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Abstract

Synthetic resin formwork is made of lightweight high-density polyethylene(HDPE). This study used a process flow
chart that satisfies the system boundary (such as Cradle-to- Product shipmen ) required by ISO FDIS 13352 to
evaluate the entire process of synthetic resin foam using. The entire life cycle inventory (LCI) database calculated
from input energy sources, materials used, transportation methods, and manufacturing processes at the system
boundary was analyzed. Based on the environmental impact assessment index methodology of the Ministry of
Environment from the LCI data analysis of synthetic resin formwork, the environmental impact assessment was
carried out through classification, normalization, characterization, and weighting process. The experimental results are
as follows the amount of CO: (carbon) emission considering the number of conversions was about 32% lower than
that of the Euroform. This shows that the use of synthetic resin formwork reduces material production by half
compared to Euroform and reduces CO, (carbon) emissions.
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A Study on Life-Cycle Environmental Impact of Synthetic Resin Formwork
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b) face
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Figure 1. Synthetic resin formwork(size 300mmx 1,200mm)

Table 1. Physical and mechanical properties of HDPE

ltem specTifeicS;tion Unit \/Taeljte

Density ASTM D792 gfem 0.961
MFR(190°C, 2.16kg) ASTM D1238  g/10min 5.5
Softening point(vicat) ASTM D1525 T 125
Tensile strength at yield point ~ ASTM D638 kg/om 290

Elongation at break ASTM D638 % >500
Shore hardness(Shore D) ASTM D2240 - 65
Flexural modulus 1% secant ASTM D256 kg-cm/cm 8
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Figure 2. Synthetic resin forming process
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Table 2. Summary of LCl DB used for assessng environmental loads of synthetic resin formwork

Funfgi?nal CO, CO SOX NOX NH; anthracite soft coal natural gas crude oil
, Information . Information  Information  Information  Information  Information
plywood " 8.01E+02 closed 269E-01 128400 closed closed closed closed closed
Pres(g %81%?]3)3‘”9 one time  188E-01  1.87E-05 628E-04 460E-04 432E-07  327E-07  173E-07  B867E-03  846E-03
section steel kg 4.19E-01 1.06E-04  1.19E-03 1.35E-03  9.57E-09 1.29E-01 344E-04 1.49E-02 3.85E-02
HDPE kg 1.88E+00  9.15E-02  1.61E-03 291E-03  1.14E-06 1.06E-04 1.13E-04 9.90E-02 1.49E+00
PE
Injection molding kg 290E-01  289E-05 9.70E-04 7.11E-04  6.67E-07 1.17E-07 6.20E-08 1.34E-02 1.3E-02
Truck over 12ton  ke/kg-km  1.14E-06  1.41E-08 - 1.19E-08  1.86E-14 3.12E-09 - 1.63E-08 3.72E-07
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Figure 6. CO, emissions considering the number of use
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Table 3. Comparison of power consumption

Inventory for environmental load(kg-eq/30uses)

Division Formwork Total
) ota Global Photochemical T - Human Resource
environmental ) . ) Acidification  Eutrophication - )
} warming  Oxide production toxicity depletion
impact
euro form 42E-07 3.4E-07 5.4E-09 1.6E-08 4.7E-09 1.1E-09 50E-08
CO, emissions during
formwork
synthetic resin form 6.6E-07 4.86-07 7.4E-08 2.0E-08 5.9E-09 1.4E-09 7.5E-08
euro form 8.4E-07 6.9E-07 1.1E-08 3.2E-08 9.5E-09 2.3E-09 9.9E-08
CO, emissions during
formwork(30 uses)
synthetic resin form 6.6E-07 4.86-07 7.4E-08 2.0E-08 5.9E-09 1.4E-09 7.5E-08
SEAT =T A — -
% A Al fEE0] PG AR Er} CO, WiETol
= BOEO7 1 §iGnI1:::Itwarming %‘:—1“71] 1/]-7:” %T:I-
L 70E-07 |
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s \ - . Tl 5 =
3 aoro7 | X ® Eutrophication FlgU,I'e 73”]‘ Table 3—1‘_2_‘ o —:—'jl‘—:ﬂ]‘ %}‘}\j_{’\—x 71#)&9] _E_
E oo | —> 5o}, sk BAsh 7EAo] 3 59 B ERES
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1.0E-07 r

0.0E+00

Euro form Synthetic resin form

a) Results by form type

9.0E-07 -
M Total environmental
8.0E-07 [ impact
= N Global warming
§ 7.0E-07
g 6.0E-07 L a Photochemlcal oxide
) production
E 5.0E-07 L H Acidification
[}
= 4.0E-07 | M Eutrophication
c
o
g 3.08-07 W Human toxicity
£ 20607 |
2 Resource depletion
* 1.0e-07 |
0.0E+00

Euro form

Synthetic resin form
b) Results according to the number of time

Figure 7. Environmental impact assessment

HiETo] 32%7F ARSI RRE2 83evt 159
neto s oAl AR Ert 1/20] Ho ofs #=F
et Frpkgo] Al ARy 2 HEs AA |

r

2ielo] CO, HhEFS ABTISIGILE A8V TS
ARY AE 303] o] 2E 2§ 15912 A A
W= 71t

ARR FR0) T WS L B4
o] Bt 9F56% ¥ Uehgort 48358
RS BYFS G2F o] 20 opgo] WS
A AZH] oF 21% WA ekdch 308] 8
Fom FSA A ATexdsl Abgsk Rt
WIS @ AT GBS 92E ol 42 30% 38
% 38% 38% % 25 %4 W ek, AYAoE 59
S 0] PAA AT A A 2 B B8 3
37k WS @4 AT @ 48o] Soldol ot

S
4
o @Rt o] Bolsk A2 T 4 7 A

iz}
NSl

N
|~

R
)
Norrork

A

2
i3

T [
of
o

[¢)

5.2 &

2 A= REE IEA AFHY LCT HlolE #4
O BRE FFR0| FAGFH7 A WHE 7]Hkelo] £
Fo} st B4 9 78R I3 A EFFEL
£ S9olo] o33t 42 AvE At



1) 300mx 1,200m 742] 452 AFR 170 A= A3

AE Al CO, HiEE2 R=E00 BIsl oF 34% 71S &
Al UER: SR A83E AEfRt CO, HiEF
< g o] 28 oVde] d8Ade 2k A
AFFo] oF 32% 71 RSkt o= %*5‘# ] 71-.%9
AR frEE ] AV 122 Y 5 %)L
H, CO, HiE a‘: Aoz ofofd & qltt.

2) AE3ErE ARt YT ok TP 8.4E-
07kg-eq/303] 48 Hel F=FA Bls] A

733(6.6e-07kg-eq/3038] 718)e] g5t WA

L 9k 21% Witk
3) 309] AE= 7IEes A AT A2

S}, 4l REYs) =AY 9 A JF>

F=F0 Bl 4ZF 30%, 38%, 38% H 25 %X

Pyl

8 ¢

A AT Wil go] ot ] = 22
oEHHDPE)E Alm= ARSIt eHdAl AT At
J 715 951l 1SO FDIS 13352004 273l AlAE
AE US31eS 34 S5 A, olof w1
2e A28 A= Cradle-to- Product shipmen©|th
i Al2" AR T oluAlg, ARALE, 25,
AR So=RE A My ZS5(LCD) HlolEfHo]
=it Al AR LCL Hlofe] 24 o=
S| SHITH R TR Vsl £
s}, Aytel B8t H 7ISAl e A SH9RE
oI, 1 A= FEE0] S B vt
ot AdEan, A3l 1Egt CO; HiEdE =5 o
H] 28 opde] M8Ade 2= FATA AFKe] °F 32%
71 R ol A AT AR fr=F Hiv] A
A S 122 22 4 9leH, CO, Hies Aoz o
ol 4= qlt.

X

Hl

i

*ﬁn‘uﬁ

%

4>

e : R2E

’

Funding

Not applicable

251

ORCID

Kyung-Yong Nam, http://orcid.org/0000-0002-7468-5116
Keun-Hyeok Yang, http://orcid.org/0000-0001-5415-6455
Young-Do Lee, http://orcid. org/0000-0003-1439-2693

References

1. ChoiDS, Jeon HC, Cho KH. Study on environmental impact thro
ugh analysis of materials used for apartment complex. Journal
of the Architectural Institute of Korea Structure & Construction.
2014 Sep;29(1):195-203. http://dx.doi.org/10.5659/JAIK_PD.2
014.30.9.195

. Mun JH, Nam KY, Yang KH. Life cycle CO; assessment of
synthetic resin form considering dedicated frequency. Autumn
Annual Conference of AIK; 2019 OCT 24-25; Daejeon, Korea.
Seoul (Korea): Architectural Institute of Korea. 2019. p. 632.

. Jung YB, Yang KH, Choi DU. Influence of fly ash on life-cycle
environmental impact of concrete. Journal of the Korea
Institute of Building Construction. 2014 Dec;14(6):515-22.
https://doi.org/10.5345/JKIBC.2014.14.6.515

. JinHS, LimHY, Lee §J, Kim SI, Lim JH, Song SY. Annual intensitie
s (2016-2017) analysis of energy use and CO, emission by end
use based on measurements of sample apartment units. Journal
of the Architectural Institute of Korea Structure & Construction.
2018 Jul;34(7):43-52. https://doi.org/10.5659/JAIK_SC.2018.3
4.7.43

. Won]JY, Lee SH, Park TW, Nam KY. Basic applicability of an insu
lated gang form for concrete building construction in cold weat
her. Construction and Building Materials. 2016 Oct; 125:458-64.

http://dx.doi.org/10.1016/j.conbuildmat.2016.08.036

. Nam KY, Won JY, ChunJY, Jung §J. Temperature record and
strength development from using gang-form adhered to
polyisocyanurate board. Journal of the Architectural Institute of
Korea Structure & Construction. 2012 Jul;28(7):117-24.
https://doi.org/10.5659/JAIK_SC.2012.28.7.117

. Chung BY, Lee HC, Kim JH, Go SS. Performance evaluation of
recycled synthetic resins euro-form by injection modeling meth
od. Journal of the Korea Institute of Building Construction. 2010
Apr;10(2):105-13. https://doi.org/10.5345/JKIC.2010.10.2.105

. Korea land & Housing Corporation, Apartment Formwork
Guide. Seoul(Korea) Korea Land & Housing Corporation.
Yongsan (Korea): Gun Sul Do Seo Publishing Co. 2008. Jan 3.
Korean.

. Kang SH, Ahn HJ, Lee CS, Lee DM Cho HH, Kang KI. Assessment
of CO, emissions of eco-friendly lightweight form in the
construction process. Proceeding of the Institute of Building
Construction; 2019 Oct 31-Nov 1; Chungju, Korea. Seoul



A Study on Life-Cycle Environmental Impact of Synthetic Resin Formwork

(Korea): The Korea Institute of Building Construction. 2019. p.
10-11.

10. Korea Ministry of Environment. Hankookhyeng Hwangyeong
Yeonghyang Pyeonggajisu Bangbeopron [Korea environmental
impact assessment index methodologyl. sejong (Korea):
ministry of Environment; 2003. p. 166. Korean.

11. ISO 13315-2. Environmental Management for Concrete and
Concrete Structures-Part 2. System Boundary and Inventory
Data. International Organization for Standardization. Geneva
(Switzerland): International Organization for Standardization;
2014. p. 23.

12. ChungBY, Lee G, Lee HC, Go SS. A study of the development of
recycled synthetic resins euroform. Journal of the Architectural
Institute of Korea Structure & Construction. 2007 Jun;23(6):171
-8.

13. KimTH, Ahn §J, Lee YD, Nam KY. A study on the performance
evaluation and field application of synthetic resin formwork. Jo
urnal of the Korea Institute of Building Construction. 2018 Dec;
18(6):577-84. https://doi.org/10.5345/JKIBC.2018.18.6.577

14. Yang KH, Seo EA, Jung YB. Effect of ground granulated blast-fur
nace slag on life-cycle environmental impact of concrete. Journ
al of the Korea concrete Institute. 2014 Feb;26(1):13-21. http://
dx.doi.org/10.4334/JKCL.2014.26.1.013

252



