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A Study on the Optimization of Field Sampling Number of the Durability Evaluation
Method for the Extension Remodeling of the Apartment Housing

Shin, Heechull, Choi, Kibongz, Yoon, Satngchun3>X<

Abstract: The Housing Act amended allows vertical extension up to three floors and increases the units of housing (or total floor area) to site up to
15%. Currently, the feasibility of performing vertical extension is evaluated based on safety diagnosis provisions and manuals with preliminary
investigations on slope, uneven settlement, load-bearing capacity, and durability. However, a need for more reasonable evaluation methodology for
the preliminary investigation is still required because the current procedures are borrowed from safety diagnosis provisions and manuals for
reconstruction without detailed examinations on evaluation criteria and sampling methods. Accordingly, this study is intended to suggest a method
to obtain feasible sampling size for durability assessment by statistically analyzing the safety evaluation data sets on concrete carbonation and steel
corrosion obtained from apartment complexes. The results of this study are expected to be beneficial for establishing more reasonable field sampling
size, and in turn, more reliable durability assessment protocol for vertical extension.
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Table 2 Comparison of Selection Guideline for the Durability Investigation between Reconstruction and Remodeling

(Required floor and Minimum number of Samples)

Safety Inspection for Reconstruction

Safety Inspection for Expansion Remodeling(Primary)

Evaluation Item Minimum # of

floors Minimum # of Samples

Minimum # of

floors Minimum # of Samples

Carbonation

-Basement: 1 Floor - Slab: 3 locations for each -Basement: 1 floor

-Base Floor: 1 Floor floor

Chloride Ton Content (o 2 Floors)
-Top Floor: 1 Floor

- Wall: 3 locations for

Steel Corrosion wall

Cracking

Surface Defects

-Base Floor:
2 floors
external wall and bearing -Top Floor

- Slab (Beam) : Maximum (3 locations for each
floor or 1 location for each household)

- Wall(Column) : Maximum (5 locations for each
floor or 2 locations for each household

- Inspection area : 2 area per member (edge or core)

- 1 household per 4 households
- Inspection area: At least of one member of Slab
(Beam) and Wall (Column)

- Public section : Entire area including stairway
- Residential section : 1 household per 4 households
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Table 3 Case study of Preliminary Investigation for Extension Type of Remodeling

Complex
Outline of the Comp i A B ¢ b E
12 Bldgs, 12 Bldgs, 2 Bldgs, 16 Bldgs, 5 Bldgs,
Summary of Complex 1,156 Households, 770 Households, 270 Households, 1,006 Households 563 Households
81,416m° 68,292m? 10,137m? 89,501 m? 43,628m’°
Structural System Reinforced Concrete Bearing-Wall Type
Floors Bl~ B1~F10, 15, 20, 25 BI1~F15 B1~F10, 15, 20, 25 Bl~
F15, 25 T T F15, 25
Year Completed 1994 1994 /1995 1992 1994 /1995 1995
Age of structures 23 yrs 23 /22 yrs 25 yrs 23 /22 yrs 22 yrs
Result of Safety Inspection for
Expansion Total Grade B, Vertical Extension Possible
Remodeling(Primary)
Carbonation 2,509 1,783 684 2,400 1,296
#of Chloride Content 150 76 30 98 60
Samples Steel Corrosion 92 72 30 98 72
N(lf;ubzr) nd Sfrr?:i‘;)ge s 1,076 1,170 587 2,563 (Unkown)
Sum 3,827 3,101 1,331 5,159 (Unkown)
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Table 5 Comparision of Sample Number of Carbonation Depth (Except Omm)
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Table 4 Comparision of Sampling Number
(Unit : Number( %))

Complex
A B C D E
Classification

Carbonation | 2,540(67) | 1,855(59) | 684(51) |2,400(47)| 1,296(-)

Chloride Content | 148(4) | 76(2) | 302) | 982) | 60(-)

Steel Corrosion | 23(1) | 24(1) | 30Q2) | 982) | 720

Cracking
and Surface Defects 1,076(28) [ 1,170(37) | 587(44) |2,563(50) | (Unkown)
Sum 3,787 3,125 1,331 5,159 | (Unkown)

(Unit : Number( %))

Classification

Edge Core Basement Ground Horizontal Vertical
Complex

. 291 312 247 356 245 358

& (44%) (69%) (69%) (35%) (44%) (44%)

A Below Av 372 406 110 668 318 460
& (56%) (31%) (31%) (65%) (56%) (56%)

Sum 663 718 357 1,024 563 818

Above Av 152 166 91 227 130 188

& (40%) (43%) (70%) (36%) (43%) (41%)

B Below Av 230 218 39 409 172 276
& (60%) (57%) (30%) (64%) (57%) (59%)

Sum 382 384 130 636 302 464

Above Av 118 191 65 244 84 225

& (46%) (45%) (63%) (42%) (38%) (48%)

C Below Av 139 236 39 336 136 239
& (54%) (55%) (38%) (58%) (62%) (52%)

Sum 257 427 104 580 220 464

Above Av 536 487 187 836 475 548

& (45%) (41%) (49%) (41%) (58%) (35%)

D Below Av 664 713 197 1,180 337 1040
& (55%) (59%) (51%) (59%) (42%) (65%)

Sum 1,200 1,200 384 2,016 812 1,58

Above Av 314 304 73 545 196 422

& (47%) (48%) (41%) (49%) (45%) (49%)

E Below Av 354 324 107 571 236 442
& (53%) (52%) (59%) (51%) (55%) (51%)

Sum 668 628 180 1,116 432 864
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Table 6 Comparision of Average and Standard Deviation of Carbonation and Cover Depth (Except 0Omm) (Unit : mm)

Complex Classification Average Standard Deviation Number
Edge (Cover Depth) 9.41 (37.08) 5.18 (11.97) 663
A Core (Cover Depth) 9.28 (37.04) 5.30 (11.60) 718
Sum 9.35(37.06) 5.25(11.77) 1,381
Edge (Cover Depth) 7.44 (31.59) 4.43 (12.15) 382
B Core (Cover Depth) 7.88 (32.50) 4.87 (12.16) 384
Sum 7.66 (32.04) 4.66 (12.16) 766
Edge (Cover Depth) 13.54 (38.32) 6.45 (9.63) 257
C Core (Cover Depth) 14.23 (37.37) 6.83 (8.45) 427
Sum 13.97 (37.73) 6.69 (8.92) 684
Edge (Cover Depth) 3.83 (25.17) 2.45(1.83) 1,200
D Core (Cover Depth) 3.66 (25.16) 2.42 (1.80) 1,200
Sum 3.70 (25.20) 2.40 (1.80) 2,400
Edge (Cover Depth) 10.89 (37.14) 5.04 (15.51) 668
E Core (Cover Depth) 10.94 (37.54) 5.27 (15.61) 628
Sum 10.90 (37.30) 5.15 (15.55) 1,296
80% 80%
+—Edge (Avg. :9.41, N : 663) +—Edge (Avg.:13.54, N: 257)
60% - Core (Avg.:9.28, N:718) 60% - Core (Avg. : 14.23, N : 427)
g g
oy oy
G 40% - o 40% -
s :
g e .
“o0% | A . < 0% | - X
" Py, e
0% = - - - - f i A A A& X 0% = T T T T T T y -~ - -
5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Carbonation Depth{mm) Carbonation Depth(mm)
Fig. 1 (a) Comparison of Carbonation Depth Between the Edge Fig. 1 (c) Comparison of Carbonation Depth Between the Edge
and Core of Complex A and Core of Complex C
80%
80% o tdge (Avg. 744, N 382) Fdge (Avg. : 3.83, N : 1,200)
60% Core (Avg. : 7.88, N : 384) __60% - Core (Avg. : 3.66, N : 1,200)
= 2
$ 40% - g 40%
= ; =
o ‘ @
= 20% | * 20% -
A
0% T ™ ™ ‘,‘ , - -~ = = 4 O% O R R T T T T T T T
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
Carbonation Depth(mm) Carbonation Depth(mm)
Fig. 1 (b) Comparison of Carbonation Depth Between the Edge Fig. 1 (d) Comparison of carbonation depth Between the edge
and Core of Complex B and core of Complex D
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Fig. 1 (¢) Comparison of Carbonation Depth Between the Edge
and Core of Complex E
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Table 7 Standard Deviation(mm), Number of Samples(N),
Minimum Samples Size(n)

Complex

Classification A B ¢ b E
o(mm) 5.25 4.66 6.69 2.40 5.15
N(Number) 1,381 766 684 2,400 1,296
n(Number) 424 334 688 89 408

3% : Values with a carbonation depth of 0 mm are excluded
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Table 8 Result of F-test

Complex
Classification

P-Value Two-Sided

A B C D E

0.55 0.06 0.31 0.64 0.25

Test
TAAY O ASEE gt U E TS FEEY
AR BE e Zlo 2 Ugron] o] 5 HlEO 2 Table 99}
o] S84 71 T-AA S AAISI T
T-AA ol F Fcke] H#-& vwshe= Aotk 744 A3
2 PGS AR (T gE) kel =2HH, o] 0.059) HlaL
sto] F A9 Bt 2pol= Fou|stal A FrHd o] AYEE

T gt e Bk} Zoj(mm) @S &

B A7 g SR BRel FYRR TRE REE
o B Aol wF Rojulaiv], 7R bo] sk Ao



Table 9 Result of Constant Variance Assumption T-test

Complex
Classification

P-Value Two-Sided o= 018 019 008 085
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