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Appendix: A Prediction Model for Chloride-Ion Ingress in 
Concrete Sleepers
Morteza Esmaeili, Sadegh Kaviani, and Farzad Farivar

This appendix contains additional figures for “A Prediction Model for Chloride-Ion Ingress in Concrete Sleepers,” by Morteza Es-
maeili, Sadegh Kaviani, and Farzad Farivar, which appears on pages 86–102 in the January–February 2023  issue of PCI Journal.

Figure A1. The most important problems for railways in desert areas.

Breakage and wear of concrete sleepers Gradual degradation of bridges and  
obstruction of culvert entrances 

Figure A.2. Main problems for desert railways.

Rigidity of ballast layer Track closure 
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Figure A.3.  Cracked concrete sleepers in Rudshur–Shur-e Gaz block.

Figure A.4. Longitudinal cracks in the midspan of the sleeper adjacent to the upper layer of wires.
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Figure A.5. Longitudinal cracks in the midspan of the sleeper adjacent to the upper layer of wires.

Figure A.6. Extension of the cracks and sleeper failure.

Figure A.7. Cubic samples. Note: All dimensions are in millimeters. 2D = two-dimensional; 3D = three-dimensional. 1 mm = 
0.0394 in.
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Figure A.8. Chloride measurements at designated depths from site profiles. Note: 1S = shoulder sample 1; 1M = midspan sample 1; 
2S = shoulder sample 2; 2M = midspan sample 2; 3S = shoulder sample 3; 3M = midspan sample 3. 1 mm = 0.0394 in.

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 10 20 30 40 50 60 70

D
is

so
lv

ed
 c

hl
or

id
e,

 %

Depth, mm

Side 1

Bottom 1

Side 2

Bottom 2

Figure A.9. Chloride measurements at designated depths from laboratory profiles. Note: 1 mm = 0.0394 in.
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HCP_Value -243 -248 -371 -385 -379 -334 -380 -313 -244
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1 2 3 4 5 6 7 8 9
HCP_Value -309 -426 -488 -485 -497 -443 -526 -486 -386

-600

-500

-400

-300

-200

-100

0

P
ot

en
tia

l (
M

V
)

Numbering

Half-Cell Potential for the second sleeper

Figure A.10. Half-cell potential test on sleepers transferred to the laboratory.


