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Abstract: The construction of a house with a stage structure is the uniqueness of Banjarmasin's
swampland. Particularly, foundations for swampy terrain necessitate special handling. Building
material defects and the basic inability to modify the use and design of wood pillar foundations are
the main causes of house building problems. The very limited capacity of a wooden pillar
foundation makes house buildings collapse frequently. The aim of the study is to determine the
weaknesses of the wooden pillar foundations by examining the indications of damage to the house
structure. Field observation investigations, including housing and individual object observations,
will be carried out at multiple construction sites in Banjarmasin (Indonesia) as part of this study.
The way the data is presented is descriptive. A wooden pillar foundation, which is a frequently used
foundation, has a limited load bearing capacity. Because that, there has been no related research that
addresses the issue of how this foundation damage. The aim of the study is to determine the early
signs of swamp building collapse in the wooden pillar foundations weaknesses by examining the
indications of damage to the house structure. The weak construction of a wooden pillar foundation
explains some indications of house building damage, such as broken wooden pillars and floor
settlement. The existence of evidence that there is a broken 'sunduk’ element is one of the causes of
damage to this foundation.
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1. Introduction

The condition of building houses in the swampland of Banjarmasin (Indonesia) is the
construction of the stage house. The building of a house using a row of wooden pillars is above the
condition of the wet soil. This row of wooden pillars serves as a support system for the building and
a conduit for the weight of the structure via the foundation [1]. Banjarmasin, which has a swampy
characteristic specific to the construction of houses, The condition of the swamp has caused many
problems of building collapse due to foundation failure, due to the incompatibility of the load of the
building and the function of the foundation, as well as building material errors [2].

Traditional swampland foundation structures prioritize load resistance and durability [3], but
the lack of perfect models has led to Banjarmasin's house failure [4]. Traditional methods offer
durability, while innovative ones offer efficiency, reduced costs, and improved stability. Wooden
pillar foundations, like 'galam' piles, support waterworks on swampy soil. [5-12]. Weak bands in
pillars can significantly decrease load bearing capacity, with floor being the weakest component.
Foundation engineering concepts can be used to analyze its strength [13,14]. Innovative timber-based
spatial foundation platforms offer even settlement in swampland, can be strengthened for modern
use, and offer local suitability but lack detailed geotechnical design [15-17]. The historical wood pillar
foundation is a crucial load-bearing element in buildings, utilizing used wood for foundation, roofs,
columns, and beams, ensuring safety and stability [18-20].
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The main foundation for homes constructed on swamp land is frequently made of wooden
pillars. These wooden poles play a crucial role in supporting the structure and preventing the house
from being damaged by unstable or damp soil [21]. It needs a foundation construction method [6].
The ultralightweight foundation system for swampy ground is a cost-effective design approach for
shallow foundations considering technical requirements [4].

The foundation for the swampland must be very different from the hard soil, so it requires a
special foundation design model. The base used on the swampland in Banjarmasin is related to the
type of material on the pillars of the building. Wooden pillar foundations and concrete pillar
foundations are the two materials that are most frequently employed [2,22]. A wooden pillar's base
is made up of a pillar, a horizontal beam (‘sunduk’), and a support beam (‘kalang’). The 'kacapuri' is
another kind of foundation that is employed [23,24].

Both the wooden pillar foundation and the concrete foundation are combined with the wood
pile construction. ‘Galam” wood (its call 'cerucuk’) is used to strengthen the ground support [23,25].
It's a ‘galam’ pile that requires a special method of implementation in the construction process on
swampland. The condition of the soil under dry, wet, or high water conditions requires special
attention at the time of implementation [2]. This condition is the obstacle that causes the destruction
or failure of a building with a wooden pillar. The strength of the foundation of the wooden pillar is
very limited, only able to withstand the load of light buildings [26-28]. The rows of pillars as load
bearers are above the meadow with some soil conditions [2].

There are many studies that explore reinforcement's role in enhancing the stability and bearing
capacity of wooden pillars, comparing rod elements and historic brick pillars, and highlighting
wood-based construction for multi-story buildings [29-32]. The floor, a weak pillar-floor system
component, can be influenced by wood conservation and deterioration, leading to instability issues
in mines, including roof collapse and pillar failure [13,33-35].

House framework is a durable 'ulin’' wood frame, used in semi-permanent buildings for light
loads. Stage buildings consist of wooden pillars with rows. The foundation for a wooden pillar is
made of a pile of wood called a “cerucuk’ [28] which aims to increase land slide retention. ‘Cerucuk’
will strengthen the soil's support [27]. The strength of this spindle supports the weight of the building
as it travels through a row of wooden pillars [26]. When building wooden pillars with brackets
("kalang’) and crane (‘sunduk’) connections, ‘cerucuk’ supports are employed, or a different method
is known as ‘kaca puri’ [24].

In more recent times, an attempt was made to swap out a wooden pillar for a concrete one [1,36],
although this hasn't been done frequently. The stalk of the wooden pile is able to last for decades as
long as it is submerged in the wet soil [26,27]. The wood that is utilized has a specific diameter and
length that vary according to the weight of the building. The ‘galam” wooden pile can be used in
groups, but there must be a space between them that is between two and three diameters [38].

Cerucuk, the friction force between wood and soil, has a cohesiveness value of 25 kN/m2 [39].
Only wood with a diameter of 8 to 10 cm and a length of 3 to 5 meters can be used for very small
loads, like a fence. The length of 5 to 7 meters with a diameter of 10-12 cm is the typical length used
for the load of the wooden frame house system for the duration of 1 (one) floor level [2]. The
foundation was employed to increase the soil support even though it was needed to deal with the
extremely poor ground support [40—42], which is only roughly 0.2 kg/cm2 [22]. This * galam” wood
pile's foundation possesses the adhesive or frictional qualities of a certain supporting force [37].

Wood pillar foundations' weaknesses can be addressed through various methods, including
reinforcing damaged columns, considering weak soil-structure interactions in low-rise building
design, strengthening pillars, and using innovative construction techniques, to highlight potential
solutions for improved bearing capacity and structural capacity [43-46. Wood pillar foundations can
be reinforced using various methods, including elements and materials. These methods enhance
stability and load-bearing capacity of wooden structural members, demonstrating the potential of
various reinforcement methods [29,47-50].

The house is no longer adequate on one storey due to location limitations. Having to build a
two-story home and the house's expansion during restorations are two common reasons for
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foundation construction errors. A wooden pillar foundation, which is a frequently used foundation,
has a limited load bearing capacity. Because that, there has been no related research that addresses
the issue of how this foundation damage. The aim of the study is to determine the early signs of
swamp building collapse in the wooden pillar foundations weaknesses by examining the indications
of damage to the house structure.

2. Methods

This research is qualitative, which uses data collection with descriptive methods and field
surveys/observations. Observational studies are stronger than theoretical analysis. The scope of the
object in the research is the area in Banjarmasin.

Research steps include the identification of foundations, field studies/surveys of the foundations
at Banjarmasin, analysis of the failure and the weaknesses of the wooden pillars foundation, and the
construction of wooden house buildings, and finally conclusions and suggestions.

In the first phase, the identification of the foundation of the meadow includes the study of the
foundations used in the building of houses in Banjarmasin, a review of the library of development
for the construction of the swampland, and related systems.

The foundation survey was carried out to collect field data related to the failure sample of
building foundations on swampland. The research was carried out at the construction site in
Banjarmasin by taking samples of housing objects and individual/personal objects. The selected cases
object refers to real conditions and identifies problems related to the research. The data is presented
graphically and is deciphered in an up-to-date state based on facts. The data collection method is
done through live observations, field surveys, and interviews. The data obtained is analyzed and
presented qualitatively.

Analysis of the failure wooden pillar foundation examines the assembly of the material of the
pillar and methods of its implementation. Its determine the weaknesses in the wooden pillar
foundations by examining the indications of damage to the house structure.

Conclusions and suggestions: the conclusions of the analysis and the results of the research will
answer the problem of determination the weaknesses in the wooden pillar foundations.

3. Results and Discussion

Wooden pillars in traditional homes provide stability, protection from flooding, and easy
mobility, allowing for modifications to accommodate changing soil conditions or refurbishment
requirements.

"Sunduk Kalang" refers to the practice of embedding wooden pillars or poles into wooden bases
to create a more durable foundation. The key idea is to elevate the wooden pillars above ground level
to minimize direct contact with soil and moisture, which can lead to rapid decay. The wooden base,
called the "sunduk," serves as a barrier between the wood and the ground, providing a stable and
moisture-resistant platform for the wooden pillars. By elevating the structure on sunduk kalang
bases, builders create a space underneath the building. The sunduk kalang technique significantly
reduces the risk of moisture damage to wooden pillars by elevating them above ground level,
minimizing direct contact with soil.

The word "sunduk" can refer to a horizontal beam or crossbeam used in traditional wooden
construction to create a stable platform or connection point for vertical wooden pillars or posts. This
crossbeam or base element plays a significant role in wood foundations.

Sunduk, as a horizontal crossbeam, helps support elevated structures such as stilt houses, where
the pillars are raised off the ground. The sunduk evenly distributes the load from the vertical wooden
pillars to the underlying foundation, which may consist of wood or other stable materials. This
distribution ensures that the structure remains stable and less prone to shifting or settling.

Kalang is a support beam in wood foundations, distributing load, enhancing stability, and
connecting components, contributing to structural integrity and preventing stress on single
components.
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The problem of the wooden pillar houses is not free from the conditions of the wood pillar and
the condition of the wet soil. The development of the semi-permanent building type (Figure 1) with
the construction of bricks standing as the intercolumn filling of the wall pillars. Treated as permanent
building finishing, diplester and acian, then painted. Then the wooden floor material is mounted on
ceramic.

A pillar is the main material used at the bottom of a house. It's used because it's slow, strong
with all the soil conditions, either watered all the time, exposed to the sunlight, or on the surface of
the water the whole time, or changing conditions, whether dry again and then watered, and vice
versa.

The length of the timber is usually limited, a maximum of 2 (two) meters, given the
transportation methods related to the regulations of this timber licensing regulation. The quality of
the wooden rod should also take into account the deficiencies or defects of the wood, such as the
condition of broken wood, bending, wooden eyelids, cracks, and others.

=
gr
i
A<

Figure 1. Wooden Pillar Home Development Issues.

The wood pillar in the market is generally obtained with a size of 10/10, but what happens here
is only a "mention," while the original measurement size may be less. Larger sizes, 12/12 or larger (or
even larger), are very rare on the market, can only be obtained on order, and depend on the region
of the supplier. While the length of the refined pillars on the market is generally 2 meters, It becomes
an obstacle to the height of the house building floor. It could have been an efficient and uneconomic
logging process.

Application of refined pillar material as a basement pillar of a house building is generally laid
about 1m in the ground. The rest is the part that connects the ground floor of the building. With the
different surface conditions of the groundwater in each area of the land built, and also the position
of the floor of the building above the height of the road, the elevation of the building floor is limited
due to the availability of this re-pillar.

The source of the problem of building houses mostly comes from the wooden pillars. The
strength of a wooden pillar is equivalent to the quality of the wood, so the damage to the material
also affects the condition of the construction. The damage to the pillar may be due to the inability to
carry the load on it, and it is also often due to soil and weather conditions (Figure 2).
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Figure 2. Damage to Wooden Pillars.

The wooden pillar is connected to the foundation part as an integrated part of a single unit. For
the Banjarmasin area, use the support beam ('kalang’) and the horizontal beam (‘sunduk’) seen in the
Figures 3 and 4. After the hook, there's a hook element that's used to withstand the loads. In this
element, there is usually a variation in the foundation and the presence of various other types of
foundation.

Figure 4. ‘Sunduk’ Condition.

Broken ‘sunduk’ from the picture, you can see the condition of the bottom of this wooden pillar.
It appears that the mounting of the cuffs and braces when under the surface of the water becomes
unclean by adjusting the position of the scissors. There is a field finding that there is a state of wood
damage with the presence of a broken crown (Figure 5). This could be the cause of the falling floor in
the house anyway. Because of the quality conditions of the cane, often the remaining pieces of wood,
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small and have a wooden eye, resulting in a broken cane. However, because the position of these
building elements is below the surface of the water, this often leads to invisibility. Photo taken from
the field survey with the conditions of the dry land area, so it can be clearly seen this situation.

Figure 5. Broken ‘Sunduk’.

From the above, it's important for the development of a variety of foundations for these wooden
pillars. The size and selection of cane wood depend heavily on the size of the pillar wood. Whether
or not there is a concept of strengthening a column by increasing the size of the column must be very
difficult to do, given the limited size of columns available on the market.

Other field finds include the activity of replacing wooden pillars with a way of crushing houses
(Figure 6). It's done because the floor position of the house needs to be raised.

Figure 6. Scratching House Pillars.

Damage to the wooden pillar element can cause falling and bending of the floor (Figure 7). The
construction of the floor is visible with a 50cm floor beam, and continues to be lifted by rows of
wooden columns. The characteristic of the fall of the foundation and the bending of the floor of the
building is the presence of the ceramic floor covering that is broken and raised like in the Figure 8.

Figure 7. Falling And Folding Floor.
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Figure 8. Ceramic Fractured on Floor.

It was found that the development of the wooden pillar house was done by renovating
horizontally to expand the space of the house with the addition of space (Figure 9). A wooden pillar
is added to an empty plot.

Figure 9. Horizontal Home Extension.

The most common thing about building houses with wooden frame structures is the repair or
renovation of houses vertically (Figure 10). By demolishing the roof of the building and making it
into a flat-scale house, the building burden increases. Even with the consideration of replacing the
top material of the building with an even lighter material, this will increase the burden on the
foundation.

Figure 10. Vertical Renovation.

Besides, make the building of a house directly 2 (two) floors (Figure 11) and frequently done.
But the foundations of the buildings used seemed to remain the same as the foundation conditions
of the one-story buildings. Because the construction system and the material remained a row of
wooden pillars on the bottom and a wooden frame on the building, Both of these cases actually
require reinforcement of a wooden pillar to accept the added building burden.
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Figure 11. 2 Story Wood House Building.

With more severe damage to the wooden pillars, there could have been some cases of house
buildings that were not only bent but even collapsed (Figures 12 and 13). It is often said that this
occurred because of the failure of the foundation of the house to follow its pillars. Errors in the
selection of foundations, the lack of strength of the foundations and poles to carry the heavy building
burden, or the depression and inexperience of the construction workers are often accused of being
the cause. The wooden pillar is still involved.

Figure 12. Tilted House Building.
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Figure 13. House Building’s collapsed.

From the description above, it can be seen that the weakness of the wooden pillar
foundation is due to several things. First, because of the damage to the wood and defects in the
foundation element. The wooden pillar elements used are actually enough to withstand the load
of the building. Only the bottom elements, such as 'sunduk and 'kalang’, were damaged by field
observations. This is due to the small size of 'sunduk' and ;kalang' and the limited load-bearing
capacity. There is evidence of a broken 'sunduk’ because it is not strong enough to carry the load
of the building, and the flawed layout of kalang' due to the difficulty of implementing the
foundation in the water, is the main cause of the collapse of the foundations of this wood pillar
foundation. The connectivity of 'sunduk’ and 'kalang' is weak. Second, because the load on the
building is increasing or greater than it should be. Of course, this will cause damage to the
foundation and cause the house to collapse. The wood pillar foundation base is only suitable for
light building loads. The flooring of wooden poles in dew offers an economical and flexible
solution, especially for buildings with light or moderate loads. However, its use requires special
attention to care, durability, and long-term stability.

Improving 'sunduk’ in wood foundations involves using durable materials, reinforcing the
base, , enhancing structural connections, and considering hybrid designs. By integrating modern
construction techniques with traditional methods, it can create a stronger, more durable 'sunduk'’
that is resilient to moisture and environmental challenges. Regular maintenance and inspection
are also essential to ensuring the structure's longevity. It is recommended to find a hybrid wood
design with concrete material to improve wood foundation stability.

4. Conclusion

The conclusion of this research is the weak construction of the wooden pillar foundation, with
several indications such as damaged wooden pillars and floor settlement. The small size of the
wooden poles also makes the load-bearing capacity limited. The existence of evidence that there is a
broken ‘sunduk’ element is one of the causes of damage to this foundation.

The weaknesses of the wooden pillar foundation require further research on strengthening the
foundation by providing an alternative to the latest foundation model.
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