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ABSTRACT

Analysis of Column Shortening for Tall Buildings
using Monte Carlo Method

Cho, Yong-Soo
Dept. of Arch. Eng.
Graduate School

Korea Maritime Univ.

Long-term axial shortening of the vertical elements of tall buildings
results in differential movements between these two elements and may
lead to the additional moments of connection beam and slab elements,
and other secondary effects, such as cracks of partitions or curtain
walls.

Thus, accurate prediction of time—dependent column shortening is
essential for tall buildings from both strength and serviceability aspects.

In this study, the uncertainty associated with assumed values for
concrete properties such as strength, creep and shrinkage coefficients
has been considered for the prediction of time-dependent column
shortening of tall concrete buildings.

The column shortening analysis using Monte Carlo method is
proposed and an example 70 story tall concrete building is used for
illustration. The histograms of column shortening by probability analysis

are investigated and the differential column shortening between exterior
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column and interior shear wall considering confidence interval is
predicted. The differential column shortening subsequent to the
installation of slabs i1s investigated and compared with the result of

deterministic approach. The results in this research are as follows.

1. It has been proven that the same value in estimating the column
shortening can be obtained through the Monte Carlo approach as can
be through the deterministic approach. The variability of the column

shortening can be predicted through the stochastic approach.

2. The results obtained by the stochastic approach are almost the
same as those done by the deterministic approach as the frequency of
the simulation increases. The Monte Carlo results become more

convergent with increased simulations.

3. The predicted value of the column shortening by Monte Carlo
approach is evaluated at each confidence interval. As the width of the
confidence interval expands, the elastic, creep, and shrinkage shortening
of the interior wall increases 1.6%, 11.8%, and 22.9% respectively. The
variability of the inelastic shortening is more important than that of

elastic shortening.

4. The differential shortening subsequent to the slab installation
inducing the additional stress increases from 1.36 up to 1.72 times as
the width of the confidence interval expands. Therefore, in the design
of the structural member, the additional stress according to the maximal

differential shortening should be considered.
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1. Keeton 375 |1. Hansen and Mattock 329
2. Kommendant et al. 318 |2. Keeton 46.3
3. L'Hermite et al. 133.4 |3. Troxell et al. 33.0
4. Rostasy et al. 476 |4. L'Hermite et al. 55.8
5. Troxell et al. 13.9 |5. Rostasy et al. 20.9
6. York et al. 37.7 |6. York et al. 42.1
7. McDonald 48.4 |7. Mcdonald 404
8. Maity and Meyers 30.0 |8. Hummel 46.2
9. Mossiossian and Gamble 51.5 |9, ’'Hermite and Mamillan 62.5
10. Hassen and Harboe et al. | 512 |10, Mossiossian and Gamble | 71.7
(Ross Dam) 11. Maity and Meyers 45.9
11. Browne et al. 473 |12. Russel and Burg 4.2
(Wylfa vessel) (Water Tower Place)
12. Hansen and Harboe et al. | 1078
(Shasta Dam)
13. Brooks and Wainwright 14.9
14. Pirtz (Dworshak Dam) 58.2
15. Hansen and Harboe et al. 702
(Canyon ferry Dam)
16. Russel and Burg 193
(Water Tower Place)
17. Hanson 633
iy 58.1 (e 46.8
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aelzel AR AzsEe 4w 2avee] wid o 2 o
T womw A AEAPd % F¥HEFHHS 5k sl T8
Elass

¥ 34 dAzxFFAo HEAH ol thet dlol&[12]
Test data i Test data w

1. Hummel et al. 30.0 |[12. York et al. 428

2. Rusch et al. (1) 35.2 |13. Hilsdorf 24.7

3. Wesche et al. 24.0 [14. L'Hermite and Mamillan 58.7

4. Rusch et al. (2) 13.7 [15. Wallo et al. 33.0

5. Wischers and Dahms 27.3 [16. Lambotte and MNommens | 30.7

6. Hansen and Mattock 529 |[17. Weigler and Karl 29.6

7. Keeton 120.6 |18. Wittmann et al. 65.4

8. Troxell et al. 36.8 [19. Ngab et al. 453

9. Aschl and Stokl 61.3 |20. McDonald 68.8

10. Stokl 19.5 |21. Russel and Burg 51.0

11. L'Hermite and Mamillan 123.1 (Water Tower Place)

(] 55.3

_18_



CEREEL R

800uin/ind o] ™,

500pin/in

&)=

[e]

Gl

L

L

B

S

Ay

G B AR = ro
o o o % N = = — TN
Pz Mae=> "o 5 @ X P B
K = ol G Co= W ~ ~ T B oy ~o
- ToRx R . w o
£ X 3
G S - S I = . A N)
M= m T oAb ,WH i <r oy . . M o o = R
= il e o o oy o= : el 7 O H
=y P = - o o o ‘Dl - jri
— K o W o o) N NR o
0 % L — J— = 9 '3 (G o g —
o R ol ) w 0 < = my N No e Y
= o] = o = A ~ e . %0 w T
S o T < X = TN =
— o X N OE EE it —~ <
S ol T = o) T - = el o =) o i
mo w5 e YT BT TN T
duoNf o 7 T N B OR e T TP T o= x B
e O - S (N =% - L 5 8
% oA E T S N T AN om
<0 N = N N = £ - n = HAI
5 M I ﬂ &N Ma " TowON T oM B
—~ o - T i o = id o
_ zﬁ G n_AI ,m_vl S ™ : -~ “4 o ) R W_M i
D - 3 o F 2% g 3 + I
= o WT L~ M S = 9 = - AR A
R RO " W T g w § X 3 r:T B I S
B o fﬂar.\zﬁmm_H% ~g I I
H s S | 7S = R 2! ) + : UG i N
lE ® OB T 2 v 2 T TR HNoH oA
K e IS T B R o e " oo iF x -
= T < e X = N o = Mmooz o T
T - — | E <) - — H H X “ — N —_—
W N XX O zr W X 5 = X {4 @ E3
? oo S N N = 2 P ~ L = ™
X = FOE oMo — B o ol i ol
SY  wEfxT BN EC XS RO
. = = . a 2
s c* o 0 % W E T ®m oS T oB oW o oM B B
< ® =K AP 5 T ST, S > R T

_19_



—o— upper value
—A—lower value

—S—mean

oo,

g

g 8

(U 9-e01X)2¥

{200 -

1000

800

600

400

200

AZHY)

_20_



e AukAr

N
o

4.1 7]

N

o

A

)

i
o

i
B/
il

o]
e
7o
o)
o
4
_ZTI

-

%

il

ol
|

O
~

o] #d3} 2

=4

B RIFEHS FEsriy st d 7

3|
&

bo}, et

e =

0
A

o
o
il

w

o}J

N

0f

1
K

ol
100

~ R
< )
RO| W0 | R
B K | B
oo Ko T
ﬂ._u._ 110 o .1__|
R g W= A
ol I [ K m | % Ko
o ol < N
o oo | N F
W= & @| 3 [
Bl = o
= W | ™ PORII i
o S T
t - | K
R NS IR )
W4y | K
i} = | Mﬂ
~ | H ORM
g = |~
) :1_ ol
0 mr
ujr
w o
U= | WO 4
ol | K
M _x_._| __A_.._u _x_._|
Wy | A S
Mm w ﬂ Kq
T

i

juge]

7

_21_



_ PxH 41)

L AfE 1B WBRRA, g 33, g 23

JE ByAs
1gel A gaee] eyl g ge e o] 7
At
A=A, +Ax(n,—1) (4.2)
nt=% (4.3)
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O Ay

A0 =3(P/A)*xC xCRxhxCR ;;xCR ;< CRgxCR,, ~ (46)

CR,,=2.3(t,) "? 4.7)
CRs="0.10(v/9) +0.85 (48)
=1.40—0.01xRH (RH=40) (4.9)

CRW: 1 _exp[ - pX%tXCuXCRmX CRvsXEct/(]- + pxnt)]

/L (C,xCR;,xCR ,)*xE ~xp] (4.10)

)

O:

1714 g A A%, E = ZAUES BAAE, 5 w4

AH), g5 ZANE AP, (yE AA-TEAGn), REE FU%
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A% =3(PIA)=C (1~ CR)
x hx CRlaX CRUSX CJQRH>< CRsr (411)

gebd 2 Ease Sofu gadoldn ehelFe] AHOoR v
e so)] yg AA HaFe s 43 g

Aep= A%T0 + 430870 (4.12)

24% Fode Zaee BAT RAue fEEwel ouA a7
Sagy) ARz Agke] A we A%
o was: Zagen. of Tl 9% AL ggn p. A

(4.13)& Y B Aol AxFE F4 ALAS Yerdth

AUPTO S e SH < SH , < SH i< SH % h (4.13)
fg S TRAESF WY, gy = AA-EWAY 53 SHE AU
= omd, sg,E de & Sgas A diR Az e, g
FaE e

7t AFEE T ol AR,
SHr#t (4.14)

- 35+¢,

_ 0.037(0/) +0.944
SH.s= 0.177(v/s) +0.734 (4.15)
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=1.40—0.01xRH (40<RH<80) (4.16)
=3.00—0.03xRH (80<RH)

SHsrz ]-_exp[ - antXCuX CR/aXCRvsXEct/(]- + pxnt)]

/1 (C,*CR,xCR,)XE xp] (4.17)

71N RH= BUEE, ylse AA-FHAM], = BAS AR

(), p& AN, p5 BAAFH, C, SAAYUZASF, CR,E T

AL A (418)3 2T

A3YPTO = S ¢ (1 — SH,)x SH . SH g SH o< (418)

A dzes Fa9e] A4 S27L SUE ol gAdol o

o
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)
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1>
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.
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ek gt 2

Agy= AYTO 4 4SUBTO (4.19)
42 BB gl 9 A5EE2F A4
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EEQ=+ HOIES
ANEd0ld &= mel=
M 82 O0:HFEEHI m:ASd0E 4

A0 CHEE > L Call Monte ()

'

JISEAE HA  (Elastic, Creep, Shrinkage)

No

H
P>
op
e
05l

2 EEE XA A (Elastic, Creep, Shrinkage)

'

=24 0|8l &= (Elastic, Creep, Shrinkage)
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Specific
creep, 10
in./in./psi
0.275
0.300
0.350

Ultimate

shrinkage,

10”8 /in.
800

surface
8.0
8.0

ratio, in.
11.0

Volume-to-
18.0
18.0
18.0
15.0
15.0

Floor
load,”
kips
254.7
254.7
254.7
254.7
254.7
254.7
254.7
196.8
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=9
% of
gross area
247
1.23
2.22
1.78
1.33
1.65
1.22
1.22

Steel area,

Gross
area,
in?
5184
5184
3600
3600
1936
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1024

5.1 2/ £7]
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v
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Col. size,
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Concrete
strength,
ksi
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8
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6
6
6

Floor
levels
1-10
11-20
21-30
31-40
41-50
51-62
63-67
68-70




E 52 WRHoye| ctHEN 3 SMX|
Concrete Wall Gross Steel Floor | Volume-to- | Ultimate Specific
Floor | strength, | thickness | area, area, load,” surface shrinkage, | creep, 10°
levels ksi in. in? in.2 kips ratio, in. 10°%in./in. | in./in./psi
1-14 6 24 9936 109.2 245.6 11.34
15-18 6 20 8280 88.9 231.6 9.54 0.350
19-30 6 20 8280 88.9 237.0 9.54 )
31-40 6 16 6624 70.0 222.6 7.70 800
41-46 45 12 6624 70.0 222.6 7.70 0.450
47-72 45 12 4968 420 208.6 5.83 ’
A AEAGES o] &ete] AAHEA W o Fa%2 CSA(Column
Shortening Analysis) ZE2 18[19]0 82 7|42 FE A&d, FEE3
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I 55 A= THH S EBldo|l® =4 (Eh21:in)

Confidence pu+o | p+1.6450 u+20
Interval < X< < X < < X <
u—o p©—1.6450 u—20
Kind of Shortening (68.26%) (90%) (95.44%)
upper 1.813 1.822 1.827
Elastic
lower 1.785 1.775 1.770
upper 1.113 1.170 1.202
Creep
Exterior lower 0.933 0.876 0.844
Column upper 0.471 0.504 0.522
Shrinkage
lower 0.368 0.335 0.317
upper 3.397 3.496 3.551
Total
lower 3.086 2.986 2.931
upper 0.925 0.930 0.932
Elastic
lower 0.910 0.905 0.902
upper 0.895 0.941 0.967
Creep
Interior lower 0.752 0.706 0.680
Shearwall upper 0.710 0.758 0.785
Shrinkage
lower 0.559 0.510 0.483
upper 2.53 2.629 2.684
Total
lower 2.221 2.121 2.065
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E 56 MEFHYE MM FZAT (=H2l:in)
Confidence pu+o | p+1.6450 u+20
Interval < X< < X < < X <
u—o p©—1.6450 u—20
Kind of Shortening (68.26%) (90%) (95.44%)
upper 4.261 4277 4,286
Elastic
lower 4212 4.196 4.187
upper 2.618 2.718 2.773
Creep
Exterior lower 2.309 2.210 2.155
Column upper 3.597 3.741 3.820
Shrinkage
lower 3.150 3.005 2.926
upper 10.476 10.736 10.879
Total
lower 9.671 9.411 9.268
upper 2.145 2.153 2.158
Elastic
lower 2.118 2.110 2.105
upper 1.956 2.032 2.073
Creep
Interior lower 1.721 1.645 1.603
Shearwall upper 4934 5.132 5.241
Shrinkage
lower 4.320 4123 4.014
upper 9.035 9.317 9.472
Total
lower 8.159 7.878 7.722
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