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Relationship between Half Cell Potential and Corrosion Amount Considering
Saturated Cover depth and W/C ratios in Cement Mortar

Hwa-Sung Ryu', Jae-Sung Park’, Seung-Jun Kwon**

Abstract: Concrete is a construction material with porous media and corroded steel inside affects negatively to durability and structural safety. This
study aims a derivation of quantitative relationship between measured HCP (Half Cell Potential) and corrosion amount considering cover depth and
W/C (water to cement) ratio. For the work, cement mortar specimens with 3 different W/C ratios and 4 different cover depths are prepared, HCPs
are measured with 3 different corrosion level. HCP measurement significantly increases in the saturated condition and linear relationship is observed
between corrosion level and acceleration period. With increasing corrosion level and W/C ratio, and decreasing cover depth, HCP measurement
increases. Considering total corrosion level and HCP measurements, relatively low COV(Coefficient of Variation) of 0.67 is evaluated through
multi-linear regression analysis, however higher COVs over 0.90 can be obtained considering level of HCP measurement. In the room condition,
corrosion level can be evaluated through measured HCP in the given conditions of cover depth, W/C ratio. diameter of steel inside.
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Fig. 1 Photos for specimen preparation and geometry
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Fig. 4 Photos for HCP measurement

Table 1 Suggestion of HCP and corrosion feasibility

Measurement Corrosion probability

Less -200 mV No steel corrosion
-200mV ~ -350 mV Uncertain

Over -350 mV Over 90% of steel corrosion

=435}t Fig. 40415 HCP 2HARS YeRf L 9o
Table 194+ ASTM C 876-099)| A4 A A3+ Q= HCPH
2754 o] vl S yehf 1z ok

3. \IMIE P2E[Z0| S¥& 1134 HCPRL
APl AR

3.1 S2MEfOIM S| BIMR| Zie| Hist
/\lﬁiﬁ A2retal AzgEjoA] SAgE HCPe A=
Table 29l JERSI o™, &84 ) A9 HCP2 WH3)+= Table

3o YR ATE A2/ el ol A= 36~ 127 mV =02 Hhd
A7F FriEReEg RAS 9 AL oo
Table 39| F&7F el A HCP S78%ke] A 3715 & &
ATk of= G0 E3lof| W H3}e] o] F o] A|uljA o]l

< Qi

Fig. 591M= dx9} 873l W2 HCP2] W3S YE}
Y2z 1.0, Fig. 60| 4= W/C 2 S0 2-2)7)7ke] F7}ol| u}
& HCPY| W3}E vk i itk

T $HFol| A Fito] sl of| e} B HCP+=81.3 mV
oA 3122 mVE =781tk B A En] 9] 7449} ujB T
Table 2 Control HCP measurement in dry condition

Covr gy HCP@Y) Covr g HOPGY)

(mm) ratio (%) Dry Sat. (mm) ratio (%) Dry  Sat.
35 52 246 35 67 261

35 48 244 35 63 258

35 36 235 35 42 249

55 90 252 55 80 271

20 55 98 257 40 55 77 275
55 8 252 55 68 264

70 75 385 70 106 280

70 118 414 70 127 289

70 9 387 70 103 281

35 77 286 35 80 300

35 71 284 35 84 304

35 55 272 35 71 292

55 101 259 55 86 271

30 55 108 260 50 55 75 275
55 96 251 55 57 267

70 85 341 70 88 383

70 97 345 70 92 406

70 79 343 70 94 399
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Table 3 HCP measurement with extended corrosion period (Saturated

condition)
Cover c HCP( mV) Cover /o HCP(-mV)
depth " - depth o
mm) ® 6hr. 18hr. 42hr. (mm) ® 6hr. 18hr. 42hr.
273 592 731 437 637 565
035 252 596 741 035 426 635 568
266 585 733 409 620 575
573 577 773 389 606 757
20 0.55 546 574 1775 40 055 364 616 731
457 585 738 343 608 711
572 469 707 183 588 704
0.70 548 464 709 0.70 204 574 692
480 409 590 218 533 640
408 605 625 427 634 762
0.35 401 595 636 035 412 622 765
406 521 634 376 573 766
332 628 591 443 631 734
30 0.55 289 630 582 50 055 441 646 719
286 592 581 443 637 708
378 569 618 444 590 802
0.70 362 575 613 0.70 420 588 800
349 552 578 388 577 799
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Fig. 5 Measured HCP with different exposure conditions
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Duration period (hours)

Table 4 Corrosion with extension of acceleration period (saturation
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Fig. 6 Measured HCP with different corrosion periods and W/C ratios

(c) W/C 70 %

S71 o F2 82 6.54 goll 4] 3.22 g © 2 (W/C 0.35),6.61 g
ol| X 4.41 g ©F (W/C 0.55), 8.19 gl A 5.8 g ©F (W/C 0.70)
Z¥7y Z¥asiint. 9 EFA 7} STkl et A Aage
W/C7} =575 3A F7HE A, ol ZIYE FHol
=7 grets JE5FA7}F F7Feka F2 7o) @AsHA 1A
3h7] wlEoltk BA57HE-2 W/C 0.3590 4= 49.2%, W/C
0.55901 4 66.7%, 18] 2L W/C 0.70°1 4% 70.8% % 7}
At

condition)
Corrosion amount (g)
WI/C ratios Cover depth (mm)
20 30 40 50
0.35 6.54 5.68 3.75 322
0.55 6.61 5.7 4.45 4.41
0.70 8.19 6.81 5.8 5.8
0.35 3.31 2.95 1.88 1.6
0.55 3.51 2.92 223 2.22
0.70 4.18 3.55 291 29
0.35 1.45 1.42 0.68 0.63
0.55 1.35 1.1 0.92 0.88
0.70 1.63 1.41 1.2 1.16
10
——20mm —=B-30mm ‘
40mm =——50mm
8
gm 6 —
% /
=
0 T T T T T T T
] 5 10 15 20 25 30 35 40 45
Duration period (hours)
(a) W/C0.35
10
——20mm —8-30mm ‘
40mm ==50mm
8
E
2
0 T T T T T T T T
o 5 10 15 20 25 30 35 40 45
Duration period (hours)
(b) W/C0.55
10
——20mm —8-30mm ‘
40mm —=—50mm
8 > 2
? 6 /.
% 4 ////
2
0 T T T T T T T T
o 5 10 15 20 25 30 35 40 45
Duration period (hours)
(c) W/C0.70

Fig. 7 Variation of corrosion with extension of corrosion period
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Fig. 9 Multi-regression analysis for corrosion amount and HCP with

10

Test corrosion (g)

Predicted corrosion (g)

Fig. 8 Multi-regression analysis for entire corrosion and HCP
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