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Figure 1. Schematic 
representation of the Built
environment design knowledge 
framework for resilient 
performance in internal 
hospital logistics.

Resilient performance is an emergent property arising from the dynamic

interactions between diverse technical, social, and organizational elements of

complex systems [1]. Health services have long been acknowledged as complex

systems that display resilience to cope with both expected and unexpected

conditions while maintaining the delivery of the required outputs [2], [3]. The

built environment is a key technical element of most health services, as it has a

strong impact in the service efficiency, safety, and resilience [4]. In particular,

connecting areas of Intensive Care Units (c-ICU areas) are workspaces where

internal hospital logistics and care delivery take place, supporting or hindering the

resilient performance of staff to trade-off between safety and efficiency pressures.

INTRODUCTION

The framework is original in the context of hospital

connecting areas. Thus, the study contributed to the

meso level of resilient performance at the hospital

level and offered detailed guidance to both built

environment and logistics designers. The framework

is available to assist hospital planners in future

design and remodeling of hospital connecting areas

to ensure that they support resilient performance.

CONCLUSION

METHOD

The development of the knowledge was based on a case study in a large

teaching hospital in Southern Brazil. Data collection techniques adopted

were semi-structured interviews (38 interviewees), observations and

walkthroughs (32 visits), and document analysis [5]. Also, a meeting

with hospital staff was undertaken to receive feedback on the findings.

Data were analysed based on thematic analysis with themes

corresponding to the seven design principles for resilient performance

from Ransolin et al. (2022) [6]. The internal logistics functions were

modelled using Functional Resonance Analysis Method (FRAM), linking

the design prescriptions to the precondition aspects of FRAM functions.

THIS STUDY AIMED TO DEVELOP A FRAMEWORK TO PRESENT THE BUILT ENVIRONMENT DESIGN KNOWLEDGE FOR 
RESILIENT PERFORMANCE FOR INTERNAL HOSPITAL LOGISTICS IN THE C-ICU AREAS. 

The resulting framework for built environment design knowledge for resilient

performance in internal hospital logistics comprises seven design

prescriptions and 61 practical examples. The built environment design

prescriptions are presented in Figure 1. The structure encompasses 11

functions performed in the c-ICU areas and distributed according to the

transportation of people and supplies. FRAM model helped discuss the

consequences of neglecting the knowledge framework in a scenario in which

the neglecting of design prescriptions was identified as variability in the

outputs of FRAM functions (Figure 2).
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PRESCRIPTIONS

Designing 
layouts that 
support RP 

Designing safe, 
efficient, and flexible 

routes between 
hospital units

Assess the pros and cons 
of centralization versus 
decentralization of 
support areas that serve 
several hospital units 

Supporting
wayfiding

63 
PRACTICAL 
EXAMPLES

Use technologies 
supportive of safe, 
efficient, and flexible 
workflows

Providing 
flexibility while 
maintaining the 

same 
functionality

Use visual 
management for the 
identification of 
spaces and processes

Providing 
flexibility for 

changing 
functionalities

Giving visibility to flow 
interferences, obstacles, and 

risks that may compromise 
safety, efficiency, and 

flexibility

Leveraging patient 
and family 

perspectives 
Leveraging staff 

perspectives

Design for the 
prevention of 

infections

Reconciling the gap between the 
built environment-as-done (BEAD) 

and the built environment-as-
imagined (BEAI)

Provide slack 
resources to cope 
with disruptions
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