Republic of Yemen
Ministry of Education and Scientific Research
Sana'a University
Deanship of Graduate Studies and Scientific
Research
Faculty of Engineering
Department of Civil Engineering

Producing Durable Concrete Using Local Materials with Chemical/
Mineral Additives and Studying its Behavior in Sulfate and

Chloride Environment

Thesis Submitted in Partial Fulfillment of the Requirements for the Master’s Degree in
Civil Engineering-Concrete — Sana’a University

BY
Abdulghani Yahya Hussein Al-Tharehi

Supervision of
Prof. Dr. Abdulmalek Al-Jolahy

2025 - 1446



(rolalt Condly adaidly oo 01 35159
2o el
(olalt Condly Ldalt Oluly A ala
At gl | A
S dalt awligl! awd

Al i i § el | 21| 10 | i bl o) Gl 1) el i 2]
” iy el 1§ e g | (el G| el | (LR G ] 529 kel et §

Adaal) Luaigd) A siiualall da ) cililbiad Yiagif datia 4a g b
slaia z\ula — Qleldid) (awadld —

CPET (INNPY

23V AW G (i i s

oY i
ot £ 130 Saladtie /A

2025 - 1446



gaadl |
waibad o bl GAs Altd L Lay Ay g ) gal) cililay) il an o bl JS0 Al jal) ol <3S 58
g1 Mo plall Jlie Ciliaag colal) cJasll ¥ g sl cciand) Cpo A sail) cllaldl) cidlls dsieny) 4 gal)
oAl JSdy SN pa Adlida dala Jles aie A gall 48l (ailadd) L33 a3(Superplasticizer).
slall galaia) (e JS Al ja ad (D ) ABLGYL iy g cilay ) 5lSh) cilaga daglia o Lgh e ol o
(eSalinal) A g sall Jalaa g Al g yall Jalra (s Liad¥) daglia cdpanal) ABUSH (A5 gual) (§ b il A o ¢(5 i)

038 n %355 %30 %25 %20 %15 %10 %5 %0 Jadd Adlida cudy Wl Gl JA) a3
LB Cpaadt (W/b) Aagl 1 Salall ) slal) Ao (0 9%0.8 ey slall Jliall Ciliaal) Cipdaf LaS  cuians)
s AT i dallae a3 laly (L gy 1805 <90 <60 28 5aal alall plal) 3 45 gal) cilis Apdlaa a3 cildalall Sty
28 524l o g guall 2,918 (10 %109 %53 pssall Sl S G %105 %5 Ao g siad LS Jullaa b

sl e G 1805

O €955 Ay WG] (A aladin) die Gl GUalA o) Juadl oy il Al dada )8l daua il s caas
A3ia) 88 s o dua il bl o dBalaal) iy, palll siall o ciand) 059 (0 % 159 < %10 <%5
el ll) Jiay %155 %10 %S ey Waksaall A (g g O gilill) gl Cua gl Ll 3ias
Ly LGhud) A (g giaa o) (e aSll) a3l o B e 3 ldal) bl Ja) gall (e Adlidia 3aS) 5 Aa glilal
4 %10 Ao g siad i) Jallaal) B faap Adlal) 3u8) ) il clind) daglia & ald JSiy Ylad ¢S 9420

psdgall )5S (e %109 p s guall Sl S

4300 gand) i) aa L gliall g Aliadl el ABy L) GAS G Jauas Liaa o 5 gl ilidl) pda baluds
py o Laa Al gand) cilinally et A0 085 Alu A (o Wy A gal) aladiiaad a3 oAl al) o2 B AdLid)
Ll A clasanal gl gl 138 ey, (ldlaY) g Cuianl) Aoyl ) Balall pailuad g dibiall cSle Wil gac]
S (I slsll g by ) 4) gand) i) 5 BlSlaal Liulia Bd gad Agall 223 Ena (Jalial) B diaa
Ol Gl A jal) oda gl (o ALY g8 (Al ciagd) g A jlaall g JLAAY) cililes Jgu Laa il Al)

Aliial) cliydail) A dilu Ad) Alia



Abstract

This study was mainly concerned with the assessment of the impact of pozzolanic
admixtures, including silica fume on the properties of mortar. The experimental mixes
consisted of cement, pozzolan, sand, water, and a superplasticizer. The mechanical
properties of the mortar were tested at different ages of curing. Particular emphasis was
placed on the evaluation of the ability of concrete to resist chloride and sulfate attacks.
In addition, capillary water absorption, ultrasonic pulse velocity, bulk density, flexural
strength, Young’s modulus and dynamic Young’s modulus were also investigated. Silica
fume was incorporated in different proportions including 0% ,5%, 10%, 15%, 20%,
25%, 30% and 35% by weight of cement. Superplasticizer was also added to the
mixtures by 0.8 % of W/b to enhance the workability of the mixtures. The mortar
specimens were cured in plain water for 28, 60, 90, and 180 days, while other specimens
were cured in chemical solutions containing 5% and 10% sodium sulfate and 5% and
10% sodium chloride for 28 and 180 days, respectively. These trials supported the
hypothesis that the best performance characteristics are mixtures with incorporation of
silica fume within 5, 10, and 15% of the cement weight for short-term. The same
hypothesis was validated over an extended period of six months, demonstrating that
silica fume contents of 5%, 10%, and 15% represent the optimal ratios for resisting
varying concentrations of aggressive agents. Furthermore, it was confirmed that a 20%

silica fume content is particularly effective for resistance under high-concentration



conditions, specifically in environments containing 10% sodium sulfate and 10%
sodium chloride. These findings highlight the importance of tailoring silica fume
proportions to achieve enhanced durability and resistance against specific exposure
scenarios. In this study, mortar was used instead of concrete due the influence of
aggressive environments on cement. This approach allows for a deeper understanding
of the chemical interactions and properties of the binding material (cement and
admixtures), paving the way for improved concrete design in the future. Mortar serves
as a suitable model to simulate the impact of aggressive environments (sulfates and
chlorides) on concrete, providing results that can be extrapolated to concrete while
facilitating testing and comparison. The goal is to utilize the findings of this study as a

foundation for enhancing concrete durability in future applications.
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