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Abstract:

mechanical behavior of newly-casted reinforced concrete

In this paper, the failure characteristics and

beams and long-term service reinforced concrete beams in
fire were compared and analyzed by considering the loads
and heating mode. Meanwhile, the data such as pore
pressure, displacement and strain development of beam
specimens in fire were obtained by using the vapor
pressure measuring device and a non-contact optical
strain collector. The test results show that the spalling
degree of newly-casted reinforced specimens depended on
the water content. Due to the environmental action, the

water content of long-term serviced beams was low,

Wk B 2020-01-19

PEF A 38 % (1978—), 3, Bl , ToA L, NS 10 A B I8 K . E-mail : 2. guo@cumt. edu. cn

which made the spalling degree much smaller than that of
new specimens. However, natural carbonation lead to the
decrease in the strength of reinforced concrete beams in
long service, and there are many fine cracks. This
phenomenon makes the stressed steel bar fail more easily
under the action of high temperature, which makes the
concrete beam brittle and cracked. In addition, under the
combined action of fire and tensile stress, the spalling
time of reinforced concrete beam is advanced, while the

peak value of vapor pressure decreases.

Key words: long-term service; spalling; carbonization;

vapor pressure

TRBE TR RO AE IR S i — e i sUEA
e, R A LE ARG PFRE— JRyil, o] ER) K 31 %
WHERIZN . JOK R IRE LR R EA R faE
P, AR AT IS S5 2P RE , ™ E R AR A A Y
HREREST , WA F BB A LR T s KK
N TRBE T AR LAY DR ZE, X6 T T 1 7 B 1k
AR 4 it B A R

R A AT 3% 2L B S AL, S D8 SRR B - 7 K K
T EE RS T o 3 FPEHL  P-Z8 TRTE AR-
JITE O IAAE R T R X TR TR
5, AESRETA I TR 32 SN AR ik,
I R BE RS KRR, i AU BEAR e, HLIR
15k 1 SRR AEAR 2 Tl A0 2848 , T 23R e L AR
JEBIBRIE I AR KW RSN A IR BE A F
WA SCHR AT 5T e LR Bk L o Ak R B B E Y
2. 68mm AR OB BRAL TR BETE 2mm e A X R BE
TSR BRI ATEE N R, SR OB R SR BE 1
TR KT AT E W A BE ] T Hid Bk
BARBE LR K KATA -

TENRBE t IR R T, S At A J

W2EAN NG



5 8 1

LA AR T KR 58 B SRR L B R R L 1103

AL — EORAF T 1 EE R
B BE L AR TN 1 265 T FLBAR R ) 872 A 1
O, X5 SR TR AR BE LR Z I IREATT. BEA
— R BTN 5 R B IR, 7 TR AT kIR
Kb 2 T RO I T B O, A RER W N ) BA
B R

e BT T SR 5 e B AR BE R
PEANER 7, %k He oA 1 IR A TR B 1 R R
DEFUIRBE - RAEN - IS T IR T
FBERBE LR ICR R IR N R . IR KK
e T, RHR 23 ML T BOICIA T, S i
K GOM AR fh 2O~ R AR R AL R S8 (DIC) , Mik
PRIy R R e T AR B 0 B R

1R SR
TR 2 IR AT : AR IR 15 £ 5

16 OB DR B 1 22 . BT MY AR BB 1 2 R A
FHBUR 5 KM IR A TR B - B A, AR S 5 7K

K ST AR AsE 2 W T 4 TR S0 L PN IS 6 722 A ELAN 7 2
SIS, BRAL TR EE A E 100%0 . A 44 , Il
1REE KN 0. 1% A IEISACTCHAGIN , IR 5E
1 BEREAEYR 31 MPa,
1.2 #FHRFARRELRLHE

IR R 425 BE IR K Ui L 44 S Rk AR
“h 20mm HPRLARE A BEAECA 2. 85 B AR 4D ik
IR 25 %0 RIS K A . BroestiREE R T 3
AR FE AT 2 Fpah R B2 RSF 2R 120 em X 10em X
15em (AN 1 iR ) o TREE 55 % 0 C30, TR &k + 07
P12 25em , B4 15 BN Z B 396. 5,57 R IX
206. 5 i fifi @6@200 (AN 1 itz ) , il F-4 54351k
XL1.XL2 . XL3.XL4 . XL5.XL6, [Aif, N 7T [EER
J& S 75em AR R 76 75em Ab ik T —AR 45 4K
i o B AP RS (L LE ER TR T 6 ) 100mm X
100mm X 100mm By 57 5 ik, 236 B B4 Fn
R AEARE SR AT T (R IR 200C+2°C, 2 B AR /N
F95% ) F- 4P 28d Jm HEA TR

F1 AR

RETFLER R ) E2RR R EE TR ERIE 52 Tab.l Characteristics of materials
<z SILE Y TR g s A
= ZILYE K Ik YT 4 \//\“\ %; % 7R 2%
k%ﬁﬁ&{%{tb{ﬁﬁ%im‘ﬂyf {:E‘jj‘é\fl};\”lﬂi &/J\[: XL1 0.30 0.30 42 2463 2404 2.45
F 1999 4F it i — MEE M TR R PR XL2  0.45 0.30 36 24890 2422  2.77
4 150 em X 6em X 12cm , JE5E 4 {547 2 B J& 250m XLi 0.50  0.30 24 2115 2242 2.94
ot o W - XL4  0.30  0.35 3 2459 2404 2.29
MHBLEAZRMACE. 5. ZIKKX 20650 WM x5 045 o035 40 2418 237 2.5
S T, T2, 28k 1 ki Rn 5 K i sk XL6 050 0.3 32 2468 2413 2.28
@ 6@200 2465 346.5 1465
Q / s - SI
C 3~ B
100 . 200 . 200 . 200 200 . 200 100 , 7
1 7 i 1 U 1 1 b

1 ise s R AR (B4 mm)

Fig.1 Reinforcement drawing(unit: mm)

36 RBEE iR H 43 B 6 443 R T 3 R

(D5 Bk . 250 WR 1 iz
30MPa Bt il , S B 45 () B4t i 56 B 41 7F 30MPa
PLE AN e (X1 X4 XL5) B0 e 5 5 5 2 5
ik 40MPa.

) FACRMK . Z5RuE 1. SAE L
TREBE + T K AE 60h 2 J5 FEAS R 25 & A 55 K AR
b, BOR— Ui B 7 TR T 72h, BRI
P8 R TR BE = B K AE 2%0~3% Z (A, HirpiBe 2.3
SHIEIKCRART 2. 5%, Hfh ¥ /N 2. 5% .

2 WHIWEESHR

T B AR KR B Ge SR AR IR A2 Y
TR I FFLBE R T, 0k A KK R AR BR G 1
ANFEIFHE IR EE TR R . S IR
T, >R T 1B AR, LA SRS JCHE | PR AIE
AR KK ELY R 60em . I IR AN 777 TR B 1
RIS 1k, B 8 Sl TR 15 - S AN A A
PRI L 2h S 4 1k oo MRS U2 R KA 52 55 R
W BRI 3T5 9%, R P 8L . 3t o 5 i i 28, 4% 1



1104 [l o K 2 2 MCH 9K BE 2% O

%48 %

INZRRE 2400 240kg. FEMARAT B AR 2.3 Fis .
B S P 1 LB T (UL 4) Fndieel
LA E MR S R, B RES h IE Ry A — AR
K 7 WRN-130 #4 B B i SO R o KR 1% 3
TSR G2 Hp 50 190 300 TR R TR A R T 4
S PRI AT BN AL AR IE AR A OG0
RAERGUINIRZE
LI 2% 1 k(12,16 ), IFFEH:
bl ARG, Bt T —E e R T IR LR
JE 7025 38 e 12 A W B A T TR
5 T AE ST A PR LB ) RO R R . FLBR
JE IR R 2L 4 Ja R 48 O B 2mm) SR HL AR R
12mm AR EIRE Lo ANFIRIEEAE NN 2mm
IR L. EIREEH DRSTAT, AFNMGira £

RIDE[S:: 3 WIVA T e

FLE& B 30 AEIREE L P B B AT TR R T
PR IR . B NS SEREh, A5 1 000cs,
0. 960~0. 975, [N #5300, UK 2 % 0. 000 95,
WA Z L4 R B A SOR G IAR VPR TR EE 13K
PENRZE T it 2L 4 8 A AR .

B2 EREFGE
Fig.2 Overall layout of equipment

E3 ®EEETE

Fig.3 Schematic diagram of device connection

4 FLEENE
Fig.4 Specialized pore pressure gages

3 WMEER5R

3.1 FIAER

RIS A L2 B, IR EE M1
AT KGRI, R YTl ds , B RHERK , f T A PR
T F4 e A B RN Z SR A T, TS L N B 2™ A
PN g T S EOR BE LB . 7E RIS R Il p £

T JLLANTL2 VREE -5 FE AL, A7k R LTI A
Bk RIS R BRSNS . [, A
SRIATE T 1 IR A BN A TR e 1 S 1 R IR 2
TN R4 | N RN AE A il T PR R AL, S 3K
WIRA N RS £ R A A T et BIR . W&l 6 i,
JLT PBERIE R 52 AW 4 IR, 72 B2 v A5 PN
PLE BT 2 5344 , 2 P XA T, 7 R IXR
BB T2 (RERIE S TLLARAI L, (H2 L AE
Qerf i A PR T — A4 S TS L T TR £
7 R T AR A eI, B S 45t T R IR A%
PSR d e v 41 B2 P S S R NS 1 e @2
KCRATHAN B ABAATK , B T A 1 I 2 AL TP
U 4% | OIS A e 2556 G A A T 3 e M, 15 v
MR IR B T, R R AW

X DE SR BE i, B TR A TR BRI
IRk 2R 255 7KK 1l R i SR B = A BFL P A
B H K B TR S AR S (R AR 2%
TR WAETE  FLBRE B i i ok, P I B T 1% 4



5 8 1

B, G KRN R IIIRAL S T DE SRR 1 ARV ERE LU 1105

3,Y 2
4 1
/

6 5\

@ P BL

| 200 ‘ 200

T ]

200 L 200 |

1 1

1 i

E5 FLERNETFREBEFERE (B mm)

Fig.5 Arrangement of pore pressure gages and thermocouples (unit:mm)

C
b JL2BIRRE R

E6 KHEARRZZMIAE
Fig.6 State of old beam failure

b JL24M 5 W 40
E7 SWAEETRIER
Fig.7 Details of broken steel bar

JE o MUEE R T TR - BT A
REE SR ARSI, W 9 FiR, Brbe sk
TR T —E AR A AR RIS, MR R AR AH 2
H 4 B R B AN ], XIL2 1 X1L3 fl 4 2L i s v T
XLAMXL6, KR, XL2 F XL3 %
TR BT XLA M XL6, XL2 Fl XL3 1 & 7k R KT

A /s
0 500 1000 1500 2000 2500 3000 3500
_50 L
e
-100 +
E i
E iso| —L1 LES
® —IJL2
& 900}
=250 +
=300t
E8 KHARRTZ Z2 88 th L #5-Aof 18] ih 4%
Fig.8 Displacement- timeoverview of long-term

beams

2.5%, 1M XL4 A XL6 (& K4 /NTF 2. 5%, i
UEA Y Y U T R 5 gy 1Y 27 S 1)
FEERT LR R TREE 3 5 A AR SR N 257K
RILARGIE o S8, DFE v m] UL 220 TR 45 + e 4
X8 2 A TE #E AN 32 X N (B 5 b 200mm 3 Bl
P TS 2RI BRAESZ K5

10 s T #7165 32 1 v (9 B [ - 57 B8 i %
AN TR R A% 2 1) i85 v 6 8% 1) B B AR Ak, X T
FOESAE UL, B R RS R Kk, Rl
FITAT R0 K T S TRV RE B A TR e - AR S B 4, (H
TR KA WS, OV B e SR 1) 5 v RS AR
fEREARZEAN K, Horb fe i 5 P (RS 2 X2 F X3,
PR I G2 TT 20, XLL2 1 X1L3 F 5 ST it s T
b3, FET I (4 X2 F0 X L3 B 5 v o 7% f o s T
b3 . 3k ihd W Bt 2 3R 2 TR BE LB 3 £ | kgt
R 23K N RS et 2 AR 3K
3.2 BERENT

P11 R 12 43 ) 45 T 300 PR A% 4% 7 e
AR E 1 R R R - TR R 42, JR 25 1 TR T
ERTRIARIC o B 13 XF AR 12 25 M T B e SR /i 1R
B S I AR . P R SR KRB R A
() KT



1106

6] 5% K 2 2 (A 4K BE 2 B

%48 %

a XL2WBZRE

¢ XLABZFSAE

d XLOMBEUFE

E9 FEFRBIRE
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