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Foreword 

 

All praise is due to God, the Beneficent, and the Merciful. Through exhaustive collaboration of Atma 
Jaya Yogyakarta University, Gadjah Mada University, National Taiwan University of Science and 
Technology, and University of Southern Queensland and the support by Indonesian Society for 
Geotechnical Engineering, we proudly present the first proceeding of International Conference in 
Geotechnic, themed:  



For the past decade, the field of geotechnics is facing tremendous challenges due to the abrupt 
development of construction in infrastructure. The challenges comprise issues related to new technology 
of modeling and design, soft soils, ground improvement, tunneling, landslides, environmental issues and 
much more. Therefore, good communication and knowledge sharing between stake holders, engineers, 
academicians and government are needed to overcome the issues. The objective of International 
Conference in Geotechnics is to share the knowledge and experience of the recent advancement and 
development of geotechnical engineering all around the world with emphasis on the sustainability issue in 
infrastructure development. 

We would like to appreciate everyone who has contributed so much to the symposium and in the 
preparation of this proceeding. Hopefully, this proceeding can give benefit to society and science, 
especially for the field of geotechnics.  

 

 

 

 

 Yogyakarta, July 2018 

 Chief Editor 
 

 

 Fikri Faris 

 

 

  



Table of Contents 

Title page i 

Title back page ii 

Foreword iii 

Table of Contens iv 

Pile Load Test Frequently Asked Questions  1 
(T.L Gouw, A. Gunawan)  

Active Faults Identification for Dam Safety Against Earthquakes 13 
(D. Djarwadi) 

3D Assessment of Rainfall-induced Slope Movements and Risk Mitigation Strategies 20 
(Wei He, Barry Kok, Sangmin Lee)  

Bridge Approach Embankments on Rigid Inclusions 29 
(M. Rizal & K. Yee) 

Design of Rapid Impact Compaction at the New Yogyakarta International Airport 39 
(Mathew Sams, Wei He, Jeremy Gamaliel, and Barry Kok) 

Effects of Model Scale Due to Displacement Factor for Nailed-slab Pavement System 49 
(Anas Puri) 

Initial Recommendation Criteria for Distinguishing Between Landslides  54 
and Mudflows Based on Several Case Studies in Java and Bali 
(B. Widjaja, D. Pascayulinda)  

Slope Stability of Metamorphic Rock Based on Limit Equilibrium  61 
Method of Poboyo Gold Mine, Palu, Central of Sulawesi 
( )  

Deterioration Depth of Cement Treated Clay Under Sulfate Exposure 67 
(T. Pradita, L. Handoko, S. Gunawan, and J. T Hatmoko) 

Analysis of Failure Base Plate Anchor Flare Stack Foundation and Repair Method  78 
(Sulardi) 

The Analysis of Rockbolt Reinforcement on the Tunnel  83 
by Mohr Coulomb Approach Model and Hardening Soil Model  
(Hanindya K. Artati and Dias Dwi Hatmoko) 

Effect of Matric Suction Change on Pile Foundation Capacity in Unsaturated Soils 94 
 

 



International Conference on Geotechnics, 24-26 July, 2018 Yogyakarta, Indonesia  

 49 

Effects of Model Scale Due to Displacement Factor for Nailed-slab Pavement 
System 

Anas Puri 
Department of Civil Engineering, Universitas Islam Riau, Pekanbaru, INDONESIA 

anaspuri@eng.uir.ac.id 

ABSTRACT 

The Nailed-slab pavement system can be analyzed by using equivalent modulus of sub grade reaction. This modulus consists 
of modulus of subgrade reaction contributes by slab and additional modulus of subgrade reaction contrib utes by pile which 
installed under the slab. The displacement on the surface of loading plate is always larger than the relative displacement 
between pile and soil. Since the relative vertical displacement between the pile and surrounding soil is very smal l, ultimate pile 
shaft resistance has not been fully mobilized yet. The mobilized unit pile shaft resistance can be reduced by applying 
dispalcement factor. Some researcher conducted small scale test and others conducted full scale test. This research is a imed to 
study the effect of different model scale to the dispalcement factor. Results show that the model scale affects the value of 
dispalcement factor. Displacement factor for full scale model very small than small scale model. In other case, pile length  can 
also affect this factor. 

Keywords: rigid pavement, soft clay, Nailed-slab System, modulus of subgrade reaction, displacement factor, model scale. 
 

1 INTRODUCTION 
Nailed-slab pavement system is a method to improve 
the performance of rigid pevement on soft subgrade in 
case this system constructed on the ground (Puri, 
2015a, 2015b, 2016, 2017a, 2017b; Puri, et.al 2011a, 
2011b, 2012a, 2012b, 2013a, 2013b, 2013c, 2013d, 
2015, 2015; Hardiyatmo, 2008, 2009, 2011a, 2011b; 
Dewi, 2009; Nasibu, 2009; Taa, 2010; Somantri, 
2013; Diana, et.al, 2016, 2017). The slab have double 
functions; as a pile cap, and as a pavement slab at the 
same time. This system can be also as a soil 
reinforcement if it is contructed under embankment 
(Waruwu, et.al 2017). 

Hardiyatmo (2011a) proposed the method to analyze 
Nailed-slab pavement system by using equivalent 
modulus of sub grade reaction. This modulus consists 
of modulus of subgrade reaction contributes by slab 
and additional modulus of subgrade reaction 
contributes by pile which installed under the slab. Pile 
and slab should be connected monolithically (Puri, 
2015). 

According to Hardiyatmo (2011a), the displacement 
of the loading plate is different from the relative 
displacement between soil and pile. When the pile 
moves down due to loading, the soil under the plate 
also goes down. The displacement on the surface of 
loading plate ( s) is always larger than the relative 
displacement between pile and soil ( 0). Since the 
relative vertical displacement between the pile and 
surrounding soil is very small, ultimate pile shaft 

resistance (Qs) has not been fully mobilized yet. The 
mobilized unit pile shaft resistance can be reduced by 
applying dispalcement factor (  = s / 0). 

Hardiyatmo (2011a) conducted small scale model test 
(1 : 5) on soft clay and proposed curve of inverse 
displacement factor. Puri (2015) also proposed similar 
curve based on small scale model test (1 : 5) on soft 
clay. Hardiyatmo continued to propose the same curve 
of inverse displacement factor based on full scale 
model on stiff clay (Hardiyatmo, 2011b). Puri (2017a) 
proposed a curve of displacement factor for soft clay 
based on full scale model. 

This research is aimed to study the effect of different 
model scale to the dispalcement factor. 

2 DISPLACEMENT FACTOR 
The analytical approach in determining the equivalent 
modulus of subgrade reaction (k
(Hardiyatmo, 2011a; Dewi, 2009; Puri et al., 2012a): 

                       (1) 
Where k : modulus of subgrade reaction from plate 
load test (kN/m3) and k : additional modulus of 
subgrade reaction due to pile installation under slab 
(kN/m3). The modulus of subgrade reaction from a 
plate load test (k) is usually taken by using a circular 
plate, and it should be corrected to the slab shape of 
the nailed slab. The secant modulus is recommended. 

Hardiyatmo (2011a) proposed Eq. (2) in determining 
the additional modulus of subgrade reaction ( k). The 
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relative displacement between the pile and soil is 
considered. 

              (2) 

Where 0 : relative displacement between pile and soil 
(m), s : deflection of surface of slab (m), As : surface 
area of pile shaft (m2), s : pile spacing (m), ad : 
adhesion factor (non-dimensional), cu : undrained 
cohesion (kN/m2), po : average effective overburden 
pressure along pile (kN/m2), Kd : coefficient of lateral 
earth pressure in pile surroundings (non-dimensional), 
and d : soil internal friction angle (degree). 

Hardiyatmo (2011a) published Figure 1 the inverse of 
dispalcement factor ( 0/ s) based on small scale tests 
(1 : 5). The model used was 4 cm pile diameter and 40 
cm in length.  Hardiyatmo (2011b) re-published the 
relation between 0/ s and slab deflection for a full-
scale model (Figure 2) while the pile and slab were 
connected by a bolt. The pile diameter was 20 cm, and 
the length of the pile varied between 1.0 m and 2.0 m. 
Puri (2015) developed the curve of dispalcement 
factor ( 0/ s) based on small scale tests (1 : 5). The 
model used was 4 cm pile diameter and 40 cm in 
length. dispalcement factor ( 0/ s) based on small 
scale tests (1 : 5). The model used was 4 cm pile 
diameter and 20 cm in length. 

Puri (2017a) peoposed a curve of displacement factor 
(  =  / ) as shown in Figure 3, based on full scale 
model on soft clay. The pile and slab was connected 
monolitichally.  
 

 
Figure 1 Relationships of s/ 0 ratio vs. slab deflection 
based on small scale model test (Hardiyatmo, 2011a). 

Based on Hardiyatmo work (2011b) and Dewi (2009), 
the curve of displacement factor is shown in Figure 4 
(Puri, 2017b). 

 
Figure 2 Relationships of s/ 0 ratio vs. slab deflection 
(Hardiyatmo, 2011b) based on full scale model test. 

 

 
 

Figure 3 Curve of displacement factor,  based on full 
scale model test (Puri, 2017a).  

 
 

 
Figure 4 Displacement factor for soft and stiff clay 
based on full scale model test (Puri, 2017b). 

Figure 4 shows the displacement factor for stiff clay 
based on Hardiyatmo (2011b) only for 1.50 m pile 
length and combined to Puri (2017a). It seen that 
there is no differentiation between both soil 
consistency up to 0.01 in s/D ratio. Significant 
defferentiation came up after 0.01 in s/D ratio. It is 
can be also concluded for both cases that there is no 
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effect of soil consistency at least up to 0.01 in s/D 
ratio. Allthought there are some differents between 
both cases. Puri (2017a) used lean concrete, larger and 
rectangular slab while Hardiyatmo (2011b) used 
circular and smaller slab without lean concrete. And 
there was also differed on slab-pile connection type. 
These factors can be neglected, because of the relative 
displacement between pile and soil was response of 
these conditions. 

3 RESEARCH METHOD 
Data was taken from work of Hardiyatmo (2011a) and 
Puri (2015) in form of inverse dispalcement factor 

( 0/ s), and Hardiyatmo (2011b) for small scale and 
full scale model test respectively. Those inverse of 
dispalcement factor ( 0/ s) re-inverse to dispalcement 
factor (  = s/ 0). Data also taken from Puri (2017a, 
2017b) for dispalcement factor (  = s/ 0) for full 
scale model test. Those all of dispalcement factor 
were compare eacth other and to find the effect of 
model scale due to this factor. The structural 
dimension of model and soil data are presented in 
Table 1. Hardiyatmo (2011a) and Puri (2015) are for 
small scale model in soft clay. Hardiyatmo (2011b) 
and Puri (2017) are for full scale model in stiff clay 
and soft clay respectively. 

 

Table 1 Nailed-slab dimension and soil data 

Description Unit Hardiyatmo 
(2011a) Puri (2015) Hardiyatmo 

(2011b) Puri (2017) 

Pile:      
Diameter, D cm 4 4 20 20 
Length, Lp cm 40 20 150 150 
Slab:      
Width, B cm 20 20 120 120 
Thickness, h cm 4 4 15 15 
Shape  Rectangular Rectangular Circular Rectangular 
Soil:      
Undrained cohesion kPa 21 21 60 20 
Soil Classification CH CH CH CH 

 

4 RESULTS AND DISCUSSION 
Dispalcement factor (  = s/ 0) for small scale model 
test is shown in Figure 5. The maximum  value tend 
to be similar between shorter pile and longer pile, 
while the ratio of s/D for shorter pile tend to be in 
small range compare to longer pile.  

There are very significant effect of model scale as 
shown in Figure 6. Displacement factor for full scale 
model very small than small scale model. It can 
influence the result of analysis. Displacement factor 
for small scale model should be used for small scale 
and the same thing for full scale model. According to 
Hardiyatmo (2011a) and Waruwu et.al (2017), by 
using inverse of displacement factor for small scale in 
calculation of small scale Nailed-slab model was good 
agreement with the observed deflection. According to 
Puri (2017a), displacement factor for full scale model 
in calculation of full scale Nailed-slab model was very 
good agreement with the observed deflection. 

 

 
 
 

 
 
 

Figure 5 Displacement factor for soft clay based on 
small scale model test. 
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Figure 6 Displacement factor based on full scale 
model test. 

5 CONCLUSIONS 
Displacement factor was discussed by considering the 
model scale. It can be concluded that the model scale 
affects the value of dispalcement factor. Displacement 
factor for full scale model very small than small scale 
model. In other case, pile length can also affect this 
factor. It is recommended using each displacement 
factor approriate with dimension scale of Nailed-slab. 
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