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Abstract: In recent years, polyurea-coated reinforced concrete (RC) slabs have been extensively studied both experimentally
and numerically for structural strengthening against contact explosions. However, theoretical investigations remain limited,
particularly concerning the impact of polyurea on the local damages of the RC substrates. In this paper, an analytical model
based on stress wave propagation theory was proposed to investigate the reflection of compression waves at the backside of the
RC substrate slab and predict the spalling depth. Utilizing this analytical model, a quantitative and detailed discussion was
presented regarding the effect of the polyurea on the critical spalling and breach of the RC substrate slab. Furthermore, the
applicability of the empirical breach prediction, originally developed for uncoated RC slabs, was validated through existing
experiments to predict the breach of polyurea-coated RC substrate slabs. The results indicate that polyurea affects the spalling

process of the RC substrate slabs. Specifically, the net stress wave adjacent to the concrete-polyurea interface is a compression
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wave, while it transitions to a tensile wave in the deeper concrete. Polyurea primarily impacts the first spall of the RC substrate
slab; subsequent spalling processes after the first spall align with those observed in uncoated RC slabs. Upon the occurrence of
critical spalling, polyurea enhances the critical spalling resistance of RC slabs, although it significantly increases the spalling
depth. Conversely, when a breach occurs, polyurea reduces the number of spalls but minimally affects on the total spalling
depth. Based on these findings, the empirical method for predicting breaches of uncoated RC slabs can effectively be applied to
predict the breach of RC substrate slabs coated with polyurea. The test results from more than twenty contact explosion
experiments are consistent with the predicted outcomes, thereby validating the effectiveness of the analytical model and
providing a method for estimating the breach of polyurea-coated RC substrate slabs.
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Fig. 1 Shock wave action processes in RC slabs and polyurea-coated RC slabs
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Fig. 2 Stress wave reflection on the backside of an RC slab
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Fig. 3 Stress wave reflection and concrete spalling at the concrete-air interface
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Fig. 4 Stress wave propagation in polyurea-coated RC slab
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Fig. 5 Stress wave reflection and concrete spalling at the concrete/polyurea interface
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(4) A5 & A AT X L ) P A% 4 (52

(5) RIRFRIETY AR 2, 22 F A RC G5 FIPUHR NN A A 5 v i SR IR 64 % B R 248 977~ 1121 kg/m®
T FEI A (DL 1), BI04 3R IR vy SR PRGN I e 1230, K290 1660 s

(6) WU MR A, RC SR 2 11 40 B rb BT FHJEE 8 36 4 A WAL 0 SR v SR A T e g > 121 1921 9 il
(R 25 B /N T R IR R 2 R, My A0, mT 25200 0k Bt aed 98 X, AR A Sr v iz 200 R 5t
- TRWR S S R R R
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RC FHT, URE 1 R HNWTWH L o, =1, /a=1,/0.663. 4 £,/0.663>0,>f, i, RC #RAR & £ )22, T 5 1
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23.64 mm, & KT RC B, 56 2~6 2R TRE 5 RC B AHTF
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SEE A R

é 25 Polyurea coating’s
Y —— RC slab - — thickness is 9.6 mm
;;_E 207 —e— Polyurea-coated RC slab AR o
<

15t

'§ 10} Polyurea coating’s

S thlckness is

o 5 L L s

=

2 0 1 2 3 4 5 6 71 8 9 10

The serial number of each spalling

6 Fpilh RCHREUFNTE TSR R MK

RC RAURRMORE P 7 TR RCHL S RC LRI
Fig. 6 Depth of each spalling for RC slab and
polyurea-coated RC slab in the example

Fig. 7 Profile morphology of polyurea-coated and bare RC slabs
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R %) TC 7 2R 288 Y Morishita 23 3098 FH 2518 (B R0 0.5%~ 1.0%) , {H Al 45 2R 5 10 56 45
—E&o

®2 HEBUARIR RC RIZMBIEAL R ERRFMEER

Table 2 Contact explosion tests and breach prediction results for polyurea-coated RC slabs

G R RIWRE  Nroimne  emm TOIRAR e
JEEEMm WAIEY% AR (em g ) EE/mm Al 2
P-1 60 0.92 1.05 3.9 0.189 pigis B SCHR[1]
P1-1 150 1.78 4 0.6 B B
P1-2 150 1.50 4 1.0 ik B
P2-1 150 123 6 1.8 pigss Uik
P2-2 150 1.19 6 2.0 pigi pig
P3-1 150 1.19 8 2.0 pigss i
1.13 SCHR[17]
P3-2 150 1.15 8 22 bk i
P4-1 150 1.12 10 2.4 ik By
P4-2 150 1.09 10 2.6 it By
P5-1 150 1.04 12 3.0 e By
P5-2 150 0.98 12 3.6 pies ik
RCP1 300 2.08 10 3.0 KL KT
0.94 3Ck21]
RCP2 300 1.75 10 5.0 KRBT Gk
Tl 200 2.15 2 0.8 Ko KL%
T2 200 2.15 4 0.8 KL KB
T3 200 0.90 2.15 6 0.8 KBty KB SCHR[15]
T4 200 2.15 8 0.8 RELEE E ik
T5 200 2.15 10 0.8 KL ENViE
Tl 150 1.62 45 0.8 ik B
T2 150 1.44 1.62 9.6 0.8 piki pigis SCHik[9]
T3 150 1.12 14.8 24 pigi pig
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THS 3 AR 2 R TR B AP . 454 Morishita 23 503E AP DL 2 2 R TSI B G 4%
F, 45 1 Morishita 2320 8 W 35 18 55 74 MR RC Kb BT 9 FUAG (038 FH 45082 (1) 5 BT BE L om & o)
kg C30 B C40; (2) RC AR 4 )5 5 2 60~ 300 mmy; (3) RC i i1 e 1555 75 =Xy BALJ2 W) 3 A2 AW ] A
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