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Abstract

Construction projects are constantly expected to deliver faster, yet the relationship
between acceleration and performance is more complex than project schedules often
suggest. While schedule compression can create legitimate efficiencies, it also alters how
decisions are made, how information circulates, and how quality controls function. This
paper examines a recurring but insufficiently recognized dynamic described here as the
Production Paradox: the tendency for production pressures to weaken the governance
mechanisms intended to protect quality and safety.

The argument is not that projects fail because participants disregard standards. The
evidence points to a more subtle process. Under pressure to maintain momentum,
organizations adapt through small accommodations that appear reasonable in isolation:
inspections are deferred, non-conformances remain unresolved, engineering reviews
become compressed, and conditional approvals begin to substitute for formal
authorization. Because these adaptations often produce no immediate consequences,
they gradually acquire legitimacy and become embedded in routine practice.

This paper explores how organizational drift develops and why warning signs are
frequently recognized but not acted upon. It identifies eight operational indicators of
quality erosion and proposes a governance framework built around change management,
independent oversight, integrated QA/QC, issue escalation, digital controls, and realistic
scheduling. The central finding is that acceleration and quality are compatible only when
governance capacity grows at least as quickly as production demands.
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1. Introduction

Every experienced construction professional recognizes the pressure. Clients want
earlier occupancy. Contractors depend on schedule performance to protect already thin
margins. Project managers are evaluated on delivery milestones that usually become
proxies for success. This is not unusual. It is the operating environment of modern
construction, and it has been for long enough that the pressure itself rarely attracts
scrutiny. What deserves closer examination is not the existence of that pressure, but how
organizations adapt to it.

Quality failures rarely begin with a deliberate decision to ignore standards. They emerge
through a sequence of considerations that appear reasonable in isolation. A critical
inspection is deferred to maintain progress. A structural revision proceeds on verbal
approval while documentation catches up. Material substitutions become routine.
Constructability challenges are addressed in the field rather than through formal redesign.
Cracks observed after load testing are recorded but not escalated because they appear
manageable.

Viewed individually, such decisions often appear defensible. Viewed collectively, they
reveal something more troubling. The project's definition of acceptable risk begins to shift.
Practices that were once regarded as exceptional become routine. Temporary
accommodations evolve into standard operating behavior.

This paper describes that process as the Production Paradox: a dynamic through which
efforts to maintain productivity and schedule performance gradually create conditions that
increase systemic risk. Drawing on Diane Vaughan's theory of the normalization of
deviance, the discussion explores how construction projects can drift away from their
original assumptions about safety, quality, and governance without any explicit decision
to do so. The central concern is not simply when failure becomes possible. It is when the
gradual movement toward failure becomes difficult to recognize.

1.1. Scope and Approach

This paper examines building and civil infrastructure projects where schedule
compression represents a significant source of project risk. The evidence base draws on:

e Formal investigation reports, including findings from the National Transportation
Safety Board (NTSB), Occupational Safety and Health Administration (OSHA), and
forensic engineering investigations.
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e Published research examining relationships among schedule compression,
construction quality, and safety performance.

¢ Industry guidance relating to Quality Assurance and Quality Control (QA/QC), lean
construction, project governance, and risk management.

e Documented case studies involving major project failures that have undergone
independent investigation.

The paper does not argue against project acceleration per se. Fast-tracking is a legitimate
and often necessary strategy. What it argues is that acceleration without compensating
changes to governance creates compounding, invisible risk.,

The analysis is based on documented cases and published research, but its
generalizability is affected by project type, contractual context, regulatory environment,
and organizational culture. Key limitations include a focus on high-profile failures that
attracted detailed investigation, leaving quality issues that result in rework or latent
defects less well-documented. The research draws primarily on case studies, which limits
the generation of controlled experimental evidence. The governance measures
recommended here also require organizational commitment and resources that may not
be available in every project context. That said, there is strong confidence that these
measures would, if implemented, reduce the likelihood of quality erosion under schedule
pressure.

1.2. Limitations

The generalizability of these recommendations depends on project type, contractual
context, jurisdictional regulatory environment, and organizational culture. No governance
framework can anticipate every failure mode, and the implementation of any framework
requires contextual adaptation.

Some specific limitations apply:

e The selected case studies involve high-profile failures that attracted extensive
investigation. Less visible quality failures; those resulting in rework, latent defects,
or premature deterioration rather than collapse; are less well-documented and may
follow somewhat different patterns.

e Research on schedule compression and quality outcomes is largely based on
survey data and case study methodology. Controlled experimental evidence is
difficult to generate in construction settings.
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e The governance measures recommended here require organizational commitment
and resources that may not be available across all project contexts.

1.3. Key Definitions

¢ Production Paradox: A process through which schedule pressure encourages
adaptive shortcuts and operational accommodations that gradually become
normalized, weakening quality controls and increasing the likelihood of failure.

e Normalization of Deviance: A concept developed by sociologist Diane Vaughan
describing the gradual acceptance of departures from established standards when
those departures repeatedly occur without producing immediate negative
consequences.

¢ Organizational Drift: The progressive movement of a project away from defined
safety, quality, and governance expectations as teams adapt to operational
pressures through incremental adjustments.

e QA/QC: Quality Assurance refers to the governance systems, policies, and
processes intended to ensure quality requirements are met. Quality Control refers
to the inspections, testing activities, and verification processes used to confirm
compliance with those requirements.

2. The Production Paradox and Organizational Drift

Construction projects have always required trade-offs between time, cost, and quality.
What has changed over recent decades is not the existence of these trade-offs but their
intensity. Projects are expected to move faster, owners seek earlier returns on investment,
and competitive pressures encourage increasingly aggressive schedules.

To meet these expectations, the industry has developed sophisticated methods for
accelerating delivery. Fast-track scheduling, overlapping design and construction phases,
just-in-time procurement systems, modular construction approaches, and extended work
shifts have become common tools across many sectors. These approaches can create
substantial efficiencies. They can also introduce risks that are less visible than their
productivity benefits (Dehghan & Ruwnapura, 2013).

The challenge is not that accelerated delivery is inherently unsafe. The challenge is that
acceleration changes how decisions are made, how information flows, and how
governance functions. When these changes are not adequately recognized,
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organizations become vulnerable to gradual drift away from the controls that were
originally intended to manage risk.

2.1. How Schedule Compression Generates Risk

Industry research on fast-track construction identifies a recurring pattern that emerge
when activities are compressed or allowed to overlap. These patterns rarely originate
from a single poor decision. Instead, they develop through interactions among schedule
pressure, coordination complexity, resource constraints, and operational adaptation
(Rasul, et al., 2019).

When design and construction proceed simultaneously, contractors are frequently
required to build from incomplete or evolving information. Drawings may still be under
revision while procurement and site works are already underway. As changes occur, their
effects spread downstream into work that has already been completed. This creates
rework, disrupts the schedule, increases cost, and in some cases compromises structural
integrity or long-term performance (Jalili & Ford, 2016).

At the same time, overlapping activities place considerable strain on coordination
systems. Processes that normally rely on documented review and formal approval may
begin to shift toward informal communication. Verbal instructions become more common.
Field decisions are made before documentation is finalized. Engineering reviews occur
under compressed timelines. Records become less complete. Each of these adaptations
may appear reasonable in isolation. Together, they reduce transparency and weaken the
organization's ability to trace how important technical decisions were made

Resource availability creates an additional source of vulnerability. Accelerated schedules
often require specialized personnel to support multiple activities simultaneously.
Inspectors, testing laboratories, design reviewers, and specialist subcontractors may be
stretched across competing priorities. When resources become constrained, quality-
related activities frequently experience compression because they are perceived as less
visible than production activities. Inspections may be delayed. Reviews may become
cursory. Testing programs may struggle to keep pace with construction progress. Quality
assurance systems gradually fall behind the rate at which work is being performed.

Research has linked these conditions to declining quality performance. Nepal et al. (2006)
that apparent gains from schedule acceleration are frequently offset by reduced
productivity, increased defects, and diminished quality performance. Their findings
suggest that schedule pressure contributes to out-of-sequence work, procedural
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shortcuts, reduced workforce morale, and elevated error rates. Similarly, Webb, Gao, and
Song (2015) found that both managers and workers often respond to schedule pressure
by compromising established quality and safety practices. Survey respondents
consistently identified accelerated schedules as a significant contributor to quality-related
trade-offs during project execution.

The important point is that these outcomes rarely result from intentional recklessness.
Most project participants remain committed to successful delivery. The problem is more
subtle.

People find ways to keep work moving. Procedures are simplified. Reviews are deferred.
Informal workarounds emerge. Temporary exceptions become recurring practices.
Because these adaptations often succeed in the short term, they gain credibility and
become embedded in routine operations.

What initially appears to be flexibility gradually becomes a new standard of behavior
(Sedlar, et al., 2022). This phenomenon is commonly described as organizational drift. It
reflects the gradual movement away from formal controls as operational realities reshape
daily practice. No single event announces its arrival. No obvious threshold marks the
transition. Yet over time, the cumulative effect can substantially increase the likelihood of
major quality failures, safety incidents, and systemic project breakdowns.

2.2. Normalization of Deviance in Construction Settings

Diane Vaughan's analysis of the Challenger Space Shuttle disaster remains one of the
most influential examinations of organizational failure. Her research demonstrated that
the disaster was not caused by a sudden abandonment of established standards. Rather,
it resulted from a gradual process through which recurring anomalies became accepted
as normal operating conditions.

The erosion of O-ring performance had been observed repeatedly before the Challenger
launch. Because previous missions did not result in catastrophic failure, the anomaly
gradually lost its significance. Conditions that should have triggered concern became
familiar. Familiarity reduced urgency. Eventually, abnormal performance was treated as
acceptable performance.

Construction projects can exhibit remarkably similar patterns. The U.S. Army Combat
Readiness Center has observed that workers operating in deadline-driven environments
quickly learn which behaviors are rewarded and which create obstacles to production
(Accord, 2025). Deviations from approved methodology rarely begin as deliberate acts of
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non-compliance. They emerge incrementally through temporary accommodations that
appear manageable in isolation. A construction activity proceeds subject to later
documentation. A design clarification is accepted verbally while revised calculations are
being prepared. Conditional approval is granted pending formal submission of revised
drawings. Non-conformance reports remain open while subsequent work continues in
parallel.

These adjustments alter the project's effective governance structure. The formal process
remains documented, but site operations begin relying on informal coordination, verbal
engineering assurance, and retrospective technical justification.

This drift is especially difficult to recognize because individual decisions appear
reasonable when viewed independently (Dekker, 2011). On fast-track projects, site teams
are attempting to avoid delay, maintain schedule continuity, or prevent disruptions to
critical path activities. But the cumulative effect can be substantial. Engineering review
shifts from prospective control to retrospective validation. Construction progresses before
formal closure of technical concerns. Quality-control barriers intended to function as
mandatory decision points become procedural formalities that can be bypassed under
operational pressure.

In construction settings, normalization of deviance commonly appears through the
following patterns:

¢ Non-conformance reports (NCRs) are issued but remain unresolved while related
construction activities continue.

e Conditional approvals are treated operationally as final approvals despite
outstanding technical requirements.

e Field modifications affecting structural behavior proceed before revised drawings
and calculations are formally reviewed.

e Verbal engineering confirmation substitutes for documented approval because
schedule constraints do not allow time for the full process.

e Irreversible works such as concrete placement proceed before inspection hold-
points are formally closed.

e Technical assessments are prepared after deviations have already been
incorporated into permanent works, transforming engineering review into post-
rationalized justification rather than preventive control.
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The risk here extends beyond procedural non-compliance. It involves the gradual
weakening of the boundary between regulated deviation and recognized practice. Once
organizations become accustomed to operating outside formal governance pathways
without immediate adverse consequence, the threshold for further deviation lowers. The
project continues to produce visible progress while accumulating hidden technical and
organizational risk.

2.3. The Production Paradox Feedback Loop

Schedule & Budget Pressure
The Production Paradox operates as a self-

reinforcing cycle. Understanding its structure is
important because it shows where interventions can
be most effective. The cycle can be described in six
stages:

1. Schedule and budget pressure intensifies:
Deadlines are set or moved forward.
Incentives reward pace over thoroughness.

2. Adaptive practices emerge: Teams develop

workarounds; fast-tracking, informal Weakened QA/QC Barriers
approvals, shortened inspections; to maintain
pace.

3. Adaptations normalize: Repeated use Hidden Technical Risk
without incident makes the shortcuts feel Accumulates

legitimate. The formal process is quietly
replaced by the informal one.

4. QA/QC barriers weaken: Independent
checks are perceived as obstacles. Their
authority is undermined by a culture that has
learned to work around them.

5. Hidden technical risk accumulates: Defects,
non-conformances, and marginal conditions are not identified or corrected in a
timely way.

6. Failure or rework occurs: A structural failure, collapse, or major quality defect
forces reactive intervention; often at a cost far exceeding what governance would
have required.

Eventual Failure or Rework

Figure 1: The Production
Paradox Feedback Loop
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The primary insight from this model is that intervention at Stage 6 represents crisis
management, while intervention at Stages 1 or 2 is governance. The recommendations
in this paper focus on Stages 2 and 3, which are the critical moments for the emergence
of adaptive practices; before those practices become the new normal.

3. Comparative Failure Cases

The cases examined in this section were selected because they are well documented,
independently investigated, and representative of different project environments. They
should not be viewed simply as examples of individual negligence. Their value lies in what
they reveal about recurring organizational patterns.

Each case demonstrates how visible warning signs, governance weaknesses, and
production pressure can interact to create conditions in which failure becomes likely.

3.1. Sampoong Department Store Collapse, Seoul (June 1995)

On 29 June 1995, the five-storey Sampoong Department Store in Seoul, South Korea,
collapsed in under 20 seconds, killing 502 people and injuring a further 937. It remains
the largest structural collapse in peacetime history outside of natural disasters.

The building's failure was not sudden in origin. It was the endpoint of a series of deliberate
design changes made to increase commercial revenue, none of which were subjected to
adequate engineering review. Key facts from the investigation include:

e The building was originally designed as a four-storey office block. The owner
requested conversion to a retail department store without commissioning a
structural re-evaluation.

¢ An additional floor was added after construction began, increasing structural loads
beyond the original design capacity.

e Escalators planned for the rooftop were relocated; their weight was shifted without
recalculating column loads.

e The original construction contractor refused to carry out modifications that violated
engineering principles and was replaced by a contractor willing to proceed.

e In April 1995; two months before the collapse; significant cracking appeared in the
fifth-floor slab. Management commissioned an inspection but did not stop
operations, reportedly to avoid lost trading revenue.
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e On the morning of the collapse, cracks had widened further. A decision was made
to close the fifth floor but keep the rest of the building open. The building failed
before that partial closure could be completed.

The Sampoong case illustrates the Production Paradox operating over a multi-year
timeline. The 'production' priority was commercial revenue rather than construction
speed, but the dynamic was identical: each compromise was individually justifiable and
collectively catastrophic. The critical governance failure was the absence of any
mechanism that could compel independent engineering review when design changes
were requested. Business decisions overrode structural ones because the governance
structure allowed it.

3.2. FIU Pedestrian Bridge Collapse, Miami (March 2018)

On 15 March 2018, a pedestrian bridge under construction at Florida International
University collapsed onto Southwest 8th Street in Miami, killing six people and injuring
ten. The bridge span, which had been installed four days earlier, failed while post-
tensioning operations were underway.

The National Transportation Safety Board (NTSB) conducted an extensive investigation
and published its findings in 2019. The key governance failures identified were:

e The design used an innovative self-supporting truss configuration that required a
specific construction sequence. That sequence was not adequately specified in
construction documents.

e Cracks were observed in a critical nodal connection shortly after the span was
installed and moved into its final position. The cracks were photographed and
discussed internally.

e On 11 March 2018, the project engineer left a voicemail for the Florida Department
of Transportation describing the cracks. The voicemail was not reviewed before
the collapse.

e A project meeting on 13 March; two days before the collapse; discussed the
cracking. No decision to halt work or take the bridge out of service was made. The
cracks were described as 'not a safety concern.

e Post-tensioning work continued on the morning of 15 March despite the unresolved
structural concern. The collapse occurred while a worker was tensioning a rod in
the cracked node.
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The NTSB report identified shortcomings in the oversight of the evaluation and response
to observed bridge distress as a primary cause. No individual was unaware that a problem
existed. The failure was one of governance, not of knowledge.

Two aspects of this failure are particularly significant. First, the information necessary to
avert the collapse already existed: the cracking had been observed, documented, and
actively discussed. Second, responsibility for deciding whether work should proceed or
stop was never clearly assumed by any one party. Instead, accountability was diffused
among the owner, designer, contractor, and regulator, allowing each to rely on the
judgment or authority of others. The governance framework lacked a clearly defined stop-
work authority that any party was either empowered or required to enforce.

3.3. Similar Cross-Industry Cases

The patterns documented in these construction cases appear across industries wherever
schedule or production pressure intersects with complex technical systems:

e NASA Challenger (1986) and Columbia (2003): Both disasters involved
engineers who recognized known anomalies; O-ring erosion and foam strike
damage, respectively; but who had repeatedly encountered those anomalies
without immediate failure. The risk had been normalized. In both cases, the
production pressure to maintain launch schedules was documented as a
contributing factor in post-incident investigations.

e BP Texas City Refinery Explosion (2005): A U.S. Chemical Safety Board
investigation found that safety shortcuts had become routine under budget and
production pressure. A culture of cost-cutting had progressively weakened the
safeguards that were meant to prevent the specific type of incident that occurred.

These examples are not cited to suggest that construction is inherently dangerous or that
failure is inevitable. They are cited because each case involves the same fundamental
pattern: visible risk signals were present, governance mechanisms were insufficient to
translate those signals into protective action, and the organizational culture had
normalized the drift from standard practice. That pattern is reversible with the right
governance structures in place.

3.4. Lessons Across Industries

These cases are not presented to suggest that failure is inevitable within construction or
any other sector.
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They are relevant because they demonstrate a recurring pattern:

o Warning signs were visible.

o Technical concerns were known.

o Governance systems existed.

« Organizational responses proved inadequate.

Across industries, catastrophic failures often occur not because hazards remain hidden
but because organizations gradually lose their ability to treat known hazards with
appropriate urgency. That pattern is neither mysterious nor unavoidable.

It can be interrupted through governance systems specifically designed to detect and
counter organizational drift before it becomes embedded in everyday practice.

4. Operational Indicators

One of the most important practical insights from these cases is that quality failure rarely
arrives without warning. The warnings are usually present. They are simply not organized
in a way that makes their collective significance obvious to decision-makers. The following
eight indicators, when monitored systematically, provide an early-warning system for
organizational drift under schedule pressure. None is a definitive proof of impending
failure on its own. Taken together, they represent a risk profile that should prompt active
governance intervention.

4.1. Disappearing Schedule Float

Schedule float refers to the margin of time that allows for minor delays without impacting
the overall project timeline. Float is consumed when every task is aligned with the critical
path, leaving no flexibility for the routine disruptions that arise in complex construction.
When delay occurs, the instinct is not to reassess and adjust but to expedite or bypass
whatever is causing the hold-up. Quality assurance processes are particularly exposed
in this scenario because they produce no immediate physical output; their absence is less
visible than a delayed concrete pour.

Project managers should monitor float not only for overall program milestones but also
for specific inspection hold-points; periods designated for engineer reviews and
commissioning activities. When the float for these activities approaches zero, this
represents a governance trigger, not merely a scheduling issue. It signals that the
conditions for compressed or bypassed verification are already in place.
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4.2. Growing Non-Conformance Report Backlog

Non-conformance reports are the formal mechanism through which deviations from
project specifications, approved methodology, and engineering requirements are
identified, assessed, and resolved. A growing backlog of unresolved NCRs is one of the
clearest indicators that governance systems are no longer keeping pace with the rate of
construction progress.

The significance of accumulating NCRs is not limited to the number of defects identified.
More important is the relationship between detection, disposition, and continued work
progression. In a well-functioning project environment, identified non-conformances
trigger timely technical evaluation, corrective action, verification, and formal closure
before subsequent dependent activities proceed. Under schedule pressure, this
sequence frequently deteriorates.

A particularly high-risk condition develops when construction continues while NCR
disposition remains unresolved. In these situations, the project effectively shifts from
controlled non-conformance management into acceptance-by-continuation, where
physical progress overtakes engineering review. The unresolved condition becomes
embedded into permanent works, reducing the organization's ability to reassess, correct,
or reverse the deviation later. This pattern normally appears through several related
mechanisms:

e Corrective proposals are submitted but rejected as technically inadequate while
work nevertheless continues.

e Temporary or conditional dispositions remain open for extended periods without
formal engineering closure.

e Subsequent construction activities conceal or make inaccessible the original area
of concern before verification is completed.

e Technical substantiation is developed retrospectively after the deviation has
already been incorporated into the works.

e Project teams prioritize maintaining program continuity over resolving outstanding
conformance issues.

The governance risk associated with unresolved NCRs is cumulative rather than isolated.
A single unresolved item may appear manageable. Multiple unresolved items across
related activities indicate that the project's capacity for technical review and corrective
action is being overtaken by production pressure. Monitoring should therefore extend
beyond headline NCR totals. More meaningful indicators include the age profile of open
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NCRs, the proportion linked to structural or life-safety elements, the number of activities
progressing under conditional acceptance, and the frequency with which subsequent
works proceed before formal closure of preceding non-conformances.

4.3. Compressed or Skipped Inspection Hold-Points

The governance risk associated with compressed hold-points becomes significant when
irreversible construction activities proceed before formal inspection closure. Processes
such as concrete placement, reinforcement concealment, waterproofing installation, post-
tensioning operations, and component embedding diminish or entirely eliminate the
organization's capacity to independently verify compliance once subsequent work has
progressed.

Under schedule pressure, projects may begin to regard hold-points as administrative
procedures rather than essential technical checkpoints. Conditional approvals, pending
documentation, verbal assurances from engineering personnel, or expectations of future
reviews may be used to rationalize the continuation of work before all inspection
requirements are fulfilled. While such practices may seem practical in the moment, they
undermine the role of hold-points as mechanisms for independent verification. This
degradation is particularly dangerous because subsequent technical evaluations may be
unable to ascertain original conditions with certainty.

Once the relevant work is concealed within permanent structures, engineering
assessments often rely on secondary evidence, assumptions, retrospective calculations,
or contractor documentation rather than direct inspection. Preventive quality assurance
is replaced by post-hoc technical justification. Projects must maintain a clear distinction
between conditional reviews and formal release authority. No irreversible work should
commence if inspection results, engineering clarifications, or resolutions of non-
conformances remain technically unresolved.

4.4. Trade Congestion and Overlapping Crews

In compressed project schedules, the sequencing of different trades often degrades to
allow simultaneous progress. When several trades operate in the same space at the
same time, there is an increased risk of physical damage to completed work, heavier
demands on supervisory attention, and confusion about construction sequencing.
Temporary connections, protective measures, and support structures designed for a
specific construction order may become inadequate when that order changes.
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A useful field indicator is the ratio of 'site coordination meetings' to the number of major
coordination issues they are attempting to resolve. If the frequency of such meetings
increases alongside the count of unresolved conflicts, it indicates that the coordination
process is not keeping up with the pace of work.

4.5. Recurrence of Reworks

Rework; correcting work that was done incorrectly the first time; is normal in construction.
Its recurrence on the same activity type or in the same work area is not. Recurrence
indicates that the root cause of the initial defect has not been resolved: whether a process,
a material, a design ambiguity, or a resource capability issue. Under schedule pressure,
rework is typically addressed symptomatically rather than systemically, because systemic
analysis takes time the schedule does not allow.

Tracking rework by activity type and location over time allows patterns to emerge that
point to underlying causes. A project that is correcting the same defect repeatedly is not
learning; it is cycling through the same process failure under increasing time pressure.

4.6. Excessive Overtime and High Workforce Turnover

Sustained overtime; exceeding the temporary increases that are part of genuine schedule
recovery; is a leading indicator of systemic schedule failure. When high overtime
becomes routine, the workforce is fatigued. Fatigue reliably increases error rates in
precision work.

Furthermore, skilled workers who are overburdened are likely to leave, generating
turnover that reduces the average experience level of the workforce during critical
periods. Workforce stability is a vital but often overlooked quality indicator. Teams with
stable personnel accumulate knowledge about specific design details, material
properties, and site conditions. Frequent turnover destroys that knowledge base and
forces new workers to learn in high-pressure situations, which are not conducive to
developing sound construction judgment.

4.7. Declining Issue Escalation

One of the most critical but easily overlooked indicators is a decline in the number of
quality concerns reported by front-line staff. When this occurs; when the defect register
becomes inactive, when requests for engineering clarifications diminish, and when
workers stop asking questions; it does not signal that the project is running well. It signals
that the prevailing culture has made raising concerns seem futile or professionally risky.
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Psychological safety within construction project teams is not a theoretical concept; it is a
fundamental governance requirement. Teams that do not feel safe expressing concerns
will not communicate them. Unreported defects remain unaddressed. Leaders seeking
early warnings must therefore establish conditions that actively encourage those
warnings, not simply tolerate them.

4.8. Summary: Indicators at a Glance

Table 1 below summarizes the eight operational indicators and the monitoring approach
recommended for each.

Indicator What to Monitor and Why
Disappearing Float Monitor float associated with inspections, reviews, and approvals. Zero float in
governance activities signals elevated risk.
Growing NCR | Track open NCR volume, age profile, and closure rates. Growth indicates that
Backlog Growth defects are accumulating faster than they are being resolved.
Compressed Monitor hold-point waivers, conditional releases, and abbreviated inspections.
Inspections Patterns of compression suggest weakening quality controls.
Trade Congestion Track unresolved coordination conflicts and work-area overlap. Increasing

congestion signals sequencing and control challenges.

Rework Recurrence Monitor recurring defects by type and location. Repetition indicates unresolved
root causes.

Extended Temporary | Compare actual service duration against design assumptions. Prolonged use

Works may indicate schedule disruption and increasing risk.
Overtime and | Monitor sustained overtime and workforce attrition. Both are associated with
Turnover reduced reliability and increased error rates.

Declining Escalation Track concern reporting, near-miss notifications, and clarification requests.
Declining reporting can indicate deteriorating psychological safety.

Table 1: Operational Indicators of Quality Drift Under Schedule Pressure
5. Strengthening Governance and QA/QC

The indicators discussed in Section 4 serve a diagnostic purpose. This section addresses
the prescriptive question: what governance measures can prevent or interrupt
organizational drift under schedule pressure? The following recommendations are
derived from case studies, the author's practical experience, and established QA/QC
methodologies, structured around seven key themes.
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5.1. Change Management: Closing the Gap Between Field and Design

Change management is a critical aspect of governance in construction. Unauthorized or
informally approved design changes are among the leading causes of construction
failures, but the technical implications of such changes are often less concerning than the
governance frameworks under which they are introduced. When modifications occur
outside a structured engineering review process, projects gradually lose traceability,
accountability, and verification.

Governance erosion typically does not begin with significant redesign decisions. It begins
with incremental operational adjustments made to maintain program continuity.
Reinforcement substitutions proceed while awaiting later calculation review.
Construction-joint details are altered in anticipation of future drawing corrections.
Structural clarifications are communicated verbally while formal documentation is still in
progress. Concreting proceeds on conditional approval because halting the workflow is
perceived as disruptive. Each of these actions may seem pragmatic individually.
Collectively, they shift critical technical decisions from formal engineering systems to
informal site-level judgment under production pressure.

Effective change management requires more than document control. It requires
maintaining the integrity of decision sequencing under operational pressure. Key
governance measures include:

e Establishing clear authority matrices that define approval requirements for different
categories of change.

e Distinguishing between routine field clarifications and modifications affecting
structural performance, code compliance, durability, or life-safety systems.

e Requiring documented authorization for changes affecting load paths, structural
continuity, sequencing assumptions, or long-term performance.

e Preventing verbal approvals from substituting for formal engineering review.

e Embedding hold-points that prevent irreversible work from proceeding before
technical closure is achieved.

e Conducting periodic audits comparing field conditions against approved drawings,
NCR dispositions, RFls, and issued revisions.

The rationale behind these controls is not to impose administrative rigidity. It is to maintain
the necessary separation between production pressures and engineering judgment.
When that boundary weakens, projects become vulnerable to organizational drift;
conditions where deviations normalize faster than governance systems can assess them.
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The Sampoong collapse demonstrated what follows when significant structural
modifications proceed without adequate engineering scrutiny. Similar dynamics persist in
contemporary projects whenever schedule pressure permits conditional adjustments,
informal approvals, or retrospective technical justifications to replace systematic change-
control practice.

5.2. Post-Rationalized Engineering

One of the more consequential governance failures in accelerated construction
environments is the rise of post-rationalized engineering. This occurs when technical
analyses, calculations, and revised drawings are produced only after unauthorized
deviations have already been incorporated into permanent works. Engineering review
devolves into retrospective justification rather than proactive oversight. The conventional
sequence; design verification followed by construction compliance; is effectively inverted:
construction proceeds first, and technical substantiation is prepared afterward to validate
conditions that are already established on site.

This creates substantial risks to the independence and objectivity of engineering
judgment. Once non-compliant work is in place, practical, commercial, and schedule
pressures combine to shift attention toward maintaining progress rather than critically
assessing whether the deviation should have been permitted at all. The engineering
process migrates from controlling construction risk to managing the consequences of
decisions taken without prior authorization. This shift undermines procedural discipline,
diminishes QA system effectiveness, and increases the likelihood that technical
acceptance is influenced by construction status rather than engineering merit.

5.3. Independent Oversight

Independent oversight is often discussed as an administrative requirement, but its value
extends far beyond compliance. It serves as a practical safeguard against the gradual
shifts in judgment that can occur when project teams operate under sustained schedule
and production pressure.

People working within the same project environment tend to view conditions through a
common lens. They attend the same meetings, confront the same constraints, and are
exposed to the same explanations for why certain deviations are acceptable. Over time,
this shared context can influence perceptions of risk. Conditions that would initially attract
concern may come to appear routine simply because they have become familiar.
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Independent review introduces distance from those influences. It allows technical
decisions to be evaluated by individuals who are not directly responsible for maintaining
production momentum and who are therefore better positioned to challenge assumptions
that internal teams may no longer question.

Effective independent oversight should include:

e Mandatory peer review of non-standard structural designs, field-engineered
modifications, temporary works carrying elevated risk, and proposed remedial
measures addressing distress, cracking, excessive deflection, or unresolved non-
conformances.

e Independent verification of modifications affecting load transfer mechanisms,
reinforcement continuity, durability systems, waterproofing integrity, or other critical
performance requirements before implementation.

o Phase-gate reviews at major project milestones, including foundation completion,
structural completion, pre-commissioning, and final acceptance.

e Clearly defined stop-work authority supported by escalation procedures and
mandatory response requirements when predetermined technical thresholds are
exceeded.

The collapse of the FIU pedestrian bridge illustrates why these measures matter. The
project did not suffer from an absence of expertise. The cracking was observed,
discussed, and documented. Yet no individual or organization exercised unequivocal
authority to stop work.

Many projects possess formal stop-work procedures, quality requirements, and
escalation pathways. The challenge is that those mechanisms can lose practical authority
while remaining intact on paper. Construction continues despite unresolved NCRs,
rejected technical proposals, incomplete reviews, or outstanding engineering concerns.
The governance structure still exists, but its ability to influence decisions has weakened.

This form of governance erosion is particularly dangerous because it can remain largely
invisible. Project participants continue following procedures in appearance while
operational momentum increasingly dictates outcomes.

A critical condition emerges when irreversible work proceeds despite unresolved technical
issues. Once reinforcement is concealed, concrete is placed, embedded systems are
installed, or structural elements become inaccessible, opportunities for independent
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verification diminish significantly. At that point, practical decision-making authority begins
shifting away from governance systems and toward the simple fact that construction has
already moved forward.

Effective oversight therefore requires more than assigning authority. It requires
organizational conditions that allow that authority to remain enforceable when production
pressure is highest.

5.4. Integrated QA/QC

One of the most common weaknesses in construction quality management is treating
QA/QC as a sequential activity performed after construction rather than as an integrated
component of the construction process itself. When inspection and verification are
appended to physical work as administrative follow-up, they become highly vulnerable to
compression, postponement, or circumvention under schedule pressure. When quality
control activities are structurally embedded into the execution sequence such that work
cannot formally advance without verification, they acquire procedural protection that is
significantly more resistant to operational override.

Integrated QA/QC systems ensure that quality verification functions as an active control
mechanism throughout construction rather than as retrospective documentation after the
work has progressed. This distinction becomes especially important in accelerated
projects involving overlapping work fronts, complex sequencing, or irreversible structural
activities. Key supporting measures include:

¢ All mandatory inspection hold-points should be incorporated directly into the
project schedule as defined construction activities with allocated durations,
dependencies, and resource requirements. Inspection activities should not be
treated as zero-duration administrative tasks outside the construction sequence.

e Irreversible works; including concrete placement, reinforcement concealment,
embedded component installation, waterproofing systems, post-tensioning
operations, and structural connection closure; should not proceed until associated
inspections, technical reviews, and NCR dispositions have been formally
completed and documented.

e For each major construction phase, projects should identify required inspection
personnel, technical reviewers, testing resources, and approval lead times in
advance. This reduces the common failure mode in which construction progresses
because inspection resources are unavailable within program constraints.
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¢ Inspection hold-points should function as mandatory technical barriers rather than
procedural formalities. Conditional approvals, verbal confirmations, pending
documentation, or anticipated future calculations should not be treated
operationally as equivalent to formal engineering clearance.

¢ Where practical, digital hold-point management systems should be used to prevent
unauthorized progression of dependent activities before completion of required
inspections and approvals.

e Contractor payment structures should, where contractually feasible, incorporate
quality performance criteria alongside physical progress metrics. Projects that
achieve first-time compliance with quality requirements exhibit lower long-term
cost, rework exposure, and schedule disruption than projects relying on
retrospective corrective action after non-conforming work has already progressed.

The governance significance of integrated QA/QC lies not in improving documentation
but in preserving the integrity of decision-making under production pressure. Once
construction progression overtakes inspection, engineering review, or non-conformance
closure, the project gradually shifts from preventive quality assurance toward
retrospective technical justification of conditions that already exist within permanent
works.

5.5. Psychological Safety and Issue Escalation

The organizational capacity to identify quality issues is shaped by whether the people
who observe those issues believe it is safe to report them. That belief is not determined
by the presence of a reporting system. It is determined by what happens to people who
use it. Establishing a culture that treats concern-raising as a professional contribution
rather than a procedural inconvenience is a fundamental leadership responsibility that
cannot be delegated to a reporting form.

The following practices are established as effective:

e Leaders who actively acknowledge and address concerns raised by front-line staff
set the standard for others. Leaders who dismiss those concerns or categorize
them as 'excessive caution' communicate that raising concerns is unwelcome.

e Structured reporting mechanisms; dedicated near-miss logs, accessible digital
reporting tools, anonymous concern channels; reduce the threshold for reporting.
These systems are most effective when contributors can see that their reports
generate visible action.
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e Pre-task briefings that explicitly discuss known risks and invite front-line input
normalize concern-raising, framing it as a standard component of work rather than
an exception.

e Regularly reviewing escalation metrics; not only defect counts but the number of
concerns raised and the average time to resolution; gives leadership insight into
whether the organizational culture is generating reliable early warnings..

5.6. Digital QA/QC Tools and Their Limits

Technology has expanded the toolkit available to quality managers. Electronic inspection
checklists, BIM-integrated quality records, drone surveys, structural monitoring sensors,
and digital non-conformance management systems have introduced real improvements
over traditional paper-based processes. They produce more complete and accessible
records. They also carry a documented risk: they can devolve into compliance exercises,
replacing genuine quality management with its superficial appearance. An electronic
checklist completed by ticking boxes without thorough inspection vyields less useful
information than a paper-based process applied with diligence.

The fundamental governance principle for digital QA/QC tools is that they should make it
more difficult to bypass quality steps; not merely facilitate documentation of steps that
have already been bypassed. Their implementation should be evaluated on the basis of
whether they change on-site behavior, not on the basis of software usage rates. Specific
technologies with proven efficacy in construction QA include:

e Electronic hold-point management systems that prevent schedule advancement
until sign-off is recorded by an authorized inspector.

e Structural monitoring sensors for critical elements; post-tensioned components,
deep excavations, long-span structures; that provide real-time data on deflection,
strain, or settlement.

e BlIM-integrated quality records linking inspection results to model geometry,
enabling visual identification of areas that have not been inspected.

5.7. Realistic Scheduling and Governance of Planning Assumptions

Many of the governance failures described in this paper begin not during construction but
during planning. Schedules that embed unachievable timelines, inadequate contingency,
and optimistic assumptions about resource availability create the pressure that drives
everything else. This is documented in the literature on large infrastructure projects,
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where systematic optimism bias in planning; and in some cases deliberate
misrepresentation of costs and timelines; is a well-established phenomenon.

Practical counter-measures for schedule governance include:

e Before approving a program, benchmark it against the performance of comparable
completed projects. Programs that run significantly faster than historical
comparators require explicit justification for why they are different.

e Before project sanction, an independent program expert should review the
schedule for achievability, resource adequacy, and the adequacy of inspection and
quality float. This review should be documented and its conclusions addressed
before the schedule is baselined.

e Schedule contingency should be explicitly allocated, tracked, and managed as a
governance resource. Its use should require approval at an appropriate level, not
be consumed informally by slippage.

e Acceleration directives issued by owners after project sanction should trigger the
same governance review as any other significant project change. The question to
be answered is not whether acceleration is desirable but whether the governance
and quality infrastructure can sustain it.

5.8. Summary: Governance Framework Components

Table 2 summarizes the six framework components, their core requirements, and the
corresponding implementation actions.

Framework Component Core Requirement Implementation Action
Engineering review for

Define approval authority early and

Change Management structural and code-related o . .
perform periodic compliance audits
changes
: Independent review of .non- Establish stop-work authority and
Independent Oversight standard and remedial . .
. milestone review boards
solutions
Integrated QA/QC Inspection ahd.venflcatlgn Resource.lnspechons formally.and link
embedded within execution quality gates to progression
lssue Escalation CuIture-suppor’ung early Implement- reporting systems and
reporting of concerns leadership response protocols

Use systems that prevent unauthorized
progression rather than merely
document it

Technology that strengthens

Digital Tools .
compliance
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Schedules grounded in
Realistic Scheduling evidence and governance
capacity

Benchmark, review independently, and
manage contingency explicitly

Table 2: Governance Framework; Key Components and Implementation Actions
6. Implications for Practice

The Production Paradox is not a niche problem affecting poorly managed projects. Itis a
structural risk embedded in the commercial model of construction delivery. Owners want
speed. Contractors are paid to deliver it. The pressures that create organizational drift are
not aberrations; they are the default operating environment of most complex construction
programs.

This creates a governance challenge that is as much cultural as procedural. Procedures
can be written. Checklists can be designed. But if the culture of a project treats quality
controls as obstacles rather than safeguards, procedures will be followed in form and not
in substance. The cases reviewed in this paper; Sampoong, FIU, Challenger; involved
organizations that had formal quality and safety processes. Those processes failed not
because they were poorly designed but because the cultural environment did not sustain
them.

6.1. The Role of the Owner

The owner is the party with the most leverage over project culture. Owner behavior; in
meetings, in contract incentives, in response to bad news; sets the tone for everything
else. An owner who visibly prioritizes schedule over quality in decision-making
communicates that priority to every contractor, engineer, and subcontractor on the project.
An owner who asks 'what do we need to do to get this right?" communicates a different
one.

Governance frameworks designed to protect quality under pressure need the owner's
active support, not just passive permission. This means owners asking about NCR
backlogs, inspection compliance rates, and escalation metrics alongside program
milestones. It means owners treating the early identification of quality problems as a
governance success, not a failure. The owner exerts the most significant influence over
project culture. An owner who asks about the conditions for doing the work correctly
signals a commitment that flows through every level of the project organization.
Governance frameworks aimed at protecting quality under pressure require active
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endorsement from the owner; not passive consent; and this includes the willingness to
hear difficult reports without punishing the messenger.

6.2. Contract Structures and Incentive Alignment

Many of the incentive problems that drive the Production Paradox are embedded in
contract structures. Lump-sum contracts with liquidated damages for delay create strong
incentives for contractors to maintain schedule at the expense of quality. Bonus structures
tied to early completion reward speed without balancing it against conformance. Dispute
resolution processes that are slow and adversarial discourage the early escalation of
concerns.

Contract reforms worth considering include explicit quality performance incentives;
payments tied to inspection pass rates, not merely physical completion; collaborative
pain/gain share mechanisms that align contractor and owner interests in both schedule
and quality outcomes, and contractual provisions that make the stop-work authority of
designated safety and quality officials unambiguous and enforceable. Lump-sum
arrangements with liquidated damages for delay create conditions in which contractors
are commercially rewarded for prioritizing schedule over conformance. Collaborative
structures that share the costs and benefits of project outcomes with both parties create
different incentives. The stop-work authority of quality officials should be treated as a
contractual right, not an implied power subject to dispute when it is actually needed.

6.3. The Problem of Shared Responsibility

A consistent feature of the governance failures reviewed in this paper is the diffusion of
responsibility across multiple parties. At the FIU bridge, the owner, designer, contractor,
and regulator all had information relevant to the decision to halt work. None of them made
that decision because each could reasonably assume; or at least claim; that another party
was handling it. The governance structure contained no mechanism for ensuring that the
decision was made.

The remedy is not to assign blame more effectively after the fact. It is to define decision
authority more clearly in advance. Every major project should have explicit answers to
two governance questions: who has the authority to issue a stop-work order based on
observed technical distress? And who has the obligation to escalate an observed
condition to that authority if they are not that authority themselves? These questions
should be answered in the project execution plan, not resolved under pressure during a
crisis. The diffusion of responsibility among multiple stakeholders is not a coincidence of
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the FIU case; it is a structural feature of complex project delivery. The owner, designer,
contractor, and regulator all possessed relevant information. None acted because each
reasonably assumed that another party was doing so. Establishing clear decision-making
authority before that authority is needed is the only reliable safeguard against this failure
mode.

7. Conclusion

The cases examined in this paper differ in geography, scale, contractual structure, and
technical context. Yet they reveal a strikingly consistent pattern. Failure did not emerge
because hazards were invisible, expertise was absent, or procedures did not exist. In
each case, warning signs were present, concerns were known, and governance systems
formally remained in place. What changed was the organization's relationship to those
signals. Under sustained pressure to maintain progress, deviations that once required
scrutiny gradually came to be treated as acceptable operating conditions.

This observation shifts attention away from individual mistakes and toward the conditions
that shape collective judgment. Construction failures are often investigated as technical
events, but many originate as governance problems long before they become engineering
problems. The critical question is not whether a project possesses quality procedures,
inspection regimes, or escalation pathways. Most complex projects do. The more
revealing question is whether those mechanisms retain practical authority when schedule
commitments become difficult to achieve.

The Production Paradox provides a useful lens because it explains how capable
organizations can move toward elevated risk without making a conscious decision to do
so. The process is incremental. A deferred inspection, an unresolved NCR, a verbal
approval, a decision to continue while clarification is pending. None appears
consequential on its own. The significance emerges from accumulation. What begins as
adaptation can become normalization, and what becomes normalized is rarely recognized
as drift by those experiencing it.

The governance measures proposed here are neither novel nor technologically
dependent. Their value lies in preserving the separation between production objectives
and technical judgment. Independent review, meaningful stop-work authority, integrated
QA/QC, realistic scheduling, and cultures that encourage escalation are less about
compliance than about maintaining the organizational capacity to recognize risk before
consequences make recognition unavoidable.
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Construction will continue to operate under pressure for faster delivery. The enduring
challenge is whether project governance is designed to withstand that pressure or
whether, under sufficient strain, it quietly adapts to it.

Al Use Declaration

Al tools were used in preparing this paper only to improve the clarity and readability of
the language. All content was written, reviewed, and edited under human oversight. The
author takes full responsibility for the accuracy, integrity, and originality of the work.
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