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Performance Evaluation of Protective Clothing Materials for Welding in a
Hazardous Shipbuilding Industry Work Environment

Min Young Kim and Hyun Sook Bae'
Dept. of Clothing & Textiles, Changwon National University, Changwon, Korea

Abstract : This study conducted a performance evaluation of protective clothing materials used for welding in a haz-
ardous shipbuilding industry work environment. The welding process was selected as the one that most requires indus-
trial protective clothing according to work environment characteristics. Flame proofing and convection heat protection
performance (HTI) in the heat transfer characteristics of protective clothing material were indicated in the order of
SW1(Oxidant carbon)>SW2(silica coated Oxidant carbon)>SW4(Oxidant carbon/p-aramid)>SW3(flame proofing cotton).
However, radiant heat protection performance (RHTI) and the heat transfer factor (TF) were indicated in the order of
SW1>SW4>SW2>SW3 and showed different patterns from the convection heat protection performance. SW1 showed
superior air permeability and water vapor permeability. The tensile strength and tear strength of welding protective cloth-
ing material were indicated in the order of SW4>SW2>SW3>SW1 and showed that a blend fabric of p-aramid was the
most superior for the mechanical properties of SW4. SW1 had excellent heat transfer properties in yet met the minimum
performance requirements of tensile strength proved to be inappropriate as being a material for welding protective cloth-
ing. The abrasion resistance of woven fabric proved superior compared to nonwoven fabric; however, seam strength and
dimensional change both met the minimum performance requirements and indicated that all samples appeared non-haz-
ardous. Finally, oxidant carbon/p-aramid blend fabric appeared appropriate as a protective clothing materials for welding.

Key words: shipbuilding industry(Z41 ), protective clothing materials for welding(£3 ® &8 2A)), hazardous
working environment(3 29 273), performance evaluation(“d 5 % 7H
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Table 1. Characteristics of protective clothing materials for welding
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Material Composition Weave Weight (g/mz) Thickness (mm) Fabric Count (thread/5 cm)
SW1 Oxidant carbon Felt 525.9 3.82 -
Sw2 Oxidant carbon coated by silica Felt 550.0 222 -
SW3 Flame retardant cotton Twill 319.7 0.63 163x95
Sw4 Oxidant carbon/p-aramid(50/50) Plain 553.0 1.85 33%x26
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©] 73%-, M : mass of the copper plate in kg
Cp : specific heat of copper (0.385 kl/kg-"C)
A': area of the copper plate in
12/(ty4-t1,) : rate of rise of the calorimeter temperature
in °C/s, in the region between a 12°C
and a 24°C rise
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Fig. 1. TGA curves of protective clothing materials for welding.
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Table 2. Flammability of protective clothing materials for welding
Item SW1 Sw2 SW3 SW4
Surface Afterflame time (s) 0 0 0
Flame ignition Afterglow time (s) 0 0 0
spread Edge Afterflame time (s) 0 0 160
ignition Afterglow time (s) 0 0 9 2
Impact of spatter (drops) 46 37 >25 >25

o} A7} Z¥ Oxidant carbon F-2 2] SW29] Eall&==
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Fig. 2. Convective heat transfer index of protective clothing materials for
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Fig. 3. Radiant heat transfer index of protective clothing materials for
welding.
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Aok A ATH(Yoo et al, 1999). WA AlR2o] EAY
A A5 AvRy] 98 AE E82 EEQ)E 20 kW/

2 3lo] dEA|e] L 1240.1°C8F 24+0.2°C SElET 4

Zo] Fig. 3¢tk 4843, SWI1L] RHTI #te] 28.5s2 7
Zloem, SW3ol 202s2 7§ Ak}, ol FAVE A F
¥l A9 FIFSOZ sl BAKE A Aol o 55t
7] wjiZoln, SW32 ZIHA FAZ gl &71%0] A7
wj#ell RHTI #o] W& ASZ Azhgr)

Agl7} Z¥®  Oxidant carbon H2¥ESW2)9}l Oxidant
carbon/p-aramid &% HE(SW4)2] RHTI S vlws] B9,
T} FAL SW22l A% 2635012, SW4] 73§ 28.1s2A
SW42] RHTI gho] 27 veht HA1Ee] s 452 259
FAele] the aRlo] A& AoF AZtEQIY). ey 23
ARl BEAE WS e v 2] s BAKE Yl =EE
AEE B3l AA BAlgo] HEw do vl&S vehlle &
A 29l (heat transfer factor, TF)S &3] th. KS K ISO
6942014 ) o5l HeEo] 7B, T ot YAt
¥ Z32 W (incident heat flux density, Q) Al&sf ok
kR 20 kW/m™e] §AKE ZYA dee AFsle] Add Z
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£ Table 33 7t}

Table 3. Radiant heat transfer factor of protective clothing materials for
welding

Material  t;5(s) tas)  tutin(s) Qu(kW/m?) TF(20)(%)
SW1 17.5 285 11.0 6.01 30.0
SW2 175 263 8.8 751 376
SW3 12.8 202 7.4 8.93 447
SW4 173 28.1 10.8 6.12 30.6

olell &EHH tytia(s) Aol HASFE TF ol Flste 4
FE JepIE, oA dA 257t kst ARkl &
OAHA HYE= BEAMEL] Hgo] FUtehs 2 ov]gi.
BAE Ag A2 RHTI 32 SWI1(28.55)>SW4(28.1s)>
SW2(26.6s)>SW3(20.25)8] =02 Uehtom Mz dikao)
FAZF = TF 3ES SW3(44.7%)>SW2(37.6%)>SW4(30.6%)
>SW1(30.0%)¢] <=2 Yeht} RHTI #o] <= TF kol
2oz EAlE W3 Aeol ¢S e AUt

KS K ISO 11612(2011)°]] ¢JsPd HE 5] EALE "ol
g3 87 A5S 45708 EFsla JEd RHTI(ty,) 72
B} Cl 5F2 7.0s~20.0s, C2 SFE 20.0s~50.0s, C3 5
FE 50.05~95.0s, C4 SHL 95.05 oot} BAIIZRE] B
3 7158 7THE Y82 H4 87 A%l Cl 55 A
Fof Tk FABEL AT o] RHTI #ol A4 7.0s 14,
Hdl 20.0s "|RE] W eol| F|Fsl= AR B HAFNA ALG
3 AEE BF o] HYE 2Isle] C25F dPEHER B
FRogM EAGo) 3t 2P g BF 93 Aow 7
e At

5 A QB S783IAE], L glo] S W]
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&7k HEHZ o] AXEE (Lee et al, 1998) Fo] wW=A|
|58 Aoz Azidr). 1]y vty FA32Q swid H]s}
A7t 28 FHEL SW2] Quu WOl 0.111 Jem/sZA
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wApgo] Bt FHH o] Hua £ og Fo] wEA olF
31517] WjE-o]thHa et al., 2009).
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Fig. 4. Warm/cool feeling of protective clothing materials for welding.
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Fig. 5. SEM image(x35) of protective clothing materials for welding.
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Fig. 6. Air permeability of protective clothing materials for welding.
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Hr7] 9t F1FR=E SHIAh FEol vt FA
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S AAAES 1Y o R ] A HE &
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Yl AH ol o] SR8 AL EXo} HEAE T2
2 st 3] ¢3o] #Zth(Jeong & An, 1999). Tl 1t
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Fig. 7. Water vapour permeability of protective clothing materials for
welding.
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Fig. 8. Tensile strength of protective clothing materials for welding.
(MD: machine direction, CD: cross direction)
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Fig. 9. Tear strength of protective clothing materials for welding. (MD:
machine direction, CD: cross direction)
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Fig. 10. Abrasion resistance of protective clothing materials for welding.
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Fig. 11. Seam strength of protective clothing materials for welding.



Table 4. Mechanical properties of protective clothing materials for
welding

Item SW1 SW2 SW3 SW4
Demensional ~MD* 2.8 -2.5 -2.0 0
change (%) CD* -2.1 -1.5 -1.0 0
pH value 7.1 6.8 6.8 7.7

*MD: machine direction, CD: cross direction

Fig. 112 A& BT E Yepd ZAoZ SW2(440 N>
SWI1(337 N)>SW4(264 N)>SW3(243 N) <20 2 YePgt}, 24
Ao 83 A $4 AYA=IE wilg- & HolH, AA 3
27t Bxstal 293 felert & HolBZE PRy F
HoEo &7] Fio] £ AdxloA 2 Hsilg & &
Qomz £7|8 HeRwrst Faslth KS K ISO 11612
011yl of3hA dAaZel ek Hehe] 59 A= 87 A%
o] #4: 225N ofdelofeof si=d], £ A3 AMGE AEES]
it 5 Axe BT 2 oo E Yeht HA 87 435S
FE3e o2 AHEL Aoz A Eof Hlsle] FZ
o] BT Row, Ayt 28 FA x| SEst 7t
Pz

34. 8 H55 AX|e| x|5Hs I 2= 0{F

71E 715 REEC] FAA F shie AlFHe] Brkssithe
Aol 715 HeHL w290 AP oa wAsl= "ol <
3 ZslE . WuwsAHA FAR whE} ZAFRelA =
yzert & Helrh B Ao AME AEELS BF AlF
o] 7Fsslnz &7} Lolsixl Holx| gk AlFo we x]4<t
A4 72 Ay B Zar) ok Table 490 25 ofgin=
AR SWAE ALl eRgke] XSt dlen, F
ERr) BA x| WSk o] 27 IA YERdT Z22v KS
K ISO 11612(2011)¢] AFHskE 8 A5 3%s 94
olok BlER AE BEF G/BE HEHo oF Ao A%
3 Aoz AU I, REE 27} 7150l Cr(VI)
g 2o AR o7ME BF AfolRE 74 FE
Aol o5t pH S Z93t F3ld AFE vt KS
K ISO 1161120101 pH %ol 3.5~9.5 o|® 2RgAol|A
Fgk A2 XA b= 2R geal et BE AR
Al 7 W9le] pH #e HIoE=E BE AR7F 54¢] gl
Aoz APt

o) 93] Y ]SS FIF SF HIE DA HSH} A7 459

e WK Ak e 3
QAT SO BE B SE 9 8§ 35 S g

WA tFE BE 4% Oxidant carbon(SW1)y>Oxidant
carbon coated by silica(SW2)>Oxidant carbon/p-aramid(SW4)>
Flame retardant cotton(SW3)e] =22 FA| Yepstor, 2 -
Ido] AN AR DA elA FAE Bol F= EAF
e A =AY QOI(TFyS SWI>SW4>SW2>SW32)
o7 27 veht gig W A vk A0S B3k
A& Y2 7P gk swie] Wdo] o, ¥R Ie
9} BEE= SWIo) 7Fg 53l

A QA B AQAEE SWASSW2>SW3>SWI &
o2 et g olFr= S A9l Sw4e] o5y A4
Ao) 7P <=3t vhE sSwie] 49 FA2LE BHEEd) o)
sl A A= AL 27 Aol HIAA Zaker W
IRAE FA] ool 84 B AxEn R Zlos 7
e e SR Ee XHEE2 KS K ISO 11612

Q011)°] Ha a7 Ao BF TG, BE Age F

> 12

ANy Ad, 84 RoE AXEA e die 4
2]7F Z”3 Oxidant carbon H-23Z(SW2)9} Oxidant carbon/
p-aramid EHAF(SWAR LERTE SO R o]5 ErfE A
|4 Roig AFsle A e Ahdde] 2
7t et 2A99] fatddd oie-S flet H49
4 HEE Jfdo] 7bsd Zloe Azkdr

Al =

o] =EL 20129% AR @S |sRe] Ao s
ATAEe] 71 E2ATFAR] AL ol 3E AU (No. 2012-
0004400).

References

Bae, H. S., Park, H. W, Park, G A., & Kim, J. K. (2010). Status quo
analysis on the wearing conditions of working clothes according to
the working environment and working process. - With reference to
the shipbuilding industry workers -. Journal of the Korean Society
for Clothing Industry, 12(62), 203-213.

Bae, H. S., & Kim, M. Y. (2012). The work environment and wearing
conditions of industrial protective clothing in shipbuilding
workshops. Journal of the Korean Society of Clothing and Textiles,
36(5), 512-522.

Barker, R. L., & Lee, Y. M. (1987). Analyzing the transient
thermophysical properties of heat resistant fabrics in TPP
exposures. Textile Research Journal, 57(6), 331-338.

Chung, M. H., Park, S. J., Shin, J. S., Koshiba, T., & Tamura, T.
(2006). Evaluation of physiological responses and comfort of
protective clothing using charcoal printing. Journal of the Korean
Society of Clothing and Textiles, 30(6), 981-991.

Ha, J. E., Jeon, Y. H., & An, S. K. (2009). Thermal and moisture transfer



460  B1FO)F 9818 %) AI5H A3E, 20134

properties of fabrics used in protective clothing for welders. Textile
Science and Engineering, 46(2), 106-112.

Han, I. S., & Lee, C. B. (2006). Characteristics and application of
aramid fiber. Fiber Technology and Industry, 10(4), 339-349.

Han, J. M. (1991). Present condition of shipbuilding welding technique
and streamlining plan. Magazine and Journal of Korean Society of
Steel Construction, 3(4), 13-19.

Holcombe, B. V., & Hoschke, B. N. (1986). “Do test methods yield
meaningful performance specifications?”, Performance of
protective clothing, ASTM STP 900, Barker, R. L. and Coletta, G.
C., American Society for Testing and Materials, Philadelphia, pp.
327-339.

Jeong, Y. M., & An, S. K. (1999). A study on the mechanical
properties and moisture transport properties of flame resistant
fabrics. Journal of the Korean Fiber Society, 36(3), 251-256.

Lee, H. J., Lee, M. S., Kim, S. J., Cho, D. H., & Kim, T. H. (1998).
A study on the thermal comfort to the weight reduction rate and
fabric structural parameters of PET fabrics. Journal of the Korean
Society of Clothing and Textiles, 22(7), 816-825.

Lee, J. H. (2010). A study on component analysis and reduction of
welding fume and dust from the hull assembly in shipbuilding
industries. Unpublished master’s thesis, Ulsan University, Ulsan.

Mieck, K. P., Nicolai, M., & Nechwatal, A. (1995). Contribution to the
judgement of fibrillability of cellulosic fibers. Chemical Fibers

International(CFI), 45, 44-46.

Plante, A. M., Holcombe, B. V., & Stephens, L. G. (1995). Fiber
hygroscopicity and perceptions of dampness. Part I: subjective
trials. Textile Research Journal, 65(5), 293-298.

Ross, J. (1977). Thermal conductivity of fabrics as related to skin burn
damage. Journal of Applied Polymer Science: Applied Polymer
Symposium, 31, 293-312.

Shalev, 1., & Barker, R. L. (1983). Analysis of heat transfer
characteristics of fabrics in an open flame exposure. Textile
Research Journal, 53(8), 475-482.

Shin, D. S., Jeon, Y. H,, Han, S. M., An, S. K., & Lee, E. S. (20006).
Evaluation for thermal protective performance of protective
clothing. Textile Science and Engineering, 43(1), 16-23.

Yoo, H. S., Ning, P, & Gang, S. (1999). Changes of physical and
mechanical properties of firefighter protective clothing after
radiant heat exposure. Journal of the Korean Society of Clothing
and Textiles, 23(6), 853-863.

Yoo, J. H. (2008). Risk assessment program of shipbuilding industry.
Journal of the Korean Society of Mechanical Engineers, 48(6), 66-
69.

(Received 7 December 2012; 1st Revised 16 January 2013;
2nd Revised 13 February 2013; 3rd Revised 9 March 2013;
Accepted 20 April 2013)

Copyright © The Society of Fashion and Textile Industry. 2013. This is an open access article distributed under the terms and condi-
tions of the Creative Commons Attribution Non-Commercial license (http://creativecommons.org/licenses/by-nc/3.0/), which permits

unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




