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ABSTRACT

This research focuses on the improvement of the physical and mechanical properties of cement-
stabilized rammed earth (CSRE) blocks. The approach included characterizing soil samples using
sieve analysis to assess soil particle size distribution, moisture content tests, and maximum dry

density evaluations to determine the best achievable compaction characteristics.

These tested samples were taken from a total of three different soil samples that were prepared
with different concentrations of cement (0, 2, 4, 6, and 8 percent) to determine the influence of the

cement proportion on the blocks’ strength and durability.

The blocks were compacted and cured for a duration of 7,14 and 28 days, then they underwent
compressive strength testing using a Universal Testing Machine (UTM) and water absorption

measurement for durability.

The data was analyzed to find the most beneficial cement-soil ratio that would achieve maximum
strength while remaining within economical limits. The results showed the possibility of CSRE
blocks being used as a construction material that is cost-effective while being mechanically

reliable.



DECLARATION

DECLARATION
IBMMAMMWBWIMW“NMh“M

mmhmmmumwmwnuymmdhﬁl

DATE: '-s'u'ao,u

Email: birungiamina$ 1 @gmail.com
Contact: 0789748495/0750975479



APPROVAL

APPROVAL

I hereby certify that this project is original report of BIRUNGI AMINAH, BU/UP/2021/0286. It
has been done under my supervision and is ready for submission to the department of water

resources and mining engineering.
SUPERVISOR: MR TIGALANA DAN
SIGNATURE:

DATE: \s \ QS |08



DEDICATION

I dedicate this report to my Parents professor Twaibu Ssemwogerere and Mrs. Sophie Namwanje,

my siblings and my friends



ACKNOWLEDGEMENT

I would like to express my heartfelt gratitude to the Almighty for His constant guidance,

protection, and blessings throughout this journey

To my parents for their unwavering love and support, which have been the cornerstone of my
achievements. Their sacrifices and encouragement that have fueled my ambition to pursue my

dreams.

I extend my deepest gratitude to my supervisors Mr. Tigalana Dan and Mr. Bendicto S.
Maseruka. There exceptional guidance, mentorship, and patience have been crucial to the
successful completion of this final year report. I truly appreciate the time they have devoted to

supporting my growth.

To the staff of the Department of Water Resources, I am sincerely thankful for your assistance
and cooperation. Your support and provision of essential resources have been vital to my
project’s progress. I value the collaborative atmosphere and professionalism you consistently

exhibit, which has enriched my experience.

Lastly, I want to acknowledge the encouragement and solidarity of my fellow students. Your
friendship and support have fostered a positive and stimulating learning environment that has
inspired me to strive for excellence. I am grateful for the shared experiences, discussions, and

mutual encouragement that have contributed to our collective growth.

Vi



Contents

ABSTRACT ..ttt ettt et e s bt s bt s ae e et e e bt e bt e e bt e s bt e s as e e a bt e a bt e b e e bt e e bt e ehe e e ae e et e e bt e ehe e sheenaneeabe e b e e nbeenes ii
DECLARATION ... .ttt sttt ettt ettt s e st st ettt e bt e s bt e sbe e sabesat e e bt e b e e bt e saeesaeesabeeabe e bee bt e beesmeesaseenseenseens iii
APPROVAL .ttt ettt sttt ettt e h e s ht e st st e b e bt e e be e sh et sat e e Rt e b e e e bt e eheeeae e e bt e bt e beeebeeeneeereeteen iv
DEDICATION ...eiiiiiiiiiieiiteietttetetetetetetttetetetetete et tetete e e teeete e e et tatet et e aetetet et e teae e et et et et e e et e teee e e e e e e aeaeeeeeeeeeeeeeeseeanenenenes v
ACKNOWLED GEMENT ...t e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaeaeaens vi
1. INTRODUCTION ...couttiiteteestteit ettt ettt ettt e s bt sat e st e et e s bt e sbeesaeesat e s bt et e e be e beesbeesmeesaseenteebeenneesanenas 1
0 - 1ol 4= oYU o Yo USSR 1
1.2, Problem stat@mENt. ....cooeii ittt et e s e s e e areesreeesaree s 2
I T 0] o 1= n V=SSR 2
0 700 1V =1 0 I e o] =T n PSPPI 2
S T Y o T=Tol 1 3 Toll @ o T=T ot n V=TS PP 2

1.4. Significance Of the STUAY. ...c..uviiiiee et e e e bre e e e re e e e e rae e e enareeas 2
1.5. Justification Of the StUY; ..ooeeeeii i e e bee e e e ae e e e saraeas 3

B ST Yole] o TN e} i a V=T (U 1Y PSSR 3

2. LITERATURE REVIEW ...ttt ettt ettt sttt ettt s bt st sttt et e s bt e sae e sate st e eabeebeenbeesneesneeentean 4
2.1. Introduction to Rammed Earth CONSErUCTION ......cccuiiiiiiiiiiiiniieeeeee s 4

2.2. Objective 1: To characterize the rammed earth materials to assess their suitability for use in block

CONSEIUCTION. Leiiiiiiiiiiii ittt sb e s bbbt e saba e e s bt e sbe e ssba e e sabaeesanes 4
2.2.1. Soil Composition and Its Impact on Rammed Earth Properties.........ccccoceeeeciieeeeciiee e, 4
2.2.2. Clay Content and Binding Properti@s .........ccccuieiieiiieeeieiiee e eeiiee e eettee e eettee e eeree e e e evee e e e eneeeeeenreeas 4
2.2.3. Sand and Gravel: Structural Stability.........ccoociiiiiiie e e 4
D Y 1=Tol s Fo T oo | B oY o 1= [T PSPPSR 4
D T o o 1YL [or= Y I e e o Y=Y w3 PSPPSR 5
2.2.6. Durability and Weathering RESISTANCE .......ccccuvieiiiiiee ettt e etee e e e eaee e e eaee e e e 5

2.3. Objective 2: To determine the effect of optimal cement content on compressive strength and

water absorption properties of the BIOCKS. ......c..uviiiiiiiic e 6
2.3.1. Role of Cement in Stabilized Rammed Earth ........cc.cccoviriiriiiiienieieceeeeeeeeeee e 6
2.3.2. Cement Content and Compressive Strength..........oooiiiiiee e 6
0 . T [ o] o - Tt ot oY T D IW T =1 o 1 11 USRS 6
2.3.4. Optimizing Sand Content and Gradation ........cccoociieiiieiiie e 6
2.3.5. SaNd-t0-Binder RATIO......c.ceviiiiieiiieiieee ettt st 6
2.3.6. Particle Size DiSTriDUTION ..ccc.eiiiiiieiieeie et s 7

Vi



2.3.7. Innovative Additives and Their EffeCtS ....cooovvvviiiiiiiiieeeee e 7

2.4. Objective 3: To determine the optimum cement content for maximum structural integrity and

environmental resilience in bloCk ProdUCHiON. ......cc.uiiiiiciiiiiccie e seree e 8
2.4.1. Response surface MethodolOgY; ........coouiiiiiiii e et e e 8
2.4.2. Experimental Design and ANAIYSIS ......cccuveiiiiiii e e e 9
Chapter 3; METHODOLOGY.....cc.teiteitieteeieeteesieesite st st ettt e s it e sieesaeesabeebe e beesbeesbeesmeesaseesbeesaeesanenas 10

3.1. Materials and EQUIPMENT;....ccii ittt e e e e st e e e sbbee e s s abeeeesabeeessnnreeesenareeas 10

3.2. Objective one; Characterization of rammed earth materials. ........ccccvveeeiiiieiiiiiee e, 10
3.2.1. Material PreParation; ....c..ccccccuiiee ittt cttee et e e e et e e e e tte e e e e ette e e e ebteeeeebteeeeebaeaeeearraeeeanes 10
3.2.2. Tests done on the SOil SAMPIE ....coeeiiie ittt e e e ree e e e e raae e e eanes 10

3.3. Objective two; To determine the effect of optimal cement content on compressive strength and

water absorption properties of the BIOCKS. .......uueiiiiiiiii e 12
I T Y- 1oV o] 1ol oYY o F= 1 =Y o o PPN 13
3.3.2. Mixing and bIoCK fOrmMation; .......cccuuiiiiiiiiie ettt e e e et e e e e e e e e e e raee e e eanes 13
3.3.3. BIOCK fOrMatioN . ..ciiieiiie ettt e sttt st e st e bt e et e e sbee e nares 13
S I G0 4 o= PP PP PPPP PP 14
oI T T T W o B o TSl o] 1T PR 14

3.4. Objective three; To determine the optimum cement content for maximum structural integrity and

environmental resilience in block ProdUCtioN. ......ccuuiiiiiiiii e 15
CHAPTER FOUR; RESULTS AND DISCUSSION ...cciiiiiiiiiiiitieii ittt e e e 16

4.1. OBJECTIVE ONE; characterization of cement stabilized rammed earth blocks.........cccccccevvvnnnnene.n. 16
B Y =YL [ o =Y Y2 3 RS 16
4.1.2. MAXIMUM DRY DENSITY .. eeeeieiiiiie ittt ettt e e e ettt et e e e e e e e sebe e e e e e e s e snnneseeeeeeeeesannnenes 19
4.1.3. MOiSture CONTENT FESUILS. ......eiiiiiiiiie et 23

4.2. Objective two; To determine the effect of cement content on compressive strength and water

absorption properties of the DIOCKS. ........c..uei e e e e 23
L O oY 0] o ¢ S VLB A =] 0= 1 o R 23
4.2.2. Water absorption tESES; ..uuiiiiiiiie e e e e et e et e et re e e enaraeeean 26
4.2.3. A BAR CHART SHOWING RESULTS OF COMPRESSIVE STRENGTH AGAINST CEMENT ............... 27
4.2.4. A BAR CHART SHOWING WATER ABSORPTION AGAINST THE CEMENT ...ccceoviiiiiiiiiieeeeeine 27

4.3. Objective three; To determine the optimum cement content for maximum structural integrity and

environmental resilience in block ProdUCION .......ccuiiiiiiiiii e e 28
4.3.1. ANALYSIS OF VARIANCE FOR COMPRESSIVE STRENGTH......cccevitiiiieieeneenienieeieeeenieesiee e 28
4.3.2. ANALYSIS OF VARIANCE FOR WATER ABSORPTION.....cccttiiiiiiitteeeeeeeeiiireeee e e e e eieeeeeee e e e eineeee 30

viii



4.3.3. Response optimiSation PlOt .......eiiiiiiii it e e e aaaeeean 33

5. Chapter five; conclusions, challenges and recommendations........ccceeeeecieeeieiiieeccciee e e 34
Lo I 000 o 1ol LT 1Y o o L3N 34
5.1.1. Characterization of rammed earth materials.......ccccoeeeeiiiiiii e, 34

5.1.2. To determine the effect of optimal cement content on compressive strength and water

absorption properties of the DIOCKS. .......c.uviiiiiiee e e 34

5.2. Objective three; To determine the optimum cement content for maximum structural integrity and
environmental resilience in block ProdUCTiON ........ccuuiiieiiiiii e e e e 35
T T (=T lo ] 1 11 4 T=T g Lo =Y ] L 35
LR B 20 (oY 4T ol SPUPRUURPRINS 37

LIST OF FIGURES

T T=4U ] = T PP PPPPORPPPPPO 11
[ T=4U ] = 100 TSP PPPTRPPPRPP 11
T (0TI 70 TS 11
T (8L I T P PPPPPRE 12
T (0T TR RS 13
T T=qU ] = TN PP TP PPPORPPPTPPO 13
T (8| I TR P PPPPRE 14
S T=qU ] = T8 2 TP PPPPO PP 14
T =8| S RS 16
Figure 4.2 Showing the grading CUIVE .......cuuiii ittt e e e et e e e e are e e e enbeee e eeareeas 16
Figure 4.3 showing the percentage passing for SAMPIE 2.......ccooviiiiiiiiiiicciee e 17
TR RS 17
Figure 4.5 showing percentage passing for sSample 3 ... 18
FISUIE 4.6 oottt e e e s e sttt e e e e e s e s bttt e e e e e e s s s sbbeaaeeeeesanssssbeaaeeeeesaanssebeaaaeeeeseanasrraaaeeens 18
Figure 4.7 showing the dry density for Sample L. et 20
Figure 4.8 showing the curve for dry density and moisture content.........ccccceeeiiiiieiniiiee e, 20
Figure 4.9 showing average density fOr SAMPIE 2......c..uviiiiciiie et 21
Figure 4.10 showing the MDD and OMUC VAIUES ......ccccuiiiieciiieecciieee ettt e et e e e re e e e e sarae e e abeee e eeareeas 21
Figure 4.11 showing the dry density for SAMPIE 2....cc..uviiiiiiiieceece e 22
Figure 4.12 a graph of dry density against moisture CONtENT .........coceeiiiiieciiiee e e 22
Figure 4.13 showing the results for compaction density for sample 1, sample 2 and sample 3................. 23
Figure 4.14 showing results for compressive strength after 7 days testing......cccccceveevieeiecciee e, 23
Figure 4.15 showing results for compressive strength after 14 days of testing........cccccceeeeeiieececiieeeeennen. 24
Figure 4.16 showing results for compressive strength after 28 days of testing.......ccccccvevevicieeicciiee e, 25
Figure 4.17 showing results of water absorption TeSt. ........c.eeeeciiiieiiiiee e e e 26
Figure 4.18 a bar graph showing results of compressive strength against cement. ..........ccccceeeeeiieeeennnen. 27
Figure 4.19 a bar graph showing results of water absorption against cement percentage..........cccceeeuuueee. 27
Figure 4.20 graph of interaction effects with cement and curing time ......... Error! Bookmark not defined.



Figure 4.21 graph for main effects of compressive strength with cement and curing time....................... 29
Figure 4.22 contour plots for compressive vs curing time and cement percentages ... Error! Bookmark not
defined.

Figure 4.23 3D response SUITACe PIOT .....coiiiiiii et et e e e e s e are e e e e nbae e e eeareeas 30
Figure 4.24 Normal probability plot.......cccceciiiiiiiiiiie e Error! Bookmark not defined.
Figure 4.25 interaction for water absorption with compressive and curing time ........ Error! Bookmark not
defined.

Figure 4.26 main effects for water absorption with cement and curing time ........cccoevveeviviiee e, 31
Figure 4.27 3D response SUITACe PIOTS.....cuiiiiiiiiiii ettt e e e e e e are e e e e are e e e e nbae e s eeareeas 32
Figure 4.28 Normal probability plot........ccecvuieiiiiiiiiie e Error! Bookmark not defined.
Figure 4.29 CoONtOUN PIOt cooeviiei ettt e e evre e e Error! Bookmark not defined.
Figure 4.30 response optimization PIOT .......uiii i e e aree e e e e e e s areeas 33



5.4. References

Asrah, H., Naufal, D., Boyd, J., Abidin, Z., Mirasa, A. K., & Han, L. C. (2022). Optimization of The Green
Interlocking Earth Brick Mix Design Using Response Surface Method. Myjms.Mohe.Gov.MyH Asrah,
MDNJ Boyd, SMISZ Abidin, AK Mirasa, LC Haninternational Journal of Advanced Research in
Engineering Innovation, 2022 emyjms.Mohe.Gov.My, 4(3), 18—26.
https://doi.org/10.55057/ijarei.2022.4.3.2

Babalola, O. E., Awoyera, P. O., Tran, M. T,, Le, D. H., Olalusi, O. B., Viloria, A., & Ovallos-Gazabon, D.
(2020). Mechanical and durability properties of recycled aggregate concrete with ternary binder
system and optimized mix proportion. Journal of Materials Research and Technology, 9(3), 6521—
6532. https://doi.org/10.1016/).JMRT.2020.04.038

Cardenas-Haro, X., Todisco, L., Leon, J., Sarmiento, N., & Samaniego, C. (2021). Influence of additives on
the structural performance of cement-stabilised rammed earth.
Https://Doi.0Org/10.1680/Jstbu.20.00279, 176(3), 163—-176.
https://doi.org/10.1680/JSTBU.20.00279

Danso, H. (2016). Use of agricultural waste fibres as enhancement of soil blocks for low-cost housing in
Ghana. University of Portsmouth, School of Civil Engineering and Surveying.

Faraj, R. H., Mohammed, A. A., & Omer, K. M. (2023). Microstructure characteristics, stress--strain
behaviour, fresh properties, and mechanical performance of recycled plastic aggregate self-
compacting concrete modified with nano-silica. Construction and Building Materials, 383, 131371.

Hall, M., & Djerbib, Y. (2004). Moisture ingress in rammed earth: Part 1—the effect of soil particle-size
distribution on the rate of capillary suction. Construction and Building Materials, 18(4), 269-280.
https://doi.org/10.1016/J.CONBUILDMAT.2003.11.002

Jayasinghe, C., & Kamaladasa, N. (2007). Compressive strength characteristics of cement stabilized
rammed earth walls. Construction and Building Materials, 21(11), 1971-1976.

Khadka, B., & Shakya, M. (2016). Comparative compressive strength of stabilized and un-stabilized
rammed earth. Materials and Structures, 49, 3945-3955.

Kumar, A., & Singh, G. J. (2023). Improving the physical and mechanical properties of recycled concrete
aggregate: A state-of-the-art review. Engineering Research Express, 5(1), 012007.
https://doi.org/10.1088/2631-8695/ACC3DF

Maniatidis, V., & Walker, P. (2008). Structural capacity of rammed earth in compression. Journal of
Materials in Civil Engineering, 20(3), 230-238.

Mechanics, S., & Barcelo, J. (2022). A Systematic Literature Review of Rammed Earth Walls. October
2021. https://doi.org/10.1007/s11204-021-09742-y

Meng, Y., Ling, T.-C., & Mo, K. H. (2018). Recycling of wastes for value-added applications in concrete
blocks: An overview. Resources, Conservation and Recycling, 138, 298—312.

Niroumand, H., Akbari, R., Khanlari, K., Giltekin, A. B., & Barcelo, J. A. (2021). A systematic literature
review of rammed earth walls. Soil Mechanics and Foundation Engineering, 58, 295-301.

37



Sanchez-Haro, J., Lombillo, 1., Capellan, G., Fernandez, B., & Gaute, A. (2024). Simplified Model for
Analyzing Soft Impacts on Structures: Validation on Steel Beams. Journal of Structural Engineering,
150(12), 4024176.

Selvamuthu, D., & Das, D. (2018). Introduction to statistical methods, design of experiments and
statistical quality control. https://link.springer.com/content/pdf/10.1007/978-981-13-1736-1.pdf

Sharma, A., Leib-Day, A. R., Thakur, M. M., & Penumadu, D. (2021). Effect of particle morphology on
stiffness, strength and volumetric behavior of rounded and angular natural sand. Materials, 14(11),
3023.

Steinberg, D., Reference, R. K.-W. S. S., & 2014, undefined. (n.d.). Response surface methodology. Wiley
Online LibraryDM Steinberg, RS KenettWiley StatsRef: Statistics Reference Online, 2014 ¢ Wiley
Online Library. Retrieved October 20, 2024, from
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781118445112.stat04105

Taghiloha, L. (2013). Using rammed earth mixed with recycled aggregate as a construction material.
Universitat Politécnica de Catalunya.

Taylor, P., & Luther, M. B. (2004). Evaluating rammed earth walls: a case study. Solar Energy, 76(1-3), 79—
84.

Tyoden, J. N., Lawan, A., & Ejeh, S. (2023). An evaluation of the compressive strength of nanosilicate
hollow crete blocks. Engineering Proceedings, 56(1), 40.

38



