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Thesis

Rework continues to erode margins across the construction sector, with studies showing
that rework accounts for 5-20% of total project costs’, driven by design errors, coordination
failures, and safety-related disruptions. McKinsey reports that poor project data and
communication contribute to over $1.6 trillion in annual productivity losses globally?. This
reinforces the value of platforms that improve documentation, inspections, and site visibility.

Industry Landscape

Overview

Rework represents one of the largest and most persistent sources of value leakage in
construction, with empirical studies consistently estimating that between 5-20% of total project
cost is consumed by correcting defects, redesigning elements, or re-executing completed work®.
Meta-analyses across North America, Europe, and Asia converge around a central estimate of
8-12% for typical projects®, with materially higher figures observed in complex, bespoke, or
fast-tracked builds. When applied to the US construction industry, which generated over $2
trillion in annual output®, even conservative rework estimates imply hundreds of billions of
dollars lost each year to non-value-adding activity.
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The economic impact of rework extends beyond direct cost. Academic research and industry
surveys demonstrate that rework is strongly correlated with schedule overruns, labor
inefficiency, safety incidents, and contractual disputes. Projects experiencing above-average
rework rates are significantly more likely to exceed planned durations, with schedule impacts
frequently ranging from 5-30% depending on project type®. McKinsey’s estimate of more than
$1.6 trillion in annual global productivity losses attributable to poor project data, communication
breakdowns, and fragmented workflows places rework at the center of a broader systemic
inefficiency problem rather than as an isolated operational issue.

Rework persists because construction remains structurally fragmented. Design, planning,
execution, and inspection are often handled by separate entities using disconnected systems,
with limited real-time feedback between them. While digital design adoption has improved
coordination upstream, execution-stage visibility, inspection discipline, and documentation
quality remain uneven across much of the industry. The result is a consistent gap between
design intent and constructed reality, which manifests repeatedly as rework across all
subsectors.

Commercial and Residential Construction

Commercial and residential construction exhibits some of the highest rework frequency due to
trade density, accelerated schedules, and frequent design changes. Studies of vertical
construction projects show rework costs commonly ranging from 5-10% of project value’, with
complex commercial buildings regularly exceeding this range. Hospitals, laboratories, data
centers, and mixed-use developments are particularly exposed due to intricate MEP systems
and tight spatial coordination requirements.

Design-related deficiencies remain a primary driver. Research published in construction
management journals indicates that design errors, omissions, and late changes account for
approximately 30-50% of all rework events in building construction®®. Even where BIM is used
during design, incomplete model coordination, inconsistent updates, and inadequate field
access to current drawings continue to generate downstream errors. Surveys of US general
contractors show that 14-22% of field rework incidents originate from teams working from
outdated or incomplete design information.

Coordination failures further amplify rework in this segment. Commercial and residential projects
rely on sequential handoffs between trades, often under compressed timelines. Industry surveys
consistently report that over 60% of contractors identify poor coordination and communication
as the leading cause of labor productivity loss'®. FMI data shows that 52% of rework in US
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construction is attributable to miscommunication and poor data management, with lack of a
common information platform cited as a dominant contributor.

Inspection practices vary widely in this segment, particularly in residential construction where
smaller firms rely heavily on manual processes. Studies show that projects without standardized
QA/QC procedures are significantly more likely to experience repeat defects, warranty claims,
and post-handover rework'. Residential projects are especially vulnerable to latent defects
related to moisture, insulation, and code compliance, which often require intrusive and costly
rework after occupancy. In commercial projects, delayed detection of quality issues during
rough-in stages frequently leads to demolition of finished work, compounding cost and schedule
impacts.

Infrastructure and Heavy Civil Construction

Infrastructure and heavy civil projects experience rework driven by scale, duration, and
environmental uncertainty rather than trade density. While some studies indicate that rework
percentages in civil projects may be marginally lower than in vertical construction, the absolute
financial impact is significantly higher due to project size. A rework rate of up to 12.4% on a
complex transportation project can equate to tens or hundreds of millions of dollars in additional
cost',

Subsurface uncertainty is a major driver. Research on highway, rail, and utility projects shows
that inaccurate geotechnical assumptions and incomplete site investigations account for a large
share of rework in earthworks, foundations, and drainage systems’. When field conditions
diverge from design assumptions, corrective measures often require extensive re-excavation,
redesign, and reconstruction. These interventions frequently occur after adjacent work has
progressed, multiplying the cost of correction.

Documentation and information lag further exacerbate rework in this segment. Infrastructure
projects often involve geographically dispersed work fronts, making it difficult for project teams
to maintain real-time awareness of execution quality. Studies of public-sector infrastructure
delivery show that delayed reporting of defects and inspection results is a key contributor to
late-stage rework and claims™. In response, transportation agencies have increasingly linked
rework reduction to the adoption of digital inspection records, electronic submittals, and
continuous progress monitoring.
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Schedule sensitivity intensifies the financial impact. Rework-related delays in infrastructure
projects increase not only direct costs but also financing expenses and public disruption.
Empirical studies demonstrate that projects with higher rework rates are significantly more likely
to experience cost escalation through extended preliminaries, idle equipment, and contractor
claims. As infrastructure programs grow in scale under public investment initiatives, the
tolerance for rework-driven inefficiency is declining rapidly.

Industrial and Energy Construction

Industrial and energy projects exhibit some of the highest per-incident rework costs due to
technical complexity, tight tolerances, and interdependent systems. Historical data from
industrial construction research indicates that rework costs are around 9.5% of total project
value in complex facilities, with design interface errors and late-stage changes accounting for a
disproportionate share of losses.

Coordination between engineering disciplines and construction teams is a dominant risk factor.
Industrial projects involve dense integration of mechanical, electrical, structural, and process
systems, where minor misalignments can cascade into large-scale rework. Studies show that
interface mismatches between disciplines are among the most expensive rework events, often
requiring dismantling of installed systems to restore compliance.

Procurement complexity further magnifies exposure. Long-lead equipment such as switchgear,
transformers, and generators introduces rigid sequencing constraints. Industry reports
document switchgear lead times in the 50-80 week range'®'’, with price escalation and tariff
exposure increasing the cost of replacement or modification. When documentation gaps or
installation errors affect these components, corrective actions can delay commissioning by
months and generate substantial revenue loss for owners.

Safety-related disruptions also play a critical role. Industrial sites operate in high-risk
environments, and research indicates that a meaningful share of serious incidents and fatalities
occur during rework activities. Work performed outside planned sequences, under time
pressure, or in partially completed systems increases both safety and quality risk. Studies
linking safety incidents to rework show that projects with poor safety performance also exhibit
higher rework rates, reinforcing the interdependence of safety, quality, and productivity'®.

Cross-Sector Trends

Across all construction subsectors, several consistent patterns emerge. First, rework is strongly
correlated with information quality rather than workforce capability. Projects with fragmented
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documentation, delayed inspections, and limited site visibility experience systematically higher
rework rates regardless of sector. Second, rework acts as a multiplier. A single defect can
trigger cascading impacts across schedule, safety, financing, and stakeholder confidence,
transforming a localized issue into a project-wide disruption.

Third, rework disproportionately affects profitability. Given typical contractor margins of 2-5%,
even modest rework rates materially impair financial performance'®. Empirical studies show that
firms with consistent quality management and real-time documentation are significantly more
likely to achieve above-average margins, while those without standardized processes absorb
rework as a chronic cost.

Finally, the data reinforces that rework is not an unavoidable byproduct of construction
complexity but a consequence of systemic execution gaps. Improvements in documentation,
inspection discipline, and site visibility consistently demonstrate measurable reductions in
rework across all project types. These findings support the thesis that reducing rework is one of
the highest-impact levers available to improve productivity, safety, and margin resilience across
the construction industry.

Solution Landscape

Rework persists not because the construction industry lacks solutions, but because most
solutions address the problem too late. Over time, a wave of tools have emerged to improve
documentation, safety compliance, and project coordination. Yet despite widespread adoption,
rework remains as a major expense for the industry. Examining today’s solutions landscape
reveals a common flaw. For example, in the three most common solutions below, visibility is
fragmented, non-preventative, and detached from real-time work on site.

Existing Software Solutions

First is Reactive Documentation Platforms Software (market size of USD$11.6B%°). Tools that
digitize drawings, RFls, and daily logs (e.g., project management and document-control
systems) have become industry standard. They centralize information, reduce paper-based
errors, and improve traceability. The market size for construction-focused project management
and document control tools are estimated to grow USD$16.25 Billion by 2029 at an 8.8%
CAGR#*2" However, documentation alone does not prevent rework as it only records it. Most of
these platforms capture problems after they’'ve already materialized on-site. By the time an RFI
is submitted or a discrepancy is logged, labor has already been wasted and sequencing has
already been disrupted.
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Another population option is Inspection-Heavy, Labor-Intensive Safety Tools (market size of
USD$1.72B%). Another category focuses on safety audits, checklists, and compliance tracking.
These manual systems help firms meet regulatory requirements and reduce liability exposure,
especially on large infrastructure projects. The market is estimated to reach USD$4.24B by
2033 at a CAGR of 10.6%?2'%. However, they rely heavily on manual inspections and human
diligence, which causes the same exact failure points that cause rework in the first place. When
safety checks are episodic rather than continuous and present, blind spots emerge between
inspections. That's where errors compound, crews improvise, and rework quietly accumulates.

Lastly, there are a variety of Fragmented Solutions. The market is flooded with niche tools to
ensure project stability. For example, tools have emerged for BIM clash detection, site photos,
workforce tracking, quality control, and many more. Each solves a slice of the problem, but none
fully resolves the human error that causes rework in the first place?.This fragmentation of
software also forms a double-edged sword. By having multiple systems in place, processes
become complex causing more coordination failures between software systems. Furthermore,
software can never fully influence on-the-ground work, and rework errors are inevitable unless
software is integrated with physical work.

Largest Niche Markets Market Size

Building Information Modeling (BIM) in | USD$5.8B*

construction

Construction quality management USD$1.2B* Total market sizing: USD$7B
software (not including several other

possible markets)

Possible Preventative Measures:

What'’s absent from today’s landscape is a system that detects risk “as it emerges”, not after the
fact. For example, most systems alert users after an issue has occurred. Although it's useful, it
does not prevent losses related to rework costs. Systems that can detect risk real time have a
lot of potential to save both money and time as information is provided in real-time for
monitoring. Furthermore, no current software connects site-level behavior directly to cost
outcomes. This means that the systems should be able to relate site behaviors such as
progress, accuracy, and speed to predict cost outcomes. Benefits of this software is placing
accountability on work, reducing error-prone practices, and supportive development of efficient
processes. Lastly, software should be able to influence current work progress. As mentioned
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previously, no system detects risk as it emerges. Similarly, the most effective software in
preventing construction rework is a real-time detector of risk that can prevent it in real time. Not
only does this alert the workers, it prevents further buildup of mistakes that can stack over time,
resolving rework costs almost completely by eliminating the root cause.

Key Risks and Adoptive Friction

A core risk in facing construction technology adoption is the resistance to change rooted in the
industry’s traditional workflows and culture. Construction firms have relied on proven manual
processes over the past decade, and introducing digital tools often disrupts established routines
that workers are comfortable with. This resistance becomes worse when new platforms require
significant training, change in management, and workflow redesign, which are costs that many
firms are reluctant to pay for considering the hassle. Research shows that nearly half of
construction leaders identify the cost of additional training and skill development as a major
barrier, while a similar proportion cite increased operational costs associated with new
technology as a key friction point in adoption decisions. As a result, the resistance to change
slows down adoption and limit the impact of solutions designed to reduce rework?.

For technologies like BIM and other advanced construction systems, other barriers have
emerged due to their complexity. Studies have shown issues such as software compatibility,
data interoperability problems, and a lack of standardized protocols, all of which make it difficult
for different tools to synergize and consolidate data across different environments. In practice,
this means that even well-benefiting tools like BIM struggle to achieve consistent
implementation on construction projects because contractors face technical constraints and
incompatibility. This defeats the entire purpose of reduced errors and better coordination as it
can make the problem worse especially if software incompatibility issues cause widespread
damage?.

Lastly, owners and contractors report that technology implementation falters without clear
executive backing, seamless integration, and reliable data flow, factors that directly affect user
confidence and long-term engagement with new platforms. These barriers not only slow
adoption, but can also reinforce the traditional thinking, leaving the industry reliant on tools that
capture errors after the fact, rather than preventing them in real time®.
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Future Outlook

The construction sector is moving from reactive correction toward predictive prevention as
rework increasingly proves incompatible with current margin structures and capital expectations.
As documentation, inspection records, and site-level observations are digitized at scale, firms
are gaining the ability to identify execution risks earlier in the project lifecycle, before defects
translate into material cost and schedule impairment. McKinsey research shows that projects
integrating real-time data and analytics into execution workflows reduce cost overruns and
schedule delays by more than 20%3**", largely by intervening before quality failures propagate.
This shift reflects a broader recognition that rework is best addressed upstream through visibility
and discipline rather than downstream through remediation.

Predictive quality management is becoming operationally viable as data density improves.
Field-level inputs such as inspection outcomes, photographic evidence, safety observations,
and rework frequency by trade can now be aggregated across portfolios and analyzed for
recurring failure patterns®. Early adopters are using these signals to identify high-risk activities,
underperforming subcontractors, and design-interface issues before they escalate. Global
studies of digitally enabled construction programs indicate that projects using data-driven risk
prioritization experience materially fewer late-stage defects and significantly lower rework
intensity than those relying on manual oversight. For capital-intensive projects, this capability
directly improves margin preservation and schedule reliability rather than offering incremental
efficiency gains.

External pressure is accelerating this transition. Owners are increasingly demanding auditable
documentation and continuous quality visibility as projects grow more complex and
capital-intensive. Public infrastructure agencies in the US and Europe are expanding digital
delivery requirements, including electronic inspections, digital as-built records, and real-time
progress reporting®*. In parallel, industrial, energy, and life sciences projects face tightening
validation and compliance standards®®, increasing the cost of undocumented or late-discovered
defects. In these environments, incomplete documentation and delayed inspection are no longer
operational shortcomings but sources of material financial risk.
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Insurance markets are reinforcing these dynamics. Construction insurers increasingly recognize
that poor documentation, weak inspection discipline, and limited site visibility are leading
indicators of claims severity®. Industry analyses show that projects with structured digital
QA/QC and real-time site monitoring experience fewer defect-related claims and lower loss
ratios®. As underwriting models evolve, contractors that can demonstrate mature execution
visibility are likely to benefit from improved risk profiles, while those that cannot will face higher
capital friction through premiums, exclusions, or coverage constraints.

Investment and adoption trends support sustained momentum. Global investment in
construction technology has accelerated materially since 2020%, with a disproportionate share
directed toward field execution, quality management, and analytics platforms. Adoption has
moved beyond early adopters and is expanding rapidly among mid-sized contractors as
cloud-based tools lower barriers to entry. As these capabilities become embedded in standard
workflows, real-time documentation, inspections, and site visibility are increasingly becoming
baseline expectations rather than competitive differentiators.

Looking forward, the industry’s direction is increasingly clear. Rework will continue to be treated
less as an unavoidable cost of complexity and more as a measurable execution failure that can
be anticipated and prevented. Firms that integrate predictive quality management into execution
workflows will be better positioned to protect margins, stabilize schedules, and meet rising
expectations from owners, regulators, and insurers. Those that do not will remain exposed to
recurring rework-driven cost erosion in an environment where tolerance for execution failure is
steadily declining.

Conclusion

Rework remains one of the most persistent and capital-destructive features of construction
delivery, not because the industry lacks awareness of the problem, but because execution risk is
still addressed too late in the project lifecycle. Across commercial, infrastructure, and industrial
construction, rework consistently emerges where information quality degrades, site-level
visibility is delayed, and corrective action occurs only after physical progress has already locked
in cost and schedule exposure. In this context, rework functions less as an isolated quality issue
and more as a financial transmission mechanism through which fragmentation and loss of
execution control translate into margin erosion, schedule instability, and impaired returns. Given
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typical margin structures, even modest rework rates are sufficient to eliminate economic upside
on many projects.

As the industry shifts from reactive correction toward predictive prevention, the strategic
importance of real-time documentation, inspection discipline, and continuous site visibility will
continue to increase. Platforms that capture execution data as work occurs, rather than after
defects materialize, directly address the structural gap between design intent and constructed
reality that drives rework. In this environment, solutions such as RTRS are best understood not
as compliance or reporting tools, but as execution-stage risk infrastructure capable of surfacing
emerging issues early enough to preserve optionality and prevent value destruction. As owners,
insurers, and capital providers place greater emphasis on execution transparency and risk
control, the ability to translate site-level behavior into actionable insight will increasingly
differentiate projects that protect returns from those that absorb recurring rework-driven losses.
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