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PROJECT ABSTRACT
Column Buckling Test Rig with Digital Load
Readout

A benchtop mechanical test rig that applies axial load to slender column specimens until they
buckle, recording the critical load on a digital load-cell display and lateral deflection on a dial gauge
for comparison with Euler buckling predictions. Delivered built-to-order with the fabricated rig,
specimen set, calibration procedure, report, PPT and viva Kkit.

01. Title
Column Buckling Test Rig with Digital Load Readout

02. Background

Euler's buckling theory is a cornerstone of the strength-of-materials syllabus: a slender column
under axial compression fails by lateral buckling at a critical load that depends on length, end
conditions and flexural rigidity — long before the material's compressive strength is reached.
Students derive the formula in class but rarely watch a column buckle: commercial universal testing
machines are expensive, shared, and booked out. A dedicated benchtop buckling rig with a digital
load readout brings the experiment to the student's own lab bench: load the specimen, watch the
dial gauge, and read the exact buckling load off the display.

03. Problem Statement

Mechanical-engineering students need hands-on verification of Euler buckling across end
conditions (pinned—pinned, fixed—free, fixed—fixed), but access to instrumented compression
testing is limited and dial-gauge-only rigs make load reading imprecise. The project addresses this
with an affordable benchtop rig: a screw-jack loading frame, interchangeable end fixtures, a digital
load-cell readout and a dial gauge for lateral deflection — everything needed to run the classic
buckling experiment and compare measured critical loads against theory.

04. Objectives

» Design and fabricate a rigid benchtop loading frame with a hand-operated screw jack for axial
loading.

Provide interchangeable end fixtures for pinned—pinned, fixed—free and fixed—fixed conditions.

Instrument the rig with a digital load-cell display (design target: 0-5 kN range, 1 N resolution).

» Measure lateral deflection at mid-height with a 0.01 mm dial gauge on a magnetic stand.

Supply a specimen set of slender steel columns in multiple slenderness ratios.

Deliver a buyer-run calibration procedure plus the full student kit: rig, report, PPT and viva
Q&A,;
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05. Proposed Methodology

The rig is developed in three stages. (1) Mechanical design: the frame, screw jack and end fixtures
are sized so the frame is an order of magnitude stiffer than the specimens, keeping machine
compliance negligible; fixtures are machined for repeatable pinned and fixed ends. (2)
Instrumentation: an S-type load cell with a digital indicator is mounted in the load path, and a dial
gauge on a magnetic stand tracks mid-height lateral deflection. (3) Test procedure: specimens are
loaded in small increments, load vs deflection is recorded, and the critical load is identified from the
deflection take-off point and compared with the Euler prediction for each end condition.

06. System Architecture / Working

The column specimen sits between the lower platen and the loading head, located by the selected
end fixtures. Turning the hand wheel drives the screw jack, applying axial load through the S-type
load cell, whose digital indicator displays live load. The dial gauge, positioned at mid-height, shows
lateral deflection: it stays near zero until the critical load, then moves rapidly as the column
buckles. The operator records load—deflection pairs and determines the experimental critical load,
which the report compares with P_cr = TeEI/(KL)?2 for the tested end conditions.

07. Hardware / Software Requirements
» Welded steel channel frame with hand-operated screw jack (fabricated)
» S-type load cell, 5 kN, with digital load indicator

 Dial gauge, 0.01 mm least count, with magnetic stand

Interchangeable end fixtures: pinned—pinned, fixed—free, fixed—fixed

Specimen set: slender mild-steel columns, multiple slenderness ratios

Spreadsheet template for load—deflection recording and Euler comparison

08. Expected Outcomes
« A working benchtop rig that buckles slender column specimens repeatably.
« Digital load readout and dial-gauge deflection data for each test.
« Experimental critical loads tabulated against Euler predictions per end condition.

» Complete documentation: fabrication drawings, calibration procedure, report, PPT and viva
Q&A,;

09. Applications
 Strength-of-materials laboratory experiments on column buckling
« Demonstrating end-condition effects on critical load
 Validating Euler theory against measured data in coursework

« A base for extended studies: eccentric loading, aluminium specimens
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10. Future Scope

» Motorized loading with constant strain rate

» Data-logging load cell with USB output and plotting software
 Strain-gauged specimens for direct stress measurement

» Eccentric-loading attachment for secant-formula studies

11. Declaration

This is a built-to-order hardware project. Load-cell range and resolution are design targets from
component datasheets; the rig is not a certified testing machine, and the buyer runs the supplied
calibration procedure on their own build. No measured test figures are claimed before the rig is
built and calibrated.
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