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HCP Evaluation Considering Property of Cement Mortar and
Steel Corrosion
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HCP(Half Cell Potential) method has been widely used since it is recognized as a efficient NDT(Non Destructive Technique) for
corrosion detection. This work is for an evaluation of relation between corrosion amount and measured HCP in dried condition
through ICM(Impressed Current Method) for accelerating corrosion. For the work, cement mortar specimens with three w/c ratios and
four cover depths are prepared, and corrosion test based on ICM is performed for 6 hours, 18 hour, and 42 hours with constant 20V of
electrical charge, respectively. From the test, corrosion amount increases with reduced cover depth, increasing w/c ratio, and
extended corrosion period, where corrosion amount is evaluated to linearly increases with measured HCP in dried condition. In order
to evaluate corrosion amount through measured HCP, the measured HCP level is firstly determined and then corrosion amount is to be
compared with measured HCP, which is evaluated to be more reasonable with higher C.O.V.
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1.ME BAMEY T (current density)2 T7IBH} 0= b Mebxo
2 BAo| Tel= MEE TUKE o Qs HEOE UK e
Hd 232|E RS2 UTH0 ZHAe! Hdxi= (gt 0, zl2 S0 Y&=E =017 {6 7Iol=gE 0[&¢t 80|
A5l A= BAI0| MG | 4120, BAIE HAL JIXS 07| &= SIRCHSo 2006; Liu and Weyers 1998; Elsener
O] OFMAMO|| X|HMQOI HEFS 7| =ICHBroomfield 1997; RILEM 2005)
1994). @R22H fe=l= gz 0|22 232|E LR 1 M7 MSEE=(RM: Resistivity Method)= Z32|E 9| HIXg!
d detEl KR gelEE 2alEH, 3400 SallE ARgst 2 S8otz HYo|H, Hedl 232|E 2ol Mes =86k
=22 E9 2t L2 AEA&ez niustez Hofol Cist FAEOI EHHO|X|2E ALZ0] ZHHGIDE SIZ0f| Al TO| AFZEICE
oail= S716t Q= AE0ICHKwon et al, 2009). JeiLt &S A0 et o S APt Hetns SAZO|
A& S FAES SiAloHK| 20 R E2e| BAMEIE &= Ot 2AI 2tA0] ciet Hot2 1otz A0| HiZASITHAlonso
Aotz 2 22 S0 ZO| Al=xln =0, == EaX= et al. 1988; Lim 2012). ZlZ S0 20| et g H2 L=
MM SRIEH, TINIEY, HCPEE S0| thEXR! 24 EIHO] Tt Ml Hot(R: Infrared Thermography)S AR
ZHX| H|mtz| 7| 4(NDT: Non Destructive Technique)O|Ct 224 ot BAZIX| 71#H0| A= QT 028t B2 Mast 22X
SEH(LP: Linear Polarization Method)2 R 2} £A10] 2 SEHHO|L MR SHH L= CEA E2e L2AIIX| e
St 220 M7t (ARl MAE RXIGH= 7HEE 7|Etez = AHO| UCE TLt M Hatdt SEHS AU 2
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and Park 2012; Maierhofer et al, 2006).

Z HF0IM= HCP(HCP: Half Cell Potential) 582 At&ot
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Fig. 1. Geometry of cement mortar specimen with rebar

(a) Placing of mortar (b) Cement mortar specimens

Fig. 2. Photos for specimen preparation
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Fig. 3. Schematic diagram for ICM

(a) Before ICM (b) After ICM for 18 hours

Fig. 4. Photos for mortar specimens under ICM
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(@) Mortar after corrosion (b) Corrosion measurement

Fig. 6. Photos for corrosion measurement and mortar conditions

Table 1. Corrosion amount for different corrosive period(g)

M= LF f qdt (1)
z Cover
w/c 0.35 | w/c 0.55 w/c 0.70
depth(mm)
- Corrosion 20 6.54 6.61 8.19
O47IM, M2 BARKmol), 2= HO| 0l24(=2), F= Faraday| for 42hours | 30 568 57 6.81
2(=96,500), ¢= TR(A), t= ZHAIZKsec), c= AFM0(CE 40 375 445 5.8
Fig. 40jMs SXIRAIMSO| AJHO| QIBDES LiEt 30 322 | 441 58
Cover
depth(emm) wie 035 | wic 0.55 | wic 0.70
3. A|HIE BEEI2 EMD} BAlof| w2 fCOIITg;ion 20 331 351 418
or 18hours 30 2.95 2.92 3.55
EA
HCP =3 40 1.88 223 291
50 1.6 2.22 2.9
O|st HAIZF I{7 Cover
3.1 ICMOj| 2fst BEAlZF TI} depthmm) | W 035 | We 055 | wle 070
X2 M2 ARSI 20VO| XIS L5 om M2 o} Corrosion 20 1.45 1.35 1.63
= ’ ! - for Ghours 30 1.42 1.1 1.41
2 BAZ 0p7Iat7| floll 6AIZE 18AIZE 42A|7F St 2AIS 40 0.68 0.92 12
= = Al MS0|S 24A|7t SOF AIGIAl X7 bl 50 0.63 0.88 1.16

o O

S |= HCPE ZH6INLY. Fig. 50l M=
HOPO| SMARRIS LIEHAT Q1O0 Fig. 60JM= AJHO| BAIm 22 0| QI7HE Z2ZA0[0HtE DISSA7E &1 H2 w/c
274 HAIZIEF ZHARIS LR QlCt £ 7R LASH AR O] R2EI20ME GEtE 0| WA EIt
Table 10JM= 2¢ AjEHO| HIAl HAZIS LIEWHT 9 A7 o £5| 2= E A6t gatE TEE AMofsks g+
70| Z71E4E BARS Zolsicion, IEst g4, = AT SO B 20U TEER KK Saraswalny o al
S_ABIEH|7} =242 BARIS 37 HIE/oICt 2003a; Saraswathy et al. 2003b; Song and Saraswathy 2006).
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Fig. 7. Corrosion duration period and corrosion amount
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Table 2. Measured HCP with different cover depth and w/c

ratios
Cover HCP(-mV) Cover HCP(-mV)
depth | w/c depth | w/c
(mm) 6hr. | 18hr. |42hr. | (mm) 6hr. | 18hr. [ 42hr.
366 | 433 | 440 209 | 443 | 498
0.35| 383 | 401 | 410 0.35 | 210 | 418 | 456
367 | 406 | 387 213 | 412 | 458
373 | 467 | 477 320 | 436 | 456

20 | 0.55 | 388 | 478 | 482 | 40 | 0.55| 288 | 428 | 457

335 | 468 | 475 261 | 425 | 503
469 | 520 | 586 452 | 533 | 574
0.70 | 462 | 566 | 571 0.70 | 445 | 527 | 543
341 | 574 | 522 424 | 545 | 582
299 | 510 | 487 286 | 253 | 338
0.35 | 286 | 484 | 495 0.35| 277 | 233 | 286
274 | 461 | 497 269 | 248 | 421
209 | 562 | 559 352 | 325 | 445

30 | 0.55] 200 | 559 | 583 50 | 0.55] 345 | 323 | 46l

201 | 549 | 587 324 | 314 | 433

346 | 523 | 574 480 | 485 | 579

0.70 | 336 | 556 | 562 0.70 | 485 | 458 | 534

324 | 517 | 563 489 | 462 | 568

S7tsl ECh HCP Hote 72X e R BAUKSHE Hotsh=
ZI0[XI2H ALJAIBITH 22 XBH RPN RARITIO| ARG
TS 4 UCk BAIZE BT A BARE 0,631,639 220/912
O, 18A[2F EXI A| 1.6~418g, 42A17F ZX| A| 322~819g 2Z0

80f| LIEHHACE
Table 20{A= A 17HE 37HA SRS 5104 37H9] Tt HCP
Q 7

WS HEIURI=], HCPe| £FZI0IN & o RAK0| X

0 B71242 5T HOP 30| 3 27N Y
HCP 272 335mVE, SHHQ= 203my~485mV 4£Z0=2
Ol

HI7HE|ACE Eot SRIAZIRI 1BAIZIC R S7te B2, T HCP
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Fig. 8. HCP measurement with different cover depth and w/c
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Fig. 9. Multi-regression analysis with different accelerated corrosion
period
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Table 3. Results for multi-regression analysis for HCP and
different accelerated corrosion period

Variables C= Y+ X1(Cy) + X,(w/c) + X3(H)
C-corrosion
amount(g) 6hours 18hours 42hours
Y constant 1.510146 5.10246 4.990016
X1 for ¢,
(Cover depth-mm) -0.02147 -0.04335 -0.09623
X2 for ,w/ c Wl 6008318 0.021279 0.050661
ratio-%)
X3 for measured
H(HCP-mV) -0.00013 -0.00321 0.001827
R2 0.861 0.901 0.887
10
8 2.
E 6 /
3 * * » + +
2 S 2 + .
g 4 £J * +
« et +
%
2 ».
,)‘/ .
0 -+ L ¢ B
] 2 4 6 8 10

Test results

Fig. 10. Multi-regression analysis for total HCP and corrosion
duration

SHE HCPSH BT HARIS NEERl S JHx|n oDy
08601449 =2 ZHA4(R)S 7HxlT ATt
4.2 TH| BAZS 12§ DBTRS CIE3|HEN

AR SARI ot CHSSITEAN 32 TE6 9 2|
242 MBIEHR] YQUOOE 2t viet Zmtol A0 HOfR
St Fig, 100Mi FR| AR et BlFSA ZTIS LiepY
A=, MEERI BRE SI7I2A0] HEE BItwIR| 49k
CF A (2 20| SHSAZIVE SELAOH, ZHALE 055
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A2 FEE 25| UM 41K} Zo| BARES T8
501 XIS H0/T ABNS H0I= Ho| TLsI

C=-0.900—0.0244(C,) —0.026 (w/c) +0.01477(H) (2)
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