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Abstract. This work presents results obtained from a case study conducted on M’kam
neighborhood (600 housing social city) in Laghouat, Algeria. The bloc (J) in this location,
suffering from damages that are attributed to the expansive clayey soil interaction with
sewage disposal under foundations was the subject of rehabilitation in this study.

The principal causes of observed structural damages were studied through diagnostic
expertise (inspection-evaluation process) of the cracks and sewage disposal system of bloc
(]). The results of this diagnostic investigation show that the main damages were mainly due
to swelling of soil in presence of losses from sewage disposal. Remedial actions were
suggested to revise and repair all the sewage disposal system and strengthen the
foundations of the building to avoid further damages.
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1. Introduction

Expansive soils can exert, in presence of water, enough force on a building to cause severe
damages. Cracked foundations, floors, and basement walls are typical types of this damage. The
occurrence of expansive soils in more pronounced in southern and arid regions such as the case
of region of Laghouat in south Algeria (Kamel et al,, 2013; Seco et al.,, 2011). Due to important
swelling and shrinkage potential of soils in arid region, it has become a severe problem to civil
engineers. When a construction is realized on expansive soil under arid environmental
conditions without the pre-understanding of their properties, the damage will be dramatically
severe (Kolay and Ramesh, 2016).

This paper presents a case study from an arid region (Laghouat, Algeria) characterized by a
surficial formation of highly expansive soil. A social housing building (Bloc ]J) with signs of
distress and observable cracks was investigated to report the source and level of damages and
propose rehabilitation measures.

2. State of the studied site

The studied site is located in Wilaya of Laghouat, Algeria (Figure 1). Laghouat is considered a
semi-arid region, characterized by a hot dry climate in summer, followed by a cold rainy season.
The studied site (M’kam city) is covered by an expansive clayey soil. The structure of studied
bloc (]) is realized with reinforced concrete.

The bloc (]) consists of sanitary basement, ground commercial floor and three floors for
residential use as shown in Figure 2. The visual inspection of the structure revealed evidence of
cracking of external and internal walls of first and second floors. Some photographs showing the
current state of cracks inside and outside bloc (J) building are presented in Figure 3. Most of the
cracks in the building were found to be at the internal walls of first and second floors.
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Fig 1..Map of Algeria, situation of Laghouat.
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Fig 2. Situation and general structure of Bloc (J) building.
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a) Inside b) Outside
Fig 3. State of cracks inside and outside bloc (J) building.

3. Foundation and building sewer inspection

The foundation of the studied building is of the superficial type, it is formed of insulated soles
bonded by stringers. These soles are placed on a massive concrete. The foundation plan of the
studied building is presented in Figure 4.

The main sanitary sewer system of the building is located in the basement and collects
wastewater from the floors sewers. Blockages in the building sewer can cause backups of
sewage toilets, showers and floor drains. These types of blockages are sometimes referred to as
basement backups, which can lead to disease, destruction of valuables and damage of building
property. Damages in the building sewers system have been located in the basement of the
studied building, which causes infiltration of wastewater through cracked pipes (Figure 5).

4. Repair and remedial measures

The type of any proposed repair or remedial measures undertaken on a damaged building
depend on the following factors: the extent of the damage, the source causing the damage and
the cost of remedial solutions (Mughieda and Hazirbaba, 2015). In this study the following
remedial measures and building repair types were recommended:

4.1. Building sewer repair

The first step to repair the damages is repairing building sewers. The solution consist on
performing an inspection of wastewater utility, prior any repair, to identify if there is a problem
in floors sanitary sewer pipe system. After this preliminary inspection, the main sewer manhole
located in the interior of building (in basement) is changed to the exterior, before the main
sanitary sewer in the street, to avoid any wastewater infiltrations around the foundations
(Figure 6).




Ouai., J. Build. Mater. Struct. (2017) 4: 16-21 19

Building entrance Joint Building entrance

i i & - i

| ! I | |

325 | I i |

i ! i i |

| | [ | |

@ _:..____._‘_.____._j..:.,_ ......... _._ ......... a
i | i [ |

!‘ i i !‘ i

325 ' 11 | '

[ | I [ |

oY S S ¥ S S
i i || i i

4.10 | I I I |

| | [ | | |

i | ii i |

0O 4 S B "

Joint foundation

Fig 4. Foundation plan of the building.

Fig 5. Infiltration of wastewater through cracked pipes.
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Fig 6. Main manhole sewers were moved completely outside the building.

4.2. Building foundations reinforcement

It is inspected that repairing wastewater utility and elimination of any infiltration of wastewater
to the foundations specified in previous section, will restrict the problem of swelling and
shrinkage of the foundation soil appreciably. If no further movement is detected after the
implementing of the remedial measures of building sewers, foundations and crack repair may
proceed.

Inspection and evaluation are the principal phase of any rehabilitation and repair of the building.
Inspection of the building is the process by which any damage in the building foundations is
observed and recorded, while evaluation refers to all works to determine and assess the
condition of the building based on the inspection step. It is intended to evaluate the general
condition of the structure and identify any areas of deficiency. The followed repair work is
largely based on the conclusions of the process of inspection and evaluation.

Fig 7.

Repairing of a concrete structure such as foundations means to replace, correct or strengthen
damaged, faulty materials; components structure (Idrissou, 2006). In order to improve the
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stability of the building and to correct the expansion joint openings caused by the differential
movement of the foundations, reinforced concrete footings with peripheral sails were installed
on both sides of each expansion joint along the total building basement height (Figure 7).

5. Conclusions

A damaged social housing building due to an expansive soil was investigated in the form of a
case study. Diagnostic analyses of the damage were conducted through inspection and
evaluation process. This finding of the followed process was significant in identifying the causes
of differential movement of foundation and eventual cracking of the interior and exterior walls
of the building.

Remedial measures were prescribed in the current study. The proposed remedial measures
focused on revising and repairing the wastewater system of all floors and moving the main
sewer manhole to the exterior of building to avoid any infiltration and isolate the foundations of
the building from the wastewater so.

We propose also a reinforcement of the foundations, to enhance the stability of the building
and to rectify the openings at the expansion joints caused by the differential movement of
the foundations, by using a reinforced concrete footings with peripheral sails were installed at
both sides of each expansion joint along the total height of the building basement.
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