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EVALUATION ON STRENGTH OF REINFORCED CONCRETE SLABS
IN BITUMINIZATION DEMONSTRATION FACILITY

Toshiroh YAMADA", Hiroshi MORIKAWA ", Masatoshi ISHIDA ™,
Yutaka SETO™, Yoshifumi YAMAMOTO™, and Yoshikazu SAWAMOTO"

Abstract

On the 1lst of March 1997, a fire and explosion occurred in a Bituminization Demonstraion Facility. It
subsequently became necessary to estimate the explosive force of this event. To this end, this report evaluates the
static yield and ultimate strength of the main structural walls and floors of this facility.

A simple method and a Finite Element Method {FEM) were considered to evaluate the yield and ultimate strength of

reinforced concrete (RC) slabs. Using the simple method, the yield strength can be estimated effectively by solution
of fundamental differential equations. The ultimate strength of RC slabs is tried to estimate using a modified yield
line theory which is taken an arch effect created within RC slabs into account, However, this methed is difficult to
apply to slabs with complicated boundary conditions. In this case, FEM is necessary. The validity of the simple
method is verified by analyzing some slabs using both methods and comparing the results,

Previous experimental results and some RC slabs in the Asphalt Bituminization Facility were evaluated on the
basis of yield and ultimate strength using both methods, and the validity of both methods were verified. Especially,
in simulating previous experiments, the error in the estimated values of the ultimate strength using simple method
to experimental values were within 30%, The estimated values of the ultimate strength using the FEM were 15%
larger than the experimental values. As a result, the simple method taking arch effect into account was verified to

some extent.

Work performed by kajima Corporation under contract with Power Reactor and Nuclear Fuel
Development Corporation

PNC Liaison { Investigation Group for Bituminization Demonstration Facility Incident

*]1 . Kajima Technical Research Institute

*2 . Information Processing Center
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11
bl e Tt
NANANNNNNNT o 5 NN

p(t/m2)

2. BBITINT A— %

2=5.0m

BITEFNVE, ERICRT LI LE5HHE
pi/m)ec ZiITHAMBEEDEAHTH S (—i8
i35m,; BREII—8% 2 058 LASHELLE
) o TAHAOMER. kOREME IS4 S
& L7z,

Type-1 ;| FHER

Type-2 | FPOLugHER

Type-3 . 2—+—&
FOdRH@E/ )2, 0.0~0.6(0.1% &) & L7

HiD, EEERELOBRSMHELT EL DI,
7Y HHIE, v=0E L, BITORETES
L7-BiT & L,

DUFICEBT/NS A — 7 %175,

RO E Type-1, Type-2, Type-3
O &(a/0) 0.0,0.1,0.2,0.3,04, 0.6
¥ v T RERE) 2.65%10° (kgffem?) «Fc=320kgf/cm>
R7 VU H(v) 0.0

R () 50cm(—#h. 20cm,100cm)
ESMTEP) 1.0 (Ym?2)
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LAEEMIIOWT

LT, WEOEEFFRE—AY MIRETEELZEHET L, HEE LTI, $O00BRTEAY
AHE*ZEE LT, t=20cm, 50cm, 100cmx BIR L. AR-1IRT L 205 —AII 20w TEIrZiT27,

DR 1=50cm¥F EHEIZ L TE AL, 1=20cm, 100emicdTAXRFYH#ME Y KT —A b
(maxMx, maxMy) DEIEZERTLH 2B THAI rb, LUTOEFTIEZ, WEE L T=30emxFEAL 7

4 BB L Ol

SITIE, PREICEORETAEOIIOWT, TEE (1] 12X AEEME S FEMICZ X AETEE(Type-1)
if:—i]{@k -%) ﬁ‘*ﬁ%ﬂ"&" Z) a

MOdER@/ )%, 00~0.600.1%8]&) & LB ET ., M (RAE—2A ¥ bmaxMZp -+ 0 TEL
72 ?D) FHELALIS, BAOSTXR (1] 104 2EER EFEMIC L 2 5B E(Type-1)i2121T—F
L7z ({%-2) o - T, LEFEMBITOEYSEIRE L,

5. BRraE R

FEMIZ L ABENERZHIR3IIFRT. T, RIDRLRSNI2EOOENHEDERM Py EEDON
H BEOFBEKRE Py & D rPy(=Py/Py0) 12, TRIZL DER &L B,

by B
g Pyo

py X 02X rAe
= «— Py=pX Q2>< rAe

2
oxX @ AN
i rAe=1.0-(a/®
Mo X rAe
M MX 0

XBRUPUYHE)OHEOBRFET— 2 bAF
FELAMuTHIETHE

Pyt ELIE e/ OHYOBEFRFEHEOMBIIBMLTY I 71295 &, H3220L 51225,
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fI5-1 RECIZBAE—ACMEDEE

Ef7 :tm/m
BROEL BOFD
Tvpe-1{a/ 2=0.6) | Tvpe-2(a/0=0.6) | Tvpe-3(a/ 0=0.6)
maxMx | maxMy | maxMx | maxMy | maxMx | maxMy | maxMx | maxMy
t=20cm 1.197 1.197 0.422 0.422 0,993 0.837 1.318 1.318
t=50cm 1.187 1.187 0.418 0.418 1.021 0.863 1.290 1.290
t=100cm 1.160 1.160 0.40%9 0.409 1.067 0.897 1.207 1.207
172 HHBELFEMO@EOHSEZ: (M:p - 29
a/ 9 0.0 0.1 0.2 0.3 0.4 0.5 0.6
HESME| 0.0491 0.0475 0.0453 0.0416 0.0354 0.0274 0.01%0
FEM | 0.0475 0.0474 0.0462 0.0426 0.0358 0.0266 0.0167
f1%-3 ROGRLICLIBRATHAOEE
(1) Type-1(d 52 ER)
a/ 0 | maxMx | maxMy | maxM M rAe Py Py
(tm/m) | tm/m) | (tm/m) p2?® (m* |(=rAe/M)|(=Py/Pvy)
0.0 1.187 1.187 1.187 0.0475 1.00 21.081 1.000
0.1 1.185 1.185 1.185 0.0474 0.99 20.886 0.992
0.2 1.156 1.156 1.156 0.0462 0.96 20.761 0.986
0.3 1.065 1.065 1.065 0.0426 0.91 21.362 1.014
0.4 0.896 0.896 0.896 0.0358 0.84 23.438 1.113
0.5 0.665 0.665 0.665 0.0266 0.75 28.195 1.339
0.6 0.418 0.418 0.418 0.0167 0.64 38.278 1.817
(2)Type—2( Rz Ek)
a/ 0 | maxMx | maxMy | maxh M rAe Py rPy
(tm/m) | (tm/m) | (tm/m) ooy {(m*) |[(=rAe/M}{(=Py/Py,)
0.0 1.187 1.187 1.187 0.0475 1.00 21.061 1.000
0.1 1.356 1.224 1.356 0.0542 0.99 18.252 0.867
0.2 1.421 1.265 1.421 0.0568 0.96 16.890 0.802
0.3 1.316 1.322 1.322 0.0529 0.91 17.209 0.817
0.4 1.131 1.318 1.318 0.0527 0.84 15.833 0.757
0.5 1.079 1.161 1.161 0.0464 0.75 16.150 0.767
0.53 - - - 0.0424 0.71 16.865 0.801
0.6 1.021 0.863 1.021 0.0408 0.64 15.671 0.744
(3)Type-3(3—7F—%) .
a/ 0 | maxMx | maxMy | maxM M rAe Py TPy
(tm/m) | tm/m) | tm/m) | (©8» (m*) [(=rAe/M}{(=Pyv/Py,)
0.0 1.187 1.187 1.187 0.0475 1.00 21.061 1.000
0.1 1.187 1.187 1.187 0.0475 0.99 20.851 0.990
0.2 1.191 1.191 1.191 0.0476 0.96 20.151 0.957
0.3 1.247 1.247 1.247 0.0499 0.91 18.244 0.866
0.4 1.599 1.599 1.599 0.0640 0.84 12.133 0.624
0.5 1.644 1.644 1.644 0.0658 0.75 11.405 0.542
0.6 1.290 1.290 1.290 0.0316 0.64 12.403 0.589
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1852 HKREBWHAFHEO 2D OFRIRE

HO*ETAROBKEBRICIZEZER LB R, 2/ ZORRBBOOMEIIL L KR
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22T, BORBHEACWEFHET A012, REMADOFEE FAHIC. TEIIETET LI REAEO
WEBNIE D, B (2] KRS ZFELIREY, BOOMKE - RESILLABDEBEFTHHEP T
BHHE L., FOOEGIROEETI(EW) L BONE 5RO EIET J7(Pu) & O HrPu(=Pu/Pud) . FRODH

B -REIFNFTA—FELTERD,

1. EiFET N

BEATE T ViIE. BRTIFEO S DR O
EFERIS. S5HHEpm)F E T AAEEED
FAFFCay (—aits5m) . BOMERR, ko
RENLIZILATTH b,

Type-1 . BEE
Type-2 | P RIGEL
Type-3 . 3 —F—&b

2. BEEERILLARETE

SLLLLLLLLL PSS L LLSLSL LS

Y
A
AN S SRS
F. : Lo AN
' ' N
': N
| : N
Typei1 : Type-2 [
: N
\ ~
N
NED¢
~
Y
N
N
~
~
~
~
~

TEU S LA SRR R TR R

ZBOMEBIC LT, BEEERIZI RS LRIM=1L.0OBRORESHWEEWR FFEOME
O P 7 (Pu0) & B O D& B | OB (Pu) & O HerPu(=Pu/Pud) % FFR-4IITR T 7. k5P
FEOAER @/ OOBRTEHEOMEBIZRML T, 3231077,



-4 OREILIC & D8R Jy o3 1%

Type-1 ({80

Type-2 (hoedii)

Type-3 (J—79-—¥h)

a/t| pu pu rPu x1 pul x2 pu2 x3 pu3 pu rpu rPu x1 pul x2 pu2 pu rpu rPu
(XMy) | &=n/pd)| =Pu/Pug)| () | (XM | () {(XM)]| n) [ (XM ] (XM |(=p/po)| (=Pu/Pug| () | (XM | ) | (xMy) (XM | =p/1n)| EPu/Puy)
0.00] 1.920 | 1.000 1.000 12,5001 1.920 | 3.865] 3.293 - - 1.920 | 1.000 1.000 |2.500} 1.920 - - 1.920 | 1.000 1.000
0.05] 1.824 | 0.950 0.948 2.531] 1.897 13.735] 2.762 - - 1.897 | 0.988 0.985 2.532| 1.872 - - 1.872 ] 0.975 0.973
0.101 1.731 | 0.902 0.893 [2.558] 1.877 | 3.603| 2.419 - - 1.877 | 0.978 | 0.968 |2.563| 1.826 - - 1.826 | 0.951 0.942
0.15] 1.643 ] 0.856 0.837 2.573| 1.866 | 3.456| 2.197 - - 1.866 | 0.972 0.950 25921 1.786 - - 1.786 | 0.930 0.909
(.20 1.561 | 0.813 0.780 |2.570| 1.868 | 3.2861 2.058 - - 1.868 1 0.973 | 0934 |2.617( 1.762 - - 1.752 } 0,913 0.876
0.25] 1.486 | 0.774 0.726 12.542] 1.888 |3.094] 1.982 - - 1.888 | 0.983 | 0.922 2.634( 1.729 - - 1.729 ) 0,901 0.844
0.30] 1.421 | 0.740 0.673 |2.484| 1.932 |2.882]) 1.957 - - 1.932 | 1.007 ] 0.916 |[2.642( 1.719 - - 1.719] 0,895 0.815
0.35] 1.365 | 0.711 0.624 [2.392| 2.008 | 2.656| 1.978 {3.257] 1.953 | 1.953 | 1.017 | 0.893 |2.636] 1.727 [ 3.250| 1.857 [ 1.727 | 0.899 0.789
0.40| 1.321 | 0.688 0.578 12.268| 2.126 | 2.423| 2.048 [3.110] 1.932 ] 1,932 | 1.006 | 0.845 |2.613] 1.757 | 3.0281 1.809 | 1.757 | 0.915 0.769
0.45{ 1.291 | 0.673 0.536 | 2.115]| 2.301 | 2.1894 2.175 {2.945| 1.933 [ 1.933 ] 1.007 | 0.803 [2.569] 1.818 [2.969[ 1.802 | 1.802 | 0.938 0.748
0.50] 1.280 | 0.667 0.500 11.937] 2.558 [ 1.958| 2.376 [2.764[ 1,958 | 1.958 { 1.020 | 0.765 [2.500] 1.920 |2.913] 1.820 ] 1.820 | 0.948 ] 0.711
0.55} 1.295 | 0,674 0.470 .| 1.740| 2.941 | 1.733! 2.683 | 2560 2.008 | 2.008 | 1.046 0.729 24011 2.081 | 2,860 1.866 | 1.866 | 0.972 0.678
0.60] 1.352 | 0.704 0.451 [1.528] 3.531 | 1.512( 3.156 | 2.361] 2.086 | 2.086 { 1.087 [ 0.695 |2.269[ 2.331 |2.811] 1.946 | 1.046 | 1.014 0.649
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ULTIMATE LOAD-BEARING CAPACITY OF R/C FLOOR SLABS
DEPENDING ON THEIR POSITION IN SUPPORTING FRAMEWORK

m
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Masahiro ZINO, Kohya SAKAJIRI and Yoshizo DOBASHI

This report estimates the ultimate load-bearing capacity of t/c floor slzbs as it depends on their
position in the framework supporting them, The estimation resoris to the modified Park mathod
and the Johansen methoed both based on the yield-line theory, while comparing with available
data of the experiment at Illinols University togather with the authors’ corresponding test results.
The report zlso examines the extent of the effect of comprassive membrane stress oa the abovs
load-bearing capacity, rafsrring as well to how it differs batween the cases of those siructures
beinz subject to uniformly distributed loading and concentratad loading,
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