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Work Process Analysis of the High—performed Precast Concrete Columns
using Simulation Technology

Shin, Young—Su' - Cho, Kyuman® - Cho, Chang—Geun'
"Department of Architectural Engineering, Chosun University

Abstract : Since the structure systems of construction projects have been forced to be large, high—rised, and
complex, many researchers have been put their efforts to develop high strength concrete incorporating diverse
advanced materials, In order to improve the performance of the concrete, the fibers leading high ductility to
concrete have been used, consequently concrete columns adopting High—Performance Fiber Cement(HPFC) have
been developed, This paper analyzed not only the construction work process of HPFC column installed to the
real construction project, but also construction productivity of the columns by using discrete event simulation
technique, As a result, several considerations on installing such a column have identified, compared with the
works for typical concrete columns, In particular, there was specific characteristic to install the columns in terms
of labor resource productivity, which is not shown with the work for the typical concrete columns,

Keywords : HPFC concrete columns, Work process, Discrete event simulation techniques

1. ME Al AtE AL Qict, 53] vigHAAA Al 9] AR &
1 o410 e 2 5 Q) 748 wAR)Ee] Bold, Bt 548 245l 1)
187 Sl Maw sk Pad, A 1S A 4 9
A2 AE AFEA o= W2 3E50] 245k, = )dolt) B T Bl Hogge moa|Eo] 59)

12 ZREARS A AZEA] 2 oF 50% oAk X1X|35F St 1145 A9-E35H] AMIE(High Performance Fiber—

CHWoo et al. 2008). oleje TxgAR= 57] B EAH Reinforced Cement, ©]8} HPFC)S A2 E dF= Zz]7|

Z0lod whe FaT 842 A8, o2 A n 1= (Precast Colurn) 2| AHEEAAS 714

It W dp AlRELL e, Y, H A R ggeold s1ue wgste] BsIgI) o) B9 HPFC

o] vpeyal, hgsl, ar5el 9l Aok A S E S 7)50] A Az ZAL A A AFo| TloFst Al mAbe] ol

Ao et et aqtEaL glow 5B e A 18] 901S BAET)

EO] n7tw 9 a/dEsb) thREaL 9ok (Cho 2011), 3L

T 9l A} SeE A Egas Ao ek 1.2 A1o| | 3l HiH

AU Aol gt Bt 2 E )sso] 2hlst AR O & HAIFAYE 250 5, X[ RIekaa) 3

& HBHEL WS A9 71E Aol sl MLk, 59
7% shekt Hito] g 9 Aslo] we)e] 4zt

* Corresponding author: Cho, Kyuman, Department of Architectural S+l W uhy] dAto] UeRd ) EA o) Ul AMAlEl= oF
Engineering, Chosun University, Gwangju 501-759, Korea RSP v Thela = s _,‘7\_
E-mail: chol29@chosun.ac.kr S HQItHLee et al, 2009), WA o]& 7jAlskaIA} 7]
Received January 2, 2014: revised February 3, 2014 T A0l ofg 7R R RY RS AMs=d),
accepted May 8, 2014 _“}]: O,j_‘?' 37],;(]_]&;/\_1 HPRC 7]?__ ;SI ]'E—E_E]E 7]

staziMme|sHs =21 Misa M43 20ud 72 49



%
@
DY
%
Am

o Wes A+LE xl&selet g

& AR ALl e} 1 Bt o] 7} 3
A 9 wlgo] A Elum | ] 9 A ST 5
HEth(Kang et al. 2006). whebA o|F sidsk] f1al, st
3 g7 AE (Half—Precast) &% 0] #-8% HPFC 7%
BUS B4 oo WS, i BHe) Al AE

ARIIE 03}01 HIOIE%E sl =3 HelEE 7]
ZF

F

O 1l
ack AA B o3t @t HPFC 715 9 RC 7%

doleE HigeR, 1) AAeEder] 2 A=)

sk, 2) AlEElold RS 29t AeleEE B4
AR, ) E AYGARE AR 3) Al 2F
PIEEA|ALE 715 HlolE & 7[REe & AlEd|o]4 mdl 7Y
9 1 Web—Cyclone Simulation2 9§t Coding 2% A
AlstaL, 4) Aladlold Axt gk siAls E3 7 7l

of I RA-E vl ST,

2. OfjH|X ozt

21 HPFC 232IE 7|3

2 A5+ HPFC 7] 7sS S E Higd 27
oA HAE &3t Ae= 34 ECC(Engineered
Cementitious Composites)2}1.% gt} ECC= Zol7} 20

mn [, 274 0.05mn ©]&Fe] vi-¢- 7Rttt I HRE &
U ARIEA B amA, HAiFE SUTeRA =2
Y 5o W MY S 2 2oV AHIE &
SAlo|th(Lee et al. 2009). HPFC 71%-9] A48 thex
ZtHCho 2011, Cho et al, 2011, Cho et al, 2013)

stress

17580

’ \ i

’ v

SHCC ' v

1 L

= === concrete . 1

> 0.02
0.1f, £, 20.002 strair

Fig. 1. Comparison of tensile stress behavior (Cho et al, 2011)
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Table 1. Properties on the type of fibers (Cho 2011)

= pva Fiver | S | camon | PP | Aramid
Fiber
Tensile
strength 800—1600 1200 3500 600 3000
(MPa)
Strain rate (%) 6-10 3—4 0-2 25 4
Specific
) 1.3 7-8 1.7 0.95 1.4
gravity
Durability O A O A X
Cement
- O X X X A
affinity
Perf
er orménce o A X ~ X
per price
o Ease of Heavy, . Floats )
Characteristic . Expensive Expensive
concrete mix | Easy rust on water

% O:Excellent, A:Normal, X:Poor

Table 2. Properties on the type of enhanced concrete columns

(Cho 2011)
. HPFC Column Steel plate Fiber sheet
(This study) composite concrete concrete
. High tensile fiber
Material Steel Plate FRP Sheet
concrete
Placing concrete | Using steel plate to Sticking method
Principle | which combined reinforce with sheath | by adhesive
high tensile fiber form carbon sheet
- Inexpensive - ILight weight
- |[Excellent and load
integration - IReliable strength of reduction
Strengths ) ) o
- IHigh strength steel material - |Durability
- |Applicable - ICorrosion
precast method resistant
- |[Expensive .
) ) - [Expensive
_ - INeed anti corrosion )
- |Using coupler - INeed high
Weak— ) method )
(in rebar . quality control
nesses . - IPoor constructability .
connection) - INeed special
- ILong work task .
equipment
duration
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Table 3. Elements of CYCLONE Modeling (Halpin and Riggs
1992)
Symbol Name Function
Units arriving at this element begin
NORMAL processing immediately and are
not delayed.
This element is always preceded
by Queue Nodes. If units are
d available at some but not all of the
COMBI )
preceding Queue Nodes, these
units are delayed until the condition
for combination is met.
This element precedes all CO
—MBI activities and provides a
location at which units are delayed
QUEUE

pending combination. Delay
statistics are measured at this
element.

It is inserted into the model to

perform special function such as
CONSOLIDATE ) o
conunting, consolidation, mar

—king, and statistic collection.

It is used to define the number of

o
O
=

COUNTER )
times the system cycles.
Indicates the logical structure of
R ARROW the model and direction of entity

flow
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Table 4. Case introduction

Project Name New Construction of OO District Court

Structure System Reinforced Concrete

Building Category Office Building

Building Scale B1, 5F
Site Area 10,530.40m*
Construction Area 2,138.56m
Total Floor Space 6,610.98m

Number of Column 35EA
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Fig. 2. 1st floor plan of the case project
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Fig. 4. Actual image of the column installation
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Table 5. Input Resources of HPFC and RC Columns
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Mingand | 1 18] <:FHeyele) AXEE OF 5AH 40802 ZAEO
placing (=3Man) (Mixer) o }
= Zp A 9fH 28 AR Table 63 2t
Curing (=3Man)
el © © o “ Table 6. Duration data on each activity of the columns
Coupler 19
connection (=4Man) Activitios HPFC | RC
Rebar lift 19 1 Duration
ebar li
(=4Man) (Crane) Precast box O X
Main rebar 19 19 Box lift 0.167
arrangement (=4Man) (=2Man) Box insertion 0.333
) 4)
Tie hoop 1 ( 21M ) Non shrink mortar O X
arrangemen =2Man
g Mixing and placing 0.5
Form O - S - Curing 1.0
) 13) 13) .
Form oil spread (=4Man) (=4Man) Rebar O O
) ) Coupler connection 0.167
Form connection (=4Man) (=4Man) Rebar lift 0.333
Concrete 0O O 0) 0) Main rebar arrangement 0.333 1.0
12 1 12 1 Tie hoop arrangement : 1.0
Placing
(=3Man) | (Pump car) | (=5Man) | (Pump car) Form O O
x 1) Lift work crew, 2) Concrete work crew, 3) Form work crew, Form oil spread 0.167 0.333
4) Rebar work crew Form connection 0.5 2.333
Concrete O O
Table 604 &= vie} 7o), M= FQelo] 19] =gl Placing 0.5 1.0
(cycle) AR oF 5AZEO.R SAE|glom], 53] H55% 1 o — —
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Fig. 5. HPFC Column Simulation Model(modified from Shin et al 2013)
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Fig. 6. RC Column Simulation Model
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o] ek Sele skt AlEdlold 2UoRM,
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Aol skt F el Algdleld Ak
Table 7, 8, 99} o] LEHL.

4.1 ZHA[ZHE H|w

Algdlol AuE vhgo R AR = Zwel 2f
o] %L el5ka1A}l Bt} HPFC 7]1% 9] & A
2 120.0 AIZFOR UER o Tyl AR AJAL
2 0.2917(cycle/hour) &2 UERGOH | ot Ato]E AIXR>
3.428 A|7ro= yeRgth Ank RC 7% 39 & A4t
AR 96,3 AEo = Yo el ATk AgAk
32 0.36(cycle/hour) & WEFFE O™ 5t AolE AR
2. 751417 o =2 e tHTable 7).

Table 7. Simulation result 1: Productivity and Cycle time

_ Total Sim Cycle No Productivity | Average Cycle
Time Unit(h) | = | (time unit) Time(h)
HPFC 120.0 35 0.2917 3.428
RC 96.3 35 0.3634 2.751
42 EUXIIH Bl
Alg ol AaE vieto 2 FolAd = File) Zo|

HPFC 71%-& ¢19F 2% (Node 4)ollA] 71.25%, =L
¢](Node 5, 15)0ll4] 71.25%, 80.71%, 94 (Node 8)ell4]
70.00%, BZ7HNode 22)o14 85.41%%= =& G5 Ae)
= Holoy, FAE 2% Node 10)0l14 0.42%, T=
2% Node 19)014] 15.42%% W2 -5 el Ect
(Table 8).



Table 8. Simulation result 2: HPFC Column installation

Node| Name | [ eEE 1M e | omptn | ' wai et
1 HPFC 2.5 35 17.0 14.17 2.8
Column
4 Lift Crew 0.7 1 85.5 71.25 1.2
) Crane 0.7 1 85.5 71.25 1.2
6 Waiting 5.4 23 89.0 747 9.5
8 Mixer 0.7 1 84.0 70.00 1.2
10 | S g 1 05 |042| 00
Crew
11 Waiting 0.0 1 0.0 0.00 0.0
13 Waiting 0.0 1 0.0 0.00 0.0
15 Crane 0.8 1 96.9 |80.71 1.4
19 |[Form Crew 0.2 1 18.5 15.42 0.3
20 Waiting 25.0 33 116.5 |97.08 56.7
22 | Pump Car 0.9 1 102.5 | 85.41 2.8

elHl RC 7)%-& A F1](Node 5)0llA 93.44%, 24
Z|E A% (Node 11)o|4 63.66%, HE7HNode 12)04]
63.66%= =2 - AHE Boo, ot A =(Node
4)ollA 0%, & 2HE(Node 8)oI4 2.08%= 19~ =2
5 e S HtHTable 9).

Table 9. Simulation result 3: RC Column installation

Node| - Name | 1T ie | omptytn) | ' wai tmolty
1 RC Column | 26.9 35 96.3 100.00 24.2
4 | Rebar Crew 0.0 1 0.0 0.00 0.0
5 |Form Ready 5.7 12 90.0 93.44 1.7
8 | Form Crew 0.0 1 2.0 2.08 0.1
9 Waiting 0.0 1 0.0 0.00 0.0
11 | Coneete 1 e 1 613 |63.66| 1.7
Crew
12 | Pump Car 0.6 1 61.3 63.66 1.7
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Table 10. Sensitivity analysis 1: HPFC Column installation

Crew Variation Scenario 1 Scenario 2
Node
Name A" B” A B c”
1 HPFC Column 17.0 1417 30.0 77.92 | +63.75
4 Lift Crew 85.5 71.25 4.0 10.39 | —60.86
5 Crane 85.5 71.25 4.0 10.39 | —60.86
6 Waiting 89.0 7417 37.0 96.10 | +21.93
8 Mixer 84.0 70.00 19.0 49.35 | —20.65
10 Concrete Crew 0.5 0.42 1.0 2.60 +2.18
11 Waiting 0.0 0.00 0.0 0.00 0
13 Waiting 0.0 0.00 0.0 0.00 0
15 Crane 96.9 80.71 25.8 67.13 | —13.58
19 Form Crew 18.5 15.42 19.0 49.35 | +33.93
20 Waiting 116.5 | 97.08 35.0 90.91 —6.17
22 Pump Car 102.5 | 85.41 21.0 54.55 | —30.86
Total Sim Time Unit(h) 120.0 38.5
Productivity (/time unit) 0.2917 0.9091
Average Cycle Time(h) 3.428 1.1

% Scenario 1: Concrete Crew 1, Form Crew 1
Scenario 2: Concrete Crew 2, Form Crew 2

1) Times not empty(n), 2) % Idle, 3) Gap of % Idle with Scenario 1

Table 11. Sensitivity analysis 2: RC Column installation

Node Crew Variation Scenario 1 Scenario 2
Name A" B? A B ¢

1 RC Column 96.3 100.00 | 51.0 | 100.00 0

4 Rebar Crew 0.0 0.00 0.0 0.00 0

5 Form Ready 90.0 93.44 44.0 86.29 | —7.15

8 Form Crew 2.0 2.08 2.0 3.92 | +1.84

9 Waiting 0.0 0.00 18.0 35.30 | +35.3

11 Concrete Crew 61.3 63.66 16.0 31.36 | =32.3

12 Pump Car 61.3 63.66 16.0 31.36 | —=32.3
Total Sim Time Unit(h) 96.3 51.0
Productivity (/time unit) 0.3634 0.6863
Average Cycle Time(h) 2.751 1.457

% Scenario 1: Reber Crew 1, Form Crew 1
Scenario 2: Reber Crew 2, Form Crew 2

1) Times not empty(h), 2) % Idle, 3) Gap of % Idle with Scenario 1
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