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Preface

This new volume of Lecture Notes in Civil Engineering contains the proceedings
of the Second International Conference of Construction, Infrastructure, and
Materials (ICCIM 2021). This book presents the latest development in civil engi-
neering on a global scale. It highlights the conference scopes, such as Structural
Engineering, Construction Materials, Geotechnical Engineering, Transportation
System and Engineering, Constructions Management, Water Resources
Engineering, and Infrastructure Development. The 55 articles published in this
book went through peer-review processes double-blindly and plagiarism check.
Manuscript assessments by the expert reviewers were based on the organizer’s
technical criteria, including technical criteria, quality criteria, and presentation
criteria.

The Second International Conference of Construction, Infrastructure, and
Materials (ICCIM 2021) was hosted by the Civil Engineering Undergraduate Study
Program of Universitas Tarumanagara, Indonesia, on 26 July 2021. The conference
brought together national and international experts to share their researches,
knowledge, and experiences. ICCIM 2021 carried the theme “Research and
Technology in Civil Engineering to Enhance the Sustainability of the Built
Environment”.

Due to the global COVID-19 pandemic, which has impacted all activities
globally, ICCIM 2021 was held as an online conference. ICCIM 2021 online
conference aimed to capture a broader range of participants. The Conference was
also expected to facilitate researchers, practitioners, and students in their respective
fields of expertise to share information and exchange ideas about the current state of
civil engineering development.

ICCIM 2021 was supported by Massey University, New Zealand; Universiti Tun
Hussein Onn Malaysia, Malaysia; Nihon University, Japan; fib Indonesia;
Diponegoro University, Indonesia; Soegijapranata Catholic University, Indonesia;
Universitas Sebelas Maret, Indonesia; and Universitas Atma Jaya Yogyakarta,
Indonesia.

ICCIM 2021 has received papers from various countries, such as Indonesia,
Japan, Thailand, the United Kingdom, the United States of America, the
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Philippines, India, Nigeria, and Bangladesh. More than 600 researchers, practi-
tioners, and students from all over the world registered to attend the Conference.

We are likewise grateful to the keynote speakers for bringing the exciting topics
to ICCIM 2021: Prof. Roesdiman Soegiarso (Universitas Tarumanagara,
Indonesia); Prof. Monty Sutrisna (Massey University, New Zealand); Dr.-Ing.
Joewono Prasetijo (Universiti Tun Hussein Onn Malaysia, Malaysia); and Dr. Tam
Chat Tim (National University of Singapore, Singapore).

We would also like to extend our appreciation to the supporting institutions.
Secondly, thank you to the sponsors for the utmost support and kind contribution:
PT. Waskita Karya (Persero) Tbk, PT. Pamapersada Nusantara, and PT. Bank
Negara Indonesia Tbk.

Many people have worked very hard for the organization of this Conference.
Special thanks are needed to the Organizing Committee, Steering Committee,
Editorial Board, and Scientific Committee. All of whom have generously worked to
make this Conference rich in content and pleasant for the attendees. We would also
like to thank all the authors who have contributed to the success of this Conference.

Semarang, Indonesia Han Ay Lie
Auckland, New Zealand Monty Sutrisna
Panchor, Malaysia Joewono Prasetijo
Klong Luang, Thailand Bonaventura H. W. Hadikusumo
Jakarta Barat, Indonesia Leksmono Suryo Putranto
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Load Transfer Shear Wall to Pile Cap
Modelling Partially for Group Precast
Pile

Daud Rahmat Wiyono, Roi Milyardi, Yosafat Aji Pranata,
Asriwiyanti Desiani, Ginardi Husada, and Maria Christine Sutandi

Abstract Pile cap has the function to transfer the load from the upper structure to
group of piles. Purpose of this research is comparing the support reaction of pile cap
which loads from support reaction and loads from internal forces with pile cap
modelling partially in elevator shaft. Building 14th story with shear wall frame has
two model pile cap that are pile cap 1 (5 element pier with 44 piles) and pile cap 2
(11 element pier with 108 piles). The conclusion are the difference between support
reaction as loads and support reaction correction are 49.10% in pile cap 1 and
56.11% in pile cap 2, and the difference between support reaction correction as
loads and internal forces shear wall in 1st floor as loads are 3.86% in pile cap 1, and
3.19% in pile cap 2. With modelling pile cap partially with stiffness of piles are
considered, the support reaction from support reaction correction comparing with
support reaction pile cap are 3.68% in pile cap 1 and 2.51% in pile cap 2, and the
support reaction from internal forces as loads comparing with support reaction pile
cap are 50.11% in pile cap 1 and 69.93% in pile cap 2.

Keywords Load transfer � Shear wall � Pile cap � Stiffness

1 Introduction

In the upper structure, the location of loads from the upper structure to pile cap is
important because it can give a different value of support reaction from piles
modeling as support in pile cap. Loads of element shear wall are in the center of
gravity of the element, and the loads from support reaction of upper structure are in
the location of support in the shear wall if do not mesh in the shear wall, so the
restraint is at the end of element pier [1]. Some shear walls are connected together
as elevator shaft given duplicated support reaction in the joint which connected with
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another shear wall. In modeling a partially pile cap, the support reaction depends on
the position of group piles as support. SAP 2000 can provide modeling as one pile
cap as block foundation to received loads from several shear walls [2]. This soft-
ware can give the support reaction in piles near the actual condition by input
stiffness of piles [3].

The purpose of this research is to give the difference between without modeling
pile caps partially and with modeling pile caps partially as one block foundation.
The variation of loads are loads from support reaction with a correction from the
duplicate node at the joint between other shear walls and loads from internal forces
of the shear wall at 1st story. The variation of support is by using the stiffness of
piles and by restraint as usual. Focusing on supporting reaction given from mod-
eling pile cap partially as one block foundation. To modeling, the pile cap is used a
thick shell element. The difference stress from internal forces as loads and support
reaction correction as loads are obtained too.

2 Literature Study

Two methods are commonly used in pile cap design. There are beam theory and
truss analogy/method of strut and tie. The pile cap is designed as a beam for internal
forces, which are bending and shear. Types of pile caps use in this paper are shown
in the following Fig. 1.

Figure 1 has shown the position of several shear walls connected to each other.
The reaction from the upper structure is not the same as the reaction from a group of

(a) 

(b) 

Fig. 1 Type of pile cap model a pile cap with 5 element pier 44 piles, b pile cap with 11 element
piers with 108 piles
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piles. That is why it can be modeling pile cap partially to obtain the reaction of
group piles. Stiffness has been determined by soil investigations on the soil profile
and characteristics. Pile caps design must satisfy to resist the punching shear of each
pile [3]. The bearing force in the pile cap and the piles do not exceed the capacity of
the element [4]. The pile cap reinforcement depends on the loading on the pile cap,
the spacing of the piles, and the depth of the pile cap. To design pile foundations is
done using finite element software, which is SAP2000 nonlinear, to calculate the
reaction of piles. Shell thick element is used to model the pile cap element. The pile
cap is assumed to be rigid, and at the top and at the bottom of the pile are pinned.
The pile receives vertical load and receives force in terms proportional to the
displacement [3].

3 Numerical Model

The 14th floor reinforced concrete shear wall frames building is modeling with SAP
2000 given in Fig. 2a. There are two elevator shafts on the left side and right side of
the building. The elevator shaft on the left side is pile cap 1, and the elevator shaft
on the right side is pile cap 2. The loads from internal forces and from support
reaction are displayed in Fig. 2b–e. In Fig. 3a–d are displayed the loads from
bending moment of the pile cap [4–10].

(a) (c)(b)

(e)(d)

Fig. 2 Building model and loads from internal forces and loads from support reaction a 3D
building model, b pile cap 1 (internal forces), c pile cap 2 (internal forces), d pile cap 1 (support
reaction), e pile cap 2 (support reaction)
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4 Result and Discussion

Pile cap modeling as one because there are two groups of shear wall naming by pile
cap with five-element pier 44 piles and pile cap with 11 element piers with 108
piles. Pile cap 1 (44 piles) without pile cap modeling partially in Tables 1, 2, and 3,
and support reaction as a loads comparison, the value of support reaction correction
as loads is 49.1% lower, the value of internal forces as loads is 49.1% lower, when
support reaction correction as loads, the value of internal forces as loads is 3.86%
higher, when support reaction as loads, the value is 57.91% lower, when support
reaction correction as loads, the value of at support reaction 14.13% lower. When
pile cap modeling partially and the stiffness of piles are considered in Tables 4

(a) (b) 

 
(c) (d) 

 

Fig. 3 Bending moment of loads from internal forces and loads from support reaction a pile cap 1
(internal forces), b pile cap 2 (internal forces), c pile cap 1 (support reaction), d pile cap 2 (support
reaction)

Table 1 Comparison loads of pile cap 1 (44 piles) without pile cap modeling partially (support
reaction vs. support reaction correction)

Story
name

Pier ID P load ETABS
support reaction
(kN)

P load ETABS support
reaction correction (kN)

Difference with
support reaction (%)

Story1 P1 50,285 50,285 0.00

Story1 P2 50,569 50,569 0.00

Story1 P3 44,423 44,423 0.00

Story1 P4 45,517 45,517 0.00

Story1 P14 10,914 10,914 0.00

Total 201,708 201,708 −49.10

Story1 Other
correction

0 102,854 −49.10

Total 201,708 98,854 −49.10
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Table 2 Comparison loads of pile cap 1 (44 piles) without pile cap modeling partially (internal
forces at internal forces location)

Story
name

Pier ID P load ETABS at
internal forces Story
1 (kN)

Difference with
support reaction
(%)

Difference with
support reaction
correction (%)

Story1 P1 27,695 −44.92

Story1 P2 25,393 −49.79

Story1 P3 20,412 −54.05

Story1 P4 19,090 −58.06

Story1 P14 10,079 −7.65

Total 102,669 −49.10

Story1 Other
correction

0 0.00

Total 102,669 −49.10 3.86

Table 3 Comparison loads of pile cap 1 (44 piles) without pile cap modeling partially (support
reaction at support reaction location)

Story
name

Pier ID P load ETABS at
support reaction
(kN)

Difference with
support reaction
(%)

Difference at support
reaction correction
(%)

Story1 P1 25,290 −49.71

Story1 P2 26,857 −46.89

Story1 P3 16,057 −63.85

Story1 P4 9811 −78.45

Story1 P14 6875 −37.01

Total 84,890 −57.91

Story1 Other
correction

0

Total 84,890 −57.91 −14.13

Table 4 Comparison support reaction of pile cap 1 (44 piles) with pile cap modeling with the
stiffness of piles considered (with stiffness support reaction at support reaction location)

Story
name

Pier ID P load ETABS
support
reaction
correction (kN)

P reaction ETABS support
reaction from support reaction
axial + moment
stiffness = 169,600 (kN)

Difference
with support
reaction
correction (%)

Story1 P1 50,285 25,290

Story1 P2 50,569 26,857

Story1 P3 44,423 16,057

Story1 P4 45,517 6875

Story1 P14 10,914 10,914

Total 201,708 84,890

Story1 Other
correction

102,854 17,606

Total 98,854 102,495 3.68
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and 5 and support reaction correction as a loads comparison, the value of support
reaction from support reaction as loads is 57.91% lower, and when internal forces
as loads comparison the value of support reaction from internal forces as loads is
66.98% lower. When the support as a restraint in Tables 6 and 7 and support
reaction correction as loads comparison, the value of support reaction from support
reaction as loads is 0.86% lower, and when internal forces as loads comparison the
value of support reaction from internal forces as loads is 75.87% lower. For pile cap
2 (108 piles) without pile cap modeling partially in Tables 8, 9 and 10, and support
reaction as loads comparison, the value of support reaction correction as loads is
56.11% lower, the value of internal forces as loads is 56.11% lower, when support
reaction correction as loads, the value of internal forces as loads is 3.19% lower,
when support reaction as loads, the value is 72.89% lower, when support reaction

Table 5 Comparison support reaction of pile cap 1 (44 piles) with pile cap modeling with the
stiffness of piles considered (with stiffness internal forces at internal forces location)

Story
name

Pier ID P load ETABS internal
forces Story 1
axial + moment
stiffness = 169,600
(kN)

P reaction ETABS support
reaction from internal
forces axial + moment
stiffness = 169,600 (kN)

Difference
with
internal
forces (%)

Story1 P1 27,695 12,811 −53.74

Story1 P2 25,393 6574 −74.11

Story1 P3 20,412 5722 −71.97

Story1 P4 19,090 4589 −75.96

Story1 P14 10,079 4205 −58.28

Total 102,669 33,901 −66.98

Story1 Other
correction

17,322 16.87

Total 102,669 51,223 −50.11

Table 6 Comparison support reaction of pile cap 1 (44 piles) with pile cap modeling with
restraint at support (with restraint support reaction at support reaction location)

Story
name

Pier ID P load ETABS
support
reaction
correction (kN)

P reaction ETABS support
reaction from support reaction
axial and moment restraint
(kN)

Difference with
support
reaction
correction (%)

Story1 P1 50,285 49,652

Story1 P2 50,569 51,935

Story1 P3 44,423 42,863

Story1 P4 45,517 45,662

Story1 P14 10,914 11,098

Total 201,708 201,209

Story1 Other
correction

102,854 −98,714

Total 98,854 102,495 3.68
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correction as loads, the value of at support reaction 40.20% lower. When pile cap
modeling partially and the stiffness of piles considered in Tables 11 and 12 and
support reaction correction as loads comparison, the value of support reaction from
support reaction as loads is 2.51% higher, and when internal forces as loads
comparison the value of support reaction from internal forces as loads is 69.93%
lower. When the support as a restraint in Tables 13 and 14 and support reaction

Table 7 Comparison support reaction of pile cap 1 (44 piles) with pile cap modeling with
restraint at support (with restraint internal forces at internal forces location)

Story
name

Pier ID P load ETABS internal
forces Story 1 axial and
moment restraint (kN)

P reaction ETABS
support reaction from
internal forces
axial + moment restraint
(kN)

Difference
% with
internal
forces (%)

Story1 P1 27,695 386 −98.61

Story1 P2 25,393 −3836 −115.11

Story1 P3 20,412 11,702 −42.67

Story1 P4 19,090 11,069 −42.01

Story1 P14 10,079 5449 −45.94

Total 102,669 24,771 −75.87

Story1 Other
correction

17,322 16.87

Total 102,669 51,223 −50.11

Table 8 Comparison loads of pile cap 2 (108 piles) without pile cap modeling partially (support
reaction vs. support reaction correction)

Story
name

Pier ID P load ETABS
support reaction
(kN)

P load ETABS support
reaction correction (kN)

Difference with
support reaction
(%)

Story1 P5 66,543 66,543

Story1 P6 55,937 55,937 0.00

Story1 P7 57,512 57,512 0.00

Story1 P8 51,382 51,382 0.00

Story1 P10 68,268 68,268 0.00

Story1 P11 45,831 45,831 0.00

Story1 P12 44,958 44,958 0.00

Story1 P13 13,586 13,586 0.00

Story1 P15 11,580 11,580 0.00

Story1 P16 39,215 39,215 0.00

Story1 P18 41,115 41,115 0.00

Total 495,930 495,930 −56.11

Story1 Other
correction

0 271,080 −56.11

Total 495,930 224,851 −56.11
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Table 9 Comparison loads of pile cap 2 (108 piles) without pile cap modeling partially (internal
forces at internal forces location)

Story
name

Pier ID P load ETABS
at
internal forces
Story 1 (kN)

Difference with
support reaction
(%)

Difference with support
reaction correction (%)

Story1 P5 41,105 −38.23

Story1 P6 14,598 −73.90

Story1 P7 18,594 −67.67

Story1 P8 17,830 −65.30

Story1 P10 42,577 −37.63

Story1 P11 18,874 −58.82

Story1 P12 16,186 −64.00

Story1 P13 13,328 −1.90

Story1 P15 11,407 −1.49

Story1 P16 10,972 −72.02

Story1 P18 12,205 −70.31

Total 217,675 −56.11

Story1 Other
correction

0 0

Total 217,675 −56.11 −3.19

Table 10 Comparison loads of pile cap 2 (108 piles) without pile cap modeling partially (support
reaction at support reaction location)

Story
name

Pier ID P load ETABS at
support reaction
(kN)

Difference with
support reaction
(%)

Difference at support
reaction correction
(%)

Story1 P5 23,948 −64.01

Story1 P6 19,113 −65.83

Story1 P7 11,131 −80.65

Story1 P8 8847 −82.78

Story1 P10 23,073 −66.20

Story1 P11 10,255 −77.63

Story1 P12 8969 −80.05

Story1 P13 8170 −39.87

Story1 P15 7707 −33.45

Story1 P16 6007 −84.68

Story1 P18 7229 −82.42

Total 134,450 −72.89

Story1 Other
correction

0

Total 134,450 −72.89 −40.20
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Table 11 Comparison support reaction of pile cap 2 (108 piles) with pile cap modeling with the
stiffness of piles considered (with stiffness support reaction at support reaction location)

Story
name

Pier ID P load ETABS
support
reaction
correction (kN)

P reaction ETABS support
reaction from support reaction
axial + moment
stiffness = 169,600 (kN)

Difference
with support
reaction
correction (%)

Story1 P5 66,543 23,948

Story1 P6 55,937 19,113

Story1 P7 57,512 11,131

Story1 P8 51,382 8847

Story1 P10 68,268 23,073

Story1 P11 45,831 10,255

Story1 P12 44,958 8969

Story1 P13 13,586 8170

Story1 P15 11,580 7707

Story1 P16 39,215 6007

Story1 P18 41,115 7229

Total 495,930 134,450

Story1 Other
correction

271,080 96,055

Total 224,851 230,505 2.51

Table 12 Comparison support reaction of pile cap 2 (108 piles) with pile cap modeling with the
stiffness of piles considered (with stiffness internal forces at internal forces location)

Story
name

Pier ID P load ETABS internal
forces Story 1
axial + moment
stiffness = 169,600
(kN)

P reaction ETABS support
reaction from internal
forces axial + moment
stiffness = 169,600 (kN)

Difference
with
internal
forces (%)

Story1 P5 41,105 3936 −90.42

Story1 P6 14,598 5659 −61.23

Story1 P7 18,594 2533 −86.38

Story1 P8 17,830 1111 −93.77

Story1 P10 42,577 7255 −82.96

Story1 P11 18,874 2910 −84.58

Story1 P12 16,186 1898 −88.27

Story1 P13 13,328 2298 −82.76

Story1 P15 11,407 2303 −79.81

Story1 P16 10,972 1463 −86.66

Story1 P18 12,205 2481 −79.68

Total 217,675 33,848 −84.45

Story1 Other
correction

31,602 14.49

Total 217,675 65,449 −69.93
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Table 13 Comparison support reaction of pile cap 2 (108 piles) with pile cap modeling with
restraint at support (with restraint support reaction at support reaction location)

Story
name

Pier ID P load ETABS
support
reaction
correction (kN)

P reaction ETABS support
reaction from support reaction
axial and moment restraint
(kN)

Difference with
support
reaction
correction (%)

Story1 P5 66,543 66,375

Story1 P6 55,937 56,524

Story1 P7 57,512 57,689

Story1 P8 51,382 51,436

Story1 P10 68,268 69,847

Story1 P11 45,831 46,179

Story1 P12 44,958 45,193

Story1 P13 13,586 13,792

Story1 P15 11,580 11,867

Story1 P16 39,215 39,341

Story1 P18 41,115 41,334

Total 495,930 499,577

Story1 Other
correction

271,080 269,072

Total 224,851 230,505 2.51

Table 14 Comparison support reaction of pile cap 2 (108 piles) with pile cap modeling with
restraint at support (with restraint internal forces at internal forces location)

Story
name

Pier ID P load ETABS internal
forces Story 1 axial and
moment restraint (kN)

P reaction ETABS
support reaction from
internal forces
axial + moment restraint
(kN)

Difference
% with
internal
forces (%)

Story1 P5 41,105 2538 −93.83

Story1 P6 14,598 594 −95.93

Story1 P7 18,594 277 −98.51

Story1 P8 17,830 223 −98.75

Story1 P10 42,577 −1172 −102.75

Story1 P11 18,874 46,179 0.88

Story1 P12 16,186 16,354 1.04

Story1 P13 13,328 13,612 2.14

Story1 P15 11,407 11,588 1.58

Story1 P16 10,972 690 −93.71

Story1 P18 12,205 842 −93.10

Total 217,675 64,586 −70.33

Story1 Other
correction

863 0.40

Total 217,675 65,449 −69.93
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correction as loads comparison, the value of support reaction from support reaction
as loads is 2.51% higher, the value of support reaction from internal forces as loads
is 69.93% lower. The location of the higher bending moment shown in the picture is
near the position of the loads.

5 Conclusion

The conclusions are:

1. Without modeling pile cap partially, the difference between support reaction as
loads and support reaction correction as loads are 49.10% in pile cap 1 and
56.11% in pile cap 2, and the difference between support reaction correction as
loads and internal forces shear wall in 1st floor as loads are 3.86% in pile cap 1
and 3.19% in pile cap 2.

2. With modeling pile cap partially in condition stiffness of piles is considered, the
support reaction from support reaction correction compare with support reaction
pile cap are 3.68% in pile cap 1 and 2.51% in pile cap 2, and the support
reaction from internal forces as loads compare with support reaction pile cap are
50.11% in pile cap 1 and 69.93% in pile cap 2, 3. With modeling pile cap
partially in condition restraint, the support reaction from support reaction cor-
rection compare with support reaction pile cap are 3.68% in pile cap 1 and
2.51% in pile cap 2, and the support reaction from internal forces as loads
compare with support reaction pile cap are 50.11% in pile cap 1 and 69.93% in
pile cap 2.
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