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Fig. 1. Standard time-temperature curves for cellulosic and
hydrocarbon fire resistance

o g @b Y

93 T 1 AKLLIT 9 Jlowe b5 — =)
$5dl il 38 (5%
oSl sl Sy G BT bl sske o
WY adlas 5o ool e olags 55 adals e 51 a5k
51 ey 55 Olan 5l aholidly 5 pbdl oy Sy s Lol
O R VS A P BT Sl ISP P NE RS PN
555 Sl Oleztl e 3 ilies (gl goi ol fus 4
S5 iS las cils p Slaalis bl o 1l glags s
A e a5 sl e Cld gl el el L
b b s oo 31 ol Olialol ol b ol Lad gas
ALE S gos ol 5 (2 g s Sl sl a5
byloe 5 5 5l pd She oS iy ls, 2 slens
s padsn pl el dal aalsl s OF =00 55 lliae 0
ig S 350 s g a0y g opl Olexstlee 535 ol s
31 el 035 i a3l gl 3 el 4 (slales
Sk J e o3 s s kb i Sl slaas s
(S Se e oot Sla gl o b s sl sl
5 S5 o 2 S S lilemy (9512 aslie
ol 3 eas sl glad el =k .23 5 513 XRD/XRF
g0 e S0 a 1] 65 5elS (3ledta b el o cllie
Ll o S8

53 sl ol s sl el ) e Sl ax s L
o e 03 Sl el i g esli ) 508
3525 558 53 G 3l e Pl Slasla g
Ol 5 L ol ad calie sl 5 ol 51 iy 03,10
bt 4 Sl SeS Ol el Sl 5 Ly

eled o § 9 50

T RS
S eslanad 5 gla ts O e o Gl
5 odba 3l 5Ll olestlo Jols aisle s 51 sl -
P S P
s 58 Sl s aalllae g« it -
Dol 55, glapdd 5 s S
5 mop el slall 5y Jomes 51 us3l -
Flas 2 Gl paiped
3orre g kel 5 Oladad g alb w5 edaline -
Jels osla il LLE 5l (glid caslie s
AT e 52 45 i s (bl 4 sl
s XRD (5155 0 olad (iT la iolosl Klos s
S o o5 A el S 5 Hllas (65, XRE
b S g sl s CJL.M b

Sl e S Ul 5Tl s e slie O gas
Sl B 534S (B35 53 Shes aib s walsl gl
sl gt 25Tl 55 OF Caslie 03,8 o 513 YL labes
Szt o sy 5Tl 53 Cnslie il Sl o5 5
O3l i 0558 53 0l — Lo 3l 35 S b
(b sl lanl Clasilo SL s 5 5535 0
e 3y oo (S e sl ol bl s Sl
1SO 834 5,1kl bl 6505k Ol — Loz 5l

W‘QM&\J‘(\)Jg‘Zjéjﬂ)ﬂb\))J

T-To= 345.log (8t+1)

jt ;)LAJ')J c)js L;LAJT cﬂj.:}} g_,.m:-).t QLA)t ;)T)JAS
RO J«:_x_..wk.w A )0 e 93 A ‘e)jS 4.9}\ LSLAJT()
IS e 5 s anxl e [17] 4 iy Sldlas (6l



ILKes 5 ol da

o3y & Sled o R Sas B

Glacad 5l (Ul Carud i 5 cpioman 355 0 03
s LS sl sy e S 4 e b Sk
B 53 ek Ly ot Yoz il L 03ll Jas pde
sl o5 s bt -l s 042 b ls 4 a5 Lo
20l g B Jod o etk aiS Vs 4 5 A3L o3l &5 AL
2 o) S Jrate (5 3 ) Gr o 3
(aals)

i 5, e Sl s byl all LMCE & sei -
RIS POREK GOV W PO RPN PR A
ol Jsdse 5 ey a5 0 LS5 0 b Oleps (S
sem e s ) S F 0l phu s ) sl
Q.,\._.iﬂ\_.géa_,\.«..,\._})‘: L e F 5 (O3 G
o W ke bt 3 5l B S e oise
ol IS e i 1 Lyl 5 5l abliie Cusls 5L
3V Sl (Sl sl sz 4 ax i b Slalad
Alodisr a4 O &l OAD O (pimen

() CWIT (W) sdls ey gaisesl 5 5l sl Y K2
MC6 () s F2
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Fig. 5. Sample F3 after fire resistance test in the furnace
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anhydride and calcite from a mixed sample with various
materials
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the aggregate and removal of aggregate from the paste is
seen; (b) the metal piece is visible on the paste
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Fig. 9. X ray diffraction (XRD) of heated concrete (prepared
by the structure Committee).
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Flg 8. Scanmng electron microscopy (SEM) image of MC6
sample, the cementitious material is from glass or a silica
compound that is in confirm with XRF results.

XRD/XRF gubs -Y¥-0-¢
J}_’Yb)é quQ)H LSLGQNJKA_JJJASCA&;
5l gl winS b g 5063, Ol gl Sladad
Loas s as § (XRD) X anil 5l cab 5 ls
,-td_.sqau)\méucwwiéug&mgwj:
)l 5 Jelos Ll 53 XRD QT@u LS b s,

)}..3&



Voo JL\A/\ °JL“":’/V§1)C"“‘“&°)}>

oot Ol e pwdige Sagh — ode als

Slelo mllas sl o bl 3 bl 5l 0 Loy JalS
RCSU T PSP PE S W PY R ST
53 G Bacee) Jlamal B Wl o5 iz Olasas
Ol 5 03 i 5l ey 45 s 355 lib ol
Shsla) poliae i s 5 55 81 Lol 5 ol s
S 4 sl SLES o a0 se ] 2= ol s ]
Sl os g 3L Jlews Laam 5Ll 5l ol Lgl.ajf ola,
e b s glalas L@m)\j osl e 4 [1]
IOl 5 LT 3 58 0L o 48 axdls 35 5161 15 53
J=B mlas 555 pdior g 53 oplply cul s S
s G 5l dles 55 e 3 lsT 5 e sl
OLSGl a S s pllas ol o Sl oLl
Lyl b eols Jals Jles L ol o, e 5 plrals
bgsbs 1B slos ety &S oo S bl L Gl i 5 oS
ol el 3l I pens Sl s 5T 4
Jgmans A 51 V0 Sl SlsT 25 53 b Jol slales
il Slae OAS b Lol 5 ey Sletle sbas ~

RGOV PSS WA CJ‘J,.L‘} 9 4"“"’.1”':’ edLa.a.w

EILSECE R )

oo 05 A Sl sl (g s iy o5 ol
bl (11 o] (B dame 555 BT b Sln s
FS il Sl rmmen 355 SIS A al OIS
DT la i (e 5 3l et 5 (S ol Dliiow
5 Lo s el ke ()Ken 50 5 S el o
S s el (g5lail sla b BT 5 Jol 53 ol

&y
[1] Bakhtiyari, S., Jamali Ashtiani, M. “Heat
release rate of materials and fire modelling
of Plasco building’s incident”. J.  of
Omran Modares, Vol. 19, Issue 1, 1398,
pp. 41-51. (in Persian).
[2] Bakhtiyari et.al. “Investigation on fire
behavior of normal and self-compacting
concretes and sensitive parameters”.

ol 3 S Lol s Las ol iy 31 555 sl A +©C
= el O WS 4 b e S ol s
55 Ca0 sime 55 O e oS 555 03 LLLACC 3
S i e bl 5 OF Jlie bl el S 3 5 o
AL s k5 51 30 Jaib &S ol O
W ges Ll 5 4 psazme 53 iBsh Sl 5w ey L
) s a3 000 51 A 5 Ve 5 S gles L
DL 1] o ilwdle s L oS dil 03 S 4 25
2 s 50 0 Csd s b L K B b 5l
Spdax gl Jlssees Ol J.:’J'UJ.‘J”:IJJUTJU'
Sl g Az Ve L0 s gles 4 8 &S
o5 SL S 5 Ul Salde a5 b o she (slad e
SO e s 53 Lo (ll b ol oS o
DT 53 (s a3 Vo 51 2 VL Sl sles

s K6 1] g5led s @Lu L aS ayls (65 gm

S 5 omd
Sy (53T 53 esls 5 lales Jdo s it o
Sla0 sl . ob S s Ll (505 Joes 3l (G130 4 5ed
STl bl 5 BS54 o5 sSs Son (SIS
o gles oS sl OLE S b S o gl (55
b Sogm STl Slib s Sl Ol b i
I W N N P W e A T PR e
Calda SLls s 48,8 e o eshe S OS] &S
G YL labes 50l el ol Bl ool >
63,5 A5G, o ] 655008 s sludde 3505
0315 OLES 1y o geedes 4 p3 VY ve B Ve Glabes 340y
NG

b edalie ba SU5ol 55 byl dLm b pslie
S, Gegeds a3 Ve 51 A e gles Sl OLS &S
o303 F5 Olastl 55 51 5 151 25 53 b Lales
Sl LB Jgeme slass g 5T oo vl glales il
g Aile el ye s S0s s wr e 5 [18]



ILKes 5 ol da

ol 5 led p i S SR

[15] Hager, 1. “Colour change in heated concrete”.
Fire Tech. 50, 945-958, 2014.

[16] Anderberg."Spalling phenomenon of
HPC and OC". In Phan, L. T. (editor),
Proceedings of Int. workshop on fire
performance of high strength concrete,
NIST, MD, 1997.

[17] Bakhtiyari, Akbari, Jamali Ashtiani,
Askari. “Fire resistance test and evaluation
methods for building elements”. BHRC
publications, Research report No. R-679.
1392.

[18]Brand posten, news from SP fire
technology, Reconstruction of the Rinkeby
fire, No 43, 2011.

[19]Green, J. K. “Reinstatement of Concrete
Structures after Fire, (Part 1)”. The
Architects’ Journal (England), July 14, 1971,
pp- 93-99.

[20] Smith, P. “Investigation of Repair of
Damage to Concrete Caused by Formwork
and Falsework Fire.” ACI Journal,
Proceedings V. 60, No. 11, November
1963, pp. 1535-1566.

[21]Nijland and Larbi. “Unraveling the
temperature distribution in fire-damaged
concrete by means of PFM microscopy:
Outline of the approach and review of
potentially useful reactions”, Heron, Vol.

46, No. 4.

[22]Drysdale, D. “An introduction to fire
dynamics”. John Wiley and sons.

[23]Piasta, J., et. al. "Changes in the structure
of hardened cement paste due to high
temperature". Materials and Structures,
Vol. 17, 1984, pp 291-296.

[24] Ukrainczyk, N., et. al. "XRD AND TGA
investigation of hardened cement paste
degradation, 11. Conference on Materials,
Processes, Friction and Wear,

MATRIB’06, Vela Luka, 22-24.06.2006.

BHRC publications, Research report No.
R-633. 1391.

[3] Bakhtiyari, et. al., "Compressive strength and
resistance to elevated temperature (500 °c) of
self-compacting concretes containing
limestone and quartz fillers". Int. Civil Eng.
J.,9,2011.216-222.

[4] Bakhtiyari, et. al., "Self-compacting
concrete containing different powders at
elevated temperatures; mechanical
properties and changes in the phase
composition of the paste". Thermochimica
Acta 514, 2011, 74-81.

[5] Bakhtiyari, et.al., A review on fire
behavior of traditional and dense
concretes, Iranian Chemical Eng. J., Vol.
10, No. 55, 2011.

[6] Anderberg, Y., Thelandersson, S., Bulltin 54,
Lund Institute of technology, Lund, Sweden,
1976.

[7] Harmathy, T. Z. "Properties of building
materials". In: SFPE handbook of Fire
protection engineering, Society of Fire
Protection Engineers, Boston, USA, 1995.

[8] Handoo, S. K.,et.al., "Effect of temperature
on the physico-chemical characteristics of
hardened concrete". in: H. Justnes (Ed.),
10" Int. Cong. of Chem. of Cement,
Gothenburg, Sweden, June 2 —6, 1997.

[9] Raina, S. J., et.al., “Instrumental techniques
for investigation of damaged concrete".
Indian Concr. J., 52, 1978, 147— 149.

[10]Zhou, Q., Glasser, F. P. "Thermal stability
and decomposition  mechanisms  of
ettringite at<120 °C., Cem. and Conc. Res.
31,2001, 1333-1339.

[I1]Nonnet, E., et.al., "Elastic properties of
high alumina cement castables from room
temperature to 1600 °C”. J. Eur. Ceram.
Soc., 19, 1999, 1575-1583.

[12] Khoury, G. A. "Compressive strength of
concrete at high temperatures: a
reassessment, Mag. Concr. Res., 44, 1992,
291-3009.

[13]Grattan-Bellew, P. E. "Microstructural
investigation of deteriorated Portland
cement concretes". Constr. Build. Mat., 10,
1996, 3 — 16.

[14]Ruiz, L. A., et.al., "The use of thermal
analysis in assessing the effect of
temperature on a cement paste". Cem. and
Conc. Res., 35, 2005, 609-613.



\f,"de/\ aJL«.Z/vgijC,\M.ﬁo)}> J)Md\ﬁ&wwfiﬁj}i—wl@dm

Investigation on fire temperatures in Plasco incident through
assessment of physical, mechanical and microstructural
properties of materials

Saeed Bakhtiyari, Fire Research Department, Building
Maziar Rais Ghasemi, concrete technology department, BHRC, Tehran, Iran
Masoud Jamali Ashtiani, Fire department, BHRC, Tehran, Iran

bakhtiyari@bhrec.ac.ir

Abstract

At about 8.00 am of 20™ December 2015, a fire started in a shop in Plasco building, located in center of
Tehran, which resulted in tragic collapse of the building and claimed the lives of 22 fire fighters and other
people. According to the findings of the investigations, the main reason of ignition was non-permitted
extension of cablings in the shop of origin of fire; for use of electrical heating devices. This incident took the
attention of Iranian society, Engineers and authorities to the need of improvement of fire safety of buildings.
Plasco was collapsed after about three and a half hours of the ignition. Therefore the question was arisen
how the scenario of the fire growth and temperature rise in the building was. The place of the building and
depot of debris were visited and examined by special teams. Steel, concrete and other materials, which some
of them were molten due to high temperature, was taken from the debris for further experimental works.
Different tests were carried out on the samples. Heat release rate of textiles was discussed in another article.
In this paper; the results of physical, mechanical and XRD/XRF tests and mineralogy/petrography
examinations have been presented. The most tests carried out on the concrete samples taken from the ceiling
system of the building. For comparison purposes, samples were also taken from the apparently non exposed
ceilings. A number of these un-exposed samples were tested in a fire resistance furnace and their changes
were utilized as a reference for comparison with samples of burnt sections of the building. The results
revealed that the concrete cores taken from the fire exposed ceilings had experienced temperatures between
500-700 °C. Taking the thermal and physical properties of concrete into account; this revealed that the gas
temperature of fire in Plasco was much higher than these amounts. This was in agreement with findings of
FDS modeling, which was presented in another paper and showed temperatures of about 1000-1100 °C
occurred in some parts of the building in fire. On the other hand, molten blends of different materials were
seen in the debris, comprising molten metal, glass and cementitious materials. It showed that temperatures
about 1400 °C could be occurred in the incident. But these temperatures are not usually seen in enclosure
fires; rather it must be happened under the debris. Fifteen stories were collapsed at the end of tragedy. In that
time, the massive amounts of textiles and other combustibles were burning in five upper stories, while there
were still large quantities of textiles and clothes in the lower stories. So, after the collapse of the building, all
combustible materials and even gasoil fuel stored in tanks in the basement could be burnt under the debris,
approved by observations in next days during the operation of extinguishment and removal of debris. The
failed construction systems comprised large panels and steel elements; therefore air flow was possible under
the debris for supporting the combustion. On the other hand, large amounts of debris made a relative
thermally insulated condition, especially in lower parts, which could produce a temperature rise considerably
higher than recorded in enclosure fires. The observation of molten blends of cementitious materials
supported this assumption and it was also in agreement with possible maximum temperatures in adiabatic
combustions of hydrocarbons, which are far higher than these figures.
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