51/10: Horizontal concentrated load from the right acting at the tie 
rod 

c D 

r; ~ :4 
4 ... 

p 

~ .z E 

L :r, l:l -4 L __ F 
~- ~ 

Constante: 

X - ·P . (D+E)R1 -3(1 +k,)K 
i- a N 

Pa X 1 X 2 * x' x 
VA=-Vp=-i- HA=}b Z=b ; M.,=yMc+yMn; 

Hp=-(P-H.A)i ME=Pa-<J.X1 Mn=Pa-(X1+X2) 

11fB= -<J.X1 Mc= -(X1 +X2); M 111 = -HAY1 M11s= (-HF)Ys 

M 112 = -HAa-(HA + Z)y2 M 114 = (P-HA)a-(HA + Z)y4 • 

*See fo°otnote on page 188. 
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FRAME 51 

Case 51/11: Uniform increase in temperature of the girder1 

O! __ l __ _ 
-~ -II; ~ 

------l---~~ 

Mn=ME=-otX1 

Z=X2. 
b ' 

Ea = Modulus of elasticity of the material 
e = Coefficient of thermal expansion 
t = Change of temperature in dep;rees 

Constants: 

v 

Case 51/12: Uniform increase in temperature of the tie rod1 

____ l_l __ _ 
~I 

ER, e, t and c·onstant T same as 

case 51/11. 

K 
X1=+T·p 

All other formulas same 
as case 51/11.2 

Case 51/13: Uniform increase in temperature of the entire frame1 (Super
position of the cases 51/11 and 51/12) 

X 2 = -T ·K. 
All other formulas same as 
case 50/ 11. 

1 Uniform temperature change in one or both legs produces no momenta or forces. With a decrease in tern· 
pera ture all moments and forces reverse their directions. 

2 For c ase 51/12, as well as case 51 / 3, 4 , 5, 6 , 9, and 10 Z becomes negative, i.e., the tie rod is stressed in com
pression, and can become negative in caees.51 / 8 and 13. If the tie rod (e.g. a slack structure) is not in a condition 
to take compression, then this condition is only valid .if the coJlective compressive force is smaller than the t ensile 
force due to dead load, so thnt a residual tensile force remains in the tie rod. 
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Frame 52 

Two-hinged rigid frame shed. Hinges at same elevation. 

Shape o( Frame 
Dimensions and Notations 

lfo 

f ;-
This sketch shows the posiiive direc· 
lion o( the reactions and the coordi· 
nates assigned to any point. Po•it;ve 
hendin~ moments cause. tension at the 

Care marked by a dashed line. 

Coefficients: 

B = 2 (k1 + 1) + n 

k2 = Ja ·~ · 
J2 8 , 

0=1+2n(l+k2); 

. ' Case 52/l: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 

-tV. t = Change of temperature in degree 
!lz 

Constant: 

M 0 =-nX; 
x 

HA= H11= hi; 

M112=~Mo. 
Note: IC the temperature decreases, the direction o( all forces is reversed, and the signs o( all moments are reversed. 
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ntAME 52 

Case 52/2: Vertical rectangular load on the girder 

Constant: X = ql2 . l+n 
4 N . 

ql 
VA=Vn=2; 

M 1 =YI MB 
II h1 

x 
HA=Hn= h1; 

qxx' x' x 
Mx= - 2-+ yMB+ yMc 

Case 52/3: Horizontal rectangular load on the girder 

Constants : 
h1 p /2 4 B <p + 1 + n 

<p=T; X=4· N MB=qfh1 -X 

M 0 =-nX; 

Mc= - nX; 

V --V _q/2(2<p+l). 
D- A- 2l ' 

x 
Hn=

h1 
HA.= -(qf-Hn); 

Y2M M 112=h- C · 
2 

Case 52/4: Inclined rectangular load qs acting normally to the girder over 

its entire lengths (wind load). Superposition of cases 52/2 and 

52/3 for the same load q 
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Case 52/ 5: Rectangular load on the left leg 

(J -, 
8 

~ ~ 
q:. 

D_l - l 

" 

C.onstant: X= qh~ · ZB+ki 
4 N 

qhi 
VD= - VA= 2T; 

M i = q Yi Yi + Yi MB 
II 2 hi 

Case 52/6: Rectangular load on the right leg 

Constant : 

qh~ 
VA=-VD=2f 

M.,i=~MB 

• 
FRAME 52 

Mc= - nX ; 

M112=~Mc. 

c 

!-io 
qh2 

M0 =-~-nX · 2 , 

Cases 54/ 2 and 54/ 3, p. 198, as well as 54/ 4 and 54/ 5, p. 199, are valid for 
frame 52 with the simplification r = 0 (because of v = 0). 
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Frame 53 

Rigid frame shed with horizontal tie-rod. Externally 
simply supported. 

0 

~ 'm 

Shape of Frame 
Dimensions and Notation• 

r-X 
I 
I 
1 I 

Bl I 
I 

I I 

I I 
I 

I I 
1(4 I ( lip ) • 

-t~/ 
z tq, 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bendin11: moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

hz 
n=hi; 

N=B+nC; 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

*H11 oc1•11r8 when the hinged support is at D. 
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See Appendix A, Load Terms, pp. 440445. 

Case 5311: Girder loaded by any type of vertical load 

(Hinged support at A or D) 

s 

Z= ~ + nm . 
h1Nz ' 

MB = -Zh1 

Case 53/2: Girder loaded by any type of horizontal load 

(Hinged support at A) 

lf... 

• 
FRAME 53 
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FRAME 53 

See Appendix A, Load Terms, pp. 440-445. 

Case 53/ 3: Left-hand leg loaded by any type of horizontal load 

(Hinged support at A) 

!!.. 

c_1 

't=:=111--'----lf--- ____ ~_. J 

M 111 =Mo + h'JD. Mn 
y 1 

~ 

MB= e, - z hi Mc= - z Y2. 

Case 53/4: Right-hand leg loaded by any type of horizontal load 

(Hinged support at D) 

C\5,+nU2 
Z= h N ; 

1 z 
VA= - Vn= ~'; 

M 0 ='5,-Zh2 ; 

M -Mo+ Y2M 
112- -h C· 

y 2 
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See Appendix A, Load Terms, pp. 440-445. 

Case 53/ 5: Left-hand leg loaded by any type of horizontal load 
(Hinged support at D) 

of 

~ ~ 

M i=Mo+'!IJ:.MB 
11 y h1 

c -1 
J "1-, 

x' x 
M.,=yMB+yMc 

-z 

e, 
Vn=-VA=-y; 

,, 

Mc= - ( W + Z) h2 ; 

Y2M M 112=h;_ C · 

Case 53/6: Right-hand leg loaded by any type of horizontal load 
(Hinged support at A) 

HA=W; 

M111 =~lMB 
' 1 

-z -z 

VA = -Vn= ~r; 
Mc= -e,-zh2 ; 

M -Mo Y2M 
112- y+ )i-; C · 

' ' \ 
I 
I 

*For the above two loading conditions and case 53 / 7 (p. 196) and for decrease in temperature (p. 196 bottom) 
Z becomes negative, i.e., the tie rod is stressed in compression. This is only valid if the compressive force is smaJler 
than the tensile force due to dead load, so that n residual force rema ins in the tie rod. 
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FRAME 53 

Case 53/7: Girder loaded by any type of horizontal load 

(Hinged support at D) 

Sec Appendix A, Load Tnm•, pp. 440-44~. 

V --V - Wh1+'5,. 
n- A---z--, 

Mc= -(W+ Z)h2; 

x' x 
M = M 0 + - Mn+ -- Mc 

"' .. l l 

Case 53/8: Uniform increase in temperature of the entire frame 

(Hinged support at A or D) 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = Change of temperature in deii:'rees 

My2= -ZY2· 

Note: If the temperature decreases, the direction of all forces is reversed, and the 

signs of all moments are reversed.• 

•See footnote on page 195. 
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Frame 54 
Two-hinged rigid frame shed. Hinges at dift'erent 

elevations. 

Shape of Frame 
Dimensions and No1aiions 

Coefficients: 

Js h1 
k1=-·-

J1 8 

B=2(k1 +1) +n 

'---X'---+~--x~ 
I 'C 
I 

I -
a'~---

! t t 
~ . I .f ~ 

0 -- t~-- L_ -!'.!!.. 
This sketch shows the positive direc· t ~ 
tion of the reactions and the coordi· 
nales assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

v * 
r= h;_ 
N=B+nC. 

Case 54/ I: Uniform increase in temperature of the entire frame 

Mn= - X Mc=-'-nX; 

E = Mo1lulus of elasticity 

e = Coefficient of thermal expansion 

t = Chanp;e of temperature in 1lep;re 

Constant: 

x 
HA = HJ)=h..; 

Y2 
M 112= ii-;_Mc. 

Note: If the temperature decreases, the direction of all force.i is revcr•etl, anti tlir. 

signs of all moments are reversed. 

•when (h, + /) > h,, v and r become negative. 
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FRAME 54 

See Appendix A, Load Term><, pp. 440445. 

Case 54/2: Girder loaded by any type of vertical load 

--~~~z~~1----. 

--~----l.. 
"' 0 ,--- ~ . 

Constant: MB=-X 

151+ rX * 
VD= l 

o x' x 
M"'=M,.+TMB+-z-Ma 

M 0 =-nX; 

Case 54/3: Girder loaded by any type of horizontal load 

Constant: 

•see footnote on page 199. 
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FRAME 54 

See Appendix A, Load Terms, pp. 440445. 

Case 54/4: Left-hand leg loaded hy any type of horizontal load 

if. 

Constant: 

V _ V _ '51+rX* 
n- - A - l 

M 1 =M'+~MB II y h1 

Mn='51-X 

x 
Hn=h1 

Hg 

1;-
M 0 =-nX; 

HA= - (W-Hn); 

Case 54/5: Right-hand leg loaded hy any type of horizontal load 

Constant: X= C'5,+n.U2 
N 

15 -rX* 
VA= -Vn=-'-i--

x 
HA=-,; 

l 

x' x 
M.,=yMB+zMa 

M 0 ='5,-nX; 

M112=Mo + hY2 Ma. 
y 2 

• If A and D are al the same elevation &et y a 0 aitd r • O. hence the term containing X diaappeara in the expresaiona for V.A and VD. See frame 52 and note, p. 191. 
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FRAME 54 

Case 54/6: Horizontal concentrated load at B 

~----~-----. , __ ! 
< ... 

. ,J 
r-------~ 

M Y1M x' x M Y2 
111 = h1 B M z = TM B + TM c 112 = h:, Mc . 

Special case 54/6a: Supports at same elevation (v = O; frame 52) 

VD= - VA= P h1 / l. All other formulas as above. 

Case 54/7: Horizontal concentrated load at C 

---~~-l~~-1---i 
________ i 

~ . "' 0 r-- --~ 

B 
Hn=-PN; 

Ph2 -HAv 
VA= - Vn= l ; 

MB= -HAhl Mc= (-Hn)h2. 

Special case 54/7 a: Supports at same elevation ( v = 0; frame 52) 

VA= - VD= P h2 / l. All other formulas as above. 
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Frame 55 

Rigid frame shed. One support fixed, one support hinged; 
supports at different elevations. 

Shape of Frame 
Dimensions and Notations 

I 
-,.,. I 

r ! 
'13' I 

L_J~ 
t~ 

This sketch shows the po·sitive direc
tion of the reactions and the coordi
nates assigned to any point. Positive 
hending moments cause tension at the 

fare m.rked hy a dashed line. 

Coefficients: 

N = 3(mk1+1)2+4k1 (3 + m2) + 4k2'3k1 + l); 

2(m2k1+l+k2) 2(3k1 + l) 
nu= N n22 = N 



• - 202 -

FRAME 55 

Set! Appendix A, Load Terms, pp. 440-445. 

Case 55/ 1: Girder loaded by any type of vertical load 

.(;! .. 
J.i 

-1, 
-Nyz 

_______ _t .!L 
"' 0 't!-1 _!!p_ 
r-- "' t fQ ~ 

Constants: X1 =~n11 +ffin21 X2 = ~n12 +ffin22 • 

1YIA=mX2-X1 Mn=-X 1 M 0 = - X 2; 

V _e. + X1-(l-<p)X2 Vn=S - VA; HA=Hn=X2; 
A- l ~ 

Case 55/2: Girder loaded by any type of horizontal load 

Constants: . 

J.i 

c_1 

--t J 
T-------~ 

CB1 = 3Wh1 k1 -~ 
CB2 =2mWh1 k1 -ffi; 

MA= - Wh1 +X1 +mX2 

V - - V _15,+X1 +(1-<p)X2 . 
D- A - l ' 

-~z 

Hp -
1111 

Mu2=h~Mc. 
2 
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FRAME 55 

:-;.,., App~ndix A, Lo11d Tern••, pp. 44044~. 

Case 55/3: Left-hand leg loaded by any type of horizontal load 

Constants: 

~ 

___ !. 
;:, 

r-----~ 

c_l 

,J 
SB1 =[3e,-(f+ 9l)]k1 
SB2 = [2 e, - f] m k1 ; 

MA= -e,+x1 +mX-2 

Vn=-V =X1+(1-q:i)X2. 
A l ' 

_!!p_ 

t~ 
X1 = + SB1nu - SB2n21 
X2= -S81n12+ S82n22· 
MB=X1 M 0 =-X2 ; 

HA=-(W-Hn); 

M112=Yh2 Mo . 
2 

Case 55/4: Right-hand leg loaded by any type of horizontal load 

Constants: SB1 =3m e.k1 

SB2 =2ff.2 1!i.k1 -fk2 ; 

MA =m (e.-X2)-X1 

V --V _q:il!i,+X1+(1-q:i)X2. 
A - n- l • 

M y~M Y1M 
111 = - A+- B 

h1 h1 

1-~ 
X 1 = + SB1 n 11 - SB2n21 
X2 = - SB1 n12 + SB2n22 · 
MB= -Xi Mo=:X2; 

HA= e.-x2 
h2 

Hn=-(W-HA); 

M112=Mo + Yh2 Mo. 
y 2 
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'RAME 55 

;ase 55/5: Uniform increase in temperature of the entire frame 

----,, 
' 

~ 

f ip 

\ E = Modulus of elasticity 
I 

E = Coefficient of thermal expansion 

t = Change of temperature in del?rees 

Constants: 

v = h2 - (h1 + /) * 
T=6EJ3 et. 

8 ' 

X1 = T[-.jn11 + (~ + (l -l ip)v)n21] 

M , Y2M 
112=h- C· 

2 

Note: Ir the temperature decreases, the direction 0£ all forces is reversed, and the 

signs of all moments are reversed. 

Special case: Frame 56, see p. 205 

v = 0 (supports at the same elevation) 

Constants: T'=6EJ3 et _}_ : 
s h2 · 

X 2 = T' n2~ . 

All the other formulas are the same as above. 

*When (h, + /) > h,, v become.s negative. 

1 .. IJ'k) 

. 
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Frame 56 

Rigid frame shed. One support fixed, one support hinged; 
both supports at the same elevation. 

-l ----'1----t 
0 

Shape of Frame 
Dimensions and Notation• 

I 
I 
I 
I 
I 
I 
I 

~ I 
L_J _!!... 

tin 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

fare marked by a dashed line. 

All coefficients and formu.las for external loads are the same as for Frame 

55 fpp. 201-203\ 

For the formulas for the temperature change see p. 204, special case. 
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Frame 57 

Rigid frame shed. One support fixed, one support hinged; 
supports at different elevations. 

"' 0 .--- -~ 

Shape of Frame 
Dimensions and Notations 

~-i----.x'----' 

I 
I 

'C 

t \ 
*' : L __ JJ.. 
\V~ 

'D 

This sketch shows the positive direc· 
tion of the reactions l!lld the coordi· 
nates assi~ned to any 'point. Positive 
he.nding moments cause tension at the 

fare marked by a dashed line. 

Coefficients: 

N = 3(1+nk2)2+4k1 (1+3k2) + 4k2 (3 + n2); 

2(1+3k2) 2(k1 +1+n2k2) 

~= N -= N 
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FRAME 57 

Case 57 /l: Uniform increase in temperature of the entii:e frame 

E = Modulus of elasticity 

' = Coefficient of thermal expansio. 
t = Chan1te of temperature in dell: 

Constants: 

v = h2 - (h1 +- /)"' 
T= 6EJ3~. 

8 ' 

[( l (1 +- <p.) v) v .. 
1 X2= T .h1 - -z-- n12+7n22. 

111D=nX1 -X2 ; 

X1 
HA = Hn = -,:;;; 

Note: If the temperature decreases, the direction or nil forces is reversed, and the 
signs of all moments are reversed. 

Special case: Frame 58, see p. 210 
v = 0 (supports at the same elevation) 

Constants: 

All the other formulas are the same as above. 

•When (h, + /) > h., v becomes negative. 
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FRAME 57 

See Appendix A, Load Terms, pp. 440445. 

Case 57 /2: Girder loaded by any type of vertical load 

c 

--~~~l~~I----' 

_______ l 
~ ~~ ~ 0 

r-- , " 

Constants: X 1 =£nu+ !Rn21 

X2 = fn12 + ffin22 · 

vA=e,+(1+rx1-X2 

Mn= - X 1 Mc= -X2 

Mn=nX 1 -X2 ; 

X1 
VI>=S-VA; H,1=HJJ = h;; 

Case 57 /3: Girder loaded by any type of horizontal load 

Constants: C81 = 2 n W h2 k2 - £ 
C82 = 3 w h2 k2 + !R; 

MB=X1 Mc= -X2 

~,-(l+rp)X1-X2. 

l ' 

B 

_!£_ 
\. 4 ~11o 
~· 1 

X1 = + <=81 nu - C82n21 
X2 = - C81 nm+ C82n22 · 

Mn= Wh2 -nX1 -X2 ; 

I 
J 
I 
l 
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FRAME 57 

See Appendix A, Load Terms, pp. 440445. 

Case 57 /4: Left-hand leg loaded by any type of horizontal load 

Constants: <;81 = 2n2151 k2 - 9l k1 
Q32=3nl51k2 ; 

Mn=X1 M0 =-X2 

Vn= -VA= (1 + cp)X1 ~ Xz-cpl5,; 

X1 = + <;81 nu - Q32n21 
X2 = - <;81 n12 + <;82n22 · 
Mn=n(l51-Xi)-X2 ; 

Hn= l5,-X1 
h1 

HA=-(W-Hn); 

M Y2 y; 
112= h2Mo+h:i.MD. 

Case 57 I 5: Right-hand leg loaded by any type of horizontal load 

Constants: Q31=[215,-9l]nk2 
ci32 = [315,- (f + 9l)]k2; 

Mn=-X1 M0 =X2 

v --v _(1+cp)X1+X2. HA=X1 
A - D- l ' h1 

-~ 

:}I./ 
1y:'1J 

X1 = + ci31n11 - ci32n21 
X2 = - ci31n12 + ci32n22 · 

Mn= -6,+nX1 +X2 ; 

Hn=--(W-HA); 

\ 
\ 

\ 

o Y2M y;M Mil2 =M +-h a+-h D· 
y 2 2 
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Frame 58 

Rigid frame shed. One support fixed, one support hinged; 
both supports at the same elevation. 

I 

"" -----l····-· 
____ j__ 0 

Shape of Frame 
Dimensions and Notations 

I 
I 
I 
I 
I ~ .!!A_ l_ __ J 

t~ 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
ht•nding moments cause tension at the 

fare marked hy a dashed line. 

All coefji~ients and formulas for external loads are the same as for Frame 

57 (pp. 206, 208, and 209) 

For the formulas for the temperature change see p. 207, special case. 
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Frame 59 

Rigid frame shed with fixed supports at different elevation 

.. ·~ 

-------f 0 

Shape of Frame 
Dimensions and Notation. 

This sketch shows the positive direc
tion of the reactions and the coordi
nates usi11ned to any point. Positive 
hending moments uuse tension at.the 

rare marked by a dashed line. 

Coefficients : 

lei = J 3 • h1 le - J s . h2. n = _hh12 
J 1 s 2- J2 s , 

R1 =2(3le1 +1) R2 =2(1+3le2) Rs= 2 (k1 + n2 k2); 

N = R3 (le1 +1+le2)+6 le1 le2 (le1 +1 + n + n2 + n2 k2); 

R2 R 9 -9n2 ki 
nu = 3N 

R1 Rs - 9lei 
nz2= 3 N . 

R1R2 - l 
nss = --""3U--

le1 R 2 - n le2 
n13= n31 N 

nk2 R 1 - lei 
n23=ns2= N 
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FRAME 59 

See Appendix A, Load Terms, pp. 440-445. 

Case 59/l: Girder loaded by any type of vertical load 

--~~~l~-l-~--' 

______ J 
;:, 

T- - 0 

Constants: 

x' x 
M =M0 +-Mn+-Mc 

"' % l l 

Case 59/2: Girder loaded by any type of horizontal load 

w 

k--~f--~l~~~---' 

___ l 

Constants: X 1 = + <;81 n11 - ffi nz1 - <;83 n31 

<;81 = 3 W h1 k1 - ~ X2 = - <;81 n12 + ffi nz2 + <;83 na2 
<;83 = 2 Wh1 k1; X3 '= - <;81 n13 + ffin23 + <;83n33 · 

MA=- Wh1 +X1+X3 Mn1=+X1 M 0 =-X2 Mn=nXa-X2; 

Vn=-VA=S,+X1+lX2-<pXa Hn=~: HA=-(W-Hn); 
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FRAME 59 

See Ap11tmdix A, Load T .. rm<, pp. 440-44~. 

Case 59/3: Left-hand leg loaded by any type of horizontal load 

!!'.. 

A L ____ _ 

Constante: 
'n1 = [3 6, - (£ + ffi)] k1 
'na = [2 e, - £J k1; 

MA=-61+X1 +X3 MB=X1 

V --V _X1 +X2-q:iX3 _ 
n- A - l • 

x' x 
Jf,,=yMB+7Mc 

Constants: X 1 = - 'n2n21 + 'nan31 
'n2 = [36,-(£+ ffi)Jk2 X2 = + <;82n22- 'nsns2 
<;8a= [2ei,- ffi]nk2 ; Xa = - 'n2n23 + 'n3n33 · 

MA=X3 -.X1 MB=-X1 Mc=X2 Mn=-l!l,+X2+nX3 ; 

VA=·-Vn=X1+X2l+q>Xa; H _Xa Hn=-(W-HA); 
A- h1 

M o Y2M y;M y2=M +h- c+ h- D· 
y 2 2 
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FRAME 59 

Case 59/5: Uniform increase in temperature of the entire frame 

"' 

'*'~ 

E = Modulus of elasticity 

' = Coefficient of thermal expansion 

t = Chanl!e of temperature in <lep;ree.R 

Constant: 

v = h2 - (hi + f) * 
T= 6EJaet. 

8 ' 

X1 = T [ T (-nu+ n21) + (~ - cpt)ns1] 

X 2 = T [ ~ (- ni2 + nd + (~ - cpn ns2] 

Xs = T[T (-n13 + n2s) + (;1 - cpnnaa] 

MA=X3 -X1 Mn=-X1 M 0 =-X2 Mn=nXa-X2; 

V --V _X1-X2 +cpXs. H -H _Xa. 
A - D - l ' A - D - hi • 

Note: Ir the temperature. decreases, the Jireclion of all forcei is rcvened, and th<' 

signs of all moments are reversed. 

Special case: Frame 60, see p. 215 

t' = 0 (supports at the same elevation) 

Constanta: 

X 3=T'·n33. 

All the other formulas are the same as above. 

*When (h1 + /) > h:, v hecomes negative. 
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Frame 60 

Rigid frame shed with fixed supports at the same elevation. 

Shape or Frame 
Dimensions and. Notations 

This sketch shows the positive direc
tion or the reactions and the coordi
nates assigned to any point. Po•itive 
hending moments cause tension at the 

ra~e marked hy a dashed line. 

All coefficients and formulas for external loads are the same as for Frame 

59 (pp. 211-213) 

For the formula·s for the temperature change see p. 214, special case. 
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Frame 61 

Two-hinged bent with one skew corner. Hinges at different 
elevations. 

I 

t------l------t 

Shape or Frame 
Dimensions and Notation, 

~x,-r-:r;-+--.z,-t-.x~---1 
: :c 0 
I 
J 
I 
I 

/JI ·r 
* L_ --1. 

t If 
This sketch shows the positive direc· 
tion or the reactions and the coordi· 
nates assi~ned to any point. Positive 
hending moments cause tension at the 

Carr marked by a dashed linl'. 

Coefficients: 

J4 a 
k1 = J1 ·a: 

0 a 
oc=h y=y 

v=h-(a+b)* 

B=2oc(k1 +k3)+mk3 

D = m + 2 (1 + k2); 

n=_!'._* 
h 

(y+ll=l); 

m=l-lln; 

C = ock3 + 2m (k3 + 1) + 1 

N=rxB+mC+D. 

Formulas for moments in all members which are not directly loaded; 
valid for all loading cases for Frame 61. 

X~ x1 
Mxl= 0 ·MB+ 0 ·Mo 

x; X2 
M,.2=a;·Mo+a;·Mn 

Mi= Yi.MB 
II a M112=~2·Mn. 

•When (a + b) > h, v and n become negative. 
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FRAME 61 

See Appendix A, Load Terms, pp. 440-445. 

Case 61 I I: Inclined member loaded by any type of vertical load 

' 
'-----l---~ 

0 X~ Xt 
M x1 =M., + cMB + cMo; Constant: X- OblS,+(ocf+mffi)k3 

- N 
M 0 =blS1 - mX 

VA=S-VE; 

Case 6112: Girder loaded by any type of vertical load 

1s 

p_l 

·-~-- d-- 'f 
~ i 

I E_i 
I ' ' ,_________ _ __ z _ _____ ___, 

Constant: 

Case 6113: Vertical concentrated load Pat C 

Substitute in case 6L'l: 

S= P IS1 = Pc; f=ffi=O 
or substitute in case 61 / 2: 

S=P IS,= Pd; 

MD=-X; 
x 

HA=HE=-,; . 

M!=O; 

M!=O. 
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FRAME 61 

See Appendix A, Load Terms, pp. 440-445. 

Case 61/4: Inclined member loaded by any type of 

~c :c d---. horizontal load 

I lp_l 
as ~ 

0 -=~:---1 
___ ___ _l of -"1! 

I [ _ 

1 ~ 

w 

I I 

1- ----l-----------J 

Constant: X - Wa(B+bC)+ 60151 + (ocf+mffi) k3 

- N 

MB=Wa-ocX Mn=-X; 

V _ -v _ Wa+l5,+nX 
E- .A - l 

Ma= ( W a+ 151) b - m X 
x 

HE= h HA= -(W-HE); 

0 X~ X1 
M 1 =M + -MB+-Ma. 

'" " () () 

Case 61I5: Left-hand leg loaded by any type of horizontal load 

1·-- C- - f--- - d - ---t 

: c~ :o 
nl ~ --i 

11'. "" I 
" A: tJ 

I 
f-- -------- l - - - --< 

Constant: X= l5,(B+b;)+oc·m:ki My1 =M;+ ~1 MB; 

MB= 15,-ocX Ma=bl5,-mX Mn= -X ; 

V _ v _ l5,+nx. H x HA=-(W-HE) · 
E-- A - l • E=h 

Case 61/6: Horizontal concentrated load Pat B 

Substitute in case 6114: 

W=P; 151=0 f= ffi=O 

or substitute in case 6Jl5: 
W=P 151=Pa; ffi=O 

M!=O; 

M8 =0 y . 



- 219 - • 
FRAME 61 

·1 

,'j Case 61/7: Right-hand leg loaded by any type of horizontal load 

' · ' See Appendix A, Load Terms, pp. 440-445. 

'.} 

I 
I ' 
i------l-··-~ 

Constant: M -M0 +~M · 112- y h D> 

MB= -rxX M 0 =y6,-mX 

V _ V _ 6, - n X H X 
A-- E- l A=h 

Case 61/8: Horizontal concentrated load Pat D 

Substitute in case 61/7: 
W=P 6,=Ph; 

MD=S,-X; 

HE = -(W-HA)· 

M 0 =o y • 

~ Case 61/9: Uniform inct"ease in temperature of the entire frame .,. 

* 
i------ -----tit 

E = Modulus of elasticity 
E = Coefficient of thermal expansion 
t = Change of temperature in degre 

Constant: 

Ms=-rxX M 0 =-mX Mn=-X; 
nX X 

VE=-VA=-l- HA=HE=7;;--

Note: Ir the temperature decreases, the direction of all forces is reversed, :rnd the 
signs of all moments are reversed. 
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Frame 62 

Tied bent with one skew corn'er and horizontal tie-rod. 
Externally simply supported. 

----i---d~ 

~ 
:(!_1 

-ii ~ 

~~(1 
""1' ~ 
~----l------ . ..: 

Shape of Frame 
Dimensions and Notation> 

-f~ \ 
.;:/ I * 

I (_!!!..) 
z tlf 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
hendin11; moments cause tension at the 

£are marked by a dashed line. 

Coefficients: 

a oc=h: P=l-11. 

B = 211. (k1 + k3) + k3 

N=rxB+C+D 

d 
o=y 

C = (oc + 2) k3 + 3 
6J4 E l 

L = h2 F z . E z . a> 

r= i-o; 
D=3+2k2 ; 

Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

*H& occurs when the hinged support is at E. 
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FRAME 62 

Case 62/l: Inclined member and girder loaded by any type of vertical load 

(Hinged support at A or E) 
Sec Appendix A, Load Term", pp. 440-445. 

z = t50e11 + (ocfa + ffi1)~a +,.oe,2 +(f2+ ffi2). 
hNz ' 

VE = el11 + S2c + el1i. 
l l ' 

MB=-Za M0 =bei11 +ye,2 -Zh Mn=-Zh; 

M 11i = - Z Yi M 112 = - Z Y2 

o x~ Xi - o x; X2 
Mxl =M.,. + 0 MB+ 0 M0 M.,2 -M,.2 +a;Mo+a:Mn. 

Case 62/2: Uniform increase in temperature of the entire frame except for 
the tie rod (Hinged support at A or E) 

M0 = Mn = -Zh; 
x~ xi 

M.,1=7MB+7Mo 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degree 

M111 = - Zy1 

M,,2 =Mo . 

M112 = - Zyz 

Note: If the temperature decreases, the direction of all forces is reversed, and th•· 
signs of all moments are reversed.• -----

•see footnote on page 224. 
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FRAME 62 

(See Appendix A, Load Terms, pp. 440-445.) 

Case 62/3: Inclined member loaded by any type of horizontal load 
(Hinged support at A ) 

ti! 
d--1 

:o 
..ff. ~ --, 

~ '<::! 

_l 
'i • -~' 

z z 
I 

Z - Wa(B+ oO) +ooe,+ (oc~+ m)k3. 
- hNz ' 

MB=(W-Z)a Mo=(Wa+l!i,)o-Zh MD=-Zh; 

VE=-VA=wa7e,; HA=-W; Mv1=(W-Z)Y1 

Mv2= -Zy2 

Case62/4: Left-hand leg loaded by any type of horizontal load 

11'... 

(Hinged support at A _I 

cl 

·4 

MB=e,-za 
e, 

VE=-VA=T; 

d---1 :o 
l4 --, 

B 

J 0 ~ 
-11,t 

~ -~ l I 

Z - l!i1(B+oO)+oc!Rk1. 
- hNz ' 

M 0 =ol!i1-Zh 

_HA=-W; 

A' ~ 
I 

-13 

f z z ti[ 
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FRAME 62 

See Appendix A, Load Terms, pp. 440445. 

Case 62/5: Right-hand leg loaded by any type of horizontal load 
(Hinged support at El 

r---C tl----1 
I I I 
I C\ 'O T_t ____ _ 

""t l ~ - B 
t! Ji 

LA~-......----'-~::E 
~ ~ z I 

Z = er·(yO+D)+V.:2 • 

hNz ' 
MB=-Za 

VA= -VE= ~r; 
Ma=yer-Zh Mn= e, - Zh; 

HE= - W; M111 = - z Y1 

Case 62/6: Right-hand leg loaded by any type of horizontal load 
(Hinged ~upport at A) 

~~--~~~--~~£ 

r~ -z -z i-1[ 
WaB+el1(C+D)+c5Cel,- fk2* 

Z=- hNz 

MB=-(W + Z)a M0 =-(e1+ c5el,) - Zh Mn=-el, - Zh; 

The formulas for M., 1 , M., 2 and M,1 are the same as above. 

*See footnote on page 224. 
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FRAME 62 

See Appendix A, Load Terms, pp. 440445. 

Case 6217: Inclined member loaded by any type of horizontal load 
(Hinged support at EI 

t---C d------i 
I :c :o I 

11... '-' --1 
~ 

~ lJ A 

~ rz ~ 
I 

-z 
I I 

t----

Z - _ Wh(tXyC + D) + (yel,+ el,) 0- (tX~+ ffi)k3 * 
- hNz 

MB=(-Z)a Mc= -y(Wa+e,)-el,- Zh MD= -(W+Z)h; 

Case 62/8: Left-hand leg loaded by any type of horizontal load 

w. 

(Hinged support at EI 
--,- - d-------i 

C' 'O 
~--T 

~ I 

~ ""1 ~ ~ 
E_ ~o 

~ ~ Al -z 
Ai -~ 

...... ----i-----i 

-z 

Wh(f1C+D)+yce,+\5,(B+C)-1Xffik1*. 
Z=-- hN ' z 

MB=-El,-Za M 0 =-(Wb+ye,+\5,)-Zh MD=-(W+Z)h; 
e, 

VE=-vA=T; 

X~ X1 
M i=-Mn+-Mc 

~ (; (; 

M v2 = - ( W + Z) Y2 

•For the above two loading conditions os well as case 62/6 (p. 223 bottom) and for decreuse in lemperuture 
(p. 221 bottom) Z becomes negative, i.e .• the tie rod is stressed in compression. This is only vulid if the compressive 
force is smaller than the tensile force due to deud load, so that a residual force remains in the tie rod. 
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Frame 63 

Two-hinged bent with one skew corner. Hinges at same 
elevation. 

--o----d____.,, 
:p_f 

if, I 
q- "'!l 

·' ~---l----·---J 

Shape of Freme 
Dimensions and Notations 

[_ 

T: ..,. I 

L.J-.!!!.. 
t~ 

This sk!!tch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Po•itive 
hendin~ moments cause tension et the 

face marked by a dashed line. All coefficients and formulas for external loads of frame 63 are the same as those for frame 61, with the simplifications: 

v=O n=O m=l. 

Note: The formulas for Frame 62 may be used as an alternative setting L = 0 (rigid tie). However, the expressions for H .. and Hs must then include the effect of Z. 

Case 63/l: Uniform increase in temperature of the entire frame 

E == Modulus of elasticity 
' = Coefficient of thermal expansion 
t == Chanite of temperature in dep;re• 

Constant: 

X = 6 E J 4.!.!J:. 
dhN · 

My2=\~MD. 

Note: If the temperature decreases, the direction of ell forces is reversed, and th• signs of all moments are reversed. 
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Frame 64 

Bent with one skew corner. One support fixed, one sq.p

port hinged; supports at different elevations. 

_ __,.,.__4___, 
I 

ID_1 
q ~ 

-------~ [ I 
A I ~----- - -,_ _.I 

I 
I 

Shape of Frame 
Dimensions and Not.ations 

Coefficients: 
J4 a 

k1 =Yi .d 

a b 
oc=h {3=h 

0 1 =ka+2o(ka+l) 

0 2 = 2m(k3 +1) + 1 
K = m01+o-3ock1; 

-~ : 
ti 
~I 

L_! __!!!. 

lit 
This sketch shows the positive direc

tion of the reactions and the coordi

nates assigned to any point. Positive 

hending moments cause tension at the 

fare marked hy a dashed line. 

d 
·=-· u l ' m=y+f3o; 

Ri =6ki +(2+o)ka+o01 

R2 =2(oc2ki+1 + k2) + m(C2 + 1) 

N=RiR2 -K2 ; 

K Ri 
~12 = n21 = N n22 = ]{ · 

Equations for moments at any point of frame 64 

for all loading conditions 

X~ Xi 

M i=-·MB+-·Ma 
z c c 

x; X2 

M.,2 =d·M0 +d·Mn 

y~ M Yi M 
M1=-· A+-· B 

'11 . • a a 
Mv2 = ¥·Mn . 
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(See Appendix A. Load Terms, pp. 440445.) 

Case 64/l: Inclined member loaded by any type of vertical load 

!S 

\.J.....t~ 
----~L ~T . 

Constants: SB1 = C1 <5e1 + (f + <5tll)ks X 1 = + SB1n11 - SB2n21 

SB2= C2 H:>1+mtllks; X2 = - SB1n12 + SB2~t22· 
MA=oc.X2 -X1 MB=-X1 Mo='(e1-X1)<5-m.X 2 ; 

VE=e1-X1~(I-,B)X2 vA=s-vE; HA=HE=~2; 

Case 64/2: Girder loaded by any type of vertical load 

!s 

----d 

Constants: 

Case 64/3: Vertical concentrated load Pat C 

See case 61 / 3, p. 217. 
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FRAME 64 

See Appendix A. Load Terms, pp. 440-445. 

Case 64/4: Inclined member loaded by any type of horizontal load 

Constants: 

':81 = 3 Wak1 - 01 015,-(~+ offi)ka 

':82 = 2oc Wak1 +02 ol51+mffik3 ; 

MA=-Wa+X1 +ocX2 Mn=X1 

M 0 = (151+X1)o-mX2 Mn= -X2 ; 

V ~-V _151+X1+(l-{3)X2. 
E- A- l • 

X1 ·= + ':81 n11 - ':82 n21 

X2 = - ':81 n12 + S82n22 · 
X2 

HE=J; HA=-(W-HE); 

O X~ X1 
Mx1 =M +-Mn+-Mo. 

" ·c c 

Case 64/ 5: Left-hand leg loaded by any type of horizontal load 

------d- ':f:.~ 
I 

I 

~-I 

.!!. 
~ -<:! 

Ej 
i----~l-----t 

Constants: ':81 = [315,-(~+ ffi)Jk1 

':82 = [215, - ~] ock1; . 

MA=-151+X1+ocX2 Mn=X1 

M 0 = oX1 -mX2 Mn= -X2; 

V --V _X1+(1-{3)X2. 
E- A - l ' 

X1 = + ':81n11-,':82n21 

X2 = - ':81 n12 + SB2n22 · 

X2 
HE=h 

Case 64/6: Horizontal concentrated load Pat B 

See case 61 / 6, p. 218. 
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Case 6417: Right-hand leg loaded by any type of horizontal load 

See Appendix A, Load Terms, pp. 440-445 . 

. lf.. 

,__ ____ z ___ __. 

FRAME 64 

Constants: 'X31 = e,(3ixk1...,. CifH) 
'X32 = e,(2oc2k1 + C2{Jo)- fk2 ; 

X1 = + CS1 n11 - t;Sz nz1 
X2 = - <'.81 n12 + C82n22 · 

MA=cx(l5, - X 2) - X1 MB='=-X1 M112 = M;+~Mn; Mc= -'5(/Jl5,+X1)+mX2 MD=X2 ; 

VA= -VE=pei,+X1 i (l-p)X2; HA= l5,~X2 

Case 64/8: Horizontal concentrated load Pat D 

Substitute in case 64/7 
Jf'=P ei, = Ph; ~ = 0 

Case 64/9: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
E = Coefficient of thermal expansion 
t = Change of temperature in degree 

Constants: 

v=h - (a + b)*, 

[ v ( l ( 1-,8) v) ., 
X 1 = T -yn11 + li+-l- n z1 . 

[ v ( i ( i - p) v) ) X2= T - yn12 + li + - -l- nz2. 

MA=cxX2-X1 MB= -X1 M 0 =-oX1 - mX2 Mn= - X2; 

V _ - V _ (l-p)X2 - X1 . X2 M Y2M 
E- A - l ' HA = HE = -,; ; 112 = -r;; D· 

Note: 1£ the temperature decreases, the direction of all forcei is reveroed, and th• 
signs of all moments are reversed. 

- ---
*When (a + b) > h, v becomes negative. 
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Frame 65 

Bent with one skew corner. One support fixed, one sup· 
port hinged; supports at different elevations. 

------d-

"-1 
• ~ E 1 
T-----* 

1------ l.-----

Shape 0£ Frame 
Dimensions and Notations 

Coefficients: 

h 
ot=

a 

0 1 =k3 +2m(k3 +1) 
0 2 = 2y(ks+ I)+ 1 

~I 

t ! 
°* I LI_!!. 
w~ 

This sketch shows the positive direc· 
tion of the reactions and the coordi
nates assigned to any point. Positive 
bending moments cause tension at the 

£ace marked by a dashed line. 

m=b(l+p); 

R1 =2(k1 + oc2k2) + (2 +m) k8 +mC1 

R 2 = y (02 + 1) + 2 (1+3k2) 
N=R1 R 2 -K2 ; 

R1 
n22= N. 

Formulas for the moments at any point of those members of Frame65 

which do not carry any external load 

M Yi 
111=a·MB 

x; x2 
Mx2=([ · Mc+71;·Mn 



'. 
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See Appendix ·A, Load Terms, PP: 440-445. 

Case 65/l: Inclined member loaded by any type of vertical load 

IS 

----d 

i.----l-----< 

Constants: 

Case 65/2: Girder loaded by any type of vertical load ,s 

----d. 

----l-----< 

Constants: 

Case 65/3: Vertical concentrated load Pat C 
See case 61/ 3, p. 217. 

FRAME 65 
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FRAME 65 

See Appendix A, Load Terms, pp. 440445. 

Case 65/4: Inclined member loaded by any type of horizontal load 

Constants: 
C81 =2oc Whk2 + 0 1 06, - (~+mill) k3 

C82 = 3 Whk2 -C2 o6,+yillk3 ; 

Mn= X1 Mc= -o6,+mX1 --yX2 

Mn= -X2 ME= Wh-ocX 1 -X2 ; 

X1 = + C81n11-C82n21 
X2 = - C81 ni2 + <n2n22 · 

X1 
HA=-- HE=W+HA; a 

V --V _ 6,-(l+,B)X1-X2 . 
A - E- l • 

X~ Xt 
M xl = M 0 + - MB+ - Mo. 

" 0 c 

Case 65/ 5: Left-hand leg loaded by any type of horizontal load 

w 

i--~~~,z~~~--l 

c 

':l::.lf' 
I 

Constants: C81=61(2oc2k2 +,BoC1)- illk1 X1 = + C81n11 - C82n21 
C82 = 6 1(3ock2 -,8 0C2); · X2 = - C81 n12 + <n2n22 · 

Mn=X1 M 0 =-,Bb6,+mX1-yX2 M =Mo+YtM .. 
MD=-X2 ME=(ei1-X1)oc-X2 ; ut Y a B• 

VA=-VE=.se,-(1+rx1-X2; HE=¥ HA=-<W-HE)· 

Case 65/6: Horizontal concentrated load at B 
See case 61 / 6, p. 218. 
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Case 6517: Right-hand leg loaded by any type of horizontal load 

Sec Appendix A, Load Terms, pp. 440-445 . 

. _ _..,~-d--------1 

FRAME 65 

.:1_§§~ 

-}f-~ 
Constants: Q31 = [2 e, - mi IX k2 x 1 = + Q31 nu - Q32 n21 

Q32 = [3 e,- (~ + ffi)] k2 ; X2 = - Q31 n12 + Q32n22. 

MB= -X1 M 0 = -mX1 +yX2 MD=X2 

ME= -e,+11.x1 +x2 

VA= - VE= (l+/J):l +X2; 

Case 65/8: Horizontal concentrated load at D 
Substitute in case 65/7: 

W=P e,= Ph; ~= m= 0 M 0 =o ---~--------'--------------- y, ___ • ___ _ 

Case 65/9: Uniform iii.crease in temperature of the entire frame 

_ _....~ll':_::,.tl_'d 
I --i E = Modulus of elasticity 
11\lrm.-. I e = Coefficient of thermal expansion 

t = Change of temperature in degrees 

Constants: 

Note: If the temperature decreases, the direction or all forces is reversed, and the 
signs or all moments are reversed. 

-----
*When h, > h,, v hecomes negative. 
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Frame 66 

Hingeless bent with one skew corner. Supports at different 
elevations. 

----~I 

Shape or Frame 
Oin.rnsions and Notations 

i-z,~'----7~-t 
1 'c lo 
I 
I 
I 

a' f, 
~I 

LJ-!!. 
':fJ~ 
f 

This sketch shows the positive direc· 
tion or the reactions and the coordi· 
nates assigned lo any point. Positive 
bending moments cause tension at the 

ra~e marked by a dashed line. 

Coefficients: 

J4 h 
kz= J2 ·a; 

a b c d 
oc=h {J=h r=y 6=y (y+6=1); 

Ci=k3 +26(k3 +1} 0 2=2y(ka+l)+l Oa=2{J6(ka+l); 
R1=6k1 +(2+6)k3 +601 K1=3k2-fJ602. 
R2 =y (02 + 1) + 2(1+3k2) K2 = 3ock1-{J601 
R3 = 2 (oc2 k1 +k2)+fJ603 ; K3 = y 01 + 6; 

2' 2 2. N = R1 R2 R3 +2K1 K2K 3 - R1 K1 - R2K2- RaK3 , 

R2Rs- K~ -R3 K3 +K1K2 
nu= N 

n12 =n21 N 

R1Ra-Ki +R2 K2-K1K 3 

nz2 = N 
n13=ns1 = N 

R 1 R2 -Ki + R1 K1 - K 2 Ka 
naa = N 

nza = na2 = N 

.·~ 
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FRAME 66 

See Appendix A, Load Terms, pp. 440-445. 

Case 66/ 1: Inclined member loaded hy any type of vertical load* 

~---L---~ 

Constants: 

Case 66/2: Girder loaded by any type of vertical load* 

!S 

..1:. 
'------ ----'l'!-< ~ME 

Constants: '.81 = 0 1 ye,+ of X1 = '.81 n11 + '.82 n2i + '.Ba n31 
'.82 = 02r e, + y f + 9l X2 = '.81 n12 + c.82n22 +'.Ba na2 

'.83 =Gaye,+ ,8 of; Xa = '.81 nla + '.82n2a +'.Ba naa. 
MA=ocX3 -X1 MB=-X1 Mn=-X2 ME=X3 -X2 

Mo= (e,-X2)y-(X1 +,BXa)o; 

V..t=e,+x1~X2+fJXa VE=S-VA; HA=HE=~a. 

*Seep. 239 for M% and M11 • 
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FRAME 66 

See Appendix A, Load Terms, pp. 440-445. 

Case 66/3: Inclined member loaded by any type of horizontal load* 

Constants: 

C81=3 Wak1 -01 65,-(~+ dffi)ka 

C82=02d51+yffik3 
C83 =2 Waock1 +03d51+/Jd9lk3; 

MA= - Wa+X1 +ocX3 

M 0 = (51+X1 -/JX3)d-yX2 

V --V _51+X1 +X2-/JX3. 
E- A - l • 

X1 = + C81 nu~ S82n21 - C8a na1 

X2 = - C81 n12 + C82 nz2 + C8s na2 

X3 = - C81 n13 + S82 n2s + C8s nss · 

MB=X1 Mv= -X2 

ME=X3-X2; 
Xa 

HE=-,; HA=-(W-HEl· 

Case 66/4: Left-hand leg loaded by any type of horizontal load* 

,__ ___ z ___ __ 

Constants: 
C81 = [35,- (~ + 91)] k1 
Q3 3 = [251 - ~]ock1 ; 

MA=-51+X1 +ocX8 

M 0 = (X1 -/JXa)d-yX2 

V --V _X1+X2-/JXa. 
E- A - l ' 

----
*Seep. 239 for M, and M,. 

% 

~~ 
X1 = + C81 nu - C8s ns1 

X2 = - C81 n12 + C8a ns2 

Xs = - C81 n13 + C83n33 · 

MB=X1 Mv= -X2 

ME=X3-X2; 
Xa 

HE=]; HA=-(W-HE)· 
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FRAME 66 

Case 66/5: Right-hand leg loaded by any type of horizontal load* 

!i' 
~ 

Case 66/6: Uniform increase in temperature of the entire frame* 
---+--d ---J 

I 

J.Wl.l.l!':!olJJ.l.Wll.~;=''i\___ E = Modulus of elasticity 
- T e = Coefficient of thermal expansion I t = Change of temperature in <lej!:reee 

~ l Constants: 

v = h-(a + b) ** 
E ~ 

=~m- T= 6EJ4 et. 

~~ 
d ' 

X1 = TlT (-n11 +n21 ) + (! _ f31v)na1] MA= ixXa -X1 

X2= T[-T<-n12+n22l + ({- _.snns2J MB= -Xi MD= -x2 

Xs= T[~ (-n1s +n2sl + ({- _.Bnnss]. ME=Xa-X2 

VA= -VE= Xi -x~+f3Xs HA =HE= ~3 Ma= -(X1 +f3Xs)IJ-yX2. 

Nore: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 

*Seep. 239 for M~ and M 11 • **When (a + b) > h, v becomes negative. 
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FRAME 66 

Case 66/7: Horizontal concentrated load at B* 

------d------i 

:~-1 

of -<! 

E_l 

Constants: X1 = Pak1(+3n11 - 2ocn31) MB= X1 

X2 = Paki(- 3n12 + 2ocn32) Mn= -X2 

X 3 = Pak1 (- 3n13 + 2ocn33). ME'= X8 -X2 

MA=-Pa+X1+or.X3 M 0 =(X1-{3X3)o-yX2; 

V --V _X1+X2-f3Xa. H _Xa 
E- A- l ' E---,; HA=-(P-HE>· 

Case 66/8: Horizontal concentrated load at D* 

Constants: X1=Phk2(-3n21 +2ns1) 

X 2 = Phk2 (+ 3n22 - 2na2) 

X 3 = Ph k2 ( - 3 n23 + 2 nsa) . 

Ma= -(X1 +f3Xs)o+yX2 

V --V _X1+X2+f3Xs. H _X3 
A - E- l > A - h 

.:!_ 
-1~ 

-f 

MA=or.X3 -X1 
MB=-X1 
Mn=X2 
ME= - Ph+X2+Xs; 

HE=-(P-HA>· 

Note: H the horizontal load P acts al joint C from the le£t toward the right, the 

moments and forces in these formulas reverse their signs. 

•See p. 239 for M. and M,. 
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Case 66/9: Vertical concentrated load at C 

Constants: 

Ped 
X1 =-l-(01n11 +02n21 +Oana1) 

Ped 
X2=-z-(01n12+ 02n22+ Cand 

Ped 
Xa =-l-(01n13 + 02n2s + 03n33) · 

MA=cxX3-X1 MB=-X1 Mn=-Xz 
Ped 

Mc.= -l- - (X1+/3Xs)3-y X 2; 

Formulas for the moments at any point of Frame 68 
for any load 

FRAME 66 

~· } The moments at the joints and the fixed end moments contribute to the 
f total moment: 

For the members that carry the load, add the value of :M,.0 or M,,O 
respectively. 
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Frame 67 

Hingeless bent with one skew corner. Both supports at 
the same elevation. 

Shape or Frame 
Dimensions and Notations 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
h<'nding moments cause tension at the 

face marked by a dashed line. 

All coefficients and formulas for the external load are the same as for 

Frame 66 (pp. 234-239) 

For a uniform change of temperatu.re there will be v = 0, and the coeffi· 
cients on p. 237 are reduced to: 

T' = 6EJ4 et. !:_. 
d h' 

X 2 = T' ·n32 X 3 = T' ·n33 • 
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Frame 68 

Two-hinged shed 

Shape of Frame 
Dimensions and Notation,; 

This sketch shows the positive direction of the reactions 

und the coordinates assigned to uny point. 

Coefficients: 

cp= ~ m =I+ cp; 

(rx.+{3= I); 

B=2+(2+m)k1 

0=(1+2mj(k1 +k2) 
D=2+(2+m)k2 ; 

N = B+mO+D=4+2(I +m+m2)(k1 + k2). 

Formul11s for. the moments al any point of those members of Frame 68 

whieh do not earry any external load 

X~ x1 
M"'1 = o; · MB+o; · Mc 

x; x2 
M.,z=b·Mc+b·MD 

M111=~1·MB M112 = '!!f·Mn · 

For the members that carry the load, add the value of M,,O or M.,0 

re~pectively. 
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FRAME 68 

(See Appendix A, Load Terms, pp. 440445.) 

Case 68/ 1: Left inclined member loaded by any type of horizontal load 

Constant: X- Wh(B +,BC)+ el,·,BC + (~+ m !R)k1 
- N 

MB=Wh-X M 0 =,8(Wh+e51)-mX Mn=-X; 
Wh+e51 X 

VE=-,VA= l ; HE=h HA=-(W-HE>· 

Case 68/2: Left-hand leg loaded by any type of horizontal load 

r---a 
I 
I 
I 
I 
I 

81 

Constant: X - e51(B+,BC)+!R 
- N 

MB=e,-x 
e, 

VE=-VA=T; 

M 0 =,Be51- rriX Mn= -X; 
x 

HE=h HA=-(W-HE)· 

Case 68/3: Horizontal concentrated load Pat B* 

X-Ph·B+,BC MB=Ph-X M 0 =Ph·,B-rnX Mn=-X; - N 
Ph X X 

vE=-VA=-z-; HE=-,;; HA=-P+-,;;· 

* Fmm 68/l for W = P. or from 6812 for I W = P and 01 ~ Ph, with all other load terms equal 
to zero. 
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FRAME 68 

(See Appendix A, Load T erms, pp. 440-445.) 

Case 68/4: Right inclined member loaded by any type of horizontal load 
c 

0 

------- ____ £ rt~ 
Constant: X- Wh(ocC+D)+'5,·ocC+ (mf+ ffi)k2 - N 

M0 = oc(Wh+'5,)-mX MD= Wh - X ; 
Wh + '5, X z HA=}; HE = - (W - HA)· 

Case 68/ 5: Right-hand leg loaded by any type of horizontal load 
t----a I h---j 

r1---------- c i 
t-1' -----~-c._:,.-,'n 
«:! "ii. w-- · 1z 1 ~ ~ 

------l----
x - '5,(ocC+D)+f o Y2 M Constant: - N . M 112 = MY + h · D; 

MB = - X M 0 = oc'5,-mX MD = '5,-X; 

VA= -VE= ~r; HA=~ HE= -(W- HA) • 

Case 68/6: Horizontal concentrated load Pat D* 
ocC+D X = Ph·-w- MB = -X 

Ph 
VA = -VE= - z- ; 

M 0 = Ph·oc - mX MD = Ph-X; 
x x 

HA =r He = - P+-,;· 

*From 68/ 4 for W = P, or Crom 68/5 for W .... P, and e, = Ph, with nll other load terms equal 
to zero. 
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FRAME 68 

See Appendix A, Load _Terms, pp. 440-445. 

Case 68/7: Left inclined member loaded by any type of vertical load 

~ 

Ai--~~~- ----~E 

Constant: X = \!1·{3C+(f+mffi)k1 
N . 

M 0 =f3\!1-mX; 

Case 68/8: Right inclined member loaded by any type of vertical load 

B 

f 
1--~~~-l~----i 

c 

~ 

Constant: 
x 

HA=HE=-,;; 

Mc =oc\!i,-mX; 

Case 68/'!I: Vertical concentrated load P at C* 
Pab c Pab B+D 

MB=MD=--i- · N Mc=+-z-·-r; 

Pb Pa -MB 
vA=z vE=-z-; HA=HE=-h- . 

*From 68/7 for s = p und 01 ~ Pa, or from cn•e 68/ 8 for ' ~ = P and el,= P&, with all 

other load terms equal to zero. 
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Case 68/10: Horizontal concentrated load at C 

~ 

Ai--~~~-z~~~~~ 

A--1 

t-~ 
MB=+Ph·ocrnC+D M =-Ph·B+(JmC. 

N D N ' 
(JD-ocB MB 

Ma=P(h+f) · N ; HA=-h 

• FRAME 68 

Et---1 
I[ 

VE = -VA=P·hif; 

-MD 
HE=-h- . 

Note: Case 68/10 follows from case 68/l with W = P and Ei1 = Pf, or from case 68/ 4 
with W = - P and 15r = - Pf, while all remaining load terms disappear. 

Case 68/11: Uniform increase in temperature of the entire frame* 

i E = Modulus of elasticity 
~ 1-

~~~?31"---1 E = Coefficient of thermal expansion 
'- t = Change of temperature in dep;ree 

'--i Constant: 

~ < 

-------------[I T_l 

M 0 =-mT; 

6EJ3 l·et 
T= h2N 

Note: If 1he 1emperature decreases, 1he direclion or all forces is reversed, and 1h• 
signs or all momenls are reversed. 

Case 68/12: Uniform increase in temperature of the tie BC only or CD 
only 

In case 68/11 in place of the constant T there appears 

T 1 =oc · T or T 2 =/3 · T. 

* l~Ql!P.l temperature changes in the vertical legs do not cause stress. 
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FRAME 69 

Externally simply suppored shed with tie-rod 

-~ r- D 
I ::/;' ! * I 

-A 
[( 1) ~ t z z 

~ ~ 
Shape of F1·ame 

Dimensions and Notations 
This sketch shows the positive direction of the reactions 

and the coordinates assigned to any point. 

Coefficients: 

b 
P=z 

B= 2+ (2+m)k1 
ip={ m=I+rp; 0=(1+2m)(k1 +k2) 

D = 2 + (2 + rn) k2 ; 
N = B +mC+D =4+ 2(1 +m + m2)(k1 +k2); 

Nz = N+L. 

(oc + {J = 1); 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Note: The formulas for moments at arbitrary points of the frame are the same as for frame 
68, p. 241. 

•H,, ocrurs when the hinged support is at K 

·-
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FRAME 69 

Case 69/1: Both inclined members loaded by any type of vertical load 
(Hinged support at A or E) 

Se., .Appendix A, Load Terms, pp. 440-445. 

A~--~--~w...-----J 

i--~~~-i ~t 
z = '511 ·fJO + (21+m8'1) kl+ '5r2·cxO + (mf2 + 8l2)k2. 

hNz ' 
MB= MD= - Z h Mc = fJ 1!11 +ex l!,2 - Z (h + /) M 11 = - Z y1 ; 

• x~ x1 ~..a x; x2 M 1 =M +-·MB+-·Mc M 2 =m- +,,_b ·Mc+-·MD· 
"' zl a a "' z2 b ' 

v _e,1+S1b+l5r2 v _en+S2a+l!12 (V.+VE=S1+S2)· 
A - l -l- E- l l ~ 

Case 69/2: Uniform increase in temperature of the entire frame 

~~j:~--, 

..... 

----t 
1j < 

--°="'" _______ z ~----J .[ 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degreei 

Z = 6EJ3 l·et. 
h3Nz ' 

MB=MD=-Zh M 0 =-Z(h+f); 

Notes: A uniform temperature increase in one or both legs does not cause stress. If •1 only 
or•• only suffer temperature increases, replace l in the expression for Zhy a orb, respectively. 
All signs are to he reversed for a temperature decrease.* 

*With a decrease in tempera.lure Z = - Z', where Z' i~ a compressive force. See footnote p. 249. 
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FRAME 69 

See Appendix A, Load Terms, pp. 440-445. 

Case 69/3: Left inclined member loaded hy any type of horizontal load 
C (Hinged support at A) _ 

--------- I ------f I. C 

.-w. ~ l ~ 'S 

B ---------t-- O ___ t 
a o ~ 

~----~E_l ZI z 
1.----- l t-~ 

z = Wh(B+{JC) + e,·(JC+ (f+mffi)k1 . 

hNz ' 
MB= (W- Z)h Mc = fJ(Wh+e,) - Z(h+ /) 

VE=-VA= wh7e, HA=-W; 

0 X~ X1 M 1 =M +-·MB+-·Mc 
"' " a a 

1------ l----
Tl z 

-~ 

z - e,(B+{JO)+ffi. 
- hNz ' M 111 = M; + !j! ·MB 

Mn = -Zh; 

M 111 =(W-Z)y1 

MB= e,- Zh Mc =(Je,- Z(h+ /) Mn=-Zh; 

X~ X1 
M 1 = -·MB+-·Mc 

"' a a 

Case 69/5: Horizontal concentrated load P at ridge B 
(Hinged support at A) 

Use case 69/ 3 and W = P; or use 69/ 4, W = P and e, = Ph, and all 
other load terms equal to zero. 
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Se~ App~ndix A, Load Terms, pp. 440-445. 

Case 69/6: any type of horizontal load 

Z'=W·: -Z; 
z 

MB=+Z'h 

Mv1 = + Z' Yi 

where the tensile force is as in case 69 3* 

Mn= -(W-Z')h Mc=fJ(Wh+ 6 1) +mMn; 

HE=W; v --v _Wh+ 61 · E- A- l ' 

x; x2 
Mxz=b·Mc+b·Mn. M 0 X~ X1 

l =M +-·MB+-·Mc x x a a 

Case 69/7: Left-hand leg loaded by any type of horizontal load 
(Hinged support at EI 

N 
Z'= W·Nz-Z; 

MB= Z'h-6, 

M i=Mo+'!!J.·MB 
II y h 

8 

..., 
__ J l' 

;f [ 

i-l;f 

where the tensile force is as in case 69. ' 4 * 

Mn=-(W-Z')h 

M112= -(W-Z')yz; 

*The tension in the tie rodZ'is a compressive force in the uhove two cnses, This is only valid if lhe compressive 
force is smaller than the tensile force due to dead loud, so that o residual tentiile force remains in the tie rod. The 
sume applies to cases 69/11and12 (p. 251) and for decrease in temperature (p. 247). 
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FRAME 69 

Se" Appendix A, Load Terms, ·pp. 440.445. 

Case 69/8: 

~ At .l 
Ao----z E ~ 

Z= Wh(otG+D)+e,·otG+(mf+ ffi)k2. 
hNz ' 

Ma=ot(Wh+ e,)-Z(h+ /) Mn=(W-Z)h; 

V --V _ Wh+i.5, . 
A- E- l ' 

X~ x1 
Mx1 =a-·MB+a·Ma My1 = -ZY1· 

Case 69/9: Right-hand leg loaded by any type of horizontal load 

---a (Hinged support at EI 
c 

...---~!---~ 

Z - \!l,(otG+D) + f. o Y2 
- hNz ' M111=-Zy1 M112=MY+h·Mn; 

MB=-Zh Ma=ote,-Z(h+f) Mn=e,-Zh; HE=-W; 

X~ X1 X~ . X2 V V e, 
Mx1 =-a·MB+a·Ma M.,2 =b·Ma+b·Mn; A= - E=T· 

Case 69/10: Horizontal concentrated load Pat ridge D 
(Hinged support at El 

Use case 69/8 and W = P; or use 69/9, W = P and e, = Ph, and all 
other load terms equal to zero. 

l 
4 

l 

1 
l 

I 
l 
l 
' l 
1 
l 
j 

i; 
I 

" 
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:See AppPnrlix A, Loar! Tn1m, pp. 440-445. 

Case 69/ll: Right inclined member loaded by any type of horizontal load 
(Hinged support at A) 

c 

----a-----
~ 
A l------t 

Z'=W·:z -Z; 

MB=-(W-Z')h 

where Z is obtained from case 69/8*. 

Mc=ot(Wh+ei,)+mMB MD=+Z'h; 

M 111 = - ( W - Z') Y1 M Z H W V _ -v _ w h + e,. 
112 = + ' Y2; A = ; A - E - l ' 

Case 69/12: Right-hand leg loaded by any type of horizontal load 
(Hinged support at A) 

.----a b--j 
I I 
C t ,,~'Joi 

I 
~I I t_! ----------~ 'ID D 

w--. I 

~I 

------l-----t 
N 

Z'=W·Nz -Z; 

MB= -(W-Z')h 

M111 = -(W-Z')Y1 

where Z is obtained from case 69/9*. 

Mc=otei,+mMB 

M112=M;+~·MD; 

MD=Z'h-e,; 

VA= -VE=~'; 

*The tension in the tie rod Z' is a compretisive force in the above two cases. Se.e fool.note p. 249. 
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FRAME 70 
Two-hinged shed with tie-rod at the eaves 

Shape of Frame 
Dimensions and Notations 

Tl1i1-1 Kkct.ch ~hows the 1>0sitive direction of the reactions 
und t.he coordinules o.ssigned to uny point. 

General 

Frame 70 with tie is best considered as a more general case of frame 68 with· 
out tie. The effect of the tie is easily shown as follows: 

Steps in computing the stresses 

First step: For each loading condition comput~ all corner moments MB, Mc, 
Mn and the reactions H,i. HR, V..17 VB from frame 68 (see PP· 241-245) 

Second step: 
a) additional coefficients for frame 70 

G_ [8+3(k1 +k2)](k1 +k2) B+D 
y= Jr (y + mb=l); - N 

6J3 l E 
L-- ·-·-- f2Fz h Ez 

Nz= G+L. 

E = Modulus of elasticity of the material of the frame 
Ez= Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Note: For a rigid tie set L = Q, Nz = G. 
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h) Figure the tension in the tie rod. 

z · f = MBk1+2Mc (k1 + k2) +MDk2 + !Jli k1 + f z k2 ,.. 

Nz 

Note : The load terms 9?1 and £ 0 used in this formula are shown in the right.hand 
sketch on p.'252 and are to be used accordingly.•• 

Third step: 

a) Moments at the joints and reactions for Frame 70. 

MB=MB+<> · Zf 
JIA=HA-<p{J·Z 

Mc=Mc-y·Z/ 
JIE=HE-rp{J·Z; 

MD=MD+<>·Zf; 
VA= VA VE= VE. 

Note: In order to distinguish the moments and reactions for Frame 70 
the values are shown with a dash over the letier. 

h) Moments at any point of Frame 70. 

The formulas for Mtr an<l M'll are the same as for Frame 68, except that 
the values MB, Mc, Mo are to be used instead of MB, Mc,· MD. 

*For the cue of varioua loading conditions Z becomes ne1ative. i.e .• the tie rod ia &tressed in compreHion. Thie i1 
only valid if the compreeaive force i11 111maller than the tensile force due to dead load. 80 that a re11idual tensile force 

remains in the tie rod. 

** For use of the loading conditions of frame 68 substitute the following in the Zf formula for the load l.erms 

m,and e. 
Cuse 68/ l : 9?, = 9? ; £, = O; 

Case 68 /7: 9?, = 9? ; £, = O; 

C11se 68/11: 9?,.1:1 + £,k, = 6 EJ3 ·it· l/h/ ; 

Cuse 68 / 4: 9?1 = O; £ 1 - £; 

Case 68 /R: 9?1 = O; £, = £; 

Case 68 / 12: 9? 1k1 + £,k, - 6 EJ3 ••(a • t, + b · t,)/ hf. 

For oll remaining load conditions. including the case of uoiform temperature change in the entire rrame including 
the tiE' l'od, substitute .~1 = 2 1 -= 0 in the ZJ formula . 
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Frame 71 

Fully fixed shed 

·~ 

i--~~~z~~~--it 
Shape of Frame 

Dimensions and Notations 
Thh~ Mkelch tJhows 1.h~ 1t<»1it.ive direction or the reuctiom~ 

11nd the coordiuul.r.s ussi~nf~d 1.o uny 1>0inl.. 

Coefficients: 

~ ~ ~ ~ a b I 
ki = J 1 . h kz = J 2 . h ; ex = T {3 = T ; cp = h ; 
0 1 =2{3(k1 +k2)+k1 0 2 =2ct.(k1 +k2)+k2 0 3 =2cp(k1 +k2); 

R1 =6+{301 + (2 + {3) k1 Ki= 3- cp02 
R2 = 6 +ex 0 2 + (2 +ex) k2 K 2 = 3 - cp 0 1 

R
3
=4+cp03 ; K 3 =cx01 +{3k2 ={302+«k1; 

N = R1R2 Ra + 2K1K2Ks- R1Ki- R2K~- Rs Ki= 
= 6[6+ 3(k1 +k2)(3+6cp+ 4cp2) + 2k1 (2cx2 +3{3) + 
+ 2kz(3cx + 2{32) + k1 k2 (8 + 9rp + 8rp2) + 2(cxk1 -{3 kz)2 + 

+3cpki(cx+ cp) +3cpk~({3+cp) + rp2 k1 k2 (k1 + kz)]. 

R2 R3 - Ki 
nu= N 

R1R3 -K~ 
nz2= N 

R1 R2 -K~ 
n:ra = N 
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~ •. ,. Ap1>rndix A, Loatl Tnm•, pp. 440445. 

Case 71/l: Left inclined member loaded by any type of vertical load 

c 

* 

Constants: 
C'.81=f301151 + (f + f3 Bl) k1 X1 = + <;81 nu - C'.82n21 + <;83 n31 
<;82 = f3 02151 +IX m k1 X2 = - <;Bl n12 + cn2 n22 + <;83 na2 
C'.83=f3Ca15, + 'P Bl k1; Xa = + <;81 n13 + <;82 n23 + ens n3a. 
MB= -X1 M0 ={3151-{3X1 -1XX2-q;X3 Mn= -X2 

MA =X3-X1 Me=X3 - X 2 ; 

Ve= e,-~l +x2 VA =S-Ve; H.4 =He=~· 

Case 71/2: Ril!;ht inclined member loaded by any type of vertical load 

c 

* 

Constants: 
C'.81=IX01 e, + f3 f k2 X1 = + <;Bl nu - cn2 n21 + C'.8a na1 
C'.82 =IX 02 e, +(IX f +Bl) k2 X2 = - C'.81n12 + C'.82n22 + C83n32 
C'.83 =1X0315,+ q;fk2 ; X3 = + <;81n1s + C'.82n2s +<;Banas · 

MB=-X1 Mo=1Xl5,-(3X1-1XX2-q;X3 Mn=-X2 
MA=X3 -X1 Me=X3 -X2 ; 

v _e,+X1-X2 Ve=S-VA·· H =H =Xa 
A- l .1 e h' 

*See p. 260 for Mz and M 11 
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FRAME 71 

See Appendix A, Load Terr110, pp. 440445. 

Case 71/3: Left inclined member loaded hy any type of horizontal load 

.. 

Constants: 

CS1 =3 Wh-{JC1 e,-(f+/HR)k1 X1 = + CS1nn + CS2n21-C:Sana1 
CS2={J02el1+ocffik1 X2=+C81n12 + C:Szn22+C:Sana2 · 
CS3 = 2 Wh + {303 el,+ <p ffik1; Xa = - c:81 n1a + c:82n2s + c:Bsnaa. 

MB=+X1 M 0 ={Jel,+{JX1 -ocX2 -rpX3 Mn=-X2 
MA=-Wh+X1 +X3 ME=X3 -X2; 

V - 'v _e,+X1+X2 . H _Xa H (W H) E-- A- l ' E- h A= - - E · 

Case 71/4: Left-hand leg loaded by any type of horizontal load 

----a 01 

c ---t--1 
~ I I 

'o __ 1 • 
~ 

_J 

Constants: 

*Seep. 259 for Mz. und M¥· 
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FRAME 71 

See Appendix A, Load T erms, pp. 440-445. 

Case 71/5: 

* 

Constants: 

c.81 = oc Ci f6, + {15! k2 Xi= 'n1 nu+ 'n2 n21 + 'na na1 
c.82 = 3 W h - oc 0 2 f6, - (oc 5! + ffi) k2 X2 = 'n1 n12 + 'n2 n22 - 'na ns2 
<;83 = 2 Wh + ocC3 \10,+ cp5!k2 ; Xa= 'n1n13- 'n2n2s + 'nanaa. 
M11 = -X1 M 0 =oc\10,-{3X1+ocX2 -cpX3 MD=+X2 

M.1 = X 3 -X1 ME= - Wh + X 2 +X3 • 

v - - v _e,.+x1+X2 . H _x3 HE=-(W - HAl· A- E- [ ' A- h 

Case 71/6: Right-hand leg loaded by any type of horizontal load 

~" 
A 1------/,------l 

Constants: 

B 

~1 
hA + 

1~ 
X1 = + 'n2n21 + 'nan31 

<;82 = 3 I!, - (5! + ffi); X2 = + 'n2 n22 - <;83 na2 
<;83 = 2 e, - iJt; X a = - 'n2 nz3 + 'na naa · 

MB=-X1 M 0 =-{JX1+ocX2 -cpX3 MD= + X2 
MA = X3-X1 ME = -f6,+X2+X3. 

V --VE=X1+X2 . . { - l ' 

*Seep. 239 for Mz and MtJ. 

* 



• - 258-

FRAME 71 

Case 71/7: Horizontal concentrated load at ridge C 

---a Constants: ~1 ~ Ph(3- rp{J01) 

~s = Ph(2+ rp{JCs); 

X1 = + ~lnu + ~2n21 - ~sns1 

X2 = + ~1 n12 + <'..82n22 + ~sns2 

Xs = - ~1 nla + ~2n2s + ~snas· 

MB=+X1 Mn=-X2 
Mc= Pf · {J + {JX1 -ocX2- rpX3 

M 4 =-Ph+X1 +X3 

Case 71/8: Horizontal concentrated load at B 

ME=Xs-X2; 
Xs 

H4 =-P+-,,;. 

Constants: X 1 =Ph(+ 3n11 - 2n31) 

X2 =Ph(+ 3n12 + 2n32) 

X3 = Ph(-3n13 + 2n33). 

MB=+X1 Mc={JX1-ocX2-rpX3 

Mn=-X2 M4 =-Ph+X1 +X3 ; 

VE= -VA =X1 tX2; HE=~3 

Case 71/9: Horizontal concentrated load at D 

Constants: X1=Ph(+3n21 +2ns1) 

X 2 =Ph(+ 3n22 - 2na2) 

X 3 = Ph(-3n23 + 2n33). 

Mc= -{JX1 +ocX2 - rpX3 

Mn= +X2 ME= -Ph+X2+X3; 
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FRAME 71 

Case 71/10: Vertical concentrated load at ridge C 
p 

----a----"loo-O--t 
I ---t----i 

l"I'>;----- ______ :;:.~t 

Constants: MO- Pab. 
- l ' 

X1=MO(+01n11 - 02~1+03n31) 

X2 = M0 {-01n12 + 02~2 + 03n32) 

Xs=M0 (+01n1s+02~s+Osnss) · 

MB=- X1 
M 0 = M0-(3X1 - ocX2 -rpX3 

MD=-Xz; 

Case 71/11 : Uniform increase in temperature of the entire frame* 
----........ ,, 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature' in degrees 

ConstantR: T= 6EJ3 l·et. 
h2 ' 

X1= T·n31 X2=T ·n32 Xs = T·ns3· 
MB = - Xi 

M 0 = -{3X1 -ocX2 -rpX3 

MD=-X2 

M.t=X3 -X1 

M E=X3-X2. 
Note: If the temperature decreases, the direclion or all forre.i is revened, ;ind die 

signs or all moments are reversed. 

Equations for moments at any point of frame 71 
for all loading conditions 

The moments at the joints and the fixed end moments contribute to the 
total moment: , 

M Y1M Y1M 111=-,; .t+h B 

X~ Xi 
M z l = - MB+ - M o a a 

To these moments add the moments M~ and M~ resp. for directly loaded mem
bers only. 

* Equal temperature cha nl(es in the vertical legs do not cause stress. 
I 

H•I 
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Frame 72 

Fully fixed shed with tie-rod at the eaves 

i--~~~-L~~~--~ 

Shape or· F1·amc 
Dimensions and Notations 

This sketch shows the positive direction of the reactions 
and the coordinates ussigned to any point. 

General note.s 

Frame 72 with tie is best considered as a mqre general case of frame 71 with· 

out tie. The effect of the tie is easily shown as follows: 

Steps in computing the stresses 

First step: For each loading condition compute all moments MA, MB, Mc, 
MD, Me and reactions H11, He, VA, VE from frame 71. 

Second step: 

a) additional coefficients for frame 72 

m1=+3n11 - 3n21 - 4n31 
m2 = - 3n12 + 3n22 - 4n32 

m3 = - 3n13 - 3n23 + 4naa; 

6J3 l E 
L---·-·-

ma= l-m3-m1 
m,=l-m3-m2 
m0 = rpm3 -{3m1 - cxm2 . 

Nz=G+L. 
- h2Fz f Ez 

E = Modu]us of e1asticity of the materia] of the frame 
Ez = Modu1us of elasticity of the tie rod 
F z = Cross-sectiona1 area of the tie rod 

Note: For a rigid tie set L = 0, Nz = G. 
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h) Figure the tension in the tie rorl. 

Z·h= MBk1+2Mo(k1 + k2) +MD k2 + ffi1 k1 + £2k2 * 
. Nz 

Note: The load terms ffi1 and ·£2 used in this formula are shown in the right.hand 

sketch on p. 260 and are to he use<l accor<lingly: ** 

Third step: 

a) Moments at the joints, moments a t the supports and reactions 

for Frame 72 

lifn = Mn + Zh·m1 M 0 = M 0 - Zh ·mc MD=Mv+Zh · rr.2 

JIA =MA -Zh ·ma JlE=ME-Zh·m.; 

HA =HA -Z(l-m3 ) HE=HE-Z(l-m3 ); VA =VA VE=VE. 

Note: In order to distinguish the moments and reactions for Frame 72 

the values are shown with a dash over the letter. 

h) Moments at any point of Frame 72. 

The formulas for M,. antl M11 are the eame as for Frame 71, except that 

the values MA, Ms, Mc, M11, M.& are to he used instead of MA, Ms, Mc,. 

M11, Mg· 

* f'or the case of varioue loading conditions Z becomes negative, i.e., the tie rod is stressed in compreseion. Thi8 i" 

only valid if the compressive force i11 smaller than the tene.ile force due to dead load. so that a rHidual tensile force 

remains in the tie rod. 

**For use of the loading conditions of frame 71 auhstitule the following in the Zh formula for the loud terms 

SR, and e, 
Cose 71 / 1: SR, = SR; 

Case 71/3: SR, = SR ; 

e, = O; 

£, = O; 

Case 71/2: SR, = O; 

Cose.71/5 : SR, = O; 

Case 71/11: !:R, k, + e, k, = 6 E J, · • t · l/ h /. 

e, = e; 
e, = £: 

For all remaining load conditions, including the case of uniform temperature change in the entire rrame including 

the tie rod, substitute S°Jl1 = .e1 - O in the Zh formula. 
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Frame 73 

Symmetrical two-hinged, trapezoidal rigid frame. 

Shape of Frame 
Dimensions and Notations 

o---x---;--.x~ a: :c T------ ------3~ 

'::.>- v '+"" 'I il:i> l l 'l'I r v .., 'I .;;-

L l 1- ~'1--L 
14 t t ~ ~ ~ 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. For sym· 
metrical loading of the frame use y 
and y'. Positive bending moments 
uuse tension at the face marked by 

a dashed line. 

Coefficients: 

J2 8 k=-·-· 
Ji b' 

a 
ex= T N=2k+3. 

Note: Formulas for moments same as for frame 74, pp. 268-271, or frame 76, p. 278, using 
,,, = h,. 

Case 73/1: Uniform increase in temperature of the entire frame 

E = Moclulus of elasticity 
F = C.oefficient of thermal expansion 
t = C.l1anirf' of temperature in cleirree~ 

M 11 =-H,.y. 

Note: If the temperature decreases, the direction of all fr.r1·es i8 rever~ed, and tlll' 
signs of all moments are reversed. 
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See App<'ndix A, Load Term•, pp. 440445. 

Case 73/2: Girder loaded by any type of vertical load 

s 

Ho 

t;-
MB""=_ (f + ffi) ± 11.(eir-ei1). 
Ma/ 2N 2 ' 

VA= eriSa 

M111=~MB 

VD=sa+e,_ H -H _SaN+(f+m>. 
l ' A - D- 2hN ' 

Special case 73/2a: Symmetrical girder load l(ffi = f; ei1 = eir) 

MB=M0=-! M 11 =.JfMB M.,=M!+MB; 

Sa f 
HA=HD=2h + Nh" 

Case 73/3: Girder loaded by any type of load, acting antisymmetrically 

(ffi= -f; ei1= -eir) 
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FRAME 73 

s.,., Appendix A, Load Terms, pp. 440-445. 

Case 73/4: Left-hand leg loaded by ~ny type of vertical load 

s 
B 

--i---o---

M -M•+YiM· . 111- y h B• 

H -H _cxe,-Mc 
A- n- h 

Ho 

r;-

Case 73/5: Both legs loaded by any type of symmetrical vertical load 

Note: All terms refer to the left leg. 

Case 73/6: Both legs loaded by any type of antisymmetrical vertical load 

ts 

Note: All terms refer to the left leg. 

·1' 
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See Appendix A. Load Terms, pp. 440445. 

Case 7317: Left-hand leg loaded by any type horizontal load 

w 

i------l------< 

M B" = ±fl e, - m k. M =Mo + ?!.! M . 
M 0 / 2 2 N ' Y1 Y h B ' 

@51 oce51 - Mo 
Vn=-VA=y; Hn=--h-- HA=-(W-Hn)· 

Case 73/8: Both legs loaded by any type of symmetrical horizontal load 

w 

i------ l ____ __, 

mk 
MB=Mc=-y; H -H · __ @S,+MB 

.i- n- h 

Note: All terms refer to the left leg. 

Case 73/9: Both legs loaded by any type of antisymmetrical horizontal 
load 

w w 

"~ ___ l _______ - A 

T1 
r-~ 

2 e;, 
Vn= -VA =-l-; 

Nole: All terms refer to the left leg. 
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FRAME 73 

Case 73/10: Two equal vertical concentrated loads at Band C 

p p 

~. There are no hendin11: momentB 

14 -
lJ 

l 

VA=Vn=P 
Pa 

HA=Hn=-,;· 

Case 73/11: Vertical concentrated load at B 
p 

Mn"-= ±Pa{J 
Mc/ 2 

y x' -x 
M 111 = -M112=Ji,MB M.,=-b-Mn; 

Vn=ct.P 
Pa 

VA=(l-oc)P; HA=Hn= 2 h · 
Note: Moments are antisymmetrical. 

Hp 

1;-

Case 73/12 and 13: Vertical couple Pb at the corners B and C and addi
tional horizontal concentrated load W, acting at the 
girders (antisymmetrical load) 
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Frame 74 

Symmetrical trapezoidal rigid frame with horizontal tie· 
rod. Externally simply supported. 

Shape o( Frame 
Dimensions and Notation• 

N=2k+3 

i--x--r--x'--< 
81 1C r------ ------J 

T ./' l' '\~\l 1 
~ 'I ::., \l 1 

...L "z z 'l ~-1 

~ t~ t~ 
This sketch shows the positive direc
tion o( the reactions anti the coordi· 
natea assigned to any point. For sym· 
metrical loading o( the frame use )' 
and y'. Positive bending momenta 
cause tension at the (ace marked by 

Coefficients: 

a 
l'J.=y 

3J2 E l 
L--·-·-· - h2Fz Ez b' 

a dashed line. 

Nz=N+L. 

E = Modulus of elasticity of the material of the frame 

Ez= Modulus of elasticity of the tie rod 

F z = Cross-sectional area of the tie rorl 
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FRAME 74 

ISee Appendix A, Load Terms, pp. 440-445. ) 

Case 74/1: Entire frame loaded by any type of vertical load, acting sym· 

metrical1y 

z = N ei11 + 911 le+ N S2 a + 2 ~2 _ 

hNz 2hNz ' 

Note: All the load terms with the suhscript I re£ er to the le£t Ir~. 

Case 7 4/ 3: Left-hand leg loaded by any type of horizontal load 

w 

i--a. b 
I 

~ 

fze 

l 

Z=Nel1+ 9llc . 
2hNz ' 

-<:! 

D 
~ 

MB= (1-Q()ei,-Zh 

-~ i z 

1 

I 
j 
l 
i 
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See Appendix A, Load T~rms, pp. 440-445 . 

. Case 7 4/2: Girder loaded by any type of vertical load 

!s 

z = N Sa+(~+ Ill). 
2hNz ' 

Vn=Sa+~. 
l ' 

Mn= (15,+ Sa)oc-Zh Mc = (Sa+ 151)oc-Zh 

Case 74/4: Left-hand leg loaded by any type of vertical load 

Z =Nl5,+ lllk. 
2hNz ' 

Mn= (l-oc)l51 -Zh 
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FRAME 74 

Ser. Appendix A, Load Terms, pp. 440-445. 

Case 74/5: Right-hand leg loaded by any type of horizontal load 

z = -(w !!.__Ne,+ u)* 
Nz 2hNz 

V..t=-VD=~'; HA=W; 

Mn= - .(W+ Z)h+cx.e, M 0 = -(W+ Z)h+ (1-oc)e, 

Case 74/6: Both legs loaded by any type of horizontal load, both members 

carrying the same load (Symmetrical load) 

.l!. 

i--a~--~-0'-~_..,,..__a~ 

I I 

Le,+m/C 
Mn=M0 = -(e,+Zh)=- Nz 

Mv=M~+i-Mn. 

Note: All the load terms re£er to the le£t leg. 

•For the above two loading conditions and for a decrease in temperature (p. 271 bottom) Z becomes negulive, 

i.e., the tie rod is stressed in compression. This is only vulid if the compresHive force is smaller than. the tensile 

force due to dead loa.d, so that a residual force remains in the tie rod. 

,, 

I 
., .. :· •.. 

, 

' J 
~ 
.~ 
l 
j 
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Case 74/7: Horizontal concentrated load acting at the girder 

p c 
~ -~~--1 

0 

~ !J 
~D 

,._~~~~-l~~~~--' 

p N 
Z=2·Nz ; 

Ph 
Vn=-V..t=-l-; H..t=-P; 

MB= [(1-ix) P-Z]h Ma .= (ixP-Z)h; 
x' x 

M.,=fjMB+fjMC 

Case 74/8: Two equal vertical concentrated loads at Band C 

~ 
-+---~-0~-<-~ ....... 

Pa N 
Z = - ·-· 

h Nz' 
Mn=M0 =Pa-Zh 

Case 74/9: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
f = Coefficient of thermal expansion 
t = Chanire of temperature in cleirree~ 

Note: If the temperature decreases, the direction of all forces i~ rever,~d, :ind tl11' 
signs of all moments are reversed.* 

•See footnote on page 270. 
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Frame 75 

Symmetrical hingeless, trapezoidal rigid frame. 

-'----h----a
' I 
I 
I 
I 

Shape of Frame 
Dimensions and Notation• 

+ _r 

This !:lkelch shows Lhe positive direclion or the reactions 

und the coordinates ussigned Lo uny point. For sym· 

metrical loading of the frame use y and y'. Positive 

bending momeults cuuse 'tension al the face murked by 

a dushed line. 

Coefficients: 

~=-I \ {J=t; 
X2 = k(l +Pl+ /J(l + k); 

t,N 2 = 2(1 + fJ + fJ2)k + p2. 

Case 75/l: Uniform increase in temperature of the entire frame 

~i----b~---'~ 

MA=Mn=+T(k+l) 

MA-MB 
HA=Hn= h ; 

E = Modulus of elasticity 

• = Coefficient of thermal expansion 

t = Change of temperature in <le11:rees 

Constant: 

MB=Mc=-Tk; 

y' y 
M 11 =-,;;MA+};MB. 

Note: If the temperature decreases, the direction of all forces is reversed, and tlll' 

signs of all moments are reversed. 
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See Appentlix A, Load Term•, pp. 4-l0-44S. 

Case 75/2: Girder loaded by any type of vertical load 

!s 

Constants: 

Special case 75/2a: Symmetrical girder load (ffi = f; e, = e,) 

MA=MD=+3;1 My=.ll:f;._·(1-31f); VA=VD={ 

2~ Sa f 
MB=Mc=-3N1; M.,=M!+MB; HA=HD=2h+hN1" 

Case 75/3: 

MD=-MA=oce,~2+,Bf MB=-M0 =ocer-.BMD; HA=HD=O; 

VA= -Vn= er+l2MD = er-;Mn; 111.,=M! + x' ~ x·Mn. 



• t 
- 274-

FRAME 75 

(See. Appendix A, Loud Terms, pp. 440-44fi.) 

Case 75/4: Left-hand lej!: loaded by any type of vertical load 

!S 
B 

~ 
-11..,....__ __ IJ_......__~ 

Case 75/5: Both legs loaded by any type of symmetrical vertical load 

------l-~~~~ 

M -M __ ~K1-9lk 
A- n-

Note: All the load terms refer to the left half of the frame. 
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See Appendix A, Load Term•, pp. 440445. 

Case 75/6: Left-hand leg loaded by any type of horizontal load 

:--a-"~~-b~~-

' 

Case 75/7: Both legs loaded by any type of symmetrical horizontal load 

w 

r--~~~~.l~~~~--

M -M __ ~K1-:Jlk 
..i.- n- 3N1 

H -H __ er-MA+MB . 
..i.- n- h ' 

V..i.=Vn=O; 

~: Note: All terms refer to the left leg. 

w 

M11=M;+ {MA+~ MB; 

M.,=MB. 



• - 276-

FRAME 75 

See Appendix A, Load Terms, pp. 440-445. 

Case 75/8: Both legs loaded by any type of antisymmetrical vertical load 

s 

x'-x 
M.,=-b-·MB. 

Note: All terms refer to the left leg. 

Case 75/9: Vertical couple Pb at the corners B and C (cf. case 73/12, 
page 266) 

Substitute in case 75/8: 
S=P e,=Pa; f=9t=O 

Case 75/10: Both legs loaded by any type of antisymmetrical load 

w 

_____ ] _______ _ 
-------l'.-------' 

M _ M _ {Je1K2 +(f+{J9t)k 
n - - A- N2 

MB= - Mc = {J (e, - MD); 

2(e, - MD). 
VD =-VA l ' 

Mu and Mx same as case 75/ 8. 
Note: All term• refer lo the left leg. 
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Case 75/11: Two equal vertical concentrated loads at Band C 
p p 

~ 
There are no bending moments 

-+-----.b a-i 
o<:! I 
L __ ~i1: J_ 

V4=Vn=P; 

Pa 
HA=Hn=T · ~ 

i------l . tl/j 
Case 75/12: Vertical concentrated load at B 

p 

:z 
~-----h--+--1-~ 

M --M _Paf3k(2+{J) . 
B- a- 2N2 ' 

V _2MB 
n- b 

; •; 
~ Note: Moments are antisymrrietrical. 

r. :\ote: The moment diagram is antisymmetrical and similar to case 75 / 12. 

~ 



• - 278 -

Frame 76 

· Two-hinged trapezoidal rigid frame with legs of different 
slopes and lengths. 

Shape 0£ Frame 
Dimensions and Notation• 

This sketch shows the positive direc• 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

farP marked by a dashed line. 

Coefficients: 

~ ~ v 
oc1 = T {Ji = 1 - oc1 oc2 = T flz = 1 - OC2 ; r =hi,*) ; 

m1 =noc1+{J1 B=2mi(k1+l)+m2 K1 ={J1 B+oczG 
m

2
=oc2+n{J2 ; 0=m1 +2m2(l+k2) K 2=oc1 B+{J2 0; 

N=m1 B+m2 C=K1 +nK2 • 

Equations for moments at any point of frame 76 
for all loading conditions 

Due to corner moments: 

To these moments add the moments M;, and M: resp. for directly loaded mem· 

hers only. 

*When h, > hi, v and r become negative. 
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Case 76/1: Girder loaded by any type of vertical load 

Se., Appendix A, Load Terms, pp. 440.445. 

!s 

Constant: 
a= a1a2. X- fm1 + e,°'1B+ Sa(B+ 0) + e,°'20+ 9lm2 

l ' - N 

MB=°'1 e,+sa-m1X Mc= Sa + Q(2e11-m2X; 

V - e,+Sa2+rX Vn=S-VA,· H H X 
A- l A= n=-;;;;_ · 

Special case 76/la: Symmetrical girder load (ffi = f; e, = e1,) 

X = ~ (m1 +m2) + (Sl/2)[B°'J.}131+°'2)+0°'2 (°'1 + /12)). 

MB= s°'l (~ +a2)-m1X Mc= S(l(2(a1 + ~)-m2X; 
S(b ) rX S( b) r X 

VA= T 2 + a2 + T V n = T a1 + 2 - T = S - VA. 

Case 76/2: Uniform increase in temperature of the entire frame 

~ t-<Zt"i' I /J 
I / 
I , 

I 
I 
I 

~ 
~, ..:!"" 

l l l _____ _ 
L A _____ ----.:: 

°' T 

~ fi------ -------i 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = Change of temperature in de1trees 

Hg Constants: 

- X= 6EJ3et(l2+v2) 
lbh1 N 

Note: If the temperature decreases, the direction of all forces is reversed, and the 

signs of all moments are reversed. 
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FRAME 76 

Se<' App .. ndix A, Load T .. rn1;, pp. 440-445. 

Case 76/3: Left-hand leg loaded by any type of vertical load 

IS 

I 
i----~~-l-------..J 

Constant: 
MB=/31 e,-m1X 
Mc =oc2 ei1-m2 X; 

x 
VA=S-Vn; HA = Hn=h;_· 

Special case 76/3a: Vertical concentrated load at ridge B 

M _ + Pboc1nC Mc=_ Pboc1 nB. 
n- N N ' 

Vn=MB~Ma VA= P- Vn; HA =Hn= ph:1:1 

Case 76/4: Left-hand leg loaded by any type of horizontal load 

I 

------t ---_ _j -~ i 
Constant: 

X- ei1K 1 +ffik1 m1 
- N 

Mn=/31 ei1-m1 X 
Mc = oc2 ei1 - m2 X; 

Special case 76/4a: Horizontal concentrated load at ridge B 

_ Ph2bC M _ _ Ph2bB. 
MB-+ lN c- lN , 

• l 
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See Appendix A, Load Terms, pp. 440-445. 

Case 76/5: Right-hand leg loaded by any type of vertical load 

Constant: MB=°'1 e,-rtiiX 
Ma = fl21!5, - m2 X; 

FRAME 76 

x 
Vn=S-VA; HA=Hn=h1 • 

1; Special case 76/5a: Vertical concentrated load at ridge C 

MB_=_Pb!/c Mo=+Pb;.2B; 

VA=Mo-MB 
b 

Case 76/6: Right-hand leg loaded by any type of horizontal load 

Constant: 
MB=°'1 e, - m1X 
M 0 ={J2 S,-m2 X; 

x 
HA=h1 Hn=-(W-HA). 

Special case 76/6a: Horizontal concentrated load at ridge C 

Formulas same as for special case 76/ 4a with all signs inversed. 
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Frame 77 

Unsymmetrical trapezoidal rigid frame with horizontal 

tie-rod. Externally simply supported. 

Shape of Frame 

Dimensions and Notations 

Coefficients: 
Js 81 

k1 =Ti·-;; 

Pi= l -oc1 

f.-.1'--l-X'---j 

B' l(J 

{----~; ------ ~~~-----t 
t l ~~... ;;:I:' 

--L! ~ z z ~ !!J 

~ f !4 inf 

This sketch shows the positive direc· 

lion of the reactions and the coordi· 

nates assigned to any point. Positive 

bendin~ moments cause tension at the 

face marked by a dashed line. 

B=2k1 +3 
C=3+2k2 

K1 ={J1 B+oc2 C 

K2 = oc1 B + {J2 C; 

P2 = 1 - ocz; 

L= 6J3 .!E_.L 
h2Fz Ez b' 

N=B+C=K1 +K2 Nz=N+L. 

E = Modulus of elasticity of the material of the frame 

Ez = Modulus of elasticity of the tie rod 

F z = Cross-sectional area of the tie rod 

Equations for moments at any point of frame 77 

for all loading conditions 

Due to corner moments: 

To these moments add the moments M;, and M; resp. for directly loaded mem· 

hers only. 
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Case 77 /l: Girder loaded by any type of vertical load 

(See Appendix A, Load Terms, pp. 440445.) 

Is 

a= a1a2. 
l ' 

Z - ®,ot1B + e>,ot20 + SaN + (2+ Ol). 
- hNz ' 

FRAME 77 

VA= ~r +Sot2 (V.&+VD=S); 

Special case 77 /la: Symmetrical girder load (Ol = 2; ®1 = elr) 

Z = 2 2 + (S l/2)[B otd/Ji + ot2) + 0 otz (ot1 + {J2) . 
hNz ' 

Case 77 /2: Uniform increase in temperature of the entire frame 

m 
--~~~~l~~~~--il 

MB= Mc= -Zh 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = l.hange of temperature in dep;re1>s 

Z= 6EJ8 etl. 
bh2 Nz ' 

Nore: If rhe lemperalure decreases, the direclion of all forces is reversed, and th" 

signs of all moments are reversed.• 

*See footnote on page 285. 
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FRAME '17 

Sep Appendix A, Loa<l Tern1', pp. 440-445. 

Case 77 I 3: Left-hand leg loaded by any type of vertical load 

B ~ 

--'---/J--+.--;..i--~ 

Z=e1K1+9lk1 • 

hNz ' 

MB= fJ1 e, - z,,, Ma = OC2 e, - z h . 

Special case 77 /3a: Vertical concentrated load at B 

VA = fJ1 . p = p - VD ; 

M 0 =Pa1·oc2 -Zh. 

Case 77 /4: Right-hand leg loaded by any type of vertical load 

!S 

f_ __ l)~~o 
ti,? 

Z = ®rK2+fk2 . 

hNz ' 
MB=oc1 er-Zh 

VA = ~r VD = S - VA ; 

Ma ={J2 er-Zh . 

Special case 77 I 4a: Vertical concentrate<l load at C 

VD= {J2 • p = p - VA j 

M0 Pa2 ·{J2 -Zh . 
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See Appendix A, Load Terms, pp. 440-445. 

Case 77 /5: Left-hand leg loaded by any type of horizontal load 

-~.i-- a1--+1 
I 

I 
I 
I 
I 
I 
I 

C::C:E-~~~~;:,....--l~~~~~O • 
--14 ___ l .... ~::.::.~~~~~~z--~o 
-~ tlO 

Z= '!61K1 + ffik1 . 

hNz ' 
Mn=fJ1 '!61 -Zh 

Special case 77 /Sa: Horizontal concentrated load at B 

K1 Z=P·-· 
Nz' 

Mn= (fJ1 P-Z)h 
Ma= (cx2 P-Z)h 

Case 77 /6: Right-hand leg loaded by any type of horizontal load 

.w 't ,. 

~ -~ 
~ 
t-z 

Z=-(w!!__- 'S,K2+fk2)*); 
Nz hNz 

Mn= -(W+Z)h +cx1 'S, Ma= -(W+Z)h+{J2 '!6,. 

0 

i-19 

* For the above loading conditions and for a decrease in temperature (p. 283 bottom) Z becomes negative, i 
the tie rod is stressed in compression. This is only valid if the compressive force is smaller than the tensile fo1 
due to dead load, so that a residual force remains in the tie rod. 
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Frame 78 

Unsymmetrical two-hinged trapezoidal rigid frame. 

Hinges at same elevation. 

i--:r~~ 

o: !c 
f----- -------T 

t ,/ "1"1"1"1.,"I f 
.,,;;- ~ ' ;:://' 

J-. l _L. 

1 t~ iot Hp 

Shape or Frame 
Dimensions and Notation~ 

This sketch shows the positive direc· 

tion or the reactions and the coordi· 

nates assigned to any point. Positive 

l.endinR moments cause tension at the 

ra~., marked by a dashed line. 

All coefficient~ and formulas for external loads of frame 78 are the same as those 

for frame 76, with the simplifications (h1 = h2) = h, v = 0, n = I, r = 0, 

(m1 = m2) = 1, and 

B=2k1 +3 
0=3+2k2 

Ki =fJ1B+(J.2G 

K2 =(/.1 B + fl2G 
N=B+O=K1 +K2. 

Note: The equations for frame 77 may also be used for frame 78 when L = 0 and Nz = N 

are substituted. It must be remembered, however, to indude the effect of the tie-rod force Z 

in the reactions of HA and Ho. 

Case 78/l: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = Change of temperature in degrePs 

M -M __ 6EJ3 etl 
B- a- bhN 

Note: IC the temperature qecreases, the direction of all forces is reversed, and th<· 

signs or all moments are reversed. 
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Frame 79 

Trapezoidal rigid frame with legs of different slopes and 
lengths. One support fixed, one support hinged; sup· 

ports at different elevations. 

Shape of Frame 
Dimensions and NotationH 

{J=fin+rJ.2 

D= (1 +2y)k2 

K ={JD-I 

i--.x ------+--.r~ 
o: IC 

J----r~ ----- ~~-----t 

f ~ ..,,. 
:or ~<i-Lllo 

__l_ \.. • jMo 

II,, t 7 ~ ~ 

This sketch shows the positive. direc· 
tion of the reactions and the coordi· 
nates usigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

R1 =2(k1 +1 +{J2 k2) 

R2 = 2 (1 + k2) + y (k2 + D); 
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FRAME 79 

See Appendix A, Load Term8, pp. 440-44a. 

Case 79 I I : Left-hand leg loaded by any type of ver~ical load 

I 
t---

IS 

B 
J, 

--.-b-----l--, 

Constants: 

c;a1 = 2ne,p k2 - 9tk1 X 1 = + c;a1 n 11 - c;a2 n 21 

c;a2 "'." ne,D; X2 = - c;a1 n12 + c;a2n22. 

Case 79/2: Left-hand leg loaded by any type of horizontal load 

w ..,,... J, 

L--~- ~ 
I 
I 

I I 
f.o------l 

+ 

All the formula11 are tllf' 11ame a11 ahove, except tho11e for Hand V-forN•11: 

1 

4 
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FRAME 79 

(See Appendix A, Lo11d Terms, pp. 440-44!;.) 

Case 79/3: Right-hand leg loaded by any type of vertical load 

Constants: 

CB1 = (2\!r - 9l)/3 k2 

CB2=\!rD-(~ +y9l)k2; 

MB=-X1 Ma=X2 

X1 = + CB1 nn - CB2n21 
X2 = - CB1 n12 + CB2n22. 

Mn= -er+ {3X1 +yX2 ; 

V _X1+X2 
.A- b 

H -H _bX1+cx1X2 
A - D- h1 

Case 79/4: Right-hand leg loaded by any type of horizontal load 

.--~~b~~----<lz~ 

'II 

f_~-~-

' ' 

:.:: pi 
I 
I 

. .!!'.. 

All the formula~ are the ~ame a;; above, except those for V- aml H-forct'~ 
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FRAME 79 

Case 79/5: Girder loaded by any type of vertical load 

See Appendix A, Load Terms, pp. 440-445. 

!J' 

Constants: Cl31 = ~ + 2 ( 0t2 e, - n 0t115,) {J k~ X1 = Cl31 ni1 + Sl32 ~1 
Cl32 =at- D (atz e, - na.115,); X2 = Cl31 n12 + Sl32n22. 

MB=-X1 Ma=-X2 MD=-(at2 '51 -nat1 '5,)+{JX1-yX2 ; 

V - e,+X1 -Xz VD=s-v. ·, H -H - ati(\5,-Xz) +0X1. 
A - b 4 ..4. - D - h1 ' 

M111=~MB 
x' x 

M., = M! + b MB+ b Ma 
Y2 y; 

M112= -h Ma+-h MD. 
2 2 

Case 79/6: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

Constants: 

T - 6EJ8 et. 
- b ' 

v lo v Z0t1 X1=T(Cl31nu-Cl32n2il 
Cl3i=7J+ h1 Cl3z= b+ hi; X2=T(Cl31n12-Cl32n22)· 

MB= -X1 Ma= -X2 MD=fJX1 -yXz; 

~-~ o~-~~ 
V..4.=-VD= b ; H..4.=HD= h1 

The formulas for M11 i. M11 1 and M,,, the same as above but with MIJ1)0= 0. 

Note: IC the temperature decreases, the direction of all forces is revert<ed, •md the 
signs of all moments are reversed. 

-----
•when h, > h., v becomes negati""· 
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Frame 80 

Hingeless trapezoidal rigid frame with legs of different 
slopes and lengths. Supports at different elevations. 

Shape of Frame 
Dimensions and Notations 

t--X-t--Z!..-.t 

r-----~: IL _____ 1 

~ 'l f f 'l ~ 
~ 'l-Lho 

~-'--v ':+-"~ M.* ~ ~ 

This sketch shows the positive direc· 
tion of the reactions and the coordi
nates assiRned to any point. Positive 
bending moments cause tension al the 

face marked by a dashed line. 

Coefficients: 

1. _ Ja.~ 
"'1 - J1 b 

J 3 s2 h. a 1 a2 
k2 =l;·b; n=ti; 0t1=b Otz=b; 

A= (2at1+3)k1 D=(3+20t2)k2; /J1=0t1+l /J2=l+oc2; 

R1 =2(A +at1 /J1 k1 +I +at~k2) K1 =nD-20t1k1 
R2=2(atik1 +I+ oc2 /J2 k2+D) K 2 =A-2at2 nk2 

R3 =2(k1 +nzk2); K8 =0t1 A+0t2D-l; 

N = R1R2R8 -2K1K2 K8 -R1Ki-R2K;-RaKi; 

~~-~ ~~+~~ 
n11 = N n12 = nz1 = N 

R1Ra -K~ 
nz2=-y-

R1R2-K; 
nss= N 

Note: For moments at arbitrary points due to all loading conditions for frame 80 see p . 2! 
bottom. 
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FRAME 80 

See Appendix A, Load Terms, pp. 440-445. 

Case 80/l: Left-hand leg loaded by any type of vertical load 

!" 
B 

i{j 

*--1---+--b-----. 

Constants: 

S82 = (2 e, - f) ot1 k1 X2 = - S81 n12 + S82 n22 + S8a ns2 
S8a = (2 e,- f) k1; Xa = - S81 n1a + S82n2a + S8snas · 

MA= -e,+{J1X1 + oc1X2+Xs MB=X1 
Mc=-X2 

VD=X1tX2 

Case 80/2: Left-hand leg loaded by any type of horizontal load 

All the formulas are the same as above, except those for V- and H-forces: 

HA=-(W-HD)· 

• Seep. 295 bottom for M 11 and M"' . 

* 

* 
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FRAME 80 

See App~ndix A, Load Terms, pp. 440-445. 

Case 80/3: Right-hand leg loaded by any type of vertical load 

!S 

Constant8: 

S81 = (2 e. - ill) oi:2 k2 X1 = + S81 nu - S82 nz1 + S8a na1 
S82 = e.D - (~ + /J2 ill) k2 X2 = - S81 n12 + S82n22 - S8ana2 
S8a = (2 e. - ill) n kz ; Xs = + S81 n1a - S82 nzs + S8a nas . 

M-"=X3 -{J1X1 -oi:1X 2 MB=-X1 
Mc=X2 Mn=-li?5.+oi:2X1+{J2 X2+nXa; 

V X1+X2 Xa 
A= b Vn=S-VA; HA=Hn=1i,1 · 

Case 80/4: Right-hand leg loaded by any type of horizontal load 

..£' ~"I L ___ 1l~ 
DI 

I 

f-.-----l-----1 

.if.. 

"' 

"' 

All the formulas are the same as above, except those for v. and H-forces: 

• Seep, 295 bottom for M 11 and Mz. 
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t•RAME 80 

Case 80/5: Girder loaded by any type of load 
See Appendix A, Load Terms, pp. 440-445. 

!S 

Constants: 

<;81 = l!roc1A - 2 e,oc;k2 - ~ X1 = - <;81 nl! - <;82n21 + <;83 n31 

<;82 = e, IX2 D - 2 er oti ki - m X2 = - <;Bl n12 - <;Bz nz2 + <;83 n32 
<;83 = 2 (el. IX1. kt+ n e, ot2 k2) ; X3 = - <;Bl n13 - <;82 n23 + <;83 naa. 

MA= -oci('5.-X2)-/J1X1 +Xa MB= -X1 
Mn=-0!2('51-X1)-/J2X2+nX3 Mo=-Xz; 

v4 =e.+~i-Xz Vn=S-VA; HA=Hn=~:-

Case 80/6: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
r. = Coefficient of thermal expansion 
t = f.hange of temperature in dep;rees 

Constants: 

T - 6EJ8 et. 
- b • 

X 1 = T[f (n11 -n21)+ ~1 n31] 

X 2= T[~ (n12-n22)+ : 1 n32] 

X3 = T [ ~ (n18 - n2s) + : 1 na3]. 

.!L-.A....,=t-
1~t 
~r-..... ~----

X1-X2 
VA=-Vn=--b--; 

Liz-: 
I 
I 
I 
I 
I 
I 
I 

'o~ 

* 

* 

Note: If the temperature decreases, the direction of all forces is reversed, and th.
signs of all moments are reversed. 

*See p. 295 bollom. 
**When h'J. > hi. v hecomes ne,,;ut.ive. 
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Frame 81 

Hingeless trapezoidal rigid frame with legs of different 

slopes and lengths. Supports at same elevation. 

Shape of Frame 
Dimensions and Notations 

1---.X-----+-.x!....t 
D' Ir: 

.1---- - --------r 
l l 'I! -,;: 

I ~ 'I! I 
- ~ 'I! t 
~ f ~ 

tt.L ~ 'I!" --Ln. 
~~ WM· 

~ ~ 
This ske1ch shows the positive direc· 
tion ol the reactions and the coordi· 
nates assigned to any point. Positive 
h .. nding moments cause tension at the 

lace marked hy a dashed line. 

All coefficients and formulas for external loads are the same as for frame 80 with 

the exception that n = 1 (for h1 = h2 = h). See pp. 291-294 . 

For a uniform change of temperature there will he v = 0, and the coefficient! 

on p. 294 bottom are reduced to: 

T - 6EJ8 et .!__. 
- b h' 

X 3 = T naa· 

Equations for moments at any point of frame 80 (pp. 292-294) 

for all loading conditions 

The moments at the joints and the fixed end moments contribute to the 

total moment: 
Y~ Y1 

M 111 = h;_ M A + h;_ MD 
Yz Y; 

M vz= h-Mc +-h Mn. 
2 2 

To these moments add the moments M~ and M~ resp. for directly loaded mem· 

hers onh. 
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Frame 82 

Two-hinged trapezoidal rigid frame with one vertical leg. 
Hinges at different elevations. 

---1---b----< _________ :11 

.. - 1: 0 ______ l ___ r ' : 
' ----l----- .. .. ~ 

Shape of Frame This sketch shows the positive- direc· 
Dimensions and Notation> lion of the reactions and the coordi· 

nates assigned to any point. Positive 
I.ending moments cause tension at the 

fa~e marked hy a dashed line. 

Coefficients: 

J 8 8 J 3 h2 h2 a b 
ki = J;_ . b k2 = J;. . b; n = h~ ; <X = T (3 = T ; 

m=<Xn+(3; B=2m(k1 +l)+n C=m+2n(l+k2); 

K=<XB+C; N=mB+nC=f3B+nK; 

Case 82/ 1: Uniform increase in temperature of the entire frame 

E = ModuluR of elasticity 
e = Coefficient of thermal expansion 

t = Chanl?e of temperature in ,Jel?rees 

Constant: 

1(4 -
~ti..----

MB=-mX 
. rX 

VA= - VD=-z-; 

Note: IC the temperature decreases, the direction of all forces is reversed, and tlw 
signs of all moments are reversed. 

-----
*When _h, > h,, v and r become negative. 
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See Appendix A, Load Terms, pp. 440-445. 

Case 82/2: Left-hand leg loaded by any type of vertical load 

Constant: 

!" 

I 
I 

1 I 
1------l- -------! 

MB=f3S1 -mX 
Mc=-nX; 

x 
HA=Hn=-,;:;· 

Mu and M, same as case 82/1, with M; for M 11 1. 

Special case 82/2a: Vertical concentrated load Pat B 

Pab nG Pab nB 
MB=+-z-·N Mc= ~ -z-·N; 

FRAME 82 

Pab B 
HA= Hn = lh1 . N. 

M. and M, same as case 82 1. 

Case 82/3: Girder loaded hy any type of vertical load 

Constant: X - IX Be, + f m + m n 
- N 

MB= cxS,-mX 
Mc=-nX; 

x 
HA=Hn=Ji:· 

1 

Mu and M, same as case 82/ 1, with M; for M .. 
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FRAME 82 

I ::ie~ Appendix A, Load Terms, pp. 440-445.) 

Case 82/4: Left-hand leg loaded by any type of horizontal load 

w ~J.i 

L o 
I 

~ I 
1 I 
----l------t 

ConRt:mt: 
Mn=Pe,-mx 
Mc=-nX; 

Mu and M, samt; as case 82/1, with M; for M 111 • 

Special case 82/4a: Horizontal concentrated load Pat B 

Phd30 M Ph2 PB. 
Mn=+ N c=--il-, 

Mn-Mc PnK PPB 
V1>=-VA= b ; HA=-~ Hn=N-. 

M 11 and M. same as case 82/1. 

Case 82/5: Right-hand leg loaded by any type of horizontal load 

-~--J 10 
:-.; I 0 : 
i------l-----------i 

.lL 

~Ii 
I 

v _ e,K + fk2 n Mn= ixe,-mX 
\.onRtant: ,i 

~ - N · Mc=e,-nX; 

e,+rx x v A = -- v D = l ; HA = hi HD = - ( w - HA) . 

M 11 and M. same as case 82 / l, with M' for M 112 • 
y 
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Frame 83 

Trapezoidal rigid frame with horizontal tie-rod and one 
vertical leg. Externally simply supported. 

Shape of Frame This sketch shows the positive direc-
Dimensions and Notations tion of the reactions and the coordi-

Ja B 
ki= Ji "7) 

B= 2k1 +3 

N=B+O 

nates assigned to any point. Positive 
hending moments cause tension at the 

face marked hy a dashed line. 

Coefficients: 

Ja h 
kz= J2 ·-,; 

0=3+2k2 
6J3 E l 

L= h,2Fz. Ez ·-,; 

b 
fl=7 

K=r1.B+O 

Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Case 83/ 1: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in de~rees 

z- 6EJ3 etl. 
- bh2Nz ' 

MB=M0 =-Zh M 11 =-Zy1 

Note: If the temperature decreases, the direction of all forces is reversed. Hnd th1 
signs of all moments are reversed. See footnote on page 301 

*Ho occurs when the hinged support is al D. 
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FRAME 83 

See Appendix A, Load Terms, pp. 440-445. 

Case 83/2: Left-hand leg loaded by any type of horizontal load 
(Hinged support at A) 

~a---r-~-o~ 

J iB io 

.!!'.. 

e 
VD=-VA=T; HA=-W; 

M 0 = - Z h; M vi= M; + 1::- Mn. 

Special case 83/2a: Horizontal concentrated load Pat B 

Z - p.fJB. 
- Nz' 

Mn= ({J P-Z)h 

Ph 
Vn=-VA=z; 

Mo= -Zh. 

HA=-P; 

(M~=O). 

Case 83/3: Right-hand leg loaded by any type of horizontal load 
(Hinged support at D) 

.---+--- b----1 :8 :c 

I , ___ ----i 

z e,K +:u2 
hNz 

Mn=oce,-Zh 

.K 
Nyz 

AtL--z-----z-~1 ~ 
~ -~i 

HD=-W 

Mo= e,-Zh 
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See Appendix A, Load Terms, pp. 440445. 

Case 83/4: Left-hand leg loaded by any type of horizontal load 
(Hinged support at D) 

i---ii--+----

l ~lo.,..~..,..~ ..... ....,; 
iJ 

w 

FRAME 83 

z = -(w!!_ _ {JBf!J1 + iltk1)* 
Nz hNz 

e 
Vn=-VA=T; Hn=W; 

MB= - ( w + Z) h + fJ e, M 0 = - ( W + Z) h; 

Case 83/ 5: Right-hand leg loaded by any type of horizontal load 
(Hinged support at A) 

--r--- b---i 
le 

Z = -(w!!_- f!JrK + U2)* 
. Nz hNz 

MB= -(W +Z)h+ocf!Jr Mo= -(W+Z)h+f!Jr; 

*For the above loading conditions and for a decrease in temperature (p. 299 bottom) Z become1:1 negative, i.e., 
the tie rod is stressed in compression. This is only valid if the compressive force is smeller than the tensile force 
due lo deud load, so that a residual force remains in the tie rod. 
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FRAME 83 

See Appendix A, Load Term>, pp. 440-445. 

Case 83/6: Left-hand leg loaded by any type of vertical load 
(Hinged support at A and D) 

0 

e, 
Vn=z 

M 0 =-Zh; 

VA=S-Vn; 

M 111 = M; + ~1 MB . 

Special case 83/6a: Vertical concentrated load Pat B 

Z·h= Ptb·~; VA=fJP Vn=ixP; 

Mn=P~b-Zh M 0 =-Zh . (M;=o). 

Case 8317: Girder loaded by any type of vertical load 
(Hinged support at A or D) 

Z ixBeir+(f+Dl). 
= hNz ' 

V er 
A=T 

MB=«eir-Zh M0 =-Zh; 
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Frame 84 

· Two-hinged trapezoidal rigid frame with one vertical leg. 
Hinges at same elevation. 

--~-!J---. 

~----....::c 

D 

Shape of Frame 
Dimensions and Notation• 

.--:r:~~ 
B1 :c _r------- ----- --:.r_. 

f //' i f 
t 9 I ~ L ,/' 1__t 
14 t~ ~ t 10 

This sketch shows the positive direc
tion of the reactions and the ceordi· 
na(es assi11:ned to any point. Positive 
hending moments cause tension at the 

far~ marked by a dashed line. 

All coefficients and formulas for external loads of frame 84 are the same as those 

for frame 82, with the simplifications (h 1 = h2) h, ~ = 0, n = m = l, r = 0, 

and 

0=3+2k2 

N=B+O={JB+K. 

:'iote: The equations for frame 83 may also be used for frame 84 when L = 0 and Nz = N 
are substituted. It must be remembered, however, to include the effect of the tie-rod force Z 
in the reactions of HA and Hn. 

Case 84/1: Uniform increase in temperature of the entire frame 

_A 
14 ~ 

t---IL----0 -
I I 
I 
I 
I 
I 

I 
I 
I 

E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degrees 

6EJ3 etl. 
bhN 

Note: Ir the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed. 
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Frame 85 

Trapezoidal rigid frame with one vertical leg, hinged . at 
bottom. Other leg fixed. Supports at different elevations. 

Shape of Frame 
Dimensions and Notations 

f--X-t-X!...i 

Bi \C r- ---- --J 

""t~ : 'l'l'l t 
I 'l ~ 

f • I 'l~ -LHo 
I '-~,/Mo 

~ t ~· 
~ 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bendin111 moments cause tension at the 

lace marked by a dashed line. 

Coefficients: 

Js s· 
kz= J2. b; 

l 

a 
ot= b 

Ji.= ; D= (1+2.A.)kz; 

K=PD-1 

N=R1 R2-K2 ; 

R1 =2(k1 +1 + f12 k2) 

R2 = 2 (1 + k2) + Ji.(kz + D) ; 

R1 
n22= N. 
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FRAME 1l5 

Case 85/l: Vertical and horizontal loads at C 

Constants: 

I 
·. I 

I I 
~----l ----->-i 

X1 = (P,a +·Pwh2) (+ 2,8 kznn -Dn21) 
X2= (P,a + Pwh2) (- 2{1 kzn12 + Dn22) . 

Mn=-X1 

V..t=X1~X2 
Mo=X2 MD=-(P,a+Pwh2)+{JX1+AX2; 

X1 
VD=S-VA; B..t=y;:; HD = -(Pw - HA); 

/ Case 85/2: Uniform increase in temperature of the entire frame 

E = Moclulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in dej!:rec8 

Constants: 

T - 6EJ3 et. 
- b • 

X1= T(ci31nn -5a2n21) 
X 2 = T(ci31n12 - ci32n22). 

MD=fJX1 -AX2; 
X1 

B..t=HD= hi. 

The formulas for M11 i, M11 1 and Ms are the same as above. 

Note: If the temperature decreases, the direction of all forces is reversed, and the 
signs of all moments are reversed; 

-----
*When h, > h., v beromes negativr. 
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FRAME 85 

See Appendix A, Load Terms, pp. 440-445. 

Case 85/3: Girder loaded by any type of vertical load 

\8 

Constant: 

<:8 1=f+2ix,Bk2e1 X 1=<:81n11 +<:82n21 
<:82 = 9l - ixD e,; X2 = <:81 n 12 + <:82n 22 . 

MB7-X1 Mc= -X2 Mn= -ix'51+,BX1 -A.X2i 

VA=e,+~1 -X2 Vn=S-VA; HA=Hn=~:; 

Case 85/4: Left-hand leg loaded by any type of horizontal load 

.fr'. 

Constants: 

<:8 1 = 2n '51,8 k2 - 9lk1 X1 = + <:81 n11 - <:82n21 

<:8 2 =n'51D; X2= -<:81n12+<:82n22· 

MB=X1 M 0 =-X2 Mn=ne,-,BX1-A.X2; 

~+~ ~-~ H) 
Vn=-VA=-b-; Hn= h1 HA=-(W- n i 

o Y1M 
M111=My+ h1 B 
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FRAME 85 

See Appendix A, Loud Terms, pp. 440-445. 

), 

" · Case 85/5: Right-hand leg loaded by any type of vertical load 

!S 

" I I 
I r> __ ____, 

Constants: 

<;81 = (2 er - ffi) {J kz X1 = + <;81nu -<;82n21 

<;Bz = '5rD - (f + J. ffi) kz; X2 = - <;81 n12 + <;82 nz2 · 

Mn=-e1r+f3X1 +).X2; 

Case 85/6: Right-hand leg loaded by any type of horizontal load 

1---b---a--t 
LJ: I r- J.j w 

lA J, 
0 

" 

All tht> formulas are the !lame as above, except those for V- ancl H-forrt>!I: 

Hn= -(W-HA). 
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Frame 86 

Trapezoidal rigid frame with one vertical leg, fixed at 
bottom. Other leg hinged. Supports at different elevations. 

. ~ 

0 ..r l-~ 0 ____ l ___ _i' 'I 
I 
I 

Shape of Frame 
Dimensions and Notations 

1--x-+-a:4! 
n: le r------ ---- --~r.. 

;;;, v 't f r I ~ 
f • l 1....L1to 

lfA t~ 'f'~ 
l;4 

This sketch shows the positive direc
tion of the reactions and the coordi
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

Ja h2 
k2= J2"/j; 

y=l+oc.n 
l 

A=b; 

R1 =2 (k1 +1 + n 2 A2 k2) 

R2 =2(1 + k2) +y(kz +D); 

D=(l+2y)k2 ; 

K=J.nD-1 

N=R1 R2 -K2 ; 

R1 
n22= N. 
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FRAME 86 

Case 86/l: Gfrder loaded by any type of vertical load 

See Appendix A, Load Terms, pp. 440-445. 

1-----l-----< 

Constants: 

'81= f- 2oc ).n2 kz e, 
'82 = !R + ocnDe>, 

Mn=-X1 

v A = e, + ~1 - X2 

X1 = '81 n11 + '82n21 

X2 = S81 n12 + '82 nz2 · 

Mn= n(oce>,+ ).X1)-yX2; 

H -H _oc(e>,-X2)+/.X1. 
.. - n- hi , 

Y2M Y; 
M 112=h- c+h-Mn· 

2 2 

All other loading conditions follow the equations of frame 79 if 

oc1 = oc and {3 = /.n are substituted. 

In particular 

arbitrar~· vertical load on the left leg: see case 79/ l, p. 288. 

arbitrary horizontal load on the left leg: see case 79/2, p. 288. 

arbitrary horizontal load on the right leg: see case 79/ 4, p. 289. 

uniform increase in temperature of entire frame: see case 79/6, p. 290. 
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Frame 87 

Hingeless trapezoidal rigid frame with one vertical leg. 
Supports at different elevations. 

Shape or Frame 
Dimensions and Notations 

K 1 ==3nk2 -21Xk1 
K 2 = (21X + 3)k1 

i--x---i--.x~ 
a: :c T------ ----- --:.T 

T l ! t ;::,;- r/ I ...J.:. Ho 
J_ V \..I .I Mo 

HAM.\.+./ ~ 

~'" This sketch shows the positive direc-
tion .,f the reactions and the coordi
nates assigned to any point. Positive 
bending moments cause tension at the 

r a~e marked by a dashed line. 

Coefficients: 

R1 = 2 (K2 +IX Ak1 + 1) 

R2 = 2 (1X2 k1 + 1 + 3 k2) 

Ka =IX K 2 - 1 ; Ra= 2 (k1 + n2 k2) ; 

N = R1R2R 3 -2K1K2Ka-R1Ki- R2K~-RaK~; 

~~-~ ~~+~~ 
nu = --N-- n12 = n21 = N 

R1R3 --K~ 
n22= N 

R1R2-Ki 
nas = N 



r 
!; 

~. 

I 
.. I. 

- 311 - • 
FRAME 87 

Case 87 /l: Uniform increase in temperature of the entire frame 

E = Mo<lulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degre£ 

f'..onstants: X1 = T [-f (n11 - n21) + ~ns1 I 

X2 = T li (n12 -n22) + J1 na2] 

T = 6EJ3 et. X [v l J 
b ' a= T b (n1a - nza) +hi nsa 

MA=ocX2 -).X1 +X3 MB=-X1 

MD=nX3 -X2 Mo=-X2 ; 

X1 -X2 X3 
VA= -VD= --b-; HA=HD= h1. 

Note: If the temperature decreases, the direction of all for<:es is reversed, >1nd the 
signs of all moments are reversed. 

Equations for moments at any point of frame 87 

for all loading conditions 

The moments at the joints and the fixed end moments contribute to the 

total moment: x' x 
M.,=-;;MB+-;;Mo 

To these moments add the moments M; and M; resp. for directly loaded mem

bers only. 

•when h, > h., v becomes negative. 
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FRAME 87 

(See Appendix A. Load Terms, pp. 440-44!;.) 

Case 87 /2: Left-hand leg loaded by any type of vertical load 

fJ c 
~--.-0-•--1 

f I I Li- <4 ~ 

_J~~-J 0 ~ 10_j 
I 
I ----

Constants: 

'B1 = e,K2 -(H~+ ffi)k1 X1 = + 'B1 nu - 'B2~1 - 'Bana1 
'B2 = (2 e,- ~) otk1 X2 = - 'B1 n12 + 'B2n22 + 'Bsns2 
'Ba =(2 e, - ~) k1; Xs = - 'B1 n1a + 'B2 n2s +'Ba nsa · 

MA=-e,+..i.X1+otX2+Xa MB=X1 
M 0 =-X2 MD=nX3 -X2 ; 

V _X1+X2 VA=S-VD·· H -H _Xa D---b-- A- D-h,1" 

Case 87 /3: Left-hand leg loaded by any type of horizontal load 

..!:!'.. 

All the formulas are the ~ame a8 above, except those for V- an1l H-forcf'~: 

HA= -(W-HD)· 



- 313 - • FRAME 87 

Case 87 /4: Girder loaded by any type of vertical load 

!See Appendix A, Load Terms, pp. 440445.) 

!5 

Constants: 

~1 = el,rt.K2- f X1 = - ~1 nu+ ~2n21 + ~3na1 
~2 = 2el,rt.2k1 + 9l X2 = - ~1 n12 + ~zn22 + ~sna2 
~3 = 2el,rt.k1; Xa = - ~1 n13 + ~zn2a + ~anaa · 

MA=-rt.(S,-X2)-.l.X1+ .X 3 MB=-X1 
Mn=nX3 -X2 Mc=-X2; 

V - el,+ X1 - X2 V S V H - H - Xa A----b-- n= - A; A- n- h1. 

Case 87 I 5: Vertical concentrated load at B 

Constants: 

p 

X1 = Paki[ + (2rt. + 3)nn - 2 (rt.n21 + na1ll 
X2 = Pak1 [- (2rt. + 3)n12 + 2 (rt.n22 + nd] 
X3 = Pak1[-(2rt.+3)n13 +2(rt.n23 +naa)]. 

MA=-Pa+J.X1 +rt.X2+X3 Mn=nX3 -X2; 

VA=P-Vn.; 
Xa 

HA=Hn= h1. 
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FRAME 87 

Case 87 I 6: Right-hand leg loaded by any type of horizontal load 

Se., App~ndix A, Loud Terms, pp. 440-445 . 

Constants: 

. l!'._ 

tl32 = [3 e, - (f + 91)] kz 

tl3a = (2 e, - 91) n kz; 

MA=X3 -A.X1 -ocX2 

Ma=X2 

X1 = - S82 nz1 + tl3s ns1 
X2 = + S82 nz2 - tl3a na2 

Xa = - tl32 nzs + tl3s nss · 

MB=-X1 
Mn= -e,+X2+nX3 ; 

V _ V _X1 +X2 
A-- n---b- . 

Case 87 /7: Horizontal concentrated load at C 

C..onstants: 

--r--/J-
ci P 

X1 = Ph2k2(-3n21 +2nna1) 

X2 = Phzk2 (+ 3n22 - 2nnaz) 

X 3 = Ph2 kz(-3n23 +2nnaa). 

MA =X3 -,1.X1 -ocX2 

MB=-X1 
M 0 =X2 

Mn= - Ph2 + X 2 + nX8 ; 

X1 +X2 
VA=-Vn=--b-. 

f 

i 
l 
.j 
j 
·l 

l 
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Frame 88 

Hingeless trapezoidal rigid frame with one vertical leg. 
Supports at same elevation. 

Shape of Frame 
Dimensions and Notations 

r--.x--i--.x!...-1 
T _____ .o: IL 

.. T""' ----- .. ~ 
~ , t f ,t : ~ h ,' l...L11. 
~~ 't~ 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
hf'nding moments cause tension at the 

race marked by a dashed line. 

All coefficients and formulas for external loads are the same as for Frame 
87 (pp. 310-314) with the following changes 

n = 1. 

For a uniform change of temperature there will he v 
cients on p. 311 are reduced to: 

T '= 6EJ3 et.!_. 
b h' 

0, and the coeffi· 

X2= T'na2 X 3 = T'n33 • 
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Frame 89 

Symmetrical two-hinged gabie frame with vertical legs. 

Shape of Frame 
Dimensions and Notations 

Coefficients: k = ~ · !!.. 
Ji 8 

B=2(k+ l)+m 

r-x,-----x;jx1--+-x.Z\ 
~:z--t--ar~ I 
I l/J I 
I I 
I I 
I I 

ni lo [-- ------:.r ---i: .. 

t : t i t 
~ I ~ I ~ 
.l_ I ______ l : ~ 
Jt.tt i fife 

~ j--- ro ro---1 ir 
This sketch shows Lhe positive direction of the reucl.ions 
u111J coordinules assigned loony point. For symmetrical 
types· of loading use x. x' and y, y'. Positive bending 
momenls cuuse tension nt the fuce marked hy a dashed 

line. 

<p=f m=l+cp; 

0=1+2m; N=B+mG. 

Equations for moments at any point of frame 89 
for all loading conditions 

a) For unsymmetrical loading conditions: 

X~ Xi 
M~1 =M8 +-Mn+-Ma 

~ "' w w 

(w={). 
h) For symmetrical loading conditions: 

~ x y 
M., = M! + w Mn+ w M 0 M 11 = M! + hM n. 

c) For antisymmetrical loading conditions: 

M~ = -Mxi;My2 = - M 11i· 

For members that do not carry any load directly, cancel the values for 
M,o or M.0 , respectively. 
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FRAME 89 

Case 89/l: Rectangular load on the left girder 

rr. 
c 

-Ny 

-1 
---+---JV --tte 

ql2 
Mo=Iif+mMB; 

ql 
VE=g; 

X~ Xz 
M 2=-Mc+-MD· 

z w w ' 

Case 89/2: Rectangular load over both girders 

ql2 
M 0 =g-+mMB; 

V.A=VE=~; 
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FRAME 89 

!See Appendix A, Load Term•, pp. 440-445.) 

Case 89/3: Left girder loaded by any type of vertical load 

!3 

Case 89/4: Both girders loaded by any type of symmetrical vertical load 

Mn =MD= _ Cel,+;+mal -Mn 
H.i1=HE=-h-; 

M - ~ + m M - Be, - m ~ - m2 m. v, =VE= s. 
a-~, n- N , a 

Nole: All load Lerms refer Lo Lhe lefl girder. All corner moments are double Lhe values 

of case 89 /3. 

Special case 89/4a: Vertical concentrated load Pat C 

(el1= Pw/2; S= P/2) . 
Pl C Pl B P -Mn 

Mn=MD=-4·N Mo=+4·N; VA=VE=2; HA=HE=--,,,-. 
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FRAME 89 

See Appendix A, Load Terms, pp. 440445. 

Case 89 I 5: Both girders loaded by any type of antisymmetrical vertical 
load 

A ----------- £ 

t~ -~i 

Note: All load terms (ei, and M!} refer to the left girder. 

Case 89/6: Left girder loaded by any type of horizontal load 

1!. 

Constant: 
ce, - ~ -mm 

X = 2N . 

M 0 =- ~'+mX; 
Special case 89/6a: Horizontal concentrated load Pat B 

(W = P; l!ir = Pf; 1!11 =0; ~ = ffi = O) . 

M - Ph(B+G) MB = Ph+MD Ma = P2h + mMD; n- - 2N 
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FRAME 89 

Ser. Appendix A! Load Term•, pp. 440-445. 

Case 89/7: Both girders loaded by any type of symmetrical horizontal 
load 

ce,-~-mm 
N 

A---~ 

Be1,+m~+m2m 

N 
Note: All the load terms refer to the left girder. 

0 

Case 89/8: Both girders loaded by any type of antisymmetrical horizontal 
load 

M 0 =0; 

Note: All load terms W and e>, ·refer to the left girder. 

Special case 89/8a: Horizontal concentrated load Pat C 
(W = P/2; el1 = Pf/2). 

M 0 =0; 



< 
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See App~ndix A, Load Terms, pp. 440445. 

Case 89/9: Left-hand leg loaded hy any type of horizontal load 

Jf. 

Constant: 

MB=e, - x 

X = ei1 (B + 0) + ffi k 
2N e, 

Mc= 2 -mX; MD= -X~ 

x 
HE=-,;: HA= - (W-HE). 

Case 89/10: Both legs loaded by any type of symmetrical horizontal load 

if.. .w 

0 

1' 
-1---1[ 

I - ---TY___, 
<pB\!1+ m ffik 

Mc=-g, e,+mMB= N ; 

VA=VE=O. 

Note: All the load terms refer to the left leg. 

Special case 89/lOa: Two equal horizontal concentrated loads P at eor· 
ners B and D acting from outside 

(ei1=Ph; ei,=0; :ll=O). 

MB=MD=+Pf-~ M0 = - Pf·~; HA=HE=-~B=-P·<p;}. 
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FRAME 89 

Ca8e 89/11: Both legs loaded by any type of antisymmetrical horizontal { 
load See Appendix A, Load Terms, pp. 440-445: 

A 

J-~ 
M 0 =0; VE = - VA= \51/w; 

Note: The terms S 1 and W refer to the left leg. 

Special ca8e 89/lla: Two equal horizontal concentrated loads P at cor· 
ners Band D from the left(\51 =Ph; W = P). 

M _ M -Ph Ma=O·, VE=-V.=Ph/w,· HE=7-HA=P. I 
ea:: ~/l;,-Uniform inom~ in Oempe,.ou:e of ilie enti<e fr•m~e P· 32i. • 

Ca8e 89/13: Uniformly distributed wind pressure (and suction) normal to j 
all members. Use superp;ition at 89/14 and 89/15. ·~ 

' 1 

Note: p2 becomes negative for flat roofs. 

Formulas to ca8e 89/15 from p. 323: 

Referring to case 89/13: 

P1ah2 
MB= -Mn= - 2-+Pzafh 

M = P2a. z z' + :'.. M . 
z 2 8 B> 

P _ P1 - Pa Pz - P4 
la - --2- Pza = --2- · 

Ma=O; M11=P1a~YY' +f·MB 

VE= - VA= P1lh2 + Pza(2mlh-a2); 

Q.=P2as(~ - :)-~B· 

i 
i 
~ 

' ;1 

' ~ 
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FRAME 89 

Case 89/14: Entire frame loaded by external pressure normal to all mem· 
hers. (Symmetrical load) 

Referring to 89/13 and 89/15: 

M _ P1shf + P2.(w2- /2) + M . o---2- 2 m B> 

M = P11. y y' + JL . MB 
II 2 h 

V.A=VE=p~l; 

A---~ 

i-!4 

Note: For a flat roof M 8 = MD becomes negative. 

0 

Case 89/15: Entire frame loaded from the left by pressure normal to all 
members. (Antisymmetrical load-pressure and suction) 

Formulas to case 89/15 seep. 322 bottom. 
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Frame 90 
Symmetrical gable frame with vertical legs and horizontal 

tie-rod. Externally simply supported. 

Shape of Frame 
Dimensions and Notations 

J--X1--+-Zf-t--.Xa--+-.X}--+'i 

\-.r-t-z'---1 i 
I I I 
I I 
I I 
I I 
I I 

81 10 r- --T 

~ I T t i I ~ LI z z 't-1 
HA \4 t--IV IV--t !l 

This sketch shows the positive direction of the reactions 
and coordinates assigned to o.uy point. For symmetrical 
types of loading use z, z' and .Y, y'. Positive bending 
moments cause tension at the face marked by a dashed 

line. 

Coefficients: 

J2 h I 3J2 E l 
k= J 1 ·8; <p=h; L= h2Fz.Ez · -;; w=2; 

m=l+<p; B=2(k+I)+m 0=1+2m; 
N=.B+mC; Nz=:=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Frame 89 continued: 
Frame 89/12: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
F. = Coefficient of thermal expansion 
t = Clnllll.(e of temperature in del.(ree' 

3EJ2 l· et 
MB = MD = - --;rasr-

M 0 = m~wB; 

-MB 
HA=HE=-,,,-. 

Note: Ir the temperature decreases, the direction of all forc·es is rever.ed, 11nd tlic 
signs of all moments are reversed. 
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Case 90/l: Both halves of the girder loaded by any type of vertical load 

S.:e Appendix A, Load Tenn•, pp. 440445. 

!S2 
c 

z 
A'-.;;.--------~-" 

z ~ t!4 
z = c es,. + f1 +mm. + c es,%+ !Hi+ m f2. 

2h Nz ' 

V . = s. + esr1 + es,2 vE = es11 + es,2 + s2. 
n 2 Z l Z 2' 

Mc= ~1 + es22 - Z (h + /); 

0 X~ X1 
Md=M 1 + -Mn+-Mc ., w w 

Note : IE the load acting on the girder is symmetrical about C, !R2 = i!a. i!2 = !R1. 
15,2 = 1511 and VA = VE = 82 = Sa. 

Case 90/2: Uniform increase in temperature of the entire frame 
~ / , __ 

~s ~cf.07:ii(lh~ 
\ 

\ 

z ;z z 
Z = 3EJ2 e tl. 

s h2 N z ' 

Mc =-Z(h + f) 

E = Modulus of elasticity 
E = Coefficient of thermal expansion 
t = Chanire of temperature in degret 

lJfn = - Zh Mu = -- Zy 

M x= -Zh(I +cp : ) . 

Nole : If the temperalure decrease8, the direction of all forc .. s i; re\'erscd, and th.: 
signs of all moments are reversed.* 

-----
•see footnote on page 327. 
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FRAME 90 

See Appendix A, Load Terms, pp. 440-445. 

Case 90/3: Left girder loaded by any type of c 
c horizontal load 

Jf. -~---:-;- ----------~ 

:T.i .lz ~-t 

t------- ---~J.~1 ~J 
~ ~ 

Z= Wh(B+0)+610+f+mffi. 
2hNz ' 

Wh+\!)1 
MB=(W-Z)h Mc= 2 Z(h+ /) Mn=-Zh; 

M112= -Zy2 
0 X~ X1 

M.,1 =M..,+wMB+wMc 

Special case 90/3ai Horizontal concentrated load Pat C 
(W=P; \!)1=Pf; M:=O). 

V _ V _ P (h + fl. M _ PL (h + /) 
E- - A- l ' c- 2Nz 

p N 
Z=-·-· 

2 Nz' 
MB=(P-Z)h Mn=-Zh M 111 =(P-Z)y1 ; HA=-P . 

Case 90/4: Left-hand leg loaded by any type of horizontal load 

c ---------1 

.r. /}._ ""t 
.Ir 

B!-.i----- ---~~ ~J 

B 

-r1 z 
-in 

z-61(B+O)+ffik. H =-W· 
- 2hN ' A ' 

z e 
MB = 151 - Z h Mc=<}- Z (h + /) 

e, 
VE=-VA=T; 

Mn=-Zh; 

M112= -Zy2 

x; X2 
M"'2=-M0 +-Mn. w w 

-/.f. 
!lz 

4 
'~ 

·~ 
~ 
~ ,;;. 

j 
l 

~:~ 

~ 

1 
I. 
·~ 

1 .,, 
• 
~ 
'1 
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(See Appendix A, Load Ter111s, pp. 440445.) 

Case 90/5: Right girder loaded by any type of horizontal load 

c T--------

t-. 
]_A ;J, l---

'rz 

J, 

FRAME 90 

Mn= (-Z)h; 

HA=W; 

X~ x1 
Mx1 =u;MB+u;Mc 

Case 90/6: Right-hand leg loaded hy any type of horizontal load 

0 

Z=- (Wh+S,)N+rpce,-u* 
2hNz 

MB= - (W+Z)h Mc= ~r -(W+Z) (h+ /) Mn= -S,-Zh; 

M 111 = -(W+Z)h 

*For the above two loading conditions and for decrease in temperature (p. 325) Z becomes negative. i.e., 
the tie rod is stressed in compression. This is only valid if the compressive force is smaller than the tensile force 
due to dead load, so that a residual force remains in the tie rod. 
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Frame 91 

Symmetrical two-hinged gable frame with vertical legs 
and horizontal tie-rod at bottom of gable. 

Shape of Frame 
Dimensions and Notations 

I 
I 
I 
I 

- I 
!IA I 

-;:t 

I 
I 
I 
I 
I -
I .J!i_ 

tv~ 
This sketch shows the positive direction of the reuctionS 
und the coordinates assigned to any point exactly as 
frame 89 (seep. 316). Positive bending moments couse 

tension at the face marked by n dashed line. 

General notes 

In order to compute Frame 91 (with tie rod) we can start by using Frame 
89 (the same frame without tie rod). The effect of the tie is easily shown 
as follows: 

Steps in computing the stresses 

First step: Figure the moments at the joints MB, Mc, Mn and the re· 
actions HA., Hg, V .Ai VB hy using the formulas for Frame 89 (PP· 
316-323) 

Second step : 

a) Figure the additional coefficients for Frame 91. 

3J2 E l 
L=-·-·-· 

f2FzEz s' 

E = Modulus of elasticity of the material of the frame 
Ez= Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Note: For a rigid tie set L = 0. 
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h) Figure the tension in the tie rod. 

z =MB+ Mn+4M0 + ffi2 + ~ * 
2/Nz 

• FRAME 91 

Note: The load term~ .!R1 and 2,'used in this formula are shown in the right.hand 
sketch on p. 328. and are to be used accordingly.** 

Third step: 

a) Moments at the joints and reactions for Frame 91. 

MB=Mn-i-yZ/ 

BA=HA-<pyZ 

M'c=Mc-/JZ/ 

BE=HE-<pyZ 

Note: In order to distinguish tbe moments and reactions for Frame 91 from those of 
Frame 89, the values for Frame 91 are shown with a dash over the letter. 

h) Moments at any point of Frame 91. 

The formulas for M,; and M11 are the same as for Frame 89 except that 

the values MB, .Mc, MD are to he used instead of M 8 , M0 , · Mn . 

*For the case of variou.11 loading conditions Z become8 negative, i.e., the tie rod is strePCd in compression. Thi8 i11 

only valid if the compre1u1ive force is &mailer than the tensile force due to dead loa<I, eo that a residual tensile force 

remains in the tie rod, 

**For use of the loading conditions of frame 89 substitute the following in the Z formula for the loud terms 

m and 2; 

Case 89/ 1: 
qi' m. =TO; 2; =0; Case 89/2: m. + f' = ~ ' 2 8 • 

Caoe 89 / 3: m2 =ffi; 2~ = O; Caoe 89/4: m. + 2~ = 2 ffi; 

Case 89 / 6: ffi 2 = ffi; f~ =0 ; Cose 89 / 7: m. + f~ =2m; 

Case 89112: ffi f'-6EJ~. 
2 + 2 - 8/ • 

Case 89/14: m + f' = p,. · •• 2 2 2 • 

For all remuining load condiliom~. including the case of uniform tempe rature change in the entire frume 

including tie rod , set ill:t = f2 = 0. All antisymmetrica l loading conditions of frame 89 (cases 89 / 5, 8, II. und 15} 

apply to frame 91. since Z = O: 
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Frame 92 

Symmetrical hingeless gable frame with vertical legs. 

Shape of Fr111ne 
Dimensions and Notations 

Thii:; sketch shows the positive direction of the reactions 
und t:oordinates assigned to any point. For symmetrical 
types of loading use x, x' and y, y'. Positive bending 
moments cauRe t.en~ion at the fnce murked by a dashed 

line. 

Coefficients: 

J2 ,,, 
k=-·

J1 8 
m=I+ip B=3k+2 0=1+2m 

K1 = 2 (k + 1 + m + m~) K2 = 2 (k + ip2) R = ip C - k 

N 1 =K1 K 2 -R2 N2 =6k+2. 

Formulas for the moments at any point of those members 

of Frame 92 which do not carry any external load 
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I See Appendix A, Load Terms, pp. 440-445.) 

Case 92/l: Left girder loaded by any type of vertical load 

~ c 

Case 92/2: Both girders loaded by any type of symmetrical vertical load 

c 

f.onRtant: S81 = <p (2 \51 + ffi) 
M - ]f - S81 K1 - S82 R 

A- E- N1 

M0 ='51-rpMA +mMn 

Note: All the load terms re£ er to the le£t girdn. 
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FRAME 92 

Case 92/3: Both girders loaded by any type of antisymmetrical vertical 
load 

IS 

0 

~~ 
A.----- ____ _.[ 

M 0 =0; 

Note: All the load terms refer to the left girder . 

.!!. 

---l----

Special case 92/4a: Horizontal concentrated load Pat C 
PkB 3Pkk 

MA=-ME=- 2N2 Mn=-MD=+ 2N2 Ma=O; 

V V - p (h + /) + 2 MA H - - H = !_ 
E = - A - ---l E - A 2 · 
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FRAME 92 

(See. Appendix A, Loarl Terms, pp. 440-445.) 

Case 92/5: Both girders loaded by any type of symmetrical horizontal load 

l - -1 
2 I 

I 

Constants: <;B1 = qi (215, - ffi) 

M,1 =ME= - c:B1 K1~ c:B2 R 

M 0 = - 15,-qiM,i + mMn 

Mn-MA 
HA = HE=---h-

-----11 
~/ :4 

-M,i 

c:B2=015,-(f + mffi). 

M - •1· - c:B2K2 - c:B1 R n-.mn- + -----
N1 

x' x 
M = M 6 + -Mn + -Mc : • • w w . 

Note: All the load terms refer to the leCt girder. 

Case 92/6: Both girders loaded by any type of antisymmetrical horizontal 
loads 

c 

-II, 

~-~:4 
B·Wh+f 3k·Wh-f 

ME=-M.4 = N2 Mn=-Mn=~- Mc = O 
x' 

(Mn-MA =ME-Mn= Wh) M.,=M~ + wMn; 

VE= - VA= 15,+Mn 
w 

Note: All load terms refer to the left girder. 
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FRAME 92 

< s~~ Appendix A, Loa<! T1·rm•. pp. 440.44'i .) 

Case 9217: Left leg loaded by any type of horizontal load 

Case. 92/8: Both legs loaded by any type of antisymmetrical horizontal 
load 

ME= - MA= Be,+ 1~ + iR)k 

(.JI.In-MA =ME-MD=li:51) 

M 0 =0; 

Note: All the load terms refer to the left leg. 

c 

· O 

HE=-HA=W. 
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FRAME 92 

Case 92/9: Both legs loaded by any type of symmetrical horizontal load 

See Appendix A, Load Terms, pp. 440-445. 

c 

[ 

Constants: <;81 = f k + 2 cp2 '51 

M -M _ <n1K1 -<n2R 
A- E-- N1 

M 0 =-rp('51+MA)+mMB 

H -H _ 0,-MA +MB. 
A - E- - h · ' 

Note: All terms refer to the left leg. 

'-~..p.,.v'fy - \ 

-1-[ 
-~ 

<n2 = cp '5,C - ffik. 

M _ M _ <n2 K2 - <n1 R 
B- D- N1 

0 y' y 
M 11 =M,.+Ji:MA +r;MB; 

VA= VE=O. 

Case 92/10: Uniform increase in temperature of the entire frame (sym· 
metrical load)" 

t" -- -- ----1 
":-, 

:-t 
E = Modulus of elasticity 
e = Coefficient of thermal expansion 
t = Change of temperature in degree.a 

.<;:! 

.!._ .E:::.~~[-1.:r 
~ ~ 

... ,__,, ""' j #,. 114·'--....7 .....___, . L 

Constant: 

MA=ME=+T(k+2+cp) 

Note: If the temperature decreases, the direction of nil forces is reversed, and the 
signs of all moments are reversed. 

*Only th~ temperature change of the diagonals causes stress; equal temperature changes in both legs have no 
effect. For an antisymmetrical change in temperature (left halr + l1 and + h, right half - ti and - h) substitute 
~ •• 12 EJ2e ·(ht1 + ft2)/sl in the formulas for case 92/3 and set all other load terms equal to zero. (e5, = O; 

M 9 =0). 

" 
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FRAME 92 

Case 92/11: Vertical concentrated load at ridge C 

v 
;·~~ 

) 

Case 92/12: Horizontal concentrated load at B 

p 

Formulas to case 92/15 from p. 337 
. P1 - Pa P2 - P4 ' 

Referrmg to 92/13: Pia= -2- P2.a = -2- · 

P1ah2·k . P2a(I2k·fh-s2) M -0 
Mn=-Mv=-~+ 4N2 c -

Piah2(2k + 1) + p2a(4B· f h + s2). 

ME= -MA= N2 4N2 ' 

P1ah2 P2a(2m · fh-s2) ME. ' f 
VE= - VA = -l - + l - w , HE = - HA = Pia 1b + Pza · 
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FRAME 92 

Case 92/14: Entire frame loaded by external p r essure normal to all mem
bers. <Symmetrical load) 

R f . Pi +Pa P2 + P4 
e errmg to 92/ 13: Pis = -2- P2s = - 2- . 

P h2 p 12 p w2 
Constante: <n1 = T(k+4ip2)+ -T-·3ip- ~·5ip 

<n2=P14h2 (2ipC-k) + P2~f2 (1+3m)- P24w2 (3+ 5m). 

M -M _ -<n1K1+'n2R M -M _ -<n1R+<n2K2. V - V _P2sl. 
A- E- N1 B- D - Ni ' A- E-2· 

M _ P1shf+P2a (w2 -/2) M + mM . H - H _ PlB h + M A - M B o - --2- 2 - <p A B• A - E---2- - --h - - . 

Note: For a flat roof M 8 = MD becomes negative. 

Case 92/15: Entire frame loaded from the left by pressure normal to all 
members. (Antisymmetrical load-pressure and suction) 

Formulas to case 92/15 see p. 336 bottom 

* M, und Q, for cuses 92/ 14· und 92/15 ore identical with those values for cases 89/ 14 ond 89/ 15 respectively. 
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Frame 93 
Symmetrical hingeless gable frame with vertical legs and 

horizontal tie-rod at bottom of gable. 

. s/'c ______ __:_f 

<' ~ .j °-f 
~ ~ 

[ l 

Shape of Frame 
Dimensions and Notations 

I 
I 
I 

,r; I 

~ 
~ 

z 
I 
I 
I 
I -
I HE ·-~~ 
~ 

This sketch shows the positive .direction of the reactions 
and the coordinates assig_ned to any point exactly as 
frame p2 (see p. 330). Positive bending moments cou11e 

l.ension at the face marked by n dashed line. 

General notes 

In order to compute Frame 93 (with tie rod) we can start by using Frame 
92 (the same frame without tie rod). The effect of the tie is easily show11 
as follows: 

Steps in computing the stresses 

f'irst step: Figure the moments at the joints MA, MB, Mc, MD, Mz and 
the reactions H..t, 118 , VA• VB by using the formulas for Frame 92 
(pp. 330-337). Frame 93 continued on p. 339. 

Frame 92 continued: 

Case92/13: Uniformly distributed wind pressure (and suction) normal to 
all members. Use superposition of 92/14 and 92/15. 

Note: P• becomes negative for Rat roofs. 

This general wind load can be 
obtained by superposition of a 
symmetrical load (case 92/ 14) 
and an antisymmetrical load 
(case 92/15). 

' ' 
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FRAME 93 

Second step : 

a) Figure the additional coefficients for Frame 93. 

cx=3(mk+cpk+cp) {3=6mk 3k(k+I+m) 
N 1 N 1 y =--N-1 -

L=~2- .J!!... .!:_ /2Fz Ez s Nz=2y-{3+L . 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Note: For a rigid Lie set L = O. 

h) Figure the tension in the tie rod . 

Z= MB+MD+4Mo+ 912+ f2 * 
2/Nz 

Note: The load terms 911 and 2,' used in this formula arc shown in the right-hanil 
sketch on p. 338 and are to be. u sed accordingly.•• 

Third step: 

a) Moments at the joints, moments at the supports and reactions 
for Frame 93. 

MB=MB+f3Z/ Mo=Mo-yZf MD=MD + f3Zf 
MA=MA - cxZf ME=ME-cxZf 

H-A=HA-cp(cx+{J)Z HE=HE - cp(cx + {J)Z VA=VA VE = VE. 
Note: In order to distingui sh the moments and reactions for Frame 93 from those 0£ 

Frame 92, the values for Frame 93 are shown with a dash over the letter. 

h) Moments at any point of Frame 93. 

The formulas for M,. and .M., are the ~ame as for Frame 92 except that 
the values M_., Ms • .Mc, .MD, Mg are to he used instead of M_., .Ms, .Mc,. 
MD.ME. 

*For the case of varioua loading conditions Z becomes negative, i.e ., the tie rod ie atreesed in compreaeion. Thie i1 
only valid iC the compressive Corce is smaller than the tensile force due to dead load. 10 that a reeidnal teneile force 

remain• in the tie rod . 
**-For use of the loading conditions of frame 92 substitute the following in the Z form:da for the load terms 

m. and.\!~ 
Case 92 12: ffi 2 + f~ = 2 ffi; 

Case 92 / 5: !R2 + f~ = 2 !R; 

m 0' P21 . •2 
C ase 92 / 14: m 2 + ..o 2 = ~. 

For all remaining load conditions, including the cose of uniform temperature cha nge in the entire frume 
including tie rod, set ffi1 -== 2; = 0 . All antisymmetrical loading conditions of £rame 92 (cases 92 /3, 6. 8, a nd 15) 

apply to fra me 93, since Z = 0. 



• - 340 -

Frame 94 

Symmetrical two-hinged gable frame with inclined legs. 

Shape or Frame 
Dimensions and Notations 

k=J2.~. <p=-ba 
J1 82 ' 

B=2(k+I)+m 

This sketch shows the positive direction of the reac tions 
and coordinates assigned to any point. For symmetrical 
types 0£ loading use z. z' a nd y, y'. Positive bending 
momenta cuuse tension a t the fuce marked hy a dashed 

line. 

Coefficients: 

c 
y=T 

C=I+2 m ; N=B+mC. 

Formulas for the moments at any point of those members 
of Frame 94 which do not carry any external load 

M i=Yl MB 
" a 

Note: The formulas in terms of: (cases 94/ 13 and 94/14, pp. 346-347) may be used in· 
stead of the above formulas in terms of x and y. 

:.; 
I 
:' 



t ' 
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FRAME 94 

Case 94/ 1: Vertical concentrated loads acting at B, C, D, acting sym
metrically about the center line of the frame* 

\.on~t:m 1 : 
X= (2P1 +P2) (B+C)c+ P2 Cd 

2N 

Mn = MD = (P1 + ~2)c-X 
P. 

VA =VE= P1 + 2~; 
y 

M 11 =a;Mn 

P2 l 
M 0 = P1 c+ 4 - mX; 

x 
HA =HE= a:; 

x' x 
Mx=a;Mn+a;Mc . 

Case 94/2: Horizontal concentrated load P at ridge C (Antisymmetrical loac 

M _ M _ P(ad -bc) 
n - - v- l M 0 = 0; 

y 
M = - Mn 

11 a 

•The moment diagram is ba,~•I on the aos11111ption P, > /',. 
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FRAME 94 

s~~ Appendix A, Load Terms, pp. 440-445. 

Case 94/ 3: Left-hand leg loaded by any type of vertical load 

Constant: 

MD= -x +ye, 

M i=Mo+~MB· 11 Y a , 

Case 94/4: Left girder loaded by any type of vertical load 

Constant: 

!S 

11.4 

-;t 
Sc(B+C) + e>,C+ f+mal 

X= 2N 

Sc 
M =ye> +--X B r 2 

sc+e, M 0 =-2---mX; 

MD= -X +y(Sc+ e>,) 
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FRAME 94 

(See Appendix A, Load Terms, pp. 440-445.) 

Case 94/5: Left girder loaded by any type of horizontal load 

---d 

Constant : X - WaN - 12>,C + f +mffi 
- 2N 

MB = (1 - y) Wa - y®1 -X MD= - X+y (Wa+'2>1) 

M _ X+ Wa + ®1 • o--m 2 , 

H.4 = -(W-HE)· 

Case 94/6: Left-hand l~g loaded by any type of horizontal load 

lf. 

Constant: 
'2>l(B + 0) + 9l k 

X= 2N . 

MB=(l -y)®, - X 
e, 

M 0 ""' - mx + 2 ; 

MD = -x+ye, 
M 1 = Mo + Y1 MB . u Y a , 

-J 
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FRAME 94 

See Appendix A, Load Tenu•, pp. 440-445. 

Case 94/7: Entire frame loaded by any type of symmetrical vertical load 

Constant: X = ('511 + S2c) (B+C) + '5_12C+ !R1k + ~2 +m !R2 
N 

MB= MD = 1511 + S2 c - X 

VA =VE = S1 + S2 ; 

M 11 = M 0 +.JLMB 
Y a 

Mc = 1511 + S 2 c + 1512 - m X; 
x 

H4=HE=(i; 

x' x 
Mx=M!+(lMB+(lMc. 

Note: All the load terms refer Lo the left half of the frame. 

I 
I 
I H£ 

t;-

Case 94/8: Entire frame loaded by any type of antisymmetrical vertical 
load 

M =M'+ .JLMB II y a 

t---- TV----{ 
I cl 
I df"ttf!ff//J'lh 
I 
I 
I 
I 

~ 
I 
I 

A ----,.------------ E 

t~ -~l 
Mc=O; H4 =HE=O; 

V - V - '5,1 + S1 d + '5,2 
4 - - E- W 

Note: All the load terms refer to the left half of the frame. 

Special case 94/Sa: Vertical couple Pat the corners B and D 
All load terms vanish except S1 = P and 1511 = Pc. 



" , .. 
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F1lAME 9 

See Appendix A, Load Term>, pp. 440-445. 

Case 94/9: Entire frame loaded by any type of symmetrical horizontal 
load from the outside* 

---'---d---C-i 
I I 

----' i----T 
. ! Wz_ __ t 

F==!"'llL-----l-+-~~4-l:==='l __ J 
A~ 

:A 

Constant: 
X = ('511 + Wza) (B+ C) + '512 C + ffi1 k+ £2 + mffi2 

N 
Mo = 1511 + W2 a + '5r2 - m X; 

Special case 94/9a: Two equal horizontal concentrated loads P at corners 
B and D acting from outside 
All load terms vanish except W1 = P; '511 = Pa. 

Case 94/10: Entire frame loaded by any type of antisymmetrical horizon
tal load from the left* 

MB= -MD= ('511 + W2 a)·2o-'512 ·2y Mo=O; 

VE = _ V. = '511 + W2 a + '512 
HE = - HA = W1 + W2 ; - ~ w 

Special case 94/lOa: Two equal horizontal concentrated loads P at eor· 
ners B and D from the left 

All load terms vanish except W1 = P and 1!;11 = Pa. 

*All load terms refer to the left. hulf of the frame. Formulas for Mz and M 11 sume ns case 94/ 7 a nd 94/ 8. 
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FRAME 94 

Case 94/ 11: Uniform increase in temperature of the entire frame 

E = Modulu~ of elasticity 
P. = Coefficient of thermal expansion 
t = Chanµ:e uf temptirature in fleitn'6 

Constant: 

Mc=-mT 
T 

HA=HE=-. a 

Note: If the temperature decreases, the direction of all forces is reversed, and the 
signs or all moments are reversed. 

--------·------- --------·------------
Case 94/ 12: Uniformly distributed wind pressure (and suction} normal 

to all members. Use superposition at 94/13 and 94/15. 

---~-d----i'"'C--j 
IC I I 

-----~~I~1t-I 
I ~ 

I ~ I 
~~I· JJ 

Note: p, becomes negative for flat roofs. 

Moments and shearing forces at any point of the 
left half of the frame in cases 94/ 13 and 14, p. 347. 

P . z z' z' z2 M _ 2s 2 2 + 2 M + · 1!1 ... 
z2 - --2-- 82. B 82 C ' 

( 1 z2) Mc-MB 
Q,2 = P2s 82 -2 - - + ----· 

8z 82 

Note: In case 94/14 substitute p10 = P•a = Mc = 0. 

*The constant T muy he split us follows: T = 3 EJ 2e (2 e. tl + 2 d. 12), where lt pertains lo the members ~1. 
s2 a N 

and l! to the members 82 • If only one half of the frame (or one diagonal alone) suffers a temperalure change, the 

value of T is halved. 
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FRAME 94 

Case 94/13: Entire frame loaded by external pressure normal to all mem· 
hers. (Symmetrical load) 

' -,/ 
,,,-Aii . 

___,....ii 

j\ c 
' -....... r--

'll'-

j_ 
<::! 

_l 
A-r•-::-H 

~----l t-~ :4 

Referring to 94/ 12: Pis= Pi ~ Pa p2, = P2 ~ P4 • 

M _ _ P1ssr(2giC - k) p2,[(ab + cd) ·4giC-s~ (3 + 5m)] 
B-MD - 4N + 4N 

P1.si·111 [s~ ] Mc= - --2- +P2s ~ - (ab+ cd) qi +mMB; 

V V P c+p d H_, =HE= - P1.(a2-c;2) + P2sCd - MB A= E = is 2• ; .~ 2a a a · 
Formulas for M , and Q, see p. 346 bottom. 

Case 94/14: Entire frame loaded from the left by pressure normal to all 
members. (Antisymmetrical load-pressure and suction) 

Et_,.__ 1 
If 

Referring to case 94/ 12: Pia= Pi; Pa Pza = Pz; P4 • 

MB= - MD= P1asi «5 + P2a[2b·ab +y(d2 -b2)] Mc= 0; 
P1a(si-lc) P2a(2hb-s~) 

HE=-HA=P1aa+p2ab ; VE=-V,t= +-----. w w 
Formulas for M, and Q, see p. 346 bottom. 
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Frame 95 

Symmetrical gable frame with inclined legs and horizontal 
tie-rod. Externally simply supported. 

Shape of Frame 
Dimensions and Notations 

Coefficients: same as frame 94, p. 340. 

Additional coefficients: 

This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Cases 94/1, 3, 4, 5, 6, 7, and 11 may he used for frame 95 if N is replaced by 
Nz. Use HA = HE = Z for cases 94/ 5 and 6. The other cases of frame 94 can
not he directly transposed to frame 95. However, by the use of the following 
cases 95/ 1 and 95/2 all loading conditions can he obtained by superposition. 
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FRAME 95 

See Appendix A, Load Terms, pp. 440-445. 

Case 95/ 1: Right girder loaded by any type of horizontal load 

•• 

.__.._~~~~~~~-=--~£ 

i-~ 

x Z=--*. 
a ' 

V _ V _ Wa+15, 
A - - E- l 

Case 95/2: Right-hand leg loaded by any type of horizontal load 

Constant: 
X= Wa(N +mC) +15,B-15,C-U 

2Nz 
MB= - Wa+y15,+X MD= -151-yl5,+X 

M 0 =-Wh+ 15
2•+mX,· M =M'+~M · u2 Y a D• 

x 
Z=--*. a , VA= -VE=~·. 

*For the case of the above loading conditions Z becomes negative, i.e., the tie rod is 
stressed ir\ compression. This is only valid if the rompressive force is s1naller than the 
tPnsile Corre due to dead load, so that a r<>sidual ten•ile fori·e remain• in thr. ti" r0<l. 

••See p. 840 for M, and M, for members that do not carry any exterior load. 
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Frame 96 

Symmetrical two-hinged gable frame with inclined legs 
and horizontal tie-rod at bottom of gable. 

Shape of Frame 
Dimensions and Notations 

This sketch shows the positive direction or lhe rencLious 
nnd the coordinates asaigned to any poinl. exuctly UN 

frame 94 (,!,me p. 340). Posit.ive herulinf( moment..~ cnmm 
l.mn:iion ul I.he fuce marked hy a dashed line. 

General notes 

In order to compute Frame 96 (with tie rod) we can start by using Frame 
94 (the same frame without tie rod). The effect of the tie iS easily shown 
as follows: 

Step8 in co~puting the stresses 

First step: Fip;ure the moments at the joints MBt Mc, MD and the reac· 
tionR HA, HB, VA, VB hy usinp; the formulas for Frame l.>4 (pp. 340-347). 

Second step: 

a) Figure the additional coefficients for Frame 96. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Note: For a rigid tie set L = 0. 
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h) Figure the tension in the tie rod. 

Z= MB+.il1D+4Mc+ffi2 +~2. 
2bNz 

• 
FRAME~ 

Note: The load terms !lt2 and ft' used in this formula are shown in the right·han 
sketch on p. 350 and are to he used accordingly:*• 

Third step: 

a) Moments at the joints arnl reactions for Frame 96. 

M 11 = M 11 + y1 Z b 

HA =HA -<py1Z 

Mc=Mc-fJ1 Zb 

HE=HE -<py1Z 

Mn=Mn+y1 Zb 

VA=VA VE=VE. 

Note: In order to distinguish the moments and reactions for Frame 96 from those o; 

Frame 94, the values for Frame 96 are shown with a dash over the letter. 

h) Moments at a1iy point of Frame 96. 

The formulas for M,. and ii'// are the same as for Frame 94 except that 
the values ifs, Mc. j,j9 are to he used instead of Ms, Mc, MD 

*For the calle of various loading conditions Z becomes neg1Hive, i.e., the tie rod is stressed in compres•ion. Thi 
only valid if the compressive force is smaller than the tensile force due to dead load. so that a residual tensile fCl 

remains in the tie rod. 

** For u~e or the lovding conditions of frume 94 ~mhstit.ut.e t.he following in 1.lu! z formula f'or llu~ load IP.I 

m. um! f;. 

Cose 94/7: ffi 2 + f~ = 2 ffi 2 ; 

ro 0 , I2EJ2 d·d 
Case 94/11: m 2 + ,.; 2 = ; 

.. b 

Case 94/5: ffi 2 = ffi ; f; = O; 

Case 94/9: ffi2 + ~; = 2 ffi2 ; 

p ••• 
ro ,., 28 2 

Case 94/1:1:. u• 2 + ..: 2 = --2- · 

For all remaining -load conditions, including the case of uniform temperature chunge in the enlire fr1 
including tie rod. set 91 2 = f~ = 0. All nntisymmetrical loading conditions of frame 94 (cuse8 94/2, H. 10, und 
apply to frame 96, since Z = O. 



• - 352 -

Frame 97 

Symmetrical hingeless gable frame with inclined legs. 

Shape of F1·ame 
Dimensions and Notations 

This sketch shows the positive direction of the reaction.:i 
and coordinates assigned to uny point. For symmetricul 
types of lou<lin~ use x, x' and y, y'. Positive hendinl{ 
momenl.s cuu~e lemoion at the face marked hy a dashed 

line. 

Coefficients: 

b h 2c 
<p=a m=a;-=I+rp; y=7 

B=k+2o(k+l) 0=1+2m 
K1 = 2 (k + 1 + m + m 2) K2 = 2 (k + rp2) R = rp C - k ; 

N1 =K1K2- R2 Nz=k(2+o) +oB. 

Formulas for the moments at any point of Frame 97 

for any load 

The moments at the joints and the fixed end moments contribute to the 
total moment*: , y 

Y1 1M My1=(iMA+a: B 

For the members that carry the load, add the value of M,,o or JJl,,,O 
respectively. 

* Insteud of the followi111-t forms with y und x. the form~ wiLh z may he U.!ied. See caaes 97 /13 and 14 (pp. 358-359 ). 
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l'RAME 97 

See Appendix A, Load Terms, pp. 440445. 

Case 97I1: Left-hand leg loaded by any type of vertical load 

Case 97 /2: Left-hand leg loaded by any type of horizontal load 

All tht> formula~ are the same us above, except 1ho8e for V- and H-forcPs: 
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FRAME 97 

Case 97 / 3: Left girder loaded hy any type of horizontal load 

ISP~ Appendix A, Loarl Terms, pp. 440-445.) 

Constants: 

M 0 = - ~r+q:iX1 +mX2; 

W X1 +X2 
HE= 2 ---a-

VE= - V.1 = W a+~' - 2 Xa 

Case 97 /4: Horizontal concentrated load at ridge C 

r-------

P(a-yh) 
Mn= -Mn=+~~ ·(2+ b)k 
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Case 97 I 5: Left girder loaded by any type of vertical load 

(See Appendix A, Load Term8, pp. 440-445.) 

!S 

FRAME 

Case 97 /6: Vertical concentrated loads at B, C, D, acting symmetrically 
about the center line of the frame 
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FRAME 97 

See Appendix A, Load Terms, pp. 440-445. 

Case 97 /7: Entire frame loaded by any type of symmetrical vertical load 

Constants: <;81 = - [2 q;2 ®11 + f 1 k] + q; [2 (®12 - q; 82 c) + ill2] 

<;82 = [q;®11 C- ill1k]- [C (®12- q;S2c) + fz + m ill2]. 

M -M _ 'X31K1 +'X32R M -M _ 'X32K2+'X32R 
A- E- Ni B- D- N1 

Ma= -q;®11 + (®12 -q;S2c)- q;MA +mMB; 

H _ H _ ®11 + S2 c +MA - MB 
VA =VE = S1 + S2; A - E - a 

Note: All the load terms refer to the left half of the frame. 

Case 97 /8: Entire frame loaded by ;my type of antisymmetrical vertical 
load 

r---ru---t 
I c,1A m~WH~ 
I 
I 
I 
I 
I 
I 

ME= -MA= (lJ®11 +y®,2)B+~;1 + /Jilli)k+ bf2 

Mn = -MD = .5®11 +y®,2- lJME M 0 = 0; 

VA= -VE= ®,1 +Sid+ ®,2+ME 
HA=HE=O. w 

Note: All the load terms refer to the left half of the frame. 
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I See AppPndix A, Load Terms, pp. 440·445.) 

Case 97 /9: Entire frame loaded by any type of symmetrical horizontal 
load 

...-~~~~L----~~ 

Constants: C81 = [2 <p2 ®11 + 1\ k J + <p [2 ®,2 - ffi2J 
C82 = [<p C ®11 - ffi1 k] + [C ®,2 -(~2 + m ffi2)]. 

M -M _ C82R-C81K1 M -M _ C82K2-C81R 
A- E- Nl B- D- N1 

Ma = -<p®n -®,2- <pMA +mMB; 

H' =HE= - ®,1 +MA - MB v v 0 ~ a a A= E= . 

Nole: All the load terms refer to the left half of the frame. 

Case 97 /10: Entire frame loaded by any type of antisymmetrical horizon· 
tal load 

ME= -MA= (!5®11 + c5 W2a-y®,21B+ (~1 + c5ffi1)k+ !5~2 
2 

MB= -Mn= !5®11 +!5 W2a -y ®12 - c5ME M 0 =0; 

VE= - V 4 ~. en+ W2a+ ®12-ME 
. w HE= -HA= W1 + W2. 

Note: All the load terms refer to the left half of the frame. 



• - 358 -

FRAME 97 

Case 97 /11: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
t+ : I e = Coefficient of thermal ex.pansion : 
1 -i--}--lt =Change of temperature m degrees 

1 i 3EJ2 etl D 1 Constant: T = N . 
I s2a l 
: ~ M_4=ME=+T(K1-R) \ 1 MB=Mn=-T(K2 -R) 
1£ Ma= -cpMA +mMB; 

.. ' .. ·.11- M M 
l ............ ~ H -H - A- B ---- ------' A - E - a 

Note: If the temperature decreases, the direction of all force.; i• rever.ed, and the 
signs of all moments are reversed. 

Case 97 /12: Uniformly distributed wind pressure (and suction) normal to 'all 
members. Use superposition at 97 /13 and 97 /14. Moments and shears for the 

left half of the frame for cases 
97/13 and 97/14, p. 359. 

Note: For a flat roof p 2 becomes negative. 

Moments and shearing forces at any point of the 
left half of the frame in cases 97I13 and 14, p. 359. 

Note: In case 97/14 substitute P•. = P•a = Mc = 0. 
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FRAME 97 

Case 97 /13: Entire frame loaded by external pressure normal to all mem
bers. (Symmetrical load)* 

Referring to case 97/12: 

Constants: 

Case 97 /14: Entire frame loaded from the left by pressure normal to all 
members. (Antisymmetrical load-pressure and suction)* 

For formulas to case 97 / 14 see p. 360 bottom. 

* Formulas for M, and Q, see p. 358. 



• - 360 -

Frame 98 
Symmetrical hingeless gable frame with inclined legs and 

horizontal tie-rod at bottom of gable. 

Shape of Frame 
Dimensions and Notations 

This sketch showN the prn1it.ive direction of the reuct.iou:-1 
and lhe coordinates ugsigned to nny 1><>int exucl.ly u:-: 
t'rurne 97 (seep. 352). Positive hending moments cuma~ 

lension ut. the fuce murked hy u dushed lint~. 

General notes 

In order to compute Frame 98 (with tie rod) we can start by using Frame 
97 (the same frame without tie roil) . The effect of the tie is easily shown 
as follows: 

Steps in computing the stressE's 

First step: Figure the moments at the joints .MA, MB, Mc, Mn, Mz and 
the reactions H..t, H8 , VA• VB by using the formulas for Frame 97 
(pp. 352..359) 

(Frame 98 continued on p. 361) 

Frame 97 continued. Formulas to case 97/ 12, p. 359. 

R r · 97/12 Pi - P3 P2 - P4 e1errmg to case : Pia= --2- P2a = -2-· · 

s2 

ME= - MA =~1_N21 [20 B+ (I+ o) k] + :;2 [os~+ 2yB(d2-b2) +4 oB·ab] 

2 

MB = -Mn= P1; 81 • o + P~a[y(d2 - b2) + 2o·ab] - oME Mc = 0; 

P1a(si-Zc) P2a(2hb-sV ME. 
VE= - VA = l + l - w' HE = - HA = Pia a+ P2a b · 
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FRAME 98 

Second step: 

a) Figure the additional coefficients for Frame 98. 

IXi= 3(mk~~k+<p) /3i= 6;
1
k 3k(k+ 1 +m) 

Y1 = N1 

L- 6J2 . .!..._.~ 
-b2Fz Ez s2 

Ea = Modulus of elasticity of the material 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Note: For a rigid tie set L = 0. 

h) Figure the tension in the tie rod. 

MB+MD+4M0 +ffi2 +f~ 
Z= * 2bNz 

of the frame 

Note: The load tenns !R1 und 1!1' HSt'll in thi; formula are shown in the right-hand 
sketch on p. 360 and are lo l.c used a1·cordi11gly. • • 

Third step: 

a) Moments at the joints a11il reactions for Frame 98. 

MB= MB+ {31Zb lila = M 0 -y1Zb lilD =MD+ f31Zb 

lilA=MA-oc1Zb lilE=ME-oc1Zb 

RA=HA - <p(oc1+/31)Z HE=HE-<p(oc1+/31)Z VA=V.t VE = VE . 
Note: In order to distinguish the mome.nts -anc!" reacdons for Frame 98 from those of 

Frame 97, the valu•s for Frame 98 are shown with a da•h over the letter. 

b) Moments at any point of Frame 9H. 

The formula8 for M., and Mr :ire the same as for Frame 97 except that 
thf' vahu•s MA, Ma, Mc, MD, ME an· to hr 11srd instf':ul of MA• Ma. Mc, 
MD.ME · 

* For the cHe of various loadin1 conditiona Z becomes negative, i.e., the tie rod ie etre1&ed in compreeeion. Thie ie 

only valid if the compreuive force is smaller than the te nsile force due to dead load, M> th•t a re•idual tensile force 

remain111 in the tie rod. 

•• For use of the loading conditions of frame 97 suh~titule the following in the Z formulu for the lou<l terml'i 

m. and 2~ 

Cuse97/:l: ffi 2 = ffi ; 2~ = 0; 

Case97/7: !R2 + 2; = 2!R2; 

ro ,., 12EJ2 d '< t . 
Case97/ll: m 2 + ..o 2 = - --- - , 

' 2 b 

Cu•e 97 /5: !R2 = !R ; ~; = O; 

c ••• 97/9= m2 + 2; = 2 m2: 

ffi 2' P2s' s: Case97/13: 2 + 2 =-2- . 

1' .. or ull remoining lond conditions. including the cu::1e of uniform lem1>erut.ure chunge in I.hr. t<nlire frame 

including tie rod, 11et i)l2 = i~ = 0. All untisymmetrical Joading conditions of Crume 97 (cuises 97 / 4. H. 10. and M) 

upply tc1 Crume 98, since Z = O. 



• - 362-

Frame 99 

Symmetrical two-hinged bent with skew corners. 

Shape or Frame 
Dimensions and Notations 

This sketch shows the positive d irection of the reactions 
und the coordinates ossigned to uny point. For sym
metrical loading of the frume use y and y'. Positivfl 
lumdinK momenttt cuu!:lC te nsion at the fu.ce murked by 

n dashed linfl. 

Coefficients: 

~ a ~ d a 
k1=J1.8 k2=J2·-;; oc=T 

B = 2oc(k1 +1) + 1 0=oc+2+3k2; N = ocB +C . 

Formulas for the moments at any point of those members 

of Frame 99 which do not carry any external load 

X~ X1 
M =-MB+-Mc xl C C 
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Case 99/l: Uniform increase in temperature of the entire frame 

E = Modulus of elasticity 
e = Coefficient of thermal expansic 
t = C:hange of temperature in deg 

Constant: T - 3EJ3 etl 
- shN 

Ma=Mn=-T; 

Note: If the temperature decreases, the direction or all forces is reversed, and thr. 
signs of all moments are reversed. 

General case 99 I la: The value of T becomes equal to 

3EJ3E 
T= shN (c·t1 +d·t.2 +c · t3), 

where ti. t 2 and t 3 denote the temperature increase in 
bars BC, CD, and DE, respectively. Temperature 
changes in the legs do not cause stresses in the frame. 

Case 99/2: Horizontal concentrated load at the girder 

Pa 
MB= - ME=2 

p 
Hp= - HA=2 

Phd 
Ma=-Mn=2l; 

Ph 
Vp= - VA=-1- . 
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FRAME 99 

!See Appendix A, Load Terms, pp. 440-445.) 

Case 99/3: Left-hand inclined member loaded by any type of vertical load 

!S 

Constant: X _ C "51 + IX f + ffi 
- 2N 

Mo=(l-y)r.51 -X 

Special case 99/3a: Vertical concentrated load Pat C 

Substitute r.51 =Pc, ~ = 9l = 0 and M! = 0. 

Case 99/4: Girder loaded by any type of vertical load 
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FRAME 99 

Sec Appendix A, Load Terms, pp. 44044~. 

Case 99/5: Left-hand iinclined member loaded by any type of horizontal 
load 

w 

Constant: X - Wa(B+O)+e1o+d+ m 
- 2N 

Mo= (l-y)(Wa+01)-X 
Mn =y(Wa+ 0 1)-X; 

wa+e, 
Vp=-V..t= l 

Mn= Wa-cxX 
ME= -cxX 

Case 99/6: Left-hand leg loaded by any type of horizontal load 

Constant: 

Mn=01 -cxX 
M0 =(l-y)01-X 

e, 
Vp=-V..t= T; 

ME=-cxX 
Mn=yei1-X; 

x 
Hp= 7i, 

+ 

Special case 99/6a: Horizontal concentrated load Pat B 
Substitute ei1 =Pa and W = P; with 9t = 0 and M 8 = 0. 

_Y 
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FRAME 99 

See Appendix A, Load T•rin•, pJl. 440-44a. 

Case 99/7: Entire frame loaded by any type of symmetrical vertical load 

E 

rt~-------------- t~ Hf 

C:onstant: X _ ('511 + S2 c/2) 0 + oc 21 + ffi1 + 2z kz H _ H _ !_. 
- N A - p- h. 

MB= ME= -oc.X Mc=MD= ('511 + S2c/2)-X; 

Note: All the load terms refer to the left half of the frame. 

Special case 99/7a: Two equal horizontal concentrated loads P over C 

and D. Substitute S1 = P and '511 = Pc, all other 
load terms are zero. 

Case 99/8: Entire frame loaded by any type of antisymmetrical vertical 

load 

A ----------- - -- - r 1 
t~ -v,r i 

MB=ME =0 M 0 =-MD=lJ'511 +y'5,2; H..i.=Hp=O; 

V --V _2'5,1+S1d+'5,2 . 0 X1 • X~-X2M 
..i.- p- l , M.,1 =M..,+c-Mc Mx2 = M..,+-d- c · 

Note: All the load terms refer to the left half of the frame. 

Special case 99/8a: Vertical couple Pat the corners C and D 
MB=ME=O M 0 ,=-MD = lJPc; V..i.=-Vp=lJP; M 0 =0. x 
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See Appendix A, Load Terms, pp. 440-445. 

Case 99/9: Entire frame loaded by any type of symmetrical external hori
zontal load* 

Mc=Mn=el11 + W2 a+el12 -X. 

VA=Vp=O. 

Case 99/10: Entire frame loaded by any type of antisymmetrical horizon
tal load from the left* 

-c~....---, 
I 
I 

MB= -ME =S11 + W2 a 

Special cases 99/9a and 99/lOa: Two equal concentrated loads P acting 
from the left at B and E. 

Substitute W1 = P and S 11 =Pa, all other load terms are zero. 

*All loud terms tefor Lo the left half of the frame. M111 und Mz 1 are the same as 99/6 and 99/5 resr>ectively . 
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Frame 100 

Symmetrical tied bent with skew corners. Externally simply 
supported. 

Shape of Frame 
Dimensions and Notation; 

This i:skelch shows Lhe poi~iLive direction oC t.he rencliom1 

and Lhe coordinates ussigned to any point. For sym
rrml-ricul lauding or t.he frame use y and y', Positive 
heudiug momenls cause tension ut the fnr.e marked by 

Coefficients: same as frame 99, p. 362. 

Additional coefficients: 

L- 3Ja . .!.._. !__ 
- h2 Fz Ez s 

u dashed line. 

Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie roil 
F z = Cross-sectional area of the tie rod 

For frame 100 use the same formulas as for cases 99 /1, 3, 4, 5, 6, and 7 
(see pp. 363-366) and substitute N z = N. For cases 99/1, 3, 4, and 7 (HA = 
HF) = Z, and for cases 99/5 and 6,HF =Zand HA= -W. For a single con
centrated load at the girder (see case 99/2, p. 363) of frame 100 use the fol
lowing values: 

p N z--·-· - 2 Nz' 
MB=(P-Z)a 
ME=-Za 

M 0 =(1-y)Ph-Zh 
Mn=yPh-Zh. 
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FRAME 100 

(See Appendix A, Load Terms, pp. 440445.) 
-------------~ 

Case 100/l: Right-hand inclined member loaded by any type of horizon-
tal load 

-z 1 rt -z ,__ ____ z !:f 

Constant: X- W(aB+hC)+l51C-£-ocffi z--!!._* 
- 2Nz - h 

Mn = -Wa+ocX Mo = -W(h-ay) +y6, + X 
ME=+ocX Mn=-Way-61 -y6,+X; 

0 xs' X3 H W V - - V - W a+ 5 , M.,3 =M..,+-Mn+-ME; A=; A- F- l 
c c 

Case 100/2: Right-hand leg loaded by any type of horizontal load 

~...---d----i--c------i 

~.....,,-=-__,""''g : 
~ : 

I 
I 

1£ 

i------l H. -~1 .Ji_.._ _____ _____ ~~ 

~ ~ t -z 
f !:4 

Constant: X = (Wa + 6,) B + (~;-zh- 6,) C-ocfk1 

MR = - Wa + ocX Mc= - Wh +y 6,+X; Z = _ :!* 
M E = - 151 + otX Mv=-Wh + (I - y) l5,+X; h 

My2 = M~+~ME; HA = W ; VA =-VF= ~'. 
"For the case of the above loading conditions Z becomes negative, i.e., the tie rod is 
stressed in compression. This is only valid if the compressive force is smaller than the 
tl'nsile for~" due to dead load, •o that a r"sidual t"nsil" forr." r1>main• in th" ti" rocl. 

See p. 362 for M: and M~ for members that do not carry a direct load. 
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Frame 101 

Symmetrical hingeless bent with skew corners. 

~-i--~.d~--r--C---< 
lo I 

.. -~'J.~'Z-.. ----n 
I -<! 

1-'--~~~~.l~~~-0M:_1 

Shape of Frame 
Dimensions and Notations 

This sketch shows the positive direction of the reactions 
and the coordinates assigned to any point. For sym~ 
metrical loading of the frame use y and y'. Positive 
bending moments cause tension at the face marked by 

a dashed line. 

Coefficients: 

Ja a 
ki=-·J1 8 

b 
rp=-a 

0 1 =rp(2+3k2) 
0 2 = 1 + m (2 + 3 k2 ) 

R =rp02-k1; 

c 
y=7 

(2y+o=l); 

K1 =2(k1 +1) +m(l + 0 2 ) 

K 2 = 2k1 + rp01 

N 1 =K1 K2 -R2 ; 

B=3k1 +2+o Oa=1+0(2+k2); N2=3k1 +B+ooa. 

Formulas for the moments at any point of Frame 101 

for any load 

The moments at the joints and the fixed end moments contribute to the 

total moment: 

Y~ Y1M Mi=-MA+- B 
Y a a 

For the members that carry the 
respectively. 

x; x3 
M =-Mn+-ME 

"'3 c c 

Y2 Y~ 
My2=a-ME+a-MF. 

load, add the value of M. .. o or M 110 
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FRAME 101 

Case 101/1: Uniform increase in temperature of the entire frame (Sym· 
metrical load) 

r-c-d--c--i E = ModtI]us of elasticity 
i ;, .· ' ' -, \ e = Coefficient of thermal expansion 

1--1;- J, ~;~--1 t =Change of temperature in degrees 

./ ! "' 'J I °" Constant: T= 3 EJgetl 
' I I I asN 

-<::! '-,._I + l[__i 1 LB #, MA =Mp= T(K1 -R) 
Ji 'Y ~ <:J MB=ME=T(R-K2) 

~- ~ ,,r__l"l- Mc=Mn=-cpMA+mMn; 

~'-1:/ l ~1- HA=llp=MA:MB_ 

Note: If the temperature decreases, the direction or all forces is reversed, and the 
signs or all moment• are reversed. 

General case 101/la: The value of T becomes equal to 
3EJ3 e . 

T = --(2 c · t3 + d · t2) * asN1 

where ta refers to the diagonals s and t 2 to the girder d 

Antisymmetrical change in temperature 101/lh: Left leg + t,, right leg 
- ti, left diagonal +1 ta, right diagonal - t 8 • ** . 

I2EJ3e 
Mp=ME= -MB=-MA =--sr-~(a·t1 +b·t3) Mn= -Mc= bMp. 

Case 101/2: Horizontal concentrated load at the girder 

* E.qual temperature changes in the vertical legs do not cause stress. 
** Antisymmetrical temperature changes in the girder do not couse stress. 
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FRAME 101 

See Appendix A, Load Term•, pp. 440445. 

Case 101/3: Left-hand inclined member loaded by any type of vertical 
load 

Constants: 

Case 101/4: Both inclined members loaded by any type of symmetrical 
vertical load 

"' :-------&----' 

Constant!!: 

M -M _'n1K1-'n2R 
A- F- Ni 

Mc =MD= re,-rpMA +mMn; 
Note: All the load terms rerer to the Iert inclined member. 
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FRAME 101 

Case 10115: Girder loaded by any type of vertical load 

!s 

Constants: <;8 3 = (®, - ®1) y 0 3 + (f- ffi) o k2 
<;81 = Sc01 + (f + ffi) <p k 2 <;Bz = ScC2 + (f + ffi)mk2; 

X-<;81K1-<;82R X-CS2K2-CS1R X <=Ba 
1 - 2N1 2 - 2N1 3 =2N2· 

MA" MB" X1+X2 
MF/=+X1+Xa ME/=-X2+Xa; HA=HF=-a-

Z~>= + ; 0 -<pX1 -mX2± [f <e,-e,)- oxa} 
V _ Sc + ®, + 2 X3 V _ Sc + ®1 - 2 X3 
A- l F----l . 

Special case ~Ol/5a: Symmetrical girder load(61 = ®,; ffi= f). X 3 = O! 

Case 10116: Entire frame loaded by any type of antisymmetrical vertical 
load 

E 

o------l- ~~----------~;t4 

MF= ME= _ 111B =-MA= (o®11 +y®,2) C3 ~:1+o9h + o fzk2 

Ma= -Mn= (0®11 +y6,2)- oMll ;-

v _ v _ 2 e,1 + s1 d + e,2 + 2 M Ji. HA =Hp = 0 . 
A-- F- l ' 

Note: All the load terms refer to the left half of the frame. 
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FRAME 101 

See Appendix A, Load Terms, pp. 440-445. 

Case 101/7: Entire frame loaded by any type of symmetrical external 
horizontal load 

Constant8: ~1 = <p 0 1e11 +1\ k1 + 0 1 e,2 - <p ill2 

~2 = <p 02 en - ml k1 + 02 e,2 - ~2 - m m2 . 
MA=MF=- ~1K1~~2R MB=ME= ~2K~~~1R; 

Mc =MD= -<p'511 -'5,2 -<pMA +mMB; 

H - H - - en + MA - MB. v, = VF= 0. A- p- a a ' ~ 

Note: All the load terms refer to the left half of the frame. 

Case 101/8: Entire frame loaded by any type of antisymmetrical horizon· 
tal load from the left 

1--C d--t--C--1 
i le o' ( 

Note: All the load terms refer to the left half of the frame. 
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Case 10119: Left-hand inclined member loaded by any type of horizontal 
load ~ 

c 0 c ~ ,------1 ..-.......~~ 

I~ 
I 
I 
I 

1. I 
c--i--d --i--c 

Case 101/10: Left-hand leg loaded by any type of horizontal load 
{i 
~ 

Constants: 

E 
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Frame 102 

Symmetrical two-hinged bent with parabolic girder. 

Shape of Frame 
Dimensions and Notations 

c 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

Coefficients: 

k=.!2.~. <p=l . 
.f 1 l ' h' 

B=2k+3+2<p 0=2<p(I+ ~<p); N=B+O. 

Equation of the parabolic girder: 4/ , 
y = p:xx =4/·wR 

In deriving the formula for the girder, the substitution ds = dx was used. 
Therefore the formulas for Frame 102 are theoretically exact only for 
parabolas with large radii of curvature. 
The moment area for the girder is drawn with the chord (instead of the 
parabola) as axis. The ratio f : l is usually so small that there is no appre
ciable difference between a parabolic and a circular girder. Therefore for 
aJl practical purposes the formulas for Frame 102 .may he used also for 
Frames with a circularly curved girder. 
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See Appendix A, Load Trrm>', pp. 440-44~. 

Case 102/l: Girder loaded by any type of vertical load 

IS 

t~ 
MB=Mn= - (f+~1+q.i~ 21:fc =M~+(l+q:i)21·'1B ; 

--

FRAME 10 

Note: The load terms I)) which are valid for the parabolic girder only are tabulated 
p. 382. Mi is the moment at the center C of the simply supported beam BD. 

Special case 102/la: Symmetrical girder load OR= f; e, = e,) , 
2f+q:il}.' s 

MB=Mn = - 2 N ; VA =VE = 2 .. 
Special case 102/lh: Vertical concentrated load Pat C 

__ Pl 6 + 5q:i_ 0 _Pl. _ _ P 
MB-Mn--16 ·-N, Mc-4• VA-VE-2· 

Case 102/2: Girder loaded by any type of antisymmetrical vertical load 
(!R=--,. f; e,= - e,; IP=O) . 

A -------- ·---- --- £ 

t~ -~J 

Note: For this load the girder becomes a statically determinate, simply supported bea1 
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FRAME 102 

See Appendix A, Load Terms, pp. 440-445. 

Case 102/3: Left-hand leg loaded by any type of horizontal load 

w 

c ------J 
o_l 

S,B+ffik 
2N 

-<:! 

cJ 

MB=ei,+MD 

-MD 
HE=-,,,-

e, 
Ma =2+ (1 +rp)MD; 

HA=-(W-HE); 

M -M• Y1M M (.. y) Y2 111 - y + h B z = MD 1 + h M 112 = h MD. 
Special case 102/3a: Horizontal concentrated load Pat B 

Substitute W = P S, =Ph; ffi = 0 M'=O. y 

Case 102/4: Both legs loaded by any type of symmetrical horizontal load 
from the outside 

M111=Mv2=M;+~1MB M.,=MB(1+ i) - -te,. 
Nole: All terms refer to the left leg. 

Special case 102/4a: Two horizontal concentrated loads P at corners B 
and D acting from outside 

Substitute \!11 = Ph; ei,=0 ffi=O M8 =0 y . 



- 379 - • FRAME 11 

Case 102/5: Both legs loaded by any type of antisymmetrical horizontal 
load from the left 

Mc=O; 

M =M9 +Y1 M 11 y h B 

Note: All the load terms refer to the left leg 

Case 102/6: Horizontal rectangular load acting at the girder from the left 

c 

Constant: 

8 

i-~ 
X=2q/2(7+6rp) 

35N 

Mn=-q~h +x 

V _ -V _ qf h(2+p). 
E- A - 2l ' 

c 

/2 
Mc=-q4 +(I+rp)X; 

Within the limits of BG. M.,=MB(1 +i)- VE·X- qr 
Within the limits of DO: M~=Mn(i+t)+VE·x'; 
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FRAME 102 

Case 102/7: Two equal horizontal rectangular loads acting at the girder 
from outside (Symmetrical load) 

M -M _ 4q/2(7 +6rp) 
n- n- 35N 

M =M' =MB(1 +ll)- qy2 

"' "' h 2 

MB 
HA=HE=-h 

c 

A-
-f!i -E 

-HE 

q 12 
Mc= -2+(1 +rp)MR; 

Mv=¥,fMn; 

VA=VE=O. 

Case 102/8: Two equal horizontal rectangular loads acting at the girder 
from the left (Pressure and suction; antisymmetrical load) 

qfh(2 +rp). 
l ' 

MB=-Mn=qfh Mc=O 

Within the limits of BO: ( Y) q y2 
Mx=Mn I+-h -VE·x-2 

Within the limits of DO: M~=Mn(1+ ~)+vE·x'+q{. 
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FRAME 10 

Case 102/9: Horizontal concentrated load at C 

c 

p 
HE=-HA=2; 

Ph 
MB=-Mn=2 

Within the limits of BO: 

Within the limits of DO: 

p 
M 111=-M112=2Y1 

. p 
Mx= +2(h+y)-VE·x 

M~= -~(h+y) + VE·x'. 

Case 102/10: Uniform increase in temperature of the entire frame* 

Mo= (1 +qi) Mn 

-Mn 
HA=HE=--h-; 

E = Mo!lulu~ of elasticity 
r, = Coefficient of thermal expansio11 
t = C.hange of temperature in tleitr• 

Nole: If lhe 1empera111re decreases, lhe direclion of all forces is rcver~c<l, and llw 
signs of all momenls are reversed. 

*Only temperature changes of the ~irder ca use stress; t.emperut.ure changes of the legs hnve no effect. 
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Appendix to Frames 102-105 
Load terms IJ) for parabolic members subjected to the more important types of loads 

~11mf1111~ 
'----- l ---~ 

i--a.--t 
I . I 

mIIIHl:'T 
~ 

l---~ 

14--a._b_a--i 
I I I I 

~I 
I I 
I I 

'-----l---~ 

~ 
'-----l---~ 

~ 
'-----l----

a 
oc=y 

~=!Pl 
8 

~= 97 Pl 
64 

The general fonnula for IP is: 
I 

l l 
z zj 

b 
/3=y 

I 
I 

Pab 
~ = 2-l (l+oc/3) 

Pab 
~=4-l-(l+oc/3) 

M= 88 Pl : 
"1" 81 

~= 1208 Pl 
625 

IP=~ 1 M! ·xx' dx = (\!+ill) - ~ T . 
. 0 

In this formula T is the moment of inertia of the moment diagram of the simplr. hl'am l, 
about the vertical axis of gravity of the moment diagram. 
(For the load tenns i! and W •ec the chapter Beam Formula• . ) 
Note: For antisymmetrica] loads IP= 0. 
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Frame 103 

Symmetrical tied bent with parabolic girder. Externally 
simply supported . 

c 

Shape of Frame 
Dimensions and Notation< 

c 

B D .r x x' -J 
t I ! f 
f II I ~ 

..i._....__, __ ~~~~~ ........ 't_l 
1 t~ z z ti[ 
This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
hending moments cause tension at the 

face marked by a dashed line. 

Coefficients and equations of the parabolic girder same as frame 102, p . 376*. 

Additional coefficients: 

L= 3J2. E 
h2Fz Ez Nz=N+L. 

E = Modulus of elasticity of the material of the frame 
Ez= Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 

Cases 102/ 1, 3, 6, and 10 (seep. 377-381) may he used for frame 103 if N is 
replaced by Nz. For cases 102/ 1 and 10 HA = HE = Z, for cases 102/3 and 6 
HE = z and HA = - W, HA = -qf. The other loading conditions of frame 
102 cannot he used directly for frame 103. Use the following cases 103/ 1 
through 4 instead. 

*Seep. 376 for remarks on girder curvalure. 
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FRAME 103 

Sec Appendix A, Load Term", pp. 440-445. 

Case 103/l: Right-hand leg loaded by any type of horizontal load 

C:onstant: 
X= Wh(N+C)+l51B-H 

2Nz 

Mc=-W(h+f)+ ~'+(l+cp)X 

M.,= ~'MB+ -f Mv-(w- ~)y 
M _Y1M . 15, 

111 - h B ) v A= - v E = T; 

Mn=-15,+X 

M112=M; + ~2 M11 

x 
Z=-h*) HA=+W. 

Case 103/2: Both legs loaded hy any type of·symmetrical horizontal load 

c 

!f. 

C:onstant: X=l5,B+Wh0-9lk Z=-:!*)· 
Nz h ' 

MB=Mv= -15,+X Mc= -15,- Wf + (1 +cp)X 

M111 =M112 = M; + ~l MB M.,= -15,- Wy+(1 +t)x. 
Note: All the load terms re£ er to the le£t leg. 

*For the cu~ of the ubove two loading conditions as well us case 103/3 (p. 385 lop) Z becomes negative. i.t~ .. 
the tie rod is stressed in compression. This is only valid if the com1)fcssive force is smaller thun the tensile force 
due to dead load, so that a residual force remains in the tie rod. 
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FRAME 103 

Case 103/3: Horizontal rectangular load acting at the girder from the 

right 

z-_qf_ 35(2k+3)+Scp(21+10cp)* VA=-VE=qf(2h+f). 
- 70 Nz 2l ' 

MB= - (HA+ Z) h 

HA=+qf 

l 
M 0 = - (HA + Z) (h +/)+VA 2 MD= (- Z) h 

Within the limits of BO: 

Within the limits of DO: 

M 111=-(HA+Z)Y1 M 112=(-Z)Y2· 

M.,=MB-(H4 +Z)y+ V4 ·x 
2 

M~=Mn-Zy-V4 ·x' - q: . 

Case 103/4: Horizontal concentrated load at C 

-~ L....iz,._~~~~~--z~. 

--i-~ 
p N 

Z=2·Nz; 

MB= (P-Z)h 

P(h+f) 
VE=-VA=--z-; 

Mc=(~ -z) (h+ /) 

HA= -P; 

Mn=-Zh. 

My1=(P-Z)y1 My2=-Zy2 

Within the limits of BO: 211.,=MB+(P-Z)y-VE·x 

Within the limits of DC: 

~see footnote on page 384. 
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Frame 104 

Symmetrical two-hinged bent with parabolic girder and 
tie-rod under roof. 

c 

Shape or F1·tunc 
Dimensions and Nolations 

I 
I 
I 
I 
I 

- I 
/ti I 
--- A 

d 

c 

z 
I 
I 
I 
I 
I 
I 

0 

I -
I flt: E-

t~ 
This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point exactly 
as Frame 102 (see p. 388). Positive 
bending moments cause tension at the 

face marked by a dashed line. 

General notes 

In order to compute Frame 104( with tie rod) we can Rtart by using Frame 
10"2 (the same frame without tie rod). The effect of the tie is easily shown 
as follows: 

Steps in computing the stresses 

First step: Figure the moments at the joints Ms. Mc. Mo and the re· 
actions HA, Ha. V,., Vs by using the formulas for Frame 102 (pp. 376-381). 

Second step: 

Figure the additional coefficients for Frame 104. 

=cpB-C L= 15J2 _.!E_ Nz=2(4k+I)+L. 
Y N 2/2 Fz Ez ' N 

E = Modulus of elasticity of the material of the frame 
Ez = Modulus of elasticity of the tie rod 
F z = Cross-sectional area of the tie rod 
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FRAME 104 

h) Figure the tension in the tie rod. 

MB~ MD+ 4 (Mo - M~) + ~ sp 
Z= --* 

fNz 

Note: The load terms McO and IP are the same as those on p. 377. 

Third step: 

a) Momenta at the joints and reactions for Frame 104. 

JilB=MB+fJZh 

HA=H.&-{JZ 

lil0 =M0 -yZh 

HE=HE-fJZ 

Mn.=Mn+f3Zh 

Note: For better distinction the moments and reactions for Frame 104 are shown with 
a dash over the letter. 

b) Moments at any point of Frame 104. 

Jil., = M., + {3Zh (1 + -f )-z_h 

Mui =M11i + {JZ Yi M112 = M112+ {JZ Y2· 

Final Remarks 

The formulas given above can be used for cases 102/ 1, 3, 4, and 10 (pp. 

377, 378, and 381). * * 
The antisymmetric cases 102/ 2, 5, 8, and 9 apply unchanged to frame 104, 

since Z = 0. 
For cases 102/ 6 and 7 (pp. 379-380) no formulas are given. The load qf 

can be replaced with good approximation however by two horizontal single 

loads P = qf / 2, which act in case 102/ 6 at the points B and C and m case 

102/ 7 at the points Band D. 

*For the case or various loading conditions Z becomes negative, i.e., the tie rod is· 
stressed in C()lnpression. This is only valid ir the compressive force is smaller than the 
IPnsile forrf' dnf' lo dead load, sn that a rf'sidnal lf'nsile forrf' rf'mains in thP till rnd. 

**For the case or a uniform increase in temperature or the entire frame with the 
exception of the tie rod, •el ' • 6 E 1,, I ti/ . For the case or a change in temperature 
or the entire frame including tbe tie rod, set f .. 0 . 
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Frame 105 

Symmetrical hingeless bent with parabolic girder. 

c 

Shape of Frame 
Dimensions and Notation• 

k=~~·~; cp={; 
R=3k-2cp; 

c 
B --=:-..;;;:......:::"'.;;:: [- 1-:- :----:;---- o_J 

i. i I + 
I I I ~ 

H. ...L.- I I __LHE 

'A~~ \. ·~ "1-
~ ~-

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
bendin!!I moments cause tension at the 

race marked by a dashed line. 

Coefficients: 

8 
K 1 =2k+ 5 cp2 

N 1 =K1 K 2 -R2 

K 2 =3(2k+ l) 

N 2 =6k+I. 

Equation of the parabolic girder: 

In deriving the formula for the girder, the substitution ds = dx was used. 
Therefore the formulas for Frame 105 are theoretically exact only for 
parabolas with large radii of curvature. 
The moment area .for the gi~der is drawn with the chord (instead of the 
parabola) as ~xis. The ratio f : l is usually so small that there is no appre· 
ciable difference between a parabolic and a circular girder. Therefore for 
all practical purposes the formulas for Frame 105 may he used also for 
Frames with a circularly curved girder. 

*For numerical Lahles for WR see "Beam Formulas" by A. Kleinlogel, American edition translated and adapted 
l.o American conditions by Hnrold G. Loesch, Frederick Ungar Publishing Co. New York, p. 15. 
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Case 105/l: Girder loaded by any type of vertical load 

See Appendix A, Load Term,, pp. 440445. 

Comtants: 

X _ (f+9l)K1+1J.'ipR 
i- 2N1 

X - (f-91) 
a- 2N2 . 

M.a"-. 
Me/ =X2-X1 =t=Xa 

Ma =M~-X1 -ipX2 * ; 

M111 =MA - ~1 X2 

V.a = e,+2X3 
l 

M112 =Me-~X2 ; 

X2 
HA=He=-,;· 

Note: The load terms which are valid for the parabolfo girder only are tabulated on 

p. 382. 

Special case 105/la: Symmetrical girder load(ot = f; e, = '5,). 

M.a =Me=X2-X1 MB=MD= -X1 Ma =M~-X1 -ipX2;* 

Special case 105/lb: Antisymmetrical girder load (Ol=-f; '5,= -'!>,). 

f 
Me=MD= -MB= -M.a =

N2 

Ma=O; 

f x'-x 
M =M--·--

"' " ,N2 l 

* Mt i8 Lhe moment al lhe <~enter C of the Kimply 11upporteJ beam Bl>. 
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FRAME 105 

(Se" Appendix A, Load Tt'rms, pp. 440-445.) 

Case 105/2: Left-hand leg loaded by any type of horizontal load 
~Ii C C I 

-/(f 

\. I /_1 \. t ,;It -0 ~· 
Constant8: <;8 1 =[3e1 - (~+ffi)]k <;82 =[2e1 -~]k; 

X _ <n1K1 - <n2 R X _ <n2K2 - <n1 R X _ <n1 1- 2N1 2- 2N1 3-2N2" 
MB=+X1+Xa MD = +X1-Xs Mc =+X1-<pX2 

M.A.= - e,+x1 +X2 +X3 ME= +x1 +x 2 -X3 ; 
2X3 X2 VE=-VA=-z-; HE=+-,;; HA=-(W-HE); 

o Y~ Y1 M Y2 y; M111=MY+hM.1+h B M112=hMv+11:ME 
x' x y 

M.,=zMB+yMD-hX2 . 

Case 105/3: Both legs loaded by any type of symmetrical external hori
zontal load 

w 

~~ -Mc'-..__/ 
Constant11: <;8 1 = [3 e 1 - (~ + ffi)] k <;82 = [2 e, - ~] k; 

X - <n1K1 - <n2R X - <n2K2- <n1 R H -H - - W+ X 2. i- N1 2- N1 A- E - h' 
MB=MD = +X1 Mc= +X1 - <pX2 MA= ME=- e,+x1+X2 

Note: All the load terms refer to the left leg. 

y 
M., = MB - hXz. 
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FRAME 10 

Case 105/4: Both legs loaded by any type of antisymmetrical horizontal 
load from the left, both carrying the same load 

c 

M 0 =0; 
Note: All terms refer, to the left leg. 

ME= - MA= e,- MB 

2MB 
VE=-VA=-z- · 

Case 105/5: Horizontal rectangular load acting at the girder from the left 

c 

Constants: 

iVithin the limits of BG: 

Within the limits of DC : 
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FRAME 105 

Case 105/6: Two equal horizontal rectangular loads acting at the girder 
from outside (Symmetrical load) 

c c 

q/2 
Mo= -2+MB+q;X 

MA=ME=-X+MB; 

Y~ Y1 
Mv=hMA+hMB; 

Case 105/7: Two equal horizontal rectangular loads acting at the girder 
from the left (Pressure and suction; antisymmetrical load) 

c 

M _ M _qfh(I2k-<p) 
B-- n- 4N2 

M 0 =0; 

J:lE= -MA =qfh-MB 

q/2 2MB 
VE=-VA=-z-+--. 

: Vi thin the limits of BC: 
qy2' 

M.,= + qf · y-2+Mn- VE·x 
2 

M~ = - q f · y + q: - MB +VE· x' ! Vithin the limits of DO: 

I 
~' .. .,,--.. , ... _,,,_ ;,_ "'-"'"~ 
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FRAME 105 

Case 105/8: Horizontal concentrated load at C 

Within the limits of BO: 

Within the limits of DO: 

p 
M,. = +MB+2y - VE · x 

M~= -MB-~y+VE·x'. 

Mc=O; 

Case 105/9: Uniform increase in temperature of the entire frame* 

E = Modulus of elasticity 

e = Coefficient of thermal expansion 

t = C.hange of temperature in 1le~rcrs 

Constants: 

MB=Mn=- TR 
M 111 =M112=MA -HAY1; 

y 
M.,=MB-TK271: · 

Note : If the temperature decreases, the direction of all forces is reverocd, nnd the. 

signs of all moments are reversed. 

*Only I.he l.empernt.ure chunge of I.he girder cuuses s tress. Uniform uud simuhaneous tempernt.ure cha nge i11 

hol.h lr:g~ producus 110 moment!'..'! or forces. For un unti~ymmetricul chunge in lempernt.ure (left. leg + t. rifl,'ht leg - I) 

isuhstitute in the formuhu~ of I.he special ca:-.e 105/lb (11. :iH9) the followinK: f = 12 EJ9 h ·st / l9 , 1ui wdl us '5 = O 

uud Mo= o. ' 

" 
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Frame 106 

Symmetrical Vierendeel frame. Externally simply sup
ported. 

r--.xz .x'----i 
8 c Bl r- '2 IC 

~ - ---- ,-] 

~ ~ ti f i f l 

f / A 0 
~ Yr ~ th t-

"' I .. r: *) 

~~( H. - ~ x., I• 
I 'D re, If; 

Shape of Frame ThiN sk(~lch l'ihow!'I l.lu~ potiitive dirr.dio11 oft.he reuc~tions 
Dimensions and Notations and 1h., coordiualt~x Ulisigned to nuy 1)()int .. For sym· 

nu,lrical loudinf( or th~ frame llKP, .v nnd .v'. Po.<tilive 
hr.mliul' momf':11l1-1 t'.HUHe tension ut llu~ fucf': murkt~d hy 

a cla!ihml lirw. 

Coefficients: 

k _J3 
i- J1 

K 2 =3k1 +2k2 

F 1 =K1K2 -k~ 

Notntions for the axial forces: 

in hottom. girder N 1 I 
in top girder N 3 

Ja h 
k2=J2·T; 

R 1 =3k2 +1 

m left leg lJ2 

in right I,e{ N;. 
Note: Axial compression is called positive; tension is calied negative. 

Formulas for the moments at any point of those members 

of Frame 106 which do not carry any external load 

X~ x 1 
M,.1=TMA +TM}) 

x; x2 
M.,2 = yMn+ yMc 

Y~ Y1 
M 111 =-,;;lJIA +-,;;Mn M _ Y2M _J_ y; . 

112 - h c ' h .lJ[ ]J • 

*Ha occurs when the hinged support is at D. 
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Case 106/l: Rectangular load at the top girder 

ql2 k2 
MA=Mn=+4·F1 

qx2 x; 
M.,2=-2-+MB 

qlz K2 
MB=Mc=-4·F1; 

ql2 
maxM=g+MB; 

· Case 106/2: Rectangular load at the bottom girder 

8 c l-- :t; - B 

;.f ~ ~ 

c 

L_ 

FRAME 106 

qtz k1K1 
MA=Mn=+4·JF; MB=Mc= - qt ·k~~2 ; 

qx 1 x~ 
M.,1=--2-+MA 

. q l2 
mmM=-3+M.1; 
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FRAME 106 

See Appendix A, Load Terms, pp. 440-445. 

Case 106/3: Top girder loaded by any type of verticalload 
IS 

i-----+--l--~ ... 
Ji. 

~~ ...... ~~"'-~-4.10 

Case 106/4: Top girder loaded by any type of antisymmetrical load 
(Special case to case 106/3 with m = - ~; e, = - e,) . 

~ 
Mn=Mo= - Mn= -M...i = F 2 

V .A = - VD= ~r; N 1 = N 3 = 0 

0 x;- X2 
M:c2 = M"+-l-·Mn; 

N = _ N' = IS,+ 2 Mo 
2 2 l . 
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FRAME 106 

Se., Appendix A, Loud Term•, pp. 440-445. 

Bottom girder loaded by any type of vertical 
upward* 

load, acting 

B)1l:I!ll:m:ilI:IIiJJIIIIIIlll;rmmmrm~C 
+ __,_::!:_, + 

I , 
I 

Case 106/6: Bottom girder loaded by any type of antisymmetrical load 

(Special case to case 106/5 with m = - ~; 151 = -15,). 

B 

~ 
e-l~e~l 

2 I 2 
I 
I 
I 
1 Jf 

*Corresponding l.o the posit.ion of the dashed line (throughout on the inside of the frame) a load on the lower 
girder working upwards is positive. With opposite direction of the loud !. ffi. ei,. E51 ore to he set in the formulas 
with negative signs. 
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FRAME 106 

See Appendix A, Load Terms, pp. 440445. 

Case 10617: Left-hand leg loaded by any type of horizontal load 

c 

1======1:.-~~-t-~-1----i 

Ji 

MA " = -k2 2Ki - mk2:r e,Ri +<2+ m)k2 HA= _ w 
MD/ 2Fi 2F2 

Mn """ = -k2mK2-U2 ± e,R2-(f + ffi)k2 . 
M 0 / 2Fi 2F2 ' 

(HD=+W) ; 

V V e, M M' y~ M Yi D=- A=T; 11i= y+h A+hMn; 

Na""" =±Mn-Mc (Ni=W-Mn-Mc) N 2""" =:rMn-Mc 
Ni/ h h N;/ l 

Note: Ir the hinged support ia at D, use the values in parentheses instead 0£ the under· 
lined values. 

Case 106/8: Both legs loaded by any type of symmetrical external hori
zontal load 

M -M _ kfK1-ffik2 M -M _ k ffiK2- fk 2 
A- n-- 2 Fi B- c- - 2 Fi 

M11=M;+~M.4+~MB; VA = VIJ=O; 

N _ e, Mn-MA Ns = e,+MA -Mn N' 
· i-h+ h h h Nz= z=O. 

Note: All terms refer to the left leg. 
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Case 106/9: Both legs loaded by any type of antisymmetrical horizontal 
load from the left 

lrI}) = _MA= e, R1 + (f + m) k2 MB = _ M 0 = e, R2 - (f + m> k 2 ; 
F2 F2 

2e1 , 2MB 
VD=-V...t=-l-; N 2 =-N2=-z-

H...t=-2W (HD=+2W); N 1 = -W 

N3 =0; 

(N1=+W). 

Note: If the hinged support is at D, use the values in parentheses instead of the under-
lined values. All the load terms refer to the left leg. 

Case 106/10: Horizontal concentrated load at the top girder 

f' 
I 

p c 
8 ~ 

~ ~ 

l 

A "1 
D 

" -
HA= - P (Hv= + P); 

Note: If the hinged support is at D, use the values in parentheseS' instead of the under· 
lined values. 

Case 106/11: Uniform change in temperature of the entire frame. No moments 
or forces occur. 



• - 400 -

Frame 107 

Symmetrical square Vierendeel frame. Externally simply 
supported. All members having equal moments of inertia. 

B------C ;J 

Shape of Frame 
Dimen.sions and Notations 

r---7~-.r;--i 
o: le 

~ --J 

~ t 
L J_· '.! l I .( Ho ) 

~ 1-.r1--+--X1~1b 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line .. 

Notations for the axial loads acting at the 

lower girder N 1 I 
upper girder N 3 

left leg N 2 

right leg N; · 
Note: Axial compression is called positive; tension is called negative. 

Formulas for the moments at any point of Frame 107 ' 
for any load 

The moments at the joints contribute to the total moment: 

M y~M Yi M 111= - A +- B s s 

For the members that carry the load, add the value of M .. o or MuO 
respectively. 
--~ 

• Ho occurs when the hinged support is at D. 
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FRAME 107 

See Appendix A, Load Terms, pp. 440-445. 

Top girder loaded by any type of vertical load 

s, 
Vn=-· 

8 ' 

Special case 107 /la: Symmetrical girder load OR= f; ei1 = Sr). 
f 52 ' s M.11=Mn=+ 24 MB=M0 =- 24 ; V.11=Vn=N2 =N2 = 2 . 

Special case 107 /lb: Antisymmetrical girder load OR= - 2; ei1 = - Sr). 

Mn=Mo=-MB=-M,= ~. VA=-Vn= er. N2=-N' =Sr+-.!. 
A 8' 8 ' 2 8 48 

Case 107 /2: Bottom girder loaded by any type of vertical load, acting 
upward* 

B __ ....,.,,....._c 

s -~ 

M.11 ".. = _ 5(f+ ffi) ± (f-ffi) 
Mn/ 48 16 

-~z N1=-Ns=+ (2+ffi) 
8s 

N' = - N = + (£ - ffi) · 
2 2 8s ' 

MB '-. = + (f + ffi) ± (f - ffi) 
Mo/ ~ 16 

Special case 107 /2a: Symmetrical girder load (ffi = f; Ei1 =Sr). 

52 f s 
M.it=Mn=- 24 MB=M0 =+ 24 ; V.11=Vn=~2· 

Special case 107 /2b: Antisymmetrical girder load (ffi = - f; ei, = - Sr) . 

M.11 =MB= -M0 = -Mn=i V.11 = -Vn= ~r N;= -N2= 4f8 . 

*See footnote on pagt, 397. 
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FRAME 107 

See Appendix A, Load Terms, pp. 440445. 

Case 107 /3: Left-hand leg loaded by any type of horizontal load 

MA·, 5 f - m 4 e, + (f + m> 
MD/=-~::i= 16 

Mn"-. =_ 59l-£ ± 4e3,-(f+ ffi). 
Ma/ 48 16 ' 

HA=-W 
(HD=+ W); 

VD= - VA = ~'; N s = - N 1 =Mn~ Ma 

N;= -N2= H~,-8~£+ m) (N1 = w-MD~Ma). 

Note: Ir the hinged support is at D, use the values in parentheses instead of the under· 
lined values. 

Case 107 /4: Both legs loaded by any type of symmetrical external hori
zontal load 

~o 

5f-m 5m-£ 
MA=Mn=-24 Mn=Ma= - - 24; 

v A= v n = o N = e, + (£- m> Na= e, _ (£ - m) 
N 2 =N;=o; 1 s 4s s 4s 

Nole: All lerms refer to 1he left leg. 

Special case 107 /4a: Loads symmetrical about a horizontal axis (ffi = f) 

f w 
MA=Mn=M0 =MD=-6; N1=Ns=2· 
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Case 107 /5: Both legs loaded by any type of antisymmetrical horizontal 

load, acting from the left 

2e, 
VD=-V.A=-:-s; N'=-N2=2MB 

2 8 

H.A=-2W (HD=+2W); Ni=-W 

N 3 =0; 

(N1=+W). 

Note: All load terms refer to tJie left member. If the hinged support is at D, use the values 

in parentheses instead of the underlined values. 

Special case 107 /5a: Loads symmetrical about a horizontal axis · OX= f) . 

Ws+f Ws-f 
MD=-M.A=-4- MB=-Ma=-4-; VD=-V.A=W. 

Case 107 /6: Horizontal concentrated load at the top girder 

_P~--.....---~-.-~c 
B .J 

J. 

Pe 
MB=MD= -MA= -Ma=4; 

s ~ Br-zj I 

r-
"'I"' 
L 

Na=N' = +p 
2 2 

p 
Ni=N2=-2 

HA=-W (HD=+W). 

Note: If the hinged support is at D, use the values in parentheses instead of the under· 

lined value~. 
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Frame 108 
Vierendeel frame. Externally simply supported. All mem

bers having different moments of inertia. 

Shape of Frame 
Dimensions and Notations 

Coefficients: 

k =J4."!!:.... 
1 J1 l 

r--.xz x;-.j e, 'c r- ---------- , __ T 
~f ! l Jf 
'S> I I t J__1 x1 IL 1 t -------- - t( Ho ) 

~ ID 
This sketch shows the positive direc· 
tion of the reactions and the coordi· 
nates assigned to any point. Positive 
bending moments cause tension at the 

face marked by a dashed line. 

r 1 = k1 + k r =I+ k r2 = k + k2 
R1=2 (3k1 + r) R = 2(r1 + k +r2) R2 = 2 (r + 3k2); 

F= R(R1 R2 -r2)-9(R1 r~-2rr1 r2+ R2ri). 
RR2 - 9r~ 9r1r2-Rr n 11 = F n12 = n21 = F 

RR1 -9ri 
n22= F 

R1R2-r2 
naa=--F--

3(r1 R2 -rr2) 
n13=na1= F 

3 (R1 r 2 - r 1 r) 
n12a =na2= F · 

Notations for the axial loads acting at the 
left leg N 1 I iower girder N 3 

right leg N 2 upper girder N 4 . 

Note: Axial compression is called positive; tension is called negative. 

Formulas for the moments at any point of those members of Fr~me 
108 which do not carry any external load 
x~ X1M x; X2 M.,1=zMA + T D M.,z = zMB+ zMc 

• Ho occuro when the hinged support is at D. 



- 405 - • FRAME 108 

See Appendix A, Load Terms, pp. 440-445. 

Case 108/1: Top girder loaded by any type of vertical load 

Constants: 
X1=fnn+!Rn21 X2=fn12+lRn22 Xa=fn13 +1Rn23 • 

MB=-X1 Mc=-X2 MA=Xa-X1 MD=Xa-X2; 

O x; X2 \5, \51 
Mx2=M,.+7MB+7Mc; VA=T Vn=T; 

Case 108/2: Bottom girder loaded by any type of vertical load, acting 

C..onstants: 

upward* &> 
~ 

jS 
K1 = k[- !Rnn - fn 21 + (£ + !R) ns 1] 

X2=k[-!Rn 12-fn22+ (£+ !R)nd 
Xs = k[- !Rn1s - fn2s + (£ + !R)nsal 
Mc=+X2 MA=-X3 +X1 

O X~ X1 • \51 
M,,1 =M.,+zMA+yMn, VA=~T 

X 2 -X1 
N 1=-N2=--l-

•See footnote on page 397. 
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FRAME 108 

See Appendix A, Load T.,rms, pp. 440·445. 

Case 108/3: Left-hand leg loaded by any type of 
horizontal load 

c 

--l--+-----t 

:# 
I 

Constants: ca1 = '51(k1 +2r1)-(f + ffi) k1 X 1 = +ca1n 11 +ca2n21 -ca3n31 
ca2 = '51k X2 = - ci.31 n12 - ca2n22 + CSa na2 
ca3 = '51(2r1 + k) - fk1; Xa = - ca1n13 - ca2n23 + ca3nss· 

MB=+X1 Mo=-X2 MA=-'5,+X1 +X3 Mn=+X3 -X2 ; 

Xa N4=-Na=
- h 

Case 108/4: Right-hand leg loaded by any type of horizontal load 

B 

--· ,____,~-l--~iE===3 

A·~-L~.....::~;:.....--~~=?; 

~~ 
I 

* 

Constants: ca1 = '5rk X 1 = - cain11 - cazn21 + ca3ns1 
ci.3 2= '5,(2r2+k2)-(f + 9l)k2 X 2 = +ca1n12+ ca2n22-ca3n32 
ca3 = '5,(k+2r2)- ffik 2 ; X3 = -ca1n 13 -ca2n23 + caan33. 

MB=-X1 Mo=+X2 MA=+X3 -X1 Mn=-'5,+X2 +X3 ; 

(Hn=-W); 

• If the hinged support is at D, use the values in parentheses instead of the under· 
lined values. 
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Frame 109 

Symmetrical Vierendeel frame on continuous elastic 
foundation. 

8-""T""---.----c 
~ 

Shape of Frame 
Dimensions and Notations 

This skelch showH the positive direclion of the react.ions 
and the coordinut.es ussigned to uny point. For sym
mHt.ricul loudinK of I.he frume u~ ;V und y'. Poi;;it.ive 
hendinl! mormml-l'l cuuse tension ut 1.lu11 fnce mnrk~d hy 

Coefficients: 
11 dm1hed line. 

k 1 =~: k2=~:·~; K1=2k2+3 K 2 =3k1+2k2 

k1 6k1 K3 =3k2 +1- 5 K 4 =5+3k2; F1 =K1K2 -k~ F 2=l+k1 +6k2 • 

Notations for the axial loads acting at the 
lower girder N 1 left leg N 2 

upper girder Na right leg N~ 

Note: Axial compression is called positive; tension is called negative. 

Note: 

All formulas for Frame 109 are based on a straight line distribution 0£ 
the soil pressure.** 
The computations for unsymmetrical loading show a negative pressure, 
which is possible only if it is balanced by or smaller than the positive soil 
pressure caused by other loads. 

Formulas for the moments at any point of those members 

of Frame 109 which do not carry any external load 
Y2 Y~ 

M 112 =-y;Mc+-y;Mn. 

Constants for the computation of M:r1= 

* For numerical tahles for wl see "/kam Formulus" hy A. Kleiuloµ;el, American editiou 1-ransluted amJ adapted 
lo American conditio11K by IIaroM t.. I..orsch, Frederick Uugur Publishing Co. New York, J•. 15. 

° For non-linear eurth pressures use frame 106 and omit the concentrated reaction forces. 
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FRAME 109 

See Appendix A, Load Terms, pp. 440-445. 

Case 109/l: Top girder loaded by any type of vertical load 

Is 

X _2(~+9l)K2 -Slk1 k2 
2- 4F1 

2 (21!5, -1!5,) 
P1 = . l2 

2 (21!5, - El,) 
P2 = l2 ; 

p 1 l2 x~ x 1 0 x; x2 
M.,1=--o·w~+TMA +zMn*) M.,2=M"+-MB+zMc; 

N _ N _X1 -X2 N _1!5,+2X3 N,_1!51-2X3 
i-- 3- h 2---l-- 2- l 

Note: For S in 1/3, 1$, = 2 '51 and therefore P• = 0, for S within l/3, \$, > 2· '51 , p, 
becomes negative. 

Case 109/2: Top girder loaded by any type of vertical load, acting sym-
S metrically 

A.-...,........,....,..-,,.,,..,.,.,,. 
<!._ lUUJ:W.U.WW.WW.fill.LWWJ. <!.. 

M Slk1K1 -4~k2 PX1X~ 
MA= n=- 4F1 M.,1=-2-+MA 

M -M __ 4~K2 -Slk1k2 M =Mo+M . 
B - O - 4 F 1 x2 " B • 

s MA-MB s 
p=y; N 3 =-N1 = h N2=N;=2· 

* w;, == w~ + i WD with i = p2/Pr Numericul luhles for the Ome~a function may be found in the volume cited 
iu the footnote 011 1>. 407. 
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FRAME 109 

Sec Apr>endix A, Load Term,, pp. 440.445. 

MA""-- k £K1-ffik2 e,xa+<£+m)k2 
Mn/ - - 2 2F1 =f 2F2 

MB""-= -kz mx2-U2 ± e,x4-(f+ m)k2. 
M 0 / 2F1 2F2 ' 

x~ X1 0 Y~ Y1 
M:i:l=-®1 ·wv+yMA+TMn Mv1=My+]i;MA+]i;MB; 

Na = Mn-Mc N' = -N2 =MB-Mc. 6®1 h 2 l ' p=l2; 

H=W; (N1 =-N3 bzw. N 1 =H-N3)* 

Case 109/4: Both legs loaded by any type of symmetrical external hori

zontal load 

.w 

M -M _ k £K1-ffik2 
A - n- - 2 Fi · 

o Y' Y My=My+]i;MA +]i;MB N 2 =N; =0 

N 1 = ~r +MB~ MA Na= ®,+MA-MB 
h h 

Note: All load terms refer to the lefl leg. There is no soil pressure. 

*The values for N 1 are limit values. The actual magnitude and distribution of N1 depend 
on the distribution of the shear force H (e.g., friction at the bottom). 
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FRAME 109 

(See Appendix A, Load Terms, pp. 440-445.) 

Case 109/5: Top girder loaded hy any type of antisymmetrical load lSpecial 
case to case 109I1 with ffl = - ~ and ®1 = - !!>,) 

6®, p=-,r; 
ia: X1-X~ O X2-x; 

Mx1= ...,,·wv+Mn · --l- Mx2=M"+Mc·--l-; 

N1 =N3 =0 N2=-N;= ®,+~Ma· 

Case 109/6: Both legs loaded hy any type of antisymmetrical horizontal 
load from the left 

Mn= -MA= ®,Ka+;~+ ffl)k2 

X1 -X~ 
Mx1 = -2®1 ·wv+Mn-z-

H=2W; 

Mn= -Mc= ®1K4- ~~+ ffl)~2 

e Y~ Y1 
My=MY+hMA +hMB; 

N'=-N2=2Mn 2 . -l-

(N1 = -W bzw. N 1 = + W) * 
Note: All the load terms refer to the left leg. 

•See footnote on page 409. 
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Case 109/7: Vertical concentrated load at B 

Mn "' Plk1 [ F 1 l 
Ma / = 4F1 +k2 =F 5F2 ; 

M _ 2Pl. , SM ~M *. 
zl - 3 Wp + l .A + l D ' 

4P 
p=-l-; 

N =-N =3Plki(l+k2) N' =- Pk 1 

1 8 4hF1 2 10F2 

Case 109/8: Horizontal concentrated load at B 

N'=-N =PhK4 
2 2 lF2 

• wp """' w~ - i w D with i- ~.: 1/2. See footnote p. 408. 

**See footnote p. 409. 

6Ph 
p=-i2-; 
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FRAME 109 

Case 109/9: Top girder with load uniformly distributed 

qX1X~ 
Mxi=-2-+MA 

q z2 
maxM1 =g +MA 

p=q; 

q l2 
maxM2 =--s+MB; 

Case 109/10: Left-hand leg with load uniformly distributed 

H = qh; 

•See footnote on page 409. 

N =Mn-Mc 
3 h 

, · MB-Mc. 
N2=-N2=--z--, 

M - q Y1 y~ + y~ M + '}/JM . 
yl - 2 h A h B' 

(N1 = -N3 bzw. N 1 = H -N3)-* . 
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Frame 110 

Symmetrical square Vierendeel frame on continuous 

elastic foundation. All members having equal moments 

of inertia. 

a---'J---c 

s 
J 

A~~~~~~O 

Shape of Frame 
Dimensions and Notations 

~X.z~X;--i 
Bi 'c 

J .... --, I --T 
f ! t ! y 
,,,, .... I t I 1 

L_' ' __ f 
A: ,O 
-x1___.___x/-

Thili 8ketch shows the positive direction of the reuctiom~ 

uud the coordinote.\i U!iaigned to any point. For sym

met.ricul louding of the frame use y and y'. Pm~itive 

hending Q_Joments cuuse tension el I.he face marked by 

·· n dashed line. 

Notations for the axial loads acting at the 

lower girder N 1 left leg .N2 

right leg N;. upper girder N 3 

Note: Axial compression is called positive; tension is called negative. 

Note: 

All formulas for Frame 110 are based on a straight line distribution of 

the soil pressure.** 
The computations for unsymmetrical loading show a negative pressure, 

which is possible only if it is balanced by or smaller than the positive soil 

pressure caused by other loads. 

Formulas for the moments at any point of those mem1¥1rs 

of Frame llO which do not carry any external load 

x; x2 
M,.2=-;MB+9Mc 

y~ YIM 
M111=8MA+-; B 

Constants for the computation of Jl,.1: 

w' = X1_ ~ , ( ')3 
D 8 8 ' 

"" For numerical tuhles see footnote p. 407. 

M 11 2= ?j.J,Mc + y; Mn. 
8 8 

X1X~ X~ - X1 
w --- ----* v- 82 • 8 

**For curvilinear soil pressure diagrams see footnote p. 407. 
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Constants: 

• - 414 -

See Ap_pendix A, Load Terms, pp. 440-445. 

Top girder loaded by any type of vertical load 

2(2\!i,-ei,) 
Pi 8, 

2(2\!i,-ei,) 
P2= 8 , · 

X _5Ss-2(f+ffi) X _lO(f+ffi)-Ss 
i - 96 2 - 96 

x =(f-ffi)+(ei,-ei,) 
3 16 160 

M - Pis• , + x~ M +Xi M "'). 
zl- -6- ·wT 8 A 8 D 

o x; Xz 
M.,2=M., +8MB+8Ma; 

Nz= ei,+2X3 N' = ei1 -2X3 
8 2 8 . 

Note: For Sin 1/8 '5, = 2 '51 and hence p, = O; for Swithin 1/8, i.e., 
!5,_> 2 e,, p, becomes negative. 

~ase 110/2: Top girder loaded by any type of symmetrical vertical load 

* w~ """' wD + i w D with i = p 2/p1• See footnote p. 408. 

PX1X~ 
Mxl=-2-+MA 

M., 2 =M!+MB; 



- 415 - • 
FRAME 110 

See Appendix A, Load Terms, pp. 440-445. 

Case 110/3: Left-hand leg loaded by any type of horizontal load 

M..4."'-.._ 5f-9l 19151 +5(f+iR) 
Mn/--~=F 80 

N' = - N 2 = MB - M_Q 
2 8 

MB "'-.. _ _ 59l - f ± 21151-5 (f +ill). 
Mo / - 48 80 ' 

H=W; 
615, 

p=S'; 

N _ Mn - Mo . 
3 - 8 ' 

Case 110/4: Both legs loaded by any type of symmetrical external hori

zontal load 

A 

5f-9l 
MA=Mn=---u-

Mv=M;+ ~,MA+; MB ; 

!I\= 15, + (f-iR) 
8 4 

(f-iR) 
4 

Note: All load terms refer to the left leg. There is no soil pressure. 

•The values for N 1 are limit values. The actual magnitude and distribution of N, depend 

on the distribution of the shear force H (e.g., friction at the bottom). 
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FRAME no 
See Appendix A, Load Terms, pp. 440445. 

Case 110/5: Top girder loaded by any type of antisymmetrical load (Spe
cial case to case 110/l with m = - ~ and 15, = -15,) 

615, 
p=se; 

~-~ 0 ~-4 
M.,1 =15,·wv+Mn·--8 - M.,2=M.,+Ma·--8 -

N _ -N' _ 15,+2Ma 
N 1 =Na=O 2- 2- 8 • 

Case 110/6: Both legs loaded by any type of antisymmetrical horizontal 
load, acting from the left 

M --M _21151 -5(~+9'). 
B- a- 40 ' 

xi-x~ .,,. =Mo+~M +¥1M . M xl = - 215,. wv +MD. --8- ~·.L 11 y 8 A 8 B ' 

1215, H=2W·, N'2=-N2=2MsB Na=O p=So; 
(N 1 = - W bzw. N 1 = + W) * 

Note: All the load terms refer to the left leg. 

*See footnote p. 4.1s. 
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Case 110/7: Vertical concentrated load at B 

r a---...---c 

1 
MB=+240P8 

N'=-p 
2 80 

11 
Mn=-240Ps 

Case 110/8: Horizontal concentrated load at B 

19 
Mn= -MA=goP8 

x' -X1 

M:xl = - Ps·wv+ - 1 --llfA 
8 

21 
Mn= -Mc= 80 Ps; 

6P 
p=-8-; 

x' -X2 
Mx'!.=-2- 8-Mn 

Y~ Y1 
M yl = - M 112 = s MA + s MB ; 

N;= -N2 = !~p (N1=+; bzw. N1 =-~)· * 

*See foot.note p. 415. 
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Frame Ill 

Unsymmetrical closed triangular rigid frame. Externally 
simply supported. 

Shape of Frumc 
Dimensions and Notations 

kz = ~:. sl2; 

4K +3k~ 
n11= F 

4K+3 
nz2=--F--

4K +3k~ 
nss=--F--

t"--X1-r--r/--xz--+t-"-.zt!.....-i 
I I I r-r----- ---------r] 

t ! ,/' B ~~~ "I i 'i~ 
I I v ~"I I 
::I> I " "I~ I ::§>' 

j__I A------------~ 1.J_ 
~ !4t---x xY~ft 

This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nales assigned lo any poinl. Positive 
bending momen_ts cause tension at the 

face marked by a dashed line. 
Coefficients: 

2K-3k1 . 
nz3=n32= F 

Formufas for the moments at any point of those members of Frame 

Ill which do not carry any external load 

Notation for Axial Forces** 

Ni in the left diagonal, N2 in the right diagonal, Na in the horizontal member. 

Note: Axial forces are positive for compression, negative for tension. 

* /Ir occurs when the hinge is ut C und Lhe roller at A , whereby HA vanishes. 

**The second index o denotes the upper end of the member, the index u the lower end. 
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FRAME Ill 

The moments at the joints contribute to the axial force: 

Angle at B less than 90° Angle at B greater than 90° 

I 
I 

I 

,"JA~~....v..~~~~~ ..... ~c 
I lz-----1 

mi 
µi = s; 

T _ -viMA - µiMB+Mc 
i- hi 

mz 
µz=s; T _ +MA-µ2MB - v2Mc 

2 - h2 

lz 
Az=T ; 

T _ -J.2MA+MB - J.iMc 
3 - h 

If the angle at B is greater than 90°, ni, n., ,,1 and v1 are negative values. 

Case 111/1: Moment M acting at ridge B 

MA = +Mki(+n11 -2n2i) 
MB2 = +M ki(-ni2 + 2nzz) 
Mc = -Mki(+n13 + 2n23); 

• 

A ~UW.llJ~-"'=a:III!ll~rft' 

1-~ 
MB(= -M +M112 ; 

M 
Vc =-VA=T· 

viM M 
Ni= - ~+Ti N 2 = hz + Tz 

*See p. 4i8 for M •. Substitute Ms1 in M,,, Mao in M ••. 
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FRAME 111 

See Appendix A, Load Terms, pp. 440-445. 

Case 111/2: Left-hand inclined member loaded by any type of vertical 

load 
!S 

MA = (- f nu+ m n21) ki 
Mn=(+ fn12- Sln22)k1 
Mc=(+ fn13 + Sln23)k1; 

e, 
Vc=T VA=S-V0 . 

N - Y1 e, + s lz + T 
1u- hi 1 

MA= (-fn11 + Sln21)k1 
Mn=(+ fn12 - Sln22)k1 

1110 = (+ fn13 + ffin2s)k1 ; 

0 X~ X1 
M.,1 =M., + r;_MA + r;_Mn; 

e, A.2e, 
N2=-h;,+T2 N3 =-~+Ts 

Y1 eJ, 
Nia= -JI;+ Ti . 

o Y~ Y1 M . 
M111=My+-,;;M.4 +-,;; R' 

HA= -W (He=+ W); 
e, 

Vc=-VA=T· 

N - e,+µ1 e,+ T 
iu- - hi 1 

N = - Y1ei1+ T 
lo hi 1 

N e, T Ns = _ A.2hei'+ Ts 
2= h2 + 2 (Ns=A.1e~+e,+Ts)· 

Note: If the hinged support is at C, use the values in parenlheses instead of the und~r· 
lined values. 
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I g.,,. Appendix A. Load Terms, pp. 440-44~ . ) 

Case 111/4: Right-hand inclined member loaded by any type of vertical 
load !S 

r-=l~,-.,-~9-__,,,,__ 
~ i 

1--~'-.:.~~~~~;;.....~~~..AIJI. 
MA=(+ fn21 + 9ln31) k2 

Mn= (- fn22 + 9lnaz)k2 
M 0 = (+ fn23 - 9ln33)k2 ; 

VA = ~r VO = S - VA · 

N Vzer 
2o=-~+T2 

Case 111/5: Right-hand inclined member loaded by any type of horizon· 
tal load 

r-;:=:-~-- ~~-:-~: -.. -
~ I ~~ ... 

l__i JJ ~ 
w 

o Y2M + y;M . M 112 =My+Ji: B h a, 
MA=(+ fn21 + 9lna1)k2 
Ma= (- fn22 + ffinaz)k2 
Mo=(+ fn23 - ffin33) k2; 

HA =+ W (Ho = - W); v.t =-Vo= ~r. 
N 2o= - v~~r + T2 N2u = - µzeh: er + Tz 

N er N J.1 er T (Na = e, + h).2 er + Ta) . 
i = hi + Ti ...Jl = - - h- + s 

Note: If the hinged support is at C, use the values in parentheses instead of the under· 
lined values. · 
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FRAME 111 

Case 111/6: Horizontal member loaded by any type of vertical load, 
acting downward 

See Appendix A, Load TermM, pp. 440·445. 

B 

f ~ ~ --~.--.,..-~--'""'-

1 _Al Ill l!'rm.,.,.,.,.,.mTTTTII 

MA=+ ~nu - 9tns1 
MB = - ~ n12 - m ns2 
Mc = - ~ n1a + m naa ; 

VA = ~r V C = ~I· 

~--

+ 

Na= Ts. 

Note: The lower face of member AC has been indicated by a dashed line in order to show 
the sign convention for the load terms ~. 9l, IS,, 12)1 .• Bending moment signs, however, 
follow the convention indicated by the title figure on p. 418. 

Case 111/7 and 8: Vertical and horizontal concentrated load acting at 
joint B 

V _Pl1 
c- l . 

p 

I ~ 

I I 
-~~~~......;.;~~~~--=~~: _L_) .He 

----~1 .... ·~~ 
Ph 

Vc=-VA=z; 

· Ph 
N1=--r; 

N __ Pl2 
_:i - l 

HA=-P 
(Hc=+P). 

Ph 
N2 =-h . 2 

( Pl1) Na=-l- . 

Note: There are no bending moments. For case 111/8 use the values in .parentheses in
stead of the underlined values if the hinged support is at C. 
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Frame 112 

Symmetrical closed triangular rigid frame. Externally 
simply supported. 

Shape or Frame 
Dimensions and Notations 

r---x1--i--x;--+--x2~xJ---l 
1 18 D 1 J-:-----: I~ l 

::.,t I P I ~~ 1 

l ,," : : 
I P I I 

,, 1/}'--f-o--

"" v J__r ~------------
-1 ~t~x-~.,_ __ 

This sketch shows the positive direc
tion or the reactions and the coordi
nates assigned lo any point. Positive 
bending moments cause tension at the 

rare marked by a dashed line. 

Coefficients: 

* 

Formulits for. the moments at any point of those members of Frame 

112 which do not carry any external load 

~ ~ 4 ~ 
Mxi=-MA +-MB M x2=-MB+-Mc w w w w 

x' x 
Mx=TMA + TMc. 

Notation for Axial Forces** 

Ni in the left diagonal, N2 in the right diagonal, N 3 in the horizontal member. 

* Hr occurs when the hinge is at C and the roller at A. whereby HA 10nishes. 
**The second index o denotes the upper. end of the member, the ioaex u the lower ead . 
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FRAME 112 

The moments at the joints contrihute to the axial force: 
Angle at B less than 90° Angle nt B greoter thnn 90° 

a) For arbitrarv unsymmetrical loads 

m n 
µ=8 v=9=l-µ; 

-vMA-µMn+Mc 
Ti= h 

8 

Note: n and v become negative for obtuse angles at B. For a right angle at B (m = Ii,) 
s, µ = 1, v = 0. 

b) For arbitrary symmetrical loads 

Case 112/l: Moment M acting at ridge B 

x'-x 
M,,=-z-MA. 
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Case 112/2: Horizontal member loaded by any type of vertical load, 

acting downward 

MB= - (f+ ffi). 
6F1 ' 

x' x 
M"' = M! + y M.1 +TM c; 

N 2 =T2 N=T. 

Note: The lower face of member AC has been indicated by a dashed line in order to show 

the sign convention for the load terms ~. !R, Sr, \51 • Bending moment signs, however, 

follow the convention indicated by the title figure on p. 423. 

Special case 112/2a: Symmetrical load (ffi = f; '51 =Sr). 

2f f 
MA=Mc=+3F1 MB=-3F1; Mx=M!+MA; 

N=T'. 

Case 112/3: Horizontal member loaded by any type of antisymmetrical 

load (Special case to case 112/2 with ffi = - f and '51 = - '5,) 

___,,,_..;-8<-_ ... ___ t_ --~--, 8 

1------7~ ~ 

fOl"lilllo~'i<iiiffiii'Tffii'ffiiiifli1~' c - _ l 
x'-x 

Mx=M!+-z-MA; 
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FRAME 112 

See Appendix A, Load Terms, pp. 440-445. 

Case 112/4: Left-hand inclined member loaded by any type of vertical 
load 

is 

\ 

' 

...... -- .... 

Case 112/5: Both inclined members loaded by any type of symmetrical 
vertical load 

IS 

-----l 

(2f-ffi)k 
MA=Mo=-~-1-

/.,.------.. ......... 

0 ~ ~ . M.,1 =M.,+wMA+wMB; VA=Vc=S, 

µf61 , _ Sl-µf6, T' 
N1o=N20= -h +Tl N1u=N2,.---h--+ 1 

8 8 

Nole: All the load terms rt•fer to the left inclined nwmber. 
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See Appendix A, Load Terms, pp. 440445. 

Case 112/6: Left-hand inclined member loaded by any type of horizontal 

load 

Note: If the hinged support is at C, use the values in parentheses instead or the under· 

lined values. 

Case 112/7: Both inclined members loaded by any type of symmetrical 

horizontal load 

w 

M _Mc _ _ (2 ~ - ffi) k 
A- - 3F1 

M - - ffi(3+2k)-fk. 
B- 3F1 ' 

My=M:+tMA+ i MB; 

w 

N N µf!J, T' 
lo= 20=-y;-+ 1 

• 
N N µf!J, T' 

iu= 2u= --h-+ 1 
8 

N= ~'+T'. 
Note: All the loail ter111s rd er to the left inclined member. 
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FRAME 112 

Case 112/8: Both inclined members loaded by any type of antisym
metrical vertical load 

1!'1+MA h N2 =-Ni=----·-o 0 1JJ 8 

Note: All the load terms refer to the left inclined member .. 

Case 112/9: Both inclined members loaded by any type of antisym· 
metrical horizontal load, acting from the left 

8 

HA=-2W 

6 

(He= +2 W); 

N=-W 
(N=+ W). 

Note: All load terms refer to the left member. If the hinged support is at C, use the values 
in parentheses instead of the underlined values. 
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Case 112/10: Uniformly distributed symmetrical load, acting normally to 
the inclined memhers 

qs2 k 
MA=Mc=--·-12 F 1 

qs2 3 + k 
MB=-12·}j\; 

V.-t=Vc=qw; 

q(h2- w2) , 
N= 2h +T. 

HA=O; 

Case 112/11: Uniformly distributed antisymmetrical load, acting normally 
to the inclined members (Pressure and suctioni 

HA=-2qh (Hc=+2qh); 

'!!_=-qh (N= +qh). 

Note: If the hinged support is at C, use the values in parentheses instead of the under

lined values. 
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Frame 113 

Equilateral closed triangular rigid frame. Externally 
simply supported. All members having equal moments 

of inertia. 

A c -Shape of Frame 
Dimensions and Notations 

r--.r,-t-x/-~-.xz~.r;-i 
r-t----- B : 
,,,, l1~ '* t I 1 \ I 

I r J ~ I 
I v I ~ I 
I I I 

;::,, I I ~ I 

j_1 ~--=~-111 - I( He) 

1 ~ f--.r i·-' -iic 
This sketch shows the positive direc· 
lion of the reactions and the coordi· 
nates assigned to any point. Positive 
h~nding moments cause tension at the 

face marked by a dashed line. 

Relations between frame dimensions 

s 1f3 
h= T"" o,s66o 8 

2h 
s= Vli"" i,1547 h 

Formulas for the moments al any point of not 
directly loaded members for all loading conditions. 

Notation for Axial Forces** 

N 1 in the left diagonal, N 2 in the right diagonal, N in the horizontal member. 

* w = s/2 is introduced for u simpler representation off.he moments M~ of the inclined members us welJ UN the 
xial forces produced by symmet.ricul and antisymmetricnl loads. He occurs when the hinge is nt C. 

** ThA RAcond index o denotes the upper end of the member. u the lower end. 

] 
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Axial Forces due to Corner Moments alone 

a) For arbitrary unsymmetrical loads 

FRAME 113 

T _ 2Mc-MA-MB T _ 2MA-MB-Mc 
i - 2h 2 - 2h 

2MB - MA-Mc 
T= 2h 

b) For arbitrary symmetrical loads 

T' = T' - M A - MB 
1 2- 2h 

Case 113/l: Horizontal member loaded by any type of vertical load acting 
downward S..c Appendix A, Loud Term•, pp. 440-445. 

B . -, ------1 
~ 

~CJ + 

Note: The da•hed line must be shown at the bottom of the face of the member to make. ~ 
ffi, 15,. 151 a~ree with the definition given in the introductory rhaptrr. For th<> 
positive direction of the moment see the sketrh on p. ~.30. 

Special case 113/la: 

n 
M ,1 =Mc=+9 

Symmetrical load (!ll = ~; e, =el,). 

~ 
MB= - 9 ; M x = M! + MA ; 

s ~ ~ 
VA=Vc=2; N1=N2=6h N = -3h " 

Special case 113/ lb: Antisymmetrical load OR = - ~ ; el, = - el,) . 
~ 

MA=-Mc=3 

VA= -Ve = e, 
8 

X ' -X 
M =M8 +--MA · x Jt s , 

N=O. 

Note: Load and moment diagrams same as for case 112/ 3, p. 425. 
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llE 113 

See Appendix A, Load Terms, pp. 440-445. 

113/2: Left-hand inclined member loaded by any type of vertical 
1s load 

MA"' 2f-m f. 
Mc/= --1-s-=Ffi' 

5ffi-f 
MB=--1-s-; 

e, 
N10=- 2 h+Ti 

ss+e, 
Niu= 2h +Ti 

e, 
Vc=s 

e 113/3: Both inclined members loaded by any type of symmetrical 
vertical load 

!S IS 

2f-m 
M,t=Ma=---9-; 

5ffi-f 
MB=---9-; 

e, 
Ni0 =N20 = 2 h +Ti 

/,,..---- ............ , 
I \ 

Note: All the load terms rer.,,. to the left inl"lined 111emher. 
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SPe Appendix A, Load Tern", pp. 440445. 

Case 113/4: Left-hand inclined member loaded by any type of horizontal 
load 

MA'-... 2f-!Jl f 
Me/= - -1-8 - =F 6 

y' y 
M 111=M:+}i;MA +Ji:MB; 

59l-f 
Mn=--l-8-; 

e, HA=-w 
Ve= -VA =s; (He=+ W); 

e, 
N10= -n+ T1 Niu= - Wh + 6, + T 

2h 1 

e, 
Nz=-,;-+T2 (N - Wh+6, T) 

- 2h + . 
Note: If the hinged support is at C, use the values in parentheses instead of the under· 

lined values. 

Case 113/5: Both inclined members loaded by any type of symmetrical 
horizontal load 

2f-!Jl 
MA=Me=--9--

59l-f 
Mn=---9-

M11=M;+fMA+ iMn; 

w 

Note: All load terms refer to the left diagonal. 

,,.---
/ ' 

e, 
N1.=N20= 2h + T1 

N1u=N2u= - :; + T1 

N= ~' +T. 
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FRAME 113 

Case 113/6: Both inclined members loaded by any type of antisym- 1 

metrical vertical load 

315,-f 
Nzo= -N10=---v,,-

Note: All the load terms refer to the left member. 

8 

Case 113/7: Both inclined members loaded by any type of antisym
metrical horizontal load 

8 --- T 
w I 

8 

t:::::~~~~~~.i;;;;;;;~£ __ 1 _i....;;:>~rmnm-m,.,..!-..:D.l.Will~t--!!£) 
-_ta \_A 

~ - -
A s -~ 

f ~ ~ 
Mc=-MA=3 Mn=O; Mv=M:+hMA; Vc=-VA=w; 

HA=-2W (Hc=+2W); N=-W (N=+ W); 
- 315,-f - 315,-f w 
N20= -N10= 2h Nzu=-N1,, = 2h +2. 

Note: All load terms refer to the left member. If the hinged support is at C, use the values 
in parentheses instead of the underlined values. 

Special case 113/7a: Horizontal concentrated load Pat B 
No bending moments occur 

PV3 Ve= -VA =-2-~ 0,8660·P; HA= -P (Ho= +P); 

N=-p (N=+p) N 2 =-N1=P. 
- 2 2 
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FRAME I 

Case 113/8: Uniformly distributed symmetrical load, acting normally to 
the inclined members 

N-2qh 
- 9 

Case 113/9: Uniformly distributed antisymmetrical load, acting normally 
to the inclined members (Pressure and suction) 

qzz' z' 
Mz=-2-+-;MA; 

(He= +2qh) 

(N=+qh). 

Note: If the hinged support is at C, use the values in parentheses instead of the und 
lined values. 

Case ll3/10: Clockwise moment M acting at ridge B 
M M M 

MA= -Me=6 MB2= -MB1=1;; Ve= -VA =s-; 

M M 
N 1 =---,; N 2=+--,; N=O. 

Note: Load and moment diagrams same as for case 112 / 1, p. 424. 



• - 436 -

Frame 114 

Vierendeel frames with two axes of symmetry (cells), 
with or without non-yielding tie-rods, and subject to 

uniform internal pressure only. 

(For tanks, silos, etc.) 

£ 

.r, 
B 

"' 
£ ~ 

The dimenEions and coefficients are given for each case. 

Notations for the axial forces: 

In the vertical member (with J1) N1 

In the horizontal member (with J2) N2 

Note: For this frame, the m01nent diagram is shown on the compression side, therefore 
the + sign means tension on the outside, the - sign tension on the inside of .the 
framr. The axial forrr.s for this frame arr. calle1l positive if they rause tension. 
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FRAME ll 

Case 114/l: Rectangular frame without tie rod 

Axial forces: 

b 
fl=z; 

ql2 I +{J2 k 
ME = -12 '!+k 

qb2 
Mn=Mn=s+ME. 

qb 
N2=z" 

Case 114/2: Rectangular frame with rigid tie rod 

I 
I 

I 
/ __ ..,.,,,,."' 
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\AME 114 

1se 114/3: Rectangular frame, ratio of the side dimensions 1:2, with 

equal moments of inertia for the sides and with one rigid tie 

rod between the longer sides 

[ A [ 

r~ 
~ 

L __ 
[I ~ 

~l--'----

Jz=J1; 

ql2 
Mn= Mn=+ 24; 

nsion in the tie rod: Z = q l. 

/!_ 

Axial forces: 

:ase 114/4: Rectangular frame with two rigid tie rods between the longer 

sides 

E 

~~-, 

,,,,b..,,,,..,,.fiiiiil~J 
1£ 

----'---" '--"4---l~ 

Axial forces: N _3ql _ z 
l ~ 2 
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FRAME 114 

Case 114/5: Rectangular frame with two rigid tie rods through the center 
of the frame __ __ 

------- "ti -------

f 

f~IWWil.W.LW.Wil.W.LW1'~1J.WJ~WilJ:fWll. , .. 
1.----l-~-i.~~ 

Tension in the tie rods: 

AG: z -~·(4+5k) - ,82k 
i-4 l+k 

BD : 
z -~·(5+4k),82 - l 

2 - 4,8 I+k 

Axial forces: 

Case 114/6: Quadratic frame with equal moments of inertia of the sides 1 

and two rigid tie rods through the center of the frame 

z = ql 

ql 
N=-2 



• APPENDIX 
A. Load Terms 

(a) General Notations: 

In the formulas the following notations printed in bold type are used: 

~. m; e,, e 1 ; s, w; M!, M~. 
When several members are loaded these quantities are shown with 

an index (2i. Dl1). 
These quantities are called "load terms." They depend only on type, 

magnitude and point of application of the external load, hut they do not 

depend on the form and dimensions of the frame. 

In using these load terms each member of the frame should he con· 

sidered as a simple beam, isolated from the frame. 

The meaning of the load terms ~ and 9t is explained in Beam 

Formulas (see footnote p. 441). They are indicated in the sketches by a 

double line II at the end of the member which carries the load. 

S in general is the resultant of the external loads acting on a member. 

For horizontal loads the notation Wis used instead of S. e, is the statical 

moment of the resultant S or W, about the right end of the beam, e, 
about the left end. Draw the moment diagram of the simple beam and its 

tangents at the supports. e, and e, are the distances cut off by these 

tangents at the vertical through the supports (cross line distances). 

f--- Tn TL-----1 

L~~llll]lll~lllllllillilwiR 
~ i ' at] 

Ao e;,. tS(ff? A0 - q 
i~s r-s 

I 

1----.:t'----
L~l~~"'"""""'",.,.,,.,.,,,,.,.,TTmTTm~ 

The moment of the simple beam at 

any point is denoted by M,O for ver

tical loads and by Mr0 for horizontal 
loads. The sketch on this page illus

trates the meaning of these notations. 

(h) Formulas 
for the Load Terms: 
The following pages contain a 

summary of the most important load
ing conditions in abbreviated form. 
The reader is referred to Beam For
mulas for a total of 72 loading con

ditions, their shear and moment 

diagrams, fixed end moments, end 

slopes, and equations for the elastic 

curves. 
In the nineteen load cases to fol

low the numbers in brackets refer to 

numbers of the loading conditions in Beam Formulas. This latter 
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For symmetrical loading: 

2 = !Jl (9 + !Jl) = 2 9 (2 - !Jl) = 0 e,= e, (e, - e,)=O. 

Case I: ( 17] Uniform load over the entire beam 

M'= qxx' 
" 2 

Case 2.: (23*] Two uniform loads, one at each end of the beam 

a b r-a--:--o--r-a-
{3 ~=ffi= qa2(2+{3) -?" q-~ 

a.=-s =-s 2 r . i 
ei,=ei1 =qas S=2qa. " 

For the 
left-hand region a: 

M!=qx(a-]-) 

For the region b: 

M o_ qa2 
,.- 2 

For the 
right -hand region a: 

M!=qx' (a-f). 

Case 3: (22*] Symmetrical uniform load in the center part of the beam 

(I.=~ {3 = !!_ ~ = m = q b 8 (3 - {32) ra-i--o--q:-r-a--

' ' 
8 ~mii1111111,,i 

ei,=ei1 = q;s S=qb . 

For the 
left-hand region a: 

Mo= qb x 
" 2 

For the region b: 

M 9 = !l. [bx - (x - a)2] 
" 2 

For the 
right-hand region 

M!= q2b x' 

•Beam Formulas by A. Kleinlogel. American edition translated and adapted to Ameriu 

ronditions by Harold G. Lorsch. ,Frederick Ungar Publishing Co., New York. 
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ase 4: [19*) Uniform load near the left end of the beam 

a 
oc=-

8 

-a b--i 
I I I 

~;~ 

b 
f3=-;· 

qa2(I +/3)2 
f= 4 

qa2 (2 - oc2) 
ffi= 4 

""' _ qa (s+ b) 
~r- 2 

S=qa; 

(f + ffi)- qa2(I + 2{3) 
- 2 

qa2p2 
(f-ffi)=-2-; 

qa2 
1!11=2· 

F th . . M• (er qx) or e region a. = - - - x 
" 8 2 

For the region b: MO= 151 x' 
" 8 • 

:ase 5: Uniform load near the right end of the beam 

a 
ot=-

8 

i--a b---. 
I I 

~~' 

b 
{3=-. 

8 

q b2 (2-(32) 
f= 4 

q b2 (1 + ot) 2 

ffi= 4 

qb2 
\!>r=y 

For the region a: MO= 15r x 
" 8 

For the region b: 

S=qb; 

(f + ffi) _ qb2(I + 2ot) 
- 2 

q b2 ot2 
(f - ffi) = - -2 - ; 

""'_ qb(B+a) 
~,- 2 

.AfO = (\!>' - q x')x' 
" 8 2 . 

Case 6: [2*] Single concentrated load at any point of the beam 

(f + !R) = 3Pab 
8 

S=P 

For the region a: M• = P f3 x 
" 

a 
oc=-

8 

b 
{3=-. 

8 

2= Pa{J(I +{:J) 
!R= Pbot(I +ot) 

(2-!R)=P(b-a)ot{:J; 

For the regionb: M:=Potx'. 



• 
Case 7: [l] 

3 
f=m= 8 Ps 

• - 443 -

Single concentrated load at the center of the beam 

Ps 
el,=el1=2 S=P. 

F6r the left half M• = P x 
of' the beam: "' 2 · 

Case 8: [3*] Two equal concentrated loads symmetrical about the center 
of the beam 

a 
ot= -. 

8 

f= 9l=3Pa(l - oi:) 

S=2P 

'5,=e11=Ps. 

For the left-hand region a: M! = P x For the region b: M!= Pa. 

Case 9: [ 4] Two equal concentrated loads at the third points 

For the left third of the beam: M! = P x 

For the middle third of the beam:M! = ~8 

S=2P. 

Case 10: [9] Three equal 
the beam 

concentrated loads at the quarter points of 

15 
f=!R= 16 Ps 

3 
'5,=e11=2Ps . 

For the left quar- 3 
ter of the beam: M! = 2 p x ; 

For the second quar' M• = p (~ + ~) 
ter of the beam: "' 4 2 · 

Case 11: Triangular load starting at the right end 

p p p 

f- 8ps2 - 2ps2 m- 7ps2 n.{~ 
- 60 - 15 - 60 ,-

p s2 ps2 t !Ji"' • tll" t 
(f+ m> = 4 (f-m> =oo· "--1 

ps2 
el,=3 

ps2 
e,=6 S _ps 

- 2 

x' (x' 3 where w~ = s - s) * . 
•See foornole* on p. 444. 
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ase 12: [28] Triangular load starting at the left end 

ps2 
6,-5 

ps2 
61=3 S _ps 

-2 

Case 13: [53] 

• ps2 
M.,=5·wD 

Moment acting at the left end of 
the beam*" 

(£+9t)=3M 

(£-9t)=M; 

e =+M. 

Mo= x'M. 
" 8 

Case 14: [54] 
Moment acting at the right end of 
the beam"" 

£=M (£+9t)=3M 

9i=2M (£-9t)= -M; 

e, = + M e, = - M. 

M0 =~M. 
., 8 

Case 15: (56] Equal moments acting at the ends of the beam"" 

Q; :£) £ = m = 3M 5, = e, :: o 
s 

~11111111111111111111@11111111111111111~ 
M!=M. 

*Tables or '"o'· and Wn· numbers are given in Beam Formulas, see footnote p. 441. 

am the only loads on ~ beam. 
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a 
Generally: a. = -

8 

b 
{3=-

8 

Case 16 [63*] 

N-P 
f=Pc(3(J2-l) ffi=Pc(l-3a.2) 

(f+ffi)=3Pc({J-a.) 
(f-m) = Pc(l-6a.f3); 

\!,=-Pc \!11= +Pc. 

For the regiona: For the region b: 

M 8 = - }I_ Pc M 0 = + y' Pc. 
y 8 y 8 

Case 18 [64*] 

f=Pc(3()(2-l) ffi=Pc(I - 3(32) 
(f + ffi) = 3 Pc (()(-{J) 
(f -m) =Pc (1 - 6a.{J); 

\!,=-Pc \!11=+Pc. 
.For the region a: For the region b: 

Y Y, 
M 8 =+-Pc M 0 =--Pc. 

v 8 y 8 

(a.+{J=l); 

Case 17 [65*] 

f=Pc(l-3(32) ffi=Pc(3()(2-
(f+ffi)=3Pc(()(-.Bl 
(f-ffi) =Pc (6a.{3- 1); 

\!,= + Pc \!11= - Pc. 

For the region a: 

M 8 =+J!....Pc 
y 8 

For the region l 
y' 

M 0 = --Pc. 
y 8 

Case 19 [66*] 

f=Pc(l - 3a.2) ffi=Pc(3(J2 -
(f + ffi) = 3 Pc ({J- a.) 
(f-ffi) = Pc(6a.{J - l); 

\!,= +Pc \!11 = -Pc . 
For the regiona: 

M 8 = _}!_Pc 
y 8 

For the region 

M 8 = +'!f__Pc 
y 8 
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B. Moments and Cantilever Loads 

(a) General Explanation: 
In this hook only a few formulas for the more frequent types of loads 

are given without using the load terms. All other types of loading use the 
]oad terms. It is important that the load terms are computed with their 
proper sign as exp]ained in the Preface. A few iHustrative examp]es are 
given in order to faci1itate the use of the load terms. 

A simp]e type of rigid frame has been used for these examp1es. The 
fundamenta] principles remain unchanged when applied to more coµipli· 
cated types. 

(h) Examples: Moments and Cantilever Loads 
acting on Frame 49 

The notations and the positive direction of the forces and loads are 
shown in the sketches on p. 172. 

Six illustrative examples are computed using the six types of loads 
shown in fig. 1, p. 446. 

-ct--

B~i 1 C 

p. 0 

~ 0 

The dimensions: 
l = 10 ft. hi = 6' ft. h. = 4 ft. 

To simplify the computation we assume k1 = k1 = 1. 
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With these figures we obtain the coefficients ( p. 186) as follows: 

6.0 1" 
m= 4,0 = ,u 

N:::::S(l,5·1+1)'+4· 1(3+1,5')+4·1(8·1+1) = 55,75 

- 2 (1,f>'. 1+1 + l} - 0 1525 
nu - 55,75 - ' 

2(8-1+1) 
nu= · &f>, 76 = 0,1~3f> 

3·1,5·1-1 . 
nu= n11 = 55 75 = 0,0628. 

' 

Case I : M 1 acting at the joint B 

First Method of Analysis: Consider M 1 to act on the girder. Therefore 

use p. 174 top, "General vertical load on girder." ,.,, 

The load term is given on p. 444, case 13. Fig. 2 ....,...,.,,,,..,...,.._,,""""'m'ft-'C 
shows the girder as a simple beam. 

From 11.f = M 1 and s = l : 

2 = 2 Mi, 9l = M1 , I!', = - M, I!', = + M. 

Substituting in the formulas on p. 174 top: Fig. !l 

X1 = 2 nu+ !R nu= 2 M1 • 0,1525 +Mi· 0,0628 = 0,3678 M, 

X, = 2 nu + 9l n11 = 2 Mi· 0,0628 +Mi · 0,1435 = 0,2691 M'" 

Furthermore the moments become 

MA= 1,5 · 0,2691 M1 - 0,3678 Mi=+ 0,0359 M1 

MB = - 0,3678 M, Mc=-0,2691 M1• 

These momenta result in the moment diagram 1-2-3-4-5-6 shown in 

fig. 3. The legs have no ex.ternal load, therefore 1-2 and 5-6 are final 

moment curves. The moment curve 3-4 of the girder has to be combined 

with the moment curve for the external load (fig. 2), thus resulting in the 

final moment curve 3' -4. The final moment Mso of the girder at the joint B 

is therefore 

MBo = Ms + M, = - 0.3678 M, + M, = + 0.6322 M,. 

For completeness the moment Ms which pertains to the leg only may 

be denoted by MsL· 
From p. 174 top we finally compute 

VA= - M1 + 0,3678 M, - 0,2691 Mi - 0,0901 Mi 
10,0 10,0 

. 0,2691 M1 

VD=-V..t=+0.0901Mi HA=HD= 40 =0,0673M, . . 
Fig. 3 shows the direction of the reactions. 
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Fig.3 Fig.5 

Second Method of Analysis: Consider M1 to act on the leg. In th.is case 
the formulas on p. 173 top, "General horizontal load on left leg" and the 
load term p. 444, case 14 apply. 

The direction of M, is opposite to the direction of the moment shown 
H, B in case 14, therefore all the coefficients of loading 

I -f condition 14 should have their signs reversed. Fig. 4 
<r===tii M1 shows the leg as a simple beam and its M0-d~agram. 

II -<!1 From M = - M, and s = h, we obtam 

2 = - M1 m = - 2 ,l/1 (2 + !Jt) = - 3 Mi 
1-- """ """ A '<;.l,=-M1 '<;.11 =-(-M1)=+M1 (W=O). 

Fig.(. 

Substituting in the formulas p. 173 top the auxiliary quantities: 

m1 = (3 M1 - l- 3 M1)] 1 = 6,0 M1 

m, = [2 Mi - (- M.)] 1.5 · 1=4.~ Mi 
X1 = M1 ( + 6,0·0,1525 - 4,5 · 0,06::28) = + 0,6324 M1 

X, == M1 (- 6,0 · 0,06::28 + 4.5 · 0,1430) = + 0,:?690 M1• 

Furthermore the moments become 

MA = M1 (- 1 + 0,6324 + l,SX0,2690) = + 0,0359 M, 
Ma = + 0,6324 M, Mc = - 0,2690 M,. 

In fig. 5 the moment diagram for these moments is shown as 1-2-3·4· 
5-6. This diagram is correct for the girder and the right leg. For the left 
leg it has to be corrected by the M .-area (fig. 4 ), thus resulting in the final 
curve 1-2'. The final moment Ma1• of the leg at the joint B is 

M81, = Ma - M1 = + 0,6324 M, - M, = - 0,3676 M,. 

The reactions are ( p. 173 top) 

( 0,6324 + 0,2690) M, 
V.1 = - Vn = - io:o - 0,0901 M, 

and for W = 0, 
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0,2690 M, 
4,0 

0,0673 M,. 

Case 2: Moment M 2 acting at joint C 
Referring to the detailed example 1 (case 1) we have: 

First Method of Analysis: M2 acts on ~-
the girder. The formulas at top of p. 174 ~ 
and the load terms of case 14 on p. 444 B ~.L 
apply. Fig. 6 shows the girder as a simple l ~ 
beam l. , ,__ ___ i----

From M = - M2 ands = l we obtain Fig.6 

2=-Ms !R=-2 M1 
e, =+M1• 

Substituted in the formulas on p. 17 4 top: 

Xi= - M1 (0,1525 + 2 · 0,0628) = - 0,2781 M1 

X2 = - M1 (0,0628 + 2·0,1435) = - 0,3498 Mt 

M.A = M, (- 1.5 · 0,3498 + 0,2781) = - 0,2466 M, 

Ms=+ 0,2781 Mt Mc= Mc L = + 0,3498 M1 

Mca = McL-Mt =M2(+0,3498-1)=-0,6f)02 Mt 

V _ Mt (- 1 - 0,2781 + 0,3498) __ O 0928 11 __ V 
A - l 0,0 - ' ""t - D 

- 0,3498 M, 0875 "II H.A=Ho= 0 =-0, mt· 4, 

Fig. 7 shows the final moment diagram 

and reactions. 
Second Method of Analysis: M, acts on 

the right leg. The formulas at the bottom of 
p. 173 and the load terms of case 13 on p. 444 

apply. For M = + M, 

2=+2M1 ®,=-Mt W=O. 
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By substitution: 

~I = 3 . 1,5 (- M2) 1 = - 4,5 M, 

?82 =:? · 1,52 (- M1} 1 - 2 M2 • 1 = - 6,5 M, 
X1 = M2 (- 4,5 · 0,1525 + 6,5 · 0,0628) = - 0,2781 M1 

X, = M, (+ 4,5 · 0,0628- 6,5 · 0,1435) =- 0,6502 M1 

MA = M1 [1,5 (- 1 + 0,6002) + 0,2781] = - 0,2466 M1 

Ms= +o,2781 M2 Mc=McR=-0,6502 M1 

Mei. =Mc,, + M, = M2 (- 0,6502 + 1) = + 0,3498 M1 

V - - TT - M, (-0,2781-- 0,6502). - 0 0928 711' 
A- rD- • ]0,0 -- ' m2 

H _ H _ M, (- 1 + 0,6502) _ O 0875 111 
.A - D - 4,0 - - ' ...... ,. 

Both methods yield identical results. 

Case 3: Horizontal load P 1 acting on a cantilever 
on top of the left leg 

This problem can be solved as a combination of a horizontal load ( 3a in 
fig. 9) and a moment ( 3b in fig. 9). 

Fig. 9 

For load 3a, fig. 9, the formulas at top of p. 173 and the load terms of 
case 6 on p. 442 apply. P 1 is assumed to be an external load on the left leg. 

B 

r!I 
I -<!'" 

!__J 
A 

Fig. IO 

From loading condition 6, p. 442, according to fig. IO 
with P = Pi. s = a = h 1 and b = 0 

Substituted in the formulas at top of p. 173 : 

m1 =(3·6,0P1 - OJ 1=18,0P1 

m, = (2 · 6,0P1 -OJ1,6·1=18,0P,. 
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As m1 happens to equal m, 

X1 =18,0P1 (+0,1525- 0,0628) = l,615P1 

X, = 18,0 Pi (- 0,0628 + 0,1435) = 1,453 P1 

M..t = P1 (- 6,0 + 1,615 + 1,5 · 1.453) = - 2,206 P 1 

MB=+ 1,615 P1 Mc= - 1,453 Pi 

V - - v - - (1,610+1,453) Pi - -0 007 D 

.A- D- 10,0 - ,.., .c-1 

HD = 1•4;,~ Pi = 0,363 P 1 H..t = - (P1 - 0,363 P 1) = - 0,637 P 1• 

Load 3b is the same as "case I" on p. 447 except that M1 = P, a, . 

Using the results of "case I" on pp. 447 and ·448 we obtain: 

MA= + 0,0359 P 1 ai 

Mor. = - 0,3678 Pi a1 

VA=- Vo=-0,0901Pia1 

Mc = - 0,2691 P 1 a1 

M/Ju = + 0,6322 Pi ai 

HA= HD= 0,0673 P 1 a1• 

The combination of load 3a and load 3b yields the final result: 

M..t = (- 2,206 + 0,0359 ai) P 1 Mc= - (1,453 + 0,2691 a1) P1 

Mor. = C+ 1,615- 0,3678 a1) P 1 MlJ(; = + (1,615 + 0,6322 a1) Pi 

VA= - JT0 = - (0,307 + 0,0901 a1) P 1 

HA= (- 0,637 + 0,0673 a1) P1 Hn = (0,363 + 0,0673 a1) P,. 

Example: For P1 = 1k and a1 = 2 feet, 

the moments and forces are: 

M,. = - 2,134 ft.k. Mo = - 1,991 ft. k. 

MoL = + 0,879 ft.k. 

Mao = + 2,879 ft.k. 
V,, = - v D = - 0,487 k. 1 

H,. = - 0,502 k. Hn = 0,498 k. 

Fig. 11 shows the i;noment diagram. Fig. 11 
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Case 4: Vertical concentrated load P 2 on a cantilever 
at the right end of the girder 

This problem, too, can be solved as a combination of load 4a, fig. 12 
and 4b, fig. 12. 

-1 
i a.z 

I 

Fig. 12 

Load 4a: The load P2 causes axial stre~ses in the right leg and reaction 
Vo= P •. 

Load 4b: Is the same as case 2 p. 449, except that M 2 == P2 a,. 
Case 5: Cantilever load acting near the inside of the left leg 

(see fig. I, p. 446) 
This problem is again a combination of two simple loading conditions: 

Load Sa: Concentrated load P acting at K along the axis of the leg. 
Load Sb: Moment M = Pc acting at K. 

This load is a very common case (such as a crane load). Therefore the 
load terms for this load are given on p. 445. 

For load Sh the dashed line and the cantilever are to the right of the 
axis of the leg. Thus the load terms of case 16, p. 445 apply. 

Assume a = 4,80 ft. b = 1,20 ft. Then s =kt= 6,0 ft 

- 4·80 - 0 8 fl - 1 0 8 - 0 9 a -6F-· ' - - , - ,-
2 =Pc (3 ·0,22 -1) =-0,88Pc ®,=-Pc 
!n=Pc(l -3 ·0,82) = - 0.92 Pc e, =+Pc 

Fig.13 

(2 + !R) = - 1,80 Pc 'W = 0. 

The M 0 diagram is shown in fig. 13. 
For the computation of stresses, the formulas on p. 173, 
"General horizontal load on left leg," apply. The fact 
that ther~ is no horizontal force hut only a moment is 
reflected in W = 0. 

I 
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.!81 =Pc (3 · 1 - (- 1,80)) 1 = 4,80 Pc 

.!8, =Pc [2 · 1 - (- 0,88)] 1,5 · 1=2,88 Pc 

X1 =Pc(+ 4,80 · 0,1525 - 2,88 · 0,0628) = 0,551 Pc 

X, =Pc (- 4,80 · 0,0628 + 2,88 · 0,1435) = 0,112 Pc 

MA= Pc [- 1 + 0,651 + 1,5 · 0,112] = - 0,281 Pc 

MB=+0,651Pc ,Mc=-0,112Pc. 

For the summation of reactive forces it should he kept in mind that 

the formula for VA = - VD p. 173 top is valid for case Sh only, i.e., for the 

external moment Pc. Case Sa, single axial load, causes VA = P and V n = O. 

Keeping this in mind we obtain 

V = p _ 0,551Pc+0,112 Pc 

" 100 I 

(1 - 0,066 c) P 

VD--:-+ O,OV6 Pc HD= HA= O,l;,~ Pc = 0,028 Pc. 

Fig. 14 shows the moment f~ ]-~ 
- 41,,. 4iPc ~~ ._ 

diagram. The left leg was ..;;.~ 

isolated from the frame for Ht 1 ~ 
I M 

greater clarity. The JIJ 0·area 
-L 

of fig. 13 must he plotte<I -1 11.4 
t 

from the dashed closing line. '- ~ 7 ID 

The final moments at K are i,:T-"U Fig.14 
:.! 

figured from the formulas for M 111 on p. 173, top, as follows: 

M1 = - 0,8 Pc+ 0,2 (- 0,281Pc'+0,8 · 0,551 Pc= - 0,415 Pc 

M, = M1 + Pc=+ 0,585 Pc. 

Case 6: Cantilever load acting on the outside of the left leg 

Using the same dimensions as for case S, the moment and the moment 

curve are the same except that directions and signs are reversed. How· 

ever, the influence of the single load at K (load Sa) is the same, therefore 

VA = (1 + 0,066 c) P Vn = - 0,066 Pc. 

If case S had not yet been computed, the load terms would have to he 

computed by means of case 17, p. 44S. It is apparent that they are the loarl 

terms of case 16, p. 44S, multiplied by minus 1. 
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C. Influence Lines 

(a) General Notations: 
For all practical purposes, influence lines are used only for frame;; 

with girders that are horizontal or slightly sloped, such as frames of the 
types 1 - 14, 38 - 60, 73 - 88 and 106 - 110. 

The equation for tht< influence line of a single load moving over the 
girder has the basic form 

(1) y=e'•wD'+e·fOD· 
This equation represents the influence of the statically indeterminate 
moments at the joints (restraint at the end of the girder). The equation 
is correct for the moments at the joints. For the moment at any othei: point 
of the girder, for shear and reactions, another value representing the con· 
trihution of the girder as a simple beam has to he added. (See below.) 

The values e and c' are coefficients that can he either positive or 

negative. 
The w·figures are functions of the ratios 

(2) ~ = 7 and f' = ~· . 
For we have 

(3) IMD1 =f' -f'1 and mo=f-f1, 

Fig. 15 shows the basic shape of the influence line. t and t' are thf 
intercepts cut off by the tangents at one support on the vertical through 

I 
I 
;..-a, 

the other support. From the same auth· 
or's Beam Formulas (see* p. 441) the 
following formulas have been devel· 

(4) t = e - e an oped: { , 2 d 
t' = 2 e' - e. 

If the girder extends beyond the leg as 
a cantilever the influence line for the 

Fig. 15 cantilever is a straight line represented 
by the tangent at the support. The ordinates b, and b2 at the end of the 
cantilever, as shown in fig. 15, are 

(5) b1 = ""- f a1 and bs=-ta,. 

where 

(6) 
a, cs, =-z- and 

a, a,=-z-· 
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"general vertical load on girder" and substitute 
line, we always use the 

f 2=l·wD' '1=l·wo 

l e, = l • ~· e, = l . ' (7) 8=1. 

The following example shows how to use these formulas. 

(h) Illustrative Example for Determining 

Influence Line Equations 

Compute and draw the influence lines for moments, horizontal and 

vertical reactions for Frame 44 shown in fig. 16, for a single concentratecl 

load P = 1, movinit over the 1tirder extendinit heyond the leits a~ a can

tilever. a,~ 

I I 
The dimen8ions are: z 

l = 8,40 ft. h = 4,80 ft. 

ai = · 1,35 ft. a2 = 1,80 ft. 

The moments of inertia are: 

11 = 0,0072 ft.4 

12 = 0,02Ui ft.4 ~ 

a _ _.............__ a' 

ls = O,Oll4 ft.4 N.~lil 
!4 Fig. 16 

First compute the coefficients on p. 158. !:I 

k - 114 . 4,80 - 0 905 k 114 4,80 0 302 
1 - 7:2 8,40 - , , = :216 . 8,40-= , 

R 1 =2(3 . 0,905 + 1) = 7,430 k1 2 = 0,819 

Ra= 2 (1+3. 0,302) = 3,810 k, k, = 0,273 

Ra= 2(0,9o5+o,302)=2,415 k, 2 =0,091 

N = (6 · 0,273 + 2,415) (0,905 + 1 + 0,302) + 12 · 0,2i3 = 12,22 

- 3.810°2,415-9·0.091 -09286 
nu - a . lt,22 - ,. 

= 7,430· 2,415-9 ·0.819 =O 2884 
ntt 3 · U,:22 ' 

7,430. 3,810 - 1 
nu= 3· 12,22 

=0,7450 

9. 0,273 - 2,415 
n12 = n21 = --3 . 12 2~ - = 0,0011 

' 
- - 0.905. 3,810 - 0,302 - 0 2~~4 

nu - na1 - 12,22 - , u( 

7,430. 0,302 - 0,905 
nu = n., = 12,22 0,1096. 
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For Frame 44 no formulas for a single concentrated load acting on 
the girder are given. According to the note on p. 158., the formulas for 
Frame 48 may he used hy substituting h, = h 2 = h and n = 1. Therefort• 
the top of p. 171, "general vertical load on girder," applies. 

From formula 7, p. 455 follows: 

~=8,40wn' m=8,40rsn e, =8,40~' 
Therefore the constants X are: 

Xi= 8,40 (0,2286 rsD' + 0,0011 r.Jn) = 1,920 •D' + 0,009 "°D 
X1 = 8,40 (0,00ll MD1 + 0,2884 OIJD) = 0,009 MD'+ 2,423 O>D 

Xa = 8,40(012674"°»' +0,1096 O>D)= 2,162 wn' + 0,921 •D· 

Infiuence Line for the End Moment M_, 

From p. 171, top: M .. 1 = Xa - X,, therefore 

J = (2,162 - 1,920) OID1 + (0,921 - 0,009) OID = 0,242 •D1 + 0,912 lllD· 

The t·values (see equation 4, p. 454) 

t = 0,242 + 2 . 0,912 = 2,066 ft. t' = 2 . 0,242 + 0,912 = 1,396 ft. 

With a 1 = !::g = 0,161 and a1 = !::g = 0,214 

(see equations 5 and 6, p. 454) the end ordinates of the cantilevers are: 

b, = - 1,396. 0,161= - 0,224 ft. b. = - 2,066. 0,214 = - 0,443 ft. 

The ordinates y are hest compiled in a table (see below). In thiR 
example the influence ordinates at the tenth points were computed. •»'
and wn- figures from the hook Beam Formulas( see footnote" p. 441) 

~ w' 
D wn 0,242 w~ 0,912 WD I y (in ft) 

0,0 0,0 0,0 0,0 0,0 0,0 
0,1 0,171 0,099 0,042 0,090 0,132 
0,2 0,288 0,192 0,070 0,175 0,245 
0,3 0,357 0,273 0,086 0,249 0,335 
0,4 0,384 0,336 0,093 0,307 0,400 
0,5 0,375 0,375 0,090 0,342 0,432 
0,6 0,336 0,384 0,081 0,350 0,431 
0,7 0,273 0,357 0,066 0,326 0,392 
0,8 0,192 0,288 

I 
0,046 0,262 0,308 

0,9 0,099 0,171 0,024 0,156 0,180 
1,0 0,0 0,0 0,0 0,0 0,0 

The influence line is drawn as in fig. 17, p. 460. 
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Influence Line for the Moment MB1 at the Top of the Left Leg 

From p. 171, top MB = - X,; therefore 

fl = - 1,920 •D1 - 0,009 °'D• 

Furthermore 

t=-1,920- 2 ·0,009 = - l,938 ft,t' =- 2·1,920-0,009 = - 3,849ft. 
b1=3,849. 0,161 = + 0,615 ft. b, = 1,988. 0,214 = + 0,416 ft. 

The ordinates y are figured similarly as shown for MA. Fig. 17, p. 460 
shows the influence line. 

Influence Line for the Moment Ms2 

With the exception of the cantilever a 1 the influence line is the same 
as for MB1· 

b1 = + 0,615 - a1 = + 0,616 - 1,30 = - 0, 735 ft. 

Fig. 17, p. 460, shows the influence lines for Ms 2 and Ms 1 together. 
They differ only at the left cantilever as shown by the dashed line. 

Influence Line for the Moment M01 at the Top of the Right Leg 

From p. 185, top,Mc = - X,; therefore 

y = - 0,009 OID1 - 2,423 "'D• 

t = -0,009 - 2. 2,423 = -4,855 ft. t' = - 2. 0,009 - 2,423 = - 2,44-1 ft. 
b, = 2,441·0,161=+0,392 ft. b, = 4,855. 0,214=+1,037 ft. 
The influence line is shown in fig. 17. 

Influence Line for the Moment Mc. 

Except for the cantilever a 2 this iufluence line is the same as for Mc1· 
We find 

b, = + 1,037 - 1,80 = - o, 763 ft. 

See fig. 17 for diagram. 

Influence Line for the Moment Mo 

From p. 185, top,Mo = n Xa - X., therefore for n = 1 

11 =(2,162-0,009)111JD' +co,921-2,423)t11D=2.153"1D1 -1,502t11D 
t = 2, 153 - 2 . 1,502 = - 0,851 ft. t' = 2 . 2, 153 -1,502 = + 2,804 ft. 

b, = -2,804·0,161 =-0.403ft. b1=+0,851·0,214=+0,182 ft. 
The influence line is shown in fig. 17, p. 460. 

Influence Line for the Moment Mz at Any Point Z of the Girder 

We start from the equation on top, p. 171 
x' a; 

M,.=M .. o+TMB+TMc-
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If the influence line for point Z (a and a') fig. 16, p. 455 is wanted, 

replace x' by a' and x by a in the above equation. 

a' -·-·- -T (8) 

Consider the moment M,.,~ which is the moment in the simple beam. 
If the load P = l moves within the limits of a or a', then 

lx 1~ 
MzO=-z-ct=a'§ or MzO=-z-a=a§:. 

Therefore the equation of the influence line is 

(9) {y =a''+ a' YB+ a Ye (within the limits of a) 
y' =a ~1 +•'1/B +a y0 (within the limits of a'). 

In equation (9) YB and Ye are the equations of the influence line for Mn 
and Ma. 

As an example let us write the equation for a= 0,4, a'= 0,6 
From equation 8 follows 

a = 0,4 • 8,40 = 3,36 ft. a' = 8,40 - 3,36 = 5,04 ft. 

From p. 457 

1/B = - 1,920 fllD1 - 0,009 fllIJ 

Therefore it follows from equation 9 

Ye= - 0,009 ,.,»' - 2,423 fllD· 

1J = 6,04 § -016 (1,920fllD1 +0,009 '°D)- 0,4 (0,009 fllD1 + 2,423 OID) 

y = 5,04 § -1,156 fllD1 - 0,970 COD 

y' = 3,36 f' - 1,106 fllD1 - 0,976 fllD· 

The tangent intercepts from equation 4 need an additional term 

(10) 

Using numbers 

t = a + e' + 2 e and t' = a' + 2 e' + e. 

t = 3,36 - 1,156 - 2 • 0,975 = + 0,254 ft. 
t' = 5,04 - 2 ~ 1,156 - 0,975 = + 1,753 ft. 

The expression for the end ordinates of the cantilevers from equation 
5 are valid here: 

bi= -1,763. 0,161 = -0,283 ft. 

b, = - 0,264 • 0,214 = - 0,056 ft. 

It is best to figure y and y' values again by using a table. The influence 
line is shown in fig. 17. 

The same procedure was used in determining the influence line for 
point Z (a = 0,5 and 0,6), which is shown in fig. 17. 



-459- • lnfiuence Line for the Horizontal Thrust H 

From p. 171, top - - - x. B,;.-HD-H-h' therefore 

- 2.162 "'»' + 0,921 "'D I y - 4,80 = 0,451 WD + 0,192 WD• 

The H-line is shown in fig. 17. 

lnfiuence Line for the Reaction V..1 

F e, +x,-x, 
romp. 185, top VA= Z • 

Using the computations on p. 456 , 

Y = i' + co.2286- o,0011)"'D' +co.0011- 0,2884),,,D 

y = f' + 0,227 UJD1 
- 0,287 "'D· 

The tangeot intercepts t and the ordinate b 1 become at the end of 

the cantilever 

(11) 

therefore 

t= 1+0,227 -2. 0,287 = + 0,653 

b, = 1,161 - 0,167 . 0,161=+1,134 

The VA line is shown in fig. 17. 

t' = 2. 0,227 - 0,287 = + 0,167 

b, =·- 0:603. 0,214= -0,140. 

Influence Line for the Reaction V 0 

From p. 171, top VD = 8 __:_ VA; hence for S = 1 using the equation 

for VA 
y = ~ - 0,227 t»[J1 + 0,287 "'JJ· 

The 1' -values and the b2-values become: 

(12) 

Therefore 
t = - 0,221 + 2. 0,281 = + o,347 t' = 1 - 2. 0,221 +0.281 = + o,83! 

bi= - 0,833. 0,161 = - 0,134 b, = 1,214- 0,3-1:7. 0,214=+1,140 

The V 0 -line is shown in fig. 17. 
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