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Integrated Impact Failure Analysis of Concrete Slab Structures
with Consideration of Impact Load Characteristics
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By Ayaho MIYAMOTO*, Michael W. KING** and Teruhisa ISHIBASHI***

An integrated analytical procedure for analysis of reinforced concrete structures under
soft impact collisions is proposed. The impacting body is modeled using a lumped-mass
model, which is capable of predicting the resultant impact load characteristics for an
atbitrary collision. On the other hand, a nonlinear dynamic layered finite element
procedure is employed for predicting the ultimate behaviors and also impact failure
modes of concrete slab structures. Both the analyses are then linked up through a
dynamic intetactive procedure. The interactive procedure is capable of simulating
accurately the effects of effective mass and effective stiffness of the concrete structure,
and the results can be upgraded at each time step. Furthermore, the energy transmission
process during impact collision can also be predicted. Finally, the ultimate behaviors
and failure modes for reinforced concrete handrails and fiber reinforced plastic (FRP)
reinforced concrete slabs under impact collision are studied. The kinetic energy
transmitted by an impacting body as well as the energy absorbed by concrete slab
structures are found to be affected by the final failure modes in the structure.
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#—1 RCEHOBENER
Model | Loading | Load at | Deflection | Impulse | Index of local | Kinetic energy Energy Failure
rate failure | atfailurex deformatiop*+ | trapsmitted**** | absorbed****~| mode**+
(F/ms) | () (mm) | (kgfesec) | x10%*/em®) | (x10%kgfecm) | (kgfecm)
I 356.4 249.5 0.64 72.5 14.77 699 12040 PS
I 1.22 359 2.54 592.5 1.60 13745 8037 B
il 1.22 36.0 2.40 599.0 2.50 13947 7562 B

* Maximum deflection at loaded point ** At section C-C of Fig.7
**x B:Bending, PS:Punching Shear *%%% Amount of kinetic energy lost in impacting body

**xx* Obtained by integration of impact load - loaded point deflection curve
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KISSFERARESH LB ZFD oMY AR AT 2FRPHOHROFRINS Z 05, KENTIT,
- 212579 Type Ak Type BE WD 2 DDRz - HEHMEE A A T2 FRPHsFHEL . 2200547
OF RPHiE, TBEHOMEAROFNENLE 0.MEOLDERELL, A6, $HEEHAL BE
ERLARNVTORERELRRITDZLHKE, EH~OFOMETHIN BRI L EFHOLOLELIRS
EHRHEL, TXRCOWHE, 2D FRPHLUHFOEMICLELIINF-BEFMICLLE, 51T
BEICEELIIT - BITEENS, EEREROFRPHTHEBL-aY ) - MEISEH > 21—t
BREHE L TEWVEENTRETLIEFHLN LR > Tnhid SRR —E) ', FRPHLYER
Earr)—bF (HRC) tHlA&ELETHERLIHEOMEREORBIHRIIDVTLRI L.
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(Unit: mm) | =B
i Reinforcement layer
c.L
(Plan) (Section B-B)

M—-12 RCHROBEARESEE )L (1/455)
-2 R ORMANER

Reinforcement | Abbrev] Yield point|{Yield strain|Tensile strength {Tensile strain|  Young's modulus
(kgffcm?) ) (kgfjcm?) W (x105kef/cm?) [ratio]
Steel (SD35) D13 3500 1667 4800 50000 2.10 [1.0]
FRP Type A A - - 32900 12000 273 [1.3]
FRP Type B B - - 20400 19400 1.05 [0.5]
£-3 RCHOMHE
Slab Concrete Bar | Loading {Load at | Deflection | Cracking { Concrete { Impulse { Index of local deformation | Failure
type type rate failure | at failure Joad | plasticity (Longitudinal)| (Transverse) | mode+
(tfms) | () (mm) (t) | load~ (tf) | (kgfrsee) | (x10%/em?) | (x10-¥/cm?)
D-1 | Normal strepgth | D13} 14.63 | 30.00 1.76 14.75 21.40 34.53 11.89 9.11 B>PS
A-1 | Nomnal strength A 19.51 | 40.00 2.02 16.70 25.53 46.04 8.27 10.78 B
B-1 | Normalstrength | B 10.65 19.17 1.04 12.02 15.41 18.09 17.86 17.85 B->PS
A-2 High strength A 3228 | 64.56 2.51 29.57 43.92 71.57 8.67 8.57 B
B-2 High strength B 14.80 | 29.80 1.60 21.40 24.70 33.03 1142 14.26 B->PS
Slab | Collision | Speeds*=at Kinetic energy Energy Comments
speed**+ | slab failure transmittedss+= absorbed+++»
(cmy/sec) (cmfsec) (kgfecm) (kgf*cm)
D-1 174 74 6326 4463 Reinforcement yielding at 28.4tf; Concrete crushing
A-1 232 99 11231 6754 Concrete crushing
B-1 111 47 2579 1658 Concrete crushing
A-2 374 159 29234 13170 Concrete crushing
B-2 173 74 6238 4128 Reinforcement faiture

* Plasticity in compression zone
*** Speed of impacting body
#*%%% Obtained by integration of impact load - midspan deflection curve

R-SIMITBREZELDTRT, 22T, TEBE YY) — b OEREREILK300ke! /cn?, BHRED
¥ — b DEMREIHI00kef /em® & U TR AT (WRGEIX ) . - 340,41 A-2F0Ak
DHTBEE-NTHY, O SEEOI Y 2 — METIIERDMIC T ¥ L TOREE—-FERL,
ZTO%k, WLKZTAMPIET - FIBITLTWS, $, BEHEEHOWEREMIIMTRIEET—F0
BEIEMBICENTRELL 2BHAVD S, X610, BEEMERIZHITHEE — F CRMOBEE— FIZ
HRTEWEE 2D, BREETS-FERIELTWDZ EXbH»5 .. £HMICIE, B-1URDOBEHERIEH

** B:Bending, B+PS:Bending to Punching Shear
**** Amount of kinetic energy lost in impacting body
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DEROAEEEED, PLEXTAMBEE - F0VELBOI EERL TS, TRIINL T, EHRAEDR
52y )= MRIEEINDEHIRANVY —ORZIHL TE, iFHETIHET 2 EHTRNX -8
BAREOOIH LT, BN SIRLEZEANBEE - FEBTTOHEE - F TIEH T RIVF —~DHE
EOVTIIENTOWAEREA L., ZOZ &, B-IBTHICHEIERNTRY, EBHT RV -2 &1L
PEBL TRV ENLLHLNTHS, CRERBOZ LYY ) — MROBRRIFIVF—IZD0T
LEAD, TITO MRLLFIVF—] 23, ERD~HhREMBEFHEERYTHI L > TRHLZD
DTHD, TiabH, BFINTIRBNLIINF—b/NEL, ZOX ) BRBHUEEROR LIkELCAMBIERT
BILANF —DOBEBEEI/NESOI L ERL TS,

IHIIE-34LD, &BEIVY )~ e FRPHEZMAEGOETERLLSE, WThoarys) -+
ML BEED Y 7)) — P EEALRICER THERES B EL TODZ e bh 5. FIXE, B-2k DA
Frigid, D-IBUSEWEZRL TH Y, FrICREDEEE, BERRER ), BORREN, FEIRIVF IO
TIDIENERD. L2L, $HOHELIBRLD, FRPHRIBRR LSO, B-2TIZHMMEAT DM
W HBEEL DB DD LR THILENH D, —7, AT, TXTOEDA-1IEL D DA
EL, MEBHOBVILERLTOD, ZhH6DT END, &ME YY) — MIF R P #HOBEREN
INENVEVIREEHD ZENTHETHDEEZONSD, FRPHOEMZEE T2 DF B2 BB L E
TH5,

M- 13I&MEar ) —~ MNEOEEH~RPREMEEERT . ZhE D, B-URTIRUOUbNEERD
BMERETAEL <, HBRHMHTHEB L D- I D b2 HERMEDE L2 L2bh 5, M- 1 4138
BRERERTIBEOI YY) - MIOERHEROEFE—F (1/489) 2RLAELOTHL.RK-14
(2) DA-2WUT T HEBE — R TH D, BRIFRLE Il »> TAK > Tnbd, M- 14 b)Y 7)) —
M D-1) BIUR— 14 () DB-1ETIL, ERZEFRICERTIEAEZRLTEY), RMER (FL
RESAW) BERIIHTIEENLETHD I 05, 8, M- 14 () DB-IRTIXRKIRED ik
L7-EEr@oon, TOREIEHHALENHHBOMAEIRN TS, —REIC, BOEERED
FRPHTHMLIza 7)) — MRIENCHERM A RT., Thbb BRE2V2 V- E2HATLE,
FTRTDIATDAYY) = MNEDKRRBEBHBIOBEE— FIIREINDD, WHEFOEMIC OO T
DWERTIVENDD,

Impact force (tf)

T LEN SR B S pum aun |

T
1.5 2.0 25

0 0.5 1.0
Deflection (mm)

M—13 RCHROHE)~hRH A6 BR O ik
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(1) ZERXRETIVICL HER BRI E R CHRES IO 2R BERHMITE, HEKT -5 %%
DNEDVTHIERLIDHEL, EREIMHELTHCEETEX LR CIHEBEDOERCEMTEF R LI, 2
DLy, HEEBATHLZ2a ) - MEEHORHEEBIU AWM BEEEETELIOK 2
7=

Q) BESNLBITBIC L8000 7)) — MNUBROBRIT 21T - LR, BMOEREET— PRI
BAVPERTIHGICIIMLEZEANBEEET - LA B, —F, BRIZIVERZ2EL 2HBRNTA
ERAOHRTIIMPRBIGEVEBEE— NI ALI VBN R -T2, £, BRERERIIERYE
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