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Abstract
Corrosion is one of the primary challenges facing reinforced concrete structures, as it
degrades the efficiency of reinforcement steel, leading to a decline in structural strength
and durability over time. This study aims to investigate the effect of corrosion on the
structural behavior of reinforced concrete beams exposed to harsh environmental
conditions, such as high humidity and coastal areas, which accelerate corrosion. This
issue poses a significant threat to structural safety, as corrosion leads to the loss of a
substantial portion of the design reinforcement area, reducing load-bearing capacity and
increasing the likelihood of structural failure.
Using numerical analysis through the ABAQUS software, the study evaluates the impact
of varying degrees of corrosion on load capacity and final deflection. Three digital models
of reinforced concrete beams with different corrosion levels were developed, simulating
reinforcement diameter reduction, with steel loss ranging from 20% to 25%. The analysis
under different loading conditions revealed a significant reduction in load-bearing
capacity and an increase in final deflection due to corrosion, indicating weakened
structural performance.
The study highlights the importance of advanced numerical tools like ABAQUS in
assessing the impact of corrosion. It recommends adopting proactive maintenance
strategies, including corrosion-resistant techniques such as cathodic protection, and
revising design standards to consider the long-term effects of corrosion on reinforced
concrete structures.
Keywords: Corrosion, Reinforcement, Deflection, Numerical Analysis, ABAQUS, FE
Modeling
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1 Concrete (MPa) C25/30 fex Span length | .00 (M)4

2 Density 2447 .32 (kG/m®) from Section | 0.0 (CM)3.0 X 20
3 Aggregate size 20.0 (mm) L.supp | 0.20

4 Longitudinal reinforcement:  0.00 MPa45fy = L | 00.4

5 Transversal reinforcement: 0MPa450fyk=45B R.supp (m) | 0.20
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e el A (hairline cracks) 4yadll clidall vy o0 celld ) LYl Lddkidall = 3lail) G sgdall
(displacements) \a)3yly (strains) oY leiY)y (stresses) clalgay) Jalady ¢ Jueadll ) ) 1)
gyl s (structural performance) <) JN Uss 55y sis Lee ¢ (reactions) Jledyl 250y
LS

palon Loa ¢« JSI dgalgal el pracat (pusay Allad Lloa baihind pghal dayg i bl odn it
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S, Mises LE, Max. Principal DAMAGET

Rel. radius = 1.0000, Angle = -90.0000 Rel. radius = 1.0000, Angle = -90.0000 (Avg: 75%)

(Avg: 75%) (Avg: 75%) +8.600e-01
+5.069e+02 +1.165e-01 +7.883e-01
+4.647e+02 +1.068e-01 +7.167e-01
+4.224e+02 +9.711e-02 +6.450e-01
+3.802e+02 +8.740e-02 +5.733e-01
+3.380e+02 +7.769e-02 +5.017e-01
+2.957e+02 +6.798e-02 +4.300e-01
+2.535e+02 +5.827e-02 +3.583e-01
+2.112e+02 +4.856e-02 +2.867e-01
+1.690e+02 +3.885e-02 +2.150e-01
+1.267e+02 +2.913e-02 +1.433e-01
+8.449e+01 +1.942e-02 +7.167e-02
+4.224e+01 +9.711e-03 +0.000e+00
+4.384e-13 -+0.000e+00
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bl was i L35 s (Beam Behavior Analysis) el d e Jilas 1.2
Jara ald aladie) 39 ceday sl heat &3 (sl (L (dynamic effects) 4wl el sl sl
e Ldlye 3. 12 ¢ (numerical simulations) [11400]) slSlaall wilblee 8 (loading rate) Juesdl)
e il Glaal ABAQUS/CAD [6] duae sl Ciliae BIA (e "JOb Monitor' duala aladiads (ulasl)
paliall 320 mgd dasDle Ao Ly Niige 223 L g4y ¢ (force—displacement relations)aalyyls sl
Gliall cijell alall ol alayy Led [13, 14].p030.40  (finite element modeling) 52 saall
S Clagial Aagals Llaiud (reinforcement) muluall s g (Composite samples) 48l dulu Al
siloaly il Ghliadl & ST 585 ae 8)eSl (g dibiaa shlie Ji(significant deformations)
o3a Laiiyi).  (maximum deflection area gpmall s5iill dihais (Mid—span) (8l Lavgs(SUppOrts)
Ail) byl eha) Jie (3)elll e Cinial) shliall b (slow cracking) s adl il Sale sl
caleall paall sy @3 ) (525 Les ¢ (high stress) wad alga) (e Jlas Allg (COIUMN) dgeall (e
Laal ) ed 13 (cracking of concrete). dilu)all 3adsg(progressive reinforcement rupture)
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structures).
PEEQ S, Mises 80000
Rel. radius = 1,0000, Angle = -$0.0000 Rel. radius = 1.0000, Angle = -90.0000
(Avg: 75%) (Avg: 75%) 70000
+6.611e-02 +5.039%e+02
J it B
T5300e02 +4.199e+02 60000 33.0149; 73809.3

+4.407e-02
+3.856e-02
| 131306e-02
— +2.755e-02
+2.204e-02
+1.653e-02

+3.359e+02
+2.939%+02

50000

3
40000

£30000

+4.199e+01
+1.509e-13

— B 1 -0

20000

10000

0
0 25 50 75 100

Displacement [mm)]

B1-0.5 a8l o gl 5 Jlaa¥! ¢y A5 )lia L) 5 Jlaa¥1 ol (ga 0yl g (JRIA 5 o S8l o il Janaldsi 6 JSS
G el 3Sladl aa 10 5k ) ae 12 5k (e L el dias adaite sl o3 388 (B1-1 3yl L]
JSE b slSlae ) Caagy Gl 138 L5yl L) Cag A paledl) (e Aalise (laBd] i yen
i & JSE aal Cus ) (e il sl ddle gl iy il G aBlgl) esl) 8 Gang ()
spilly 85l (AR (e lgale Jeanial) il iy By 5yl o e s Ml molal) ddlad
load—) dleaill 508 o malidl) s adibe e 586 4aS anihy e Lae (B1-0 culidl z3gailly
O oxiliy ARy oA spil) Jaalds mengy 7 UK L Jlaal) cans 55aS)l sk s (bearing capacity
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60000

PEEQ S, Mises
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(Conclusion) 4wl
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Jlea¥) 5L e -Bagakall dually (standard reinforcement) _ball moluall l& bearing capacity)
(ultimate failure gl Jadl) dlas ) Juad Js (deflection) egdall 8 ciyeSH s ¢(loads)
(unstable jiwe e G5 slew desie alll Jadly (cracking) il b fas Cus cpoint)
Ladgal) 5yl (Maximum load capacity). Jeaill e g3y0l Y] aal) g5k 2equilibrium)
o5 Nie (fisn L€ 73.93 by (force—deflection relationship) sséally ssall G ale claB1-0
18 .00 27.75 0)38 0550 e (fign 5L 56.88 (sl BI-1 a8l 8 d8Mall culS Lty can 33.52 )38
(loss of reinforcement mlaall s dSlew it e 5L (strength) ssall & sl bl
Jas3 o 55l 5,8 iy (concrete) Llujally sl o Ll Caeca ) 63 e cthickness)
dalue gl o e Ju lee Al Al A5jlee Chacal g8l caplsl B1-2 daadsalll 55Ul . Jlaa¥)
(load-bearing Adeall 5ymall Ao < K& g (loss of reinforcement area) maluall was
5)eSl Jlgill o9dally capacity)
ol Jilas 8 (Finite Element Theory) daaliall jaliall 4050 0lilABAQUS  maliy aladiud o
(crack iy (deformations) wilasdall slSlae b Ll o2 cuaelu LAl Jlea) it )
Baticeall o dlail) il Cuyelal Ladle day (structural flexibility) aslasy) 4igall s formations)
(structural Lasy) )1 auis 8 s o2 dled 25 Laa cdunyaill &30 o il ABAQUS )
.Ul performance)
Al dyealy maecailly diluall el et el LI Gluagll b daball o ) 13l
Al il g Adlas (lacial dsg e Dpmgmeas Slelyn) HAT) )5y 355 LAY el s 8 Lesid) sV

DU g lasill Gadling ikl saal) e dlal)l JSLgl

dalall gl aladiials Sl 3835 Jalds s el (5)5pall i ABAQUS:  aladialy 38 anis .1
Olacal Causlia < Ailuall dngiy 283y el Alla aiaad anil) 3n ity L Ailall 2y J8 5204
53l ey ddlad
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.Sl Al (leag(structural deterioration)
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