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A LOADING TEST OF 3 BARRELS OF REINFORCED CONCRETE SHELL ROOF
OF THE AMAGI POST OFFICE

Youichi MINAKAWA, Katsuhiro KURATA, Yoshinori DOI
and Hirokazu ADACHI

The Amagi post office had 3 barrels of reinforced concrete in its cylindrical shell roof. The
office building was going to be rebuilt because of limited use. The barrels was sure to be designed by
applying the ASCE Manual of Engineering Practice No. 31 (“Design of Cylindrical Concrete Shell
Roofs”). A loading test of the shell roof was planned to examine the loading capability of the barrels.

Two valleys of the 3 barrels were sanded for level. Then, H-shape steels were loaded on the level
above a central barrel. The shape steels were piled up to 9 layers, when the shell roof collapsed.

At a total load of 185 tons including the weight of sand, the steel reinforcement bars of edge
beams of the central cylindrical shell yielded at the center of the beams. At a total load of 224 tons,
the shell roof collasped. The experimental elastic-plastic behavior of the roof is shown in various
graphs in this paper.

The yield line theory allows us to obtain an ultimate load for barrels of 198 tons. Then, we calcu-
lated that the shell roof had an ultimate strength of about 1.5 ton/m?, which was more than 4 times as

large as the design load.
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Table 1 Mechanical Properties of Steel Bars

Nominal | Actual Yield Tensile

Diameter | Diameter | Strength Strength
(mm) (mm) (kg/m?) (kg/m?)
9 8.7 3,420 4,400
13 12.7 3,380 4,510
16 15.9 2,820 4,360
19 18.8 2,510 3,890
22 21.9 2,890 4,240
25 2552 2,970 4,570

% Using actual diameter, data of yield and
tensile strength were evaluated.
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+pu ($o—¢,) cosd,— (singo—sing,)| +peatana lcosd, (singo
—sing,) -%(%' ) —%(sin 2o—sin2¢,)| +sinffapy {1+cosp,)

(indo~sin,) — (4o 9. b= (b0~ 4~ iy

—sin2¢)! +sin2alaﬁap,z[%(l+cos¢,,) [2(80—¢,) + (sin24,

~ sing,) —2(singo—sing,)| +%(:in’¢o-:in3¢,)]] (14)

ZZi, THRENLAELEBTLL, Jnn OR

Fig. 27 Line Element

DI Jpax TRA LA EANEL 2 50

(7), (8) &KX, dsrwviz (13), (14) X% FH
ThiE, M\2EHAHIENTED,

R, (9), (10) X»H MskEDLND, T
72, ThoDRXDPLBONDRIKRE— 2V P OKE
14— 1 THRET 5,

3. 3 {R#EfE

1) Bk InmEEA

F& 4K H 0 kK F 448 CC’, DD, CD, DF, CF,
FG CoOf/holizArs ZhENn 0,, 02 03 04,
Os, 06T B, 01, 02 O3BHBICEDOLNS,
6,=8/L, 6,=28/L, 8¢=6/a

(15—1, 2, 3)

RIZ, 0,850 5, BEHICBIF B~ FLFD,
EUFGiush, “hbnhiifEoh, AFDG
DEFRRZ P VEED D, FAHKIZ, A CDF OFER
R MNVEEDD, 2DODEHRNT VDb sinb,
kD, 0, 3MIRETHLERETHE, XA 2B
5, )

8= (a*+ 2ot a ~2aL sinacosa) /28 / (La cosa) (16)

FHIZLT, 0:RU0:RRDEICEDLRN
5

0:=06tana/L, 05=6/(Leosa) (17—1, 2)

2) AAHEERUNDHESE
WAL WidthiTRKRE— 2 ¥ F RUDKEA Z
AnT, XRDEHIcKEN5B,

W=2(My01+Ms06) +Mp0o+4 (Ms05tMy04tMs0s) (18)
Y VOXKFHEHL Y OBEE vy, KERUY
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T2EOREREZNENF, RUF, LRHT 5,
EREEDOWATEBII CCEEICBITA%E5HWE %
w, £ BHE, ERTONNLEHE W, 3RKXD L)
[NE 33 (-

Wep=| (w0 aL+(Fy+F,)/2+ 204 (2L~atan o) /3] & (19)

EERIIPRAM Y 2 VOBRRRIHEE LY 7%
WELTIThbhi, ZOVTEAETHAHABERN
Y 2 VEREFEROBRHEZHET 2. BIROIAE
BRNCEDHHEISVERT 5 LIREL, KFHHE
L)OHERVEBHEOMY wTHE, ANt
HWo b LThREH 5,

W,= [weL+(Fy+F,)/2+2w (2L—atan a)a/3] & (20)

ZNDL&, B, BATH) 70MMHHELNHLE
~NEBHLZFER SV, ThbE, MICBAD
HIFRERE— 2~ bR 22H 2 M BT (18)
ROAHLHEEFET 5,

4. B AR
4. 1 BRE-—A> MIBUBIBEOEBROE
s

BARELAML 2 VBREDEBT AN aTHS E
& P, BLIUBKE—AC M E2EDHS(7), (8)
RBLU (9), 10) K I, 2E5LDT, NEMK
FHWTHATAILEETELR VL, J,ob DI
Jmaw Jmin THBALT, (7), (8) XZ:EMEIC (13),
(14) KNFEFTEHEERLEZ IN5 Jnax Jmin
FHEALTHONDEUM 2BRE—2 VP E (7),
(10) XEHEMRF L THBONIBERE-—X >V ED
HBEITIo 0 o/f,,=0.05714, p;=0.2271X1072,
p2=0.1479X 10722 LT, ¥ = VIEERHSES, B L
U5liRE %D 27 —ADBKRE—2A Y b 2HET 5.
1) ¥ VRS R OB
IDEEDERE-—2 Y P MEXRRD LS I2ET,
M=kf' 7*t (21)
a=15& LTHHA ¢od’7/6~7/20 4 FED
M 2 v M SIS T 5483 b % Table. 2 I125R
Fo (7), (8) XA 5B M % BER (Strict),
Juin BEV Iy #BALTHE LN S MEFREFNE
{L## 1 (Approximation 1) 3 & US3EL## 2 (Approx-
imation 2) L XHT 5, ThH 3BRIEIPIHOMEL
EHDEE, MR EFIT LR ITE R SRV,
Jmin DB VT Iy THEALBRETOO D HWR

Table 2 Coefficient k; of Yield Moment M' under a =1.5

$o=7/6 |$o=0/4 |$g=0/3 |[$o=n/2
Strict 0.991x10°° | 2.523%x10°% | 4.358%10% | 5.997x10
Approximation 1 | 0991107 | 2.522x10° | 4,356X10 | 5.953%10°

Approximation 2

1.001X10°% | 3.040X10° | 6.070x10° | 11.534X10°3

Rough Approx.

1001107 | 3.040Xx10°% | 6.070X10™ | 11.536X1073

Tsing =9, cosp=1%RETHE, ZOFKEES
BROBITZBIILIENTESL, ChOHDRELY
ALTELND M % fi#E#E (Rough Approx.) & &¥,
2) ¥z VIEERATE ERFEIR OB
ZDEEDBRRE—X Y P MEXRRD L S I2ET,
M= kf/ i (22)
a=15¢tLTHHA ¢ FHD 4 HEOMME
T2 VDT XIS T B R3 k % Table. 3 127R 3,
Table #CFHIH L7-525 i& Table. 2 L [@—TH 5,
Table. 2 B & U3 DEERITHB T, TR 1 IKE
BERS—HT 5, BB LICHWBE Ju. &8
FERICAVWRE I, LoMIZiE (12) RAKIELT 5
DT, F—D ¢ 12 LT (8), (10) X»rSoHES
NBEUR L DBKE—2A Y PIBBRL Y ISR
5o, ETAN, RIUBMTTOM ¢, FEDHBEKEIC
B BERFRDOD N HVRIZBWTH ZhEROM
FEARALTWEDT, AR LRERTIE 4,0
BIZOTPOERDSEST D, ZD7-%, Table. 3 DY
B o7/ 4BLUT/3D K iIZBWTIEURE L
BHRERL)DOTPIIKRELZRBEEE LTV, —F,
YA doRELS 2B L, HUME 2 RMBRIIRED
REEFVBKRE—AV 25252095, $7-,
EHEBIZAERET DA, a /NS hD EBEURDKE
EidmLtt s,

Table 3 Coefficient k; of Yield Moment M under a=1.5

$0=1/6 |$o=1/4 |$o=0/3 |$o=1/2

Strict 1.955%10° | 5.933%10™° | 12.04X107 | 21.681x10°3

Approximation 1

1.955%10° | 5.935%10™ | 12.07x10° | 21.671%10°3

Approximation 2 | 2.014X10° | 6.345X10° | 13.62X10 | 32.048X10°®

Rough Approx.

2.015%103 | 6.356X10™ | 13.71X10° | 35.411X10°3

4. 2 ERICHIBKREE

(18) ACKBFSNLANHEEB LU (19) KoH
NHFELHEL, ThO2%E L CTERICBITDBK
WEEHET S, Y2 VIRE t=0.14m, r=5m, L
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=7m, e=5m ($o=7/6), f,,=3.5X10%/m?,
fy=2.8%X10* t/m?, o =2 X10%/m’, p,=0.227X
1072, p=0.314X1072 L VEE GHEEHEY) w,
=0.31t/m?, F,=12.4t, F,.=2.4t #BAL, Ha
FEALSE RS OEIHBRBHTEYOR/MEE LTw
=2.83t/m” (@ =0.21) %8B/, DL X, FERHF
EOKREIZ198 ton L 2B, ERBICARIROESR
A TRER L 7T IR AT E 12185 ton, BAMIMMTE
13224 ton TH o720

L, MO 2 VEERL, PROAFG 2V E
KETHR SN BEHHNEL AT SHRECRE L A
L& EDOBRRMEIZIY ton EHE SN B, IS,
EBHOY 2 VERICBWTHHIO > x )V i59 ton,
AR TEIRATE 198 ton DHB DT HEH LTV d
DEFME NG,

4. 3 HABERAM D  VEROBRKEE
fROME S = M) THFV TV A HAREERH
B 2 VERFE L COW I SE AR ELEET
b, COBRBROBER A « 2 REM/IE L7 Fig.
23 TREND LD ERETE, SHHEE (20)
RTEINDL, AHHEEE (18) XTFHML, « 2B
FTHERMEXEELTCw=1.51t/m°(a=0) 2887
COBIIIBNT, BEIIBITAY 7TORKE— 2V
P2 AER LA, COARFY L VERORFHER
0.35t/m* THo72dbNDEFRENLNT, BREWE
DL MEORKTHERE L AL BEE SIS,

4. 4 HRKERELTOBRKE-—X2b

VI VEROBRKHELXEE TS0, 6EOE
KE-—AIFWM:i=1~6)%HALL, ZDIH
M #HET 5BRRETOESME 2 — 7 THRET L7
2 ERDKPICEL & TV B8 DR HEITE 1386, 68ct
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BwabE, M i3222tm LEESNS,

(2), (3) Koo HEESNSD M IZY 2 VE%12em
BIUlmE LAEENEFN233tm 8L U234 tm T
H5b,

Y 2 VSRRV &, RBRAIBIERE 2D
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A LEEEIRR D EBbIS,

5 ¥ ¢ 8
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EMERE Y L VEBREEE L 2 5BKEL T
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*ETHAM Y 2V E BRETEH 2 HFOR L AN
AHiEv) TEMBTE S,

4 HABFEROIEMAMSD = VER (EEHEE
BoTWiWndDD, ASCE a— FitEIWTEE
FENILDERIETE D, DY 2 VBRHTERE
END 1ERNCE CHERBERRET L-ERTE
IHERMAES Y = VERIZHT S ASCE - FiZ
O HEEB R TVD,) RFEHENY
EEOBEFET S w=1.5t/m*> #H L T\,

5 BMRENY 2 VEHREA a TROLLE, BETHL
S VA2 FEETTE— 2 v FERIT AR,
Tz VL ¢ ORUNMES d ¢ ITHIET 2RFEI
(11) XTFEND, L LEMS, COKRELH
WA ERRKEICBITAERFMDIGHRE— AT b
DONHWRKEBIHFTHILIITELR Y,

6 #MFE¥ (11) Kofhic (12—b) XEFIALT
EPE S ESET Y, EREOD ) HVRE IEREK
DEHTEDITHILDTEDL, ZO, aldD
HEXHEN T/ 2 D—EOAR Y 2 MIIBWT, (12—
b) ROBEERCBKE— A ¥ MIKELBRRK
E—A Y MEBOTRL—HT 5,
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COEBRIBEY, 775 ILE BERBAZEOMK
Z, FEPEHEMTERYLE) LTTE oDl E
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