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Abstract

In this research:

Common materials used in concrete mixes in the regions of Homs and Hama
were selected and evaluated, with the addition of a Turkish-made cement as
an alternative to the cement produced by the Hama factory, aiming to create
high-quality concrete mixes.

The materials and the ACI 318 method were used to design two types of
mixes: (A) ordinary concrete and (B) high-performance concrete using
chemical admixtures (superplasticizers).

The cylindrical and cubic compressive strength of both mixes was evaluated
and calculated.

The results of using each mix for rigid pavement at Lattakia Airport were
assessed in terms of the reduction in pavement thickness using
FAARFIELD.

Recommendations were provided for future improvements in concrete mixes
for rigid pavement.

Introduction

Designing a concrete mix with the addition of chemical admixtures
(plasticizers) to improve the Flexural strength of the concrete used in
runways. This enhancement will increase the load-bearing capacity of
runways and accommodate the advancements in aviation, including
increased loads, higher speeds, and dynamic forces.

Research Objective :

e Improving the specifications of aircraft runways in the Syrian Arab
Republic to keep pace with advancements in air transport.

e Encouraging and attracting investors to invest in a safe environment with
modern infrastructure, well-developed roads, and high-quality services
befitting a nation we strive to rebuild and uplift.

e Designing a high-performance and high-strength concrete mix will
reduce state expenditures on airport maintenance and upgrades,
especially after some airports went out of service due to the damages
sustained in recent years. These damages resulted during the Syrian
revolution, which concluded with the fall of the former regime on
December 8, 2025.

Razan Hazaz 5" level Student, department of Civil Engineering, Faculty of Engineering, Al-
Wataniya Private University, Hama, Syria, 5/3/2025
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1 A state-of-the-art assessment in developing advanced concrete materials for airport pavements Li, M., Zhang,
W., Wang, F,, Li, Y., Liu, Z., Meng, Q., Huo, F., Zhao, D., Jiang, J., & Zhang, J. (2024)
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o A8 i g8 Ja py cdascall daslie ool ) eciiand) ) slall A i) LS
(B) ¥ 4lle Aald) 6 4l 38 (adds Al cibalall Jastioics 5 daulia
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2 ASTM C150 — 7 ( American standards ), EN 197-1 (European standards ), 13
3EN 197-1 (European standards ), 22
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““:;I;f P "“iﬂ?:jﬂ %P SLal Lgiall Lacil| Bjsanall Ligiall | SIal Spanall il o3, D(mm)
100 95 99.08 0.92 23 I 25
100 95 96.76 3.24 81 34 19
100 90 91.16 3.84 221 1/2 12.5
83 78 79.92 20.08 502 3/8 9.5
60 46 55.48 44.52 1113 No.4 | 4.75
42 30 38.32 61.68 1542 No.10 | 2
25 14 19-88 80.12 2003 No.40 [ 0.425
16 8 8.52 91.48 2287 No.80 | 0.18
7 3 4.96 95.04 2376  |No.200] 0.075
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4 ASTM C33, 3 / Grading requirement for coarse aggreagates , ASTM C33 / 5 grading for fine aggreagate
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5 ACI 363R — 8 High strength concrete, 6 -7
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7ACH 318 2581 (385 LAY cansd JLA3) 48 5k *

s ald (LaadIS ol Ay i cillals gl A s i Higiane dic) o U lak

pdggal) Jal gall (& il £ g s
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7 ACl Committee 318, Building Code Requirements for Structural Concrete (ACI 318-19) and Commentary (ACI
318R-19) (Farmington Hills, MI: American Concrete Institute, 2019), 71.

8ala J Ay )l Lahall 5 #lall lily 3Slas - meteoblue

9 ACI Committee 318, Building Code Requirements for Structural Concrete (ACI 318-19) and Commentary (ACI
318R-19) (Farmington Hills, MI: American Concrete Institute, 2019), 58.

10 ACI Committee 318, Building Code Requirements for Structural Concrete (ACl 318-19) and Commentary (ACI
318R-19) (Farmington Hills, MI: American Concrete Institute, 2019), 60.


https://www.meteoblue.com/ar/weather/historyclimate/climatemodelled/%D8%AC%D8%A8%D9%84%D8%A9_%D8%B3%D9%88%D8%B1%D9%8A%D8%A7_169304
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1 il o 4 olhaal) ddacs o) dagliall LT 2 ) 5 ghadld)
Claslza dga g aae Jb  Glangll Laall e 4 glall jlicly 5.3.22 Jsaall e
Aflan) Claslaa il 55 axe 5 (5 ke Bl jadl (LAY A4S
21< /. <35 13 Mpa 21 4 siall o glaal) 220
f'ae = f'c + 8.3 Mpa =29.3 Mpa

TABLE 5.3.2.2 — REQUIRED AVERAGE
COMPRESSIVE STRENGTH WHEN DATA ARE
NOT AVAILABLE TO ESTABLISH A SAMPLE
STANDARD DEVIATION

Specified compressive
strength, MPa

Required average compressive
strength, MPa

f; <21 f, =f,+7.0
21<f/< 35 f, =1, +83
f;>35 f/, =1.10f; +5.0

A staall ke o e lidll — 3 Jpon
ACI 211.1%? paum & hadll pilis
s 3l Jag jAal Jaguel) LA ¢ ALl 5 gladl)

TABLE A1.5.3.1 — RECOMMENDED SLUMPS
FOR VARIOUS TYPES OF CONSTRUCTION (Sl)

Slump, mm
Types of construction Maximum* | Minimum

Reinforced foundation walls and footings 75 15
Plain footings, caissons, and substructure

walls 75 15
Beams and reinforced walls 100 15
Building columns 100 25
Pavements and slabs 75 25
Mass concrete 75 25

*Mey be increased 25 mm for methods of consolidation oliser than vibrahion
el ol s jlial — 4 Jsaa
A A7 el basaedl 55 5 (a0 100 ) 50) O olaall liall Caa JU 2l ~ ) 5
o 7.5 5l ae 75 1 dddle Jdii 40L8 3aadl jUadll Ciuaa

11 ACl Committee 318, Building Code Requirements for Structural Concrete (ACl 318-19) and Commentary (ACI
318R-19) (Farmington Hills, MI: American Concrete Institute, 2019), 70
12 ACl Committee 211, Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI PRC-
211.1-22) (Farmington Hills, MI: American Concrete Institute, 2022), 21
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« AN 3 gladly

(Nominal maximum size of <bigwall i) aull il LS3)
: aggregate)

13 ASTM C125 - ks

dplual) dalal) 8 deadival Gl peasdl e o sal ) sl Jidail) & a8 s

% 10 > 8.84 & 4o 5)saaall 4l ) 12,5 s abae¥) el pladll () ans
((Jse)

14, LAY pla draS a5+ dayl ) 3 ghadl)

Water, K g!m" of concrete for indicated nominal maximum sizes of aggregate

Slump, mm | o5 | 125 | 190 | 25+ | 375 | 501+ | 7511 | 1501%
Non-air-entrained concrete
25 to 50 207 199 190 179 166 154 130 113
75 to 100 228 216 205 193 181 169 145 124
150 to 175 243 228 216 202 190 178 160 —_
Approximate amount of entrapped air 3 25 2 1.5 1 0.5 0.3 0.2

in non-air-entrained concrete, percent

Air-entrained concrete

25 to 50 181 175 168 160 150 142 122 107
75 to 100 202 193 184 175 165 157 133 119
150 to 175 216 205 197 184 174 166 154 -

Recommended average§otal air
content, percent for level of

cexXposure:
Mild exposure 45 4.0 3.5 3.0 25 2.0 1.5%+4t 1.0%*tt
Moderate  exposure 6.0 5.5 5.0 4.5 4.5 4.0 3. 5%%tt J.0*=FT
Extreme exposuredf 7.5 7.0 6.0 6.0 5.5 5.0 4.5%+14 4.0**t4

LI ol 4 a5 — 5 Joaa
% 2.5 8158 s sina g casal) jia) 8 3S216 (A slall dxaS Jgaad) uua ddiad
WIC : sl J) Q.'\MY‘MA,}AAS « duusalAl) 3 ghadl)

TABLE A1.5.3.4(a) — RELATIONSHIPS BETWEEN
WATER-CEMENT RATIO AND COMPRESSIVE
STRENGTH OF CONCRETE (SI)

| Water-cement ratio, by mass

Compressive strength Non-air-entrained Adr-entrained
at 28 days, MPa* | concrete | concrete
T 40 0.42 _
35 0.47 0.39
30 0.54 0.45
25 0.61 0.52
20 0.69 0.60
15 0.79 0.70

Griewd elall At aasi — 6 J g

13 ASTM C125 (American Society for Testing and Materials), 4
14 ACl Committee 211, Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI PRC-

211.1-22) (Farmington Hills, MI: American Concrete Institute, 2022), 22
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Dbl (A aa el B Jsaall Gl el 5 Mpa 29.3 dasliall 32k 115 Jgaall g
3253 WIC (re Apne Apndl RS A il o Lol 5 ¢ (19 ) 25) O oans)
Jsaally 333a 0 A sarse Gt S| Jalad & 50,5 Al KRG oY) hadll lady

- iall Ui e Ul IS o) et L A1.5.3(D) 10

W/C A o 3 akall slall daS g 3 Culan) ()9 bewn 3 Aadbial) 3 ghadl)
Sl jiall 8 Kg 432 e ) Of 23 W/C daws e elall () 5 apnadly

¢ daglad) 5 ghadl)

:Coarse Aqgreqgate aaall 3aa) g dsasa duwiS ; ALEAYN Gl guanl) dual okl

:(Fine aggregates 4asUll &l guaat) ) dagail) Jalaa yaas (1
S e peill Jals 3353 ( Aadl 5 oyl ) Aaelil iy ol 780 el Julas yond
D (Al ) Lagia JSI LI Cundy i Qi 3aa e Lagia

( Sy Ja ) Ltail Jal
0.42 0.58 Aa el LlA) dps
3.987 1.504 da gail) Jalaa
2.546 Al a1 Lo gal) Jalaa

fo gaill Jalas 053 — 7 Js0n
) Al 5 dasll e JST JAlially oadl Jdaill 4 ja5 o) ) 2ag A saill Jalae 3aa5 o3
: ASTM  Jalidl e 33 saaall 4y giall canll 220 5 (cpiiad) Ja

18 (No0.100, No.50, N0.30, No.16 , No.8, No.4)
. 100 (o Leansdt

15 ACl Committee 211, Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI PRC-
211.1-22) (Farmington Hills, MI: American Concrete Institute, 2022), 22

16 ACl Committee 211, Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI PRC-
211.1-22) (Farmington Hills, MI: American Concrete Institute, 2022), 22

17 Neville, A. M., & Brooks, J. J. (2010). Concrete Technology (2nd ed.). Pearson Education Ltd , 61

18 ASTM C33
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o Ly emgal) (o ST A i 2 g0 A 535 Auelll il guaall 8 Lia g o
3 laa  %3-5 3a 5STNO. 200 il e slall 4 of | ASTM C33
P s L i
;\.AS\UAJ.\S\Z\_}ASC\:\.\;\ -
la Al Ao glia (mdd -
A gl (1alad) ¢ 3 sad) Jal g2l Asla ,ad) alisaly -
CLlall O decll) o) sall AL je ol ¢ Adalall 8 olall A 30l ) alaw sl 020 8

(a9 3.1 — 2.3 (o fa smill Jalaa a0 55 (o cany o

:(Coarse Aggreagate) 4324l el gasl) aaa dad ) Al (2

TABLE A1.5.3.6 — VOLUME OF COARSE
AGGREGATE PER UNIT OF VOLUME
OF CONCRETE (SI)

Volume of dry-rodded coarse aggregate*
Nominal per unit volume of concrete for different
maximum size fineness modulit of fine aggregate
of aggregate,
mm 2.40 2.60 2.80 3.00
9.5 0.50 0.48 0.46 0.44
125 0.59 0.57 0.55 0.53
19 0.66 0.64 0.62 0.60
25 0.71 0.69 0.67 0.65
375 0.75 0.73 0.71 0.69
50 0.78 0.76 0.74 0.72
75 0.62 0.80 0.78 0.76
150 0.87 0.85 0.83 0.81

*YWolumes are based on aggregates in dry-rodded condition as described in ASTM
c 2.

ol A a1 20 saall (e ¢ dae Ll iy seanll FIVI= 2,546 4a s dalae 330
0.58 : ((Fadall Cily pasll)

20 5 el A8al) il gaanl ZES) o jumai o

18 ASTM C33,p 5

20 ACI Committee 211, Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI PRC-
211.1-22) (Farmington Hills, MI: American Concrete Institute, 2022), 23

21 ASTM C29 - Bulk density]
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0.01

%P 5)1_&“ 3:131&‘" ) 5j3;;.n.“ z\fjlnjﬁ el (QSD:LA'I )333.&“ )333.&“ Jasall (é) D(mm)
99.27 0.73 5.5 5.5 3/8" 9.5
80.03 19.97 149.8 144.3 No.4 | 4.75
46.67 53.33 400 250.2 No.8 | 2.36
41.12 58.88 441.6 41.6 No.10 2
29.83 70.17 526.3 84.7 No.16 | 1.18
24.61 75.39 565.4 39.1 No.20 | 0.85
19.85 80.15 601.1 35.7 No.30 | 0.6
16.77 83.23 624.2 23.1 No.40 | 0.425
14.11 85.89 644.2 20 No.50 | 0.3
11.67 88.33 662.5 18.3 No.80 | 0.18
10.83 89.17 668.8 6.3 No.100| 0.15
9.12 90.88 681.6 12.8 No.200 | 0.075

Alaall sl Jlasll — 17 Jgoa
(Et:lla_ﬂl) Cadd) Jall L:J__\;ji halanil)
110
100
90
80
= 70
;«3 60
} 50
E
30
20

10



18| Page

Y0P g)lall dgiall 4l | 8)spaall Lgiall Al | WShiall jenaddl Jpaaall | Jaidl 8, D(mm)
100 100 0 0 I 25
100 100 0 0 3/4 19
100 100 0 0 12" | 12.5
100 100 0 0 3/8' 9.5
100 100 0 0 No.4 | 4.75
100 100 0 0 No.8 | 2.36
100 100 0 0 No.10 2
99.96 0.04 0.3 0.3 No.20 | 0.85
96.21 3.79 26.5 26.2 No.30 | 0.6
47.97 52.03 364.2 337.7 No.40 |0.425
40.01 59.99 419.9 55.7 No.50 | 0.3
18.79 81.31 568.5 148.6 No.80 | 0.18
13.41 86.59 606.1 37.6 No.100 | 0.15
6.76 93.24 652.1 46.6 No.200 [ 0.075

oAl Jall osdl Jidaill — 12 Js0a
(peld) Joll ) Sl Jayll ool Judasl)
110
100 —o— J—o—o—o
90
80
:j 70
# 60
1
j 50
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10

0
0.01

0.1
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: Fine Aqgregate 4es il &l gpuaal) dias; dlalil) 3 gladl
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TABLE A1 .53.7.1 — FIRST ESTIMATE OF
MASS OF FRESH CONCRETE (SI)

First estimate of concrete unit mass, kg/m 3*

Nominal
maximum size of Non-air-entrained Air-entrained

aggregate, mm concrete concrete
9.5 2280 2200

12.5 2310 2230

19 2345 2275

25 2380 2290

37.5 2410 2350

50 2445 2345

75 2490 2405

150 2530 2435
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:Mass Basis 4l 4k bl uua daslil) oy guaall ¢35 .0
2310 —( 216 + 780 + 432 ) = 882 kg
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780 & ]
216 sla
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22 ACl Committee 211, Selecting Proportions for Normal-Density and High-Density Concrete—Guide (ACI PRC-
211.1-22) (Farmington Hills, MI: American Concrete Institute, 2022), 23
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Fig. 16.1: Typical satisfactory failure modes of test cubes according to
BS EN 12390-3: 2002: (a) non-explosive. and (b) explosive

24 Neville, A. M., & Brooks, J. J. (2010). Concrete Technology (2nd ed.). Pearson Education Ltd , 300
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%5 Shanagonda, A., & Kolla, A. C. (2017). High Performance Concrete. International Journal of Science and
Research (1JSR), 6(1), 366-368
26 ACI 363R-92 Report on High-Strength Concrete
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31 Neville, A.M (2011) Properties of Concrete 5t edition. Pearson Education / Chapter 12.
32 ACI Committee 318, Building Code Requirements for Structural Concrete (ACI 318-19) and Commentary (ACI
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