- 5 Institute of £
University of Stuttgart €ngineering Geodesul I@

Germany

Real Time Quality Assurance Indexes
for the Residential Houses
Construction Processes

FIG Working Week 2011
TS 04F -Project and Organisation Management
Commission 10
Li Zhang, Volker Schwieger
Institute of Engineering Geodesy (IIGS), University of Stuttgart, Germany
Marrakech, Morocco, May 20t, 2011

e 5 Institute of =
University of Stuttgart ) Geodesvl I@

Germany

Structure

* Introduction
— Motivation
— Project QuCon
— Quality Model in QuCon
* Real Time Quality Assurance Indexes
— Basic ldea
— Crafts, Check Items, Checkpoints
— Weighting Factors of Checkpoints
— Scoring of Checkpoints

¢ Conclusion and Outlook

FIG Working Week 2011, Marrakech, Morocco Friday, 03 June 2011 No. 2

FIG Working Week 2011
Bridging the Gap between Cultures
Marrakech, Morocco, 18-22 May 2011



University of Stuttgart Institute of I I @

Germany €ngineering Geodesy

Introduction

Motivation

Quality control gets more and more important in construc

« Small and medium enterprises (SMEs) are the most acti
residential houses sector: problems to build up a quality
system (too expensive and time-consuming)

Project QuCon

Source: Institute of Construction Management ,

EU-project “Development of a Real Time Quality Support ™o ersuo
System for the Houses Construction Industry* (QuCon),
(Partners are from Germany, Cyprus) G u

Quality Model in QuCon Con

vaiasitey] ||} D - ; ;
Algorithms is developed with
—— i .
) respect to Quality Model.

: T ees Avai!ability is the
[ Timeliness ] e | Overall Quality Assurance Index!
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Real Time Quality Assurance Indexes

Basic Idea

Quality control in construction industry is realized by site inspection, time of the
inspections can be defined as Checkpoints (critical points, yellow box in figure)
Determine the scores (=availability) and weightings of the Checkpoints

Determine the Real Time Quality Assurance Indexes as the weighted mean
of the scores of Checkpoints (example)

Carcass construction:
earthwork

W,
Site installation CHEE Tl S = B
‘ ; ‘ installation Quality Index at Q J j=J
Checkpoint height this point of time? Wi
et =1
Eari works: sxcavation Creckpornt sxcavaton — Wjis the weighting for Checkpoint ,
- S, is the score for Checkpoint j,
vt it o Ml s o | -J |s.the tgtal nqmber of the Checkpoints up to
this point of time.
Survey: aligment stage

Two problems to be solved:
T OIS 1. Weightings of Checkpoints
Solimaiovenen 2. Scores of Checkpoints

Soil improvement
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Real Time Quality Assurance Indexes

Crafts, Check Items, Checkpoints

e Crafts: Task groups (e.g. structural, electrical, sanitary, painting work etc.)

e Check Items: For the quality control of different crafts, there are checklists,
that contain many check items, which should be checked by inspector
(contracts, standards, literature etc.)

» Checkpoints: Time of the site inspection during the construction processes,
One Checkpoint can contain check items that belong to different crafts

Check items 1.1
Checklist 1
Checkpoint 1 : }47 (for Craft 1)

Check items 1.X
Checkpoint 2 Check items 2.1

Sub-process 1

Checklist 2
for Craft 2

Check items 2.M1 }47

M Checkpoint N-1 }4—{ Check item X.Y

Total
process Checklist X
(for Craft X)

EEEEER (oo T
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' Real Time Quality Assurance Indexes

Weighting of Checkpoints

1. Define the weightings of crafts (e.g. according to cost )

2. Determine the weightings of check items
3. Determine the weightings of Checkpoints
Crafts No. Crafts Crafts Number of Check Items
Weightings|| Check Items ||Weightings[%]
1 Earthwork 3.6 6 0.6
2 Structural Work 31.2 63 0.4952
6 Electrical Work 3.8 14 0.2714
7 Heating and Sanitary Work 12.9 40 0.3225
17 Floor Covering 4.2 6 0.7000

=6-0.6%+4-0.4952% = 5.58%

checkpoint for exvacation

The 1. Problem: Weightings of Checkpoints is solved!
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Scoring of Checkpoints

‘ Scoring System of Checkpoint

|
.

s N Na
Step 1 Step 2 Step 3
Scoring Weighting Weighting
{ Pranned and [Cewense JH——s[ s e |3
i actual expense, H S_process |
i timefor : =
3 checkpoint j [T | > s_timej 1
ek | [ e G ilabili
e | | g Availability
Scoring
Checkpomt] Y coeciness (AR < oo ]}
e sccuracy ||
items j.M
—=— — = — ——J/\ J

*Step 1: Classify and scoring of check items and input planned and actual

expense and time
*Step 2: Scoring of product- and process-related quality characteristics

*Step 3: Determination of overall quality indexes
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Scoring of Checkpoints
Scoring of Product-related Quality Characteristics

>
Characteristics Check Items Score

« Classify the check items to: for completeness, for correctness,

Check item j.N-1
Check item j.N

. Y con

| S I | aSS|fy Completeness j.1,j.2,4,... Sj
— Correctness j-3,i.5,},7,].8,.. Sj°°’
Accuracy i6,i.9,.... S

and for accuracy (only for the high-precise)

* TheS{"",S;” andS;* are the scores of product quality, they are weighted mean
of the according check items, they are between 1 and 5*

nangom cor
com , acom cor | geor acc | qacc
Z Wi - Sa Woi - Sh) Z Wi - Shy
com _ _n=1 cor _ _n=1 acc _ _n=1
Si" = naneem S] =N S; Nz
com cor ace
2 Wi 2 W WS
n=1 n=1 n=1

*1 represents fail, 2 is the threshold, 5 is maximum score, 3 and 4 will have a check-specific range of values
Friday, 03 June 2011
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Scoring of Checkpoints

Scoring of Process-related Quality Characteristics

by comparing the actual and planned expense and time
b Tb

M j time _ _j
S1 = g 1" = 35

« Elis the actual expense andE” is the budget between checkpoint j-1 and j
* T?is the actual time consumption and ij is the planned time consumption

between checkpoint j-1 and j
* In this way, the S and Si™ should be around 1. The bigger they are the

better is the quality.

S_process j [;
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Scoring of Checkpoints
Scoring of process/ product/ Overall Quality Indexes
by weighted mean of quality characteristics

———————————————— P -y

17 . WJcom + SJ . WJcor + Sj . Wjacc:+|sjexp . Wiexp + S;ime . thime 1
s L5 5 5 L )
] W_com + W_cor + ancc + W‘exp + W_time

1 Il ] ] 1

Product-related quality Process-related quality

+ S S{”and S{**are normalized (divided by 5), so that they are also around 1
. Wj°°r? WJF‘”, vvja“, Wjexp, Wj“meare the weightings for the quality characteristics

The 2. Problem: Score of Checkpoints is solved!

j=J

=1
QJ ==
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Real Time Quality Assurance Indexes

SU | | ” I |a.ry A Scoring System of Checkpoints &
Construction Process q 3
Real Time Quality Index
Checkpoint 1
S_product 1
Checkpoint 2
S_product 2 ‘

Planned and E]%

Checkpoint actual
1 expense, S_process j-1
time for E =
i S duct j-1
checkpoint j _product j Weighting
Check factors of the
items j.1 checkpoints
q Check =
Checkpoint j . S
Check
_ items j.M
Sub- Checkpoint
roce:

[s_process N} E
Checkpoint S_product N
N
Input by
Inspector

Real Time
Quality Index

Output for project
manager

By using the checkpoints and scoring system, the reasonable and necessary
action can be carried out, the quality of the construction can be improved and
assured in real time.
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Conclusion and Outlook

* An application-oriented Quality Model for the residential
houses is defined.

« The algorithms of real time quality assurance indexes is
developed with respect to this Quality Model.

* The research results is implemented in a web-based software,
the prototype is ready-to-use.

« Checkpoints, check items, weighting system should be
upgraded by feedback from the end users.

* The developed QuCon scoring system is not restricted on

residential houses. (Application to other construction
processes: high-building, road construction etc.
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Thank you very much for your attention !

CONTACTS

Dipl.-Ing. Li Zhang /
Prof. Dr.-Ing. habil. Volker Schwieger

Institute of Engineering Geodesy, University of Stuttgart
Geschwister-Scholl-Str. 24 D

70174 Stuttgart

Germany

Phone: ++49-711-685-84049 / -84040
Fax: ++49-711-685-84044
E-mail:
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Real Time Quality Assurance Indexes

Scoring of Checkpoints
Scoring of process/ product/ Overall Quality Indexes

* One Score for Product Quality:
SJCOM

S product __ 5
) =

cor
SJ

acc

AW com SJ
J

5

W cor + W acc
J 5 J

(WJcom +Wer +WJacc — 1)

Weighting: W™ W o W e

com cor acc __ n=1 n=1 n=1
WO IW W = et T —
com cor acc
OWS Y WS w2
n=1 n=1 n=1

* One Score for Process Quality:

SJexp .WJexp + S;ime ‘WJ!ime
WJexp +WJlime

Weighting W, WJ“me should defined by user.

process __
S; =
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# preparation of constuction

=l carcass constuction of earthwork i
site facilities
survey Measurement for basement excavation 7
earthwork: basement exvation 8
Other work e g basement safequrarding i

acceptance excavation ground inspection (excavatii 10
connection shaft

Survey: building of aligment stage 101112
Earthwork: base pipe(connection to canalization), fi 13
Acceplance drainage i

= carcass constiuction of basement 15
concrete work: foundation 15
electric work. earthing 15

acceptance foundation: height of raft foundation 17
eletric work: empty conduit, wall breakthrough, facil 18
heating and sanitary-wall breakthrough 13
concrete workibrickwork-basement external wall  17.1920,2
disassembly of aligment stage 2
concrete workibrickwork-basement intemal wall 22
sletric work: empty conduitin, basement celing 26

heating and sanitary.ceiling breakihrough 2
acceptance celing reinforcement 2526
concrete work:baserment ceiling 252627
quality survey of basement stair
concrete work:basement stair 25,2627.2
drainage 30
isolation and waterproofing of basement external w 31
light well El
acceptance light well, basement insulation =]
house senice £
earthwork: backfilling of the workroom 3435

# carcass constmction of ground floar %

# carcass constction of attic story “

# Internal extension 66

# Extemal extension 8
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Datel  Bearbeiten  Ansicht Chronk  Lesezeichen  Extras  Hilfe

& - cx

[T Project Plan

ConDEHouses/Proj

USTUTT - Sample House

Back to House Management | Agd Task | Add Task Below | Add Sub Task | Edit Details | Edit Check ftems | Edit Predecessors | Qualty Score | Delete | Refiesh

Cost Task & a8l
0 [J 736 = ConstructionProcess
1 0 73 & Prep: of
: |ag] Site investigation
3F 1 Survey: Regional survey
4 01 Seperate connections of utility er
5 O 155 o] =
6 Cpwis =l Carcass construction: earthwork [, ]
7 O Site installation -
8 Cpwi Survey: measurement for exc: -
9 Opw Earth works: excavation -
00 1 Excavation containment, dew: -
1m0 Connection shatts -
12 Opw1 Surey: aligment stage
13 Cpw Earth works: ground pipes {cc -
w0 137 o] ==
15 [(Jpes9 [= Carcass construction - baserr  —
16 Clpe Electrical work: foundation -
17 Cp Concrete work: foundation -
180 1 Concrete work: blinding co 1
19 Cpe1 For electrical work: empty
20 Cpe For heating and sanitary. v
21 Opw Openings for doors and wit
22 Ope1 Roller shutter installation
23 Cfw1t Concrete worksbrick layer': v vl
< B >
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