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Existing Concrete Structures
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Abstract

In South Korea, problems caused by material deterioration of time-worn concrete structures have been increased recently.
Because severe material deterioration could damage the structure’s safety, it's important to evaluate the old structure’s
condition and structural capacity regularly to keep its proper performance. The safety evaluation of concrete structures
has been initiated and performed periodically since 1995 according to a guideline in accordance with a law in Korea. The
guideline prescribes the evaluation types, intervals and methods of the target structure. A lot of cost and labor have been
invested every year to carry out the regular safety evaluation. However, it's not clear that the current manual could inspect
the old structure’'s condition and assess the structural capacity precisely. Thus, the verification study initiated to figure out
the Korean safety evaluation manual's practicalness. First, the Korean manual was analyzed and then compared with that of
other countries for concrete bridges which are representative concrete structure. After that, the previously written evaluation
reports were collected and analyzed to find out how the safety evaluation has been carried out. Based on the study results,
the parts requiring verification of the manual were drawn. A research program is in progress in order to verify the parts by
performing tests with actual structural members from decommissioned concrete bridges.

Keywords: Existing Concrete Structures(8& & Z32|E 71X &), Safety Evaluation(RFHZIT), Condition Inspection(&EE7Y),
Structure Assessment(T-E8sE71), Deterioration(XH2Et)
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Fig. 1. Defects of Concrete Building and Bridge (Chosunilbo, 2019)
(Seoul Metropolitan Government, 2017)
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Table 1. Type and Interval of Evaluation

Regular safety
inspection

Full safety
inspection

Full safety

Grade A
examination

More than once At least once every At least once

a half year 3 years every 6 years
B C More than once At least once every At least once
’ a half year two years every 5 years
D E 3 or more times At least once At least once
’ a year a year every 4 years
@ Visual Inspection
Full Safet .
— ey « Main members .
Inspection .
Full Safet .
>ately - Every members
Examination .
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Carbonation depth

Concrete rebound
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Chloride ion

Spacing & cover depth
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Condition

Inspection

Crack depth

Safety Assessment

» Comprehensive Safety Grade - Min(Condition Inspection, Safety Assessment) |

Fig. 2. Flow Chart of Concrete Bridge Safety Evaluation in South Korea
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Table 2. Material Testings in Condition Inspection

Type Material Required task Optional task

Rebound strength, Core strength

Ultrasonic
Full Concrete - - -

r Carbonation depth, ~ Material properties
sa ety. Chloride ion and Micro-structure
examin- ‘
ation Spacing and cover

Rebar depth Corrosion degree

Crack depth
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Table 3. Structure Capacity Assessment of Concrete Bridges

Safety factor Load carrying capacity
o oM, MM,
1 SF & RF = =
“RESY, VM1
L(?ad . 1.30D+2.15L
combination
3 P, DB&DL load
4 ¢ 0.85 (Flexure)
o . A4+ .
_ analysis analysis
5 KS 5&2?[ 8 1 +itest
6 P - K XRFXP,
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Table 4. Guidelines of Concrete Bridge Safety Evaluation

Structure Capacity

o e I 1
Condition Inspection Assessment

Korea - MOLIT, KISTEC (2019)

- AASHTO (2018)

USA  _ Lwa (o12) - AASHTO (2018)

- Alberta Infrastructure and

- CSA (2014
Canada Transportation (2008) CSA (2014)
UK - Highways England (2020) - Highways England (2020)
. - fib (2003)

- SETRA (201

France SETRA (2010) - EN 1990 (2002)

- 1QOA (1996) - EN 1992-2 (2005)

E e QR A 24k =l ©f 23S Bl 24} Japan - MLIT (2019) - JRA (2012)
Table 5. Interval and Methods of Condition Inspection
Inspection type South Korea USA Canada UK France Japan
Regular Saf
Name o ar' < _ Safety Inspection  Routine Inspection -
Inspection
Superficial - -
UPETHCA Method - Visual inspection B - Visual inspection - Visual inspection ~
Interval 3~6 months Frequently Frequently
Full Safety ) . . ) ) o .
Name Inspection Routine Inspection Level 1 Inspection General Inspection IQOA Inspection  Periodic Inspection
Routine Method Visual. inspe;tion - Visual .inspection - Visual inspection - Visual inspection - Visual ?'nspection - Visual ?nspection
- Material testing - Acoustic = Acoustic ~ Acoustic
Interval 1~3 years 2 years 21~57 months 2 years 3 years 5 years
Full Safety In-depth Principal Detailed
Name ?et}_ dep Level 2 Inspection rinepa crarec Special Inspection
Examination Inspection Inspection Inspection
.. L . — Visual inspection . . . .= Visual inspection - Visual inspection
Principal - Visual inspection . - Visual inspection - Visual inspection . .
Method ) ) - Acoustic ) . ) - Acoustic - Acoustic
- Material testing . . - Material testing  — Acoustic ) . . .
- Material testing - Material testing - Material testing
Interval 4~6 years If necessary 6~12 years 3~9 years If necessary
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Table 6. Summary of Structure Capacity Assessment Methods
Korea USA AASHTO MBE Canada UK Japan JRA
Detailed Guideline LRFR LFR CSA S6-14 CS 454 Specifications
C-(ypd (DO)~(yp) (DW) £ () (P)
| MM )LL) UR-aDad ]
Str;‘“%‘t;e YM(1+) C-A,D o L(1+])
capaci —
assessment A2L(1+I)
M S * Md
SF oM, - - - > —d
M, Rz, M,
1.3D+2.5(L+1)
1.25D+1.75L 1.30D+2.17L  (1.03~1.11)D+ 1.15D1+1.75D2  ° )
Load combination 1.30D+2,15L ’ ’ ’ ’ : : ’ . 1.0D+2,5(L+1)
+ + ~ +
1.25D+1.35L 1.30D+1.30L (1.35~1,77)L 1.50L 1.7(D+LAD)
Design DB/ DL HL-93 HS CL1-W - T-load / L-load
Live load
Evaluation - Type 3, 352, 3-3 - Special load ALL 1, ALL 2 -
1) Same as design code
Member Con(:l;gon Design strength
strength 8
oo ~ondition f; Material f:
Condition Material testing Condm(‘)n actF)r " Material testing  Material testing aten% actgr " Material testing
poor Material testing Material testing
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Table 7. Cases of Existing Concrete Bridges

Grade
Type Year — Design live
yP Condition  Structure Terrdl
inspection capacity

1 PSCI 1966 B A DB/DL-18
2 PSCI 1966 B A DB/DL-18
3 RCT 1966 B A DB/DL-18
4 PSCI 1968 C B DB/DL-24
5 RCS 1968 C A DB/DL-18
6 PSCI 1968 C A DB/DL-18
7  PSCI 1970 B A DB/DL-24
8 PSCI 1976 B A DB/DL-18
9 PSCI 1977 C A DB/DL-18
10 PSCI 1977 C A DB/DL-18
11 PSCI 1979 B A DB/DL-18
12 PSCI 1983 B A DB/DL-24
13 PSCI 1984 C A DB/DL-24
14 PSCI 1986 C B DB/DL-24
15 PSCI 1977 C A DB/DL-18
16 PSCI 1975 C D DB/DL-18
17 2l 1975 C E DB/DL-18
18 PSCI 1975 C C DB/DL-18
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