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FIRE DAMAGE ASSESSEMENT
METHODS, FOR ROAD, TUNNEL

CHRA:BCHE
Speaker:Zhou Ren-giang
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@— #Rx (Summary)
Q@ SRMNAMIRE LA F NI
( Effects of high temperature on mechanical
properties of reinforce steel bar and concrete)
Q= BB A RRGITME
(Fire damage assessment methods for tunnel)
@M £ (Conclusion)
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Eh & RIIK
current development abroad
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AGl) F 1958 4F fR 31 A R Hiff
RE, HITAREEEYRGMAR. EMREREZ
—HAREPREDTHRENIRE, ZRERNE
BEREBER. BREESWENERRT SRS, *
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HZN (Japan) BhAFFRFFILTF 201423044, B
BIR B W 5 A AL A9 o
AARIEGESA2RIAE, EUGRERHETRXE

BRI LB RATER . IRI|\UGHESER, KZMARF
SZFERNAERYEELDE2LLAEHRE. EH2RE
ERRANFEFEES: test hammer BELBENIK:
PR SRR OREIENRE. RELTE.
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(Inspection process of damage to Japanese steel concrete structure)
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Fire research procedure of
reinforced concrete buildings
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in Japan
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(Inspection process of damage to Japanese steel concrete structure)

Tk SRS W%
me  |wE BB ke S ECHE:
w7 e ﬁfﬁfim REN|RIPERS|W 5
FRE | NVER | T B
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5 |EEB|00E RE R RrEES| - ER
B &
KA E|HRE |IMER |8 EE BHER| _
REE £20:3 -
— P& -
T 18 Ika
Bn
# 50%| Rk E N | RIPFERTE
2 |nEe .
” 5 R|MRE |#F .
- — W
= T

Z[E (England) EEB LT %% (the British
Concrete Institute, BCl) F1978FEAHKRIEIREPIEHET
NREEFHYIEEFRBEIMGAREEENSRE.
19864, ToveyRMiHHMEMITM. EEITMRIEILAIES .

EEFAPLUURBELHGHE. PERERECRBAE,

AR, B EME (Windsorprobe) ZEA4.
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(Inspection process of damage to Japanese steel concrete structure)
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TEAKFM (Australia) KRIE(HE S
TRE, TENAEANBZSAMIFIPE (site
inspection) KIFRIAE (condition survey) .

RRIFURFRMT D RZ*R:

E2 R ama b REH R @KE 12

Scro SurveyDesign And Research Insiitule




o mEmEsRE . ‘
A& RIVIK

P R &Il RIMHE 4 Bk e
1 LT R KA LT i x
2 s B war ON iz 10%-25% R R K RIF ISR, 19905 KA RED
3 w SRR W BT PE 25%~50% )11 5E R R S B T < $M AR R B IR SR LA A K R B IR AR
s pE | wews | ww | owmw | rm | misw EEHARNWHIR, 1901 ETH ERARLHRRRE
Classification of fire damage in Australia N , = 40 1k s
BT “BRYMAREEMZREEREEME L. &
Series Grade Coating Surfacial colour Cracking Fragment Steel exposure
. Sl N =
1 Light Some spalling  Normal colour Slight Slight None k2 k $ A |_J 91 k ¥ E ﬁ k €%f’l'|; _;F-Fiﬁl-ﬁi:. T ﬁ
2 Middle Part spalling Light red Significant Partial linl;;i)n: 9’& IEI;I% :t *’J }\ I 'l‘i 7’5— E E’J ﬁﬁ R H’y T & E’J *‘I’ﬁﬁ
Spalling : . Expand and Expand and 25%~—30 % less than -
3 Severe completely Light yellow extend extend one steel bar bending ﬁk% °
- Spalling } ) Expand and Expand and 0% than
4 Very severe comple:]:h Light yellow ’q:;:er.;l ‘f::jen;n one -',(eellr:a;ebenzmg
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Effects of high temperature on mechanlcal - . et i
properties of reinforce steel bar and BREE ’iﬁimjc IR MO SRS ) — 7 5%l e MR
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Five main factors affecting
the mechanical properties of

reinforced concrete structure
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Strength Grade of reinforced concrete
BRIER

Type of aggregate
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FRAnTar &

Prestressed Load

after fire
\ K RIFEAT )
Duration of fire
E manauuERtaLY v
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Compression strength of

prism in high temperature

BiRE RSN 1 — MR

Stress—strain curve of prism
after high temperature
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BERITZFWREEMRT 300CH, BmEMEKER;
KRBEFEI00~400CHISREPEIE 10 %~20 %;
400°CUL LR o8 TFE1R 1, FREFFIAE N 245,
600°C AAREHERE, HERRLTRIPENE

HBBIEIF, BEKIEE TR

800~900°C M|3&fE 1.

Frefk.
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Intensity comparison of different concrete cube
remains after temperature increased or decreased
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(—) SmxiREL I F RN (—) SmxRELIF IR
LB B P A 2R

R(T)=Ra T <400C mim FEERKEARKUENEEZIRITI.,
R(T)/Ra=1.6-0.0015T  400°C < T <800°C KEBEFERASEIERHKGETR, MR,
VR 1 1) L A B A P A TR A Rk 2N SERZIRCHT R, EERTEZS ARSI
Ee(1)/ Ee=1.00-000175T  T'<200C RKRE—— BRI R ERREN TR SBORE R,
Ec(T)/ Ec =0.92-0.000923T  200°C < T < 700°C 459 238 2 T 450~ 500°C TS 5 B
Ec(T)/ Ec =0.25 700C < T
W TR 8RR 2t E2 WA B RANALR 22
(—) EmXEELT AF RN (—) SmXiRELT IF RIS
WRHE /T

100 300 500 700

| N A B TR
w -3 B K
2
—4 TR UR

0 sk
BRNATR (#HkZ600C) HIRAHRER (INFHAZ600C)
thermal deformation of aggregates thermal deformation of hardened
(heated to 600 C) cement paste (heated to 600 C)
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(Z) EiR XA 11 F I RE R 20 (Z) EnR XA 11 14 RERY 20
i 60 RS L OB

R,(T)/R, =1 T <200C

R,(T)/R, =1.25-0.0016T 200C < T <700C

NEMERETHEENASTLRA, BT
o 2557 EURLT VA BRAR B0 22 (1) J Hi ik i © o2 [ 3L B8 A% A TR RSB g A «
200CHIEBIEE, EIRBEMEEASS THiS, R " ! IR

ol 10y, =(101.99-0.0377T)x 107 20°C < T < 400°C
ARFARL 71 S AE550~600°CRY, SERETFE50% 25, ol /0,, =(139.10-0.144T)x 10> 400C < T <900C
MR 51 $NARTE400°C £ A BT, HIBE#1571450%. A T L A PO

Es(T)/Es=1-4.86x10"T  0C<T <330C

Es(T)/Es =1.515-1.879x10°T  330°C<T <700C
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08 - 4 0T 0
“ o RHRRE ST, BEREES50C A AN 5 RR L MR
T w e NTREME: B1450°C EH MLAREIE25% T00CRRE
1K80% . FK[EMANSIRE T HIThLE FE100°C A HEIRY
WEA SR E IR R
Reduction Factor of reinforcing 25%; §|J45OQC ﬁ’fﬂ']%ﬁi@?&*ﬁgﬂn:ﬁo

steel bar after cooling
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bonding strength comparison

of reinforcing steel

bar and concrete in different temperature
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BR I8 A R f5 # B RRIR 1R 5L -

REE IR £ ERIRIT A I AR RondE, HERRIAE
8, —MIRIFEEE10~20cm, EERMA:

> HENEETR. FHR;
> HBIRRTIBRRE;
> R L SR E BT
> FEREEEZIRIT.

E2 WA Y RE® T RR
Strip  Sivey Desn At Resarh e or 11O Ponsig.

= BRENRIRGITE

Fire damage assessment methods

for tunnel
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Initial
exploration
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=. BEXRBAITE

%}]E}]EE’EI{’E The major work in Initial exploration

1. WEHEILT AEHBEERER

> BEE AR

> KRR

> Z BB E .

> 3 PR 2 1 T R A B N7 M
S ERITIAEETE B AIAE .
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2, MBZFXERAE

> X ERNER X5
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Relation between concrete color and temperature
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KEFEZM

100~300

REEFARE (ERAXIHRELRTA ROMK), TRK
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B, EALRL
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BRABEROAEEC, PERY

700

BROERE, FERK
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BROZRAL, RARAOBARARR BRFORL, AF 1~3aBitE

900

BROG, RARTRINEXERR, REARL, BH 2~3n HERH 4~5en B
R
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1 N2 2.5MW

1 K4 5MW

2—3 4 SMW

IR 15MW

AR L 20MW

1R S & 4 20—30MW

KRIE
Fire scale
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Fire development regularity

T

Va=2.0m/s

Va>2.0m/s
—_—
BEARBRTEE
Tunnel ventilation on fire
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gE}]EEEIﬁE The major work in resurvey

1. HERRRREN
RGP ESHHEHEL
FRYUTEESREMEN
> RE T RERL S SEE 2N

RRE R IEE >R T IRRAMSTEEEN
Internal decoration >IN E I RBI S
of tunnel

> HREEN

E2 AR Y RL i A 5
Department Highwary
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=. BEKRIR BTG
2, HEMKABEERERE

Solve problems with numerical calculation

i A O ERIR AL 3A ) (L i BAR BB TR AR,

SHIEASEMERRINESSE
ERMEARERSLIEZZHNHESR }#EE
A BT E S 1ToK s

Solve problems with simplified model of component
internal temperature field
5 R N R IR B S
BN AR FI N T I T T RAE
Fire damage of RC concrete structure
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ScHD mewlm

Solve problems with tests at the fire scene
41
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=. BRE AR
KRIF R FBHRHET %

BrRlEmRERIRe >
%?ﬁ*ﬁiﬂ“ (Nondestructive Test)

e RERERNAERER
t%:&?ﬁ?:)ﬂuuif (Ultrasonic detector technology)

Bk BiRn, BESHhEIGEEIREH
FRBAERERETEEE A,
LTHMNARFI AR (Infrared thermal imaging technology ) ;

ﬁ&?ﬁ*ﬁiﬂ“ (Destructive test)

HERE: WRBRLIRGERLE LR, SRS
TR E AR ET AT LA e sk SRS
TREE T RS 2R EE (RC loss on ignition test (LOI) ) »

, BiZiEMRBRLR
BRRGRREBERK, BESTS00CHIRER K.

EXiRNs% (core boring ) o
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RC loss on ignition test

n:m‘ﬁii Fz’ 95 il_tqi

lbbl'ﬁ%i}?z 95 ifﬂ_z

RC loss on ignition test

ﬁti}ﬁﬁﬂ Test Theory

RIFE SR T AR RETEN DB R &K,
1R R %kt B9 CaC0, 3 AR F=4C0,, MR HEEM
[R32, HEMNEARRIREMMMERKE, SEHEM
BlYFXFR, AR HKRRE AR 5L R K 8 K /R F B
ZRETHESZNEBE

E%ﬂ?ﬂ% Major steps

(1) FIHEH

S AE K HREFRD KA REERD SR E

*

(2) RFAGEEE LN A ETLERRERREE.
L= (W05 Wi007) Wioe7

(3) AERETIREEZEAIEITXFR.
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RC loss on ignition test
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(4 FXERLBRKE
L= (W05~ W1057,) /W ioq7
(5) MHFRERSZENRE
T=1000-1000X IL*/IL,
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(2) #H)RELRIRITERE:

(3) IR ELRIRIMARE.

(4 #HWERLIRGEERE.
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Fire assessment
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one—plate method plane monitor method
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Lining damages classification

%169]%*@?51155‘}2&% Lining damages classification
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