ISBN : 978-979-636-15

-

<V

THE 1*

INTERNATIONAL  pumismsriviysine
CONFERENCE ON |
INFRASTRUCTURE
DEVELOPMENT

‘INFRASTRUCTURE DEVELOPMENT
FOR ENHANCING SPATIAL CAPACITY”

NOVEMBER ' - 3%° 2013

ORGANIZED BY :

MAGISTER TEKNIK SIPIL
UNIVERSITAS MUHAMMADIYAH SURAKARTA
And FSTP 1




TABLE OF CONTENT

Organizing Committee

Preface

Welcome Remark

Welcome Speech >
Table of Content

Geotechnical Enginering Papers Group

Assessment to The Water Infiltration Induced Clayey Siit Residual Soil Slope Stability
Muhammad Muntaha, Dwa Desa Warnana, Trikanindyo Rendy Sartva, Ria A A. Soemitro

Slope Improvement In The High Landfill By Grouting Cement (GE)
Rifqi Brilvant Arigf, Gatot Rushintarjo

Time Dependence On Axiak Capacity Of Driven Piles In Soft Soils (Model Test)
Ferry Fatnanta, Soewignjo Agus Nugroho, Liana

Dynamic Landslide Warning From Water Content And Tiltmeter Measurements
Ria A.A. Soemitro, ele.

Behavior Of Full scale Nailed-Slab System With Variation On Load Positions
Anas Purl, Hary Christady Hardivatmo, Bambang Suhendro, Ahmad Rifa'i.

The Effect of Clean Set Cement (CS-60) addition for stabilization of peaty soil (shear strength
an
Imm Daulay

Inclusion Of Geosyntheyics As a Basally Reinforcement Into Base-Course Over Soft Soil
Slamet Widodo,

Infrastructure Management Engineering Papers Group
The Displacement Models Of The Lusi Mud Volcano Embankement Dams Using FEM
Didl S. Agustaw jaya, Sukandi

Pile Driving With Jack-In Pile at Building Project
Sentosa Limanto, Jonathan H. Kusuma, Agustine, W. and Ricky, G.

A study on alternative building design in solving the limitation of water resources
Ronni L.S.R. Hadinagoro

Cost Analyze Of Dewatering Work at Foundation Construction
Rifzal Azka Ma'ruf, Muh. Nur Sahid, Mochamad Solikin

Feasibllity Studies on Real Estate Infestation in Karanganyar.

(A Case Study at Griya Asri Real Estate)
Apri Indra Martono. Mochamad Solikin, Muhammad Nur Sahid

Feasibility Studies on Ruko Infestation in Surakarta
Rahadian Adi Prasetyo, Mochamad Solikin, Muhammad Nur Sahid

1-5

6-13

14-21

21-25

37-42

43-49

50-55

61- 68

69-75

7680

81-84



Transportation Engineering Papers Group

Development of Andreassen model and Artificial Neural Network Multi Variabel for prediction

of traffic fatality in urban Area - Jawa Barat Province
Supwatman Agus 85-92

The application of sustainability concept in Transportation Management in urban area.
Don Gaspar Noesaku da Costa 93-104

Testmictostructure Permeable Pavement Used Domato Stone as Local Material From Banggal

Istand With Adedtive BNA Bland PERTAMINA
Firdaus Chairuddin, Wihardi Tjaronge, Muhammad Ramli, Johannes Patanduk 105-1186

Analysis Feasibility Asphalt Pavement And Concrete Pavement With Analitycal Hierarchy

Process (AHP) Method
Dwi Dinariana, Undang Misja, Hary Agus Rahardjo 117-125
-

The effect of on street parking to the traffic and its solution at Kerten - Ngapeman section
Surakarta,

Suwardi 126-133
The investigation on mix proportion's characteristic of recycle material made of RAP

(Reclaimed Asphalt Pavement) Artifisial

Cahvo Pramudyo. Arivanto, Sri Sunarjono 134 - 142

Water Resources Engineering Papers Group
Analysis Of Water Loss In Semarang Municipal Waterworks

Benny Svahputra 143 - 149
Unification Of Elevation Datum For Water Resource Management In a River Basin

Irwan Syafri 150 - 157
(Hydraulic Effect Analysis of Channel Short-Cut in Meandering River)

I Gede Tunas, Rizaldi Maadji, Andi Rusdin 158 - 166
River Basin Management For Enhancing The Regional Carrying Capacity In Water Resources

Isnugroho 167 -174
River Area Management In Solo City, Indonesia

Isnugroho, Rahardjanto 175-181

Identification of River Basins Zone in Indonesia on Application of UTM MAP Projection System
Irwan Syafri 182-189

The Meaning of Coordination In The Arrangement of Water Resource Management Strategic
Plan in Indonesia

Irwan Syafri o 180-196
The effect of stepped spillway (“akar terpotong” type) to the length of hydraulic jump and energy

loss in stilling bassin

Muhammad Yusuf, Gurawan Djati Wibowa 197 - 205

The effect of topographic measurement accuracy on irrigation design (case study at Gonggang) 206 - 212
Heri Witayanto, Sri Sunarjone, Jalt Abdurrosyid



Menalkkan Air Dengan Model Tabung Isap Sistem Pipa Berulir
Warsita, Sri Sunarvono, Jaji Abdurrosyid 213-218

An Integrated Approach For The Banger Polder Development, Semarang
Hermons 8. Budinetro, Achmad Karim Fatchan 219-225

.

Structural Engineering Papers Group

Properties Of Fibrous Lightweight Concrete Of Agave Sisalana
Akmaluddin, Suryawan Murtiadi, Suparjo, Zaedar Gazalba 226-232

Study On The Use of Portland Cement, Calcium Oxide, Red Cement, Sand Beach And The
Strong Urges Concrete (Case Study Krakal Beach)

Budi Priyanto 233-239
The tensile strength of concrete contain burned Sidoarjo mud used temperature variation as

cement replacement.

Suhendro Trinugroho Nanda Khunto Baskoro 239-250

Flexural strength of join at wall panel made from crushed roof tile and used grouted bamboo
reinforcement,

AMuhammad Ufianto, Fauzan Ariwibowo 251 - 258
Sandwich Concrete Panel Reinforced With Sisal Fiber Mesh Construction System

Suryawan Murtiyadi, Zaedar Gazalba, Akmaluddin, Sinarep 259 - 264
Precast C-Channel using Ol Palm Shell (OPS) Concrete as Sustainable Floor Panels 265-275
Ng Chee Hiong, M. A. Mannan

Properties of Granite Powder Concrete 276283
Dr.T. Felix Kala

Keynote Speaker’s Presentation

Appendix A: . 284-288

Infrastructure Development for Enhancing Spatial Capacity.
Ministry of Public Works of Republic of Indonesia

Appendix B :

Challenges of Sustainable Regional Transport Development in Indonesia to Support National

Economic Competitiveness

Ade Sjafruddin 289 - 297

Appendix C :
Infrastructure Development for Enhancing the Regional Carrying Capacity 298 - 308
Kaoru TAKARA =



SLOPE IMPROVEMENT
IN THE HIGH LANDFILL BY GROUTING CEMENT

(GE)

Rifqi Brilyant Arief Gatot Rusbintarjo
Department of Civil and Environment Department of Civil and Environment
Engineering, Engineering,

Faculty of Engineering, Unissula Faculty of Engineering, Unissula
rifgi.b.arief.ok@amail.com; gatotrsb@gmail.com

Abstract

To build a building on a hilly area have to be started with properly soil investigation and properly
geodetically survey. Ignored those investigation and survey will hurt, the building can collapse or land
sliding can occur. The incident of high landfill sliding occurs in a building construction located in Tembalang
Semarang. The building was constructed over the more than seven meters height of landfillwith very steep of
slope horizontal to vertical was 1 : 4 without preceded with properly soil investigation and geodetically
survey. This paper reported that incident and come up with the cause of slope sliding and analyzed as well as
the effort to solve it. In the analysis was found out about that the landfill was constructed without preceded
with properly planning and design which conducted based on the data of soil investigation and geodetically
survey. From the analysis were known that slope sliding because of landfill constructed in dry season where
void in the soil was 0% of water fully filled with air. When heavy and long rain was fall, the void filled with
water, unit weight of soil increase and because of weight of building construction over the landfill, and
because of the steep of slope, landsliding cannot be avoided. To solve that problem, grouting technique using
cement was performed. The result show satisfied that the sliding can be stopped.

Keywords: Landfill, Steep slope, Land- Sliding, Soil investigation, Cement-Grouting,

Introduction

This paper analyzes land sliding in the high landfill slope in the building located in
Tembalang — Semarang. Varies of elevation of the land surface require cut and fill of land
to get flat surface for building. Because of inaccuracy in geodetic survey, high landfill has
to be constructed to adjust the fixed elevation. Those high landfill with the proper and save
of slope has not prepared yet in the design. As the result, the high elevation of slope can
reach 7 meters as shown in contour map in Figure 1.

Building is planned have a three story using pile foundation, however, design of
retaining wall just prepared within construction after requires high landfill is detected. The
front side of the building sited at higher elevation than the back side, and most of the first
floor sited in the fill area. The soil materials for fill are taken from cutting the land in front
of the building. The properties of the landfill is shown in Table 1 and Table 2, the property
of soil for fill and shear strength of the fill material respectively, and categorized as good
materials for fill construction.

Problems statement

The sequence of the construction, first is driven pile foundation, construction of pile
cap, foundation beam, and followed by leveling the ground (without properly compaction)
just use to stand of scaffolding for second floor construction. After construction of second
floor completed, leveling of ground in the first floor is continued until reach the require
elevation and compacted.
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Figure 1: Contour map in the discus location

Table 1 Property of soil for fill material

- . Dry unit .

Sample  Depth CWater Spe5|_f Ic U_mt weight  Porosity VO'.d

Code m) onts/nt Cicrgv?_)c/i Welghtsy va () Ratio
(W) %  of Solid  (gr/cm®) (gr/cm?) (e)

1 -01.00 36.2 26914 16712 12270 5441 1.1934

2 -02.00 33.45 2.6851 1.6655  1.2480  53.52 1.1515

3 -03.00 31.86 2.6840 1.6668 1.2641 52.90 1.1233

4 -04.00 30.01 26928 16718 1.2859 52.25 1.0941

Table 2 Shear strength parameter of the fill material

Sample | Depth C )
Code (m) | (kgicm?) ©)
1 -01.00 - -

2 -02.00 - -
3 -03.00 0.14 19
4 -04.00 0.13 21

As mentioned above, the the landfill construction have not planed beforehand and not
include in the schedule, therefore, the ground can not be properly compacted. In addition,
the slope is very high and too steep with ratio of horizontal to vertical is 1 : 4. Fill
construction is also constructed in the dry season, and this can be put in the risk of slope
since lack of water content as shown in Figure 2a.

The other shortage of the landfill work that comes along during construction is that the
soil works still lasted when finishing work, the retaining wall, as well as septic tank work
has started, as shown in the Figure 2b.



Figure 2: Landfill construction

When heavy rain falls in the long time, land sliding occurs. Effect of the land sliding is
occurrence the significant deformation on the foundation of the stairs structure, and
differential settlement in the first floor construction.

Figure 3 shows model of fill and slope in land sliding analysis using Plaxis 7.2.
programme. Upper part with dark grey is landfill and the bottom layer is the native soil.
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Figure 3: Plaxis 7.2 model for fill and slope (Arief, 2008)
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When dry and rain is not fall, slope is saved and there is no sliding occurs. Maximum
strain in the fill only 0.52% show in the Figure 4.

819

=

» a3

3 s
o

R I e 210

Figure 4: Strain in the slope when soils dry (Arief, 2008)

When heavy and long rain is fall, the over flow of water form front side will flow to
the low part to the landfill in the building cause the water level position raise as shown in
Figure 5.
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Figure 5. Water level when heavy rain (Arief, 2008)

When the water level is raise, the soil under the ground water level will highest. This
condition makes the stress to the slope increase and the shear strength decrease. Figure 6
shows the mechanism of sliding occurs when the slope is collapse. From that figure show
that sliding occurs at the side of the slope, and increasing of strain reach 1.1%.
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Figure 6. Incremental strain when there was heavy rain (Arief, 2008)

Methods of Slope Stabilization
There are five methods of slope stabilization, unloading, drainage, Buttressing,
Reinforcement, and retaining wall(Abramson et al., 1995)

1) Unloading

Unloading is a technique to reduce the driving force within a slide mass. The most
common type of unloading is excavation of the head of a slide (Figure 7). Excavation is a
common method for increasing the stability of a slope by reducing the driving forces that
contribute to movements. Unloading can include : removing weight from the upper part of
the slope, removing all ubstable or potentially unstable materials, flattering slopes, and
benching. In the case where the construction of a conventional embankment can lead to
slope instability, lightweight fill materials can be used to lessen the driving forces caused
by the embankment. In embankment construction lightweight fill can reduce the driving
force of the slope and thereby increase the stability. Lightweight materials, such as slag,
encapsuled sawdust, expanded shale, cinders, shredded rubber tires, polystyrene foam, and
sea shells, have been used successfully. Selection of the type of lightweight material
depends on its cost and availability in local areas
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Figure 7. Removal of landslide head (Rodriguez et al.)

2) Drainage

Of all stabilization technique considered for the correction or prevention of landslides,
proper water drainage is the most important. Drainage reduces the destabilizing hydrostatic
and seepage forces on slope as well as the risk of erosion and piping. Unloading can
include surface drainage, sub surface drainage (Figure 8)

Figure 8 Drainage well combined with horizontal drain (Rodriguez et al.)

3) Buttressing

Buttressing is a technique used to offset or counter the driving forces of a slope by an
externally applied force system that increases the resisting force. Buttresses may consist of
soil and rock fill, counterberms, shear keys, mechanically stabilized embankments.

Soil and rock fill is used to provide sufficient dead weight near toe of unstable slope to
prevent movement. Where resources are available and where soil and rock fill can be
found locally, this methode is the most practical way to arrest further movement of an
unstable slope.

A counterberm is used to provide weight at toe of a slope and increase the shear
strength below thw toe. This is particularly useful for embankments over soft soil where
the ground at toe can move upward and form a bulge (Figure 9). By locating a counterberm
where the upheaval is expected to occur, the resisting against sliding is also increased.



Figure 9 Counterberm to provide weight at toe of embankment (Abramsonet al.)

Shear keys are used sometimes to provide additional sliding resistance for a
counterberm or rocky/soil buttress. The main purpose of a shear is to force the critical slip
circle deeper into a stronger underlying formation, thereby increasing the resistance along
the slip surface. This method becomes very practical and cost effective if the stronger
formation is only a few feet below the overlying soft soils.

Machanically stabilized embankments (MSE) involve the designed use of backfill soil
and thin metallic strips, mesh, or geosyntetic reinforcement mesh to form a gravity mass
capable of supporting or restraining large imposed loads. The MSE slope face is either
vertical or inclined, and the backfill material is typically confined behind metal, reinforced
concrete, or shotcrete facing.

4) Reinforcement

Reinforcement may consist of soil nailing, stone columns, reticulated micropiles,
geosynthetic reinforcement slopes.

Soil nailing is a method of in situ reinforcement utilizing passive inclusions that will be
mobilized if movement occur, It can be used to retain excavations and stabilize slopes by
creating in situ, reinforced, soil retaining structures. The main application are shown
schematically in Figure 10. In soil nailed excavation, the reinforcement generally consits of
steel bars, metal tubes, or other metal rods that resist tensile stresses, shear stresses, and
bending moments imposed by slope movements.

Stone columns can be used to stabilize or prevent landslides. This ground inprovement
technique increases the average shear resistance of the soil along potential slip surface by
replacing or displacing the in situ soil with a series of closely spaced, large diameter
columns of compacted stone. In addition, stone columns also function as effecient gravel
drains by ptoviding a path for relief of pore water pressure, thereby increasing the strength
of the sorrounding clayley soil.

Raticulated micropiles were developed in Italy and are used to create a monolitic rigid
block of reinforced soil to a depth below the critical failure surface. The piles used in this
way are similiar to soil nailing systems.

Geosystetic soil reinforcement is another technique used to stabilize slopes, particulary
after afailure has occured or if a steeper than safe unreinforcement slope is desirable. In
addition, it can improve on the edge of a slope, thus decreasing the tendency for surface
sloughing (Figure 11).
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Figure 11. Schematic diagram of a reinforced soil using geosynthetics
(Mitchell and Villet)

5) Retaining walls

The most common use of retaining walls for slope stabilization is when a cut or fill is
requaired and there is not sufficient space or right of way available for just slope itself. The
wall should be deep enough so that the critical slip surface passes around it with the
adequate FOS as shown in Figure 12. In addition, the ability of retaining wall to perform
as a stabilizing mass is a function of how well it will resist overturning moments, sliding
forces at or below its base, and internal shear forces and bending stresses. Retaining wall
types include conventional gravity or cantilever retaining walls, driven piles, drilled shaft
walls, and tieback walls. Each of these retention systems is discussed in the following
subsections. Since it considerably difficult and costly for the retention system to block
ground water flow, walls should be designed with adequate drainage systems behind or
through the walls



Those methods could not be used to overcome sliding embankment in Tembalang
because its construction needed long time to build and needed heavy equipment.
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Figure 12 Different wall stability criteria (static case) (Abramson et al.)

Slope strengthen using grouting cement
Grouting technique can be classified into four groups include permeation grouting,
compaction grouting, hydro-fracturing grouting, and jet grouting. (Liong G. T, 2006)

1) Permeation grouting

In permeation grouting (Figure 13a) low viscosity of grout material injected to the
ground using relatively low pressure and stress. The relatively low of pressure and stress is
intended to minimize the disturbance to the structure as small as possible. In this technique,
the material for grout flow through the pore of the soil. This technique is suitable for soil
which has permeability less than 10™ m/second, like sandy soil.

2) Compaction grouting

Figure 13b shows the compaction grouting technique. This technique use high viscosity
material and injected using relatively high of pressure and stress. By using relatively high
pressure and stress, the material remain all in one piece and can be stressed the soil
surround the location of injection. Stress will push and compacted the soil surround it.
Compaction grout technique use for low permeable soil like clay.

3) Hydro-fracturing grout

In hydro-fracture grouting (Figure 13c) grout material injected by using higher stress
and soil tensile strength such a way the soil will crack and the material will infiltrate into
in, and become solid in the voids of the soil. This technique is suitable for clay and sandy
soil, however difficult to control and have risk to disturb the soil surround it.



A. Permeation Grouting B. Compaction Grouting C . Hydrofractunng

Figure 13. Types of grouting system (Liong. G. T, 2006)

4) Jet grouting

In this technique, grouting materials are injected into soil by using jetting technique
pressure between 100 — 800 kg per square meter. This technique includes fracturing and
mixing the existing soil with grout material. If necessary soil can be pushed out and
changed partly or fully with grouting material. By this way, cement columns with high
shear or compressive strength will form.

In case of land sliding of high landfill in Tembalang area, permeation grout is used to
solve it since the soil use for fill is granular material with high permeability.

Process of grouting is conducted in the sliding area where the sliding have caused
deformation in the foundation.

Equipment’s use in cement grouting among other thing is silo, mixer, 800 kg per
square meter of high pressure pump, compressor with capacity 2400 liter per minute and
pressure 12 kg per cubic centimeter, hydraulic plastic pipe, drilling machine, and swivel.

The process conducted includes ground drilling by penetrating of drilling pipe to the
planed deep 2, 3, and 5 meters. After reaching the required deep, water cement then take it
out from the grout pipe. In grouting cement, cement can spread widely by lower pressure.
40 bag of cement content 40 kg each bag use up but there are no indication that whole void
in the soil have filled with cement.

Even though increasing of shear strength in the cement grouting cannot be
properlymeasured, but cement grout is effective enough to solve the sliding problem. There
are no more slope sliding in the same or in other location after grouting is conducted.

Conclusion
From the discussion above, can be drawn the conclusions as follows:

1. Building located in the hilly area must be thoroughly and properly planed and design.
2. Geotechnical and geodetic survey must be carefully conducted, both in the location of
building and quarry.



3. By doing properly survey, foundation and other structure can be planned and designed
without any mistaken.

4. The properties of soil and volume of soil resulted from properly survey in the quarry is
valuable for designing the high landfill.

5. Cement grouting can be considered to use in designing of slope of landfill if the cement
can mixed with soil and can improve the shear strength.
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