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A Study on the Effect of Construction Time in the Column
Shortening in High—Rise Building
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ABSTRACT

Differential shortening of vertical members in high-rise buildings affect other structural
members that have to be considered such as horizontal members and exterior cladding. of
many elements which affect the total amount of shortening, different loading history mainly
comes from the different construction time. Shortening of 66 story concrete columns were
investigated and compared according to the different construction time. Little difference was
found between the total shortening of interior and that of exterior column.

1.A &
1-1. o3 2 23

AT AZEL AMEs 2 4A 3 dA9 ELF o8-S {3 1F3HE FAoln, A
Ao AA FIF T2 H AFVIEY WER AdY, 2 FAPIR] FEZE APHD JYe
ARolty. oAF 133 FYoz AT FAHF Tk ZIFoly ¥ F2 $AA =
820 A ZAILE doFA = BEAE o)A

FARRA L H3Y FaE ZEAASTE 98 FE A e, £ARAYE 2EEFe Aol
A WAF Aole WYy, AHAA S 2L wTRAA L4d FYE & Wotohis, ALS
A& A AT EF A FUFHA FAAYARZ Ase, d2AY B SPB A
@3 RES WYAY. w2tA FHe H42FE 7HA V152 dFALH 2L 3T
Agui7t BAste] F2E AA diste A2 JFS 7A 5 A

duAo R ITTAYE £3029 BAZL D MBHSLE AP 32840 28 o9 9
P2 BE P, AZSYALE BYZ2) JANT JPL wonz BY F4IFVL 2EF
o2M 1 F2%E Sola ANY + ATk

« Afvsta 22 A

SEEELLERE LR R Casre



ATEIYE $£H249 AF £ 20 EFE FE A dF F283E aHFoEN
AAHQ AL 8T 5 k. wHA AZETIYE FFHLLd HE Fa2Fe B3 B
Yol A PAF A7t FHEGE, AF £2Q249 F2F AN EE P F2E FHLR
&9 F2%L dF3ed o] Sold ol 8E F UL Aoz Avd

FaE $ARAN F2U4E 1 AR EHO2 sl BYFAS NBYFLE BRHE
Age) AR HE F4 E@ LREolor BTh BHZAFY AVE HF-AFY WA
28 @4 Q0 & Ak a2 Ry 323 Ade 2adse] ARHY 5402 A
RS S IE LR E T

Z3YEY WGy Fidol FFE FE 84F IA Creepd AEFFOZ UE & At WA
Creepol 4FE F= 245 THAH o], a5, 2w, A4 dg EAH v &
2 BAHQ 8150 U, AXFFd YFE FE L4E THAYHSE FASA A2, AF
of g BAA vE & FFHA 2AFE YE F Ut

E¢ AFe A9 FHo BHE 4L 24 FH020l4 BYFLBY] WA A, £2)
Faz AY BEHE 2 AT 80T A Creepol WAT7] ATt ol AW
SAozd HAE 22843 Bl AF] AYAE T VAT F4F9 dFe sdug
e AARRE Aste] ie TS TaHolol & Aol

olgld FA 8ol FAAYY IFS NNE 84 FF ATE 19603d FHEH OFE F
Aoz AFHAYT, A4 F4F 3 o] B g7 Eord] YYo= THAHT U 1
AU, A48 A5 54 € FAFHOZ AF 4F o4, FEE2 APHE AT
FAR 29 £4F AR viAe Qe AP AFAEE Fopry] o ARl

g 2 47e B 21F TREA $HLL F4PY 4T vAE A 224 o
8 383 naste, $ARAY 22F S AL, AR OE AZADC] F FoFd vAS
Ao dal dTIEEH I F2F L 438y, s £HL LV dA3E NS #EE F
A s 71ZAEE AT F] Uk

1-2. 99 2 2y

Z21%F F2E9 715528 JF¥E viXe= FE 29L& A8 B4, AAFH 23 2da
d3H 24 2 83U 2P FEE Uk A5 5L, Agd BE @A, A2
4%, 283 Creep 50l At 4AF zHo] 4PN FFL rAe 28U FA9 G F,
AAe i EAA H &, T BF A9 HLd o3 AFdAY. dLem FH 23 R
F3H 20L& AF AYeAH 2 25, 559 L2 FHEAL £ 5 I

Fztel AAF FAZ 7L L ohds, BV JIHER 4

a8y olYF =IAF ANE
&tk waEkd B A7E ged 2L AE FE d7HaE A¥3dy

S A3 ool &

283t

(1) ARAYe FHF0E B 235 ASITIHE 2B YR 2 9 Jl5 842 Fh

(2 71% 2% 4299 £d8 4% 84 §F s g4 2 vigy F4FoR ¢
t},

— 268 —



(3 84 L HgA F4FE A 840 diF AL A2 ACI-200404 ALFE 4L o83}
et

@7 2% ASEAYE 72EY 7F5EF4LIYC U o4 R 43A8E Ed= 3
o, 715 F48 30 4FE nAE Avased dal HEIY EF M OE FAPIR] F F
AaFd e 9% AY3r] st HA Bde dA}L, 7T F2F A4S JAe x=2
P olgEd AR bE FAPIFE £ 4% 4EW F 2 234S v EASAT.

2. ol& AX Y
2-1. 84 2%

FZE AN B4 F4F ANe 2785 R ¥ F4F3 Frlstger 4% F2¥%2
e zd F& & Utk A 273502 AF F2F AL 999 F dHE HE A
oM 4% F&0 d4=e 72AY FEFez 98 F4F AER S 13 ¥
4 . d9e & £dBE A & APAM F4F AL 42 4 (V3 2o

P
e LI o S
4% ,= ﬁl g,' A iEqs i v

=

¢ A" FRAY FALIHFoR A7 242F A2 Q) ol83d 4A FE &+ U

PR @

=1 i=N+1 Ai,iiEct,i)'
9 HolA 4188 JlEE g4 g

i =53% EE 3IF IMF
j  =5A37F

P = ZAg§3F

h =33

A = 7158RY AF4 AE 93
E: = 3z E9 ARE4 g Al <, psi
AA S

2

teoz RhFoE AR F4F 4% AL g9 218Fo2 AT 1Y 2EFH 2L P
o2 7% & U

e _ Pyh;
4 2T gl = j At,k;'Ect,la' (3)

—269—



2-2. Mg £2%

2-2-1. AxFF AF F4F

Z23F FEE QoA ARFF0Z AT F42F AL B AIANAAY F4F3% sdn
Az} Feo] F4F L Cgo N 78 £ vk A8 AJAAAY F4FL, £AB 4R Azt

A Azfzo2 Asdle] WY AT 7ol BE 250 AR mal ool g} da}
A AR F2FL JQ)E ol T8 = ot

ﬁh & u,, SHH SH” SHR, ‘ (4)

@A 1ED Re AZRFFH g F42F W 7193 8UdEL oS3 Z2oh

Eci =74 T FEFY F 40%9 U % 3ol =53 FAE 1I50mmEE A
He S8 Az

SHv:s; = AAY FAAL] vl g ©E 53}

SHy; = A A g &3

SHy = Adgxd B 53

SHr; = 79 creepfito] @& &7}

98 43 Fo 243 ANE A @ AN BYT FASL Ae) Fo BE LAE W
gai A3 2ol 74 T 4 Aok

= glh, ° Es,i ° SHus,j ‘ SHH‘ (1 ——SHt,)) . SHR,] (5)

2-2-2. Creepdl 9% 4%
Creepoll 93 Z4F AL @A 24233 npayl 2 271854 A 2433 rlsizes

AP H4FS 2esl FFozn 38 & Ut WA 27] 5= AT F4F 4F 4L 4
6 Zo] ved 4 A

ﬁ 2 PCRLA . Ec;i* hi+ CRy;;* CRy- CR‘J : CRRJ ©®

=1 1=j
A& FRA G W F4F S 4L AT Zoh

4 = ﬁ g PCRya.

= = L At,ii Ecj* h," CRug'j' CRH' (1— CRI',') * CRR_,' (7)
A A AHE-E ZlEE o 2.
coi =79 BUe) FRINFE 0% FUEEsel =25 F4D 150mm EF 4G

of 28 &<t 35S 7t T4 Creep B H
—-270—



CRuy = 35< 7H1E 39 E3Ee AFad

CRysy = AAN ®AAe] v g ©& &3
CR:; = AZHRA e wE A3}

CRy = AUidxd & &34

CRRj = 24 Creep AlF

EY Bl o A% F4F 452 H@)2 o839 4& F Ut

€,j* hi* CRy.j* CRu* CRR i ®

2-3. AN1Z H3% add A%

211% F2E JM AlF AFT BAE FA2FYL, ojn] A E FHL82d wAE F2E
A3 tEo] AlFo] Afse ¢ YAY F42EY =Y uHolol P A WA= 13sY
of & Atgte £HaAv} AFE A AN HHF BAHe] o]F F £ UEF {=3}
71 918 £BE 4T AF oA 7159 AP Aot dFoE 1 ARpe &
du gl F AT il A 848, 7U18E R J1EdT A A% Creep R AZRF
Fo 4F F£Aast9 WsFolth <dng g4 AFe g ZL F 7HA e #38
Fad g £713°] A4

1. €38 g AAAY F2F - £ 849 FolE A £ I} FE X A
A HEE 7] A% HA4F dF £= FF FHo] o

2. €918 g4 Fo £2F - RE §Fo] 83T Creepst A2FHo] YAF Fo <3
B7h 38 A" AEF 371 9 AN F dFo] a3t

A Aol BAsE £42%FS d durt itk a2y edue AR ALHe 3% R AAY
Wz Qg WslFe] dFol o o dF gL FES W YFeR FAAES A
A3t} EPnsl uE YINS Fused AHEHD

gl AT SAYE F2EL 4T A9 B XA 3L 2o &due g
Al

3. Z4F A4 2 d4 A5 nF
3-1. F4%F A

NNe%2F A& AN TIIPE ol 834, 663 AT TAYE FREL AFARN| JeH
2@ nXE TS B/ 98 AH8E A 24 ted 2o

(D Asel 42 & #8d 352 ¥ 13 2o
(2) 3% A=5%3(Ultimate Shrinkage value)2 ¥ZolA eMdEE TAHE iy 423
ZA1E B0 2 gh& FAselor B B dTdME dutAe R @ol AHEEE 500x10°
~ 800x107°9] 3t g9 650X 107°%k2 AHg-3tth
(3) 54 Creepak(Specific Creep value)e Al ZHE A48 A87 gt 2% dwvdos
0.003/f'c~0.005/f'c] gkol Mgk T2 & ATqME HNzde] d3d HFPQ
-271-



0.25x10°%& Alg-stgich
@) 71ek 715 4% 4F Ao AHSE 9 AF ACITFEAA ANF e HE-3ct
(5) o AFZHE L A ME & AlFYA digte] Aasiyoh

@ CASE I - 7d/vi5 <d¥u

© CASE 11 - 159/1-33% ¢dn8
- 109/34-66% £u

©® CASE I - A &4&4

Floor Level Concrete Column Steel Area | Floor Load | Steel Ratio
(story) Strength | Area(inch®) (inch?) (Kips) (%)
(Kips/inch?)

B6 - B3 5.7 3038 161.91 193.5 5.33
B2 5.7 3038 161.91 2535 5.33
B1 5.7 3038 161.91 258.5 5.33
1-3 5.7 2386 121.07 165.3 5.07
4 57 2386 121.07 178.1 5.07
5 5.7 2386 121.07 162.6 5.07
6-11 5.7 2386 91.54 162.6 3.84
12 5.7 2386 91.54 189.1 3.84
13 5.7 2386 91.54 3725 3.84
14 5.7 2386 91.54 153.5 3.84

15-18 5.7 1860 34.36 69.9 1.85
19-38 5.7 1860 34.46 1319 1.85
39-66 5.7 1116 24.61 131.9 2.21

¥ 1L 94 433

7159 F4FE Adste FLE S AEL Agde % 2 £dHd A3 gulE HF
AXNE FRIESR ke ol BF AFIL &dB gd AFe HAAH7] A £P1 g
A Ao BT AES) F2FL TIAUE FEREY G4 ol FLEAA 4. &u
AFHL £3AQ 5o 2 AF, a2 A AdEde ARF5H Creepl 2 I F7HHY
Z4ge] 3 BAHSE O Wee 2 g ot

3-2. AN A 17

28 19 Yebd AANE 43 vige] ZIYE BA7A A2 OE A Azt diste £4F2
e zpolZh Uehty, AUl F2FS AEY ARdA dAddE ASs & F ANt 23y
39 204 HAFE ANE MZ OE AT AR dF & o}t 27 ulge) £AHoR
vetdte AL & 5 Ao

T3 Hdl F4Fe B HYRAA WA g of 50F F2oA LA}AT & 2
FoM9 F4FE B etk Z &R AARA BAF F2FL £dH AAF Y
Z4FH o 2AE o A JERod, A" AF dANA F F42FS Gz Helvt
velgth olFe H3F fd FE3e FUkEe] flenR JlFe] YA Lad gheR
A F2840] LA &7 WEoz Addt Ty &dn 8B4 Fd 3= HgA
ZF2FL F 204 Be uts o] AA AF A v o, T F4FL -1 ~ 3% F=4

Z2 zlol7l HABINSS & & Yt —-272~



60.00 1 5000
50.00 4 000
é 40.00 § 40.00
Y 30.00 ] @ 30.00
20.00 20.00
10.00 —— CONSH.[IME=CONSE.SEQ. 10.00 ] ~ N
""" GRS x o " ik A
0008 2.00 100 600 8.00 0000 T8 o0 she 60
SHORTENING(ine.h) SI K)RH NIN(‘(mrh
a8 1. €38 4XA a9 2 &88 4AX ¥
CASE [ (inch) CASEII (inch) CASEI (inch)
< B A g4 4% 3.23 3.19 3.23
HEgd 4% 2.97 3.04 2.96
4 Al 6.20 6.23 6.19
=8 g4 F By 4% 0.00 0.00 0.00
A& gHAA| HgA 249 381 3.36 351
2 A 3.81 3.36 351
% =A% (inch) 10.01 9.59 9.70
2ol (%) 1.03 0.99 1.00

X 2 MEZ 98 A3 wE A4 F4F

4.4 &

663 VBN ERAT UF715S AustEd 24F ALY T3P o] 83o AH3HT. =T
37HAS AR g8 AIF A7 $ATRALY £4F 24 A ARE aWscH HEH
peie g

AN A 2+ sl el AAAZA FHL o7t HAHAD U ME GE AZTIY &
Mol wet JAoR & FAF Aol7t BAHAT AF7IZEe] ©HE R4 wls 2u] o]
Aae 2% @A 4%Ue F4F e ozt FALAY. wEAA 2nF FRES F4¥2 2
e 82 FAA AF N2 FaY gd8 5 Uk

ey, RRlEAE 218 TRES skl QolA sdn B Fo) 24FE F9 YA
Tk & Rolth EF AWT AT Aold F4FE TR 24T AP RF
WHe BAE7] el A271HE wEA wAHojobut ¥ Zolt,

Are] 2
B =82 19969 AIdista Adug A7a] x| Qe g3 A" 72T JdRZH, AA
A9l Aol FAt=H U

—-273—



%

w N

AEH

. A8, AU - 1FAE FAFZRAY F4Fd B AT, AFASFIYA, 1993, 49,

pp 283-286

. A33AE 12 FAHAE V59 24F dF 9 B, a4, 1992, 64, pp 4-49
. Colaco, J.P. , "75-Story Texas Commerce Plaza, Houston-the Use of High~-Strength

Concrete,” Publication SP-87, ACI, Detroit, pp 1-8, 1985

. Fintel, M., Ghosh, S. K. and Iyanger, H., Column Shortening in Tall Structures, Portland

Cement Association, 1987.

Fintel, M. and Gosh, S. K, "Column Length Change in Ultra High-Rise Building,”
Advances in Tall Building, Council on Tall Buildings and Urban Habitat, Van Nostrand
Reinhold Co., pp 503-515, 1986.

. Fintel, M. and Ghosh, S. K., "High-Rise Design : Accounting for Column Length Change,”

Civil Eingeering, ASCE, April, pp 55-59, 1984

Russell, H. G., "High-Rise Concrete Buildings : Shrinkage, Creep and Temperatures
Effects,” Analysis and Design of High-Rise Concrete Buildings, Publication SP-97, ACI,
Detroit, pp 125-137, 1986.

. Russell, H. G., Shortening of High-Strength Concrete Members, High-Strength Concrete,

Publication SP-121, ACI, Detroit, 1990.

—274—



