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Abstract

In this paper, the application of SNI 2847:2013 in the evaluation of the case
of a retaining wall failure is presented. The method is the analytical
retaining wall evaluation, which consisted of visual inspection in the field,
depth measurement of pile and sheet pile, and the quality test of concrete
material. The data were used as input in structure modeling using Finite
Element Method (FEM) software to calculate each structural member's
required strength (Ru). The calculation was done to obtain the design
strength (JRn) of the structural member. The retaining wall is considered
safe if its design strength is greater than or equal to the required strength
or JRn > Ru. If this condition cannot be fulfilled, the retaining wall is
considered failed, and then the causes of failure would be performed. The
result showed that the depth of the pile and sheet pile is less than the
required minimum depth, and concrete quality is below the specification
mentioned in the as-built drawing data. According to structural analysis and
calculation of site investigation data, it could be known that the causes of
retaining wall failure are the design strength is smaller than the required
strength and the vertical moment due to its self-weight is much smaller than
the horizontal moment due to soil and water pressure, so it causes the
structural sliding.

Keywords: Retaining Wall Failure; Retaining Wall Evaluation; Required
Strength; Design Strength; Sliding

Abstrak

Pada makalah ini disajikan aplikasi SNI 2847:2013 dalam evaluasi dari
kasus kegagalan sebuah bangunan turap. Metode yang digunakan adalah
evaluasi bangunan secara analitis yang terdiri dari pemeriksaan kerusakan
secara visual di lapangan, pemeriksaan kedalaman pile dan sheetpile dan
pengujian mutu bahan beton. Data tersebut sebagai input dalam
pemodelan struktur dengan Finite Element method (FEM) dan diperoleh
kuat perlu (Ru) masing-masing komponen. Perhitungan juga dilakukan
terhadap kuat rencana (ZRn) dari masing-masing komponen. Struktur
dikatakan aman jika kuat rencana lebih besar atau sama dengan kuat perlu
atau @Rn > Ru. Kemudian dilakukan penentuan penyebab kegagalan. Hasil
penelitan menunjukkan bahwa kedalaman pile dan sheetpile masih
kurang dari kedalaman minimum yang diperlukan dan kualitas material
beton tidak sesuai dengan data dari as built drawing. Berdasarkan hasil
analisis struktur serta perhitungan dari data penyelidikan tanah diketahui
bahwa penyebab kegagalan bangunan turap adalah kuat rencana lebih
kecil dari kuat perlu dan momen vertikal akibat berat sendiri jauh lebih kecil
dari momen horisontal akibat tekanan tanah dan tekanan air sehingga
terjadi guling.

Kata kunci : Kegagalan Bangunan Turap; Evaluasi Bangunan Turap; Kuat
Perlu; Kuat Rencana; Guling
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INTRODUCTION

A retaining wall is a thin vertical wall used
for retaining soil and retaining water at soil
excavation. Due to easier and cheaper
construction cost, retaining wall usually used
for a temporary retaining wall at soil
excavation, marine construction, earth
retaining wall, cofferdam, etc. Retaining wall
is not suitable to retain a high landfill because
it will need a large surface area of sheet pile.
Retaining wall is not suitable for soil with
much rock due to the difficulty of pile
erection?,

Failure of a structure, including retaining
wall structure, could happen in the
construction process and after the structure's
construction or in-service life. Failure of a
structure is caused by overloading, improper
planning, the use of material that does not
meet the requirements, unsuitable
construction process, and the environmental
effect that was not anticipated in design?.

The researcher in Indonesia has
conducted some research related to the
collapse or failure of the structure. They are
Wiyana®, Ishak¥, Pranata and Elvira®,
Ismail®, and Fauzan”. Wiyana® analyzed the
collapse of structure from a technical
perspective, Ishak® analyzed the failure of the
structure due to corrosion of the reinforcing
steel bar, Pranata and Elvira® analyzed the
failure of building structure using Finite
Element Software, Ismail® made
identification, analyzed and repaired the
failure of building and Fauzan” analyzed and
repaired of the building structure.

The background of this study is a failure
of retaining wall structure during the
construction process. The retaining wall is
collapsed due to a flood at the river. This
study aims to find out the causes of the
collapse of the retaining wall structure. An
investigation is conducted to evaluate the
retaining wall structure based on SNI
2847:2013%.

MATERIALS AND METHOD

The object of this study is a retaining wall
structure at a river. A retaining wall structure
has many types based on the materials used,
the shape, and the function. Based on the
materials used, there are three types of
retaining wall structure: wood retaining wall,
concrete retaining wall, and steel retaining
wall. According to the shape and the function,
there are four types of retaining wall structure:
cantilever retaining wall, anchorage retaining
wall, platform retaining wall with pile
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supporting, and retaining wall for cellular
cofferdam?.

A platform retaining wall is a retaining wall
structure that retained lateral earth pressure.
The platform is supported by piles. A structure
may build on the platform. Piles support a
platform and also reduce the lateral load of
retaining wall®.

Retaining wall structure receives lateral
load from active and passive earth pressure
load, uniform load from landfill, the
groundwater level is not the same on both
sides of retaining wall, earthquake load,
shockwave load, ship traction load, etc.

Strength of structural analysis is needed
to determine the reliability of the structure.
Structure or a part of the structure will meet
the strength requirement if the required
strength is lower or the same as the design
strength. The required strength is analyzed
from the working load, dead load, live load,
wind load, earthquake load, etc. The reliability
of structure is presented as in Equation 1
below?.

Required strength < Design strength
Ri £ ORn 1)

Rn is design strength and Ru is the
required strength or reaction force from the
working load on structure such as moment,
axial force, shear force, and torsion. @ is the
reduction strength factor.

There are three methods to evaluate the
existing structure based on SNI 2847:2013,
which are analytical method, loading test
method, and the combination of both
analytical and loading test method®. The
strength of structure evaluation in this study
used the analytical method. The procedure for
evaluating the existing structure with an
analytical method is presented in Figure 19.

Structural analysis of retaining wall use
finite element method software, which is SAP
2000 software. The simplicity of the structural
modeling is needed in this study due to a
difference between the model and the
structure's real condition. In modeling, some
assumptions are usually used to solve the
problem, but this assumption must be close to
the structure's real condition. The retaining
wall structure can be modeled as a plate
element and beam element, as shown in
Figure 2. Joint on this structure is modeled as
fixed joint 19,

Retaining wall structure can be modeled
in 2-dimensional modeling or 3-dimensional
modeling. The platform is modeled as a plate
bending element. Pile, sheet pile, and beam
are modeled as beam elements (frame
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element). Support at the bedrock of pile and
sheet pile is modeled as a fixed end.

The retaining wall structure in this study is
categorized as a concrete retaining wall
structure based on its material. Based on its

shape, the retaining wall is categorized as a
platform retaining wall structure with a
supporting pile. The retaining wall structure
consists of a plate (platform), pile, sheet pile,
and beam.

Input — | Process p Output |— | Recommendation
+ Dimensian + Structural + Strength +« Canhe used
+ Defect analysis with + Stiffhess + Canbe usedwith
« haterial Property Finite Element « Ductility load modification
« Load software = Durability « Repaired
= Modelling = Earth quake risk + Retrofit
+ Demuolition

Figure 1.
Procedure for The Evaluation of Existing Structure with the Analytical Method?

Plate bending element

Platform

Beam

Sheet pile

Fixed end

Figure 2.
Element Type of Retaining Wall Structure Modelling'®

Dimension of platform is 8100 x 410 x 30
mm?, dimension of pile is 40 x 40 x 2200 mm?,
dimension of sheet pile is 100 x 33.5 x 1200
mm? and dimension of beam is 40 x 50 mm?.

Figure 3 and Figure 4 show the
equipment for the pile's dimension and depth
measurement. The equipment for dimension
measurement consists of a tape meter,
caliper, and distometer. Equipment for the
pile's depth measurement is Pile Integrity
Tester.

Figure 3.
Dimension Measurement Equipment: (a)
Distometer, (b) Roll meter and (c) Caliper

P-ISSN 1410-3680 / E-ISSN 2541-1233

Figure 4.
Pile Integrity Tester

Figure 5.
Digischmidt Hammer Tester
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Figure 6.
Portable PUNDIT

Equipment to check the quality of
concrete consists of Digischmidt Hammer,
PUNDIT, core drill, and universal testing
machine. The set of equipment to check the
guality of concrete is presented in Figure 5 to
Figure 8.

Figure 7.
Core Drilled Machine

Figure 8.
Universal Testing Machine

Quality of concrete measurement by
Digischmidt hammer tester are conducted on
the platform in 8 locations, pile in 22 locations,
and sheet pile in 8 locations. Quality of
concrete measurement by ultrasonic pulse
velocity method is conducted on the platform
in 8 locations, pile in 12 locations, and sheet

pile in 6 locations. Sampling for core drill is
conducted on the platform in 8 locations.

RESULTS AND DISCUSSION

The major damage to the retaining wall
structure is the collapse of the structure in the
middle section. The water flow at the river
base causes the scouring at pile and sheet
pile foundation. This scouring made the pile
and sheet pile sliding. The pile sliding and
vertical load from the structure's self-weight
and lateral earth pressure caused an
unbalanced condition between the working
load and the structure's required strength.
Because of this unbalanced condition, the
retaining wall structure turned around and
collapsed at the middle section. The damage
and collapse of the retaining wall structure are
presented in Figure 9 and Figure 10.

Figure 9.
A Collapsed Structure at the Middle Section

There are many damages to the existing
retaining wall structure, including spalling,
cracking, and broken at joint pile and column.
Crack width is more than 0.4 mm. The
damages can cause corrosion in the concrete

structure.
. \\1 E

i
Figure 10.
Broken Pile at Joint

Table 1.
Ultrasonic Pulse Velocity of Concrete

Ultrasonic pulse velocity (km/det)

Quality of concrete

Maholtra Leslie & Cheesman
Very good >4.6
Good 3.7-4.6 >5.0
Fair 3.0-3.7 4.0-5.0
Poor 2.1-3.0 3.0-4.0
Very poor <2.1
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Table 2.
Quality of Concrete Test Results by PUNDIT

No.  Structure Ultragonic pulse Quality of Concrete strength estimation
velocity (km/sec) concrete (MPa)
1. Platform 3.49 Fair 17.99
2. Pile 4.05 Good 32.18
3. Sheet pile 4.09 Good 29.66
Average 3.89 Good 27.22
Table 3.
Recapitulation of Concrete Test Results
Compressive strength of concrete (MPa)
No. Method Platform Pile Sheet pile
1 PUNDIT 17.99 32.18 29.66
2 Digischmidt Hammer 16.59 35.30 41.35
3 Core Drill 17.56 - -

The result of measurement by PUNDIT is
ultrasonic pulse velocity at the inside of
concrete. The value of ultrasonic pulse
velocity is from 2.97 km/sec until 4.60 km/sec.
Based on the value of the ultrasonic pulse
velocity result, one can conclude that the
quality of concrete is ranging from poor to
good and averagely is acceptable based on a
result of Maholtra’s study (see Table 1). The
ultrasonic pulse velocity is used to estimate
concrete strength. The result is shown in
Table 2. The result of concrete quality
measurement from three methods is shown in
Table 3.

The measurement result showed
differences in the concrete quality from one
measurement  method and  different
measurement methods. Different estimation
results of concrete strength in the same
method mean a variation of concrete strength.
Concrete strength would not be the same
quality in each area because the concrete
material is not homogeny. Many factors can
influence the concrete strength in a
construction process, such as mix design,
source of the material (quarry location),
mixing  process, transportation, and
compacting until the curing process. Concrete
strength result from PUNDIT method is closed
to core drill method. Structural analysis with
finite element software used the data of
concrete strength from PUNDIT method. The
platform structure used the concrete strength

of 216.75 kg/cm?, the pile structure used the
concrete strength of 387.72 kg/cm?, and the
sheet pile used the concrete strength of
357.33 kg/cm?. The concrete strength of the
platform, pile, and sheet pile is lower than the
specification.  Specification of concrete
strength used for platform is 250 kg/cm? 1314,
for pile and sheet pile is 400 kg/cm? 4.

Depth measurement of pile and sheet pile
was conducted at a location that can be
reached by the inspector due to a safety
reason. The result of the depth measurement
of pile and sheet pile is shown in Table 4. The
result shows that the pile's length is not
conformed to the length specification of 22 m.
some length of sheet pile is not conformed to
the length specification of 12 m.

Structural analysis with finite element
method was conducted with implementation
of vertical load and horizontal load. Vertical
load is a combination of dead load (D) and live
load (L). Horizontal load consists of the load
from water pressure and earth pressure.
Vertical load used a load factor based on SNI
2847:2013, as shown in Equation 2.

1.2 Dead Load + 1.6 Live Load (2)

Structural analysis was conducted using
software with the finite element method, and
the result of the analysis is presented in Table
5 and Figure 11.

Table 4.
Depth Measurement Results of Pile and Sheet Pile
No. Test Location Length (L) Used Length Design Length Remark
(m) (m) (m)
1. Pile group 2 44-55 12.0 22.0 C
2. Pilegroup 3 12.2-13.0 12.0 22.0 NC
3. Pilegroup 4 10.2-11.9 10.2 22.0 NC
4. Pile110 12.3 12.0 12.0 C
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5. Pile112 10.0 10.0 12.0 NC
6. Sheetpile 1 10.0 10.0 12.0 NC
7. Sheet pile 2 12.1 12.0 12.0 C
8. Sheet pile 3 11.0 11.0 12.0 NC
9. Sheet pile 4 11.8 11.8 12.0 NC
10. Sheet pile 5 12.0 12.0 12.0 C
11. Sheetpile 6 10.2 10.2 12.0 NC
12. Sheet pile 7 9.9 9.9 12.0 NC
Note:

C: conform with the specification
NC: not conform with the specification

Table 5.
Structural Analysis Results
FEM Analysis
Component Max Moment Max Shear Load
(kg.m) (kg)
Beam 1319 2828
Pile 968359 104488

1319 s

gLLLthhMTu |] !\ N\ ﬁ W

MLLL&\B H‘“ i l l :

I| l l
|
||||'
|

Figure 11.
Structural Analysis Results with Finite Element Method
Table 6.
Depth of Pile and Sheet Pile Penetrating Bed Rock
Used Length Length of Length of
No. Test Location Lengr;h © (m) penetrating soil penetrating
(m) (m) bedrock (m)

1. Pilegroup 2 44-55 12.0 4.8 2.0

2. Pile group 3 12.2-13.0 12.0 4.8 2.0

3. Pilegroup 4 10.2-11.9 10.2 3.0 -

4. Pile 110 12.3 12.0 4.8 0.6

5. Pile112 10.0 10.0 2.8 -

6. Sheet pile 1 10.0 10.0 2.0 -

7.  Sheet pile 2 12.1 12.0 4.0 1.2

8. Sheet pile 3 11.0 11.0 3.0 0.2

9. Sheet pile 4 11.8 11.8 3.8 -
10. Sheet pile 5 12.0 12.0 4.0 -
11. Sheet pile 6 10.2 10.2 2.2 -
12. Sheet pile 7 9.9 9.9 1.9 -

Table 7.
Strength Calculation Results of Pile and Sheet Pile
No. Calculation Results  Remark
1 Minimum depth of sheet pile penetrating soil (m) 4.598 NO
" Actual depth of sheet pile penetrating soil (m) 2.800
2. Design moment of sheet pile type W 325 B 1000 (kg.m) 11860 NO
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Required moment of sheet pile (kg.m) 20349
Vertical load design of pile group 2 m (kg) 13037 NO
Vertical load required of pile group 2 m (kg) 14448
4 Self-weight moment of structure group 2 m (kg.m) 29618 NO
" Lateral moment of structure group 2 m (kg.m) 349417

OK: conform with the strength requirement

NO: not conform with the strength requirement

Sail investigation data is collected from
the owner engineering database, such as
testing report of Standard Penetration Test
(SPT)™™ and Cone Penetrating Test (CPT)9),
From the testing report, it is known that the
location or the depth of the hard soil. The hard
soil's depth is used to estimate the length of
the pile and sheet pile that penetrated to hard
soil. This data is also used to calculate the
strength of the pile and sheet pile. The result
of the calculation is presented in Table 6 and
Table 7.

The Evaluation of pile and sheet pile's
strength is conducted by comparing the
required strength (Ru) and the design strength
(Rn). The strength comparison is including the
force and moment. A structure is considered
safe if its strength (the force and moment) is
bigger than the force and moment received by
the structure.

According to Table 7, it is known that the
depth of the sheet pile is less than the
minimum depth requirement. The design
strength of the sheet pile is less than its
required strength.  The vertical bearing
capacity of pile groups is less than the vertical
load received by pile groups. The vertical
moment of the structure's self-weight is less
than the horizontal moment caused by earth
pressure and water pressure. That is why the
structure is turned around and causes the
collapse of the retaining wall structure.

Calculation results of design moment and
design sheared force of beam are presented
in Table 8 and Table 9.

Table 8.
Design Moment of Beam
Design FEM Remark
Moment Result
(kg.m) (kg.m)
71050 1319 OK

OK: conform with the strength requirement

Table 9.
Design Sheared Force of beam
Design FEM
Shear Result Remark
Force (kg) (kg)
10864 2828 OK

OK: conform with the strength requirement

P-ISSN 1410-3680 / E-ISSN 2541-1233

Calculation results of the design moment
of the pile and sheet pile are presented in
Table 10 and Table 11.

Table 10.
Design Moment of the pile
Design
Moment FEPIQQRS)SUH Remark
(kg.m) '
28509 968359 NO

NO: not conform with the strength
requirement

Table 11. Design Moment of sheet pile

Design FEM
Moment Result Remark
(kg.m) (kg.m)

11860 20349 NO

NO: not conform with the strength
requirement

According to the analysis, the beam
component is still in a safe condition, but for
pile and sheet pile is not in a safe condition
because the received load by structure is
bigger than its design capacity.

CONCLUSION

Based on the analysis above and limited
to the location from the testing process and
evaluation, it could be concluded that there
are two causes of the collapse of the retaining
wall structure. The first one is the required
strength (Ru), or the received load is bigger
than its capacity or its design strength (JRn).
Because the depth of pile and sheet pile is
less than its design, the concrete strength
does not meet the requirement as in the as-
built drawing data. The second one is the
vertical moment of the structure's self-weight
is less than the horizontal moment caused by
earth pressure and water pressure. The
retaining wall structure is turned around and
causing a collapse of the retaining wall
structure. The retaining wall structure does
not meet the SNI 2847:2013 requirement,
which is the required strength (Ru) shall lower
or at least the same as the design strength
(DRn).
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