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Development of Field-friendly Optimal Compensation System for Differential

Column Shortening
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Abstract

This study presents graphic-user interface computer program for optimal compensation of differential column shortening with
high field applicability. The implemented system can perform both relative and mixed compensation while satisfying both
performance and construction constraints. In the proposed system the shape of the structure before and after compensation can be
checked graphically, and the results of compensation of each stories can be printed in drawings which can be directly used as the
report of column shortening. The field-applicability of the implemented system was verified by applying it to the four reinforced
concrete residental buildings of 61, 42, 49 and 53 stories where compensation of differential column shortening had already been
performed. Using the implemented system, compensation can be performed easily with the various constraint conditions and was
able to acquire rational compensation results for the cases where conventional method was not successful.

Keywords : column shortening, optimal compensation, field-applicability, graphic-user interface
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4 | 14F | 5 - - - - 18 | 19F | 6 - - - -
3 | 1F | 5 - - - 17 [ 7R | - - - - - 6
2 | 8F | 5 5 - - 16 | 15F | 6 6 - 6 - -
1 | 6F | 5 5 - - 15 | 14F | 6 6 - - -
Bl 25 10 | o 0 14 | 13F | - - - - 6 6
13 [ 12F | 6 6 6 6 - -
E 7 HetE ALl 23 (22l mm) 12 fur ) 6 1 - 160 - 161"
No |HAZ]CG A CGD[CGE[CGF L TOF L - . - 6 6
90 37;; 10 | 97 | - - - - 6 -
8 | 31F 5 | 5 S L s . s _ -
e 8 | | 6 - 6 - 6 -
T or T 7 | 6F | 6 6 6 - -
T - - - 6 | 5F | 6 6 6 6 6 6
T T 5 | 47 | 6 6 6 6 6 -
T or T 4 | 3F | 6 6 6 6 6 6
T 3 | 2F | 6 6 6 6 6 -
e - . - 2 | 17 | 6 6 6 6 6 -
A 30 15 [ 15| 0 L B2z | O 0 0 0 0 6
L 2 84 | 72 | 60 | 60 | 60 | 36
I 8 7|& gk ACHEN ZAD
zﬂo = /\]_}: i 9% X'ﬂ?l'% /\]—{:EQ—O—E 3&1@—&7&5‘5_} ﬁa‘ﬂ‘olﬂf X'ﬂcﬂl:}—ﬁ
&5 & - - - -
I T EEREN 0% HENERAFE /240, §ANFEFE 30mm,
) < To - T -
1|2 |sew| T, E |l arg(eaz|  TAHNRARE 85mm, BAVIEEAE 6mm, 22w 7]
(mm) | o oy | P B2 2R AP S 1AL 1202 o
Col|C1538.13[30.79 37.22|97.63 | 20F om HAs| G Al AlgelAl @sith. ZAgds 7F
Col| C2 |32.8030.60 32.77199.91| 20F J% A, B, C. D, Ex= 22+ 14, 12, 10, 10, 10, 62
Co2| 5 [14.17]10.95 12.76 [ 90.07 | 14F s )
‘ ' ' ' oA Bgol e Aoz Vet B AlE 27] 7%
Co3| €8 [15.40]12.43 13.40 | 87.01| 14F ]i 73;1 o ;JFEL;E}E H 1 ]z
2o] HAEA] ol = 24 =
Co4| €9 [17.50]16.91 16.91 | 96.63 | 26F gl AeA] gop BAZIEFAE 6mmE Sk 88
Co5| C1321.88 | 22.40 21.61/98.79| 11F AdF2E2 30mm= ste 5 A4 B2 9% A =4
Cob| C3 | 32.52|23.16 26.96 | 83.42| 14F < TE Al Hlel ok dsksiinh. AA71ET A Sl
g HFsHaTH = 71%F Chek Co2 Atele] 253
A Al2El g B o eHTELT A 99.74%% ekt
L/240, EA712%7 e bmm, 181 SEAHFE 72T ad 159 (bD)# (b2)llM= C137 Cob71%l thstod
= A 2% T 2 71 AR Alzdlol] o) Hojng A¥e] $5Ea%E viwal
C. D, E= 27t 6. 4, 4, 3, 3wdelN, 24325 F= 2 ok 38 1503)dNEe £33 dAusazy) 25
gol Bash| & Ae® e 485 YRt 94714, Floor level& A3k 33%5-H
71 & AQtE of olg FiEy T 7% A A
A Rszad 2 B £ 87 2tk Ak
ZalelAE 7S & B el 4.3 Al C : 49% ATEIRE=R FARE
ok v 71EWy oA HERTHLY
T SRl Rst At AlzEoME Sl 4.3.1 At A& He
==l Aok Alzmle] BTt RE 7 w AE2 20039z ZFste] 2006\ %] FFE A9
J% B9 C, 71%2% DY Ee HAZI} $Yste] 247 3% A 4959 A=RA 7IES BWE a9 139 2
Y VITaEoR B g T 4 gk (FloltizololE](2), 2004). ZWAS E&E 327) 71%
146 st=MMTEBE S| =28 H23H H25(2010.4)



7,525 3,980 8,490

3,900

6,420

5.94

5 6025 6025 6.993
” ”

)
= T T~

Ocaa [JoGe (Scac 5060 [HcGE  Unt:mm

%l 13 A

el Col 8 o JlsaEel 74

E 10 ARl H=0lMel JSFSHL =0 Al

E 11 7|E dHof ot 4TiEY

No HYZ | C

23F

20F

17F

11F

9F

olofo|o|o|o|o | @

7
6
5
4 14F
3
2
1

F

A

w
(@28
DO
ot
—
ot
(@28
o

E 12 HMtEl ALl ofet dHEY Zot (B mm)
B

No BAZ | CGA | CG CGC | CGD | CGE
10 43F - - 5 - -
9 31F 5 5 - - -
8 2TF 5 - - - -
7 24F 5 - - - -
6 21F - 5 - - -
5 19F 5 - - - -
4 15F 5 - - - -
3 11F 5 5 - - -
2 8F 5 - - - -
1 1F 5 5 - - -
Rl 40 20 5 0 0

[=} o =
He 71E 49 A rE Al 2~H]
[<] - -
Nelns| ne AW | ¥ AW | ¥
ol T B | Z=a B | Z=am
1 2 ‘-'%‘i%}: ‘To 0 ‘?g“ﬂ% .To 0 %A‘E%
(mm) Sag| o G| M
(mm) | (%) (mm) | (%)

Cl | C2 |24.77|13.37|53.98| 10F |11.80 |47.64 | 30F

C2 | Co2 | 32.70 | 18.12|55.41 | 10F | 19.50 | 59.64 | 30F

C3 | Col | 32.69 |18.13|55.46 | 10F | 16.66 | 50.96 | 30F

C4 |Coll| 32.70 | 21.11 | 64.56 | 10F | 20.67 | 63.22 | 30F

C6 [Coll| 31.34|21.74|69.37| 10F |21.81|69.59 | 30F

C20| Co3| 25.29 | 14.62 | 57.81 | 10F | 15.35|60.69 | 30F

Hoenc | Rone B

IR W S R G P
P1AL™ ] m | mm | @)

Cl | C2 | 5,945 24.777 27.52 111.10 34F
C2 | Co2 | 7,847 32.70 35.38 108.20 | 34F
C3 | Col | 7,846 32.69 32.76 100.21 36F
C4 |Coll| 7,847 32.70 36.09 110.37 | 34F
C6 |Coll| 7,522 31.34 37.17 118.60 32F
€20 | Co3 | 6,070 25.29 31.97 126.41 | 37F
C7 |Col0| 7,120 29.67 46.04 155.17 | 36F
C19 | C20 | 7,765 32.35 35.00 108.19 | 39F
C7 | C8 | 6,975 29.06 45.91 157.98 36F
C18 | C19| 3,988 16.61 53.43 321.67 | 36F
C8 | C9 | 7,066 29.44 39.69 134.82 | 36F
C18 | Cob | 4,825 20.11 45.92 228.34 | 32F
C13 | Co8 | 7,059 29.41 53.49 181.88 32F
C14 | C15| 6,420 26.75 37.47 140.07 | 34F

C7 |Col0| 29.67 | 21.04 | 70.91 | 36F | 29.17|98.33 | 30F

of thalA Sl
A A 9

s alsith sda B

4% a0 A

715l A, ZouAlM A e
RINFE C15 7159 32%A

o
JoEAlE Coll WAIS 34514 34.40mm=
10}, Fe5ade RT3 oA AleldllA 7}

& Zem, AA 3370 71et AE T 147H9] AfelA &

432 A4 %

X

L

o

7}

g 5 S PUUAD F2d5YE /1F

C19|C20| 32.35|13.68 | 42.29 | 10F | 16.21|50.10 | 30F

CT7 | C8|29.06|21.71|74.71| 10F |28.46 |97.93 | 30F

C18|C19| 16.61 | 18.83 |113.37| 6F |16.46|99.07 | 30F

C8 | C9 |29.44|19.99|67.90 | 10F | 22.62|76.83 | 30F

C18|Co5| 20.11 | 18.9294.08 | 6F |15.79|78.54| 14F

C13|Co8|29.41 | 22.62]76.91 | 6F |21.50|73.10| 23F

C14|C15| 26.75]10.22 | 38.21 | 6F |14.25|53.27| 47F
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A% A4S DAY EHAET) AHRAA 2T A

S e oz uehgnt By Fele el 35
= Sl o, C183 C19 Aele] 6
13.37%2A 71%& WA Sat

< 5
Atk ol olFe] AlgFel A SACdA AHES= A
o=

3&
oo
du
ol
A
oy
o
N
FX
o

d

o
X
-z
ol
A
k>
o

T
~

J -

ek
e bmm, 281 FEAZFE 7|25
2 Azl 234y & 129 2o 71e3E A, B,
Ce 247 8, 4, 17HllA, EF¥1F Dot Ex B4 28
Ao JERT

AYRsE4ayg 9@ Re4AdHE § 139 2o Aokd A
2H L J|EHEY BY A7) thad BAkEe] glont By
Rt 167H A 13FHE SFolEen &=

A, 71%3% DS B B3R} 5Us BY 150F
o YT A} 9eE AT & 9k

# 14e Atd AzEler EgtEA

o

Axfolt}, ofuf,
FT1%F D& BEE Bste] BYsidth Agzies 5§
FeE5atre 1/240, 3840F54%E 25mm, TAHURE
ZS 75mm, BEAVIEFAE Smm, 181 7)EFAR
2ugFe ABAAG. BIS 0AH ARG ANBE

E 14 HMetEl AlAHol /st SREY Ao (29 : mm)
No Y% |CGA|CGB|CGC|CGD|CGE
21 37F - - 5 - -
20 31F 5 5 - 5 5
19 27F 5 5 5 - -
18 25F 5 - - - -
17 24F - 5 - 5 5
16 23F 5 - 5 - -
15 22F - 5 - - -
14 21F 5 - - - -
13 19F - 5 5 5 5
12 17F 5 - - - -
11 16F - 5 - - -
10 15F 5 - 5 - -
9 14F - - - 5 5
8 13F 5 5 - - -
7 11F 5 5 5 5 5
6 9F 5 5 5 - -
5 T 5 5 - - -
4 6F 5 - - - -
3 4F 5 - - - -
2 3F 5 - - - -
1 B2 5 5 5 5 5
Kl 75 55 40 30 30

N
[0¢]
o
H
[l
[
-4
P
0H
Bl
o
i
Ho
il
=
N
w
™
>
N
fol
o
(@]
o
&

AsA @it B34 715a%F A, B, C, 2}
7+ 15, 11, 8, 6, 6HolA HAgo] o3t Hoz el
o AAZEH AAZA o HReELPH= 7T
C129}F C13 Atole] 47%¢lA 80.77%= JERsT),

ad 159 (¢ (c2)olMe C18% Cob 7

=
=
rr
N
N

ARYE Al zdlof| ofgt FiEA M| FFHigS vlwst
ek 28 15(c3) oM EFEA T ddsads 155
2%E YEITE 91714, Floor level& A&t 3556 Al
L=

4.4 A€l D : 53%F FITIAHEZR FAUE

4.4.1 A AE e

B AEE 20039%] AFste] 20068 d % 3 A5t
5% A4 539 AERA 7+ HHE 1" 149 20

(vlo]tkzololE](3), 2004). ZojWAS =233 267 715
of tiaiA A4S STt SUlE S H4ae A

o HEAES TS 6 71T 373004

Atole] 12dlell A, 2l 5-7]1F1te] 22 del A &8+
71591 1/240% z3skich. &

= 1
& 2dbete 47§ Adidts e Aot

4.4.2 B84 H7t

159 7T aEE ot FEvAY &
2 7 149} Zo] 3MZE YreiRlth. o u, I
7153 FZoRA7F FYe 7T aEo R FAEE 540l Tt

A FRAAAFLAA S Excel AEE o] &3 753
el AEy diks # 169 53 2} o] w 27
B2 A38E st 5mmE AU 715 aE
Ce Faiol 7P 2 o350l BAo] daskA e
M, FhAoR Fago] 22 71F2E Be Al THAA,
agla 4] M 2 71508 AE T FHdA BAY

o} B Folle BE FoA 4
ol
A

= ¢ HAHe FeHTEHa
1/240, BA71ESAE Smm, 183 FHATFE 712
= Agsiict. Rgdde & 169 534 2ok J1EaE
A% Be 22 5, 329, 7152% Ck 240l 3
| e Aoz vehg wy Fole A3dn o8
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6,850

9,625

8,825

8,795

7, 595 8,300 8,275 7,720

>t f =

OCGA [dcee [Ciceo Unit:mm
a2 14 A Dol gH o J1saEel 74

156 At2l A=0lMe| SBFSHLTY 1t Al

e 7% W AgtE A=g)
o - -
Nzl s | me | B[ ¥E EENE
HE | =xAgk HE | =Xk
1 2 %i‘—% ;‘Fo ] %%% ;‘Fo ] %xg%_
L I Zag|
(mm) | (%) (mm) | (%)

C11|C12]| 36.66 | 14.23 | 38.82 | 41F | 17.45|47.60 | 35F

C9 [Co9 | 36.99 | 27.86 | 75.31 | 18F | 30.48 | 82.40 | 26F

C10|Co10| 37.49 | 32.85|87.63 | 18F | 35.79|95.47 | 26F

C12|Co10| 35.92 | 31.16 | 86.76 | 37F | 35.50 | 98.83 | 35F

C13|Co11| 36.00 | 28.49 | 79.14 | 37F | 32.14|89.27 | 35F

C13|Co12| 35.00 | 26.97 | 77.06 | 37F | 30.67 | 87.62 | 35F

C2 | Co2 | 40.90 | 32.12|78.54 | 37F | 36.44|89.10 | 35F

C6 | C7 | 36.66 | 14.75]40.24 | 41F | 18.00|49.10| 35F

C9 [Co8 | 36.99 | 27.10 | 73.26 | 18F | 29.66 | 80.18 | 26F

C8 | Co7 | 37.48 |31.73|84.66 | 18F |34.43|91.86| 26F

C6 | Co7 | 35.92|30.88(85.98 | 37F |35.20 | 98.00 | 35F

C5 | Cob | 36.00 | 27.20 | 75.56 | 37F | 30.82 | 85.61 | 35F

C5 | Cob5 | 35.00 | 26.58 | 75.94 | 37F | 30.30 | 86.56 | 35F

C2 | Co3 | 40.90 | 32.27|78.91 | 37F | 36.59 | 89.47 | 35F

18 HMotel AlxHoll o E&EY 2o (2 : mm)

SNencs | Foecs =y
7]1% 7]2%‘ (7512) S;_Og%: 4;_/;‘%: é_;";a:}:ﬂ] uugz_
(mm) (mm) (%)
Cl1|ci2]| 8,798 | 36.66 | 39.23 | 107.02 | 41F
C9 [Co9 | 8878 | 36.99 | 40.15 | 10854 | 37F
C10 |Col0| 8,997 | 3749 | 44.77 | 119.43 | 33f
C12 [Col0| 8,620 | 3592 | 56.16 | 156.36 | 37F
C13 |Coll| 8,640 | 36.00 | 5349 | 14858 | 37F
C13 [Col2| 8,400 | 35.00 | 51.97 | 14849 | 37F
€2 [Co2| 9815 | 4090 | 47.12 | 115.22 | 377
C6 | C7 | 8,798 | 36.66 | 39.75 | 108.43 | 4IF
C9 | Co8| 8878 | 36.99 | 39.41 | 10654 | 37F
C8 | Co7| 8,995 | 3748 | 43.39 | 11577 | 33F
C6 | Co7 | 8.620 | 3592 | 55.88 | 15558 | 37F
C5 | Cob | 8,640 | 36.00 | 52.20 | 145.00 | 37F
C5 | Cob | 8400 | 35.00 | 51.58 | 147.37 | 37F
C2 [Co3| 9.815 | 40.90 | 42.27 | 103.36 | 37F
E 16 7|=wHnl xet=lA| Aol MTHEMEZATN S :mm)
% W ke A2

No F59%T0G A[CG B[ CG C| 242 [CG A[CG B|CG C
5 |27F | 5 | 5 | - | 3F | 5 | 5 | -
4 |235F | 5 | 5 | - |2t ]| 5 | 5 | -
3 | 19F| 5 | 5 | - |18F | 5 | 5 | -
2 |15 | 5 | - | - | 9F | 5 | - | -
1 ur| 5 | - | - | Bl | 5 | - | -
S % | 15| 0 | @A |25 15] 0

2% A2S BEAT. @s Ak Asde o

BRY Fo o5 O ANEERAT D RERAE
® 177 2 2 ARelA s 71E0HE A" Al AEe
WARI WAL 9 F 2 Akl ol e

No | 3% |CG A|CG B|CG C| No | 33 |CG A|CG B|CG C
11| 14F 5 - - 22 | 32F 5 5 -
10| 13F - 5 5 21 | 27TF 5 5 -
9 | 12F 5 - - 20 | 26F - - 5
8 11F - 5 - 19 | 24F 5 - -
7 | 10F 5 - 5 18 | 23F - 5 -
6 9F - 5 - 17 | 22F 5 - -
5 8F 5 - 5 16 | 21F - - 5
4 TF 5 5 - 15 | 20F 5 5 -
3 oF - - 5 14 | 19F - - 5
2 5F 5 5 - 13 | 18F 5 5 -
1 B5 5 5 - 12 | 16F 5 5 5
A 70 60 45
erg,

F 182 ARME Azglor s3uAget Aot} Aokx
707 FHERTELYS /240, JEEUELTFS 25mm,
FAHNEY FE 75mm, BA7]EFAE Smm, 183 7]
PR FRAZS Adsiant. B8F 1A% 2gs e
1452 AgskA Furk. 2849 7152F A B, Ce
27t 14, 12, 97N HAo] Had Aow e
A7) 53 AAZ] g HAF-s5adH s 71 Cl0%
Col0 Atole] 26F°lA 95.47%Z VERTE

a8 159 (dD)# (d2)9x= C133% Col27]Fell st
of ARME Alzdlel] g AhEA Mo FFHiads H

of

>

w3ldet, a8 15(d3)elAe EFERYFTY HulSHidd
H5&2403S JeERAY. o714, Floor level e A3t 5%
HE AlRbE)

End

SHERATARZEE =22 H23H M25(2010.4) 149

JO\l
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——(Cob —Cl16 ——Co5 —C13 ——Co5 —C18 ——Col2 —C13
—RES4Y  —HBRESaw| | CRESAT  —HESSSLE| | —HSSa¥  —HBRSSaw| | ESSam —3ERSsad
70 80 60 60
Ay
60 *
50 B0 = 50
) . e } “%
. Wl L[ :
2 '% 40 h 8, 40 3 40 4
N T 1 T i } E: §
i é n % kit i 4 i} 2
5 } § 530 530 530 i
&30 & 4 & Ij ;f@b g / faf
/ s 14 1
20 20 20 -
of /7 WV %
o
ﬁ 10 ¥, j il 10 10
10 b7 L=
L V{“ A -
et ol A o
0 0 0 0
20 40 B0 80 100 20 40 B0 80 100 0 20 40 60 80 100 0 20 40 B0 80 100
Shortening (mmm) Shortening (mm) Shortening (mm) Shortening {(mim)
(a1) Al A 2XH (b1) At#l B 28H (c1) Atdl C 28H (d1) At D 28N
——Cob ——CI16 ——Cob —=—C13 ——Cob —=—C18 ——Col2 —C13
——RS%A® —HBRESAW| | —2SSam —3BeSSad| | —=SSad —HERSSaw| | 2SS —HERSmaw
70 60 [E] 60
%
&0 50 B0 __" 50 -
4 4 kB
& ARy
; 40 40 1 40 LS
L < \\ L E L ;;
i D o 34 o
5 ; ] : =30 =30 & 530
o g / | g 7{ z g FilA
20 z - 20 Ld 20 § f@
20 fr'{ ¢ & {f 4
. o
4 : & 4
10 10 -‘5 7 10 ﬁ; 10 J’k,
o P o
g V i 2/2'
0 0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 B0 80 100
Shortening (mm) Shortening (mm) Shortening (mm) Shortening {(mim)
(a2) Atel| A ACHEES (b2) AlEl B ACHEE = (c2) AHEl C AiEE =S (d2) AEl D AOiEd=
——(Cob —C16 ——Co5 —=C13 ——Co5 —C18 ——Col2 —C13
2SS4l —HENES4¥| | —ssad  —osesSZad| | CRSSad 0 —dERSSad| | RESam —dEssiad
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5 =30 530 530 :
g 8 g g ?
C 30 [y [ i o
20 20 20
20 - : e
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Shortening (mm) Shortening (rmm) Shortening (mm) Shortening {(mim)
(a3) Al A EEtEE=Z (b3) Alell B E8tEd%E (c3) AtEl C EEd=F (d3) At#l D EEES
(a) AtEl A2 C16-Cob 7I&  (b) Al B2l C13-Cob 7I&  (c) A&l C2 C18-Cob 7I& (d) At#l De C13-Co12 7|l&
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Aol HARAYIY, dRATRTE =1, 21(2),
pp.189~197.
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