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ABSTRACT

In the high temperature situation like in a fire, the high strength of concrete (HSC) has extreme
danger named explosive spalling. It is assumed that the major cause of explosive spalling is water
vapour pressure inside concrete. This paper examines the effect of the compressive strength and
the moisture content on the initial occurrence of explosive spalling. For the effective experiment of
the initial explosive spalling, the curve of ISO834 temperature profile is applied on the basis of 15
minute and 30 minute. As a result, the more increase the compressive strength and the moisture con-
tent, the more increase the occurrence and phenomenon of explosive spalling. This paper analyzes the
territory of explosive spalling depending the compressive strength and the moisture content. The
explosive spalling is not examined in the case of the compressive strength 50~100 MPa and the mois-
ture content below 3% and the compressive strength over 100 MPa and the moisture content below
1%. Also, due to the HSC, which makes it more difficult to transport vapour and moisture, very high
vapour-pressure may occur close to the surface, there is a greater risk that HSC spalls compared with
normal strength concrete (NSC).
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Table 1. Details of Experiment
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fix MP Heat
-« MPa | Curing Conditions (1S0834) Fresh State (28 days) After Heating
21 - ACC
50 - SCC - 15 min. - Air Content | - fy - Yok 11
80 - WCC - 30 min. - Slump Flow | - Moisture content | - Explosive spalling
100 - DCC

Note: ACC = Air curing condition, SCC = Sealed curing condition, WCC = Water curing condition (65°C), DCC = Drying curing
condition (100°C), fo = Compressive strength of concrete, fy n= Residual compressive strength of concrete,
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(a) Specimens
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Figure 1. Detains of specimens and curing condition.
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Figure 2. Test equipments (heating fumace).
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fa |WB|,. |FAB|SFB Unit weight (kg/m’) Stump Flow fuos (MPa)

(MPa) | (%) (wt) | (Wt.) | Water | Cement | FA | SF | Sand | Gravel (mm) ACC | sCC | wee
21 | 60 | 4 | 010003 168 | 244 | 28] 8| 750 | 1,014 120 215 | 23.8| 30.1
50 | 35 | 4 10151005 163 | 373 | 70{ 23| 740 | 818 540 563 | 589| 725
80 | 25 | 4 [ 0151010] 160 | 480 | 96| 64| 640 | 707 565 777 | 892| 949
100 | 15 {4 | 015010} 160 | 800 |160]107| 416 | 459 530 106.5 | 106.8 | 121.4

Note: f,= Compressive strength of concrete, f, 2= Average compressive strength of concrete in 28 days, W/B = Water/binder ratio,

FA =Fly ash, SF: Silica fume.

Table 3. Chemical Proporties of Cement

ap | EE | REE SANT | s | $FAE[fom’] I E(%)
“ o |lge’l | Ul |2z ]za| |39 79 |28y | KO | NuO | MgO | 505 | Bane
AHE 3.15 5,585 4:20 | 6:35 0.14 211 | 282 | 387 0.3 1.0 4.0 2.2 2.0
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Table 4. Chemical Proporties of Silica Fume

LEgem’] | E2E[emYg] | SiO%] | ALOs[%] | Fe,05%] MgO[%] | CaO[%] | SOs[%)]
22 200,000 90 15 3.0 20 0.7 02
Table 5. Physical Proporties of Aggregate
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Table 7. Explosive Spalling Test Results of Specimens

ol - KA - dFR

Heating 21 MPa Grade 50 MPa Grade
Time (min.) | ACC scc wcc DCC ACC scc wcce DCC
. I _
15
Spalling” None None None None PR+CR None SS None
Crack™ I I I
-
30
Spalling None None None None None
Crack I I I
Heating 80 MPa Grade
Time (min.) DCC
Photo
15
Spalling | DS+CR None
Crack I il
Photo -
30
Spalling [ PR+CR PR DS+PR None CR CR None
Crack v v v v v I I

Note: *None =none spalling, SS = shallow spalling (depth < 10 mm), DS =deep spalling (depth > 10 mm), PR = partial rupture,

CR = complete rupture).

**Number of crack (I =none, Il =less than 5, Il =6-10, IV =11-20, V=21 or more).
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Figure 3. Test results of specimens.
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Table 8. Average Compressive Strength of Concrete
Specimens

Woisture contents (%)

a8 0.8 1008 150.9
Comgpressive strengh [MPa)

A Explosive spalling (in paper), @ None spalling (in
paper), X Explosive spalling (Ref. 9), O None spalling
(Ref9)

Figure 4. Explosive spalling characteristics of specimens by
compressive strength vs. moisture contents.

fx (MPa) | fiu 23 (MPa) | fu s (MPa) | £y s30 (MPa)
22.5 18 152
21(MPa) 27.5 23 15.9
245 32 16.6
61.1 44 29.0
50(MPa) 50.0 57 315
66.7 39 31.5
98.9 61 36.3
80(MPa) 83.0 72 39.5
86.2 79 37.4
111.9 - 40.5
100(MPa) | 104.4 ; 420
107.7 - 45.0

Note: £y s, fo, oo Residual compressive strength of specimens
after heating time 15 min. and 30 min.
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Figure 6. Crack and spalling distribution of specimens (In
case of 80 MPa grade HSC).
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