
Effect of Petrified Wood as a Coarse Aggregate Substitute on the Compressive Strength of Concrete -

Effect of Petrified Wood as a Coarse Aggregate Substitute on 
the Compressive Strength of Concrete -

Fakultas Teknik

Document Details

Submission ID

trn:oid:::3618:107563214

Submission Date

Aug 8, 2025, 11:24 AM GMT+7

Download Date

Aug 8, 2025, 11:54 AM GMT+7

File Name

Effect of Petrified Wood as a Coarse Aggregate Substitute on the Compressive Strength of Conc….docx

File Size

146.1 KB

7 Pages

4,535 Words

27,725 Characters

Page 1 of 16 - Cover Page Submission ID trn:oid:::3618:107563214

Page 1 of 16 - Cover Page Submission ID trn:oid:::3618:107563214



15% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

Exclusions
78 Excluded Sources

55 Excluded Matches

Match Groups

75 Not Cited or Quoted 13%
Matches with neither in-text citation nor quotation marks

6 Missing Quotations 1%
Matches that are still very similar to source material

3 Missing Citation 1%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

8% Internet sources

10% Publications

12% Submitted works (Student Papers)

Integrity Flags
0 Integrity Flags for Review

Our system's algorithms look deeply at a document for any inconsistencies that 
would set it apart from a normal submission. If we notice something strange, we flag 
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you 
focus your attention there for further review.

Page 2 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 2 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214



Match Groups

75 Not Cited or Quoted 13%
Matches with neither in-text citation nor quotation marks

6 Missing Quotations 1%
Matches that are still very similar to source material

3 Missing Citation 1%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Top Sources

8% Internet sources

10% Publications

12% Submitted works (Student Papers)

Top Sources
The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

1 Internet

srinivaspublication.com <1%

2 Student papers

University of Dubai on 2024-06-01 <1%

3 Publication

J. Shen, I. Yurtdas, C. Diagana, A. Li. "Mix-design method of self-compacting concr… <1%

4 Student papers

Lead College Pty Ltd on 2025-03-09 <1%

5 Publication

Natt Makul. "Chapter 316 Fatigue Constitutive Model", Springer Science and Busi… <1%

6 Student papers

University of Birmingham on 2020-03-26 <1%

7 Student papers

American University in Cairo on 2024-10-09 <1%

8 Publication

Bo Peng, Zulhazmee Bin Bakri. "Optimization of mechanical properties of corn st… <1%

9 Student papers

Brigham Young University on 2023-03-24 <1%

10 Publication

M.B. Shine, K.N Guruprasad, Anjali Anand. "Effect of stationary magnetic field str… <1%

Page 3 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 3 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://srinivaspublication.com/journal/index.php/ijmts/article/download/1848/739/3336
https://doi.org/10.1139/L09-083
https://doi.org/10.1007/978-981-97-2998-2_316
https://doi.org/10.18282/ice725
https://doi.org/10.1002/bem.21702


11 Publication

Raktipong Sahamitmongkol, Darrakorn Intarabut, Tanakorn Phoo-ngernkham. "… <1%

12 Student papers

University of South Africa on 2025-07-18 <1%

13 Internet

www.slideshare.net <1%

14 Publication

E. Baez, A. Crisafulli, A. Kanbour, E. Figueredo. "Mineralogical characterization of f… <1%

15 Publication

Jakub Rantuch, Tomáš Kočí, Manfred Jäger, Lenka Váchová. "Tectorotularia hexag… <1%

16 Publication

M A Shadab Siddiqui, M S Rabbi, Radif Uddin Ahmed, F Alam, M A M Hossain, Sha… <1%

17 Publication

Navadeep Budda, Naveen Budda. "A Comparative Analysis of ChatGPT-4, ChatGPT… <1%

18 Internet

hdl.handle.net <1%

19 Student papers

Coventry University on 2023-10-27 <1%

20 Publication

Giovanni Gerbino, Michela Omedè, Elisa Raveggi, Sara Silvestri, Emanuele Zavatte… <1%

21 Student papers

Heriot-Watt University on 2016-08-10 <1%

22 Student papers

Higher Education Commission Pakistan on 2012-05-24 <1%

23 Publication

T Mulyono,  Anisah. "Laboratory Experiment: Pervious Concrete for Permeable Pa… <1%

24 Student papers

Universiti Teknologi Malaysia on 2024-07-22 <1%

Page 4 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 4 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://doi.org/10.1016/j.istruc.2025.108195
https://www.slideshare.net/iaeme/behavior-of-carbon-fiber-reinforced-polymer-strengthened-reactive-powder-concrete-columns-61365494
https://doi.org/10.1016/j.jsames.2025.105679
https://doi.org/10.1016/j.cretres.2024.105913
https://doi.org/10.1016/j.jcomc.2025.100578
https://doi.org/10.47611/jsrhs.v13i2.6497
http://hdl.handle.net/2142/97420
https://doi.org/10.3390/jcm14134639
https://doi.org/10.1088/1755-1315/366/1/012019


25 Student papers

University of Mindanao on 2025-07-28 <1%

26 Internet

ebin.pub <1%

27 Internet

eprints.nottingham.ac.uk <1%

28 Internet

jeas.springeropen.com <1%

29 Internet

www.jett.dormaj.com <1%

30 Internet

www.journal.foundae.com <1%

31 Internet

www.researchpublish.com <1%

32 Internet

www.sciencegate.app <1%

33 Publication

Hammam Rofiqi Agustapraja, Rio Rahma Dhana. "The Effect of Newspaper Powde… <1%

34 Student papers

University of East London on 2013-12-04 <1%

35 Student papers

University of New South Wales on 2024-05-28 <1%

36 Student papers

University of Sheffield on 2022-04-09 <1%

37 Student papers

University of Stellenbosch, South Africa on 2012-10-26 <1%

38 Internet

cic.hk <1%

Page 5 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 5 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://ebin.pub/smart-technologies-for-sustainable-development-select-proceedings-of-smts-2019-1st-ed-9789811550003-9789811550010.html
https://eprints.nottingham.ac.uk/12497/1/Savas_Erdem_PhD_Thesis.pdf
https://jeas.springeropen.com/articles/10.1186/s44147-024-00513-8
http://www.jett.dormaj.com/docs/Volume7/Issue%201/Utilization%20Potential%20of%20Waste%20from%20Sugarcane%20Factory%20of%20Bangladesh%20as%20Partial%20Replacement%20of%20Cement%20in%20Concrete.pdf
https://www.journal.foundae.com/index.php/ijhes/article/view/171/0
https://www.researchpublish.com/upload/book/Study%20on%20Strength%20of%20M25%20Concrete-1001.pdf
https://www.sciencegate.app/document/10.1016/j.compstruc.2021.106479
https://doi.org/10.1088/1755-1315/830/1/012002
https://cic.hk/files/page/10391/Final%20report.pdf


39 Internet

www.converge.io <1%

40 Student papers

Brisbane Catholic Education on 2023-11-21 <1%

41 Publication

Faqih Ma arif, Slamet Widodo, Maris Setyo Nugroho, Zhengguo Gao. "Discrete Ele… <1%

42 Publication

Kishor Chandra Panda, Subhrasweta Behera, Shradha Jena. "Effect of rice husk as… <1%

43 Publication

Uchechi G. Eziefula, Gregory C. Obiechefu, Martha E. Charles. "Use of periwinkle s… <1%

44 Student papers

Universitas Diponegoro on 2023-09-21 <1%

45 Student papers

University of Portsmouth on 2023-09-01 <1%

46 Student papers

University of South Australia on 2017-11-11 <1%

47 Student papers

University of the Sunshine Coast on 2024-06-03 <1%

48 Publication

Wazwaz, Alaa Aref. "Mechanical and Durability Properties of Mortar with Ferroch… <1%

49 Internet

mafiadoc.com <1%

50 Publication

Israr Ahmad, Faheem Butt, Anwar Khitab. "Enhancing cementitious systems with … <1%

51 Publication

Sri Hartati Dewi, Rendy Thamrin, Sabril Haris, Febi Putri Yastari. "Tensile Forces B… <1%

52 Student papers

University of South Africa on 2025-07-20 <1%

Page 6 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 6 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://www.converge.io/blog
https://doi.org/10.30737/ukarst.v7i1.4401
https://doi.org/10.1016/j.matpr.2020.04.049
https://doi.org/10.1504/IJEWM.2020.109165
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A31972887&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://mafiadoc.com/evaluation-of-stone-mastic-asphalt-_5b91eb44097c4714118b4785.html
https://doi.org/10.1016/j.rineng.2025.106208
https://doi.org/10.2478/cee-2024-0008


53 Student papers

University of South Africa on 2025-07-21 <1%

54 Student papers

University of Technology, Sydney on 2013-06-21 <1%

55 Internet

ceias.nau.edu <1%

56 Internet

iris.polito.it <1%

57 Internet

publisher.uthm.edu.my <1%

58 Internet

www.globalspecies.org <1%

59 Internet

www.jwpr.science-line.com <1%

60 Publication

A. A. Sabtan, W. M. Shehata. "Evaluation of engineering properties of scoria in ce… <1%

61 Publication

Ekici, Anıl. "Geotechnical Properties of Coarse-Fine Mixtures and Their Interaction… <1%

62 Publication

Feng Yang, Chao Tang, Qu Zhou, Lin Du, Huasheng Wan, Jinghao Chen. "Novel Ch… <1%

63 Student papers

SASTRA University on 2013-09-03 <1%

64 Publication

Sudheer Reddy, Sumit Choudhary, Kul Vaibhav Sharma, P. Ravi Kishore, S. Anand… <1%

65 Student papers

University of Arizona on 2012-07-09 <1%

66 Publication

Zaid, Waleed. "Improving the Geotechnical Properties of a Soil Using Xanthan Gu… <1%

Page 7 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 7 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://ceias.nau.edu/capstone/projects/CENE/2019/ASCEConcreteCanoe/nccc_rules_and_regulations_2019.pdf
https://iris.polito.it/retrieve/567c689b-3c3f-4b32-a0db-d6e392cccac8/TEMA%2015_3_2022_9069-Article%20.pdf
https://publisher.uthm.edu.my/ojs/index.php/ijie/article/view/5465
http://www.globalspecies.org/protectareas/display/1404
https://www.jwpr.science-line.com/attachments/article/78/Booklet,Vol14,No1,March2024,JWPR.pdf
https://doi.org/10.1007/s100640000061
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A31658912&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://doi.org/10.1109/TDEI.2022.3168340
https://doi.org/10.21203/rs.3.rs-3118314/v1
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A31997367&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004


67 Publication

"Proceedings of the Second International Conference on the Future of ASEAN (IC… <1%

68 Student papers

Liverpool John Moores University on 2021-10-02 <1%

69 Publication

Sanja Dimter, Tatjana Rukavina, Vesna Drag[cbreve]ević. "Strength Properties of … <1%

70 Publication

Saroj Subedi, Md Tamanna Aalam, Sagar Ranabhat, Prabhat Baral, Laxman Bhujel… <1%

71 Publication

Sherif H. Helmy, Ahmed M. Tahwia, Mohamed G. Mahdy, Mohamed Abd Elrahman… <1%

72 Student papers

60892 on 2015-05-22 <1%

73 Student papers

Curtin University of Technology on 2015-10-27 <1%

74 Publication

Gürel Şenyur. "Short term stability of cemented aggregate fill for Kure copper mi… <1%

75 Publication

Olsen, Kenneth J.. "Deterioration Envelopes for Predicting Concrete Bridge Deck … <1%

76 Student papers

University of Minnesota System on 2016-04-08 <1%

77 Internet

moam.info <1%

78 Student papers

Higher Education Commission Pakistan on 2011-06-10 <1%

79 Publication

Kwok Wei Shah, Ghasan Fahim Huseien. "Recycled Ceramics in Sustainable Concr… <1%

80 Student papers

Universiti Tenaga Nasional on 2013-09-08 <1%

Page 8 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 8 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://doi.org/10.1007/978-981-10-8471-3
https://doi.org/10.1080/14680629.2011.9695266
https://doi.org/10.1016/j.clwas.2025.100380
https://doi.org/10.3390/su151310060
https://doi.org/10.1007/BF01554345
https://gateway.proquest.com/openurl?res_dat=xri%3Apqm&rft_dat=xri%3Apqdiss%3A31939405&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Adissertation&url_ver=Z39.88-2004
https://moam.info/variation-of-shrinkage-strain-within-the-depth-of_5c32b8e0097c477d068b45cf.html
https://doi.org/10.1201/9781003120292


81 Internet

www.afjbs.com <1%

Page 9 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

Page 9 of 16 - Integrity Overview Submission ID trn:oid:::3618:107563214

https://www.afjbs.com/uploads/paper/9ece88365156d7db2bb62bb39b8850f5.pdf


 

  
Effect of Petrified Wood as a Coarse Aggregate Substitute on the Compressive Strength of 
Concrete 

 

 
Sri Hartati Dewi1* , Dicky Payendra1 , Harmiyati , Heri Ahmadi , Roza Mildawati , Sy Sarah Alwiyah  
 

 

Faculty of Engineering, Islamic University of Riau, Pekanbaru 28284, Indonesia 
 
Corresponding Author Email: srihartatidewi@eng.uir.ac.id 

 
Copyright: ©2025 The authors. This article is published by IIETA and is licensed under the CC BY 4.0 license 
(http://creativecommons.org/licenses/by/4.0/). 

 
https://doi.org/10.18280/acsm.xxxxxx 

  
ABSTRACT 

   
Received: 24 May 2025 
Revised: 23 June 2025 
Accepted: 26 June 2025  
Available online: 

 Concrete is one of the most essential construction materials in the building industry. This 
study investigates the use of petrified wood as a partial and full substitute for coarse 
aggregate in concrete mixtures, exploring its potential as an environmentally friendly 
alternative. Petrified wood, formed from fossilized remains of trees preserved over long 
periods, is lightweight and possesses physical characteristics that may benefit concrete 
performance. The experimental work employed cylindrical specimens, with petrified 
wood substitution levels of 0%, 50%, 75%, and 100% by total coarse aggregate weight. 
Each variation included three samples. The concrete mix design followed SNI 7656-
2012, and compressive strength tests were conducted at 28 days of curing. Results 
showed that increasing the proportion of petrified wood led to a gradual decrease in 
slump value, attributed to its smooth surface texture, which enhances concrete 
flowability. Compressive strength also decreased with higher substitution levels, with 
recorded values of 28.40 MPa (0%), 23.40 MPa (50%), 22.93 MPa (75%), and 19.34 
MPa (100%). Despite this decline, all mixtures met the minimum design requirement of 
19 MPa, indicating that petrified wood can be considered a viable coarse aggregate 
alternative for sustainable concrete production. 

 
Keywords: 
concrete, petrified wood, coarse aggregate 
substitution, compressive strength, sustainable 
materials, slump test  

 

 
 
1. INTRODUCTION 
 

Concrete is a composite material composed of cement, 
water, and fillers, which include both fine and coarse 
aggregates [1-2]. It is one of the most widely used construction 
materials globally due to its strength, durability, and 
availability. Many efforts have been made to improve the 
quality of concrete [3-7] The performance of concrete is 
strongly influenced by the quality and proportion of its 
constituent materials, with coarse aggregates serving as a 
primary structural component. Extensive research has been 
conducted on replacing coarse aggregate with other materials 
[8-16]. However, the continuous exploitation of natural coarse 
aggregates—such as crushed stone and river gravel—has 
raised significant environmental concerns. Excessive 
extraction of these materials can lead to riverbank erosion, 
habitat destruction, and the depletion of non-renewable 
resources. 

In response to these concerns, the search for alternative 
aggregate materials has become increasingly important. One 
such potential material is petrified wood, a fossilized form of 
tree remains formed through long-term geological processes. 
During fossilization, organic components such as cellulose 
and lignin are gradually replaced by minerals—typically silica 
compounds like quartz—while retaining the wood’s original 
anatomical structure. This transformation results in a material 
with stone-like properties, including high density, good 

compressive strength, and distinctive surface patterns due to 
mineralization. 

Compared to conventional coarse aggregates, petrified 
wood differs in both origin and physical characteristics. 
Conventional aggregates are mechanically crushed from 
natural rocks and tend to have consistent shapes and textures. 
In contrast, petrified wood possesses a unique texture and 
mineral composition, which may affect the mechanical 
behavior of the concrete mix. Despite its slightly lower 
workability, petrified wood remains within acceptable slump 
values for structural concrete, indicating its potential as a 
viable alternative.  

However, the use of petrified wood as a coarse aggregate 
substitute is not without challenges. As a naturally formed 
fossil material, it can vary in density, porosity, and mineral 
content, which may affect consistency and performance. 
Moreover, its limited availability and non-renewable nature 
raise concerns about long-term sustainability. The lack of 
standardized technical guidelines for incorporating petrified 
wood into concrete mix designs presents an additional obstacle 
to widespread adoption. These factors underscore the need for 
comprehensive research to evaluate the feasibility, advantages, 
and limitations of using petrified wood as a replacement for 
conventional coarse aggregates in concrete applications. 

Petrified wood, also known as fossilized wood, is a type of 
fossil formed when the organic material of wood is gradually 
replaced by minerals—typically silica compounds such as 
quartz—while retaining its original anatomical structure [17]. 
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The fossilization processes of Costa Rica's petrified wood 
have been examined using SEM and XRD methods [17]. The 
term petrified originates from the Greek word petro, meaning 
“stone,” reflecting the transformation of wood into stone over 
a prolonged geological process. 

This transformation occurs when wood becomes buried 
beneath layers of sediment and is exposed to mineral-rich 
groundwater. Over time, the cellulose and lignin decompose 
and are replaced by dissolved minerals, resulting in a dense, 
stone-like material. The initial permineralization often 
involves amorphous silica precipitation within the wood cell 
walls, followed by further replacement into crystalline forms 
like chalcedony and quartz under specific geochemical 
conditions [18]. 

Mineral analysis shows that fossil wood and bones from the 
Maadi Petrified Forest are mainly composed of quartz and 
francolite, suggesting complex diagenesis linked to 
groundwater and volcanic influence. This supports a better 
understanding of fossilization and reinforces the site's 
paleontological importance [19]. 

Petrified wood is identified as a naturally derived composite 
material, produced via mineral substitution processes 
controlled by geochemical and environmental parameters. The 
observed mineral assemblages, including calcite, quartz, and 
francolite, indicate that fossilization occurred through multiple 
diagenetic stages. These findings offer valuable contributions 
to current models of silicification and permineralization and 
support further exploration of fossil structures for innovative 
biomimetic applications [20]. 

Studies in Indonesia have shown that silicified wood 
typically contains high levels of silica (SiO₂), mainly quartz 
and opal CT, reflecting the influence of local geology and 
sediment lithology on mineral content and crystallinity [21]. 

Given its unique mineral composition and mechanical 
characteristics, petrified wood presents a promising coarse 
aggregate substitute. Using it in concrete could reduce reliance 
on natural stone, offering a sustainable alternative in 
construction materials. 

This study aims to investigate the mechanical performance 
of concrete mixtures using petrified wood as a partial or full 
replacement for coarse aggregates, focusing on parameters 
such as compressive strength and concrete workability. 

 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 
(1) The materials used in this experimental study include 

cement, water, fine aggregate, coarse aggregate, and petrified 
wood as a partial and full substitute for coarse aggregate. 

(2) Cement: Ordinary Portland Cement (OPC) from 
Padang Cement type I 

(3) Water: Clean water sourced from a bore well at the 
Laboratory of the Faculty of Engineering, Universitas Islam 
Riau, Pekanbaru, was used for both mixing and curing. 

(4) Fine Aggregate: Natural river sand was collected 
from Teratak Buluh, Kampar. The sand met the requirements 
of the Indonesian National Standard (SNI) for fine aggregates, 
including cleanliness, gradation, and silt content. 

(5) Coarse Aggregate: Crushed stone obtained from 
Pangkalan Koto Baru, West Sumatra, was used as the 
reference coarse aggregate. 

(6) Petrified Wood: The alternative material used in this 
study was petrified wood (fossilized wood), collected from the 
Sirih River in Muaro Sentajo Village, Kuantan Singingi. Prior 
to use, the petrified wood was manually broken down to 
approximate the size and shape of conventional coarse 
aggregates and was visually inspected for consistency. 

 
2.2 Specimen preparation 

 
Concrete specimens were prepared using cylindrical molds 

with dimensions of 150 mm in diameter and 300 mm in height, 
in accordance with SNI 7656:2012 [21]. A total of 12 
specimens were cast for testing, with three specimens prepared 
for each mix variation. The substitution levels of petrified 
wood for coarse aggregate were set at 0% (control mix) (BTN 
N), 50% (BTN F1), 75% (BTN F2), and 100% by weight 
(BTN F3). 

All dry materials (cement, sand, coarse aggregate/petrified 
wood) were mixed uniformly before adding water. Mixing was 
conducted manually until a homogeneous mix was achieved. 
The fresh concrete was poured into cylindrical molds in three 
layers, each compacted using a tamping rod. After 24 hours, 
the specimens were demolded and cured by immersion in 
clean water for 28 days under standard conditions. 

 
2.3 Testing procedures 

 
The implementation of this study was divided into several 

stages, as follows [22]: 
(1) Material Preparation 
(2) Material Testing. Conducting tests on the materials, 

including sieve analysis, specific gravity, water absorption 
capacity of aggregates, unit weight of aggregates, abrasion 
resistance, silt content, and moisture content. 

(3) The test specimens were cylindrical in shape, with a 
diameter of 15 cm and a height of 30 cm, totaling 12 samples. 
Each mix proportion consisted of 3 samples, and slump testing 
was also performed to evaluate the workability of the fresh 
concrete. 

(4) Curing Process. Curing was carried out by immersing 
the demolded specimens in a water tank to maintain the 
necessary moisture for hydration. 

(5) The compressive strength. 
The compressive strength test was conducted in accordance 

with ASTM C39 and SNI 1974:2011 [22] standards using 
cylindrical concrete specimens measuring 150 mm in diameter 
and 300 mm in height. The fresh concrete mixture was poured 
into the molds in three equal layers, each compacted using a 
tamping rod to eliminate trapped air and ensure uniform 
density. After 24 hours, the specimens were demolded and 
then cured in water at room temperature until the designated 
testing ages of 28 days. 

Prior to testing, the surface of each specimen was wiped to 
remove excess moisture. The specimens were then placed 
vertically in a compression testing machine. A uniform load 
was applied at a controlled rate of approximately 0.25 MPa/s 
until the specimen failed. The maximum load was recorded, 
and the compressive strength was calculated using the 
formula: 

 

𝑓௖ =
𝑃

𝐴
 (1) 
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where fc is the compressive strength in MPa, P is maximum 
load in Newtons (N), A is the cross-sectional area of the 
specimen in mm2. The final compressive strength value was 
determined as the average of three specimens for each testing 
age. 

 
 

3. RESULTS AND DISCUSSION 
 

3.1 Gradation Analysis (Sieve Analysis) 
 

Gradation analysis of fine aggregate is conducted by 
determining the percentage of aggregate retained on the No. 4 
sieve. Based on the test results, the fine aggregate falls within 
Zone II. 

Figure 1 shows the results of the fine aggregate gradation 
analysis, indicating the percentage of aggregate particles and 
the defined gradation limits. Based on the gradation test, the 
fine aggregate meets the criteria with a fineness modulus (FM) 
value of 2.73, which complies with the SNI 7656:2012 
standard range of 2.4 to 3. 

 
3.2 Specific gravity and water absorption of the aggregate 
material 

 
The examination of specific gravity and water absorption of 

the aggregate material was conducted to determine the values 
of apparent specific gravity, oven-dry bulk specific gravity, 
and saturated surface-dry (SSD) specific gravity, as well as to 
assess the water absorption capacity of the aggregate. 

 

 
 

Figure 1. Fine aggregate sieve analysis 
 

Table 1. Physical properties of coarse aggregate, fine aggregate, and petrified wood 
 

Property Coarse Aggregate Fine Aggregate Petrified Wood 
Oven-dry bulk specific gravity(g/cm³) 2.69 2.62 2.45 
Saturated surface-dry (SSD) (g/cm³) 2.72 2.64 2.52 

Apparent 
specific gravity(g/cm³) 

2.76 2.69 2.62 

Water absorption (%) 0.91 0.70 2.64 
 
From Table 1, it can be seen that the physical properties of 

petrified wood differ noticeably from those of conventional 
coarse and fine aggregates. The oven-dry bulk specific gravity 
of petrified wood was recorded at 2.45 g/cm³, which is lower 
than that of coarse aggregate (2.69 g/cm³) and fine aggregate 
(2.62 g/cm³). This trend is consistent across the saturated 
surface-dry (SSD) and apparent specific gravity values, 
indicating that petrified wood is generally lighter and less 
dense than natural stone materials. Additionally, the water 
absorption capacity of petrified wood was significantly higher, 
measured at 2.64%, compared to 0.91% for coarse aggregate 
and 0.70% for fine aggregate. This elevated absorption is 
likely due to the porous nature of the fossilized material, which 
results from mineral replacement over geological time while 
preserving the original wood structure. 

The higher porosity and water absorption of petrified wood 
may affect the workability and water demand of concrete 
mixtures, potentially requiring adjustments in the mix design. 

However, its lower density could contribute to producing 
lighter concrete, which may be beneficial in certain structural 
or non-structural applications. These findings suggest that 
while petrified wood exhibits suitable physical characteristics 
as a coarse aggregate substitute, its highwater absorption must 
be carefully considered to ensure mix consistency and achieve 
the desired performance.  

 
3.3 Bulk density test of aggregate 

 
The bulk density test was conducted to determine the mass 

of aggregate per unit volume, which reflects its compactness 
and packing efficiency in a concrete mix. In this test, both 
loose and compacted conditions were evaluated to compare 
how particle arrangement affects the overall density. The loose 
bulk density was measured by allowing the aggregate to fall 
freely into a container without any compaction, while the 
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compacted bulk density was obtained by rodding or tamping 
the aggregate in layers to simulate field compaction. 

 
Table 2. Physical bulk density of aggregates 

 

Material 
Compacted 

Bulk Density 
(g/cm³) 

Loose Bulk 
Density 
(g/cm³) 

Fine Aggregate 1.74 1.66 
Coarse 

Aggregate 
1.59 1.42 

Petrified Wood 1.48 1.29 
 
Table 2 displays the bulk density values for the three 

aggregate types—fine aggregate, coarse aggregate, and 
petrified wood—under compacted and loose conditions. Fine 
aggregate had the highest compacted bulk density at 1.74 
g/cm³, followed by coarse aggregate at 1.59 g/cm³, and 
petrified wood at 1.48 g/cm³. A similar pattern was observed 
in loose condition measurements, with values of 1.66 g/cm³, 
1.42 g/cm³, and 1.29 g/cm³, respectively. These results 
indicate that petrified wood has the lowest bulk density among 
the tested materials, reflecting its lower specific gravity and 
porous internal structure. The reduced density can lead to a 
lighter overall concrete mix, which is advantageous for 
applications where reduced dead load is desired. However, the 
higher void content associated with lower density materials 
may require additional cement paste to maintain workability 
and strength, potentially influencing the cost and performance 
of the mix. The findings emphasize the importance of 
adjusting mix proportions when incorporating petrified wood 
as a coarse aggregate substitute. With proper mix design 
considerations, its use can support sustainable construction 
practices by reducing reliance on natural stone while still 
achieving acceptable mechanical properties. 

 
3.4 Moisture content test 
 

The moisture content test was conducted to determine the 
percentage of water present in the aggregates when in a 
saturated surface-dry (SSD) condition. Table 3 presents the 
moisture content values for fine aggregate, coarse aggregate, 
and petrified wood when measured under saturated surface-
dry (SSD) conditions. The results indicate that the fine 
aggregate had the highest moisture content at 4.84%, followed 
by coarse aggregate at 1.87%, and petrified wood at only 
0.41%. 

 
Table 3. Moisture content test results 

 

Material 
Moisture 

Content (%) 
SNI 

Fine Aggregate 4.84 < 5% 
Coarse 

Aggregate 
1.87 < 2% 

Petrified Wood 0.41 < 2% 
 
These values are well within acceptable ranges for concrete 

production, with fine aggregate remaining below the general 
5% threshold and both coarse aggregate and petrified wood 
staying under the 2% limit. The relatively low moisture 
content of petrified wood suggests a limited capacity to retain 
surface water, despite its high internal water absorption rate 
recorded in earlier tests. This contrast may be attributed to the 
porous internal structure of the petrified wood, which readily 

absorbs water internally but does not retain as much free water 
on its surface. Understanding moisture content is critical in 
concrete mix design, as excess surface moisture in aggregates 
can alter the effective water-to-cement (w/c) ratio, leading to 
reduced strength and workability inconsistencies. Therefore, 
accurately accounting for these moisture values ensures the 
proper adjustment of mixing water, particularly when 
incorporating alternative materials like petrified wood. These 
findings support the controlled use of petrified wood as a 
coarse aggregate substitute while maintaining concrete 
performance and consistency. 

 
3.5 Fine particles (silt) content test 
 

The fine particles (silt) content test is conducted to 
determine the amount of silt present in the aggregate material. 
This test involves sieving the aggregates and measuring the 
portion that passes through the No. 200 sieve (0.075 mm). 
Table 4 presents the silt content results for fine aggregate, 
coarse aggregate, and petrified wood, determined by 
measuring the percentage of particles passing through the No. 
200 sieve (0.075 mm). The test results showed that fine 
aggregate had a silt content of 1.94%, while coarse aggregate 
and petrified wood recorded lower values of 0.45% and 
0.36%, respectively. 

 
Table 4. Fine particles (silt) content test results 

 

Material 
Moisture 

Content (%) 
SNI 

Standard 
Fine Aggregate 1.94 < 5% 

Coarse 
Aggregate 

0.45 < 1% 

Petrified Wood 0.36 < 1% 
 
According to most concrete standards, the acceptable 

maximum silt content is typically 5% for fine aggregates and 
1% for coarse aggregates. The results confirm that all three 
materials fall well within these limits, indicating their 
suitability for use in concrete production. Notably, the 
petrified wood aggregate had the lowest silt content among the 
tested materials, which may contribute positively to the overall 
cleanliness and bonding efficiency in the concrete mix. 
Excessive silt in aggregate can interfere with the bond between 
cement paste and aggregate particles, weakening the hardened 
concrete. Therefore, the low silt content found in petrified 
wood supports its potential as a reliable alternative to natural 
coarse aggregate. These findings reinforce the feasibility of 
incorporating petrified wood into structural concrete 
applications without compromising durability or strength due 
to fine contaminants. 

 
3.6 Abrasion test 
 

The abrasion test for coarse aggregate was conducted using 
the Los Angeles abrasion machine, following the procedures 
outlined in applicable standard specifications.  

 
Table 5. Fine particles (silt) content test results 

 

Material 
Aggregate 

Abrasion (%) 
SNI 

Coarse 
Aggregate 

18.13 < 40% 

Petrified Wood 18.96 < 40% 
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Based on Table 5, the abrasion value for coarse aggregate 
was 18.13%, while the petrified wood aggregate recorded a 
slightly higher value of 18.96%. Both results fall well below 
the maximum allowable limit of 40% as specified in standard 
guidelines. Therefore, the tested samples of coarse aggregate 
and petrified wood meet the required criteria for use in 
concrete production in terms of durability and resistance to 
abrasion. 

 
3.7 Slump test results 
 

The slump test is conducted to evaluate the workability, 
consistency, and water content of the fresh concrete mix in 
accordance with established standards. The slump value also 
provides an indication of the expected strength and quality of 
the concrete. Based on the results presented in Table 6, the 
slump test shows a decreasing trend in slump values as the 
proportion of petrified wood increases. 

This section analyzes and discusses the test outcomes 
obtained during field testing. As presented in Table 6 and 
Figure 1, the slump test results demonstrate that the use of 
petrified wood as a partial and full substitute for coarse 
aggregate in concrete mixtures affects workability. 

 
Table 6. Slump test results 

 

ID 
Slump 

Value (mm) 
SNI Standard 
Range (mm) 

PWC 00 96 75 - 100 
PWC 50 93 75 – 100 
PWC 75 85 75 – 100 

PWC 100 77 75 – 100 
 
The graphical representation of slump test results is shown 

in Figure 2 below: 
 

 
 

Figure 2. Slump test results 
 

The slump value for the control mix (0% substitution) was 
measured at 9.6 cm. When 50% of the coarse aggregate was 
replaced with petrified wood, the slump decreased to 9.3 cm, 
representing a 3.23% reduction. A 75% replacement yielded a 
slump value of 8.5 cm (a 9.41% decrease), while 100% 
substitution resulted in a slump of 7.7 cm, reflecting a total 
reduction of 10.49% compared to the control. The declining 
slump values indicate that higher proportions of petrified 
wood reduce the workability of the concrete mix. This 
reduction is likely due to the smoother and less angular surface 
texture of petrified wood particles, which alters the internal 

friction and reduces the cohesiveness of the mixture. 
Nevertheless, all slump values remain within the acceptable 
range for structural concrete applications (75–100 mm), 
suggesting that petrified wood, despite slightly decreasing 
slump, can be used without compromising the minimum 
workability standards required for proper placement and 
compaction. 

 
3.8 Compressive strength test results 
 

The compressive strength test was conducted using a 
Compression Testing Machine on cylindrical concrete 
specimens measuring 15 cm × 30 cm. A total of 12 samples 
were used for this test, with three specimens for each mixture 
variation consisting of 0%, 50%, 75%, and 100% petrified 
wood as coarse aggregate replacement. The testing was 
performed after the concrete had undergone a 28-day curing 
process through water immersion and maintenance. 

 
Table 7. Compressive strength test results of concrete 

 

ID 
Compressive 

Strength 
(MPa) 

PWC 00 28.40 
PWC 50 23.40 
PWC 75 22.93 

PWC 100 19.34 
 

 
 

Figure 3. Compressive strength 
 

Table 7 and Figure 3 presents the results of the compressive 
strength tests conducted after 28 days of curing. The normal 
concrete (PWC 00), with no petrified wood substitution, 
recorded the highest compressive strength at 28.40 MPa. 
When 50% of the coarse aggregate was replaced with petrified 
wood (PWC 50), the strength decreased to 23.40 MPa, 
indicating a 17.61% reduction. At a 75% replacement level 
(PWC 75), the compressive strength slightly declined to 22.93 
MPa, representing a 19.27% reduction. The lowest strength 
was observed at 100% substitution (PWC 100), which reached 
19.34 MPa, showing a significant 31.90% decrease compared 
to normal concrete. The gradual decline in compressive 
strength can be attributed to the physical characteristics of 
petrified wood, including its lower density and higher porosity 
compared to natural coarse aggregate. These properties may 
lead to increased water absorption, which alters the effective 
water-to-cement (w/c) ratio and potentially weakens the 
concrete matrix. Additionally, the smooth surface texture of 
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petrified wood may reduce the mechanical bond between the 
aggregate and cement paste, thus contributing to the decrease 
in strength. Despite this reduction, all concrete mixtures, 
including the one with 100% petrified wood substitution, still 
satisfy the minimum compressive strength requirement of 19 
MPa for K-225 concrete, based on relevant national standards. 
This finding suggests that petrified wood is a viable alternative 
coarse aggregate, particularly for lightweight or non-structural 
applications, as long as proper mix design and proportion 
adjustments are implemented to maintain performance. 

 
 

4. CONCLUSIONS AND RECOMMENDATIONS 
 
4.1 Conclusions 
 

Based on the experimental investigation conducted on the 
substitution of coarse aggregate with petrified wood in K-225 
grade concrete, the following conclusions can be drawn: 

(1) Physical Properties: Petrified wood demonstrated 
lower specific gravity and bulk density compared to 
conventional coarse aggregate. Its higher water absorption rate 
and porous internal structure require careful consideration 
during mix design, as they influence both the workability and 
strength of concrete. 

(2) Workability: The slump test results showed a gradual 
decrease in slump value as the percentage of petrified wood 
increased. Although workability slightly declined with higher 
substitution levels, all slump values remained within the 
acceptable range (75–100 mm), indicating that the mixtures 
were still workable and suitable for conventional concrete 
placement methods. 

(3) Mechanical Performance: The compressive strength 
of concrete decreased with increasing petrified wood content. 
Normal concrete achieved a compressive strength of 28.40 
MPa, while the mix with 100% petrified wood reached 19.34 
MPa 31.90% reduction. Despite this decline, all mixes met the 
minimum compressive strength requirement for K-225 
concrete (>19 MPa), demonstrating the feasibility of petrified 
wood as an alternative coarse aggregate. 

(4) Durability Indicators: Aggregate testing showed that 
petrified wood met the requirements for abrasion resistance 
and silt content, comparable to conventional aggregates, thus 
indicating its suitability for concrete applications from a 
durability standpoint. 

(5) Sustainability Implications: The use of petrified 
wood as a partial or full replacement for natural coarse 
aggregate supports environmentally sustainable construction 
by reducing reliance on natural stone resources and promoting 
the utilization of alternative, locally available materials. 
 
4.2 Recommendation 
 

Although full substitution (100%) of coarse aggregate with 
petrified wood is feasible for non-structural applications, 
partial replacement levels (up to 50%) are recommended for 
maintaining better mechanical performance while still 
achieving environmental benefits. Future research should 
focus on optimizing mix design, incorporating chemical 
admixtures, and investigating long-term durability aspects of 
petrified wood concrete under various environmental 
conditions. 
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