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Abstract
This paper investigates experimental techniques in the structural stability field involving advanced
measurement methods. Distributed fiber optic sensing (DFOS) provides continuous strain mea-
surements along the span with significantly higher spatial resolution than conventional strain gauges,
which capture strain at only discrete locations. Measurements of continuous DFOS enable the
quantification of curvature, internal forces, and deflection profiles along the span of a structural
member or system. This data collection can be critical for understanding structural behavior under
various loading conditions, quantifying elastic deformations, and locating positions of yielding.

This approach is demonstrated through a 24 ft (7.3 m) span steel–concrete composite beam with
a 5.5 in (0.14 m) concrete slab cast on a profiled steel deck, connected to a W-section steel beam
using 7

8
in. (22 mm) shear studs, loaded to failure through a mid-span point load. Fiber optic cables

were attached to the concrete surface, along the beam web, and embedded inside the concrete to
record longitudinal strain. These data were used to compute curvature and derive bending mo-
ment diagrams and deflection profiles. To validate the method, conventional strain gauges were
installed at selected locations, and vertical displacements were measured using an optical tracking
system to monitor the movement of markers installed along the beam. Furthermore, an iPad Pro
with the Scaniverse app was used to collect low-density LiDAR scans and photogrammetry data
for estimating displacement and global buckling profile. The results show a good displacement
comparison among the DFOS-derived response, direct displacement measurements, and estimated
theoretical deflections.

1. Introduction
Accurate measurement of structural deformation is fundamental to the assessment of stiffness,
serviceability, damage progression, and overall performance of civil infrastructure systems. Cur-
vature, internal forces, and displacement are key response quantities in both experimental research
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and structural health monitoring, as they directly reflect changes in internal force distribution,
material nonlinearity, and support condition behavior. In flexural members such as steel beams,
curvature provides a direct measure of bending response, governing the distribution of longitudi-
nal stresses across the cross-section and controlling global deflection behavior. Excessive curvature
can lead to serviceability issues, including large deflections, and plays an important role in stability
phenomena such as lateral–torsional buckling, where nonuniform bending can induce significant
torsional response. Because curvature represents the fundamental link between applied loading
and structural response, reliable characterization of curvature is essential for accurate evaluation
of both strength and serviceability performance.

Under the assumptions of Euler–Bernoulli beam theory (Timoshenko and Gere (2009)), that plane
sections remain plane and normal to the neutral axis after deformation, the beam’s deflection is
small compared to its length—the longitudinal strain distribution through the depth of a beam
varies linearly, and curvature can be expressed directly in terms of measured strain gradients.
Once curvature is known, rotations, shear force, bending moment and vertical displacements can
be obtained through spatial integration along the member span, subject to appropriate boundary
conditions.

Conventional approaches for measuring displacement typically rely on discrete sensors such as lin-
ear variable differential transformers (LVDTs) (Choi et al. (2023), Cheng et al. (2018)), dial gauges
(Kumar et al. (2025), Seedahmed (2022)), or string potentiometer (Jůza, Jandera, and Křemen
(2023)), which provide localized measurements and require often fixed reference frames. While
these techniques are effective, they provide measurements only at discrete locations and may fail
to capture spatially continuous deformation patterns. An alternative approach for evaluating struc-
tural deformation can be based on strain measurements. Under classical beam theory, curvature
is directly related to the gradient of longitudinal strain, and vertical displacement can be obtained
by successive integration of curvature along the span. This strain-based formulation provides a
mechanics-consistent framework for relating measured strain to curvature and displacement, en-
abling estimation of structural deformation without reliance on direct displacement measurements.
However, their experimental implementation has been constrained by the limited gauge length of
traditional strain gauges (Musa et al. (2025)), which provide data only at discrete locations and are
often insufficient to provide continuous strain measurements.

Distributed fiber optic sensing (DFOS) enables continuous strain measurement along the span with
high spatial resolution, providing a significant advancement over discrete strain sensing techniques
(Palmieri and Schenato (2013)). The continuous nature of DFOS data can be used for strain-
based formulations to compute curvature and displacement, allowing structural deformation to
be evaluated along the full length of a member. This mechanics-consistent approach provides
an innovative framework for estimating global deformation from measured strain data without
reliance on direct displacement measurements.

This paper presents a strain-based methodology for computing curvature, internal forces and ver-
tical displacement using distributed fiber optic sensing. A 24 ft (7.3 m) span steel–concrete com-
posite beam with a 5.5 in (0.14 m) concrete slab cast on a profiled steel deck, connected to a
W-section steel beam using 7

8
in. (22 mm) shear studs, was loaded to failure through three point
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bending. Fiber optic cables were attached to the concrete surface, along the beam web, and embed-
ded inside the concrete to record longitudinal strain. These data were used to quantify curvature,
which are subsequently integrated to estimate bending moment diagrams and displacements.

In addition to DFOS, vertical displacements were measured using an optical tracking system to
monitor the movement of markers installed along the beam. Furthermore, an iPad Pro with the
Scaniverse app was used to collect low-density LiDAR scans and photogrammetry data for esti-
mating displacement and global buckling profile. The objectives of this study are to (1) develop a
strain-based framework using distributed fiber optic sensing (DFOS) to compute curvature, bend-
ing moment, shear force, and displacement; (2) validate DFOS-derived bending moment and shear
force distributions through comparison with theoretical calculations; and (3) comparison between
strain-based displacement with measurements obtained from (i) an optical tracking system and
from (ii) point-cloud-based deformation data.

2. Experimental Procedure

2.1. Test Setup
The test specimen consisted of a 27-ft-long W12×26 wide-flange steel beam with 3/8-in-thick
transverse stiffener plates welded to both sides of the web at midspan and at the supports to prevent
local web buckling. More details about the experimental setup can be found in AISC/SDI report
“Design of Shear Connectors Welded through Steel Deck: Full Beam Testing to Validate 7=8 inch
Studs” (Mustaq, Monamy, and Blum, Hannah B., 2025). The beam was simply supported with
pinned and roller supports located 1.5 ft from each end, resulting in a 24-ft clear span.

A 2-in-deep composite steel deck was placed perpendicular to the beam over the top flange. Nine
deck panels were installed along the span. Panels were temporarily fastened with self-drilling
screws prior to stud welding, with sidelap connections installed in accordance with ANSI/SDI SD-
2022 (ANSI/SDI SD-2022 Standard for Steel Deck (2022)). Temporary fasteners were removed
after stud welding.

Cell closure plates and steel pour stops were installed along both longitudinal edges to confine
the concrete (Fig.1). Temporary timber shoring was installed beneath the beam and along the slab
edges to support the deck during concrete placement and curing.

Twenty-two 7/8-in-diameter, 4-in-long headed shear studs were welded through the deck into the
beam flange to provide composite action. The studs were symmetrically arranged with 11 on each
side of midspan, spaced 6 in from the supports and at 36 in spacing near midspan. Results from two
composite beam tests (Composite Beam Test 1 and Composite Beam Test 3) are being analyzed
here. In Composite Beam Test 3, all studs were placed at strong deck positions, while in Composite
Beam Test 1, four studs on the west side were welded at weak positions due to a deck joint.

Welded wire mesh reinforcement (6×6 W1.4×W1.4) was placed near mid-slab depth for temper-
ature and shrinkage control, supported on slab bolsters and spliced at midspan (Fig.1). Lateral
bracing was installed at both supports and at midspan to restrain out-of-plane movement.

Normal-weight concrete with a specified 28-day compressive strength of 3.5 ksi was placed to
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