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Abstract

The temporal and spatial variations of internal temperature fields within structural members under
fire exposure are crucial for evaluating the fire resistance performance of structures and components.
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This study employs ABAQUS FEA Software to establish a model of heat transfer for steel reinforced
concrete beams, investigating the influence of several factors—including I beam, concrete cover
thickness, heating conditions, and fire exposure scenario—on the temperature distribution within
the cross-section temperature field. Although the temperature change of the steel itself is relatively
limited, the I-beam significantly influences the temperature distribution across the component
cross-section. The extent of this influence initially increases and then decreases with prolonged fire
exposure, reaching its maximum value at 72 minutes. The concrete cover effectively fulfills its insu-
lating function, and as its thickness increases, the fire resistance time of the steel reinforcement is
significantly extended. A comparison of the heating curves for concrete cover thicknesses of 30 mm
and 40 mm reveals that an increase of 10 mm in cover thickness results in a temperature reduction
of over 100°C in the reinforcing steel at the same duration of fire exposure. Under different heating
curves, the temperature change trends of concrete and reinforcing steel generally align with their
corresponding four heating curve temperature profiles. Under HCM heating conditions, the highest
temperatures occur at the concrete-reinforcing steel joints, followed by HC, 1SO-834, and ASTM con-
ditions. Under single-sided, double-sided, and triple-sided fire exposure conditions, the overall
temperature of single-sided exposure is lower than that of triple-sided exposure. As the number of
exposed surfaces increases, the cross-sectional temperature rises accordingly. Analysis of the con-
crete temperature field nephograms reveals that, with the exception of two-face exposure, the tem-
perature distribution under both one-face and three-face fire scenarios exhibits a mono-axial sym-
metric pattern.
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Figure 1. Finite element model
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Figure 2. Simulation cloud diagram of the temperature field of the middle section under different fire times
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Figure 3. Simulation cloud diagram of the temperature field of steel bars across the middle section when the fire time is 120 min
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Figure 4. Experimental values are compared with simulated values
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Figure 5. Heating curve of concrete internal sectional steel
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Figure 6. The temperature heating curve of each point in the section of steel concrete
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Figure 7. The effect of different cover thicknesses on steel bar temperature
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Figure 9. Effects of different heating curves on concrete temperature
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Figure 10. Effects of different heating curves on the temperature of steel bars
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Figure 11. Effects of different fire exposure surfaces on concrete temperature rise
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Figure 12. Effects of different fire-exposed surfaces on steel bar temperature rise

& 12. TEZAXEXREHFRAFIE

XIS R AUL A AT 13 ) 3 AT T BAAG S AP A2 T IR XA IRES SEA AR, BRI th 2 B
H S 2 ORI o VR A BRI 52 KO R = S K AE LY, AR I P R B AR AR A, R B

DOI: 10.12677/mo0s.2025.1410618 220 5 1 A


https://doi.org/10.12677/mos.2025.1410618

il

6 S BTG, TR TR AR - R AR T U PR A 1 vl X OB, UL DX IR B

R 4T 11, 1B 12 & S5 i TR 26T LR, IRERAIIRIT BB 7 — P 6, ] LB
JRELG, RAAPUAFERIGGHT B K B2 KT B Ak A A BEAT Bt id, (BRI S AR R, A1
PR B — B I A% 2 A RERIE A % R, DRLMAN R 45 m AR5 T 65 B B PR R I ) A7 AE B Y 22
S, WSS RS K TE R R B Sl R AR W . BRI S, 45 hBE B2 KT, 4
BRI (>, HoP GBS KA B s T RS 2 K BOE 145 R, T 3k SRR AL
K, P Ta N, PR 5 B B SR 1R A N

One side 1s fired Both sides were on fire Fire is on three sides

LNTES P T 52 K = Mm%k

Figure 13. Temperature field cloud diagram of concrete section on different fire surfaces
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