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Abstract

The adiabatic temperature rise model is one of the most important parameters for analyzing the
hydration heat effect of large volume concrete. This article proposes a concrete binomial linear
superposition multi parameter exponential function adiabatic temperature rise model that takes
into account the difference in hydration reaction rates between C3S and C2S, based on the charac-
teristics of C3S and C2S as the main hydration active components in cement used in concrete. We
conducted adiabatic temperature rise tests on one type of ordinary high-strength C50 concrete
and another type of high-performance C60 concrete. The new dual term superposition model and
the traditional single exponential function model were compared with the test results, and the
results showed that the new model fits better with the test results. We apply the new and old
models to the finite element modeling and analysis of the hydration heat of large volume concrete
in a certain bridge pier body, and compare it with the measured temperature change process. The
comparison results show that the temperature change trend obtained from the calculation analy-
sis is in good agreement with the measured temperature change trend, and the overall error value
is controlled between 0.1°C and 2.97°C. It can better reflect the actual heating situation of the arch
foot structure in the rapid heat release stage.
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2. EERE T AHREHSEIG
21. BRETEALEH

TR T PRSI ) e oy e LI B PGB THEUE,  — PO IE LR L /K e T BC &L Y C50 Ve t+, —Fh
N UHPC Fy Rl AT B Y C60 V&t L, PiRREE LS ic & o 1. & 2. C50 JR#EE/KIE
AV TS T8 7 AR K Ve PR A B AR ) P-O42.5 RSkl k7K UE, UHPC ¥kl g v i 7 2 40
MR BR 2 7] A2 72 1 il UHPC Bkl

Table 1. C50 concrete mix
52 1. C50 BBt AL

- 25 m®EE FRNE S5 Hy IR A1 WA 2 Vsl K
KV (kg) HR(kg)  E¥(ka) (kg) (kg) (kg) (kg) (kg)
& 21 2 4 325 375 15 0.729 7.75

Table 2. UHPC C60 concrete mix ratio
52 2. UHPC C60 BB THELALL

b 525 ML fE 2K FRIGURK 1k (e K K
7K (kg) (kg) (kg) (kg) (kg) (kg) (kg)
M 36.76 9.19 3.67 9.19 40.44 0.735 8.30

2.2, BB HEBBEARE
ARFFRA TH-2C10 TR EE L AW BESEON 2, FEANIER T C50 JREEL7E 21°C AR DL K
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UHPC 7£ 22°C ANBUREE T, PFREE L 7 R HGE TR FE . 48 BGE T H 0 8] Bg s 1]y 30 s
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Table 3. Adiabatic temperature rise test results
3. @B IEER

il (min) C50 VR #&E 1 UHPC C60
I [a] (min
AW F(IEIE) (C) HIETFH(ZIE) (C)
8.00 2.719 3.077
20.00 2.918 3.241
60.00 3.035 3.330
130.00 3.213 3.504
210.00 3.502 3.830
300.00 3.789 4,620
420.00 4.253 6.190
540.00 5.094 10.020
720.00 9.777 21.540
900.00 23.110 27.230
1080.00 32.028 31.330
1440.00 41.384 36.470
2160.00 48.760 42.060
2880.00 50.775 45,550
4320.00 52.391 49.340
7200.00 53.883 52.130
10080.00 54,729 53.300

HRAE S IEE 7B, E 7 h~36 h 3 AN a) B9 4L TR 4 PR T8 Bl R R bR, AT 7 KA
B 80%, IMTE 6~7 RIS BIAHIE TG &, ONAT 7 REEN 0.18%7/ 4, TIHIWTTES 7 KK
KA N FEATE R, 4% 3~7 RIKZEIRE, DIREOEHOC R HEH LS 100 R4 T .

BeAh, IRIAR R SR THRIE SEBR /2 M 8 min FFaf, 8 /38h 2 AR T R AR ZS R E AR AR B . Atk
TS A8 PR THE R AE SN IR R SE Rl B3R AT VB IE, C50 JREE B IE{H N 2.72°C, UHPC C60 f&IE{H N
3.08C.

3. BRLTBRBRIIRR

1 RERTRTHER R ERRFHER

TR LGB T — M AE 40°C~55°C 2 (8], KAk I N AEIX — L B o Bl N AR LI, 1R S R 1 5 S B
WK S R AL FESCHR[71H,  RAA TS 5 IR S o iR it e BGR F-R A b, SR K EE S
Bk Hor XL (1)
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THE Y g AT AR B ek O Y, ARt _Eo R TR B - A % KA PR A B KA S R A S A AL PR (H SR
B ARZKATEVERMEAFREE . AFSBLRE T, KERZEFRMRK. FHMLEBEL RS ERA
R, (HAEAS R B G b, F AT RE T B0 B A i 22

3.2. BREIABMAIEH R Y ERRAERER

AT M P bR B - i P K e 1) 2R R L 70 280 CoS AT CaSe T 1k, ASCAR S STHR[14] 8 7T /K
Ve g AR S, R TR e IR B KA AR BRSO PURNAS R KA SRR R AR AL ERE (2 e B it 72,
R () A B9 B E N U A 4R R o R K (4)

a(t)=a,(1-e™" |+ (1-a,)(1-e™" ) @)

it (2) (@) HImE =X S S 8 8eR Hort SO 4 il A 1) Rk 1
AT (t,)=T,+ [ax (1—e’”‘1‘"1 )+ (1-a, )(1— e " )}Tm )
TR AE L HE N AR T LG B I RN I AR, OB PR AR SIME . RIR SRS IR, AR XA

SR BRSO, X DLRAE SRR T et FUREAEAE o PRI, KRN BRI A LLRDRRL T To it
¥ (5) B ER(6).

AT (te ) =T, + |:ax (1_ g mt™ )+ (1_ a, )(1_ ot ):|Tm ©
AP My, Ny M NIRRT BH 0 RI(L - a) SRR I, 25
558 RIS AR KA E 5 SR L. IR AT t DLR T
33, EHBFHASER

FEHABEARMRB T, LAIETHIRE SRS R 8 i SEMBEHEM S 100 K5 P46 %L
P 28 IR T B R AE 73591 9 54.729°C, 53.300°C . NI E(5) 54 th i 4 TG T+ B AR, IR e/ —
Feid 5 H, WAHHARRISE M, n, m, n, my npe MELERIE 4,

Table 4. Parameter fitting results of hydration heat exothermic calculation model

=4 KRBT ERBS KIS ER

(@
S A m n m; n m, n, oy To
AR 0.0475 -1.105 2.07 -1.638 2.85 -0.41 0.74 0.82 2.72
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(b)
ZH A m n m; n m, n, oy To
WMEgh R 0.0510 -1.01 1.19 -1.74 1.99 —0.304 0.83 0.71 3.08

He @) THA R A A PR THE A 9 B — R BGHRE, 30(B)TH 5 i SR 48 TR THE 1 X5 ek
B IMATRAE, SCIEHEAE LT SSIME, S P 3t LE ] 1 .

60.000 60.000

uuuuuu 50.000

40.000
o

L4

&
g 30.000

uuuuuu

AT C

R g R E SRR

nnnnnn — i 20000 —— B EHAR
—e— ik THA

nnnnn 10.000 —o— L HRT SIME

0.000 0.000

0.001 0.01 0.1 g 10 0.001 0.01 0.1 1 10
&/ day @ H#/day
(a) C50 Rk -2 Fli T h 2%k Lh (b) UHPC £ T i 2 %) LE

Figure 1. Model comparison of adiabatic temperature rise curves
1. EHGRA LRI XTEE

SR L BAR, WIHEE R B M BN U R T B R, SARESTNEE R+ ki, Hig
5 S A R RCR AR . SIS 28 Pl T HE (SR M) S 4 R s R A R THE (B IR E) A — € 2=
5t FIWOM R R KA RE P S A 25, FPRF LI I AE E A E. DAL A P i i e it
AT B IE G AR B W) 5 SRR IR R U W00 i £ o A e o 0 o K oS B A B

4. KIAFURBRL RS

Figure 2. MIDAS/FEA arch foot section model (1/2 model)
2. MIDAS/FEA HRIEZ 1581 (1/2 1R8Y)

TV T A0 T R CB0 Rkt B BT R, AKACAFEEERIZYL, DIAE B2 B A 4
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Figure 3. Location diagram of each node
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TR
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HH P 2 AL 3 93 A DA RIS R AR A o [ PEASE R S B 507 B PRI R AR A e s, 45 2 B s 5 Sl
HA AT 0 E LA PPN 1IE S5 (iR T R B RS g

B ETTHE, PRSI S iR R A L 4. AR B SR SR T R o S 2 TR
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BEZ, X5ARET SRS H B2 — 5.

HODALTHERAL
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Figure 4. Maximum temperature field of finite element model
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Figure 5. Comparison of theoretical temperature trend and meas-
ured temperature trend
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