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Abstract. There are many quality problems appearing in residential engineering in recent years. Such
residential engineering quality problems are investigated. Through statistical analysis of survey
samples, 24 kinds of major quality problems and their corresponding features which often appear in
residential engineering in recent years have been found, and the factors result in these residential
quality problems can be classified into 11 categories by Delphi method. Using the adjacent matrix
method based on reduction to unity, the multi-effect relationship among 11 kinds of factors is
analyzed, and the impact degree of every factor to residential engineering problems has been obtained.
The research achievement provides the scientific evidence for further solving residentia engineering
quality problems.

Introduction

With the rapid development of Chinese economy in recent years, people’s residential condition and
life environment has been changed and improved in big extend. Because the residential qualities
related to people’sdaily life, safety and value of property, people pay more attention to house quality.
However, it can be known from some mediums and rel ated research reports that the residential quality
situationsin chinaare not so good!™). Some residential engineering accidents appear in some cities and
house consumers’ complaints also increase rapidly. Such problem not only brings much adverse
effect on social stability, but also produces a large amount of economic loss to nation. Thus, it is
necessary to analyze the problem in time for seeking an effective solving method.

The Main Problems of Residential Engineering and Their New Feature

In order to find and understand the existing quality problemsin residential construction in recent years,
the research group investigated the quality status of residential engineering in Chinathat constructed
between 2014 and 2016 with the support of Chinese ministry of construction, the national
administration of quality supervision, China consumers association as well as 19 large-scale
construction enterprises, and obtained 2113 effective survey samples and relative historical data in
2005 and 2006. Based on statistics results of survey samples, 24 kinds of mgjor quality problems
which often appear in residential engineering in recent years have been found. The descriptions and
their cumulative reflection frequency of the 24 kinds of quality problems are shown in table 1.

It can be known from above table 1 and survey results that the whole level of Chinese residential
construction quality has been improved obviously through years of efforts, especialy, the quality
problems in engineering main structure have a decrease in large. Meanwhile, some new following
features of residential engineering quality problems have been found through comparative analysison
the cumulative reflection frequency of 24 kinds of quality problems with their corresponding
historical datain 2005 and 2006.

(1) The difference of residential quality levelsin various regionsisvery large.

Knowing from the statistics of survey data, although the total residential engineering quality in
China has alarge improvement in recent years?, there is a big difference in residential quality levels
in various regions. Overall, the engineering quality in economic developed areas is better than in
economic underdevel oped areas, the engineering quality in big cities is better than in small and
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Tablel Statisticsof quality problemsin residential engineering

_— Cumulative reflection frequen
Order Problems description 2014 | 2015 | 2016 2385 Cy2006
1 Cracks of wall, floor, and roof. 7114 | 5327 | 4271 | 9203 | 8994
2 Water percolation in roof, wall, bathroom or kitchen floor. 6920 | 5306 | 3319 | 7342 | 10003
3 Balcony railing disengages or cracks of balcony board. 2085 | 1477 752 8133 | 8542
4 Water, heating and gas pipe qualities are substandard. 1173 912 966 | 4001 | 5347
5 Blockage of water, heat and gas pipelines or other facilities. 2493 | 1702 | 1107 | 8544 | 11432
6 Exterior or interior wall’s plaster layers peel. 1817 | 803 112 3974 | 5125
7 Facility like television, telephone, Internet, intercom is failure. 2951 | 3124 | 4411 | 1114 | 312
8 Electrical circuit is unreasonable or leakage. 1512 | 1181 758 4399 | 5102
9 Damage or deforming of doors or windows. 3342 | 3018 | 2293 | 5731 | 6112
10 Switches of door and window are damaged. 1556 | 1417 | 2031 | 3231 | 3015
11 | Substandard soundproof capability of door, window, wall or floor. | 1945 | 2308 | 4530 | 902 414
12 | Substandard insulation heat effect of wall, door and window. 2828 | 1861 | 2312 521 993
13 Indoor air is polluted by ornament materials. 1968 | 5323 | 7495 | 246 214
14 | Substandard floor slopein balcony, kitchen or bathroom. 1453 | 1042 | 751 1018 | 2101
15 | Ceramictilesof floor, wall, bathroom or kitchen fall off. 744 | 1333 | 3201 | 594 203
16 Damp or mildew on walls or floors. 201 155 167 302 451
17 | Water percolation in basement floor or exterior wall. 552 304 151 428 593
18 Flue, rubbish well or vent is blocked up. 610 442 201 553 431
19 | Deflection of floor is substandard. 30 32 67 87 51
20 Indoor equipment and facilities are not securely installed. 52 62 40 12 21
21 Inferior materials 2808 | 4903 | 5721 | 1611 | 1114
22 | Bathroom stinks. 302 565 445 371 103
23 | Elevator isunable using properly. 432 499 712 57 8
24 | Rainwater pipes, sewer pipes or public facilities are damaged. 1217 | 1633 | 2174 23 82

medium-sized cities, and the engineering quality in small & medium-sized cities is better than in
towns and villages. Despite there are some high quality residential engineering, the rate of high
quality residential engineering in al residential engineering is very lower.

(2) Some new quality problems emerge.

With the development of new materials and new building technology, some quality problemsin
the past residential engineering have been cured. But some new quality problems emerge with the
application of new materials, new technologies and new implement processes, such as fallure in
communication lines, substandard soundproof capability of door, window, wall and floors,
substandard insulation heat effect of wall, door and window and so on. Especially, because of using a
large number of new ornament materials in housing building, indoor air pollution have become the
most important, significant and very common quality problem, which already becomes a hot
complaint point by people.

(3) Theresidentia quality complaint range is enlarging.

Before 2006, consumers rarely make a complaint on the residential public facilities and
environment, such complaints in many cities is even zero. But it can be seen from the statistics of
survey data that these problems complaints number on the residential public facilities and
environment has an obvious increasing in recent years. In some of economic developed cities like
Beijing, Shanghai, Shenzhen, this kind of complaint is more than other cities relatively. This shows
that consumers not only pay attention on residential quality at present, but also more concerned about
the overall quality and living environment.

Group Factor Analyses of Residential Quality Problems

In order to seek and find the reasons of these residential quality problems, and put forward the
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scientific evidences for further solving the problems, above 24 kinds of quality problems are
discussed by Delphi method after inviting 12 engineering experts. These experts think through 13
round of discussion that the factors result in these residential quality problems can be classified into
11 categories, namely, engineering design, management method, organizational system, building
material, construction machine, technical, project personnel, operating environment, objective factor,
project funding and schedule. For whole engineering, these factors form a factor group that lead to
residential engineering quality problems.

In the engineering system, the group factors interact rather than independent individually, and
make multi-effect to engineering qualities possibly, so, these factors can be named multi-effect factors.
Obvioudly, the impact degree of multi-effect factors to engineering quality are different, if make the
impact degree divided into five classes, larger(5), large(4),medium(3), smal(2)and smaller(1),
thel2engineering experts give following corresponding values with every factors as table 2.

Table.2 The impact degree of multi-effect factors to residential engineering quality

Design Managing - Organization Machine |Material [Technical Project Operatmg Objective Funding (Schedule
method system personnel |environment | factor
4 3 3 3 3 4 4 4 4 2 2
4 4 4 2 2 4 4 3 3 3 2
5 3 3 1 4 4 5 3 5 4 3
3 4 4 1 2 4 5 3 3 3 2
3 4 3 3 2 4 5 3 3 2 2
4 4 3 2 3 3 5 3 4 3 1
3 4 3 3 3 4 4 3 2 2 3
4 4 3 3 2 3 3 3 4 3 2
5 4 4 3 3 4 4 3 5 2 3
3 4 4 3 4 3 5 3 3 2 2
2 4 3 2 2 4 3 3 2 3 1
2 4 3 1 2 4 4 4 4 3 2

Analysis of Multi-effect Factors

At present, the most common method to analyze the relationship of multi-effect factor is the
adjacent matrix based on reduction to unity!®l. This method puts all data in to a matrix after
unite them by a predefined rulel¥), and then obtain every factor’srel ative weight in factor group.
According to every factor’s relative weight, the impact degree of every multi-effect factor to
management object can be determined. So, based above data in table 2, the adjacent matrix of
these 11 categories multi-effect factors can be established as following formula one based on
reduction to unity.

08 06 06 06 06 08 08 08 08 04 O
08 08 08 04 04 08 08 06 06 06 O
10 06 06 02 08 08 10 06 10 08 O
06 08 08 02 04 08 10 06 06 06 O
06 08 06 06 04 08 10 06 06 04 O B
. o8 08 06 04 06 06 10 06 08 06 O
U_{%}_OB 08 06 06 06 08 08 06 04 04 O
08 08 06 06 04 06 06 06 08 06 O
10 08 08 06 06 08 08 06 10 04 O
06 08 08 06 08 06 10 06 06 04 O
04 08 06 04 04 08 06 06 04 06 O
04 08 06 02 04 08 08 08 08 06 O

Here u; isthe normalized value, i =12, j=11. If using factor analysis principle as atool to deal
with the matrix, and let every factor value asitsweightw; , then, the following result can be obtained.
w ={Wi Jd=1- 1]} ={0.092, 0.103, 0.093, 0.079, 0.073,0.101, 0.125, 0.093, 0.093, 0.083, 0.065}
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Where, min{w} =w,, =0.065.If selected it as the comparison base val ue, the multi-effect valued; of
each factor respectively is as follow.
d =142, d,=158 d,=143 d,=121, d,=112, d,=155 d,=192, d,=143 d,=143 d,=127, d,=1.00
According to therelevant rule of factor analysis principle, the consistency test value should be less
than 0.10, and g =5.78 if factors number N is 115, so,

_ 1o.d - i .
=139 _154 g=8-N_154 11:0,44,b:5/:0i4:o.o761£>o.10
NG w N-1  11-1 9”578

It ca be seen from the analysis result that this analysis process meets the consistency test
requirements of factors analysis principlel®. On the bases of which, if rank all multi-effect factors
according to the multi-effect value of each factor from small to large order, then, the below outcome
can be obtained.

dll<d5<d4<d10<dl<d3:d8:d9<d6<d2<d7 (2)

According to the order of all multi-effect factors, project managers can find the impact degree of

every multi effect factor to residential engineering problems and take corresponding measure to solve engineering
quality problems.

Conclusion

In order to understand residential engineering quality problems, finding their primary and secondary
sources, and provide effective evidences for solving such problems, the paper analyzed the survey
data about residential engineering quality problems, and found these problems’ new features that
often appear residential engineering in recent years. Based on statistics data of survey results, the
relationship of multi-effect factors has also been analyzed and obtained following achievements.

(1) Inrecent years, thetotal residential engineering quality in Chinahas alarge improvement, but
the residential quality level has a big difference in various regions.

(2) 24 kinds of major quality problems often appear in residential engineering, where, indoor air
pollution is the most important quality problem.

(3)The factors that result in residentia quality problems have 11 categories, where, the
engineering schedule and inferior materials are the most multi-effect factors.
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