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ABSTRACT

Influence of Parameters and Models on Column

Shortening Prediction for Tall Concrete Buildings

Kim, Ha-Hyun
Dept. of Oceanic Architectural Engineering

Graduate School, Korea Maritime University

There are some proposed formulas by ACI, PCA, CEB-FIP and B3 which
can be used to analyze column shortening, and each model has difference in
calculating inelastic shortening that has influence on differential shortening.

This study performed a comparative analysis on parameter of each
proposed formula for column shortening, and analyzed column shortening of
two columns of 54-story C apartment in Haewoondae according to a
proposed formula by each model. The analysis includes comparing the
elasticity, creep, drying shrinkage shortening, the whole shortening, and
differential shortening by each model with the column shortening analysis
using the deterministic method, and the probabilistic method utilizing monte
carlo simulation. And this study shows that the potential maximum
shortening can be predicted using each formula by comparing shortening in
each confidence interval with field measurement and probabilistic analysis.

The results in this research are as follows.

1. As the result of comparing time-dependent creep rate and drying

— viii =



shrinkage rate with CEB-FIP, there was great difference on the day of
completion 1000 days, between ACI and PCA, thus it was not appropriate to
compare the influence of variable with probabilistic analysis, and it was also
not appropriate to compare B3 model with variable of other models that had
different formula of calculating creep shortening. Therefore, the researcher
developed the method of analyzing probabilistic column shortening that is
easy to compare the influence of variable with PCA model in previous

studies.

2. As the result of deterministic analysis, it indicated that drying
shrinkage shortening of PCA model were 1.6~1.7 times greater than that of
ACI model. Subsequent to slab installation shortening by PCA model was 114
~116%, and the total shortening was 129~134%.

3. Differential shortening and the total shortening of PCA was 1.11~1.14
times and 1.15~1.27 times greater respectively as compared with ACI as
the width of confidence interval was increased more subsequent to slab

installation.

4. As the result of comparing field measurement with probabilistic
analysis, the result by ACI model was closer to field measurement than the
result by PCA. Furthermore, field measurement of ACI and PCA was
between the mean value and the lowest value in 68.26% of confidence
interval. Therefore this study can predict the potential maximum shortening

without reference to applied formula.
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t?
SH, = o ; (2.34)
ACI Model : SH =1.2 ~0127s (2.35)
PCA Model : SH .= -0-037(v/9 +0.944 (2.36)

0.177(v/9) +0.734

SHpy=1.0 (RH<40)

=1.40—0.01xRH (40<RH<80) (2.37)
=3.00—0.03xRH (80<RH)

SH,, =1—exp|l—pxn, X C, X CR,

la

X CR,), X E,/(1+pxn,)]

/(C, < CR, < CR,)XE,xp] (2.38)

A7IN RH= Hdit=, (Vor AA-ZuAb, tx= 84 F AAz
C

A 2349 Aztel OF AxFF N&S JEE A5 e ACT 209[9]°
A AAeE Aow, 4 2399 2ol PCAAA AAEE A= zolsh itk
PCAS A= 2] 2399 o] AZ-EdAN7L Aol upgh Azke] ta Az

%9 78o] A= S 3183 Hansen-Mattocke] 2]& Abg3tar 9t}

K
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A sy=D G T A (240)

2.3.2 CEB-FIP =& 4]
CEB-FIP R4l Axs= AYE AF 5 5H o ATt Ax55 AT

Ao gest 2

(t*ts)/tl 0.5

3500/ hg P+ (- 1,71, (241)

ﬁs (tits)

oA71A hE ALl 71EASE, hye 100mm, ¢ 193 YERIT
2.3.3 B3 Z&E 4

B3 Rdlo] HAxss Adx Alg T sH, o e dxes AsaS o

&3 2t
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S(t) = tanh (2.42)
Tsh
A ASFEe Bes ol AwEy
Tsh — kt (ksD)Z (243)
o 7] A
k — 190 8/( 0.08 flc().25) (244)
1.0 (33 ar)el&dgnua)
115 a5 71%)
k,=11.25(5F33 FA1 2t obd 7] 5 ) (2.45)
1.30 ()
1.55 (g59AA)
D=2/s (2.46)

v/se AH-wRANZ AH-gHgu] g3(sH,)E o] Aol sk vk
24 ol HlW F4

¥ 212 7 mdd Agx g Axss 3| WupEsES el sl

E 229 F 2204 & 4 d%o] CEB-FIP 2&2  =3FA < 1,0008] o
@ #ol ACL PCA ®®#} Zol7b 2A e FE&4S 53 wpise
Fa&s w7 7F AgeA ka, ® 21004 & S %ol B3 Rde =g

2 AAFAe] thE BAS o] wisfW el vlwsls]e AgslA] etk uleba

=
B =R 7Ed drERdd PCA Zdy v S=9] J&S Hlusy]

ofo
o,
o
>
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¥ 21 2dd wiyidsg A v

ACI PCA
CR CR=—
t T g
CRy, CR ,=1.25(t,) ~0-118 CR ,=2.3(t,) 0%
-2 —0.54v/s _ 0.044(v/9) +0.934
Ro=1. RH
CRyy CR 4y=1.2T—0.0067TRH CRpr=1.0 (RHC40)
=1.40—0.01xRH (RH>40)
t t
SH = -_——
t Sf[t 3541 SHI 2660.36‘//s+t
_ —0.12v/s _ 0.037(v/s) +0.944
SHos SH ,=1.2¢ SH = 0 T77(v9 0,734
SH rr;=1.40—0.01xRH (40< RH{80)
SHpp
=3.00—0.03xRH (80<RH)
CEB-FIP B3
(t—t, )t 1* , , ,
5(‘( 0) ﬁH_I_(t_tO)/tl} 1 0 d 0
CR, X X
OR(,‘s X X
- RH
RH,
CRpy Gpg =1+ ————7 X
h\s
0.46(h—0)
t—t,)/t, 05 t—t
SH | B,t—t,)= - S(t) = tanh 0
A [35o<h/h0>2+<t—ts>/tl} e
SH,, X SH,o| ¥

a9 22+ ACI PCA, CEB-FIP R4 A7te] dist Az vl &S 307}
=

A W3S YvER TZela, 1 225 A
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91 11,0008 ¢ Watgs x3ste] Ueld Holth 28 HW 27| #EEH =¥
AlFRI 1,000 ¢ # & A Aol7t b= AE & 4 Utk CEB-FIP 249
Agtel AbEE FATAA(A4,)F FAS] di7le] Fg Eel(w)St FolEE(RE)
o] Aatetitt. CEB-FIP =29
v 37 ACI Zdolu PCA

2 Y yEb A kol Azl thdh e wjERt ajE R nlal skl

ACI, PCA, CEB-FIP4| CRtH|

——ACI,PCA ||
—=— CEB-FIP

o o
o »
O —sEEEE——

2000 4000 6000 8000 10000 12000
Al ZH(day)

29 22 Aol thiE Az Hl&

¥ 22 ACIL PCA, CEB-FIP 22| A|7to] )3k Z2]Z H|& H|L

ACIL, PCA CEB-FIP

Z7] 0.237 0.12
1d 0.984 0.651
10004 0.994 0.794
o 0.997 0.863
104 0.998 0.921
204 0.999 0.957
304 0.999 0.97
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2.5

——ACI
—=—PCA
2
1.5
1
0.5
-
0
0 2000 4000 6000 8000 10000
AlZH(day)

12000

19 23 st AgAl Al e e mat

# 23 ACI 293} PCA wdle] 83244 AFEA v

ACI PCA

7] 1.25 2.3
1d 0.623 0.526
10004 0.553 0.409
5d 0.515 0.352
104 0.475 0.296
204 0.438 0.249
304 0.417 0.225
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W e olfE ACI R4 exp 54 Wil vis@el ALFE ANE @&
o Fopd A wste]  GFL A 2ahy] WEe] ol=HE WP molthl

ACI, PCA4! CRvst|x!
1
\x\ ——ACI
0.9 —+—PCA
N \\\.\\-\\l\'\-\_
0.7

0.6 *HHH““‘

0.5

CRvs

! ! ! !

0 5 10 15 20 25 30 35 40 45 50
Volume to surface ratio

a9 25% ACIL PCA, CEB-FIP, B3 Ed9] Alzte] tigt A= v&S
307k WstE dEkdl Zgjzola, § 24 AW Skl mE Al WSS

FBAH 100099 WaFS E£Fshe] vhebd Eolth A 240004 ¢ & 9
%ol CEB-FIP Z&4& AZo] nFsel] wpe A9 7&X5 F7t= o
s e Al ehgA A
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ACI, PCA, CEB-FIP, B34| SHtH| 11

1.2

——ACI, PCA
—=— CEB-FIP

~ B3

[¢] 2000 4000 6000 8000 10000 12000
AlZkH(day)

% 25 A7k W3 AzxeE v e

3 24 ACIL PCA, CEB-FIP, B3 2 &°] Azt ojgt x4 v& vl

ACIL, PCA CEB-FIP B3

7] 0.027 0.009 0.157
1d 0.913 0.168 0.995
10004 0.966 0.271 0.999
5d 0.981 0.357 0.999
10 0.991 0.474 0.999
20 0.995 0.606 0.999
304 0.997 0.682 0.999

% 2.6& PCAoNA AAet= AlRbell Wik Ax45 Hl&(sm) 2 2.399] o
g aefzola, £ 25= ACI B3 4 2395 ©]&3% PCA RHe] Aztel o
=

& A 1,000 et ghe Edsko] Azl e o
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e AL welFam vk mebd Akl B# Az5E el gt A
Qe ACI 200914 AT A& AHgat

PCA

—e—v/s=1.5in

—s—v/s=6in
4 v/s=16in

0 2000 4000 6000 8000 10000 12000
AlZH(day)

2% 26 Aol wigk xS v S (PCA)

3 25 ACI 223 PCA o] ARt gk x5 Hl& vl

ACI PCA(v/s:11.5%14]) | PCA(v/s:6%14]) | PCA(v/s116%14])
1d 0.912 0.891 0.618 0.042
10004 0.966 0.957 0.816 0.108
Ll 0.981 0.976 0.890 0.181
10 0.990 0.988 0.942 0.307
20 0.995 0.994 0.970 0.469
304 0.997 0.996 0.980 0.570

a9 27 ACI 2d3 PCA Rde| #4-%9
o Y EE s Boksu 27WE S wszekAl vEbws o, v/sgol AA
5 PCA Edo] gro] ACI do] nla| =LA Yetuds Ae & o+ AUk
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412 232 E ME5Y

E 418 N FA 2AYE AREHLE T2 S YR oo A

BAAAE o] &3l T EHadES dlA g
¥ 41 FA9 AREA

= FAYEAZ (kg/ar) | 5T EZ(cm/cm/kg/er) | =30 F 45 (in/in)

1F ~25F 473 13.58x10°° 8.76x10*

26F ~ 35F 300 16.46x10°° 1.18x10°°

36F ~ 45F 270 1855%10°° 8.00%10™*

46F ~54F 240 20.87x10°° 8.00%10*
42 Z2™HEXN J|sH5LTF Yy
421 AClI 2Eo ost ZHEHN J|5F54aZ Y Al

WCI1 7153 WC2 7159 CSAZZ S o]83 ACI =d4 3|4 Ax=

¥ 429 2ol yehdr 29 4294 19 45 WC1 7]l&, 19 4694 1
d 497 WC2 7179 a4 Az O =2 gd54a% A 4% 1xTF
% %4, AAF2%oR 2424 el A48 agIdA % » g%
o] AAl 4%y EHH Bl old FAhTo A9 HUY wAFS AE HAY
Tl EATA L Se B A o] Fo] FAFL FhTolA e
3 42 ACT 2ol o3k a4 A3} (29 © mm)
dEsY | 2gE iy | Ax5EE0Y | AAZLY
Subto | Total | Subto | Total | Subto | Total | Subto | Total
=403 | 6927 | 13.836 | 12.167 | 19.129 | 5262 | 24.154 | 24.245 | 57.119
WC1 | 2= 32F 54F 38F 54F 35F H4F 35F 54F
Hl & 24% 34% 42% 10096
=AhTF | 7214 | 14348 | 12997 | 20431 | 6.013 | 27.907 | 25.943 | 62.686
wC2 | HA= 31F b4F 38F 54F 35F 54F 35F 54F
H & 23% 33% 4494 100%
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Column Shortening(WC1-ACl) Column Shortening(WC1-ACl)
60 T T 60 T T T
l l l l l
| | | |
50 -- - Sms— - e e —— _ 50 F----- 1 : ,,,,,
l
40 f-------1-"¥ ____L___ R 40 F——-—- g 1 _B___ i
|
> . |
O an L - - _ _ & __ _ 8 ___ A __ o
& 30 % 30 F--fFf--+-----
A e S R Ly 20 - -—-—-—T--—-—- & __
10 #F T kT T —o—Elastic-Up 10F---- g% -
: —@—Elastic-Sub : 4~ Creep-tp
0 —aA— Elastic-Total | ~&-Creep-Sub
0 B, | —A—Creep-Total
0 5 10 15
0 5 10 15 20
AR Z=A _
5 F 28 (mm) w35 A Z(mm)
a9 42 WC1 715 &5 2%(ACD a9 43 WC1 715 A =S4 (ACD
Column Shortening(WC1-ACl) Column Shortening(WC1-ACI)
60 T T 60 T T
| |
: ! | |
| |
50 e e A 50 f------ Y L -
0 -G 40 [-------1}fF------- -
fal >
Q30 F--F ¥ - r-————-——- O an Lo _ I H_ A
2 2 a0
0rg# K-t --—— 200 F--F-—-—pffr — M8 — -
10 Tt T T T ——Shrinkage-Up 10 - A& 1 —
! —&— Shrinkage-Sub | —¢~Total-tb
0 | —a— Shrinkage-Total ! —8-Total-Sub
0 l —A—Total-Total
0 10 20 30
0 20 40 60
LR EA _
FHFLZ(mm) 3 £28(mm)
a9 44 WC1 7ls Ax2FF5523(ACDH a9 45 WC1 715 AAF2AFH(ACD
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422 PCA 2Hof o8t ZHEX 7|S&42 o4 2
ACI 243} b a7b 2 CSAZ R 29e o] &3 WCl 7153 WC2 715 ¢
PCA ®94 #)4 Axb= E 433 2ol Yehdth ¥ 429 nAAE 7 %
=

2gd SYE B olF e HAdSawg TAS, dAsad 2ASE %
2
g

AAELFOZ 242 vhe e, #4450
A SAn BA o4
WA EAE B ol Fahae FhFolA Uehdth

Ax'
0&‘#
lo,
o
o
B
2|
e
o
ofji
rlo
N
i
1o
D
5
ol
=2
o)
L

3 43 PCA Edd o3t 3|4 Az (9] : mm)
BgEaY | 2elE 4% | AzsEEad | AAEaY
Subto | Total | Subto | Total | Subto | Total | Subto | Total
SAaw | 6927 | 13836 | 12.177 | 19.994 | 9.258 | 42.503 | 28.001 | 76.333
WC1 | 2483 | 32F 54F 38F 54F 35F 54F 35F 54F
v & 18% 26% 56% 100%
S| 7214 | 14348 | 13.189 | 21.671 9.7 45.01 | 29.77 | 81.028
wC2 | ¥ ZF | 3IF 54F 38F 54F 35F 54F 35F 54F
H & 18% 271% 55% 100%
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423 ZHEHN J|sF5a2Y M 2o v
F 44 ACI 293} PCA Zdo] o3 A4 &2
a4 Az wau (%9 mm)
o AYZ FhF ANx2FE Fo% AA S 7
A Subto Total Subto Total Subto Total
ACI 12.167 19.129 5.262 24.154 24.245 57.119
PCA Wl 12.177 19.994 9.258 42,503 28.001 76.333
v & 100% 105% 176% 176% 1155% | 133.6%
ACI 12.997 20.431 6.013 27.907 25.943 62.686
PCA Wee 13.189 21.671 9.7 45.01 29.77 81.028
vl & 101.5% | 106.1% | 161.3% | 161.3% | 114.8% | 129.3%
# 44= ACI 23 PCA Edo) o3 AA 4 &4 Ayt wlazkolr
Subto FawFo] oF 114~116%, AA| A wko] oF 129~134% % PCA Edo] =
A deids AL 28 0A Aagutel o] F R A e SAaFES AL
k= Aol MR vE27] wiEold. Agx F4AFY steAEAd AHEE
(CR )¢ AF-32wA8n a3 (CR Y, 28la Ax25%F 439 AY-xd
v 39 SH ) dtol th2A AlLt=7] wel Aozt dE5S & 5 Ak 53
AxTS5 S4aEY A9 168 oo & AolE Holal Utk F 45+ HE
d FaE AL S vlagk ol

¥ 45 ACI 293} PCA mdlo] HletA Z=2a AALA] v o
H B4 % 2 2k ACI PCA
CR, 1.25(¢ ) ~ 018 2.3(t,) ~*®
ELES
2 —0.54v/s 0.044(v/s) +0.934
CR s g (1+1.13e ) 0.10(179 1 0.85
e _ 0.037(v/9) +0.944
0.12v/s
dzss | SH., 1.2e 0.177(v/9 +0.734
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%46 74 FAFE AAZAT Sl2Eaq dolE &4 (9] : mm)
WCl1 WC2
& A APz | HAxEH | &4 AL | Ax2FH
ACT 3 | 13863 | 18731 | 24175 | 14377 | 20058 | 27.922
EEAA | 0.087 1.255 1.868 0.092 1.36 2.151
CA 3 | 13863 19.55 42537 | 14377 | 21237 | 45034
EEAA | 0.087 1.304 3.287 0.092 1.429 3.47
i 3| 100% | 1044% | 176% 100% | 1059% | 161.3%
=
wEAA | 100% | 1039% | 176% 100% | 105.1% | 161.3%
F AT 7 ZA%E SUE gAoly AgHaw
S| ~EH] oy 4 (&% © mm)
WCl1 WC2
g A Iy |Adxss | v A ayz | AxFE
AT 3 | 6345 9.514 3512 6.642 10.501 4.159
EEAA | 0.052 0.899 0.486 0.056 0.999 0.576
bCA i3 | 6345 9.319 6.2 6.642 10.452 6.724
EEHEA | 0.052 0.89 0.858 0.056 1.004 0.931
| i | 100% 98% 1765% | 100% 995% | 161.7%
H =
EEHA | 100% 99% 1765% | 100% | 100.5% | 161.6%
3 463 3E 479 ACI 29 &4 g3 PCA =Y 24 @S nlusey oF
©] 42340 A m7tAl R A Ao w PCA RHo| 9% Ai gho] A e
UEd, 53 Ax55 SAES 164 ooz & Aolvt e AL & F 39
O B SAES ACT 223 PCA Rdo] 22 A5 Agsty] wjZel zfel7t
8l

o,
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E A8 AETIE S8 BHolF (9] : mm)
uwto pw+1.6450 nt+20
A F F-7F < X< < X< < X<
w—o u—1.6450 w— 20
Zaw 28 (68.26%) (90%) (95.44%)
ACI PCA ACI PCA ACI PCA
o A upper | 6.397 6.397 6.431 6.431 6.45 6.45
- lower | 6.293 6.293 6.259 6.259 6.24 6.24
. upper | 10.413 10.208 | 10.992 10.782 11.312 11.098
SRS
Wel lower | 8.615 8.429 8.036 7.855 7717 7.54
_ | upper | 3.999 7.058 4.312 7.611 4.485 7916
P
lower | 3.026 5.342 2.7112 4.789 2.54 4.485
A upper | 20.396 | 23.102 | 21.056 239 21.42 24.34
Az
lower | 18.347 | 20.626 17.686 19.827 17.323 19.387
o A upper | 6.698 6.698 6.734 6.734 6.754 6.754
- lower | 6.586 6.586 6.549 6.549 6.529 6.529
. upper | 11.499 | 11.456 12.143 12.104 | 12.498 12.46
Az
We2 lower | 9.502 9.448 8.858 8.8 8.504 8.444
upper | 4.735 '71.655 5.106 8.255 5.311 8.586
Azsz
lower | 3.583 5.794 3.211 5.193 3.007 4.863
1A upper | 22.457 25.19 23.202 | 26.075 | 23612 | 26.562
A%
lower | 20.146 | 22.446 194 21.561 18.99 21.074

i 484 FEEA Wl o WCl 7159 Fawde] wsgs Arnd,
pE209] AAFagFe] 4 ACI 2 ey 9= 17.323~21.42mm, PCA 29
A 9= 19.387~24.34mmE Uebeth A EA 4 Al ACT ZE
19.573mm, PCA R & 22.053mmE WEbst=dl Al# - 3ke] sidel] whel A
A WRelA A ehe SaFe] WIS d5E 7 Sk o]
3k Avbs B, A2, AxaS SaYdMRE YEhda o

WC1 7]l Ast wpzbA 2 WC2 715l dalre S4% deHes &

bikoa

21Tk, WelA WCL 7153 WC2 71559 Fawel
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Fhptom A & g Qlvh ol gk AytelA WCI 7s3 WC2 7159 s

BaolF SHEER Ay REF2TS 45T + A

349 AF b AAS A (H$] @ mm)
uto pw+1.6450 nt20
NE <X< <X< < X<
p—o w—1.6450 =20
Zoa 2R (68.26%) (90%) (95.44%)
ACI PCA ACI PCA ACI PCA
. upper | 13949 | 13949 | 14.005 | 14.005 | 14.036 | 14.036
- lower | 13.776 | 13.776 13.72 13.72 13689 | 13.689
. upper | 19986 | 20.854 | 20.796 | 21.695 | 21.242 | 22.158
A=z
Wel lower | 17475 | 18.246 | 16.665 | 17.405 16.22 16.942
_ | upper | 26.043 | 45.824 | 27.248 | 47944 | 27912 | 49.111
RESE
lower | 22.307 | 39.251 | 21.102 | 37131 | 20438 | 35.964
1A upper | 99.005 | 79.467 | 60.449 | 81.736 | 61.243 | 82.985
Aoz
lower | 54.531 | 72432 | 53.088 | 70.164 | 52.294 | 68.915
o A upper | 14469 | 14.469 | 14.528 | 14.528 14.56 14.56
- lower | 14.285 | 14285 | 14.226 | 14226 | 14.193 | 14.193
. upper | 21417 | 22.666 | 22.294 | 23587 | 227777 | 24.095
e
W2 lower | 18698 | 19.808 | 17.821 | 18887 | 17.339 18.38
_ | upper | 30.073 | 48.504 31.46 50.742 | 32.224 | 51.973
eS|
lower | 25.77 41.564 | 24.383 | 39.326 | 23.619 | 38.094
A upper | 64.886 | 84.381 | 66.518 | 86.788 | 67.416 | 88.113
A %
lower | 59.827 | 76915 | 58195 | 74507 | 57.297 | 73.182

E 499 WC1 7159 px209 HAFATF] ®ssE ACI RES 52294~
61.243mm, PCA 222 68915~82985mme] WEo]l A2 & d&S & & 4
th 28 WC2 759 AAEFL3ES ACI 29 57.297~67.416mm, PCA =9
73.182~88113mm¢e] ®sE Yepdth ol e AiteA ACI Rdz PCA 2d
AFES A5 5 vk wEbA X 483 & 4994 A e
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