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Enhancing the Reliability of Compressive Strength
Prediction of Concrete Using Machine Learning
Algorithms and Explainable Analysis Techniques

Dr. Ghousson Andrawes *

Abstract
This study aims to enhance the reliability of predictive models for
concrete compressive strength using machine learning algorithms,
while improving prediction accuracy and understanding the
influence of mix constituents through explainable analysis
techniques. Initially, an XGBoost model was developed as a baseline
reference using Python 3.10.11. Its performance was subsequently
improved by incorporating a set of derived features, resulting in an
enhanced model with a coefficient of determination (R?) of 0.93.
Explainable analysis techniques, including feature importance
analysis, sensitivity analysis, and “what-if”” analysis, were employed
to interpret the model behavior and assess the influence of different
variables on concrete compressive strength.
The results showed that cement content and concrete age, had the
greatest influence on the development of compressive strength,
accounting for approximately 49%, and exhibited the highest
sensitivity compared to the other input variables. In contrast, the
derived features showed a relatively limited impact, indicating that
the model's performance primarily depends on the fundamental mix
components and concrete age, while the derived features play a
supportive role in enhancing prediction accuracy.
The findings highlight the importance of integrating accurate
prediction with explainable machine learning techniques to improve
model transparency and reliability, thereby supporting informed
decision-making in concrete mix design.

Keywords: compressive strength, XGBoost, Machine learning,
importance analysis, sensitivity analysis.

* Faculty Member (Academic Rank: Business Manager), Department of
Structural Engineering, Faculty of Civil Engineering, Latakia University, Latakia,
Syria. E-mail:gosonandraws@Ilatakia-univ.edu.sy
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Gamall zisall " IS Jdan 8 aaanll Python oS zhy &
-(6) &=l (e ((Enhanced model)

\gacdliag gililll —4

Cadal) 7 3gailly ol z3galll £1a) aps ~1-4
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Jsmanll 25 5 el # 3gaill b ol piiall dpanY dppall ol (3) Jsanll (e
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Feature Importance - Enhanced Model

Cement (kg/m~™3)

Age (day)

Blast Furnace Slag (kg/m~™3
Superplasticizer (kg/m™3)
Water (kg/m~™3)
cement_water

Fly Ash (kg/m~™3)

Fine Aggregate (kg/m~™3)

Coarse Aggregate (kg/m~™3)

agg_ratio
binder
T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25
Importance

Ljdl) cpaiall Lad¥ i) ajill (2) Joi)

Jia G st el Jlof OlStay (il jacy Citany) (sgina G bl cuelid
Ol @osnal) Dl ) sady Les ( JSU LW (00 24% 5 25% (iss Lagia S
el Jie gAY clysiall Laggh cdaruall dagliay 5l A8 o0 & Cppial
Lo 1yl d8id) cljad) cojedal Lai ¢ J8F duss claaliay clilea¥ s cilygeanl
.b}m

palati b Allad el Ll V) il e (&8 o dmsall il G e sl e
sl ool Gaua s el e Qi s Apulul) clysiall G B
Gyaaiall) Ay ile gana EDE 3 lyuatiall aeat 23 ¢Aajdl) Clpaatiall andl aay
IS Aptl) ApaaY) gl @llyy o(Adiall clysiall Sl il (gl
(4) sl 4 e 9 LS Ao sans

Aol cpsial) 4eanY dpudl) adl) (4) Jgaad)

Lal Cfprial) A gana
48.857% (end) cciianyl) Aglall cul il

26



%JM\J@NI@M\@J&J\M e dzaly ddaa

Guglodll G 2 2026 pls 4 21l 48 Alaall

il aleyll ccilypantl coLall) Zu 5l il
() AL Al )Y s
gall & sama colall ) Cuiany) Au) A& Clyaiall
(Clisanll L Aoyl

40.698%

10.444%

toh L Ty laaal) daglie e cuhuial) (e degane JS il il <yl
Osinll ey Cian) (ssine b ABicially ALyl Clysiall degene K -
@osnall sl ey Lae 49% )l Ley chyasial) Bpaa] Jlaa) e SV Al
s Gsise zisall of Slo Ju Lae chaball daglia bt b cpppaiiall ol
Seal e 41% ol Aoy Aalal) Sy Ayl LSl Clpariall Cronles —
eiand L aaly Al ST Gallan o 3saill G ) as Laa cciuriall dsaal
Akl i sSa G Al cble bl il i Jased g 35S Jaxy Y 48l

LY 4l e 10% o)l dniys Lad lagase dfiiad) il ,8b g€ -
dagliay 3ol 8 lagsad) Jeledl B ¥ byl o280 G ) Gy jady il
45pd s DA e zdsall A3 et Lage S 1o 5055 Ll V) cdaseall
ol shidl PAY) 50 dlalall Gla G ball je QB Jia e
sl Ll Sl

Lleal) Julag -2

Clhaitie (e e S ded 3al) DA (e lalll z3sall puloall Jilas e )a) 25
e Ayl Blls ¢t G50 bl Bl ol g (5% Ly saa e ALl
DA a8 5 50m Clpril Al siall Taaall A slie Al

Lo Aadsiall Tasall Aol o 3500 ol e JS Daubin 4253 (5) Jsaall G
laall o3l bl Jaall (3) JSEl) (e

Aaldl) e dpalas 43 (5) J2adl

Lonalaal) Ball /_sial
27




(5 el Jalatl LS g V) alail e )53 alaASaly ¢ gl Juiial) Ao slia 50 A8 g5 ga el

1.6447 el
1.3219 Ciiansy)
1.3157 dac i) il gl
1.1505 A5l Sl geanll
0.3295 ALl
0.2940 RIS
0.1437 el alayl
0.1399 elal I cunan) 4
0.0873 eall
0.0705 Gl geanl) A
0.0000 aayhyll 3l gal)

Sensitivity Analysis of Enhanced Model

Water (kg/m~3)

Cement (kg/m~3)

Fine Aggregate (kg/m~™3)
Coarse Aggregate (kg/m~3)
Superplasticizer (kg/m~™3)
Blast Furnace Slag (kg/m”~3
Fly Ash (kg/m~3)
cement_water

Age (day)

agg_ratio

binder

I T T T T T T T T
0.0 0.2 0.4 0.6 0.8 10 12 14 16
Average change in predicted compressive strength (MPa)

Al cpitie Lpaloa dajd Ll Jaal (3) Jedd
les culuall clayy el (Sl o Wl canan) &1 (3) Sy (5) dsandl o
o5 ey MLy Aadsial) ial) daglia e Ll FSY) il Leglany
o e A (S pSailly gl Adalal Al (65 b GnsSall (pdgd (ol
b pand s et daipe Anlin ilayy 405l Aee Ul Cilygeanll Logali .o Ll
il copelal 8 clalayly Al L ALl Jals JlaY) gy el o

28



%JM\J@NI@M\@#\M e dzaly ddaa

Guglodll G 2 2026 pls 4 21l 48 Alaall

et e LY Jaad Laiy cAdalall Qo) L alal) ey Ui
Ol Ayl (alsal Cppeat aedy Lee cAidal) cale il ooy Slaasl) Je i)
(lpand) Ao cola) ) ciany) ) Al lpd) O i (gal A e
Jaa layer o (I s Len Ragliall o 3pana EG e o(Aabl) dsally anl
i) Aalall bl el e S8 0 7 3saill A8y Gauail Caagy

"¢ b 1A' Julas -3

OpatiaS e lally Ciian) HLEA) & Cus Glaadd) zdsaill e "0 AL Jilatiehal 2
ALlall e Al pa o ginll akall Faglie 3t 6 Leginad s s
o gial) Lead die

slally Citany) o Jpaed die Aadgiall Jakaall daglie b il (4) JSEN G
18 1AL st e ililly o(+20%) 5 (—20%) o zshi Jae (e

What-if Analysis of Enhanced Model (Cement & Water)

55.0 —— Cement (kg/m~3)

Water (kg/m~™3)

52.5 4

50.0

47.5

45.0

42,5 —

Predicted compressive strength (MPa)

37.5

T T T T T T T T T
-20 -15 -10 =5 0 5 10 15 20
Percentage change in variable (%)

Lidal) daglia o s lally cien) Al "0 ol 13 Judas (4) Jsi

fol Lo (4) JSal Taly dalompally Jlaill oilis e Lo

29



(5 el Jalatl LS g V) alail e )53 alaASaly ¢ gl Juiial) Ao slia 50 A8 g5 ga el

33y @ Cua dariall daglig Chieny) A daaly Ayl ADle agag -
s (e bl deglia 8 aps g iyl ) (+20%) s Cien)) ssiae
oaliad) ) i) 4S i 63 g 8 50 MPa )l L ) 42 MPa
Sllall Ol & 8 ol bl sl ) elld g3y A sliall 3l
o) ) Cinan) A e bl )ilis dian) Ll

el A Julss & Cua cdasal) dasling oWl (gsina (A gd danle A 2gag —
LS 5005 & s <55 MPa sai ) Jarall daslie 3305 ) 63 20% daasiy
ASarl) 8 oLl anlall ol ey Lan chagliall & oS pmliss) ) @ e L
Ledals Al Chluall (53855 Aiian) dinall daalisay

Gluagilly alalitiuy) -5

altiwgyl -1-5

zisally Ljlie Wgite 300 (Enhanced Model) il zigall jolai =
RMSE ¢laa¥) haugie gamliasly 0.931 ) sl 385 50l s ol
ms AR O abeal) dana g dEidal) Cljaal) dila) Alad Say Lea (MAE 4
ol e gl dasliag sl 48 gise

il Y1 UKl Laa o Lally ciany) G Aalalls Zaad) il il Cojpglaf
S Lsl 10 clileay)s Glildly Gliseanll Cunli Ly daiall daslia e
o) B 81 e (Y letll 2 3sad Jgaas eci38a OS5 pd 3m Lee Sl
Lad) dowaia 4 31

cJarcall A glia s Criany) (ssina G dacaly doayh ADLe "¢ 1 IOLS Jalat jelal m
Clpasal) 318 1ae Lla) ety Laa cdaiall dasling o Lall (g5ina (pn Ao Al
Ailia) Ay olat el ) Aaladl g0 laydli sanlly (liSal) Gl

30



%JM\J@NI@M\@J&J\M e dzaly ddaa

Guglodll G 2 2026 pls 4 21l 48 Alaall

Losacall Ao glial Ayail) 3Ll Cprny pail SalSie Ty} Aol il g o
omdill Jalaill i ae V) bl 23 gred Apenl (s Aga e sl
Sl ol \gila i Jayys = dlaill A gisa Juyat A agnsd Laa s AT dga 0
Agin Qllald okl 484500 5 4880 dpaparal G A3 acyy A gil) Adalall
iy 3o i€ <]

cluagil —2-5

Cagll Qi) gyl ol ehal) Jd dfad) gzl (e salalyl >
- 3ol A8 5 Baly)s Sl

Adalal) e 3 Al il 50 apEl il cla syl 38l >
Aded) Galal) 365 U8 el daglie Jle

LllaY s ey (e ddlide lelsl Jadal Luhll Gl pass >

Szl agkl eyghlly Bl lass Jie Gl dalpadl il A >
Adgisas ddgad

z3sall oo Jeliill e Cpesadlls Cpuigal (Ko dysula Gliaie oL >
gyl Cylaal ol Al cilluall e alae ¥ (e Yay citially sl

&bl

[1] ALMUTAIRI, A. 2025, Explainable machine learning based
prediction of compressive strength in sustainable recycled aggregate
self compacting concrete using SHAP analysis, Sustainability,
Vol.17, No. 24, 11334.

31



(5 el Jalatl LS g V) alail e )53 alaASaly ¢ gl Juiial) Ao slia 50 A8 g5 ga el

[2] BASEER, H. A., ALI, G.G.M.N. 2026, Machine learning-based
compressive strength prediction in pervious concrete, Applied
Sciences, Vol.7, No.1, p.3.

[3] FU, H., ZHOU, X., XU, P., & SUN, D. 2025, Prediction of
compressive strength of concrete using explainable machine learning
models, Materials, VVol.18, No.21, P.5009.

[4] LI, G. 2023, Prediction of Concrete Strength Using XGBoost.
Highlights in Science, Engineering and Technology, Vol.39, 311-
314.

[5] LIU, K., ZHANG, L., WANG, W., ZHANG, G., XU, L., FAN, D., &
YU, R. 2023, Development of compressive strength prediction
platform for concrete materials based on machine learning
techniques, Journal of Building Engineering, VVol.80, 107977.

[6] LV, Q., ZHANG, J., ZHANG, L., ZHAO, H., & REN, J. 2025,
Machine learning-based optimization of concrete strength using
interpretable models, Materials Today Communications, VVol.47,
112872.

[7] MAHMOOD, M. S., ALI, T., INAM, 1., et al. 2025, Machine learning
prediction and explainability analysis of high strength glass powder
concrete using SHAP, PDP, and ICE, Scientific Reports, Vol.15,
No.1, 22089.

[8] WANG, J., DENG, J,, LI, S., et al. 2025, Explainable machine
learning for multicomponent concrete: Predictive modeling and
feature interaction insights, Materials, Vol.18, No.19, 4456.

[9] YANG, S., ZHONG, J., GAN, B., SUN, Y., BU, C., & ZHANG, M.
2025, Prediction and sensitivity analysis of foam concrete
compressive strength based on machine learning technigues with
hyper parameter optimization, Computer Modeling in Engineering &
Sciences, Vol.144, No.3, 2943-2967.

[10] YEH, I. C. 1998, Modeling of Strength of High-Performance
Concrete Using Artificial Neural Networks, Cement and Concrete
Research, VVol.28, No.12, 1797-1808.

[11] YEH, I. C. 1998, Concrete compressive strength [Dataset], UCI
Machine Learning Repository.
https://archive.ics.uci.edu/ml/datasets/Concrete+Compressive+Strength

32


https://archive.ics.uci.edu/ml/datasets/Concrete+Compressive+Strength

%JM\J@NI@M\@J&J\M e dzaly ddaa

Guglodll G 2 2026 pls 4 21l 48 Alaall

XGBoost 7 3sai ¢4l aniis ¢l 358 (1) salal)
import pandas as pd
from sklearn.model_selection import train_test_split
from xgboost import XGBRegressor
from sklearn.metrics import r2_score, mean_squared_error
data = pd.read_excel("mix.xlsx")
X = data.iloc[:, 0:8]
y = data.iloc[:, 8]
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.3,
random_state=42)
model = XGBRegressor(n_estimators=100, learning_rate=0.1,
max_depth=3, random_state=42, objective="reg:squarederror’)
model.fit(X_train, y_train)
y_pred = model.predict(X_test)
r2 =r2_score(y_test, y_pred)
mse = mean_squared_error(y_test, y pred)
rmse = mse**0.5
mae = mean_absolute_error(y_test, y pred)
print("R2:", r2)
print("MSE:", mse)
print("RMSE:", rmse)
print("MAE:", mae)

claleal) Jasda g ASidal) Ciiall aladils XGBOOSE 7z 3gal (pawad 39S (2) (3alal)
import pandas as pd
from xgboost import XGBRegressor
from sklearn.model_selection import train_test_split,
RandomizedSearchCV, cross_val_score
from sklearn.metrics import r2_score, mean_squared_error
from scipy.stats import randint, uniform
import numpy as np
data = pd.read_excel("mix.xlIsx")
X = data.iloc[:, 0:8].copy()
y = data.iloc[:, 8].copy()
X["cement_water"] = X.iloc[:, 0] / (X.iloc[:, 1] + 1e-5)
X["binder"] = X.iloc[:, 0] + X.iloc[:, 4] + X.iloc[:¢5]
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X["agg_ratio"] = X.iloc[:, 2] / (X.iloc[:, 3] + 1e-5)

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.3,
random_state=42)

xgb = XGBRegressor(objective="reg:squarederror”, random_state=42)
param_dist = {

"n_estimators": randint<(600 <1201)

"max_depth": randint«(4 <7)

"learning_rate": uniform«(0.03 <0.04)

"subsample™: uniform«(0.8 <0.2)

"colsample_bytree": uniform«(0.8 <0.2)

"gamma": uniform«(0 <0.2)

"reg_alpha": uniform«(0.2 <0)

"reg_lambda": uniform(1 <1)}

random_search = RandomizedSearchCV(xgb «
param_distributions=param_dist«n_iter=40,
cv=5¢scoring="r2¢"n_jobs=-1«verbose=1:random_state=42)
random_search.fit(X_train, y_train)

model = random_search.best_estimator

y_pred = model.predict(X_test)

r2 =r2_score(y_test, y_pred)

rmse = np.sqrt(mean_squared_error(y_test, y_pred))
print("R2 =", r2)

print("RMSE =", rmse)

print("MAE =", mae)

Enhanced model ¢yusal) 7z 3gaill 430,40 ci)pitiall dsadi Julas 36 (3) (galal)
import joblib
import pandas as pd
import matplotlib.pyplot as plt
model = joblib.load("Enhanced model.pk1™)
feature_names=model.feature_names_in_importances=
model.feature_importances
importance_df = pd.DataFrame({"Feature":
feature_names"<Importance":
importances}).sort_values(by="Importance", ascending=False)
plt.figure()
plt.barh(importance_df["Feature™], importance_df["Importance™])
plt.gca().invert_yaxis()
plt.xlabel("Importance™)
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plt.title("Feature Importance - Enhanced Model™)

plt.show()

print(importance_df)

Enhanced model ¢yuaal) z3saill dxaadl) cfpiiall duadi Julad 36< (4) galal
import joblib

import pandas as pd

model = joblib.load("Enhanced model.pk1")

features = ['Cement (kg/m”3)'<'Blast Furnace Slag (kg/m”3)«'

'Fly Ash (kg/m”3)'<'Water (kg/m”3)'<'Superplasticizer (kg/m”"3)«'
'Coarse Aggregate (kg/m”3)'<'Fine Aggregate (kg/m”3)'<'Age (day)«'
'cement_water'<'binder'<'agg_ratio']

importances = model.feature_importances

df = pd.DataFrame({ "feature": features« "importance": importances})
group_physical=['Cement (kg/m"3)'<'Age (day)' ]

group_basic = ['Blast Furnace Slag (kg/m”3)'<'Fly Ash (kg/m"3)«'
'Water (kg/m”3)'<'Superplasticizer (kg/m”3)'<'Coarse Aggregate
(kg/m"3)«'

'Fine Aggregate (kg/m”3)']

group_derived = ['cement_water'<'binder'<'agg_ratio' ]
physical_importance =
df[df["feature™].isin(group_physical)]["importance"].sum()
basic_importance =
df[df["feature™].isin(group_basic)]["importance"].sum()
derived_importance =
df[df["feature™].isin(group_derived)]["importance™].sum()

total = physical_importance + basic_importance + derived_importance
print("Physical importance =", physical_importance)

print("Basic importance =", basic_importance)

print("Derived importance =", derived_importance)

print("Physical (%) =", physical_importance / total * 100)
print("Basic (%) =", basic_importance / total * 100)

print("Derived (%) =", derived_importance / total * 100)

Enhanced model ¢uaall 7z 3gaill dpwlual) Julas 368 (5) salall
import joblib
import pandas as pd
import numpy as np
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import matplotlib.pyplot as plt

model = joblib.load("Enhanced model.pk1™)

data = pd.read_excel("mix.xIsx")

features = ['Cement (kg/m”3)'<'Blast Furnace Slag (kg/m”3)¢'

'Fly Ash (kg/m”3)'<'Water (kg/m”3)'<'Superplasticizer (kg/m”3)«'
'Coarse Aggregate (kg/m”3)'<'Fine Aggregate (kg/m”3)'<'Age (day)«'
data['cement_water'] = data['Cement (kg/m”~3)"] / (data['Water (kg/m"3)']
+ le-b)

data['binder'] = data['Cement (kg/m”3)] + data['Blast Furnace Slag
(kg/m"37 + data['Fly Ash (kg/m”3)"]

data['agg_ratio'] = data['Coarse Aggregate (kg/m”3)] / (data[' Fine
Aggregate (kg/m"3)7] + le-5)

features += ['cement_water’, 'binder’, 'agg_ratio']

sensitivity{} =

delta = 0.05

y_pred_orig = model.predict(data[features])

for feature in features:

X_mod = data.copy()

X_mod[feature] = X_mod[feature] * (1 + delta)

y_pred_mod = model.predict(X_mod[features])

mean_change = np.mean(np.abs(y_pred_mod - y_pred_orig))
sensitivity[feature] = mean_change

sensitivity_df = pd.DataFrame.from_dict(sensitivity, orient="index’,
columns=['Mean Change'])

sensitivity _df = sensitivity _df.sort_values(by="Mean Change',
ascending=False)

print(sensitivity_df)

plt.figure(figsize=(10,6))

plt.barh(sensitivity_df.index, sensitivity_df['Mean Change'])
plt.gca().invert_yaxis()

plt.xlabel('Average change in predicted compressive strength (MPa)")
plt.title('Sensitivity Analysis of Enhanced Model’)

plt.show()

Enhanced model ¢pusall z3gaill "¢ of 1lla" Lt 468 (6) (salal)
import joblib
import pandas as pd
import numpy as np
import matplotlib.pyplot as plt
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model = joblib.load("Enhanced model.pk1™)

data = pd.read_excel("mix.xIsx")

data['cement_water'] = data['Cement (kg/m”"3)'] / (data['Water (kg/m”"3)]
+ le-5)

data['binder’] = data['Cement (kg/m”3)] + data['Blast Furnace Slag
(kg/m”3'] + data['Fly Ash (kg/m”3['(

data['agg_ratio] = data['Coarse Aggregate (kg/m”3)] / (data[' Fine
Aggregate (kg/m”3)] + le-5)

features = ['Cement (kg/m”3)'<'Blast Furnace Slag (kg/m”3)«'

'Fly Ash (kg/m”3)'<'Water (kg/m”3)'<'Superplasticizer (kg/m”3)«'
'Coarse Aggregate (kg/m”3)'<'Fine Aggregate (kg/m”3)'<'Age (day)«'
'cement_water'<'binder'<'agg_ratio']

sample = data[features].mean().to_frame().T

variables_to_test = ['Cement (kg/m”3)’, 'Water (kg/m”3)']

deltas = np.linspace(-0.2, 0.2, 9)

plt.figure(figsize=(10,6))

for var in variables_to_test: predicted =[]

for d in deltas:

temp = sample.copy()

temp[var] = temp[var] * (1 + d)

temp['cement_water'] = temp['Cement (kg/m”3)] / (temp['Water
(kg/m"3)7] + 1le-5)

temp['binder’] = temp['Cement (kg/m”3)] + temp['Blast Furnace Slag
(kg/m”37 + temp['Fly Ash (kg/m”3)’]

temp['agg_ratio'] = temp['Coarse Aggregate (kg/m"3)'] /
(temp['Fine Aggregate (kg/m”3)'] + 1e-5)

y_pred = model.predict(temp[features])[0]
predicted.append(y_pred)

plt.plot(deltas*100, predicted, label=var)

plt.xlabel('Percentage change in variable (%))

plt.ylabel('Predicted compressive strength (MPa)")

plt.title('What-if Analysis of Enhanced Model (Cement & Water)')
plt.legend()

plt.grid(True)

plt.show()
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Water Supply-Demand Modeling in the Southern Al-Kabir River

Basin, Syria
Dr.Kinan Alahmad:Faculty Member At The Faculty Of Civil Engineering,Homs University
Eng.Fatat Khadour:Consulting Civil Engineer,Homs,Syria

Abstract

This study aims to analyze the balance between water supply and demand
in the Southern Al-Kabir River Basin in Syria using the Water Evaluation
and Planning System (WEAP21) as an advanced tool for water planning
and integrated water resources management. A representative model of
the basin’s water system was developed based on climatic and
hydrological data, as well as agricultural and demographic characteristics.
The model incorporates the various water sources in the basin, including
rivers, tributaries, springs, and reservoirs, in addition to the main water
demand sites represented by agricultural lands and population
settlements.

The results of the reference scenario indicate that the total net water
demand in the study area reaches approximately 34.5 million m3 per year,
while the estimated water deficit is about 30.9 million m3 annually,
mainly concentrated in the agricultural sector. The population growth
scenario shows that domestic water demand is expected to increase from
approximately 0.69 million m3 per year at the beginning of the study
period to nearly 1 million m3 per year by the end of the period. However,
the current water resources are capable of meeting this demand with
nearly 100% coverage, without a deficit in the domestic water supply
sector.

Regarding the drought scenario, which assumes a 20% reduction in water
inflows for three consecutive years, the results indicate that the water
deficit does not increase significantly compared with the reference
scenario. This suggests that the main challenge is related more to the
efficiency of water management and distribution than to the actual
availability of water resources. In the irrigation efficiency improvement
scenario, where irrigation efficiency increases from 65% to 75%, the
agricultural water deficit decreases from 30.9 million m3 to approximately
26 million m3 per year by 2030

Key Words: Water Supply—Demand Modeling, WEAP21, Southern Al-
Kabir River Basin, Water Deficit, Irrigation Efficiency.
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Study the effect of safety valve location on protecting
the pumping line from hydraulic shock

*Adel Gorgee **Shaza Khallof

Abstract

The research included a descriptive study of the phenomenon of water shock resulting
from sudden pump stoppages, and presentation the dangerous resulting from it to pumping
lines and water networks the concept of the safety valve and its operation mechanism
were also explained. And studying the effect of the safety valve location on the pressure
values resulting from the hydraulic shock with the aim of identifying the appropriate
location that ensures the safety of the water network from high pressure values by setting
several scenarios that show the effect of the valve location on the network using the Bently
Hammer program according to a pumping line extending from the Marga 3 station towards
the Qamsiyeh reservoir in Tartous Governorate. It was found that using a safety valve
reduces the maximum pressure over a distance of approximately 2 km, but has no positive

effect on the lower minimum pressures.

Keywords: Water shock — Safety valve — Maximum pressure

*Professor—faculty of civil engineering— Water resources management—-Homs Univerity.

*#* student — Faculty of Civil Engineering — Water Resources Management —-Homs University.
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Experimental Study of Effect Adding
Rubber on the Compaction Properties of
Soft Soil

Abstract :

This research includes an experimental study of the effect of adding
rubber on the compaction properties of two soils, one clay with
high plasticity and the other silt with high plasticity. To do this, the
soft soils studied were mixed with rubber at ratios of 5, 10, and
15% of the dry weight of the soil. The rubber was used in two
ways: the first was shred scraps rubber (1-1.5)cm long, and the
second was crumb granules rubber (3-4)mm. Standard and
modified Proctor experiments and CBR experiments were
conducted, followed by a mathematical analysis of the experimental
results. It was concluded that adding rubber in specific ratio to the
soft soil improved the CBR value. Several important results and
recommendations for future research were also reached.

Keywords: soft soil, compaction properties, shred scraps rubber,
crumb granules rubber, clay with high plasticity.
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