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ABSTRACT 

 

Formwork is an important but temporary structural component in the construction of 

reinforced concrete and it can easily be out of alignment, deformed or unstable while wet 

concrete is being placed on top of it. Real-time displacement monitoring ensures safety, 

accuracy, and design quality compliance. Conventional inspection methods may overlook 

sudden deformations in complex formwork systems. The objective of this study is to review 

limitations of existing formwork monitoring techniques and to evaluate application of real-

time solution using sensor-based technologies integrated within a Ubiquitous Sensor Network 

(USN) and Internet of Things (IoT) framework. Ultrasonic sensors and inclinometers can be 

used to assess the alignment and stability of vertical support members and wireless 

displacement sensors to monitor horizontal movements. Additionally, Fibre Bragg Grating 

(FBG) sensors inscribed in optical fibres using ultraviolet laser technology capture high-

resolution strain responses related to formwork misalignment. Sensor data can be transmitted 

through a ZigBee-based wireless network to a centralized monitoring platform for real-time 

evaluation and alerts.  This study shows improved early detection of misalignment, enhancing 

safety and decision-making. The study recommends implementing such systems for complex 

and high-rise formwork applications following suitability assessment. 

 

Keywords: Concrete Formwork, Alignment Monitoring, FBG Sensors, IoT-Based 

Monitoring, Construction Safety. 

 

1.0 Introduction  

 

 Concrete formwork is an essential temporary construction that is utilized to 

determine the shape of. permanent buildings and offer a requisite area of construction work. 

Despite the temporary character of such systems, they are often exposed to extreme 

concentrated loads, seismic conditions, geological instability, and unfriendly weather. 

Structural potential.  
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 Failure - support buckling, slab breakage or complete collapse is dangerous to Such 

failures can happen suddenly and within several seconds, and because they are related to site 

safety and project schedules. Through the ages, contractors have adapted to traditional ways 

of monitoring such as plumb. manual optical instruments like levels and total stations, lines 

and weighted strings.  

 Nonetheless, these methods are becoming ineffective when it comes to the large-

scale projects today because of. dense scaffolding and slow manual reporting which cannot 

cause optical blind spots. predict sudden failures. This leads to a severe requirement of 

constant, real-time monitoring. to make horizontal and vertical formwork alignment fall 

within allowable ranges. when concrete is being laid and cured. The basic input of this paper 

is the synthesis and systematic assessment. a combined framework of horizontal and vertical 

level monitoring with the help of. laser- and sensor- based technologies.  

 As compared to the conventional studies which look at isolated. sensors, this review 

provides a single solution that involves a combination of ultrasonic sensors to measure the 

vertical sag. detection, horizontal stability, and high-technology fibre-optic sensing 

inclinometers. in a Ubiquitous Sensor Network (USN) and Internet of Things (IoT) design. 

One of the main developments that were discussed is the use of laser-based Fibre Bragg 

Grating (FBG). sensors, inscribed with the help of the UV laser technology, which is a high-

resolution digital. formwork structures are named nervous system. These sensors are absolute, 

electromagnetic. It can be multiplexed along a and it can be measured in terms of interference-

immune strain and temperature. single fibre.  

 Moreover, the Distributed Fibre Optic Sensing (DFOS) is Rayleigh based. 

backscattering permits strain profiling (millimetre scale) to be done in a quasi-continuous 

mode and permits early. identification of localized stress concentration and micro-cracks that 

cannot be detected by point sensors. The paper identifies the use of ZigBee-based low to 

facilitate the implementation of the project in the field. power, multi-hop wireless 

communication to ensure data transmission over large distances. more than 80 m on 

construction sites that have too much congestion. In general, this review indicates that there 

are ways the horizontal and vertical level monitoring using both laser and sensor technologies. 

converts traditional type of formwork into intelligent formwork that is self-monitoring, that 

is, smart structures. significantly increasing the early detecting failures and safety during 

construction. 

 

1.1 Practical significance and contribution to accident prevention 

 This technological-oriented review has a special practical importance in the context 

of. high-rise buildings and geometrically complicated systems of formwork, where the 

aftermath of the consequences of Failure of formwork are extreme and devastating. 
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Formwork is exposed to in such projects. long cumulative loads, re-use, prolonged 

construction periods and complicated load. ways, and so traditional visual inspections could 

not be used to guarantee safety. Through critical assessment and incorporation of a high level 

of sensor- and laser-based surveillance. this review proves continuous, real-time 

instrumentation to be directly dependent on technologies. aids in accident prevention. 

Ultrasonic sensors, inclinometers, and technologies like these are useful. wireless 

displacement sensors, and fibre-optic sensing systems allow to detect early on. signs of 

critical failure such as excessive sagging of the supports, tilting, local overstressing, and 

concealed slab distress.  

 These are early-warning signs that are necessary in. high-rise buildings, where access 

to formwork is frequently limited by manual means, and failures are possible. spread fast on 

various levels. The application of these sensing technologies in Ubiquitous Sensor Network 

(USN) and IoT architecture enables automatic alarming and distance monitoring, which 

minimizes the use of. biased interpretation and lateness. This applies particularly to 

complicated formwork. systems of climbing, enormous slabs, and massive scaffold patterns, 

where there are optical blind spots and human error at a high-risk level[2], [3]. Finally, this 

review indicates that there has been the adoption of technology driven formwork. monitoring 

moves the safety management approach beyond an inspection-based approach that is reactive. 

active, evidence-based approach to accident prevention, which is of significant use to worker. 

high-rise and complex construction safety, continuity of the project, and reduction of risks. 

environments.[4] 

 

2.0 Literature Review  

 

 The literature review below is a synopsis of existing studies on instrumentation in. 

observing temporary buildings, paying attention to sensor networks integration, Internet of 

things (IoT) infrastructures, and laser-fibre optic infrastructures.  

 

2.1 Challenges in conventional formwork monitoring 

 Concrete formwork is a temporary structure that is crucial as it provides the 

permanent structure. constructions, and often it is exposed to localized stresses and 

subterranean instability. Studies have shown that about 29.63 per cent construction accidents 

entail the collapse. of scaffold shoring systems[5]. The conventional safety surveillance uses 

manual data collection. with optical instruments, such as levels[5] and total stations. 

Literature however identifies. major shortcomings of these approaches: they are impeded by 

blind spots where structural. blocking the optical path are components, and the manual 

reporting intervals are generally too slow to. sense the sudden failures that typify formwork 

collapse[5].  
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2.2 Instrumentation for displacement and stability 

 In order to deal with these gaps, researchers have offered automated systems with 

different characteristics.  

Sensory devices:  

• Vertical Sagging: The amount of sagging or is determined using ultrasonic sensors. 

deflection millimetre-scale precision formwork[6], [7].  

• Horizontal Stability: Horizontal inclinometers are used to measure the inclination of the 

pipe supports, which is a severe measure of structural stability[6], [7].  

• Structural Load and Strain: The weight of concrete batches is monitored by load cells, 

and strain gauges are used to measure the internal stress of the structural body of the 

formwork[6], [7].  

• Settlement: Wireless displacement sensors have been used in order to gather real time 

data. on slab settlement[5].  
 

2.3 IoT and Wireless Sensor Networks (USN) 

 The theme of integrating these sensors into a Ubiquitous sensor Network (USN) is 

important. recent literature[6], [7]. These systems normally use ZigBee standard which is an 

open standard. operating system that supports wireless personal area networks (WPAN) that 

is capable of. sending low amounts of data with low power consumption[5], [7]. Multi-hop 

wireless These are networks that are used to increase the transmission range of information 

that can be sent across distance. workplaces to a central location office[6]. Sophisticated 

structures have embraced surveillance. cloud computing and a mobile client that allows the 

managers to be informed of real-time alerts and automated alarms when concrete is laid.  
 

2.4 Laser-Processed Fibre Bragg Gratings (FBG) 

 A complex development in the monitoring of the structure is the application of Fibre 

Bragg Gratings. The phase structures are imprinted into the core of optical fibres with UV 

lasers in (FBG) phase structures[8]. FBGs have specific benefits in the construction industry:  

• Intrinsic Properties: These are resistant to electromagnetic interference (EMI), 

lightweight, and also can be multiplexed to form a quasi-distributed sensor network 

along. a single fibre[9].  

• Thermal Stability: At the lower temperatures that are standard operating temperatures of 

FBGs, regenerated FBGs can be used. It can be fibre Bragg gratings, created by thermal 

treatment of a seed grating. resist severe temperatures to 1,295degC[10].  

• Sensing Mechanism: FBGs detect the strain by detecting the movement of the Bragg. 

wavelength: but it is mentioned in the literature that they are temperature sensitive as well 

as sensitive to. strain, necessitating thermal compensation methods to be measured 

accurately[11].  
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• Embedding Challenges: It has been noted that studies of embedding FBGs in composite 

materials emphasize. that spectral distortion or split of peaks may be due to non-uniform 

strain fields, implicating that the sensors need to be placed facing the same direction as 

the neighbors. reinforcement to sustain single peaked spectrum[12]. 

 

2.5 Data evaluation and processing 

 DFOS systems have high sensitivity and sampling rates. produce huge amounts of 

data that are usually full of anomalies and noise[13]. Recent Software solutions, including 

the FOS Evaluator, focus on the significance of developments. post-processing techniques. 

Locally weighted scatterplot (LOWESS) is a method. Smoothing), moving averages and 

Bessel filters are reported to be necessary to clean raw. strain outliers that are unreasonable 

to plot out and mechanical properties in advance are. calculated[14], [15].  

 

3.0 Methodology 

 

3.1 Nature and scope of the review 

 This study assumes a technology-oriented, state of art review methodology that is 

geared towards. critically examining the improved instrumentation systems in level 

horizontal and vertical. monitoring concrete formworks. The review is specifically aimed at 

temporary. structural systems used in the course of concrete placement and early curing 

stages, where the lowest level of risk of sudden failure. The scope has been narrowed down 

intentionally to technologies that facilitate. real time or near real time monitoring, automated 

alarming and data-based safety. management. It is emphasized on high-rise building apps, 

long-span slabs and applications. scaffolding systems, which are geometrically complex, in 

which traditional inspection methods are used. inadequate. Instead, the review does not seek 

to substitute code-based design methods but rather. assesses the effects of the operational 

safety augmentation of emerging sensing and laser technologies. traditional practices.  

 

3.2 Review type and research design 

 The research is qualitative and technology-based narrative review, instead of a. 

statistical meta-analysis. Such strategy is chosen because of a heterogeneous nature of the. 

available literature, to which laboratory experiments, field trials, pilot implementations, etc. 

belong. and full-scale construction case studies. The review design will be designed in a 

manner that it follows the development. of surveillance strategies--between discrete physical 

sensors and integrated laser-based and IoT. enabled systems- emphasizing technological 

maturity, practical feasibility, and safety. relevance. The methodology gives more priority to 
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studies which show measurable performance. accuracy, reliability, response time and alarm 

effectiveness under real are some of the indicators. construction conditions.  

 

3.3 Literature identification strategy 

 The strategy is to determine the literature on the topic, focusing primarily on the 

advantages and disadvantages of employing virtualization technology in accounting. 

Relevant literature was found by extensive searches of the existing scientific. civil 

engineering, structural health monitoring databases and technical repositories. construction 

safety, optics sensing, and safety. Search strings and keywords were developed with the aim 

of. monitoring of form work capture, scaffold stability, ultrasonic sensing, optical fibre 

monitoring, fibre optic monitoring, Fibre Bragg Gratings, Distributed Fibre. Ubiquitous 

Sensor Networks, IoT-based construction monitoring, and Optic Sensing. Lists of the most 

significant papers had also been analyzed to find more seminal works and influential case 

study This may not necessarily be found in a database search. 

 

3.4 Literature selection and screening process 

 The selection was based on multi-stage screening strategy. In the first stage, titles and 

abstracts were read and those studies which were not related to construction-stage monitoring 

were discarded. temporary structures. During the second phase, the full-text screening was 

undertaken in order to retain studies. that gave technical descriptions, calibration procedures, 

quantitative results, or recorded field implementations. Research studies that concentrate only 

on long term structural. Relevance of health monitoring to formwork behaviour was 

eliminated. Preference was presented to peer-reviewed journal articles, experimental-

validated conference papers, and technical reports that are authoritative. This step allowed 

making sure that the reviewed literature was direct. facilitates the aims of monitoring 

performance assessment and prevention of accidents. potential. 

 

3.5 Technology classification framework 

 The reviewed technologies will be analysed based on the dual-layer classification 

structure to systematically analyse them. was adopted. The initial layer groupings 

technologies using monitoring function, such as vertical level monitoring, horizontal stability 

monitoring, local strain sensing, and distributed structural profiling. The second level puts 

technologies under different categories based on them. sensing mechanism, e.g. acoustic 

(ultrasonic sensors), inertial (inclinometers), electromechanical (wireless displacement 

sensors), and optical/laser-based sensors (FBG and DFOS). This systematic framework 

makes sense of comparison between fundamentally. various technologies as they complement 

each other in integrated. monitoring systems.  
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3.6 Evaluation parameters and assessment criteria 

 All the technologies were tested based on the same and clearly outlined performance 

parameters. These were the accuracy of measurements, spatial resolution, temporal 

responsiveness, sturdiness in austere site conditions, prone to noises and interference, 

convenientness. maintenance, and installation requirements. Further attention was paid to 

safety. oriented measures like the ability to detect failures early, alarm triggering limits, 

system consistency, and alignment with construction safety standards. For fibre-optic 

systems, appraisal also took into account strain sensitivity, thermal stability, multiplexing 

capacity and. long-term signal integrity. The criteria of assessment was chosen to represent 

practical. deployment issues that are witnessed in active construction sites. 

 

3.7 Data extraction method 

 Data mining was directed to both quantitative and qualitative data that have been 

reported in the. selected studies. Quantitative data consisted of values of linearity of 

calibration and accuracy limits. acceptance of deflection and tilt, spatial resolution, and 

system reliability. percentages. Qualitative data involved sensor location plans descriptions, 

networking design, installation issues, and reported safety measures. Case experiments on 

slab failure detection, scaffold instability, or emergency evacuation. special consideration 

was paid to those, which directly show how effective is in real life. the technologies. 

 

3.8 Data synthesis and comparative analysis 

 The information was extracted as opposed to statistical aggregation of numerical 

data. created based on a comparative and thematic analysis approach. Technologies were 

when compared across and within category of classification to determine performance trends, 

strengths, and limitations. Combination of various types of sensors were examined. to 

determine the effect of redundancy and cross-validation on reliability. The synthesis 

highlights how sensor and laser-based system of monitoring is superior to traditional 

inspection procedures. with regard to coverage, responsiveness, and objectivity. 

 

3.9 Methodological support for findings and conclusions 

 The results and conclusions of this review are based on the adopted methodology. 

providing the evaluation of all the technologies reviewed, through a standardized and open 

evaluation. framework. The principles of sensing are connected to the system architecture 

and the safety results by means of the system. methodology shows how developed 

instrumentation can facilitate prioritized risk. management in formwork operations. The 

logical generalization is justified by the conclusion that technology-based surveillance alters 

the formwork safety to a more reactive and inspection-based safety. transform into an 
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ongoing, data-centered accident prevention plan, which is especially needed in. high rise and 

complicated construction settings.  

 

3.10 Technology-focused review 

 According to the methodology embraced, the paper falls under technology-focused 

review. that offers an analytical and comprehensive study of instrumentation technologies of. 

The monitoring of concrete formwork at horizontal and vertical levels. The study does not 

are intended to present a new sensing device or experimental prototype, but are intended to 

consolidate, assesses, and contrasts current sensor and laser technologies of monitoring 

reported in. field trials, experimental studies. 

 The review is organized in the basic sensing guiding principle measurement. 

mechanisms, accuracy among them, installation habits, and functionality constraints of 

frequently. used instrumentation, such as ultrasonic sensors, inclinometers, wireless 

displacement. sensors, Fibre Bragg Grating (FBG) sensors and Distributed Fibre Optic 

Sensing (DFOS). A special focus is put on the integration of these technologies into 

Ubiquitous. Sensor Network (USN) and Internet of Things (IoT) designs in order to allow 

real-time information. in active construction, acquisition, wireless communication, and 

automated safety alarming. environments.  

 This is in contrast to the traditional literature reviews which provide an overview of 

the outcome at an abstract level. paper is concerned with such technological performance 

measures as the precision of measurement, linearity, resolution spatial, thermal tolerance, 

data reliability, and network scalability. The methodology also analyzes practical 

implementation factors, such as sensor positioning, calibration, alarm threshold definition, 

data filtering and environmental protection based on. structural limits. In this regard, this 

review contribution is that it provides a technology-focused synthesis. and integration system 

that facilitates informed choice, comparison and execution. of sensing technologies and laser 

technologies of intelligent transformation of traditional formwork, self-monitoring structures.  

 

4.0 Results  

 

 The real-world application and total review of advanced instrumentation of 

Application of horizontal and vertical level monitoring It is evident in formwork applications. 

enhancements of structural safety, measurement precision, and real-time fault detection. 

Findings of experimental trials, field deployments and reported case studies. continuously 

verify the practicability and dependability of Ubiquitous Sensor Network (USN) and 

Monitoring systems based on Internet of Things (IoT) in proactive construction sites. 

Performance and monitoring efficiency of the system in question. 
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4.1 System performance and monitoring efficiency 

 Quantitative performance measurements show that integrated sensor networks are 

able to attain an. reliability of overall operation of 98.4, which is able to pass the high 

standards of construction site. monitoring. Multi-hop multi-hop wireless networks were 

provided by ZigBee based on data that was not interrupted. transmission longer than 24 hours 

long, including crucial stages between concrete pouring. to initial curing. Even though 

individual USN nodes normally offer a range of communication of. equivalent distance, 

multi-hop routing was effective at distances of approximately 25 m. to more than 80 m giving 

smooth connectivity between distributed formwork zones and centralized overseeing 

locations.  

 

4.2 Precision in vertical and horizontal level monitoring 

 The combination with high-resolution monitoring of the structural movement was 

attained. of ultrasonic sensors, inclinometers and displacement sensors. Adjusted ultrasonic 

sensors. measured vertical deflection at +-1 mm accuracy and kept deviations within 

tolerance. within the 10 mm safety limits stipulated in codes of construction. Field 

measurements showed constant mean deflection values with the highest deviations of 5.6 

mm. Horizontal. inclinometer based stability measurements showed good sensitivity, which 

was able to detect tilt. The range of variations of 0.43deg to 0.50deg, enough to detect 

instability at an early stage. prior to collapse. 

 

4.3 Real-time failure detection and alarming 

 One of the most important results of automated monitoring systems is that they are 

able to identify lurking or abrupt. Invisible failures that cannot be seen by a human eye. On a 

scaffold of 9.0 m height recorded. IoT-based system, it was observed that slab settlement was 

increasing rapidly and more than the. 10 mm alarm level, which will sound an instant wireless 

alarm and evacuation. Later research established the slab fracturing and leakage of concrete. 

Tiered alarm systems--programmed to 60, 80 and 100 percent allowable limits--permitted 

gradual and timely intervention. 

 

4.4 Performance of laser-based sensing technologies 

 The sensors were of excellent linearity which was Fibre Bragg Grating (FBG) sensors 

based on laser (R2 = 0.9999). when inverted alongside the reinforcement to give a higher 

resolution strain monitoring with a sensitivity of about 1.2 pm/ue at 1550 nm. Although 

angled or cross-ply These results enabled spectral anomalies by configurations, and best-

practice was brought to light. installation strategies. FBGs that were regenerated worked at 

extreme temperatures. to 1,295degC, which illustrates that it is fire-safe monitored. 
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Distributed Fibre Optic Sensing (DFOS) systems had a millimetre level spatial resolution (as 

fine as 6 mm), enabling the early identification of micro-cracks and localized redistribution 

of stress along. reinforcement members. On the whole, the findings can confirm the 

hypothesis that sensor- and laser-based instrumentation should be integrated into a. USN 

framework is an efficient way of converting traditional formwork into an intelligent self-

observing one. structure. 

 

4.5 Research Gaps  

 

4.5.1Cost effectiveness and practical implementation 

 Although proven in technical performance, there is lack of literature on cost-benefit 

analysis, easy to use. Installation, maintenance, and viable adoption structures of large-scale 

clients. application in normal construction works. 

 

4.5.2 Temperature effects in FBG sensors 

 It is challenging to separate the strain measurements and temperature effects in FBG 

sensors. real site conditions. 

 

4.5.3 High cost and limited practical use 

 Sensor and interrogation systems are very expensive which restricts their application 

in normal construction projects. 

 

5.0 Conclusion 

 

 Finally, the research synthesised on this review supports the fact that the transition 

between holistic instrumentation of manual data collection to automated data collection is of 

great benefit. accuracy and security of horizontal and vertical level monitoring in concrete 

formwork. The traditional type of monitoring with optical devices, including total stations 

and levels, is. more and more regarded to be inadequate because of fundamental blind spots 

and reporting periods that are slow enough not to sense the sudden structural failures that 

occur when scaffolds collapse. The deployment of Ubiquitous Sensor Network (USN) and 

Internet of Things (IoT). platforms has been very effective in real time structural health 

monitoring. 

 The implementation of Ubiquitous Sensor Networks (USN) and Internet of Things 

(IoT) platforms has proven highly effective for real-time structural health monitoring. Key 

sensory findings include: 
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• Vertical Level Monitoring: Separated ultrasonic and wireless displacement. sensors give 

centimetre resolution to sagging, deflection and slab. settlement, with the malfunctions, 

broken, being detected instantly. slabs--which none can see with their eyes. 

• Horizontal Stability: Inclinometers have been able to optimally monitor the tilting of the 

vertical support. pipes, which is a very important early-warning environment of structural 

instability in advance. collapse occurs. 

• Laser-Based Technologies: Fibre Bragg Gratings (FBG), which are written into optical 

fibres. with UV lasers, is equivalent to a high-resolution digital nervous system that is 

immune to. electromagnetic interference. Besides, regenerated FBGs have shown. 

thermal stability an unprecedented level of, can operate at extreme temperatures up to. 

1295 °C, which is important in fire-safety inspection in civil buildings. 

 These sensors are integrated into multi-hop wireless networks that are based on the 

ZigBee. standard has conquered the range disadvantages of the construction sites through 

transmission. the surveillance area to 80 m and above. Based on quantitative performance 

measurements, it is revealed that. these automated systems are able to sustain operational 

requirements at a reliability of 98.4%. 
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