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UNIT – I STATICALLY 

DETERMINATE STRUCTURES 

 

Chap 1 Truss - Introduction  
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Chap 2 ANALSIS 

Statically Determinate Structures 

 

2.1 Introduction 

 

 The purpose of this chapter is to review and reinforce 

the principle of static equilibrium within the context 

of some basic types of aircraft structures. 

 It is important for a structural designer, in spite of – 

and aided by – digital computers, to develop a keen 

insight for predicting and visualizing load paths 

throughout a structure.  

 The ability to do so largely depends on how well one 

has mastered the skills of stretching accurate 

free-body diagrams and properly applying the 

equilibrium equations to them, which will be one of 

our primary concerns here. 

 For a structure in equilibrium, we must have (about 

any point P): 
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[2.1.1] 

 If there is a net imbalance of forces and moments on 

the structure, we know from dynamics that laws of of 

motion require that  

[2.1.2] 

 where (Lc.m. dot) is the time rate of change of linear 

momentum of the structure’s center of mass and 

(Hc.m. dot) is the time rate change of the structure’s 

angular momentum about it center of mass. 

 By rewriting Eqn. [2.1.1[ in the form 

[2.1.3] 

 which looks like Eqn. [2.1.1[ with the (-Lc.m. dot) 

fictitious inertia force and (-Hc.m. dot) inertial couple 

applied at the center of mass (c.m.) – as though it 

were instantaneously in a state of “ dynamic 

equilibrium” – is referred to as D’Alembert’s 

principle. 

 Our focus in this chapter will be on statically 

determinate structures of the following types:  

  00 PMandF

  ...... mcmcmc HMandLF 

  0)(0)( ...... mcmcmc HMandLF 
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(1) pinned and rigid-jointed frames;  

(2) stiffened shear webs (隔板);  

(3) thin-walled beams and torque tubes  

 

2.2 Plane Trusses 

 

 A truss, also called a pin-jointed frame, is an idealized 

skeletal or “ stick-like”  structure composed of 

slender rod joined together by smooth pins at the 

joints (or nodes). 

 The joints of a truss may be (1) pinned （訂住但可相

互旋轉）or (2) welded or riveted together（全固定）. 

 Ordinarily, external loads are applied only to the 

joints of a truss. A truss is a network of tensile and 

compressive forces (a two-force member), each 

having a known direction.  

 The simplest plane truss consists of three rods pinned 

together to form a rigid triangle, as shown in Fig. 

[2.2.1]. If ‘j’ is the number of joints and ‘m’ is the 
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number of members, we see that for the triangular 

truss,  

2j = m + 3          [2.2.1] 

 

 

 We can treat the entire truss as a free-body structure 

and use equilibrium equations to calculate the 

reactions at the support. If the number of equilibrium 

equations equals the number of unknown reactions, 

the truss is externally statically determinate. In two 

dimensions, we can write precisely three independent 
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equilibrium equations for a rigid body. Therefore, if 

the number of unknown reactions exceeds three, the 

truss is externally statically indeterminate. 

 A truss is minimally stable if it has the minimum 

number of rods required to support external loads and 

remain rigid. A truss composed of triangular 

subtrusses is minimally stable. If just one of the rods 

is removed, the truss will lose its rigidity and will 

become a mechanism. Rotation about one or more of 

the pins will occur, and the truss will collapse. A 

minimally stable plane truss is internally statically 

determinate. This means that we can calculate the 

forces in all of the rods if we are given the external 

loads at the joints. 
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 Solution Method for 2D truss: (The problem is to 

compute forces in the rods and the reactions at the 

In Fig. 2.2.4, we know that 2j > m + 3; (a) j=5, m=6;(b) j=4, 

m=4;(c) j=5, m=6. 

In Fig. 2.2.5 above, the truss is internally statically determinate trusses (2j = 

m + 3) ; The supports on the left truss cannot prevent rigid-body horizontal 

translation. One of the rollers should be replaced by a pin. The truss in part 

(b) of Fig. 2.2.5 seems to have the right number of supports. However, the 

roller at the wall cannot exert the force required to balance out the moment 

of the applied force about the pin. The roller should be on the floor to prevent 

rigid-body rotation around the pin. 
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supports.) 

 At the outset of a truss analysis, we know the 

applied loads. 

 We can resolve each of the reactive loads into 

orthogonal components.  

 Let r be the total number of reactions, and let j be 

the total number of joints. Pick any joint and 

isolate it as a free body.  

 In two dimensions, we can write two equations of 

equilibrium for the joint. Doing this for every joint 

on the truss, we come up with 2j equations of 

equilibrium. If 2j = m+r and the the support 

restrain rigid-body motion, then the problem is 

statically determinate. 

 Fig. 2.2.6 shows how stable, statically determinate 

truss structures can be created from unstable rod 

assemblies by adding a minimum number of properly 

located supports instead of adding members. In cases 

(a) and (b) in this Fig., Eqn. [2.2.2] (i.e., 2j = m+r; r 
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is the number of reactions ) is satisfied. 

 

 If the cross-sectional area of a truss member is A, 

then the axial load N applied by the smooth pins at 

each end produces a uniform normal stress (load 

intensity):  

A

N
           [2.2.3] 

on cross sections throughout the bulk of the rod. To 

avoid mechanical failure (damage) of the rod, the 

value of the normal stress must remain within 

limits dictated by the strength of the material from 

which the rod is made. 
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 Furthermore, truss members that are in compression 

act like columns and may buckle, which is another 

form of failure to be avoided. In Chap 12, we show 

that a slender pin-supported rod of length L buckles at 

a critical load Ncr given by the classic Euler column 

formula: 

2

2

L

EI
N cr


           [2.2.4] 

where E is Young’s modulus, I is the area moment of 

inertia. 
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Eqn. (2.2.2) 2j = m + r , where r is the 

total number of reactions at supports. 
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2.3 Space Trusses 

 

 Just as for a plane truss, a space truss (3-D) must be 

supported in such a way that rigid-body translation 

and rotation are prohibited.  

 

 In above cantilevered space truss, the supports at the 

wall are represented by short links (Pt. 8 : 3 d.o.f. 

fixed; Pt. 6 : 2 d.o.f. fixed; Pt. 7 : 1 d.o.f. fixed).  

 The truss is externally statically determinate 
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because the six forces exerted by the links on the 

truss can be found in terms of the applied loads P 

and Q by means of six equations of equilibrium 

(i.e., 0F and 0M ).  

 Furthermore, the truss is internally statically 

determinate since the number of rods (18) plus the 

number of reactions (6) equals 24 = total number 

of joint equilibrium equations (8 nodes, 3 

equations per node). 

 The truss shown in Fig. 2.3.1 is minimally stable, and 

note that in three-dimensions, Eqn. (2.2.2) is replaced 

by  

3j = m + r           [2.3.1] 

 where j is the no. of joint, m is the no. of truss member, 

and r is the no. of reactions (equals six for 3-D 

problem). 



 23 

 

 

 



 24 

 

 



 25 

 

 



 26 

 

 



 27 

 

 



 28 

 

 


