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and components with innovative construction materials

« Computational modeling and testing of emerging materials
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MATERIALS AND STRUCTURES LABORATORY (MATSLAB)




MATERIALS AND STRUCTURES LABORATORY (MATSLAB)

= Experimental testing facilities are used for testing
material durability and basic mechanical properties

= Equipment includes:

o 700 kip compression testing machine
95 kip tensile testing machine
Pore-solution extractor
3 high temperature ovens
Sieve shaker
Dry-curing and moist curing rooms
6 ft3 rotary drum mixer
9 ft3 high shear planetary mixer
Automatic cylinder end grinder
Freeze/Thaw Cabinet
Corrosion testing Equipment
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MATERIALS AND STRUCTURES LABORATORY (MATSLAB)

= Experimental testing facilities are
used for measuring the chemical
composition and performance of
cement based materials

* Equipment includes:

o Mounting and polishing equipment for
advanced microscopic analysis

o Sample preparation for ICP-OES
o Sample preparation for XRD

)] Matsiab NJLT
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MATERIALS AND STRUCTURES LABORATORY (MATSLAB)

17l

Experimental testing
facilities are used for testing
structural components to
various loading conditions

Equipment includes:

o Three servo-hydraulic
actuators capable of fatigue
testing at 200, 100, and 55 kip
capacities

o 16 channel high speed data
acquisition system capable of
recording at 1000hz

o 3000 ft2 high bay space for
fabricating elements
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MATERIALS AND STRUCTURES LABORATORY (MATSLAB)

= Computational workstation facility
used to validate experimental findings
and perform parametric studies

= Capabillities include:
o Deterioration modeling
o Structural simulation
o Young hardening concrete analysis
o Soil/structure interaction
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MOTIVATION AND BACKGROUND INFORMATION
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DURABILITY ISSUES

Corrosion

ethz.ch

u-cart.ca publish.illinois.edu
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DETERIORATION MECHANISMS

Drying Shrinkage

« »

Drying shrinkage happens due to
moisture loss and moving water to
empty capillaries and out of
concrete

- >

Original Concrete Volume

Salt scaling mechanism:
« Deicing salts increase number of freeze-thaw cycles and osmotic pressure

www.giatecscientific.com

that occur during freezing
« Salt attracts water and more water to freeze
« Salt cause top layer to thaw and creates localized temperature differential

and impose stress to top layer
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DETERIORATION MECHANISMS

Corrosion Damage Mechanism

. { Freeze-Thaw Damage Mechanism

Water
expansion
at pores

0051
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WHAT HAPPENS IN CORROSION

Anodic Reaction: 2Fe — 2Fe?t + 4e~
Cathodic Reaction: O, + 2H,0 + 4e~ — 40H™

Total Reaction: 2Fe + 2H,0 + 0, — 2Fe(OH),

Cl or/and CO2> O>and HO
7 éi"—ﬁ‘“u D
Corrosion ‘ '

products

Ahmed, 2003
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DUCTILE CONCRETE MECHANICAL BEHAVIOR

- —
_/’_F_FL

Ordinary Concrete

Ductile Concrete

Tensile Stress

Tensile Strain
UHPC - f_ = 20,000 psi; f,= 1,100 psi; &p = 0.2%

ECC —f, = 8,000 psi; f,= 400 psi; &, =1%

HyFRC - f_ = 6,500 psi; f, = 275 psi; &, = 0.3%

Generally do not spall and retain residual strength in compression
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MICROCRACKING BEHAVIOR IN DUCTILE CONCRETE SYSTEMS

Li, 2003
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DUCTILE CONCRETE MATERIALS

| Binder
| (Cement, Fly Ash, Silica U
| Fume, Glass Quartz)

Fine Aggregate
(Sand)

e Water and
e Admixtures

L3

<] Coarse Aggregate HyFRC - Hybrid fiber-reinforced concrete
1 (Crushed Stone) — _

‘__,’-e}.

. |Fibers
“ | (Polymeric, steel)
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PROJECT SCOPE

Durability testing example — corrosion
benchmarking

Concrete system
Reference electrode

Plexiglass dam with (e.g., ductile concrete,

Initial state
3% NacCl solution super absorbent polymers,
° N hydrophobic admixtures, etc.) (e.g., precracked or
\ uncracked)

(NN NN
R=100Q \"
6in

ey R~ f

~

Reinforcing system

i Resistor and
i voltmeter

l— 11in.

15in R (e.g., stainless steel,
' g ECR, black steel, etc.)
ASTM G109 Corrosion Testing Test Parameters to
Experimental Setup Investigate and Compare Perfromance
Other areas of interest:

Carbonation Freeze-thaw Abrasion Shrinkage

I+ | Matslab 17 N J I
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PROJECT SCOPE

Other areas of interest:

Brick decks and
overlay systems

Predictions of
response using
numerical
simulation

Fatigue loading point (typ.)

~16in. /" /
~8in.

! |
(a) v, =
O e |

Increasing Tensile Strain Q
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EXPERIMENTAL PROGRAM
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DURABILITY OF DUCTILE CONCRETE SYSTEMS

Drying shrinkage (ASTM C157)

Freezing and thawing (ASTM C666)

Salt scaling (ASTM C672)

20 LT



COMPARATIVE STUDY OF THE CHLORIDE PERMEABILITY AND
CORROSION PERFORMANCE OF DUCTILE CONCRETE SYSTEMS

Reference electrode
Plexiglass dam with

3% NaCl solution

o7 Accelerated corrosion (ASTM G109)

= : U iResistor and
vl in———"" yoltmeter

15in.

Chloride profiling and coefficient of
chloride diffusion (ASTM C 1152)

Rapid chloride penetration test
(ASTM C1202)




CONCRETE MATERIALS

= Two ordinary concrete systems
o Self consolidating concrete (SCC P)
o High performance concrete (HCP)

* Three ductile concrete systems
o ECC
o HyFRC
o UHPC
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REINFORCEMENT MATERIALS (G109 ONLY)

» Five types of reinforcement
o Black
o Epoxy Coated
o Galvanized
o ChromX
o Stainless Steel

» Additional set with pre-damaged reinforcement
o Epoxy coated
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RESULTS

l
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FRESH AND HARDENED PROPERTIES

Concrete Type Slump/Flow (in)
HPC 3.5
SCCP 20.5
HyFRC 21
ECC 7.5
UHPC 8.5
25000
& 20000
%
5 15000
=
w2
)
Z 10000
b
=
S 5000
@)
0

SCCP

HyFRC

Concrete Type Air Content (%)

HPC 3.5
SCC P 4
HyFRC 7.5

ECC 5
UHPC 5

ECC UHPC

Concrete System

matsiab

‘.‘

L]
materials and struct
laboratory at NJIT

sNJILT



DRYING SHRINKAGE

Length Change of Specimen (%)

0.02

-0.03 +

-0.08 +

0 20

40 60

120

-0.13 +
—e—SCCP  —e—HyFRC
-0.18 —e—UHPC —e—ECC
—e—HPC
-0.23

Time (Days)
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DRYING SHRINKAGE

= Ductile concrete systems tend to have higher
shrinkage
o Higher cement contents

o ASTM C157 does not necessarily measure cracking
propensity

» UHPC has lowest drying shrinkage

o Test does not capture autogenous shrinkage, which is
typically a bigger issue for UHPC

1| Matslab NJLT




FREEZE-THAW

= Relative Modulus of Elasticity Results

110
100 T G iy Sl (N 7 S @ roesrrrecesse @ osesrrrenas - Concrete Type Ail' Content (%)
90 |\ H T ‘} - HPC 35
~
70 ' 1 HyFRC 7.5
S - l 1 ECC 5
5 60 — | UHPC )
é 50 . <z
30 :
20 . J : ASTM Limit
- @ — HyFRC
10
—@— HPC
0 1 1 i I X X
0 36 12 108 144 180 216 252 288 324

Number of Freeze-Thaw Cycles




SPECIMENS AT THE END OF THE TEST

HPC SCCP  HyFRC ECC UHPC
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FREEZE THAW

Concrete Type HPC SCCP HyFRC ECC UHPC
Durability Factor 25.1 3.7 21.3  76.3 100

* Ordinary concrete was difficult to air entrain

» HyFRC performed poorly despite adequare air
entraining

= ECC and UHPC met requirements
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AVERAGE SALT SCALING RATING

Salt Scaling Rating
o

[

SCCP

HyFRC

UHPC

matsiab
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SPECIMENS AFTER 50 CYCLES

ECC HyFRC SCCP HPC

SA19AD 0

No
U
@
<
Q,
5
w




EFFECT OF WIRE BRUSHING

HyFRC No. 1 HyFRC No. 2 HyFRC No. 3

Without Brushing

Wire Brushed

i) Matslab aq N1
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SCALING DAMAGE ON ECC

= Adifferent type of damage was observed in ECC

i) Matslab a5 N1
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TAKEAWAYS OF DURABILITY TESTING OF DUCTILE CONCRETE
SYSTEMS

= UHPC had the best durability performance in ductile
concrete systems

* Ductile concrete systems improve the durability of
reinforced concrete systems

= Scaling tests need reconsideration for evaluation of
ductile concrete systems in terms of surface finishing,
evaluation method and rating criteria

Corrosion testing is needed to investigate the
iImprovements in corrosion performance of ductile
concrete systems

11| atslab w'




ASTM G109 CORROSION TEST METHOD

Accelerated corrosion test

Apply wetting and drying
cycles every two weeks

Measures corrosion current

Modification: Applied
preloading to develop pre-
cracks

Reference electrode
Plexiglass dam with

3% NaCl solution

4.5 Ir:é;/— [,

R=1000 v
6in. @ '
tinf" | f
e ' Resistor and
| — 1, — | voltmeter
[ 15in. >
(a)
Concrete system
(e.g., UHPC, HyFRC Initial state
ECC and ordinnary concrete) (e.g., precracked or
uncracked)

NN

]

o

Reinforcing system
(e.g., stainless steel,
(b) ECR, black steel, efc.)

%2
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CORROSION TESTING PLAN

I~
L]

Concrete
NJDOT | NJDOT
UHPC | HyFRC ECC
HPC SCCP
Rebar
Black v v v v v v v v v
ECR v v v v v v v v
LR v v v v v v
Damaged
(jhl'omx \»/ \/ \/\/ \/\/ -
Galvanized Vv - - -
Stainless
ainless v v ) ) )
Steel
v': Uncracked v': Cracked

matslab



CORROSION RESULTS OF UNCRACKED BEAMS

= No corrosion was observed in uncracked
specimens with ordinary black reinforcement

1.8
= | v v v e ECC
T 141 =l
O - .= UHPC
i .l — —HyFRC
3 ......... SCC p
g 0.6 + - — = Threshold
)
(]
£ 0.2 fmmmm i e e
o 4 + : ; + :
g 0.2 F 100 200 300 400 500 600 700 800
-0.6
Time (Days)




CORRODED FIBERS AT THE SURFACE

= Corroded Fibers have no negative effect on the
corrosion performance of reinforcement

)=1| Matsian 20 NI
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CRACKING BEHAVIOR OF CONCRETE SYSTEMS

= Multiple macrocracking behavior was observed in ductile
systems compared to big crack in HPC

E i E E
E M E E
Y prll o
S s S
£ : .
s - :
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CORROSION RESULTS OF CRACKED BEAMS

1.8 T

1.4 1

0.6 -

Current Density (WA/Cm*2)

—ECC
—HPC
— UHPC

—— HyFRC

— — = Threshold

02"_ ‘I\ —---!. 5 . = ——————————
A - It ST Y | lllu ' 1l
02 4 100 200 300 400 500 600 700 800
-0.6
Time (Days)
matslab o NJLT
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CORROSION IN CRACKED HYFRC

I~
L]

Specimen Load (Kn) Location1 Crack Width (mm) Location 2 Crack Width (mm)
HyFRC-Black-1 88 Center 0.1 Center 0.08
HyFRC-Black-2 88 Center 0.15 Center 0.2
HyFRC-Black-3 88 Center 0.2 Center 0.15

3 -
— Threshold
2.6 - —e— HyFRC Mix 2-Black 1
2.2 o .-+ HYFRC Mix 2-Black 2
1.8 1% - ® - HyFRC Mix 2-Black 3

Current Density (WA/ICm*2)

Time (Days)

matslab




CORROSION IN ALTERNATIVE REINFORCEMENT (CHROMX)

Current Density (MA/ICm*2)

= Cracked Beams

2.8
2.4 1
2 -+

1.6 71

1.2 -

0.8 -

0.4

——— UHPC_ChromX

- HYyFRC_ChromX

- = = Threshold

- s e s s s e e = -

0

300 400

200 600 700

-0.4

Time (Days)
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CORROSION IN CRACKED HYFRC WITH CHROMX

Specimen Load (Kn) Location1 Crack Width (mm) Location 2 Crack Width (mm)
HyFRC-ChromX-1 88 Center 0.2 Center -
HyFRC-ChromX-2 88 Center 0.12 Center  0.08 (Longitudinal)
HyFRC-ChromX-3 88 Center 0.04 Center -

:‘\T 9 —— Threshold
S 2.6 - —e— HyFRC Mix 2-ChromX 1
i 22 ..#- HYFRC Mix 2-ChromX 2
:; 1.8 - - @ - HyFRC Mix 2-ChromX 3
7 "
s
o T %
S 064 o ¢ ;
= [ O " @ -
3 02 ————Sgeeeytt > g e “ea,t S PuteuevEes Sasaes
-0.2 g 100 200 300 400 500 600
-0.6

Time (Days)




CORROSION IN ALTERNATIVE REINFORCEMENT (ECR)

I~
L]

= Cracked Beams

1.8

~ ——HPC
T 147
o - .- UHPC
< 1
= | — — HyFRC
P
T 1 - — = Threshold
2 0.6
o
(]
& 02t mmm
o — — : : | : : :
3 o2 0 100 200 300 400 500 600 700 800
0 -

-0.6

Time (Days)
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CORROSION IN ALTERNATIVE REINFORCEMENT (GALVANIZED)

1.8
iy - —— HPC_Cracked
< 14 +
o - = = HPC_Uncracked
a - — = Threshold
- 1
2
2 0.6 -
v
o
bt 02 il - S e s . e i i i S A . W i O i e B i S . O e S . L
5 - H }mw el —rm = |
t — .y For ) 1
S 02 (0] 100 200 300 400 500 600 700 800
o .

-0.6

Time (Days)

1| matsiab a7 DI




TAKEAWAYS OF CORROSION TESTING OF DUCTILE CONCRETE
SYSTEMS AND ALTERNATIVE REINFORCEMENT

. Cracking affects the corrosion performance of ductile A
concrete systems
\ y
é . )
= Small cracks can be blocked by corrosion products and
salt
. J
é : : . cege g . )
= Longer time is needed for corrosion initiation in concrete
systems and alternative reinforcement
. J
(= Chloride profiling measurements were done to evaluate h
the chloride penetration and corrosion resistance
\ y

matslab NJLT



CHLORIDE PROFILING

1.40
o 120
o
e 1.00
(@]
(&)
S 0.80
(/)]
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€ 060
>
0
g 040
IS,
-
S 020
X

0.00

0 5 10 15 20 25 30 35 40

Depth (mm)

Rapid chloride penetration testing was done to compare the results with

long term ponding test




RAPID CHLORIDE PENETRATION TESTING OF DUCTILE CONCRETE
SYSTEMS

Rapid chloride penetration test (ASTM C1202)

» Rapid chloride penetration test has been widely used by

department of transportation for concrete systems

Charge Passed (coulombs) Chloride lon Penetrability
>4,000 High

2,000-4,000 Moderate

1,000-2,000 Low

100-1,000 Very Low

<100 Negligible

1| matsiab so 1




RAPID CHLORIDE PENETRATION TESTING OF DUCTILE
CONCRETE SYSTEMS

* No result was recorded for HyFRC due to testing device
error (passing charges so quickly through fibers)

* |[ncorporation of fibers increased the passed charge in all
concrete systems

1Ch 1 |
Concrete Type Pa.sse( ¢ arge(. (Coulombs) ASTM C1202 Classification
Specimen 1 Specimen 2 Average
HPC 381 385 383.00 Very Low
SCCP 1,399 1.533 1,466.00 Low

ECC 2,702.50 Moderate
UHPC 193.50 Very Low

HyFRC N/A N/A

ECC No Fiber 2,364.50 Moderate

UHPC No Fiber 16.50 Negligible
HvFRC No Fiber 2,666.00 Moderate




FAILED HYFRC SPECIMEN IN RCPT

» Charge passed through fibers quickly and corroded the
fibers. Tests was stopped automatically after few seconds.

materials and structures
laboratory at NJIT

-1 mMatslab 50 N1



TAKEAWAYS OF RAPID CHLORIDE PENETRATION TESTING OF DUCTILE
CONCRETE SYSTEMS

r N
= Same trend was observed in RCPT of ductile concrete

systems compared to chloride profiling results

-
.

~
J

= RCPT could not show the extent of difference between
results with chloride profiling

r
.

~
J

= Fibers changed the RCPT results in ductile concrete
systems

)| motslab NLLT




NUMERICAL FRAMEWORK
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SERVICE LIFE EVALUATION METHODS

= Two ways to evaluate the service life: experimental & numerical

. Remforcement Fracture
u Expe rl mental - Minor Flexure Shear Cracks (3) Mm% Flexure-Shear Cracks (3)

. My ]
%+ accurate
< Intuitive [/ (W%jﬁ NW\\ |

Major Flexural Crack(1)

= Numerical:
¢+ cost efficient

’0

»» time efficient
¢ easily extended

to various scenarios

Reinforcement Fracture
Major Flexure Shear Cracks (3&_‘ Major Flexure Shear Cracks (3)

4

2wl -~¢‘i'4~_‘ha.\;k-’ LU
Major Flexural Cracks (2)

mOtSIOb References: Pokhrel, Bandelt, 2019. 55 w
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GAPS IN CURRENT NUMERICAL MODELING

Initial cracks not
included

Boundary conditions not
updated

Structural
deterioratio

n not PR Corrosion

coupled RN hehavior
l needs to be

quantified

11| Matslab 56 NJLT
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COUPLING EFFECTS AND TIME-DEPENDENT EFFECTS

» Testing and simulation
standards often treat each
form of damage in isolation

* |n practice there is a coupling
of damage which accelerates
deterioration

* The benefits of new concrete
systems may be more
apparent when studied In light
of coupled damage

* The boundary conditions are
time-dependent, not
stationary

|+1| Matslab NJLT




PROPOSED MODELING FRAMEWORK

= Consider initial structure
status

» Couple material ingress with
damage conditions

* Time-dependent: updates
iInput parameters at each time N Electrochemical §
ste p . reactions

= Connect all the stages in
corrosion progress

11| Matslab 55 NJLT
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PROPOSED MODELING FRAMEWORK

17l

OFE structural
analysis

@Chloride ingress
analysis

®FE corrosion
analysis

@Rust expansion
calculation

References: Fan et al. (2022).

STAR

<> Start step

@@ @@ | Main

| Inter steps process

steps

I ®FE structural

Mechanical Load Update

A

DIANA analysis Ay + Ag(t)
Parameters Update ' @ Rust volume
-CI‘ﬂl:k crack MATLAB expan 1
= A calculation
Yes Active
@Chloride “one OFE
ori - :
COMSOL | penetration e ] Ck b
analysis a6, L(x).t) 2 €4 analysis

Mo

Passive

rrrrrrrrrrrrrrrrrrrrr
ooooooooooooooooo




CASE STuDY EXAMPLE

» Comparison analysis of UHPC and RC bridge

deck
= Subject to realistic environmental conditions
inN.  jom |
somn | QL Al 2 Tl T JIL

Top and bottom #6
reinforcemen t bar
Steel girder =
3300 mm
——

| Matead so NILT




ENVIRONMENTAL CONDITIONS

= Source chloride: deicing salt; Temperature

varies

= Humidity is Constant( 70%) |n NJ

300

Temperature (K)
N
[o)
)]

Source chloride profile of the deicing salt and temperature fluctuation

—— Temperatu re

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

AALAAA

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

‘—&— Surface Chlorlde‘

1.0

1 2 3 4 5 6 7 8 9 10 11 12

Time (month)

References: Cheung et al. 2009.
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STRUCTURAL MODELING SET UP

= Symmetrical geometry
» QOriginal deck thickness 250 mm

-

|
Applied displacementt

"""""""""""""""""""""""""" ! 63 mm .
i De-icing materials H 1 Loading plate ——
1 4
i i i & 4 lv ¥ f i 7
BN %1=: Concrete 250
{ mm
. f ~ 1 i
~ r
' Top and bottom #6 2 Support plate Mesh size 12.5%12.5 mm Reinforcement bar - E
reinforcement bar @ | o
= E E
£l £
Steel girder a’i‘; n
1
1

(a) Half span cross section of the
original concrete bridge deck design

HED iiﬂil-ﬂl‘ﬂ!‘ﬂi!]'ﬂl,!!!si 125
{ | mm

1650 mm i

(b) Finite element modeling set up

1| matsiab o2 "




INITIAL CRACKING

= | oad-deformation before corrosion

= UHPC is half size, redu

150

R T 4 I N ..l B T

from 250 mm to 125 mms l

= Cover depth of UHPC
was also reduced from
63 mm to 25 mm

Applied Load

4] ~l
o 5]
I i I .

N
a
I .

........I._..i. .Hpuciwéi;é_:o.-01?_r;hrf1....

—RcC
RC Crack ||
——RIUHPC

v UHPC Crack| |

Midspan Displacement (mm)

I+| Matslab




IMPACTS OF CRACKING ON CHLORIDE PROFILES

» Damage conditions and chloride contour after 30
years of de-icing exposure

73
& o035 —
(a) =] i ——— Concrete at Left Side|
2 o030\ . —— UHPC at Left Side |
g . A - |- = - - Concrete at Midspan |
g 0254 N = = = UHPC at Midspan
(b) o ]
S 020
'SE ]
| @ 045
© J
_ . E 0104
(c) — ' UHPC-Cracking : - . 5 T
. : - . £ 0054 e
1 8 T X T
| 25 m & 0.00 4
(d) UHPC-Chloride | ©
h -
‘ S -0.05 : . : . - . - . -
Increasing Principal Tensile Strain Increasing Chloride Content S 0 50 100 150 200 250
Distance from the surface (mm
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DETERIORATIONS

= Cracking patterns before and after corrosion

= Distributed fine cracks in UHPC, localized

major cracks in RC
) e~

t=0 year

t=30 year

Symmetrical

t=0 year

t=80 year

Increasing Principal Tensile Strain




DETERIORATIONS

= Condition rating=% area in severe X0+% area in
poor X40+%area in fair X70+%area in

sound X100
@ & A Normal Concrete
» RCrate 79.1 § g
after 30 year ¢ :
u U H PC rate 9 L Tensile Str(zrfn u &0 Tensile Str‘:nivn ‘gm
after 80 yea 'S Principal tensile strain contour of UHPC and normal strength

concrete

l‘;" motleb References: Szary and Andrés M. 2014. 60 w
laboratory at NJIT -




TAKEAWAYS OF NUMERICAL MODELING FRAMEWORK

= The multi-physics time-dependent numerical
approach is effective in service life evaluation

r
.

~
J

= UHPC bridge deck experienced slower deterioration
under same traffic load and environmental conditions

a

J

~

= UHPC becomes cost-effective compared to RC in a 50N

years service life period
. W,
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CONCLUSIONS AND FUTURE WORK

AR R R
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CONCLUSIONS

4 )
= UHPC had the best durability performance between

ductile concrete systems

r
.

N
J

= More cementitious materials in ductile concrete systems
Increases drying shrinkage

. J
é )
*= Fibers help to improve the durability of ductile concrete
systems
. W,
4 )

* There is a direct relationship between corrosion intensity

and crack width in ductile concrete systems
x y




CONCLUSIONS

r N
= Ductile concrete systems have different chloride diffusion
behavior
. y
( )
= Fibers affect the RCPT results in ductile concrete
systems
\_ Y,
( )

= RCPT cannot reflect the corrosion performance of ductile

concrete systems accurately
. J
é )

= The multi-physics time-dependent numerical approach is

effective in service life evaluation
\_ Y,




RECOMMENDATIONS

ﬂodifications and improvements for testing corrosion behavior in \
ductile concrete systems are recommended in terms of:

= Changing specimen size
» Cracking method

= Brine solution

» Cover depth and

{ Measurements techniques /

{I\/Iodifications for salt scaling testing of ductile concrete system are \
recommended as follows:

» Surface finishing
» Surface evaluation
\- Rating criteria

| matslob n B




FUTURE WORK

"= More iInvestigation are needed to evaluate the effect of h
fibers on RCPT results in ductile concrete systems.

. J

(= Evaluation of effect of cracking on RCPT results in )
ductile concrete systems

. J

£ Development a test method for salt scaling evaluation in
ductile concrete systems

. J

[ Investigation of the applicabllity of resistivity test for h
evaluation of corrosion performance in ductile concrete

9 systems )
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