18

AR EREREIC X 52> 2 ) — 02

E B avy ) - bbBLIsr2vOE—HOMHHK
437 0.60, 0.46, 0.31, 0.235, 0.18sec ® 5 FEEOFEHH
T 50~140 kg/em? #5 J ¥ 50~200 kg/em?® O 2 FEAH
DIEFISIENOABNEEREHL, Z0EREE 2%
&L,

CHELUOBBEWRTXTIREE L, COBRHERR
WMUTERHOFA2MEL, ¥ 5 CHHEHEK 100 sec
DRI 21775 5 12,

BN EREEIC L3307 ) — F O/ T A T LTk
OIGHE O FHOBRE, BHHO T A0 12128007
HEEEUD ITRIGTHRNOBE T ERI T o120
L DEROWET s b LENMEERDER, -G
o x 1 FEOM—EE 2R L, HAEHDN 2512
EREE 5T, T b BRI RO M EE IS I EH
OXHEAE & ERBRICH 2 &0 D Fim 28,

Z 721 FEL DR UREBOBRE T ARBIEHO
KIZBFEREL 7. BINHEERL 5 NZBE DT A
OB X AL AT 20 OTHER E UT
Mazxwell-Kelvin body %MEL, ZOKBEREZK
WAHLENTET

1HFEOL YR UEDORHNEIE 2 &5 17 28BS
(DB UMERMA LHIONRE 2 s LzT b b
BN B % 4 D TR ABETD SR, ISIIE
oW AZ»»b LT, < VEUNERNA LW T
Db b —fTREOWENE 2 INA T BEOBAET & H—
Lot T 1 HEOML DR UBROBRNEIERELG
FEHORIVIENE LT, 2S5 a2 Y —F
OISR, BETNEREOERA L TN
FOASK X T 5 C EMEL I Y, BIRINES
TNT R UM E BIIRE & OO S R IE Y
AEELHEHETH D CEPHEEINI,

—
E—}Lﬁ
Tl

W T T Ly ) — b OMEIIEN B A
ZIHOWEE LT 2y v Y — MR I TEOEER
()78 MR Z 723 3 IR R 2 N A T8 A OBIE 2ab
THpzp?, avy ) — MMEEHORIES RN
FEHOBBEZR YRS Hind, CNLOBIFHES LT
WD THEBM s DEUKELL A 207 Y — FO%ES)
BRI DNEDD Do

CHBURIEIC L A3y v — b OBIEBL R

* ER L BIPRPIERT ST

S ¥ E*

FLBEINTNED, ChHIRIZEASNDY DY
BEOHBETH > TEEVT TRIERLIIDVYCE &,
R & AR OE(L &0 S MO REAREI
ANFZE DR FITERREOI Y o & BULIE S
Erine { HELUEEE OBRICREINL S OIREHR
T, EREE { VEUMBEOBAREBORBE, BiERo
S D DK & A MEETOHRME L Eide CRED
fIRETah 5,

INHORE R L CERNZHT 203 CREHE
BR2LEYT50T, SHEETa 00 ) — OB
HRO BRI 2BLOMELZEEE LTE Y HiT,
s & 2 W 2RA I, £ UTHHIC
35 FERMBEAT N TE, —EL Y ELUEETAE
BB O TR 2 IMA I BOEHO T, BRER
B, BEOTHIERRD, 205 h 5 RINsHEE
T2 e EDITNVEE L A,

2. EROKFE

B EREE» 2 7 V) — OUREITING 5 729
AR 100t @ Pulsator % 100t o Amsler Jiy/TalER
2 SEEE T BV T Pulsator i fEEZS = — 4 —iC
LD 5 BRICEERPET S X 5 cfESi, 0.60,0.46,
0.31, 0.235, 0.18 sec O 5 FEO B CESOEEh
DOENTEHE»ET 2209 T3 %, BE-1 TR
T x5 wEakE kD RERC s Y o s R EEL, Vv
7 BEE 2 ORI & O O EEREO (L
% SR. ¥—vRidsicer—2ickhlly, 202
— FOUFTAREERD I, Ty — R EOEHE I
EEMRL, MEOLZOR 212, 72 SR ¥
— U X AR, IR TFEINEEO FRIZENTE

=5
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R E LW g H 84 (H.37.8)
2%&—1 Properties of Cement
(a)
Ig. Loss [ Ins. R. Si0; AlLO; Fe,O; CaO [ MgQC SO; C;8 (OS] CiA ’ C,AF
0.23 } 0.69 23.03 | 4.19 I 3.79 64.03 ] 1.05 1.93 46.5 31.0 47 l 11.5
(b) (e)
sp. gr Fineness (Blaine) Flow Stiniﬂx of Standard Mortar
3day ‘ 7 day 28 day
8.20 3 130 em/gz 240 mm USkgiem? | 175 kgiome 379 kg/cm?
#-—2 Properties of Aggregates
Sagami River “ sp. gr. Mazx. Size 1 Gradaticn
Natural | Gravel  25~20mm  25% Sand 5~2.5mm  15%
1 20~15 25% 2.5~1.2 15%
Aggregates | 275 25 mm 15~10 25% 1.2~0.6 25%
‘ l 10~ 5 25% 0.6~0.3 25%
; 0.3~0.15 15%
( ! 0.15~ 5%
-3 Tested Concrete & Mortar
Mix Proportion
Test No. Age in Week T Slump & Flow
Cement Water l Sand Gravel ’ wic
4 300 kg/m3 150 kg/m? 710 kg/m? 1264 kg/m? 56% 10.5cm
2 4 511 kg/m? 255.5 kg/m3 1533 kg/m? — 50% 168 mm
Telllotze ZOREIX 100t THEHE VT2 2ERHA 4
ERV2=Rid fﬁjﬁi‘}ﬁaﬁ U7, No [ Stress Period Stress Amplitude
Amsler BB upper head ZEAELTH %, 8 L 2 Statical Test
N 3, 4 0.60 sec 50~140 kg/em?
&M FE % upper head ODTFE»HE om X Lizs 5, 6 0.46 ~ »
CAAIB YT, pulsator B CHBEITA S 7, 8 0.31 » R
- 9, 10 0.235~» »
Amsler ﬁgﬁf%@ ram Vim% i BERU, ﬂi"ﬁﬁiﬁnh[ﬁ@ 11, 12 . 6.18 » »
upper head OTHEIZEMT S 12T S, LD & XH/MNME 13, 14 0.60 ~ 50~200 kg/cm?
i 15, 16 0.46 » »
MOENPEREIZL VIE LD 5D T OEIRN 7 18 031 » .,
WEETKREL 85 X OB UTHERENEN 2185, 19, 20 0.235 ”
st p - - = . 0.18 » »
WEEBUNETD b FEEENCREE UD 5 T, K i '
& 100~200 ED < b U FHEO» 5 R 2 HEE LT, BOBD 22 AdH TR LI

U, ZNURIZ—ERY, —ERBORBNERHEY
L DEINS,

{HELOBEET XTI HEETE L, 1 HE%H#
3¢ pulsator 25T 5, COBEEORFEFEEOR
WEEFERITENIN D, ZUTHEIRESI0 &5
DFALBRBEHOTARE T, COREBOE F THN
[FiEmE ez, #9 100sec THEPEELD . 20
HOEREE S Rk CARTC®ET 5,

FEFT, B2 5 12D OB AFH T —HEBREA
K2 #2ET 50T, ZOMBEE 0BOBLOD
L SRRIDOZERE S 572 3 DRV,

HBE a7 ) — MB IR L L LOE—RERITOL
TITR o1l 20, BlElE £8-1,2,3 DL5TH
%o HEADK X 212 10em %, 20cm B CERBER S
T 20°C OAKAICEE LT, EBRIM4y 28 B 2rhRic
FIANIAMTI R o1 EBROEEIZIR—A O &

FWEBROBAOBMIFMES L2 DI LD TH 5
EOREIHENNTE A 300 A Stage, FiEENEHIZZ
» 12 1B#%0 B Stage, E#Jh>5 1000 @O FEANIGS

Z21T12& ¥ C Stage, 5000 [ EHOELNIE 2%
}72& 5@ D Stage, 10000 8] 5 ORINIGTI 224T 12
: % E Stage, 10000 [A%#& - 12 ES O ERB D
T Stage, 5L F F Stage BT BEDIL - T 561745
ToHRRITREE (REERERRY 100sec) OBRBHETH S G
Stage D 7 EBMITHIT T2 120

3. EROEER

HFEFTEOF 2 B—1 177" T, Test 1,4 465 L7 Test
1-20 B 3588 TH T, 327 Y — bt
T AR 2EHOGIHENCE T 2HTH 2, 4, i
LR MRS Y, TNEFNGHNOTADEZ
HBICE XD AT O B—2 Th A,
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Examples of Test Record

{ Test 1-4  Stress Period OE0ses. Sivess Ampliude 5G-140 kgren?)

1:3:5 Concrete 4Ws

A Initial Stage from Beginning to the fixed Stress Amplitude.

stran /\/\,
N N - .
. Strass .
AP\ N \/\/\ ‘
. bose fine 100 sec

E-—-1 ()

Examples of Test Record

( Test 1-20. Stress Period 0235 sec Stress Amplitude 60 - 200kg/am?]
\:3:5 Concrete 4Ws.

A, Initiai Stage from Beginning to the fixed Stress Ampilitude

Strain

AN - AN -
——“‘—'J_,é'_“:';,v-/‘/\/\/\/\/\-/\/\/\f\/\/\~

- . 1
base line 1005 —

F Stage of Reteasing atter 10° Repetitions

Straie
- ;

""‘;w;,wqﬂ

m a\m iy

G :Final Stoge of Static Failurs otier F Stage //\\

strain

strass

_base line

B2 (a)

Stress — Strain

{ Test 1-4 Stress Pericd 0B60sec. Stress Amplitude 50-140 kg/cm?}

-3 t:3:85 Concrete 4Ws,

ka/cm2

- .
1 !
300
G
200 A_: |initigt_Stagg from to_the Ifixed Stress
Ampiitude .
/ B : |Stage at [i80th Repgtition
/ C :|Stege ot LIQ%th
D : Stege of 5x\031h Repetition
E :'Stage. ot |10%th Repetition
100 _A F : |Stage of Releasing affgr 0 Rapetifions
E
Ay G ! (Final Stoge of Stotic [Failure aftey F Stoge
:/’ F/’

/ 4

/ /‘

I £z
° Ox10-7 Z0x10-2 30x10°2

F. Stage of Releasing after 10’ Repetirions

Srean

NVWW%M

G Final Stage of Statin Failure after F Stage

base tine

E-2 (b

Stress — Sfrain

(Test [-20 Stress Period 0.235sec.

[ |
kg/cm?

Stress Amplifude 60-200kg/em?
3 :5 CGoncrete 4Ws.

T

. |
/

i
A flnifiai Stage from beginning to the Ifixed Stres

lAmpnmae.

::Stage at {200th Repetition

1/Stage gt ((03th _ Repptition

i|Stage ar |5x 10 th Repetition

:iStage at 10* th  Repetition

F :|Stoge of Re\eué@‘c}t rwI/OTFlepev-hons

G i Final Stag

s

of Static |Failure aftdr ¥ Stage

10x107* 20x107*



22 LARESHUE H4E (.78

BUNEROEIMESINA SDE T T b—EIH
#EMiTs % £ TO A Stage TG JHEMN DN & {0
$DIE U S B 200 MEEE Th 393, T AD
KE XFHEAITK RV, B,C,D,E % Stage {LH17 %
-0 A0 B NETHRMDOBEEIE S 5A A, B
BOTAHOW 2 BEETOTAMREL LB LD 2
HeAis, KIGTHENOHETIE LA YERNTD
B, BCOHERBIMEER £y CEETHEOETH

i, A—HRED E; OEBEHO—~E2 1 FREIDL b
EBLOMTIRIZEA B2 —BDEZTRT. UL
J5 -0 S B RERII B BB L, O 2 O
D5 b 3B UEROBEARIC >N THEMUTHFL & HR
515, N AHORIINE SRS A Stage % 54D T,
B~C, C~D, D~E OEXH% LI UTHBOT K
%<, DEUEBOHASL & SIRIEEIINC L » T
HEM%ZRT, B D F Stage TG~ Al

#&—5 (a) Results of Tests.

Test No. 1 1:3:5 Concrete 4 W,
T St Eq €y Eg Oy fe
ress : A
e SUSR | amptice | MoGubmor | Rl | eddueor | Sl | compressibitty
Elasticity Elasticity

1 | Statical Test 100 sec Failure — 382 kg/cm? 22.7%x 1074

2 ‘ Statical Test 100 sec Failure X — 381 » 23.2 »

3 i 0.60sec | 60~150kg/cm? | 25.2X104%kg/cm? 2.05x10™ | 23.2x10%kg/cm? 363 » 22.6 »

4 : 0.60 ~ | so~140 o~ 27.0 » 1.35 » 23.2 » 375~ 23.0 »

5 l 0.46 » | som110 4 '27.5 " 1.45 » 24.1 » VIS 23.0 »

6 : 0.46 » | s5~130 - 26.0 » 1.10 » 22.5 » 367 24.2 »

7 ! 0.31 » | 60~140 | 28.2 » 1.25 » 24.2 » 370 22.0 »

8 0.3t » 60~140 » 28.2 » 1.00 » 24.7 » 376~ 22.4 »

9 0.235 » 60~150 » 29.6 ” 0.49 » 24.6 » 368 ~ 21.8 »
10 0.235 » 50~140  ~ 29.0 » 0.85 » | 24.0 » 376 22.0 ~
11 0.18 » 50~140 » [ 29.0 » 0.65 » 24.1 » 376~ 23.0 »
12 0.18 » | 50~140  ~ { 29.6 » G.44 » 23.4 » 375 21.8 »
13 0.60 | 60~210 » 26.8 » 2.80 » 22,2 » 363 ~ 23.2 »
14 0.60 » 50~200 26.8 » 2.80 » | 22.0 » 363 » 23.8 »
15 0.46 » 50~200 ~ 28.0 ” 2,10 » 122.1 » 364 » 2.4 »
16 i 0.46 » 50~200 29.2 » 2,11 » 22.5 » 370 » 21.8 »
7o 0.31 » 50~200 ~ 27.0 » 2.10 » 23.1 » 365~ 244 »
18 0.31 » 60~210  » 30.0 » 1.36 » [ 25.1 » 382 » 23.1 »
19 0.235 » 60~200  » 28.7 » 1.37 » | 22.0 » 372~ 23.6 »
20 0.235 » 60~200 » 29.2 » 1.36 » 22.8 » 380 o~ 23.1 »
21 0.18 ~» 50~210 » 31.2 » 1.13 » 23.4 » 378~ 22.0 »
22 0.18 » 50~200 » 31.0 » 1.52 » 24.5 ” 364  » 22.2 »

& —5 (b) Results of Tests.
Test No. 2 1:3 Mortar 4W,.
T st Eg4 &y Eg Gy €
No. ress Dynamic ; Static ;
Period Amplituge | Modulus of | FGHARL | Modalus of | SR, | Compressibility

1 Statical Test 100sec Failure — — 420 kg/cm? 34.7x 1074

2 Statical Test 100sec Failure — — 406 » 33.6 ~»

3 0.61 sec 50~140 kg/cm? I‘ 22.6x 10kg/cm? 1.41x 1074 ; 18.2 x 10%kg/cm? 398 34.6 »

4 0.61 » 60~140  » ‘ 24.4 » 1.70 » L17.4 ” 393 33.7 »

5 0.46 » 60~150  » !23.6 » 1.71 » 16.8 » 395 35.1 »

[ 0.46 » 50~150  » 124.0 » 1.48 » 18.0 » 401~ 35,5 »

7 0.30 » 60~140  » f 24.8 ” 1.06 » 1177 » 395 33.0 »

8 0.31 » 60~140  » ‘ 25.0 » 1.82 » 17.8 » 401 » 33.7 »

9 0.235 » | 50~140 » i 25.9 » 1.37 » ‘ 17.9 » 398~ 33.6 ~
10 0.235 » 60~140  ~ 25.6 » 1.28 » [17.8 ” W07 » 34.0 »
11 0.18 » 60~150  » ‘ 26.2 » 1,21 » ‘ 18.2 » 02~ 34.7 »
12 0.18 » 60~140  » 1275 » 1.67 » ‘ 18.8 ” 405~ 4.4 »
13 0.62 » 60~200 » | 22.6 » 3.20 » '17.5 » 384 4.2 »
14 0.62 » 50~200  » S 21.4 » 2.71 » 117.3 » 384 35.1 »
15 0.46 » 50~200 l 24.6 » 2,73 »  18.4 » 361~ 34.9
16 0.46 » 60~210 » I 26.0 » 3.29 » 4 18.0 ” 397 # 34.8 »
1w 0.31 » 60~200  ~ f 24.0 » 2.37 » "17.8 » 395  » 34.1 »
18 0.31 » 50~200 i 24.0 » 2.08 » [ 178 » 395~ 32.8 »
19 l 0.235 » 60~210  ~» ’ 25.4 » 2.20 » 16.9 » ( 395~ 35.7 ~
20 0.235 » 50~200 ~ 25.5 ” 2.20 » 17.4 ” ' 395~ 34.4 »
21 0.18 » 50~210 » : 27.6 » 1.97 » ! 1€.8 » 401 » 3.1 »
22 ! 0.18 » 60~210 » l 28.2 » 2,00 =~ 1 18.8 ” 400 » 33.0 »
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LR L XM R R L, BERHORE 2T,
T Stage iZ#517 BI5J 0 O & X OB O F A2 OB O
BB D G Stage OIRAILEZ L THLURLT 5,
24, G Stage DWREIZEIT ADFTARBEOT A ¢, &
EFHT 5, BHGBRE G Stage TGO T AHE#IIE
T30, OF A & LIRS TNENORETIZL UL
R MBIOBEE TN, 110 BIZERE 2 Hh Ry »
EMOEFETUTHEOTALEL Lo ThH 5 Bk
NELE 755 & CDOEBID OBE 2 HINEEE Es &
EFET o LA XY 22 S SO AR R
ST h LENEERE o, L2 Thb, RBLh
L O BIEHRETO T A2 KL, DVICENT %
WER, 4 A Stage BHRIIOOTAEO 55505 C
ORI 0, D& XDUTAHBETO, T70b

e ALK D ITROTAERHEARES e LESHTAID
3 5,

D EDHIERERY 327 ) - bBXTELZLDBD
BOILDNWTHITHER-D L7155,

i =& 7

x5 R SN IEBRGEE D> 5 BRI T E 2 S0
1oy Y — FOBBENCO X EEHE A A T LB
Tx 5, BIVBEER E; 13 0.60~0.18sec & 103 il
H9/NMEEE DRI D ZEBNT 300N T, B 2L 2R LT
bo BER—TITEDOEME TIXT B EIZISU T Secant
Modulus Es D@ BEL TR 2, X5 & E5E
BT H B 2 2N IHDD, LTI OB ENY
HEEE Ey OWBMEPSEDELE T O & E5E%

&K—b (a) Results of Statistical Analysis.

Test No. 1 1:3:5 Concrete 4 W,
: : Regression line, mean value
g >
No. Relation Analysis Test & Standard Deviation
Analysis of 1/E;=(0.3611og T+ 3.944) x 107§
1 1/Eg~log T Variance in Fy=33.40>F4(0.01)=8.29
Regression S§=0.122x10"¢
e,~log T Analysis of &,=(0.940 log T+2.120) x 1074

2 Variance in
(low Stress Amplitud) Regression

Fo=27.00>Fg1(0.01)=11.26 ®

S§'=0.250 x 107+

e,~log T Analysis of
3 Variance in

€p=(1.202 log T+3.217) X 1074

Fy=37.66> F¢'(0.01) =11.26 ®

(high Stress Amp.) Regression 8§'=0.270x 10"
Test of Eg=23.4x10*
4 Es chi?=0.79<chi?(19.0.01) =36.2 ®
chisquare $=1.0x104
Test of £, =22,9X1074
5 e chi?=0,55 <chi?(21.0.01) =38.9 ®
chisquare $=0.78x107¢
ay~log T Analysis of

6 Variance in
(Jow Stress Amplitude) Regression

Fy=2.00< F5(0.05) =5.32 —_—

oy~log T Analysis of
7 Variance in
(high Stress Amp.) Regression

Fo=2.92< F§(0.05)=5.32 ——

g6 (b) Results of Statistical Analysis

Test No. 2 1:3 Mortar 4 W,
1
. . i Regression line, mean Value
No. Relation Analysis l Test & Standard Deviation
Analysis of 1/Ez=(0.524 log T+4.615) x 1076
1 1/E4~log T Variance in Fy=43.30>F41(0.01)=8.29
Regression $=0.158x 1078
&,~log T Analysis of

2 Variance in

(low Stress Amplitude) Regression

Fy=0.95<Fg!(0.05)=5.32 -

e,~log T° Analysis of €,=(0.892lcg T+3.472) x 1074
3 Variance in Fy=23.7>F4(0.01)=11.26 ®
(high Stress Amp.) Regression §=0,26x10"4
Test of E;=17.8x104
4 Es chi?=0.35<chi?(19.0.01) =36.2 ®
chisquare S=0.57x104%
Test of €c=34.3x10™*
5 e chi?=4.,03<chi?(21.0.01)=38.9 ®
chisquare S=0.8x10"4
oy~log T Analysis of o, =—6.386 log T+392
6 Variance in Fy=6.08>Fg(0.05)=5.32 ®
(low Stress Amplitude) Regression S§=38.70

oy~log T Analysis of 0,=—10.725 log T+ 382
7 Variance in Fo=23.6>F(0.01)=11.26 @
(high Stress Amp.) Regression §=3.20
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24
H—3 (a)
Regression line & Mean Value
yEd crr12/Kg Test NO. { 1:=3:=5 -Conerete
Yes ~m T o

B3 (b)
Regression line dr‘Mecn Value
Test NO.2 t= M ortar
T/Ec‘cm';/kg ora
2
a5 A ~In[‘[‘ »\lp*—r——w;;m

3 7
@ s 235 o3l 046 dGl
Kooz Es 0Bgg;,  0238gc. O3lsec. 46s0c.  OBlgec.
X0 N
. s ©le T Ecxm_“ €c ®
241-—%u g X7 s 36 F10- - o — - :
21911 [N c=343x10 |5§5 3,014 M
I Zi | 3 ,‘|Zg°o l7? Es:@;@lgg 9———~'.i—83*~ 24 = 2 %. v *””"};‘(‘Lé - _ *"'usl*’* _—
20[ ' T ' | l el i s w5 o6l S:Jur
0, 0235, O3l 048, 060, o B 05, 03l Qab,,, Ol St
£c ¢ &
" ¢ ®
2619~ Ll
| T | [
24 s | &
it z‘%%r wl s ‘ééa 2 |_
22 [ 8 _ 15 3 - L == i
22/ 5e 1° |7 e=2o%0 | 390 l 6‘u=-1o?25 nTe3gs ‘
20 - 380t :
OlBsec  0235ang  O3lsed T OdBoe;  0BOsg  Statlc S8 . G235, 031 048500, O06lgge,
test ln T

WHHETHLENTEETHA D,

1 FEOBHNENZ2MATOS, HEPBBUTE
THEEOTA ¢ IZORE, BETINIOERL
TNTRERIZ L o TR 30D 3R A S, T72D
LRMOENEE, BETNE I FE T HECIER L
TOZEHVBENLE, & DEPREL L EEDNS
WL LTS

P B DB I3V T, HIEIERE Es &1
BMEDE xORPTAE o LRFEMHEFIHETOR
BARRBODBIBNTHREAEEN BV L IR
AbHo I ORBIBBEHEAEOR LS 1 FEOH—
EHOBBNTHEHECO BBV TELZIERE2RL
TWaAEEbh b,

uﬁ@z&m LIIEBEROEE 2 BB LT, Hilfy
HED FTHRINRAERLNTHS I, &, EIROD
%ﬁm%?%ﬁﬁ%M®%x%m@;§—ﬁ@ct<ﬁ

H 3o HRTSWTEFHEL LOVBEDELNTZED

WWOWTHRST 5 EE—3 2755,
B, SR Ey o0 Tk
YE,;=C+DIn Trereerrrvvessinnniesiniiiiiin, (1)

0.18 sec << T < 0.60 sec
DOBIEMIRILT 5 L EMRERIN D 72D LERHH:

R Egizarr ) — OO, HEORW T O
Wl EJLHRTADTH %,
1HEO L YR UEFRHER MA IO LOEED§ 4
T2 VB ANENBROEERRNT, B
%ﬁGk@o;&ksmtwﬁﬁm@bﬂto%W&w
OINEIRMOBEEERFEDIZS D E 00K o

ST EROBIL 2T S 70 o 7205, 307
Y — b O—fREHEE E UTR—EED, A< HYEL

mEC LT, BEOT o@vi}ﬁﬁﬁODj(&L\ BERERA

VLTI OPARNERDN S, BETNIEL HE
LREDOEL @D%{* ’7%fot% boTil, Z0OH

52 r 7

S 3R E OB ER»ZII 2 5DTHALE NI L L
WTR B, 56 F—6 @ KB 2HFHROTOEOOE
OBERZTTRS &, MBEDOEITENSH S LIXNALNE
DOFERE I nT, ZOIE L DX UTIESBRIOED
INSFEIZIZD EEDR S,

COEUMERZ 1 BEER LI LOBNEEE E,
RS L OEIERORS A EHBRIIBNTESD
BEFENATOEWIBRIZE 2T,

F B S —ITBORHEPMATHEI LILES
DHEBEEST e &, BRI OHERMPRECLIZLTT
@D HBEUMELMATO OSBRI B 524



EIﬁJ%E’ﬂEﬁﬁ?ﬁ;EKJ: 22V Y~} OEH 25

HEETT e EDENTIZZEDH 2 EIFVVATLD, FHRL D
BELUHBEOFE DL

OBEIRIT 5 LB LN 3,

1 FRIO—FH R0 Y U EROBN TS
B o, 2270~ bOBERPESDEPARED ST
eSO B & O “TEBE RN DN &
WH T ERIT BT CEDTE S o1205 625D
DI EwEN A NVOHEGHERBEOR RN EENIVE
WHRER E TR lle COEN AT DNT O & BE
Do o BISTEE T OBk E & 3imKkE 2D, 7,
LHEAEET) €0 D—=ETHHEVI T ERHDRELN
W, 379~ hO—BEEHE LT—ERE, —E&
JHEMO { hiR UEEOBEIX 2D IEII DK X
BENSVEEZERTILODABNTHS D 08 B—
6 (b) TR AEFBREDDEDOHEDFER, THICE
WHDHEFOARDEOFERE R 0T, EBEEDIZS
DXEHUTEIBNOEIWNITERIDTHS 5,

SENIFEHWEICE S TOEBRIIT 3D o120
NES, ULoT s SERERE»L 227 ) — FOREY
BT 2 H LTRSS R SN 5, 375 BEENT
U THESWERSET 5200 HEUEENTED S
5 EWNDREROE ZTTEWAL T, IGTIEES RS
BTHLOTHLIENHEINIOTH S, BETH
Ear s ) — bOEH LW BREHEDSTACELE
FIE o TEEAEZELLINETH ST, L VEUAK
EISTEOREZS S NS TIOR X P ZOFERER
T%%t%ﬁ?ﬂ%@ﬁééamﬁ%ﬁ®k%w<©ﬁ
UREDOSAI, F—S0ED, A—< YR UERTS

ISTIRMIOEN A HNTOTHORIEKE D,
WHICL VAT TR EEL LN D, 1217, COBE
S HEUREE GAOBHORBICIELS LT O $ansiaR
TAPEIDIIERTH T, TDFTEUTIZEED
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DYNAMICAL BEHAVIORS OF CONCRETE UNDER PERIODICAL

COMPRESSIVE LOAD.

By Dr. Eng., Tadashi Hatano, C.E. Member

1. As a study for knowing the dynamical
properties as materials of concrete, the writer
has refered previously to the observation made
for the case of applying one stroke of impulsive
compressive load or tensile load on the specimen.

However it becomes necessary to know the
behaviors of concrete under the condition perio-
dic load is applied for the purpose of treating
the problem of vibration and dynamic fatigue
of the concrete structure.

Although there are many tests reported herto-
fore on concrete resorting to repeated load, there
is not at all that refers to the fundamental probrem
of dynamics of material such as the variation
of modulus of elasticity due to the change of
stress period, and the treatment of fatigue stre-
ngth was in majority restricted to the relation
between stress amplitude and numbers of stress
cycle endured. The relation between fatigue
strength and frequency of load and the explan-
ation of decrease of strength due to fatigue
from stand point of theory of failure are the
problem utterly unknown.

But to discuss these problems in general re-
quires a great deal of tests. Therefore at first the
writer wishes to take up the problem of the
variation of dynamic modulus of elasticity of
concrete due to the change of stress period as
the main subject and conduct the explanation
based on the theory of visco-elasticity. And as
to fatigue, by cbtaining the residual strain, statical
strength of failure after applying the compress-
ive load of the various frequencies for a certain
number of repeated times, the writer conceives
to refer only to the performance of the presu-
mption from these results.

2. For the tests, the pulsator coupled to
Amsler test machine was used. It’s number of
rotation can be changed in 5 stages by the pole
change motor. And periodical compressive load
of an optional amplitude at 5 kinds of period
such as 0.60, 0.46, 0.31, 0.235, 0.18 sec. can

be produced.

The strain of concrete was measured by =
gauges which were pasted with S.R. gauges,
and the stress was measured by the pressure
meter resorting to S.R. gauge. The stress
and strain were recorded simultaneously by the
electro-magnetic oscillograph.

The test was performed on respectively one
kind of concrete and mortar, and each kind was
tested on 22 pieces.

2 pieces : Statical test, 10 pieces : dynamical
test in low stress amplitude (40-150 kg/cm?),
10 pieces : dynamical test in high stress ampl-
itude (50-200 kg/cm?®).

The record of the dynamical test was obtained
in 7 stages, i.e. A stage which is from the time
the load begins to be applied until the pre-det-
ermined amplitude is obtained, B stage which is
directly after the pre-determined amplitude is
obtained, C stage which is the result at the
time the periodical load at 1,000 times is
sustained, D stage which is the result at the
time the periodical load at 5,000 times is
sustained, E stage which is the result at the
time the periodical load at 10,000 times is
sustained, F stage whicn is at the release of
load right after F stage, and G stage which is
the final stage of statical failure performed
after elapsing few minitues upon completition
of F stage.

3. The relation between the stress and strain
at respective B, C, D, E stage is almost linear
not only for the case of low stress amplitude
but also for high stress amplitude which is
obtained by applying the stress that increases
the strain up to about one half of the failure
strain. Now defining this gradient as dynamic
modulus of elasticity E,, its value of the iden-
tical specimen indicates a constant value almost
without variation during repetition of 10,000
Also absolute
value of strain can be observed to increase as

times under constant period.
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number of repetition times increases.

Now the strain at starting point of G stage
will be defined residual strain e,.

At G stage, stress strain curve starts from
zero stress and strain ¢,, and slightly upward
concave shape is indicated within small range
of stress but immediately becomes straight and
proceeds at this straight line condition in majo-
rity. Upon reaching near the failure strain
upward convex shape is produced. Now the
gradient of this straight line is defined as static
modulus of elasticity E,.

The stress strain curve of upward convex
shape is such that after indicating max. stress,
i.e. static strength of failure o,, the strain at the
stress condition smaller than the max. stress
increases and finally reaches the condition of
collapse. Now the total strain from the point
zero value of strain before beginning A stage
up to the strain value at the static failure stre-
ngth o, ie. including &, will be defined as
compressibility ¢,. -

4. From those test results, important prop-
erties can be revealed concerning the dynamic
behavicrs of concrete under periodical compress-
ive load.

Concerning E,, clear variation is shown in
variation of stress period. Between E,; and
stress period 7, the establishment of the follo-
wing relation can be concluded.

YE;=C+DlaT

The residual strain e, after applying repeated
load of 10,000 times becomes larger as 7" bec-
omes larger.

The static modulus FE, after applying the
10,000 times load indicated nearly same wvalue.

The total strain capacity s, was nearly same
to the compressibility in the case producing the
failure by applying one stroke of statical load

from beginning.

As a consequence, regardless of the presence
of the repeated load next relation can be esta-
blished.

¢,=Const.

Concerning the static strength o, after repet-
ition of 10,000 times load of constant stress
amplitude, it can be conceived that ¢, becomes
smaller as the stress period becomes larger.

Although test reaching the stage of fatigue
failure was not performed this time, a new
conception concerning the fatigue of concrete
can be presumed.

That is, the repetition times endured are gr-
eatly influenced by the stress period. In other
words, the conception should be made that the
phenomena of the fatigue of concrete is deter-
mined by the elements presnted up to the stage
of failure strain and the presumption can be
made that the product of the repeated number
of times and stress period as well as the mag-
nitude of the stress are the essential elements.

Lastly the writer computed the visco-elastic
constants of concrete by useng test results.
The history of strain subjected to the periodical
load as of this time is complicated and to ass-
ume the model sufficiently explains entire hist-
ory is very difficult.

Therefore writer made attempts to obtain the
visco-elastic constants conceiving Maxwell-Kelvin
body setting the variation of dynamic modulus
E, due to stress period as main object of expl-
anation and assuming that the residual strain
¢, is proportionate with the product of time and
load.

If using the obtained constants for the vibr-
ation analysis of concrete structure, the writer
feels treatment of elastic vibration conducted

conventionally can be advanced conspicously.






