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Executive summary

The construction sector has been a perennial underperformer in the New Zeatdandmy.¢ KS a4 SO0 2 NI
low productivity reflects very challenging operating characteristicder-based productionlow-task

repetition, and sitespecific operations are all pducts of a market that largely deals in bespoke, complex

projects requiring unique approacheblowever, poor risk management can also play a part in low

productivity throughincreased delays and errgisme wastingand ineffective problem solving. Ongoing
construction quality issues and high enterprise failure rates are signs that the sector istiguncn

managing risk as effectively as it could.

But some parts of the construction sector appear to be doing better than others. The recent success of
horizontal infrastructure projects (e.g. pipes, roads, and cables) such as the Northern Toll RoealyGate
Waterview Project and Christchurch Infrastructure Recovery are in contrast to ongoing challenges faced by
the vertical construction sector (e.g. buildings).

The aim of this BRANZ funded project is to uncover core differendesw risk is managed the
horizontal and vertical construction sectors and identify opportunities for esessoral learningOur focus
ison the role risk management plays in improving sector productivity.

This report describes the results from a sureggonstruction setor risk and resilience practiceshi§
surveywasdesigned to testour hypotheses posed in the project:

=

Horizontal contractors are more productive than vertical contractors

2. Horizontal contractors manage risk more effectively than vertical contractors
3. Organisations that manage risk well are more likely to have higher productivity
4. Organisations that are resilient are more likely to have higher productivity

The survey findingsiform the quantification of RiskFlgva systems dynamics model of the canstion
sector being built by the research team. RiskFlow is designed to help the sector better understand how risk
is managed and how it can be better managed to improve the productivity of the sector.

Key findings

Respondents believe external factorsvkeathe greatest impact on productivity, rather than internal
capabilities

The risk factors that reportedly caused the most delays, errors, and impacts on productivity tended to be
external risks, such as the client changing their mandincil and other igpections, and design flaws and
inadequacies. Some internal capabilities such as communication, project team experience, project
management, and staff morale appeared to be important in reducing errors and increasing productivity,
but they are less promant. The authors note a caution that this finding could be influenced by Actor
Observer bias that leads to a tendencyatitribute actions to external causeblore research is needed to
fully understand this finding.

Contractors adjust margins for riskit only when work is plentiful

The results demonstrate that contractors are willing to increase margins where there are significant risks
related to the project (nature of work) or client. They also demonstrate that contractors are willing to
reducecontrad pricesto bring work in the door. The willingness to reduce margins is a concern, as this

f SaaSya Iy 2NEHIFIyAaAlFLdA2yaqQ OFLIOAGE (G2 O2LIS 4AGK N
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High risk maturity improves productivity

The survey results generally support quioject hypothesis that there is a strong link between productivity
and risk management. Higher risk maturity contributes to less project delays, lower error rates, both of
which contribute to higher productivity. In addition, organisations with greasd maturity scored better

on organisation performance measures. This indicates that there is a value case for investing effort into
good risk management.

Resilient organisations p®rm better

Similarly, the results also support our hypothesis that resilient organisations perform letteluding

reduced delays, lower erraates and high productivity. Notably, compared with risk mature organisations,
more resilient organisations are more axgeof the importance of internal, less tangible risk management
processes for improving productivity such as communication, staff morale etc.

Horizontal contractors arpotentiallymore nuanced in their consideration of risk than vertical contractors

Thesurvey results were less clear when it came to the differences between vertical and horizontal
contractors. The project hypothesis was that horizontal contractors were more productive and managed
risk more effectively. The results only weakly supported.ffhe results indicate that horizontal

contractors are more nuanced in their consideration of risk, in particular how different risk factors impact
errors and how they price risk into projects. Horizontal contractors appear to be aware of both internal
and external risk factors. That said, it also appears that vertical contractors have to manage significant
project complexity which impacts their productivity and timeliness.

Subcontractor@and smaller organisatiorese less likely to actively manage risk

Overallthe data reflects the underlying understanding in the sector that risk is passed down the supply

chain and subcontractors bear notable risk. In our results, risk manifests in delays and errors caused by
(amongst other things) poor project managent. Despite this vulnerability to delays and errors caused by
others, subcontractors are much less likely to adjust their margins to account for risk (which according to
2dzNJ RFGF FNB aAYAfINI G2 KSIFER O2yidNIOi2NRQ YINBAYA

Our data indicates that smadirganisations aréessnuanced in how they perceive and manage ri€ken
97% of construction sector organisations are small comattiés isis an area worth further investigation
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Introduction

The construction sector has been a perennial undeqmenger in the New Zealand economy (Conway and
Meehan, 2013)The sectoR [@w productivity reflects very challenging operating characteristicder-
based productionlow-task repetition and sitespecific operationsre all poducts ofa market thatlargdy
dealsin bespokecomplex projectsequiring unique approachg®ark et al 2017. Poor risk management
practices are also suspected to contribute to this low productiv@dy particular concern is the vertical
construction sector, which has been plagued by productivity volatility (PWC, 2016), quality issues, low
organisational resilience (Sapeciay et al., 2017) and high enterprise failure rates. Whilerderpese
failure is to be expectedunder-efficient and norsystematic risk management is also a key productivity
issue Poor risk managemerdan leado underutilisation of capital for productivitgnhancing investments
(Froot et al., 1993), greatly increase transantcostsand divert funds towards conflict resolution (Bing et
al., 2005). Uncertainty and disruptions are also stressful, and thus costly for society in themselves.

On the bright side, there are some encouraging signs for the sectioe recentsuccess of horizontal
infrastructure projects such as Northern Toll Road Gateway, Waterview Project and Christchurch
Infrastructure Recovery. Anecdotally, the success of these projects may be partly linked to the use of
alliance project structures, and cleargoesses for identifying, allocating and, where necessary, sharing risk
(BDO, 2019). Such mechanisms likely allow project teams to enhance productivity and project quality
through better resource usage, reduced time wasting and efficient problem solvimg, @ial., 2005).
Research also suggestst strong risk management and organisational resilience has also played an
important role (Sapeciay et al., 2017; Seville et al., 2014).

The aim of this BRANZ funded project is to uncover core differences hetiggenanagment and

resilience practices ithe horizontal and vertical construction sectors ahd impact of these on

productivity. The project culminates ithe creation ofa systemslynamics model of the construction
sector, RiskFlowihat will helpstakeholders to explore and understand risk flow and resulting productivity
impacts in the construction sector, to inform industry transformation.

This report describes the results from a survey developed to inform the quantification of RiskFlow. In
addition, this survey is designed to tésur hypotheses posed in the project:

1. Horizontal contractors are more productive than vertical contractors

2. Horizontal contractors manage risk more effectively than vertical contractors
3. Organisations that manage rislelvare more likely to have higher productivity
4. Organisations that are resilient are more likely to have higher productivity

The following section describes the survey design, distribution and participation. Section 3 includes the
survey results, inclidg comparative analysis between different response groups (vertical/horizontal, head
and subcontractors, and different sized organisations). The final section includes a discussion on the
results.

Building risk management strategies into the vertical construction sector 5



Method

Survey design and distribution

Between April ad May 2020 an online survey wssntto construction organisations across New Zealand.
The survey had 19 questions based around the following topics:

9 organisation demographics (type (vertical/horizontal), role (head/sub),,size)

i projects (theimpact of risk factors on project delays, errors, pricing, productivity)

i current organisational performance (cashflow, staff satisfaction, staff turnover, forward workflow)
and

1 risk management and resilience

To understand the risk maturity of survey respondents, and to determine whether risk maturity impacted

how survey respondents managed and priced risk, two scales were included in the survesk Tegurity

scale was based on a number of tools and framew including ISO31000 (Standards New Zealand, 2009)
YR %KI 23 tSy3 YR [26Q& O6HAMOoO G9YUISNLINKRAS wAal
¢tKS NBaAftASYyOS aorftS Aa GKS wSaAatASyd hNBHdyArAal GA2
2010).

A copy of the survey is included/mn

The survey was distributed through three different construction sector networks:

9 by email to all Master Builders members
i by email to Civil Contractors Newaand databaseand
9 viathe BRANZ newsletter

All survey participants wereffered a free personalised report based on their responses. The report
included a comparison of their responses to the risk and resilience questions to other participants and
sone personalised advice on key risk and resilience capabilities to develop.

Survey participation

131 valid! responsesvere received including 1ertical contractorsaand 14 from the horizontal
constructionsector. 116 of those respondents were head cantors, while only 15 identified as
subcontractorgTable 1)We are unsure how representative this is of the sector, as these differentiations
are not collected by national statistidSrganisations with less than 20 employees accedibr 76% of the
total respondents. This indicates our sample may slightly ungl@resent smaller organisations, as 97% of
New Zealand construction organisations have less than 20 employees.

1 Valid responses included those that completed at |dedt the survey.

Building risk management strategies into the vertical construction sector 6



Tablel Survey patrticipation byrganisation type, role and size

Vertical Horizontal Construction

construction construction Services Totl
0-5 employees 36 0 0 36
6-19 employees 57 2 5 64
20-99 employees 10 5 2 17
>100 employees 7 7 0 14
Head contractor 103 11 2 116
Subcontractor 7 3 5 15
Total 110 14 7 131

The release of this survey coincided with the nationwide lockdown imposed by the New Zealand
government in response to COVID, which impactean the uptake of the survey within the construction
community. The survey questions were also edited to ensmewhere organisations were asked about
current organisational status (such as cashflow, staff turnover, etc), they reported eD@YE8BEL9 status,
given the higHevel of uncertainty experienced during the nationwide lockdow#or exampleBefore the
QOVID19 crisis, what was your future work outlook?

Building risk management strategies into the vertical construction sector 7



Results

Introduction

In thissection the overall response tbgivenquestionis summarised We then compare the responses of
vertical and horizontal construction contractors, head authcontractors and different sized organisations
for that question Nonparametric tests are carried out to determine statistical differences between
response groups and correlations are used to determine relationships between some variables.

Projectdelays

Survey respondents were asked how often a range of factors caused a delay or disruption to a project. The
three most common causes of project delay across all respondents are (Figure 1):

i client changing their mind
9 council and othemspections and
9 design flaws or inadequacies

Project Delay Frequency

Client Changing their mind -
Council and other inspectionsEE
Design flaws or inadequacie S
Labour/skills shortage GG
Demands from other projects -
Material supply delay I
Delayed payment from client
Material defects S
Poor project or site managementilllms
Equipment failure GG
Health and safety incidentsEEN

0 10 20 30 40 50 60 70 80 90 100

Frequency of Delays
(Never to all the time)

Figurel - Project delay frequency
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Compared to vertical contractors, horizontal contractors are significantly more affected by most delay
types (Figure 2), including:

9 design faws (U=511, p=0.032),

i demands from other projects (U=397, p=0.002),

i labour/skills shortages (U=493, p=0.019), and to a lesser degree

9 poor project or site management (U=394.5, p=0.002), health and safety incidents (U=453, p=0.002),
and equipment failurdU=524, p=0.02).

Vertical contractors are more affected by council and other inspections.

Project Delay Frequency
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Figure2 ¢ Project delay frequency by organisation type
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Compared to head contractors, subcontractors appear to be more imgdntanost types of delay (Figure
3). Subcontractors are significantly more impacted by:

9 client changing their mind (U=1118.5, p=0.045)

design flaws or inadequacies (U=1075.5, p=0.099)
poor project or site management (U=1481.5, p=<0.001)
demands fronother projects (U=1202.5, p=0.008)
delayed payment from client (U=1276.5, p=0.001)

= =4 —a -9

Head contractors are more affected by council and other inspections.
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Figure3 - Project delay frequency by role.
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Small and large organigans are differentially impacted by most types of delay (Figure 4). Large
organisations are significantly more impacted by:

9 design flaws or inadequacies$3481.5, z=3.207, p=0.001)
1 health and safety incidents ££3251, z=2.282, p=0.022)
9 poor project @ site management (£3399.5, z=3.381, p=0.001)

While smaller organisations are significantly more impacted by material supply deR®2(7 z=2.886,
p=0.004).

Project Delay Frequency
Organisation Size

\Q’ \’é&o b?/

100

90

80

70

60

5

Delay Frequency
o

(Never to all the time)

4

o

3

o

2

o

1

o

o

m0-5 employees m6-19 employees 1 20-99 employees m>100 employees

Figure4- Project delay frequency by size of organisation
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5):

delayed payment from client
client changing their mind
design flaws or inadequacies
labour/skills shortage
material supply delay
demands fom other projects
council inspections

material defects, and

poor project management.

= =4 8 -8 8 8 -5 -9 -9

Project Delay Length

Delayed payment from client -
Client Changing their mind IEEEEEE—_—
Design flaws or inadequacieSee
Labour/skills shortage IEEE—
Material supply delay [N
Demands from other projects .
Council and other inspectionSiIEEEEEEEE.
Material defects |IEEEGEGGEEEEE—_—
Poor project or site managemeniieee-
Equipment failure IS

Health and safety incidentsES

0 1 2

Project Delay Length
(1= Hours, 2= Days, 3= Weeks)

Figure 5 Project delay length
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Compared to vertical contractors, horizontal caattors experience longer delays for most delay types
(Figure 6). Horizontal contractors experience significantly longer delays from demands from other projects

(U=380, p=0.006), while vertical contractors see significantly longer delays for council anthsfiections
(U=423, p=0.003).
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Figure 6 Project delay length by organisation type
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Compared to head contractors, subcontractors appear to experience longer project delays for most types
of delays (Figure 7). Subcontractors experience significiamger delays from delayed payment from
client (U=902, p=<0.001) and poor project and site management (U=879, p=0.032).
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Figure 7 Project delay length by organisation role
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Compared to smaller organisations, larger organisations experience loalggisdor most delay types
(Figure 8). Large organisations experience significantly longer delays for:

9 client changing their mind (#3488.5, z=3.837, p=<0.001)
i design flaws or inadequacies£3496.5, z=3.49, p=<0.001)
9 poor project and site manageme(if;=2269.5, z=2.748, p=0.006)

Project Delay Length
Organisation Size
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Figure 8 Project delay length by organisation size
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Managingtime overruns

Survey respondents were asked how they usually manage time overruns. The three most common
methods to manage time overruns acrossrafipondents are (Figure 9):

{ work harder
{ revise methods/innovate
9 work overtime

The least common method to manage time overruns is to do nothing.

Manage Time Overruns

Work harder
Revise methods / innovate,
Work overtime
Increase staff on project
Seek variations
Add more subcontractors

Do nothing

10 20 30 40 50 60 70 80 90 100

Frequency of method used to manage time overuns
(never to all the time)

o

Figure 9 Frequency of methods used to manage time overruns
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Compared to vertical contractors, horizontantractors are significantly more likely to use a range of
methods to manage time overruns (Figure 10), including:

9 work overtime (U=420, p=0.004)
i increase staff on project (U=487.5, p=0.045)
9 seek variation (U=436.5, p=0.006)

Manage Time Overruns

Organisation Type
&

m Horizontal infrastructure construction = Vertical construction

100
90
80

70

60
5
4
3
2
1

<@ 6@‘ . @Q'

Frequency of method used to manage time overuns
(never to all the time)
o o o o

o

o

Figurel0- Frequency of method used to manage time overruns by organisation type
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Compared to head contractors, subcontractors appear to more frequently use most methods to manage
time overruns (Figure 11). Subcontractors are significantly more tizkelge revised methods or innovate
(U=1168.5, p=0.017) and seek variations (U=1072.5, p=0.088) compared to head contractors.
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Figure 11 Frequency of method used to manage time overruns by organisation role
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Compared to smallasrganisations, large organisations are significantly more likely to actively manage time
overruns (Figure 12), including:

9 revise methods/innovate (3406, z=2.940, p=0.003)
work overtime (3=3292.5, z=2.375, p=0.018)

increase staff on project (£3481, z=4.083, p=<0.001)
add more subcontractors (#3279.5, z=3.096, p=0.002)
seek variations (3313, z=2.761, p=0.006)

= =4 —a -9
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100

90
80
70
6
5
4
3
2

1

Frequency of method used to manage time overuns
(never to all the time)

o o o o o o o
.

¢
|
I

%. =
.|
I

c
|
I

. oY © . (\QO
© & & ¥ & %0 N
O A & & > @ o
& A N\ R S N N
Q 9 Q Q R o
\ o o o Q
o4 QD o & Y Nl
© N &® < <
Q’f’ r,Q‘ &Q’
N P O
<& ¢ S
o N S
8 e

m 0-5 employees m6-19 employees m20-99 employees m>100 employees

Figure - Frequency of method used to manage time overruns by organisation size

Building risk management strategies into the vertical construction sector 19



Projecterrors

Survey respondents were asked how significantly a range of factors contribute to project errors. The two
most common factors contributing to project errors across all respondents are (Figure 13):

9 poor designand
i poor communication

Issues with pressuretmeet a deadline/work intensity, staff experience and/or lack of staff, and poor
project management also have a notable impact on project errors.

Project Errors

Poor design [N
Poor communication [ N
Pressure to meet a deadline/work intensityi
Low level of experience amongst stafi
Lack of staff/loss of staff | NG
Poor project or site managemen{i
Bespoke / new construction methodSiEEEEGG—_—E
Congestion or disorganisation on-sitéi Ry
Cost-cutting actions [ NG
Material defects |
Poor project team morale [ NG
Fatigue [

0 10 20 30 40 50 60 70 80 90 100

Contribution to project errors
(not at all to very significant)

Figure B- Factors contributing to project errors across all respondents
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Compaed to vertical contractors, horizontal contractors are significantly more likely to identify the
following factors as a cause of project error (Figure 14):

)l

= =4 —a -9

Contribution to project errors

poor communication (U=415, p=0.004)

congestion or disorganisation esite (U=563, p=0.080)
poor project or site management (U=449.5, p=0.009)
costcutting actions (U=510.5, p=0.031)

lack of staff/loss of staff (U=482, p=0.046)

Project Errors
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Figure Y- Factors contributing to project errors by organisation type
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Compared tchead contractors, subcontractors are significantly more likely to identify the following factors
as a cause of project error (Figure 15), including:

low level of experience amongst staff (U=1095, p=0.079)
congestion or disorganisation esite (U=1289, p=001),
poor project or site management (U=1397, p=<0.001)
costcutting actions (U=1293.5, p=0.001)

9 poor project team moral (U=1138, p=0.041)

= -4 —a -9

Head contractors see material defects contributing more to project errors than subcontractors.
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Building risk management strategies into the vertical construction sector 22



Compared with small organisations, large organisations are significantly more likely to identify the following
factors as a cause of project error (Figure 16), including

=2

poor communication (;/=3614.5, z=3.866, p=<0.001)

poor design (F3453.5, z=2.817, p=0.005)

pressure to meet a deadline/work intensity;83415.5, z=2.958, p=0.003)
lack of staff/loss of staff (#3133, z=1.678, p=0.093)

low level of experienceraongst staff (7=3499, z=3.272, p=0.0Q1)
congestion or disorganisation,&3570.5, z=3.427, p=0.001)

poor project or site management 3793, z=4.305, p=<0.001)
costcutting actions (F=3559.5, z=3.333, p=0.001)

poor project team morale (F3345, z=2.3378, p=0.017)
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Projectpricing

Survey respondents were asked what margin they typically include when pricing projects. Horizontal
contractors, on average, reported a typical margin of 13%. This is statistically significantly higher than
vertical contractors, who, on average, indicatedhargin of 11% (U=290.5, p=0.016) (Figure 17). There is no
statistically significant difference between margins reported by head (11%) and subcontractors (11%) or by
organisations of different sizes (margins range from 9% for 100+ employees to 11% donfloyees).

Typical Project Margin
Organisation Type
14%

12%

10%

8%

Margin

6%

4%

2%

0%
Horizontal infrastructure construction Vertical construction

Figure I7- Typical margin for organisation types
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Survey respondents were asked how project contingencies and/or margins were adjusted for a variety of
risk factors. The risk factors presented in the questapresented strongly positive and strongly negative
statemensfor each concept. For example: strong current cashflow and weak current cashflow. The aim
behind the question was to understand how project pricing changes for each risk factor.

The question rierred to both project margin and contingency because the sector uses these terms
inconsistently and we wanted to ensure respondents were not frustrated by the question. 7 respondents
dropped out at this stage, while 17 respondents skipped this section.

Overall, the largest increase to margins for all respondents are for (Figure 18):

1 high degree of project complexity
9 low confidence in client/head contractor
9 norisk sharing

Factors that lead to a large decrease in margins for all respondents are:

1 weakforward workflow and
i poor current cashflow

Margin Adjustment

High degree of project complexity

Low confidence in client/head contractor
No risk sharing
Strong forward workflow

No involvement in design process
Inexperienced/weak project team

Low competition for project from other contractors
Short project (months)

Long project (multiple years)

Strong current cashflow
Experienced/strong project team
Risk shared between all project parties |
Low degree of project complexity [ |
Strong competition for project from other contractors [ |
Involvement in design process [ |
High confidence in client/ head contractor [ |
Poor current cashflow [
|

Weak forward workflow
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o
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Margin adjusted (%)

Figure B - Margin adjustment per factor
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Compared with vertical contractors, horizontal contractors make significantly larger adjustments to their
margins for most factors (Figure 19)

Horizontal contractors increase their margin for the following factors:

9 low competition for project from other contractors (U=286.5, p=0.005
i strong forward workflow (U=167.5, p=<0.001

i inexperienced/weak project team (U=292.5, p=0,09

i no risksharing (U=289, p=0.021

i low confidence in client/head contractor {283, p=0.06%

Horizontal contractors decrease their margin compared to vertical contractors for the following factors:

i strong competition for project from other contractors (U=303, €3),
weak forward workflow (U=201.5, p=<0.Q01

experienced/strong project team (U=363.5, p=0.)}76

involvement in design process (U=273, p= .01

long project- multiple years (U=271.5, p=0.0R3

poor current cashflow (U=248, p=0)01

=4 =48 -4 -8 4
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Margin Adjustment
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Compared to subcontractors, head contractors adjust their margins significantly more for factors such as (Figure 20):
9 inexperienced/weak project team (U=614, p=Q.09
9 poor current cashflow (U=326, p=0.066)
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Compared to smaller organisations, large organisations adjust their margins signjfivend for most
factors (Figure 21).

Large organisations increase their margin significantly more for the following factors:

9 low confidence in client/head contractor,F1576.5, z=2.121, p=0.034)

no risk sharing (1906, z=2.415, p=0.016

low competition for project from other companies,; 2381, z=2.91, p=0.0p4
strong forward workflow (#=2585.5, z=3.065, p=0.002

high degree of project complexity 2745.5, z=3.074, p=0.002

1 inexperienced/weak project team {F1637, z=1.756, p=0.0y¥9

=4 =4 =4 =

Large organisations decrease their margin significantly more for the following factors:

1 high confidence in client/head contractor;1652.5, z=2.72, p=0.00Y,
9 risk shared between all project parties£11209.5, z=3.312, p=0.00},
o smaller organisatins slightly increased their margin
1 strong competition for project from other companies£1424.5, z=2.941, p=0.008
o smaller organisations slightly increased their margin
1 weak forward workflow (#1239, z=3.542, p=<0.001
9 poor current cashflow (=1146.5, z=3.01, p=0.008
1 low degree of project complexity {F£1428.5, z=3.593, p=<0.001
o smaller organisations slightly increased their margin
i involvement in design process;&11509, z=2.372, p= 0.018
0 organisations with less than 5 employees dligincreased their margin

Compared to larger organisations who decrease their margins, organisations with five employees or less
significantly increase their margin for experienced/strong project teans1524.57=2.041, p=0.041).
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Margin Adjustment
Organisation Size
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Figure 21 Margin adjustment by organisation size
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Projectproductivity

Survey respondents were asked what factors affected their project productivity. As for the project
pricing question above, the factopsesented in the question represented strongly positive and
strongly negative statements for each risk factor. For exangplergisedteam andfatigued team.

The aim behind the question was to understand how productivity is impacted by each risk factor.

The three most common factors increasing productivity across all respondents are (Figure 22):

i established project team
9 excellent communicationand
T excellent quality design

The three most common factors decreasing productivity across all responder(fSiguee 22):

9 poor quality design
i poor communicationand
1 low effort by staff

The largest difference between positive and negative statements across all respondents are (Figure
23):

communication
quality design
effort by staff
staff morale

== =4 =4
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Factors Improving Productivity

Poor quality design |
Poor communication |
Low effort by staff |
Low staff morale L
Fatigued team |
Significant rework required |
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Bespoke or new construction methods |
Working high level of overtime |
Established project team |
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Excellent quality design |
High effort put in by staff |
High staff morale |
No rework required |
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Experienced staff |
Simple construction methods |
Low degree of project complexity |
Ample staff ]
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Figure 22¢ Factors affecting productivity across all respondents
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Difference between Positive and Negative Statements
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Compared to horizontal contractors, vertical contractors note significantly greater improvements to
productivity for the following factors (Figure 24):

9 excellent quality design (U=449, p=0.034
comfortable project deadline (U=445, p=0.055
simple construction methods (U=431.5, p=0.)29

no rework required (U=476, p=0.003

low degree of project complexity (U=334.5, p=0.003)

= =4 =4
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Productivity
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Figure2410- Effect on productiity by organisation type
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Although there are no statistically significant differences in productivity between head and subcontractors,
head contractors appear to see a greater decrease in productivity when compared to suboanstfact
several factors including (Figure 25):

i fatigued team

poor communication

poor quality design

lack of staff

low level of experience amongst staff
low effort by staff and

low staff morale

=4 =4 -4 4 4 -9
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Effect on Productivity
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Figure 25 Effect onproductivity by organisation role
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Compared to smaller organisations, larger organisations indicate greater likely changes in
productivity for most factors (Figure 26), including:

i improving productivity
0 excellent communication E2790.57z=1.961, p=0.0%
o high use of technology (F2441 z=1.654, p=0.098
1 decreasing productivity
0 poor communication (1821 z=2.316, p=0.02)1
o lack of staff (=186Q z=1.851, p=0.06%
0 bespoke or new construction methodsE1753 z=2.759,p=0.006,
o significant rework required (F1875.5z=1.73, p=0.081

Smaller organisations experience significantly higher improvements in productivity compared to
larger organisations when there are comfortable project deadlings184Q z=-2.444,p=0.015).
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Figure 26 Effect on productivity by organisation size
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Risk andesilience

Survey respondents were asked to answer ten risk maturity indicator questions and thirteen resilience
indicator questions. Thee questions were used to inform 2 scades risk maturity scale and a resilience
scale to give an overall measure of the capability of an organisation to manage risk and disruption.

Scale reliability analyses of these indicator questions were rungarerthey were all measuring the same
underlying theoretical concept, and therefore that it was valid to use as a measure to compare responses.
20K GKS NR&a]l YrFddzaNAGe yR NBaiAfASyOS aodoltsSa 6SNB
(Hinkin, 298) which demonstrates that all items in the scale are measuring the same concept (Table 2).

Table2 ¢ Scale reliability and factor analysis results for risk maturity and resilience scale indicators

Risk Maturity Resilience
Scale Reliability hT' noddnH hT  nodydT

Overall, there is no significant difference between vertical and horizontal contractoesaar énd
subcontractors for risk maturity and resilience (Figure 27 and 28).
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Figure 27¢ Overall risk maturity and resilience results for organisation type
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Risk Maturity and Resilience
Organisational Role
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Figure 28 Overall risk maturity and resilience results for organisation role

Whencompared to small organisations (under five employees), large organisations have a significantly
higher overall resilience score;2961 z=2.704, p=0.007) (Figure 29)arge organisations had higher risk
maturity scores, although this was not statistiy significant(Figure 29).
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Figure 29 Overall risk maturity and resilience results for organisation size
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Risk

From the ten risk maturity indicator questions, the two strongest risk indicators across all respondents are
(Figure 30):

9 risk governance
{ risk-aware culture

Sufficient resources, risk attitude, risk assessment and risk communication are next strongest. Risk training
was the weakest indicator by some margin.
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Figure 30¢ Risk maturity indicator results across all respondents

Thereis no statistically significant difference between horizontal and vertical contractors, (Figure 31), nor
between head and subcontractors across the risk indicators (Figure 32).
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Risk Maturity Indicators
Organisation Type
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Figure 31 Risk maturity indicator results by organisation type
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Figure 32 Risk maturity indicator results by organisation role
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Compared to smaller organisations, larger organisations are stronger in the following areas (Figure 33):

9 risk governance (F2897.57z=2.554, p=0.01)1
9 seeing risk as opportunities;2836.5z=2.126, p=0.033)
9 bhaving a risk aware culture;&2733.5z=1.652, p=0.099)
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Figure 33 Risk maturity indicators by organisation size
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Resilience

The two strongest resilience indicators across all respondents are (Figure 34):

i staff engagementand
9 leadership

Decision making, effective partnerships, and innovation and creativity are next strongest. Stress testing
plans is the weakest.
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There are no statistically significant diféerces in resilience indicators between vertical and horizontal
contractors nor between head and subcontractors (Figures 35 and 36).

(]
@ 100
& 90
c
S = go
g2
2 o 70
@ﬁ 60
52 50
(O]
£ 9 40
8 & 30
S2 0
©
§z~ 10
a2
5 o0
8

Resilience Indicators
Organisation Type

K Q& <5 & . > SO & o &
>N Q}(\Q/ &é\@ @’S{.\ ’0\\\ {}\\Q \‘;\Q’&o Q:)\\ S & &QO o‘:’\' ,@93 Q\’b

& & ° @ > . S P ¢
L RO K @ & & < 0\6 £ &g

< > NS & @ & VY @
BN & & N3 N R G
QO & \,Q’
O

m Horizontal infrastructure construction = Vertical construction

Figure 35 Resilience indicator results by organisation type
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Compared to smaller organisations, larger organisations score significantly higher across most of the
resilience indicators (Figure 37) including:

)l

= =4 —a -9

Presence in organisation
(strongly disagree to strongly agree
a
o

leadership (F=2986.5, z=3.023, p=0.003

situation awareness (#2850, z=2.232, p=0.0R6
decision making (F2745.5, z=1.738, p=0.082
leveraging knowledge (#2905.5, z=2.477, p=0.0113
stress testing plans (£2791.5, z=2.081, p=0.087
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Figure 37¢ Resilience indicators by organisation size
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Impact ofriskmaturity andresilience ororganisation
performance andehaviour

In this section, we look at the impact of risk maturity and resilience capability on a) organisational
performance, and b) project behaviours (delays, errors, project pricing, productivity).

Generallythe results showed that organisations with high risk maturity and resilience score well on
organisational performance measures such as cashflow (Figure 38), staff satisfaction (Figure 39) and staff
training (Table 5). Organisations with high resilience hkve a better future work outlook.

Table3¢{ LIS | NI | yoider coNdlatoh coefficient for organisational performance measures

Risk Maturity Resilience
Cashflow r<=0.308, p=0.001 r<=0.353, p=<0.001
Staff Satisfaction r<=0.287, p=0.001 r<=0.362, p=<0.001
Future Work Outlook - r<=0.191, p= 0.036
Staff Training
Junior r<=0.298, p=0.002 r<=0.243, p=0.012
Mid-level r<=0.446, p=<0.001 r<0.366, p=<0.001
Senior r<=0.295, p=<0.001 r<=0.338,p=<0.001
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Figure 38 Correlation of risk maturity and cash flow across all respondents=@r308, p=0.01)
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Figure 39 Correlation of risk maturity and staff satisfaction across all respondents@287, p=0.001)

Generally, the results show that organisations withigh-risk maturity and resilience score are more
proactive in managing project risks and experience lower project delays and errors (Table 6).

Organisations with high-riskmaturity manage timeoveryid o6& dzaAy 3 (KS NEJAAS Y
F LILINR F OK Y2NB {(KFy fSaa NR&ail YI dz2NB zNﬂlyAé GA2Yya
(Figures 40 and 41).

Organisations with a high resilience score are also more likely to identify interradgs®s for improving
productivity such as:

I excellent communication

i ample and experienced staff
i established project teams

1 high staff moraleand

9 high effort put in by staff

Risk mature organisatiorae also found to be more resilients£0.677, p=<0.0D).
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Table4-{ LIS I NJY | yoider coNdiagioh coefficient for project behaviours

Risk Maturity

Resilience

Project Delay Frequency

Client changing their mind

r=-0.223, p=0.014

Designflaws/inadequacies

r—=-0.205, p=0.025

r—-0.188, p=0.040

Material defects

r—-0.197, p=0.031

Council and other inspections

r=-0.201, p=0.027

r<=-0.163, p=0.074

Delayed payment from client

rs=-0.229, p=0.012

r<=-0.201, p=0.027

Poorproject or site management

r<=-0.276, p=0.002

re=-0.261, p=0.004

Demands from other projects

r—-0.273, p=0.003

r—-0.225, p=0.014

Health and safety incidents

re=-0.192, p=0.035

Project Delay Length

Poor project or site management

r=-0.197, p=0.055

Manage Time Overruns

Revise Methods

r— 0.251, p=0.006

r—0.217, p=0.017

Do Nothing

r=-0.258, p=0.005

Project Errors

Lack of staff

r=-0.178, p=0.050

r—=-0.202, p=0.026

Low level of experience among
staff

r=-0.159, p=0.083

Poor project team morale

r—=-0.177, p=0.052

Project Productivity

Excellent quality design

r<=0.166, p=0.072

r<=0.270, p=0.003

Simple construction methods

r<=0.180, p=0.051

r<=0.190, p=0.040

High use of technology

r—=0.371, p=0.000

r—0.413, p=<0.001

Bespoke or new construction
methods

r—0.184, p=0.049

r—0.185, p=0.048

Excellent communication

r—=0.263, p=0.004

Ample staff

r=0.195, p=0.035

Experienced staff

r=0.302, p=0.001

No rework required

r<=0.230, p=0.013

High effort put in by staff

r<=0.208, p=0.025

High staff morale

r=0.205, p=0.025

Established project team

r—=0.351, p=<0.001

Building risk management strategies into the vertical construction sector

49



100

: 0
[
80 ¢ ’ '
70 R S -SRI
é‘ 0% NN A N ——- S ’ |
é ..... * ................ .
m ------------------
S 50 peeeect
X
n
x 40 ‘ |
: s
30
20 . '
[ ]
10 . :
0
0 10 20 30 40 50 60 . . . )

Manage Time OverrunsRevise methods / innovate

Figure 40c/ 2 NNBt I A2y 0680638y NR&] YlddNARGE FyR YFylF 3IA
i K2 RAKAYY 2 OL=(D351, pOlORENE | OK 6 NJ

100 ®

ol T,

.............
...............

...............
............

50

Risk Maturity

40

30

20 o

10 o °

0 10 20 30 40 50 60 70 80 90 100
Manage Time Overrundo nothing

Figure 41/ 2 NNBf I GA2Yy 06SiG6SSy NR&]l Yl ddz2NRdGe yR YIFyl 3Ay
approach (g=-0.258, p=0.005)

Building risk management strategies into the vertical construction sector 50



Organisationaperformance

Survey respondents were asked a number of questions about organisation performance, including cash
flow, future work outlook, staff satisfaction, staff turnover rate, and their investment in staff training.

Compared to vertidacontractors, horizontal contractors have better cash flows and investment in staff
training, in particular training for mitevel staff (U=307, p=0.009). While vertical contractors have better
staff satisfaction and staff turnover rates (Figures4).

0 1 2 3 4 5 0 1 2 3 4 5
Cash Flow Staff Satisfaction
(1=very poor, 2=poor, 3=satisfactory, (1=very low, 2=low, 3=satisfactory, 4=high,
5=very high)

4=good, 5=excellent)

= Vertical construction m Vertical construction

m Horizontal infrastructure construction W Horizontal infrastructure construction

Figure 42 Cash flow by organisation type Figure 43 Staff satisfaction by
organisation type

0 1 2 3 4 5 0 1 2 3 4 5 6
Future Work Outlook Staff Turnover Rate
(1=need more work, 2=8 months, 3= H (1=05%, 2=610%, 3=1115%, 4=160%,
months, 4= 612 months, 5= >12 months) 5=2130%, 6=>20%)
m Vertical construction m Vertical construction
B Horizontal infrastructure construction m Horizontal infrastructure construction

Figure 44 Future work outlook by organisation type Figure 45¢ Staff turnover rate by organisation
type
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Junior staff

Mid-level staff

Senior staff

20 40 60 80 100

Training Investment
(0=02 days, 33=3% days, 66=80 days, 100=>10 days)

o

m Vertical construction  m Horizontal infrastructure construction

Figure 46€¢ Traininginvestment by organisation type

Compared to subcontractors, head contractors have a significantly better future work outlook (U=535,
p=0.062) and staff satisfaction (U=513.5, p=0.031). Although subcontractors invest the most in junior staff
training overd, head contractors invest more into senior and Aedel staff compared to subcontractors
(Figures 4561).

0 1 2 3 4 5 0 1 2 3 4 5
Cash Flow Future Work Outlook
(1=very poor, 2=poor, 3=satisfactory, (1=need more work, 2=8 months, 3= 3%
4=good, 5=excellent) months, 4= 612 months, 5= >12 months)
B Subcontractor ®Head Contractor B Subcontractor B Head Contractor
Figure 47¢ Cash flow by organisation role Figure 48 Future work outlook by organisation
role
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0 1 2 3 4 5 0 2 4 6
Staff Satisfaction Staff Turnover Rate
(1=very low, 2=low, 3=satisfactory, 4=high, (1=05%, 2=610%, 3=1415%, 4=1&0%,
5=very high) 5=2130%, 6=>20%)
H Subcontractor ® Head Contractor W Subcontractor m Head Contractor

Figure 50¢ Staff turnover rate by orgnisation

Figure 49 Staff satisfaction by organisation role |
role

Junior staff

Mid-level staff

Senior staff

o

10 20 30 40 50 60 70 80 90 100

Training Investment
(0=02 days, 33=3% days, 66=80 days, 100=>10 days)

m Subcontractor m Head Contractor

Figure 51¢ Training investment by organisation role

Compared to larger organisations, organisations with under five employees have significantly poorer cash
flows (T:=2900.57=2.305, p=0.021), future work outlook ££3008.5z=2.826, p=0.005) and lower
investments in staff training, especially for méVel staff (3=224Q z=2.224, p=0.026). While organisations
with over 100 employees have a significantly higher staff turnoviercampared to smaller organisations
(Ty;=2788.57z=2.282, p=0.022) (Figure 5B).
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0 1 2 3 4 5
Cash Flow
(1=very poor, 2=poor, 3=satisfactory, 4=good, 5=excellent)
m >100 employees m20-99 employees m6-19 employees m0-5 employees
Figure 52 Cash flow by organisation size
0 1 2 3 4 5
Future Work Outlook
(1=need more work, 2=8 months, 3= & months, 4= 82 months, 5= >12 months)
m >100 employees m 20-99 employees m6-19 employees m0-5 employees
Figure 53¢ Future work outlook by organisation size
0 1 2 3 4 5
Staff Satisfaction
(1=very low, 2=low, 3=satisfactory, 4=high, 5=very high)
m >100 employees m20-99 employees m6-19 employees | 0-5 employees
Figure 54¢ Staff satisfaction by organisation size
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Staff Turnover

0 1 2 3 4 5 6
Staff Turnover Rate
(1=05%, 2=610%, 3=1415%, 4=1&0%, 5=2130%, 6=>20%)
m >100 employees m20-99 employees m6-19 employees m0-5 employees
Figure 55 Staff turnover rate by organisation size
Junior staff
Mid-level staff
Senior staff
0 10 20 30 40 50 60 70 80 90 100
Training Investment
(0=02 days, 33=3% days, 66=40 days, 100=>10 days)
m >100 employees m20-99 employees m6-19 employees | 0-5 employees
Figure 56¢ Training investment by organisation size
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Discussion

The detailed results above provide a plethora of data to reflect on. In this discussion we focushaghthe
leveltrends present in the data, rkfct on why we might be seeing the trends and/or where data might be
conflicting.

To help understand the trends within the data and to better understand the behaviour of the sector we
have grouped the various risk factors presented in the questions inbdbiwad categories:

Internal risks: risks that a contractor has a significant degree of control over, including labour/skills
availability, staff/team experience, site management, staff morale, demands from other projects, project
management (head cordctors), health and safety incidents.

External risks: risks that a contractor has adserdegree of control over, including client changing their
mind, design flaws, council and other inspections, material defects, delayed payment from client, project
complexity. For subcontractors this also includes project management.

In addition, in this section we refer to organisation health which generally includes cashflow, staff
satisfaction, staff turnover, and forward work outlook.

Overall sector

The data dempstrates some general trends around how the construction sector is managing risks. First,
the risk factors that reportedly caused the most delays, errors, and impacts on productivity tended to be
external risks, such as the client changing their mindpncdw@and other inspections, and design flaws and
inadequacies. Some internal capabilities such as communication, project team experience, project
management, and staff morale appeared to be important in reducing errors and increasing productivity,
but they are less prominent.

If delays occurred during construction, organisations indicated they would most likely manage the delay
internally ¢ by working harder, working longer (overtime) or by revising methods and innovating. They are
less likely to seek viations, add subcontractors, or do nothing.

Thee are a number of ways to interpret these resulfBhe results could reflect the nature of the
constructionsectogF YR G KS NRBEtS 2F O2yGN)I OG2NER | a a@am@AOS LI
projects. It could also reflect a cognitive bias of respondents towards riskhtnaylittlecontrol overvs

the internal risk that they can contr@hctor observer bias) This is an area worth further exploration.

The majority of respondents indicated that they would increase their standard margins on projects that
were complex (31%), or where there was low confidencettie clienf and/or no risk sharing ¢3%): all

external risks. Conversely, margins were niaslly to be reduced due to organisational health such as

weak forward workflow (22%) or cashflow (<1%). While not asked in the survey specifically (due to survey
length) some respondents indicated that contract type (e.g. lump sum or measure andwalud)impact

the contingency/margin that was included in a project price.

2 0ne survey respondent also noted they would adjust for not just a difficult client but a difficult engineer.
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The results demonstrate that contractors are willing to increase margins where there are significant risks,

an emerging trend reported in other industry reports (BDO, 2019). @lseydemonstrate that contractors

are willing to reduce costs to bring work in the door. This was identified during the interview stage of this
project (ChangRichards et al., 2019). The willingness to reduce margins is a concern, as this lessens an

orgay A4l GA2yaqQ OFLIOAGe G2 O02LIS 6AGK NRA&Al& RdAdzNRAy3

The data showed no relationship between risk maturity and margin adjustment. That is, it does not appear
that organisations who manage risk more effectively, price projects differently to thdséith R2 y QG ®

In general, organisations that scored higher on the risk maturity scale tended to perform better overall,
including better cashflow and staff satisfaction. Correspondingly they tended to report reduced frequency
of delays on projects. They reped less delays due to both external risks; as well as due to internal risks
Those with high risk maturity also indicated reduced frequency of errors due to lack of staff or low staff
experience.

Organisations scoring higher on the risk maturity scale also reported higher productivity gains in low risk
situations, for example where there is good quality design, simple construction methods, high use of
technology andeduced productivity lossesn projects where there are bespoke or new construction
methods.

These results support our project hypothesis that there is a strong link between productivity and risk
management. Higher risk maturity contributes to less project dedagdower error rates, both of which
contribute to higher productivity. In addition, better overall organisation performance indicates there is a
value case for investing effort into good risk management.

Organisations were also asked about their resilience to disruptiorceses. The results showed a similar
trend to risk maturityc those that scored higher on the resilience scale reported less frequent project
delays, less project errors, and higher productivity, regardless of the risk factors present. They were also
more likely to attribute productivity improvements to internal risk management strategies such as good
communication, experienced staff, and good staff morale.

As above, our hypothesis is supported that resilient organisations perform better. Notably, remhwgith
risk mature organisations, they are more aware of the relevance of internal, less tangible risk management
processes for improving productivity (communication, staff morale etc).

Horizontal and vertical contractors

One of the hypotheses of thiesearch was that the horizontal sector has a higher productivity and

manages risk more effectively than the vertical sector. While we were unable to explicitly ask questions

I NP dzy R WNBIFfQ LINRP2SO0G LINPRAzOUGA @A ( énbrs, pBdactivgyand a G 2
project pricing indicate there are differences in risk behaviour between the two sectors.

Vertical contractors indicated they were more vulnerable to delays from council and other inspections.
Horizontal contractors indicated &y experience more and longer delays related to 1) external risks (design
flaws) and 2) internal risks (demands from other projects, labour/skills shortages and poor project/site
management, H&S, equipment failure). Apart from council inspections, hodakoantractors tend to also
experience longer delays.

Horizontal contractors were also more likely to note internal risks as key contributors to project errors,
including poor communication, congestion on site, poor project managementgcodiéng, andlack of
staff.
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la ¢S 6SNB dzylofS G2 02ttSO0 RIFEGF 2y GKS Wl OGdz fQ
and vertical contractors, we need to interpret this data carefully. The data could either be saying that the
horizontal contractoisector experiences more challenges with internal risks, or that the sector is more

aware that these factors contribute to project errors. This is an area that requires further investigation.

Vertical contractors indicated their productivity is more semsito risk factors than the horizontal sector.
+SNIAOFE O2yGNIOG2NERQ LINRPRAdZOGAGAGE Aa AAIYATAOF Y
deadline, construction methods, project complexity) and 2) internal risks (number of errors raadek

required).

As with the above, careful interpretation of the data is important. These results could be reflecting the
challenging and at times complex nature of vertical construction. It could also be indicating that the sector
is focussed on tis that they have little control over (actor observer bias), rather than internal practices.
This is another area worth exploring further.

It is well established that, in general, margins used by horizontal contractors are higher than those used in
the vetical construction sector (BDO, 2019). Our survey also found this with horizontal and vertical
contractors indicating 13% and 11% margin respectively. Our data also demonstrated that horizontal
contractors are more likely to adjust their margins forctnpetition for project, 2) organisational position
(forward workflow, cashflow, project duration), 3) internal risks (project team experience), and 4) external
risks (risk sharing, confidence in client, and involvement in design).

These results indicaténat the horizontal construction sector has a slightly higher tendency towards risk
based pricing. This could be due to accepted practice of culture of the sector or it could be influenced by
clients/contractual arrangements.

There was no statisticallygnificant difference between the risk maturity and resilience scores of the
horizontal and vertical contractors.

Overall compareda vertical contractors, it appears horizontal contractors are more nuanced in their
consideration of risk, in particular koit impacts errors and how they price risk into projects. They are
aware of both internal and external risk factors. That said, it also appears that vertical contractors do have
significantexternal risksn their projects thatare significantly impactig their productivity and timeliness.

Head and subcontractors

The survey sample had a relatively low number of respondents identifying as subcontractors. As for
horizontal and vertical, there were no statistically significant difference between thentskesilience

maturity of the two groups. However, there were some patterns within the data that indicated a difference
in approach to managing risk.

Subcontractors appeared to be more significantly impacted by project delays, experiencing more frequent
and longer delays. In particular, they were impacted by external risks such as delayed payments. Poor
project management also emerged as a significant source of delay. It is likely that when subcontractors
answered thigjuestion,they were referring tgroject management of head contractors rather than their

own project management, however, this is unclear. Subcontractors also indicated a less positive forward
workflow thanhead contractors

Subcontractors were more likely to identify errors caubgd) internal risks (inexperienced staff and
morale), and 2) external risks (congestion on site, project management anduttisg). Head contractors
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indicated more variation in productivity than subcontractors, particularly where there are internal risks
(such and poor communication, fatigued team, low staff morale), although the difference is not significant.

Subcontractors tend to adjust their project pricing less than head contractors. Head contractors adjust
more for internal risks such as inexperiedéwveak project team and organisational health (poor cashflow).

Overallthis data reflects an underlying understanding in the sector that risk is passed down the supply

chain and subcontractors bear the brunt of the risk. Here risk manifests in deldysrans caused by

(amongst other things) poor project management. Despite this, subcontractors are much less likely to

I R2dza i GKSANI YIFENBAya (G2 F002dzyld F2NJ NAal O066KAOK |
margins).

Size of organisation

Generally, our data showed that large organisations are more impacted by project delays; both in
frequency and duration. Large organisations were also more likely to indicate risk factors contributed more
significantly to project errors and productivity.

Compared to small organisations, large organisations tend to adjust their margin more fiactisis but

have a lower typical margin than small organisations. Notably, smaller organisations indicated they would
increase their margin, when large orgaatisns would decrease theirs: including for projects with risk
sharing, where there is strong competition for projects, low project complexity.

Large organisations tended to score higher on both the risk maturity and resilience scale.

97% of constructio companies are small organisations. And this data indicates that small organisations are
lessnuanced in how they perceive and manage risk. It also, arguably, shows they are not as significantly
affected by risk. Although without objective data on puctivity this is difficult to say definitively.

Limitations

Generallypur survey sample included a representative range of construction businesses by size. The low
number of respondents who identified as subcontractors and horizontal contractors, redocdidence in

the sector group observations in the report. The data provided a number of statistically significant insights
whichis encouraginghowever, results should be read with the response rate in mind.

The nature of the survey, and inability to connect subjective survey responses to more objective measures

I NPdzy R LINRP2SOUG SNNRNE FyR RStlea YSirya ¢S | NS NBf
experiences when answering the questions. &ample, when respondents are answering questions

about how significantly a particular risk factor affects project errors or productivity, then their answers will

be relative to their (often neaterm) experience (availability bias). As noted above, bat& contractors

tended to identify more internal risks, than vertical contractors. This could be reflecting a greater
understanding of risk factors, rather than actual risk factors.

Similarly, the risk maturity and resilience questions rely on an sioagsessment and reflection of an
2NHBFYyAal A2y aQ Odomdpatkipaitsiigflaed theinansweis. THatSaidAparficPants
were offered a personalised report based on their responses to these questions. The reports included
advice orhow to improve risk and resilience. It is hoped that this would have improved the level of
honesty in the responses for those who requested a report. Using techniques beycadsasdtment to
collect data on organisational culture, behaviour, and eperformance, would be significantly more
resource intensive.
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We are aware that the pricing questions caused a challenge for some respondents. A number of

participants either did not complete or dropped out of the survey at the pricing questions (use of

contingency and margin adjustment questions). While we do not know the exact reason for this, there

were a number of free text comments that expressed confusion over the questions and frustration that the
questions did not allow for other neprice mechani¥da F2 NJ LINA OAy3a NA a1l F2N SEI
using a provisional sum.

Ghy | GeLAOKt LINRP2SOG ¢S lFaaSaa SIOK 2F GKS N&A
assess contingency or risk ownership based on that. The answer is ng$ abnadjust price via
contingency or marginit may be to not accept the risk and tag it out or use some other

commercial tool to share the risk the best way (e.g. provisional sum). Your question does not allow
for these other norprice methods ofdealid oA 1 K NA & | ¢

Other respondents did not understand why you would change the margin:

428 Ffglea LINANOS SIOK 220 ¢gAGK GKS SEIFOG &l vys
02 FR2dza i LINAOAYy I dE

Gal NAAY &aK2dzZ Rydid OKIyIXKPPOtLINRTS (131008 2 NAXAYE2

The pilot of the survey did not identify this question as problem, we were and are aware that the sector is
not consistent in its use of contingencies and margin adjustments. While the pricing questions have
provided useful insightyve note that interpretation of the question may have varied.

Application to sector model

The results from this survey will be used to inform RiskFlow, a systems dynamics model of the construction
sector being built by the research team. In particular ibl@ationships between external risk factors and
project delays, errors, productivity and project pricing will become inputs into RiskFlow. Organisations in
RiskFlow will also be characterised by their risk maturity and their ability to manage inteksal Tihrough

the dynamic feedback loops embedded within RiskFlow, these organisational characteristics in turn will
affect the number and nature of project delays, errors, productivity and project pricing.

To mitigate some of the survey limitations dissed above, we will use an expert elicitation process to
review, validate and supplementhe survey results before they are integrated into model.
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Appendix 1Surveyguestions

DRGAMISATIONS

Resilient & ALICELiND e
5 gisne T,

Risk management in the construction industry

Please read the folltwing note before completing the questionnaire.

Wi want 1o help the cornstrucion secior perfonm Detier, BRAMZ is funding this waork 10 help us Deter undarstand the robe of risk
management and resilience mn sacia pafiormance.

The survey will Lake Bpproximately 15-20 mindles D comglele. Your reSponses aie An0nymous, ant you and your organisation wil
nal be identilied A5 A panicapant withoul your ConSent. However, you may “opl-in” il you wish 1D recene a personalised repor on
your anganisation’s resilience and risk management capabiities. This will requine you 10 erer yowr coract details, induding name,
busiress name and email address, [ yow opl-n 0 receive the repon your responses will no longer e anommous. However, all of
wour details will be kept confidential, and will ooly be accessible 1o the reseanch team.

By completing e guestionnaing, i will be wdersiond that you hiwe consented 1o participate in the projec and thal yiu consent 1
the publication of e resills of the project with thie unterstEndng Thal anarnymity will De preserved.

I you hawe any quessons relating 1o the Survey o project, please contact Charlone Brown, Joint Managing Directon, Resilizn
Cwganisations Lod, chakoine brovwn i resongs ongng.

This progect has been reveewed and approved by the University of Canlerbuny Human Ethcs Comimilles. Pamcpants should
address Ay complaints I The Chir, Human Ethics Commies, Universily of Canterbury, Privale Bag 4800, Chrisichurch (uman-

Eahecs e ares iy B0 1)
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Resilient i  ALCKLANG L. -
" AUCKLAND ) X

ORGANISATIONS = W v

Risk management in the construction industry

Section 1: Organisation demographics

* 1. In general, what type of projects does your organisation work on? (select one)

Horizontal infrasiruciure construc®on (roading, waler nfrasiruciure eic)
vertical construction (Duildings, houses eic) (select one)

ConstrucHon Senices (electntans, plumbers, Concreters, carpel layers, plasterers, joness i)

Omer (please specily)

* 2. In general, what type of projects does your onganisation work on in the vertical construction sector?
Resideritial
hon-residental

Both
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P fesliens  gyras  yme

Rl AMISATEONS

Risk management in the construction industry

Section 1: Organisation demographics cont.

* 3. What role doos your organisation most ofien play within the construction sector? (select ong)

Haad coriracion
Subconiracion

Sub-SubConiracion

Omher [please Specity)

* 4. How many Tull time equivalent employees wirk in your organisation? (Select one)

0 {sole rader)
1-5 erployees
B0 ernployees
10-10 employees
20-49 employees
E0-99 gmployees

=100 employees
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5. How often do the following Tactors cause a delay or disruption 1o a project?

very  Alllhe
Mlever ‘HBIIH:,I’ Sanmielaes often TiFne A

Clierit changang their mind

Design Nlaws o inadequacies i
Maievial Supply delay

Manevial defeois

Enuipment 1alune |
Health and salety intidenis

Council and athes nSpeciong |
Delayed payment from chemt

PoOr prpact Or Sile mansgemen

Demands from other projects

Labouriskills shartage

Ot [please spacily)
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6. On average, how long are the project delays caused by each of the Tollowing factors?

Client changing their mind
Design esrorsilaws

Material supply dekay

Material defects

Equigrent Taiuine

Health and salety incdents
Countil ant ofhes nSpection
Delayed payment from chent
PoOr progect Of Sile mansgemen
Demarxls from oiher projects

Labouriskills shartage

Onher please specily)

Hours

Days  Weeks Moaths  Years

A
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Resilient &  gyiuciee Nme

OBGANISATIONS

sk management in the construction indu

Section 2: Projects cont.

7. How do you usually manage time overuns?

v Rarely Somelmes  Very often AN The Gme

Revise methods | mndvate

Wik handes

Work overime

Increase s on project

Ad mgre SUBCORECNS

Seek vanralions

Do rothing (BC0Ep! CONSequENnCEs, &.(g. penalties)

Other (please specily)

8. How significantly does each of the following faciors contribute to project errors?

Shightty  Modirately Wiy
Motatall  significart  signilicant  Sigricard  significant

Fatigue
Poof communicalion

Poor design

Pressune 10 meel a deadinefsark inengity
Lack of siafifioss of siaf

Loww beved af experience amangst sian

Congestion oo disciganisaton on-Sie (g.g. 100 many
peapkatrades)

Bespoke | vew ConSULCHon methods
Matesial delects

POOr propect of Sile Mansgemen
Cost-cistling &clions

Poor project 1eam morake

Onher [please specily)
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ORGAMISATIONS

P oot gams 3me

Risk management in the construction industry

Section 2: Projects cont.

9. When pricing projects, what mangin do you typically include? (select one)
0-2%

-4%

E-6%

T-B%

B-10%
13-129
13-14%

15% or more

Preder nol 1o Say

10. When pricing projects, do you include contingency allowances 1o account for risks? (select ong)
s, ahways

Yes, when the chenticoninact abows

I, wel BCCOUNL Mor risk within our masngin

Oither (please specily)
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11. During project pricing, 1o what exient are typical project contingencies and margins adjusted for the

following factors?

High confidence in chentl heat conlracion (1o pay, for Adegiane
design, MaNAge SCopE, pay waraions)

Riisk shared Detween all project parties
Inwvohement in design process

Liovw competton tor project from athes coriracions

Sirong looward workMow (your crgERSanon has & lt of work)

Sirong currénl cashilow

High degres of project complexity fe.g. technical wark, health
and salety risk, regulatony risk, number of SUbGOMTACIOR,
supgly challenges)

Long project (musiple years)
Shon project (manths)

Inexpenencedivweak projec 1eam

Expeniencedisirong project 1eam

Lova carfidenss in chenthead Comracion

Mo risk sharing

MO invalvement in esagn prodass

Slrong competton 1od praject from ofer caniactors
Wk forwasnd workfionw (your orgarisation has iile work)
Poor cusrent cashfiow

Loww disgree of project complesty

Onher [please spacily)

ET T

[ali]
i ﬂl&'ll? e

| don
——— 5% know A

10
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