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MODELLING PROCESS

Real-World Conditions
(simuland)

Evidence (Data / Engineering
Theory) Judgement

- J

~

Regula!tlons and Project Requirements
Guidance

Scenarios of Interest

Conceptual Model

* Each element of this process can produce output that might be of
value to a client, depending on the quality of the work and the

project application in question

Implemented Model

Model Output * Tendency to move too rapidly to implement the model. Ignores key
steps and opportunities to generate output of value.
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NATURE OF THE PROBLEM

 >1000 fires in UK hospitals / homes each year.

e Complex scenarios.

—  Convoluted / specialized spaces.
_.,\ iﬁ" ?hi@ " & —  Dependency on staff procedures and expertise.

!!'!' i',' i —  Demographic shift - more people of reduced
an 11 : l“‘ 3“ E .
- mobility.

- Movement assistance is vital.

Complexity amplifies importance of subject

matter expertise and opportunities for valuable
feedback.

Fire Safety Risk Assessment: Healthcare Premises
* “Where lobbies are provided in buildings using progressive
horizontal evacuation involving beds or trolleys,

. Therefore, the lobby should be capable of
accommodating a mattress.”
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MODELLING PROCESS | FITTING TO THE PROBLEM AND THE

INFORMATION

I CCTV e
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£ 4 sensors e -
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\rrival at Waiting Clinical Waiting
ward area measurements area

P ooy % Phicbotomy e
10-60 mins
(may be skipped) 20 or 40 mins
Infusion Bay Ao
[ B2 2 o )
4 Qualitative Analysis —
H<®

Conceptual Model

Insights Provided

) 1 D. E .

* What people typically do— provide a logic LI 3 /) "
* Consequences— local, aggregate and global - .E—;;% e o
. ‘what-if’ i e T ST
Pose ‘what-if’ scenarios I N

* Develop evidence / tools for response.

@-¢ Qualitative Analysis -
.(_3 Flow Map
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BASELINE UNDERSTANDING

Capturing data on the flows of patients, visitors and
staff throughout the hospital:

~ Analysis of CCTV/ Camera Footage / Sensor data

L]
Conducting Surveys/Interviews of Staff and Patients
- For instance, demographics, purpose, experience, journey,
appointment times, services being used, etc.

0815 0830 0845 02:.00 0915 0930 0245 1000 1045 1030 1045 1100 115 M30 1145 1200 1215 1230 1245 1300

Time (hh:mm)

Understanding visitor arrivals over time

Evidence critical to identify scenarios, set initial conditions, and support population

performance.
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BASELINE UNDERSTANDING

Arrival at Waiting Clinical Waiting
ward area measurements area
30-40mins 5mins
Go home
90%
Prepare Move patient
. - - = patient to receiving
Further investigation Phlebatamy Consultation inmovement area (ward or
{elsewhere of hospital) p% room I 1 1 1 1 1 device final exit)
i | T T T 1 1 , —
10-60 mins . ignition Detection Alarm Decision to Notify patients Collect 4 Transfer I complete ward
(may be skipped) 20 or 40 mins .++® Evacuate a ward and initiate emergency patient from &~ evacuation
ot (triage of urgent evacuation plan equipment device to
. 10-p% . care and order of receiving area
Infusion Bav evacuation decided)
120—-420 mins I Ambulant patients and visitors —l
guided to self-evacuate
»+e s+« Reassess fire and the need to
evacuate adjacent wards
All required wards
evacuated
ASET | |

Tenability limit

What people might do, when and how it might affect the outcome.

Timelines for individuals, processes or whole event (e.g. evacuation timeline)

Fundamental processes that need to be reflected in the model being used.
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BASELINE UNDERSTANDING | ROUTE USE AND LOADING
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* How the decision-making logic, procedures and timelines interact with the space being
examined.
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MODEL APPLICATION

Combining the factors into representative scenarios:

Depends on data available, the type of model use, etc.

» Selecting a model that fits the scenarios

Client Questions ]
Q and data available

Project Questions

Situational Factors
Structural Factors

Population Factors

Procedural Factors “ ‘V, '
Environmental Factors ' \ /

e Data that can be produced and that is
needed

Behavioural Factors

Evidence Factors

Regulations / Guidance Constraints
Performance Questions

Output Requirements

ﬁiovemgnt 12:30:00 movement 12:05:00
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EVACUATION ANALYSIS | EXAMPLE 1

Project requirements:

* Building in place

* Limited understanding of precise procedures to be employed
throughout

e Concern over viability of evacuation procedure.

Engineering calculations to assess full building evacuation:

e ~3,500 patients, staff, visitors.

* Range of mobility conditions — requiring bed, wheelchair, staff assisted
and self-evacuation

* Objective — potential evacuation that might be achieved and the
factors that might improve upon this.

Evacuation timeline for patient requiring staff assistance

.__—_ e e e

Initial Delay
After becoming aware of
the alarm, staff members
may have a period of initial
delay before being able to
initiate their evacuation
activities

Preparation Time
Time taken to prepare patient for
evacuation ([depends upon
patient condition and evacuation

equipment used) R R R
Run-Off Walk Time (with patient)
Time taken for staff to walk with patient and
equipment (at reduced speed)to final
Horizontal Walk Time (with patient) position of relative safety
Time taken for staff to walk with patient
and equipment (at reduced speed) through
circulation areas on that level to assigned
exit to adjacent building

Walk Time (to patient)
Time taken for staff to walk
to patient” €.

Staff may then return to assist the e
-~ evacuation of another patient (but €-----="""
only on their respective level)

staffthen stay with the patient rather

("No initial position is assumed for all patients and staff.
than leaving the building themselves.

instead a maximum walking distance is chosenthat is
anupper bound on real distance)
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Scenarios factors: staffing levels, maximum occupancy
current egress route availability, horizontal and vertical
evacuation to place of safety.

NN

Estimated Full Evacuation Time:
1 hour 5 minutes

11

I

w First Occupant off Level T “_'
- T en the st csnt dews e 28-9 m \ 33.6 m
-
- -
® Last Occupant off Level i | ‘ é ”- =
+  Timewhen the last occupant clears the

level

m Full Evac Complete
+ Time when the last occupant reaches their
point of relatiye safety

00:40,00 00:30.:00
Key steps in evacuation for each level [h:mm:ss)

I\

LT

Engineering calculations applied across set of scenarios to
assess robustness of current evacuation approach given
variation in occupancy levels and procedure.



CIRCULATION ASSESSMENTS | EXAMPLE 2 - DATA COLLECTION

Early in design phase — design still in flux

Client needed feedback on

» Circulation / evacuation of proposed design

* Interaction with existing parts of the structure
Combination of engineering calculations and simulation used.

120
98 people /15-mins 98 people /15-mins

100 d d
w
i
5 80
<
E 80
93}
T 40
©
£ 20
I Early peak hour: Late peak hour:

0 09:30t010:30 1:15to0 12:15
0815 0845 02915 Q945 1035 1045 nis n4s 1275 12:45 1375

Time (hh:mm)
Thursday (5th Dec) Tuesday (10th Dec)

* The arrival profile at a hospital main entrance

.l"-

I ul ! EE I :I'.'
I - i' E - Ij
3
g EE s Travelled same day
g gg # Travelled day bafore
]
s - I- II m I- I B B . ]
3 ] = B 45 50 = s 5 i 45 &0 ™™ B - B
Tirrse Before | After Apocintmeni [mns

* The distribution of arrival time relative to appointment time
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Data Collection Activities

O

L

3|61f|_5 people counted at

Midin entrance

? interviews with
hospital staff

N
m 5 OayS OnN-5Ite

* Informed client of current patient population, arrival
profiles and precise patterns of movement — even
before and modelling had been conducted.

m



EXAMPLE 2 - INTERIOR FLOWS

Qualitative Modelling Dynamic Modelling
3 ®

1A

Bupl OTore > N North.

Exited: 0/22

. S0 ik

(— — r OPD Dispensary A e:i:;:\t;on/ sy

Pathfinder

* Implications:
* Qutpatient groups arrivals
e Visitor arrivals
» Staff/Impatient internal movements
* School flow

* Identified challenges to the new design
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BESPOKE OUTPUT DESIGN | EXAMPLE 2

Mobility Condition
80%
O
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] 0 Scenario C (6 Lifts)
O% I
) . CIBSE Performance Criteria Peak Queue
Ambulant Pram Wheelchair Carried Scooter Quantity of Service Predicted Peak Queue Size (people) Predicted Peak Queue Area

Demand y Av. Handing . - - o Min:7
Spread: 15:.00 Capacity (HE 0751 PASS -100% FAIL-0% A“:;i?ﬁ;“ E5A e

Probability

Quality of Service 2 O LosB o

04 e |

Time (WTk (INTE Average (> 255 ) LoS D- 4.6m2

. . . 02

]O% DIStrIbutIOn User Experience &ﬂ
¢ 34m2
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Arrival Profile via Poisson P

0,
- \ Min: 00:18 Max Queue size {people)

>
Z Average Journey Time: Average: 00:23 Predicted Peak Queue Area icati
= o Indicative Peak Queue Area
_% 6% e N Z‘: Max:0032 (at target [o$ B In Lobby (at target LoS: B)
] o8

0 2 2 2
o 4% Min: 0215 A _ oo AVZ':QLE;W i ‘

oz & 3 i \
(ol 29 Average: 0234 N 3 o4 Max: 7.8m? [> AL

(] E_ \Di
Max: 0253 F LSS L [\
0,
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. . Lift Bank Max Queue Size (m?)
Arrival separation (seconds)
. [PEIIEE [ aom
== 95%
reas at Level Of Service E Bl 0756 | o556 | 5k 5| o4 | ot + 6 lifts provides enough handling capacity (100% PASS) and Average”
= Mir Minimum lift bank interval time (Quality of Service)
. Banks?zz-kpnnt s.i."g‘wr:ﬁ? |:> mm footprint area: + Expected peak queuing area is 5.3m? at Level of Service B
i 224m? [1 13.44m? + Average lobby waiting time (23 seconds) is less than the highest

recommended value

Single adult: Occupant p———
O 2'| m2 area

2 Wheelchair and Combined core data collection, scenario assumptions and

@ : .
?Sssgrtf]gce' F~Empty space = modelled output — qualitative and quantitative insights of design
. 16% .
influence
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EXAMPLE 3

* Analyse simultaneous horizontal evacuation

* Existing structure. Existing understanding of spatial design, staffing and

procedure.

Fire
Lacation

* Establish sensitivity of ASET to staff numbers and actions.

Ward Evacuation

Prepare Move patient
patient to receiving
in movement area (ward or
device final exit)
1 1 [l | | ] |
I I I I I I )
Ignition Detection Alarm Decision to Notify patients Collect ' T | Complete ward
Evacuate a ward and initiate emergency _ patientfrom 4 evacuation
(triage of urgent care  evacuation plan equipment device to
and order of receiving area
evacuation decided)
|— Ambulant patients and visitors —|
guided to self-evacuate
Reassess fire and the need to
evacuate adjacent wards
All required wards
evacuated
L |
ASET |

1
* Required detailed understanding of procedure required to represeit'it"
at individual-level in simulation tool.
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Pathfinder simulation tool used in
each scenario.

Allowed performance sensitivity to
staff numbers / actions to be
compared.

Enabled recommendation on:

* staff training requirements, equipment location, procedural

management.

12
== Patients leaving ward 19 over time

E' Hospital Beds

| i

f - ° °
.‘}a - ® [

. - Direction of travel —p "‘

/' Ambulant Patients

Patient &

X [ ]
Assistant Y

M

Direction of travel i

10 == Patients evacuated over time

Number of Patients
[=)]

2

0

00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 1(

Time (mm:ss)

Client more interested in refined assessment of
limited number of indicators than deep dive across

numerous scenarios.

Evacuation complete




EXAMPLE 3

Exited: 0/55

Pathfinder
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CONCLUSION

* Hospital movement is incredibly complex

* We need sufficient expertise/evidence to understand the problem and the requirements / limitations of our
modelling approach
e Subject matter expertise is key
* To set scenarios
e To select models
* To interpret the results and understand their value throughout the modelling process

e Valuable insights can be generated from multiple points in the process
* Compiling/collecting data
* Mapping existing processes and movement
* Patient / staff narratives
* Numerical model outputs

Subject matter expertise is fundamental - to ensure credible modelling and to enable a wider variety of output to
be produced.
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