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INTRODUCTION

Know THAT Rop Asc Anp WiRes Bo Are BoTH Mape OF STeeL. TAake W = 2.1 Kn/M Anp E = 200 GpA. DETERMINE THE
STRUCTURAL RESPONSE OF THESE MEMBERS UNDER SPECIFIED LOADING CONDITIONS. THIS PROBLEM INVOLVES UNDERSTANDING THE
BEHAVIOR OF STEEL MEMBERS SUBJECTED TO AXIAL LOADS, CALCULATING THEIR DEFORMATION, AND ANALYZING THE
IMPLICATIONS FOR STRUCTURAL DESIGN. STEEL, OWING TO ITS HIGH STRENGTH AND DUCTILITY, IS A COMMON MATERIAL IN
CONSTRUCTION, AND ACCURATE CALCULATIONS ARE ESSENTIAL FOR ENSURING SAFETY AND EFFICIENCY IN ENGINEERING
APPLICATIONS.

UNDERSTANDING THE BASIC MATERIAL PROPERTIES

STEEL MATERIAL CHARACTERISTICS

STEEL IS A VERSATILE AND WIDELY USED CONSTRUCTION MATERIAL CHARACTERIZED BY HIGH STRENGTH, DURABILITY, AND
DUCTILITY. THE KEY MATERIAL PROPERTIES RELEVANT TO THIS ANALYSIS INCLUDE:

¢ MopuLus of ELasTicITy (E): 200 GPA (GiGa PASCALS). THIS PROPERTY MEASURES THE STIFFNESS OF STEEL AND
INDICATES HOW MUCH IT WILL DEFORM UNDER A GIVEN LOAD.

® DeENsSITY AND WEIGHT: WHILE NOT DIRECTLY INVOLVED IN THE DEFORMATION CALCULATIONS, THE WEIGHT PER UNIT
LENGTH (\W/) 1S GIVEN AS 2.1 KN/M, WHICH INFLUENCES LOAD CONSIDERATIONS.

SIGNIFICANCE OF W AND E IN STRUCTURAL ANALYSIS

THe vALUES W = 2.1 Kn/M AND E = 200 GPA ARE CRITICAL FOR CALCULATING THE DEFORMATION (ELONGATION OR
COMPRESSION) OF THE STEEL MEMBERS UNDER AXIAL LOADS. THEY ALSO PLAY A ROLE IN ASSESSING THE STABILITY AND SAFETY
OF THE STRUCTURE.

ANALYZING THE STRUCTURAL MEMBERS

OVERVIEW OF THE MEMBERS

THE MEMBERS IN QUESTION ARE:

1. Rob ABC

2. Wires BD

(UNDERSTANDING THEIR GEOMETRY AND LOADING CONDITIONS IS ESSENTIAL BEFORE PROCEEDING WITH CALCULATIONS.



ASSUMPTIONS AND SIMPLIFICATIONS

ToO FACILITATE ANALYSIS, WE ASSUME:

e THE MEMBERS ARE INITIALLY STRAIGHT, UNIFORM, AND HOMOGENEOUS.
® | OADS ARE AXIAL AND UNIFORMLY DISTRIBUTED.

e DEFORMATIONS ARE WITHIN ELASTIC LIMITS, ENSURING THE APPLICABILITY OF Hooke's Law.

TEMPERATURE EFFECTS AND OTHER SECONDARY INFLUENCES ARE NEGLECTED.

CALCULATING THE AXIAL DEFORMATION

ForMULA FOR AXIAL DEFORMATION

THe perorMATION (\(\DELTA\)) OF A MEMBER SUBJECTED TO AN AXIAL LOAD CAN BE CALCULATED USING THE FORMULA:
\ (\delta = \frac{P \times L}{A \times E}\)
¥/ HERE:

e \(P\) = AxiaL LoAD oN THE Memeer (N)

o \(L\) = LENGTH OF THE MEMBER (M)

e \(A\) = Cross-secTionaL area (M\("2)))

e \(E\) = MobuLus of eLasTICITY (PA)

UNDERSTANDING THE PARAMETERS

SINCE THE PROBLEM PROVIDES W/ (\X/EIGHT PER UNIT LENGTH), WE CAN RELATE THIS TO THE AXIAL LOAD IF THE MEMBERS
SUPPORT THEIR OWN WEIGHT OR ADDITIONAL LOADS. THE MODULUS OF ELASTICITY (E =200 GPA) IS USED TO DETERMINE
THE DEFORMATION RESPONSE.

DeTERMINING THE AxIAL Loap \(P\)

CALCULATING THE AXIAL LoAD FROM W/

IF THE MEMBERS ARE SOLELY SUPPORTING THEIR OWN WEIGHT, THEN THE AXIAL LOAD \(P\) DUE TO WEIGHT PER UNIT LENGTH
¥ (CONVERTED INTO FORCE) OVER THE LENGTH \(L\) Is:

\(P = W \times L\)

GIVEN W = 2.7 KN/M, CONVERTING TO NEWTONS:



e 1Kn=1000N

e W =2.1Kn/M=2100 N/m

THUS, FOR A GIVEN LENGTH \(L\), THE LOAD IS:

\ (P = 2100 \times L\) (N)

ExAMPLE CALCULATION FOR A SPECIFIED LENGTH

SupPPOSE THE LENGTH OF THE RoD ABC or wires BD 1s \(L = 3\, \TexT{m}\). THe axiAL LoaD \(P\) IS THeN:

\ (P = 2100\, \text{N/m} \times 3\, \text{m} = 6300\, \text{N}\)

CALCULATING Cross-SecTioNaL Area \(A\)

DeTerMINING \(A\) FROM GEOMETRY

THE CROSS-SECTIONAL AREA \(A\) DEPENDS ON THE SHAPE AND SIZE OF THE STEEL MEMBERS. FOR EXAMPLE, IF THE MEMBERS ARE
RODS WITH A CIRCULAR CROSS-SECTION, THEN:

\ (A = \frac{\pi}{4} \times d"2\)

\WHere \(D\) IS THE DIAMETER OF THE ROD OR W/IRE.

ExaMPLE: CALCULATING \(A\) FOr A GIVEN DIAMETER

Suppost THE DIAMETER \(D\) oF THE Rob ABC 1s 20 MM (0.02 M). THE CROSS-SECTIONAL AREA IS:

\(A = \frac{\pi}{4} \times (0.02)"2 \approx 3.14 \times 107{-4}\,
\text{m}"2\)

CALCULATING THE AxIAL DerormMATION \(\DELTA\)

APPLYING THE V ALUES

USING THE EXAMPLE VALUES:

e \(P =6300\, \TexT{N}\)
o \(L =3\, \text{m}\)
e \(A \approx 3.14 \TiMes 107°{-4}\, \TexT{m}"2\)

o \(E= 200\, \text{GPA} = 200 \1iMes 10™{9}\, \TexT{PA}\)



THE DEFORMATION IS:

\ (\delta = \frac{6300 \times 3}{3.14 \times 10°{-4} \times 200 \times
107{93}}\)

CALCULATING NUMERATOR:

\ (6300 \times 3 = 18900\, \text{N-m}\)

CALCULATING DENOMINATOR:

\(3.14 \times 10"{-4} \times 200 \times 107{9} = 3.14 \times 10"{-4} \times 2
\times 107{11} = 6.28 \times 10~{7}\)

THEREFORE:

\(\delta = \frac{1.89 \times 10"{4}}{6.28 \times 10~{7}} \approx 3.01 \times
107 {-43}\, \text{m} = 0.301\, \text{mm}\)

INTERPRETING THE RESULTS

DeFORMATION MAGNITUDE

THe cALCULATED DEFORMATION (\(\DELTA \APPROX 0.3\, \TEXT{MM}\)) INDICATES THAT UNDER THE SPECIFIED LOAD, THE
STEEL MEMBER ELONGATES SLIGHTLY. THIS IS WELL WITHIN ELASTIC LIMITS, CONFIRMING THAT THE MEMBER BEHAVES
ELASTICALLY UNDER THESE CONDITIONS.

IMPLICATIONS FOR STRUCTURAL DESIGN

® THE SMALL DEFORMATION SUGGESTS THE MEMBER CAN SAFELY SUPPORT THE LOAD WITHOUT PERMANENT DEFORMATION.
® DESIGN SHOULD CONSIDER POSSIBLE LOAD VARIATIONS, TEMPERATURE EFFECTS, AND SAFETY FACTORS.

® MATERIAL PROPERTIES SHOULD BE VERIFIED FOR DIFFERENT LOADING SCENARIOS.

ADDITIONAL CONSIDERATIONS IN STRUCTURAL ANALYSIS

BUCKLING AND STABILITY

W/HILE AXIAL DEFORMATION IS CRITICAL, STABILITY AGAINST BUCKLING MUST ALSO BE ASSESSED, ESPECIALLY FOR LONG
SLENDER MEMBERS.

LoAp COMBINATIONS

STRUCTURAL MEMBERS OFTEN SUPPORT COMBINED LOADS—AXIAL, BENDING, SHEAR—AND THESE SHOULD BE CONSIDERED FOR
COMPREHENSIVE SAFETY ANALYSIS.



MATERIAL NONLINEARITIES

IN CASES WHERE LOADS EXCEED ELASTIC LIMITS, PLASTIC DEFORMATION OR FAILURE MAY OCCUR. ADVANCED ANALYSIS
INVOLVES NONLINEAR MATERIAL BEHAVIOR, WHICH IS BEYOND THE SCOPE OF THIS CALCULATION BUT ESSENTIAL FOR DETAILED
DESIGN.

SUMMARY AND CONCLUSIONS

IN THIS ANALYSIS, WE’VE EXAMINED THE DEFORMATION OF STEEL MEMBERS UNDER AXIAL LOAD, GIVEN THEIR WEIGHT PER UNIT
LENGTH AND MATERIAL PROPERTIES. THE KEY STEPS INVOLVED CALCULATING THE AXIAL LOAD FROM THE WEIGHT, DETERMINING
THE CROSS-SECTIONAL AREA BASED ON GEOMETRY, AND APPLYING Hooke’'s LAW TO FIND THE DEFORMATION. THE SMALL
DEFORMATION INDICATES THAT THE MEMBERS ARE SUITABLE FOR SUPPORTING THE SPECIFIED LOADS WITHIN ELASTIC LIMITS.
ENGINEERS MUST CONSIDER THESE CALCULATIONS DURING DESIGN TO ENSURE SAFETY, SERVICEABILITY, AND LONGEVITY OF
STRUCTURAL ELEMENTS.

FINAL REMARKS

ACCURATE CALCULATIONS

FREQUENTLY ASkeD QUESTIONS

\WHAT ARE THE MATERIAL PROPERTIES OF Rob ABC AnD WIRES BD IN THE GIVEN
PROBLEM?

BoTH Rop ABC AND W/IRES BD ARE MADE OF STEEL, WITH YOUNG'S MobuLUS E = 200 GPA.

GIVEN W = 2.1 kN/M, WHAT IS THE SIGNIFICANCE OF THIS LOAD IN THE PROBLEM?

W =2.1 KN/M REPRESENTS THE UNIFORMLY DISTRIBUTED LOAD APPLIED TO THE STRUCTURE, WHICH AFFECTS THE DEFORMATION
AND STRESS ANALYSIS.

How DO YOU DETERMINE THE DEFLECTION OF STEEL RODS AND WIRES UNDER A GIVEN
LOAD?

THE DEFLECTION CAN BE CALCULATED USING THE FORMULA A = (W L"4) / (8 E |) FOR BEAMS, OR SIMILAR ELASTICITY
FORMULAS CONSIDERING THE LOAD, LENGTH, YOUNG'S MODULUS, AND MOMENT OF INERTIA.

\WHAT IS THE IMPORTANCE OF YOUNG'S MopbuLUS (E) IN ANALYZING STEEL
STRUCTURES?

Y OUNG'S MODULUS DEFINES THE STIFFNESS OF THE STEEL MATERIAL, INFLUENCING HOW MUCH IT DEFORMS UNDER APPLIED LOADS.

How DOES THE CROSS-SECTIONAL AREA OF Rob ABC AND WIRES BD AFFECT THEIR
DEFORMATION?

L ARGER CROSS-SECTIONAL AREAS REDUCE DEFORMATION BECAUSE THEY INCREASE THE MOMENT OF INERTIA, MAKING THE
STRUCTURE STIFFER UNDER LOAD.



\WHAT ASSUMPTIONS ARE TYPICALLY MADE WHEN ANALYZING STEEL RODS AND WIRES IN
SUCH PROBLEMS?

ASSUMPTIONS OFTEN INCLUDE LINEAR ELASTIC BEHAVIOR, SMALL DEFORMATIONS, UNIFORM MATERIAL PROPERTIES, AND
NEGLECTING LOCAL BUCKLING OR IMPERFECTIONS.

How CAN YOU DETERMINE THE MAXIMUM STRESS IN Rob ABC AND WIRes BD WHEN
SUBJECTED TO THE LOAD W/?

MAXIMUM STRESS CAN BE CALCULATED USING THE FORMULA £ = MY/| OR X = P/A, DEPENDING ON THE LOADING CONDITIONS
AND GEOMETRY, WHERE PiIs THE LOAD, A IS THE CROSS-SECTIONAL AREA, AND | IS THE MOMENT OF INERTIA.

\WHAT ROLE DOES THE LENGTH OF THE RODS AND WIRES PLAY IN THE STRUCTURAL
RESPONSE UNDER LOAD W/?

LONGER MEMBERS TEND TO EXPERIENCE GREATER DEFLECTIONS AND STRESSES UNDER THE SAME LOAD, EMPHASIZING THE
IMPORTANCE OF LENGTH IN STRUCTURAL DESIGN.

How IS THE ELASTIC LIMIT RELEVANT TO THE ANALYSIS OF STEEL RODS AND WIRES IN
THIS PROBLEM?

THE ELASTIC LIMIT INDICATES THE MAXIMUM STRESS THE STEEL CAN WITHSTAND WITHOUT PERMANENT DEFORMATION; ENSURING
THE STRESSES STAY WITHIN THIS LIMIT GUARANTEES SAFETY AND STRUCTURAL INTEGRITY.

WHAT STEPS SHOULD BE TAKEN TO SOLVE FOR THE UNKNOWNS IN THE GIVEN PROBLEM
INVOLVING Rob ABC aND WIRes BD?

IDENTIFY THE LOADS AND GEOMETRY, APPLY RELEVANT ELASTICITY FORMULAS, CALCULATE STRESSES AND DEFLECTIONS USING
YounGg's MODULUS, AND VERIFY THAT ALL VALUES ARE WITHIN PERMISSIBLE LIMITS TO ENSURE STRUCTURAL SAFETY.

ADDITIONAL RESOURCES

COMPREHENSIVE ANALYSIS OF STEEL W/ IRES AND RoDS: MECHANICAL PROPERTIES, CALCULATIONS, AND STRUCTURAL
[IMPLICATIONS

UNDERSTANDING THE MECHANICAL BEHAVIOR AND DESIGN CONSIDERATIONS OF STEEL WIRES AND RODS IS ESSENTIAL FOR
ENGINEERS, ARCHITECTS, AND MATERIAL SCIENTISTS INVOLVED IN CONSTRUCTION, MANUFACTURING, AND STRUCTURAL
APPLICATIONS. \W/HEN DEALING WITH STEEL COMPONENTS LIKE RODS AND WIRES, KEY PARAMETERS SUCH AS LOAD CAPACITY,
ELASTICITY, AND DEFORMATION ARE CRITICAL FOR ENSURING SAFETY, DURABILITY, AND PERFORMANCE. IN THIS DETAILED REVIEW,
WE EXPLORE THE PROPERTIES OF STEEL RODS AND WIRES, SPECIFICALLY FOCUSING ON A SCENARIO INVOLVING KNOWN
PARAMETERS— W/ = 2.1 kN/M AND E = 200 GPA—AND HOW TO DETERMINE ADDITIONAL CRITICAL FACTORS RELEVANT TO
THEIR STRUCTURAL APPLICATION.

INTRODUCTION TO STEEL WIRES AND RODS

STEEL WIRES AND RODS ARE FUNDAMENTAL COMPONENTS IN A MULTITUDE OF ENGINEERING SYSTEMS, FROM SUSPENSION BRIDGE
CABLES TO TENSILE REINFORCEMENT IN CONCRETE STRUCTURES. ALTHOUGH THESE COMPONENTS ARE MADE FROM THE SAME BASIC
MATERIAL—STEEL—THEY EXHIBIT DIFFERENT MECHANICAL BEHAVIORS OWING TO THEIR GEOMETRY, MANUFACTURING PROCESS,
AND APPLICATION.



STEEL WIRES:

- USUALLY THIN, FLEXIBLE, AND ELONGATED.

- USED IN ELECTRICAL CONDUCTORS, SUSPENSION CABLES, AND TENSION ELEMENTS.
- HIGH DUCTILITY ALLOWS FOR EXTENSIVE ELONGATION BEFORE RUPTURE.

STEEL Robs:

- LARGER IN CROSS-SECTIONAL AREA, OFTEN USED AS TENSION MEMBERS OR STRUCTURAL SUPPORTS.
- SERVE AS REINFORCEMENT (REBARS), TIE RODS, OR STRUCTURAL BEAMS.

- TYPICALLY DESIGNED FOR LOAD-BEARING CAPACITY WITH LIMITED ELONGATION.

DESPITE THEIR DIFFERENCES, BOTH ARE PREDOMINANTLY COMPOSED OF STEEL, WHICH BOASTS EXCELLENT STRENGTH-TO-WEIGHT
RATIOS, DUCTILITY, AND CORROSION RESISTANCE.

MATERIAL PROPERTIES AND THEIR SIGNIFICANCE

1. Young’s MobuLus oF SteeL (E):

- GIVEN AS 200 GPA (GIGAPASCALS).

- REPRESENTS THE MATERIAL'S STIFFNESS; DEFINES THE RELATIONSHIP BETWEEN STRESS AND STRAIN IN THE ELASTIC REGION.
- A HIGH E INDICATES STEEL'S ABILITY TO RESIST DEFORMATION UNDER LOAD.

2. LoAD PEr UNIT LENGTH (\W/):

- GIVEN AS 2.7 kN/M (KILONEW TONS PER METER).

- REPRESENTS THE DISTRIBUTED LOAD APPLIED ALONG THE LENGTH OF THE WIRE OR ROD.
- CRITICAL IN ANALYZING DEFLECTION, STRESS, AND STRAIN.

3. Cross-SecTionaL Area (A):

- NOT EXPLICITLY PROVIDED BUT ESSENTIAL FOR CALCULATIONS.

- FOR WIRES AND RODS, THE CROSS-SECTIONAL SHAPE IS OFTEN CIRCULAR, WITH THE AREA CALCULATED AS \(A = \pIr"2\).
4. SuPPORT AND BOUNDARY CONDITIONS:

- THE NATURE OF SUPPORTS (FIXED, SIMPLY SUPPORTED, FREE) INFLUENCES THE MAXIMUM DEFLECTION AND STRESS
DISTRIBUTION.

FUNDAMENTAL MecCHANICAL CoNCEPTS APPLIED TO STEEL COMPONENTS

BEFORE PROCEEDING TO CALCULATIONS, IT’S CRUCIAL TO UNDERSTAND SOME CORE PRINCIPLES:

Stress (\(\sigMa\)):

i[SIGMA = \rrac{FHA}

}X}HERE \(F\) Is THE Force APPLIED, AND \(A\) IS THE CROSS-SECTIONAL AREA.
StraiN (\(\epsiLon\)):

§I§EPSILON = \rrac{\peLTA}{L}

wHERe \(\DELTA\) Is THE ELONGATION, AND \(L\) IS THE ORIGINAL LENGTH.

ELASTIC BEHAVIOR:



- THE LINEAR ELASTIC ZONE FOLLOWS HookE’s LAW:

\l

\sicMa = E \epsiLoN

\]

DerLecTioNn (\(\peLTA\)):
- FOR A UNIFORMLY DISTRIBUTED LOAD ON A SIMPLY SUPPORTED BEAM:

\[
\DeLTA_{Max} = \rrac{5 W L"4}{ 384 E I}

\]

wHERE \(I\) IS THE MOMENT OF INERTIA.

DeTERMINING THE CROSS-SECTIONAL AREA AND MATERIAL RESPONSE

GIVEN THE PARAMETERS, ONE COMMON GOAL IS TO DETERMINE THE BEHAVIOR OF THE STEEL WIRE OR ROD UNDER THE GIVEN LOAD
CONDITIONS, INCLUDING:

- THE MAXIMUM LOAD IT CAN SUSTAIN WITHOUT EXCEEDING ELASTIC LIMITS.
- THE RESULTING DEFORMATION (ELONGATION AND DEFLECTION).
- THE STRESS DISTRIBUTION ALONG THE COMPONENT.

To PROCEED, THE CROSS-SECTIONAL AREA \(A\) MUST BE EITHER KNOWN OR ASSUMED BASED ON TYPICAL SIZES OR
CALCULATED FROM OTHER PARAMETERS.

ExaMPLE CALCULATION APPROACH:

SUPPOSE WE ARE INTERESTED IN FINDING THE FORCE \(F\) THAT CORRESPONDS TO THE GIVEN LOAD PER UNIT LENGTH, OR
ASSESSING THE ELONGATION UNDER A CERTAIN LOAD.

CALCULATING THE TOTAL LoAD AND FORCE ON THE STEEL MEMBER

Given THAT \(W = 2.7\, \texT{kN/M}\), AND AsSUMING THE LENGTH \(L\) OF THE WIRE OR ROD IS KNOWN, THE TOTAL
LoaD \(F_{ToTAL}\) APPLIED OVER THE LENGTH CAN BE CALCULATED:

\[
F {totaL} =W \TiMes L

\]

For exAMPLE, IF THE LENGTH \(L\) 1S 10 MeTERS:

\[
F_{rotac} = 2.1\, \texT{kN/M} \TiMes 10\, \texT{mM} = 21\, \TexT{kN}
\]

THIS TOTAL FORCE IS DISTRIBUTED ALONG THE LENGTH, GENERATING INTERNAL STRESSES AND STRAINS.



STRESS ANALYSIS AND ELASTIC DEFORMATION

1. CALCULATING STRESS:

IF THE CROSS-SECTIONAL AREA \(A\) IS KNOWN, THE STRESS EXPERIENCED BY THE STEEL COMPONENT UNDER THE LOAD IS:

\[
\sicMA = \rRAC{F_{TOTAL}}{A}

\]

TO STAY WITHIN ELASTIC LIMITS, THE STRESS MUST BE LESS THAN THE YIELD STRENGTH OF STEEL (TYPICALLY AROUND
250-350 MPA FOR MILD STEEL).

2. CALCULATING STRAIN:

USING HoOKE s LAW:

\[
\epsiLon = \rrac{\sicma}{E}

\]

Given \(E = 200\, \TexT{GPA} = 200 \TiMes 10"3\, \TexT{MPA}\):

\[
\epsiLon = \rrac{\sicMa}{200,000\, \TexT{MPa}}

\]
3. ELONGATION:

ToTaL eLongAaTION \(\DELTA\) over THE LenaTH \(L\):

\[
\DELTA = \epsiLon \TiMes L

\]

For exAMPLE, IF \(\siaMa = 200\, \TexT{MPA}\):

\[
\epsiLon = \Frrac{200\, \TexT{MPA}}{200,000\, \TexT{MPAa}} = 0.001
\]
\[

\peLTA = 0.001 \1iMes 10\, \texT{mM} = 0.01\, \texT{m} = 10\, \texT{Mm}
\]

THIS SHOWS THE IMPORTANCE OF UNDERSTANDING HOW THE STEEL COMPONENT WILL DEFORM UNDER LOAD.

STRUCTURAL DESIGN CONSIDERATIONS

\X/HEN DESIGNING STEEL WIRES OR RODS, SEVERAL FACTORS MUST BE CONSIDERED:

A. SAFETY FACTORS:
- To PREVENT FAILURE, ENGINEERS APPLY SAFETY FACTORS (COMMONLY 1.5 TO 3) TO THE EXPECTED MAXIMUM LOAD.



B. MATERIAL STRENGTH LIMITS:
- ENSURE THAT THE MAXIMUM STRESS DOES NOT EXCEED THE YIELD STRENGTH OR ULTIMATE TENSILE STRENGTH.

c. FATIGUE AND CycLic LoADs:
- FOR COMPONENTS SUBJECTED TO REPETITIVE LOADING, FATIGUE LIFE MUST BE CONSIDERED.

D. CORROSION RESISTANCE:

- STEEL'S DURABILITY CAN BE AFFECTED BY ENVIRONMENTAL CONDITIONS;, PROTECTIVE COATINGS OR STAINLESS STEEL CAN
MITIGATE THIS.

E. BUCKLING AND STABILITY:

- LONG SLENDER RODS ARE SUSCEPTIBLE TO BUCKLING UNDER COMPRESSION; PROPER BRACING AND DIAMETER SELECTION ARE
CRITICAL.

ADVANCED CALCULATIONS: DEFLECTION AND BENDING

IN MANY STRUCTURAL APPLICATIONS, WIRES AND RODS ARE NOT JUST SUBJECTED TO AXIAL LOADS BUT ALSO BENDING
MOMENTS.

1. DEFLECTION UNDER UNIFORM LOAD:

USING THE FORMULA FOR THE MAXIMUM DEFLECTION:

\[
\peLTA_{Max} = \rrac{5 W L"4}{384 E I}
\]

\WHERE:

- \(I\) I1s THE SECOND MOMENT OF AREA (FOR A CIRCULAR cross-secTIoN: \(I = \rrac{\rPi}{64} 0"4\))
- \(p\) IS THE DIAMETER OF THE WIRE/ROD.

2. DETERMINING DIAMETER FOR A GIVEN DEFLECTION:

SUPPOSE A MAXIMUM PERMISSIBLE DEFLECTION IS SPECIFIED, THE DIAMETER CAN BE BACK-CALCULATED TO SATISFY THAT LIMIT.

PRACTICAL APPLICATION: EXAMPLE SCENARIO

LET’S CONSIDER A PRACTICAL EXAMPLE WITH THE PROVIDED DATA:!

- GIVEN:

- LoAD Per UNIT LENGTH: \(W = 2.7\, \TexT{kN/M}\)
- Young’s MobuLus: \(E = 200\, \TexT{GPAa}\)

- LenaTH oF rop/wire: \(L = 10\, \texT{m}\)

- OBJECTIVE:
- DETERMINE THE NECESSARY CROSS-SECTIONAL AREA \(A\) TO ENSURE ELASTIC BEHAVIOR AND PREVENT OVERSTRESS.

- CALCULATE THE RESULTING ELONGATION.

Step 1: AssUME A YIELD STRENGTH \(\siaMA_Y\) oF 250 MPa.



STep 2: CALCULATE TOTAL FORCE:

\[
F_{ToTaL} =W \Times L = 2.7\, \1exT{kN/m} \TiMes 10\, \TexT{m} = 21\, \texT{xN}
\]

STeP 3: CALCULATE MINIMUM CROSS-SECTIONAL AREA:

\[

A = \rrac{F_{toTaL}}{\siema_v} = \rrac{21,000\, \TexT{N}}{250\, \TexT{MPA}} = \rrac{21,000}{250 \TiMes
10763} \aprrox 8.4 \TiMes 10°{-5}\, \TexT{M}"2

\]

OR

\[
A \approx 84\, \TexT{MM}"2

\]
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