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Mechanical Properties of Gypsum as the Structural Material with 
the Advance of Inflammability of Building at Syowa Station 

Toshio SATO*, Zenkichi HIRAYAMA* and Mituru OKADA* 

Abstract: On the occasion of selecting structural materials for constructions 
at Syowa Station in Antarctica, the authors considered that gypsum was the most 
promising one as the main structural material and investigated its mechanical per­
formance over a wide range of temperatures between -20°C (lowest) and + 20°C 
(normal). The purpose of this paper is to confirm the possibility of applying gypsum 
to construction. Therefore, the test program was made for beams, columns and 
framed structures of gypsum. 

In addition to it, the same test program was made for concrete and reinforced 
concrete members in order to compare those results. Furthermore, the compara­
tive study of the test values and theoretical ones was conducted. 

The following conclusions were obtained from the above-mentioned experi­
mental study. 

(1) Gypsum shows good performance against low temperatures. 
(2) It fulfills mechanical functions well as a composite material combined 

with light gravels and deformed bars. 
(3) Reinforced gypsum members give relatively high strengths as the struc­

tural members. 
(4) Reinforced gypsum members show similar restoring-force characteristics 

and failure mechanism to those of reinforced concrete members. 

�Iii: WJ-ffi!:l'B'.fl:J�:Im-c�m-t o tl;i§tH40)� 5E i::. ":> 1,, -c, :±.tt*-4:a:E1f v::.�5E 
L,, .:f:" O)MJ�t::. ":>It ,-c, fil:lNa. ( -20°C) iJ, G�lNa. ( +20°C) � -c·O)�ft�f§:a:w,u""t.:. 
�k •• ffiM�@IEW$:ftO), ffl�ttMlL,-CO)�ffltt�B��KffiB-tok�. 
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( 3) �!ntm5!li'-Eii1ifftmtH::m:�tm:.M c L--C�ffl Lt-:'*, Jt5!lim:nt*�1.,,. 
( 4 > �5c:1J�M::t3' J: o-�ffl!M:� c tr::., �in :2 '/ !1 !J - r tm:.M c ViUf!A.l r: J: 5 

t.r.M:��� Lt-:. 

1. ti l:- '&.J K. 

�tJ�OOoYifH!iB.iilU ch, :lli:tuvc£:l-=tlra:·�� L -c J;J*· 1P < ch 25 �tJ��j£j L J: :'> c L -c1,, o. 

�k E **�mffi����t�ffel� (�� -ftc}ii�� • ft!!) �i, c_ O)r13,13B�£:L=l!HCWcjlO)g{±� 

B.iilV=fHc 1, , < v:::, 71" 0) � ¥8 � ��t L -C 15 t;:.. • 

.:: :h G O)�!/wvi, f§:�11:: c ��fl:tJ�lUtff:ht�tJ� G ch, £!tl!tc:tovt o 7'i-W��{lf:�. ��tl 

�, fF�Wcffel�k 0)1tiJ�b:.G, �V'C��tc:tovt o�m�.;. fvc, b;- E fC� '? -C1.t,o. L7J" L, 

13B� 57 �I!t%nltTJE0)��1Jc� rsfflU 0)£t;nft;c:tHc, ffi1Jli1JO)ffl-:f:f!jn;�'? ctJ:.t�x.G:h 

J: :'> c L-CV•o. 

C. 0) J: ? t,d3t�fvciol, '-C, :fltk �i. ilrl.t ,¥-f*O)�;f&�� c L -C, ±lrfl�:fi'JtqC�/E Lt.:: 

l:ilf ::z '/ !7 !J - 1' ii�, fflffiO)��{lfqC:ilffiit-.t Q 1)\;©;t,jflf;:_ lJ �Q iP, -t"0)1:iJfj!§tt��{rEf9tC 

JEJJi-.t o c. c � § W c L -c, 1,, < v:=,iJ,.O)���fi '? -c f5 t.::. • 

.:: :htJ" GJ&f& 5 ::s•v:t, �titm··e�:t..'tO)��vcz L- <. fUJfHtfftJ;�.f! G:h -c1, ,t.::.t.::.6'.:>, i'J> 

�im-lfkl5tf7°'7 ;z.. � -tJtJ:t�O)l:i-Jt::z '/ !7 Y - r- t.J!t� �n-c1.t,t.::.. �:n�%:--r:-�:t. 151t 

Jt�ti;�1t-e, fUfflttfiNtc ch fin, «P. Aiff:S:itlt. *Jt:to J: r!-*fim*fttJ: c
+

--r:-iur. 5lii 

fl:� :h t.::.::G 'Jt ::z '/ !7 Y - r- tJ�fUffl � :h -c 1.,, o. 

LtJ:. L:lliili:-e�:t, �iJ;jE--r:· chP-E���¥,o c L--C 0) fillift::fi'Jt��3rofUffli'"""' f5 c. c iJ�. ti:� 

®tJ:�:sl< c tJ: iJ, :fi'Jt��iHcffl1.,, o f.::.'tJl.:>O) ttfl�W7iJF�viJ¥� • f g (1972), t&Jii • lfilJ 

£ (1912) ��cc1: '?-cffl1!r�n. �ttflmHe""O)'*lf.,11��'£ IJV:,V:,2f>GiJ�, �tn--r:·rm��:h 

tdli:;©$# c L-C0)1J�®�tttc'*li'"o7iJF�. � o 1.,,v:t•�mt.!i'.�.,� 5 � - � -c Lt.::.7iJF� 

�a. ��� (-ftc}iiftl!, 1975a, b, c, 1976, 1977a, b, 1978, 1979a, b, c) tc J: o ch 0) J;l_7'f-v'l: c 

Iv c· .:t 0) -WU� J! tJ: 1, , . 

:5 'Jf O)fil'Hi ::z './ !7 !J - 1' �� (1976) tc J: nvi� 1. 1 0) J: 5 tc* f! < 5:tvt-C 6 fiffi� o 

c �;h-c1.,, o. .:: 0) 5 'b7Jc c �'? -C@!fl: � -lt o.:: c iJ;"t:'f! o O)vi a �¥7.K::Gtf, /3 �¥7.KE 

lf$i J: � II ml�7Jc::G;;f-c:·, I ml�JJ(::fi��'l-J'@JiffilOJ.7;..-C:·;(ftEL,, III ml�l.K::filf�i��r:pO)� 

��?&� L 't¥JJ(:fi1f c tJ: 9, =7.K:51t�i�k ii� E ���#flc L -C § �ci'" G1:ilf"t:·, a � 

¥7.Kl51t, /3 �¥7.K:51', II ��7.K:51tiJ;JJ(�lif!1!:: Lt� t 0) --r:- t � G. 

*7i1f�--r:-x;J-jU:i""o::G•t:t, ��ttflc L--C0)-;7' r- !J 'Y !7 7..ffictJ:o::fi'Jt, i""tJ:b'b7Jcc 
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Table 1.1. Kinds of gypsum. 
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�-- -··--- �  --�---- ·· · ----I� i!JL 

* � � � � 1�am�� 
AJ,1g1�*5;:n;jlt5�j,,'J 1 

� EEffii�ii: �� 
(kg/cm2) IJ&;j( 

:::r / 7 iJ - r �I: (1976) J: ':J tttt 

'�ml-250°C 

fi:5}-"' fi:�j.,j 

300"' 600 20"' 80 

100�300 5-30 

1.4,...,1.8 0.7-1.2 

1.8-2.0 1.0"' 1.6 

fi:+n- -�-r�rlclj 

300-600 

100,...,350 

1.5-1.9 

1.8-2.0 

�--=> -C�1t � .:i:t o c. c iJ;1iJ'f§l§t.i: II ��7..Kn'if, a ��l](E·Jt:to .J: up ��7.l(n'ifc'© o. 

c.,nGO)Jffltt;txv::.--::>1.,,-c�:tE'ifE1K,,,:/ F7' 7 !7 (1972) :to.J:u::r :/!7 JJ- 1-�� (1976) 

v::.�� c t.i: o ib (J) ib © o 11;, 11£r1&v::.�-t otttl§:to .J: ufl�istfl c L -c (J)�$v:t�-Om-c. ?vf� 

oyJ�� T, - ::z c i"" o (J) vc. v:t +% ··e tJ: 1.,. 

1) ltll!iJ;,J,�l'. 

2) lt�& (�fl/ltffi:) iJ�7(;!!l,. 

3) i!1t�rs9n;-'F- <' 7J 4"Ji!{tv::.# :j J{xJ@:l:n::J;-t.i:I. '· 

4) iJ.!lim'.�:t�w1r1Jv::. J: "? -C'/J,t.i: IJ 0)$&c'�ffiln�1iJ�l§c'© o. 

s) lmt!kttt::.ffntl,o. 

� 0) fU,� -2 ib "?-cl' Q. Bzffii mm C L -c t:t 

1) rfb..Kttn:*�"'· 

2) !7 !J - 7
°
�Mn;*� t, ,. 

3) :rmm��Mtt-c,so u�tc.L c.n,:t�1J1:r�uv::.J:---:;-C�§j711--n !Jtt�=-�x.0c.c1J�--r,f!! 

0). 

4) #*r�JJtiJ;,J, �"' '. 

�n:�vf Gh:O. � h G (})�ffl�1t�a9v::.�� L, � o 1., ,�:tflirist*f c L'-C, -th-t.h(J)t'J 

tt-et5'/J,-t?vf�ib7¥'.fr • fri§" (1977a, b, C, d, e, f, g, h, i, 1978a, b) v::.J: ---:;cfib;hcl'o. 
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*ffl'a�:t, 1 •tJ,.Gtfllnx:�.ti. • 2 •··e, �•O)IJB��:J:t!nc.:tovr o#ff�®�tt��o t.::. 

60, 5m'm'A*-c-� o 1.,, < "?t,:.0)1:iffvc.�-, o��®tt���«. �rc.��ilill!r�PB��itBf'F 

�!Jzy0)3{2:ley�i/il (0
°
C) c �}tijfjey�ifill ( -20

°
C) c L, C. .tic Jtt!t-t" o t.::.60, ffl··�ilil]Jr 

( +20
°
C) c, i5b�'"C 3 fm�O)lffil]Jr,,.{ :J � - .?l -�filtvr, liif*:to J: aW�#ff0)£�®�5.in 

gf:t,o J: a��-��o t.::.60V'C.fi0 t.::.��tc. --:>\, ,--CJlil«t.:.. 

M3•��. 2 •0)M*K���. DffiM*�•�-���1-vo/?Ac-t°o*fia&M 

nE•tiB#���f*t-t Q n���t7_)•� t, -tt7_)gc%tc."?\,, --CJlll«t.::.. 

• 4 •-c·�t.<XO) s, 6, 1 •-c·rr 5 ��O)M:tfrtc. --=>\,, --c t7_)ga% t i&�:to .t a�nt5::tvc. --=>I.,, --c 

Jfil « '"C � ,Q 

M 5 .l;J. r 6, 7 •-c·�:t, a&M5Ai151t!IHt c L '"CO)�, tt:to J: a 7 - .;< :r-0) JJ�®�tt 

���-, .o t.::.60, �*� o 1., ,�:t�*O) 1/2 �]JrO)��f*:-C·§gf�-�fi1., ,, c. ti, c �b�'"C * 

-k 0)1:i°;;ftm# c IWJ-��0)-ir.;::i :r- !7 !J - r ff!Ht-c·n����fi1.,,, -thGO)��M:!i!::to J: 

ait.M:!t!:�Jtt!t�W L, •Mitmn1:i1t$#0), -�$#CL '"CO)rtJ�tttC.--:>\,,-C�� Lt.:. 

�:to, C.O)�-�jmC--Cfi0�M2•0)��0)5�. �ilil�tt��otO)K�L-C�. � 

&�-c-� G ti� C2sb 0
°
C 5lr < "! -c·�*!l L t.::.1:iiJt, -i! .;< :r- r :to .J: �'ittt�, jAjlffilfftO)�ifill�FJ 

-c·• IJ im-l:f, ��f*�f'J= IJ, 481Jzyf131�$lffi, F)f�O)illagf-C·�� Lt.::. ��v:t��ffl!O)��t,,. 

G-tO)��f*���O)mtfrnc.�illa�J: IJl& IJ lli L, �illa���O)i:p-C·, ��tJ:.tc.fi0t.::.�� 

KJ:IJ�Gh�--�. �ililK:tovtG�--cL�. 

"it.::., • s •J;J. rtfll�tm#O)��-c-, 11£ill�ttvc.�-, o t 0) �:t. -:r: ·=Y ,Ht Lt.::. � � �O)� 

��%vc.�«t.::.M 2 •t IWJ�t7_)1Ji*··c��. ���fi1.,,, • 2 •tl_)��M:!t!:c i5b�--C::kffl 

-�$#0)�i/il�tt�f!E� Lt.::.. 

*ffl'atc.:to1.,,-ctte.mLt.::..ffl�O) 5 �. �vc.����,�ci"".o tO)�J;J.rtc.�vfG. 

1) �ff:1 :r-? v-1-: *��1tttO):filfc:zK:t-oJ:�1t#�±:�#ffc L, c..tiG�•IJ 

im-l:f '"C � 60 t.::. t 0). 

2) '-E:1::EW: 1:1•�"' 1- v o/ !1 A ci"",oflif#ffO) 5 �. AI'-E:l:'it:tt (ifl;��. ;1- -it 

"7 -1 Hfflit#, .;( -it :'7-1 r ffl.1t#) � Jfi1.,,f.::.gJ1:�1f :1 :r- !7 Y -1-. 

� asMn:EW¥f*•:1:1W¥f*<�-A1-> �••�••L�•� *����K� 

W:ts:. i O)J.;Ui·:Elf ¥f*• c Pf�. 

-0 •&Mn&•1:t•$#:nm•*1:t•�-���1-vo/?AcL--c, ••�#tO)• 

ir#ff�. � C::>tc.�&-c·tm5.!a Lt.::.-�$;tt-c·, �tc.�,�O)i5 o t 0)��1.,,--c, Efffm;M c Pf 
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�- ��' �0)£•$�0)�, tt�J:U3-�/�E-�. E•tt�J:UE•3-�/c� 

�-

2.1 . •  � 

1¥fffitllffQ£:ttfn::-�ffl-t � ���f---l-0)�5EK-"'?1, ,-c, -*fmE. ::i /? !J - 1- O)ff��#�il£ 

&���$�-C�hGO)£����OC$J:U�����G§��. •�&oc�/�3�-!:J­

c L -C?j(O)���fi 0 f.:: •• 

EEf11Hioc�•. 5 !��&iA�, �'YWT5si&��. �tt��$ J: U � 7 'J / Jt��' $ l U# 

11-�&�.�-
�hGO)�-vC"'?l,,'"(fl, --;--eve*�· i1-Ja- (1972) �vcJ: 0-C!flH�riJ;tJ:�h-c1,,GiJ;, 

{�Wit���/�7 � -!:I -c Lt.:¥IH5v:t��--ca!)Q. 

� t.:., J'&tJ]VCJffi.r(f.:_ J: ? vc, E•v:t ��vcft�5siOCiJ;{� <, --;--evc-{tC:iHm (1975 a, b, c, 

1976, 1977 a, b, 1978, 1979 a, b, c), *� • f ,la- (1977 a, b, c, d, e, f, g, h, i, 1978 a, b) �tc 

J:-? L cbt���h. E-��;@f*c L-C�ffl-tG�irO)::k�t.cFJl{§}�O) l "'?c �h '"(\,,Q. 

� nvlE•n;-t � / r c Ifl-J.t 9, �ITfiO) f.t6b G iJ:.t.c ch 0) c O)#;giJ;� L < {� <. ���� 
cO)#.cb::i/?9-rK�.r(, gT-tGcbO)c��G;hG, 

� h G O)�EFJiJ'-G, #��ocvc�-t G ��--c-fl, ::fr,r.iji{*$ J: umir:f-t*f (ff:fi:Eit) vc 

1Lffi1c1or11unz-ffl1.i,t-:�t�z-fit,, ::r :/ ;1 Y - r cJt�Lt-:. 

2.2. �--� 

( 1 ) �ffl�*'l-

*�•n?k��-tE•� J: U-t � / f' ��ffl L �. 

II jHJ�7.kE1f•*®· II ��7.KEit�.B!®, a ffi!.�7JCE• (�E•L � J: U�jj_�;v 1-

7 / F-t � :/ r. 
( 2) ��WO)f'p 9 � c *�1*,t� 

E•vc"".)1.,,-cO)����v:t ns vcm5EtJ;tJ::1,,t-:2o, ::i /? !J - r 0) ns tJUtic?E-·:d-:. 

��WO)f1p D 1i JIS Al132 

EE����� JIS Al108, p5x10cm, p10x20cm 

5l5i5sillt�� JIS Al113, ¢5x10cm, ¢10x20cm 

�ltfr�lt�� (JIS ffl.�tJ;tJ::1,,f-:6b, �M�fP:fmc Lt-:.) 4x4x16cm 
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�t.11*��� ¢10x20cm 

#�Bi.alt�� ASTM C 234, 15 x 15 x 15 cm 

< 3 > wmE:to J: un� 

wmiHi1-fCEi1f.tt;�--t«--c 40% (W/G ) c L?!Ua��n'J c LL, II ��7}(E1f1ii*�VC.fi 

1.5ro (A/G) 0).*5i@j{gnfJ, II ��7}(E1f���vc.v:t 2.76% (A/G) 0).*5i@j{gnfJ, a �:¥7}( 
E1fvc.v'l: 0.3% (A/G) 0)-*5��n'J�Jt11.r,t::.. 

*f iJ m1fl'l:..:£- }v � }V·"' Y f � 4'--ij-- (@]fi� 120 @]/5}) �-31:!Jtl L, *9 3,...,5 5}--*f iJ m-lf� 

n�, 48 �r�i�,m�, �1=.Lt.:. tJ::to, #:ff5si.at��vc.M-t-GwmEfi, {XO) 2.3. ��:nr* 

0) (5) #tf���1 r·ejm«�. 

( 4) �1=.�# 

iX 0) 3 fiJi& 0) illa.at-C·Jt 1=_ Lt.:. 

'&ml ( +20°C): mila�fY!Jfl, M.at 78% 

{l&Ul (± 0°C): ml&�it�-31:!Jtl, V!llJEU!OC+4°C 

�mt (-20°C): j({W���iY!Jtl 

2.3. �-73� 
( 1 ) EE*«i5si&�� 

��1*0)1J1:t1Jffiv:t3fffl'vc.f±J::vf, 1iiifilltEE�� 20 ton 7 A 7-. 5 -� 10 ton -e 'Y r --efi1,,,, 

fx>f'i/jJ!{)tJ:t 5 kg/cm2 ·s c Lt.:. 

( 2) 5l�5si&�� 

;:. O)��v:t!ts l���-c-tJ: <. iu� (-! t::.&-1.EE�> vc. J: Q 5 l���:n$-c·, ��f*�:rtoc. 

L --c11n1.Jt1Rvc.Ilrtltl�!k � -:it �1f$-C·fi1,, ,, 51��.atv:t?x�v::. J: 0 t.:. 

2P 
llt=-�-rr·d·l 

llt: s l515sioc (kg/cm2) 

P: lW::x:{.ljli (kg) 

d: ��{*O)il[f.£ (cm) 

/: ��f*O)ffe: � (cm) 

1Jll1.J�:t 20 ton 7 A 7- '7-� 5 ton -e 'Y r -c·, �1Pi:ifilOCv'i 5 kg/cm2 ·s c Lt::.. 

( 3) �ltlr5si.atltt� 

(2.1) 

�;.<J;n:{.ljlt1f� (�ltlr 7-. .... � Y 1 cm) c L. 1Jll1.Jl#Hi ¢6 mm O)JLjff�fY!ffl L, UZI 2. 1 0):::: 
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� 2. 1 �Wr��f* (�Dt: mm) 
Fig. 2.1. Details of specimen for shear test. 

c < tn1J L-k.. 
( 4) �ttf*�Jo J:: cf ;t; 7 '/ :/ l:l:fA� 
60mm (})7-. r v-1 :,,-Jr--:)�fA�-t$:i:f:t;R:v::.ffi:v:::.�vtfHJ�oc (cc) �illUJEL-, -f:-(J)J;t,1J-�lia 

��1la�. ;:.(J)fia�J::(J) l/3Fc (J),�clJJC��*aS:@Hl(J)::fJ[P]f*��i0-C�tt1*� E113 � 

);K6bt-:. 'it-:, fAJm¥�::.::::.ncTI[ftEJ::15fPJ(})7-- r v-1 :,,-7·-s;v::.J: t:HIBR&(cd) z-iJ!UJEL;r-7 '/ 
:,,-l.t v (ed/ec) �>-K6bt-:. tci::J-o, �J!tv:t-l-h)fh*lttw(J)fjlff,ffiU 2 Mm --ciJ!1J5E L--c, ,l-(J)fteyf[([ 
� c 0 t-: . 

.:. (J)fA�vc.ffli,, ,t-=E11'v:t n ��1JcE11'a1(1l!£(l)d:,--c� Q. 

�m(J)ffi:rr. �rr(J)#�1J���G�c�§�cL-k. 
fA�-t$:(})%�:to J:: U--tr*�� 2. 2 vc., ��:nt.*Jo J:: UIU5Ejjr*:z-rzl 2. 3 v::., �ffl:.ftf4Jo J:: 

UWrllk�Hz-� 2. 1 �c.ffi-t". 
1Jn1Jv:t, lOOton 7.1,,7-- '7-z- lOton --t: 'Yr -c:ftrrli!�&v:t 600kg/5} 1fiJ�c Lt-:. tci::�, 

Ei m tqM (J) �!ft (J) iltl5E vt. Jl -1 -v 11.,, Y - :) (1 I I ooo mm) � J:fh , t-:. 
Jj\�,t$:(J) �f'pf.t.�m:z-ffi::to J:: U�:n [P]vc.�;\. �6 mm (J) 7-. ,,.� -1 '7 ;i, m:z-� 2. 2 (J) ::::., c < 

�vt -C fl� L,, fA]-�*4-ir> I? 910 x 20 cm (J):;,, � :/ 3t -*iP-\W'z' f'p I), fE*m�BtJ-o J:: '0'\�tt 
%�. ;-r- 7 '/ :/ l.t b ��t-:. 
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Fig. 2.2. Details of specimen for bond test. 

�· ,f � 1v'r-� 1/lOOOmm 

� 2.3 ftfr�Jl:1.i� 
Fig. 2.3. Setup of bond test. 

• 2.1 ueJllft*'l-� .1: {}�fr�i-r 
Table 2.1. Materials and mixture proportions. 

E * II �1fi7](:fi1f� �rPu (G) 
E ff 1ti f* * :fi • .1t 40°/wt 

·*a���J 2.76% (A/G) 

-t: ,I. :,/ t- �jmm1v I- 7 / r'-t: ,I. / I- (C ) 
::Z:,/t,IJ-1' it ft JIIW, ( S), JIIW,flj (G') 

� fr C:W:S:G' (1:0.65:3.07:3.22) 

:f:i � ll��7JC61fci1:!iifo (G) 

* :fi ff .1t 40°/wt 
R .la. it # /. -tt :J 1 1' *811t# (MS) 5 mm tl r R .la. -;r; ff 

/. -tt :J 1 I- ffl. itft (MG') 25 mm tlr 

·*a���J 2.76% (A/G) 

� fr G:W:MS:MG' (1 :0.77 :0.71: 1.41) 

Ml 
1t ii SR24 1 3¢ 
� 1B S030 013 
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2.4. iitMM• 

���*-:z-??(tcff;-t. -t"-"'-C O)l![f@J:tiRj�O)�ijHC 3 :;if.:OJ��f*-:z-fflt, '-Cfi "? f.:.. l> 0) 0)3¥ 

:tey fi -e � � . 

I) EEm, 5J�io J: lF:!JYWi5!lif:l 

���� (+20°C, 0°C, -20°C) ��1t�-It. 1, 3, 7, 28 Btt�vc:.tovt:05!li!Jt���fi"'.) 

k.. ����:!l!a-� 2. 2 vcff;-t-. 

2) �11:i*�io J: tF � 7 'J :/ .It 

II 1[!�7kEWct�� vc 0 '-', -c 0) ����fi 1,,, -t 0) *a*�� 2. 3 vcff;-t. 

3) #�S!n��� 

1&'��� ( +20°C) -Cv:tE'Jt itif* c ::z :,,1 !! Y - r, fJ&lNil.it�t ( -20°C) --ev:tE'Jf itif* c ijilJi 

E1t··e��a-rr--? t.:... -t<7)*5*�� 2. 4 vcff;-t. 

� 2.2 ::fiJfCOffi5.§il!t (letifil:, kg/cm2
) 

Table 2.2. Material strength of gypsum specimens cured under various temperatures (com­
pressive, tensile, and shear) . 

• 
� 
ml. � 

_(._��>_,__<_B_)-----,-_EE_tfi'i_, _ 515ft �WT EEm §15.Lt �WT EEm §I� �WT 

+20 

0 

-20 

1 

3 

7 

28 

1 
3 
7 

28 

1 

3 

7 

28 

186 

174 
206 
316 

150 
172 
184 
240 

324 
326 
360 

23 
19 
21 
22 

22 
24 
25 
29 

39 

45 
49 

31 
34 

39 
40 

34 

36 

30 
38 

55 

64 

68 

114 
175 
192 
252 

100 

123 
153 
229 

105 

246 
324 

12 
19 
19 
31 

12 
12 
14 
20 

10 
34 
39 

19 
27 
33 
40 

20 
25 
27 
32 

37 
47 
52 

175 

164 
200 
210 

151 
142 
167 
185 

367 
276 
321 

20 
19 
17 
29 

21 
21 
20 
30 

67 
43 
43 

34 
31 
35 
46 

40 
36 
40 
43 

81 

56 
62 
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� 

'E I 
1& 
llrit 

+20°c 

� 

1: 

fl, 

ml 

- 20°C 

1: 

� 2.3 1:j�O)�ft1*�U J: O<ir> 7 :l :/Jt 
Table 2.3. Elastic modulus and Poisson's ratio of gypsum. 

� 1=. iffil. J3( 

� tt � fic  
ir> 7 :l :.-' .lt 

(OC) 
E113 ( x 105 kg/cm2) 

(J.i) 

+20 
1 .06  
0 . 22 

� 2. 4 ft�5Ai}J( {tt % 28 B )  
Table 2.4. Results of bond test. 

0 
1 .0 1  
0 . 22 

EE�5Ai}J( tr't:>J.6d;,I. ft�®� (kg/cm2
) 

��1* j� m'i El El3 i'iiiil-t .«: IJ :l&::k1Pi!tmt (kg/cm2) "J5 ft] 0 . 025 mm � 
[A) ( B )  

E1t�f* 312 � tr 1 3  ¢ 6 . 1 10 . 1 
D 13 0 15 . 7 64. 2  

m tr 13 ¢ 13 . 0  1 8 . 3  
D 13 *33 . 0  70 . 7  

��----- --- - ----·· 

::I /  :7 381 � tr 13 ¢ 25 . 0  27 . 0  
Y - r D 13 52 . 0  105 . 0  

� tr 13 ¢ 46 . 0  56 . 0  
D 13 060. 0  1 15 . 0  

-------- -� - ---- ---

1:ilf�f* 187 � tr 13 9 4 . 6  6 . 5  
D 13 20 . 7  77 . 5  

m tr 13 9 8 . 5  18 .8  
0 13 50 . 0  80 . 0  

-------- �  

ttituif 180 � tr 13 ¢ 13 . 0  21 . 9 
0 13 55 . 6  86 . 7  

iE tr 13  ¢ 23 . 2  42 .3  
D 13 74 . 2  92 . 5  

0 1=P�t:fi1t � t.:v:t :::z =-" :1 1J - r O)lU�1i!:t�. * 1=Pattm'i�f]( 

2.5. � � 

( 1 ) ,EE;ffii, 5 l5l, �l'Wr�l!t C: �ttf*f{ 

-20 
1 . 13 
0 . 22 

( B J/(AJ 

1 . 66 
4 . 09 
1 . 41  
2 . 14 

1 . 08 
2 . 02 
1 . 22 
1 . 92 

1 . 40 
2 . 90 
2 . 21 
1 .60 

1 . 68 
1 . 56 
1 . 82 
1 . 25 

'* fffi. 0) 1f 1:. mt11n::. :to vr 0 % tt 'a: -t n ;en 0) 151r �c "? 1. , --c Wlu"", � � l!t :to 1 rJ�f*Jt 'a: �w 

Lt::..  

�=m�c:M� c: EE;ffii�l!t (IZ! 2. 4) , 5 l 5i�l!t (IZ! 2. 5) to .J: a�Wr�Jj( (IZ! 2. 6) OJ 1*Jffi� 

lt� L., IZ! 2.  7 tc, �1:.mllf"a-: ... � :1 � - 3" - c i'" 0 4 �OJ�it� c OJ lt�'la-:;fsrfl � c vcfi 

I. , , IZ! 2. 8 �c v:t II ��7JCfi'Jtq!c��OJ 4l-it�mloc �ctot,t � EE*11iit.1Jl!t-�fiaKi� , ::z '/ // 

!J - r OJ -th c: .lt� L --C �  Lt::.. 
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Fi'g. 2.4. Relation between compressive strength of gypsum and material age (days) . 

30 

i&Rlili 
- 20 °c 
-·- 0 °C .. ..

.. 

----20 °c/' 

k , 0 50 9/Caf a fil 
40 

__ ..,,.. . ...-
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1 3 7 28 ;] 
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3 7 28 El  

� 2. s ::fi ft OJ '3 11.!Bi!Jt c ff% 

10 
3 7 28 EI  

Fig. 2.5. Relation between tensile strength of gypsum and material age (days). 

80 kg/cm" l\1 � 
:f kvi.' \: � -60 

20 
1 3 7 28 8 

- 20 °c 
-·- 0 °C 60 
----20 °C - -

=�  
3 7 8 �  

� 2. 6 ::fi ·if r7J !JY ltfr 5!R /Jt c ff-% 

-. -

:r .� 
1 3 7 28 1]  

Fig. 2.6. Relation between shear strength of gypsum and material age (days). 

kg/cm2 kg/cm2 
BI 5fHi51.J� 70 kg/cma 

Yfl'WiJ;t.>1.Jil'E 
400 EE;Wl Jt,:JJ .ltf 50 

- lli � 

J; 
-·- i;'i:.Ni5ti 
--- a: ttI 60 

V. ., 50 

--�, 30 40 ____ __,, ·, .. ./, 20 30 
0 -20 "Ci 20 0 -20 "C, 20 0 -20 

� 2. 7 4 jJ�H::. Jc,�t ;s iilil.i:.t?!t{t c Jff s!l/Jt 

-0 

Fig. 2.7. Relation between curing temperature variations and strength (compressive, tensil, and 
shear) after four weeks. 
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k9/cm� 

200 

\ n m1ttvk:riff 
'&.15!&:i 

100 

/ .. -------
.," ::.....----.,,. .,,, � -- -- 20 °c 

/.p., 
--- 0 oc 

� - - - -20 °c 

2 

rm 2. s �n-�rtt� 
Fig. 2.8. Stress-strain curves. 

3 

-]&itcfml.l!ftC)(fi"° Q �5!gl!f(J)�ftv:t., 0°C i'Cio\. , "(�=f{.i&ri"° Q iJ�. -20°C vets: Q t '/it 
m.if� ( +20°C) (}) 50-100% &!ffl:bn-t Q . 

--Jj II ��7JCfi,;tgkJ:1l�(J)�'{1:ffifHi :i :/ !7 !J - r v::-::.Jt«--C{1£ < , -20°C, +20°C, 0°C 

(})•�� < , �(}) 4 �§.11:(J)fl:� c � c J: , K� o .  
( 2 )  •tn c E1f1o J: � :i :/ !7 JJ - r- c (})#.§Br 
E,..tt�ffi(J)ffl' I? tJ�ts: t (}) c (J)#·tJ�1l!k < , •• t ,f-OJ{7U7f. '"c'v'l ts: "  ' •  � 2. 9 v'l:1:i'Jtltif* 

1o J: � :i :/ !/ JJ - r c , i'kS(J)#•n.11:�Jt• Lk t OJ�� o .  EW1ti1* c i'k&(J)#•n�, 
:i :/ !7 JJ - t- OJ .f-;n,tcJt�. 1LM, JUf�i'k!Ji�rJI:nf-th.:fh� 1/2-1/3 '"t:'� o .  

"£ t.=., � 2. 4 tc 'M'Iffilif1?.0J 1:i�1Ji1*:t-o J: � :i :/ !/ !J - I- OJ 6'il:k?irri!�OJ #•5'!lJ1:) I ( El 
EBYiffl(J)i'"« IJ tJ� 0.025 mm �OJ#���) ��-;-. 1:ilt, :i :/ !7 !J - r c t JLM(J)fiEH'l·� 
&'kS(J) 45 -63% c tJ,ts:. IJ fl£" ,(Lg'"t:·;l!, o .  

J;I,J::(J) t: c tJ� I? . 1LMtcxt-t o E1ffltif*OJ#�bv'l :i :/ ?  !J - 1- t •ts:. IJ . -" - A  r OJfi!i 
�nv;:: J: o t (})'"{:', -t« IJ •�nvt.1J, � " "  c �*- l? h o .  •�•st;:: -0" ,--c vt., �� c 1v ci'k 
•(})�� < JJ 7�) v;:: J: oElt=OJ�Wi�t/CtJ�#�n�iffl*� -ttt..: t (}) c .6c=.tbh o .  

< 3 > �•(J)trt:>��-JilAl(J)�" " v;:: J: o #•n.11: 
� 2. 9 J: 1J ,  1:r"Jf lJif*(l):ffttJv'ltiitJt;::Jt«--c so% rru�(J)tt•n�(J)f�rtJ�J!i?ti o .  ;:: 

h�EWOJ�• c � !J - � :/ YK J: o •&rm(J)*���•:t-o J: �-t(/)ffl�Q_)EW e •(J) �  
.11:0Jfl:trQ_)t..:� c �x. l':> h  o .  "*- t..:, :i :/ ?  Y - t- tc:t-o\. , --c t  40% 1ru�OJ#���(J)1.1&r 
ntJV::>tL o .  
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Fig. 2.9. Bond stress-slip curves of gypsum and concrete cured under temperature of 20°C. 

( 4 )  ft:it::fi'Ji'(7) #.5!a& 
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� 2. 10 J: IJ ,  :G1tvc�:1:1ttt�1J11 :tWitttM c 1.., t-:�it (� 2 . t ) , tt��ocvt1LM. � 
M�t95 c <b 1:i1t�f*OJ <b OJ J: 9 iY•f.t IJ :itJ1Jll-t o c. c iJ:niJ• o . l.Iitu'it c Elf�{* c 0) #� 

5.!Iill:� it-"' o c .  JLMvt 3. 3 ffi, �M�ij;fi 1 . 8  ffi c t.c o  (� 2. 4) . 

f.t:to ,  Rit1:i1to_:, ft•5!aJlJi. ,  ::z './ !7 1J - r O) fji c ]IT-ftl 1.., ,  II W.�7Jc:fi1tqk�tSltvc�it1t 

tt��m 1.., � WitttM t -t o c ,  tt•JJ� �� o O) �, J: IJ ���� o c m� � h Q .  

( 5 )  �1:.illlt�o_:, rtt{l:vc J: G tt•�ll: 

,m-��1=.� c {!.£�-1:.�tC:Nvf o #��ll: c �{ftO) '*l�Z'� 2. 1 1  vc�-t. IZJiJ, � § ffi)qfij 

(l)-t°� I) iJ� 0.025 mm fti!J:··c-�t. {J£Iffilf{1:.0J #� 1JiJ;* � t.dfilz- �-ttJ:, �{ftO) �*vcf=I= 

\, , , -t"O)ffiffel.vi.�Gftc��iJ,.tc t.c IJ ,  0.1 8 mm #Jli -C:''ffiilffi.•1:.0) #•rt;n&-�&lltl*l c 3C 

�-t G .  ;:. h�i.. {.!f��1:.iJ�. 'M'illl�1:.vcJt-"'WWlo_:, ft• niJ�* � < . .$�1JiJ:,J, � \, , O) -C:' 

vi.f.t t, ,'IJ,. c ,Ftlbh Q .  

( 6 )  :fi�0) #��1J lt��ffil�C�i°" o ::z './ !7 1J - r O) ��#��j] fjtO)jtq& 

� 2. 12 �i.:fi;;ff o_:, #�8J\�*'5=': �,  ::z Y !/ 9 - r (7) itr-§#� (c;1J 1.!t c Jt� 1..., t-:. t (7) -C:- � IJ , 

��{mHc)("g--t � Jt:z-��� 1.1 c L, t..: . 
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Fig. 2.10. Bond stress-slip curves of gypsum and lightweight gypsum cured under tempera­

ture of -20°C . 
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Fig. 2.11. Bond stress-slip curves of gypsum cured under normal and low temperatures 

(specimens of gypsum only, deformed reinforcing bars, and lateral casting). 

JtJf�i!kmJO) § ES i'l/mO)'°t� � iJ'; 0.025 mm �O) :ti:�$V1, ffS:1iiJfi7; 1 .7, 1iiJf 1tff*�i 0.9 

"(·, �Hrt.f!.¥fH:::.:xr c. f!:l:::fi-Jtftii/ilf ,@-t -Q i 0) 0) ,  Eit$.1* 0) *"hav-r11��:::.�,@ L. rrMIJ:e. 

-t Q i 0) c �t t , -*..  t.r 1.t , . 



0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 0.025 0.10 
0.05 

0.20 0.30 

V : 'JJ. :'J: .if'. 
Fe : fUi'f %JJ'.[. 

t--
if;:{ ' ' ·1 . .  · 

M 
C'i 'fJ·.! 1( -1.1 ·i 1· _. g II - - - -� - - ­- - -

0.40 MAX mm 

� 2. 12 �*i1Jn0):f:i'Jl·tt%r,tt:::JJ��.�{ff!O) ::z Y :,  1J - � !'f�#%r,tt:1J�r::.J,t-t 0 fff! 
Fig. 2.12. The relation between the safety factors of gypsum 's bond unit stress, as com­

pared with existing Building Standard Act in Japan on concrete, and the slidden dis­
placement of reinforcing bars. 

2.6. � t1 

177 

-* fl 1i 1t 0) mi� J!Jn=. "? 1, ' --C , -t 0) ��tt� iJ � 0 , --t"" --C 0) E 1t iJ; � � tr ,pJMj JE --t o R:i'i:� � 

�. �v=-11£Wa.r:.x1 L --c 1-�n ,�tt��:o ;:. c tJ; -cz5 tc_ . 

LtT· L ,  �mttt4 c L t ft�ocU7i-v=-*)Ett�M!iittO) mBmtJ�2D 1J .  ;:. tt G O)•m��LI: 

LL ,  II ��Jt:fi,�q5C_B!�h:J& cb -tO)ttfiliv=-ttn --c "  \ Q cb 0) C ,�,hn Q .  fJ: :t-3, �!Ettv=-M 

L --C �i. 7¥'.fr • �E (1977 a, b, c, d ,  e, f, g, h ,  i, 1978 a ,  b) r:. J: ---::, --Crr/ilifE-t°"" �fit*n:ffi'a" 

� ,n "( \., , Q. 

-! fc_, II ��7j(:fi1fq5C.B!�l:t, :fi1t }p.f,$: c L --C �ffl-t o J: IJ ,  ft:li'lttt c O)tJ[,fr;fsf;fSI- (it 

:li:fi1t) c L --C�ffl--t o c � r:. , -tO)ft���� L ,  J: IJ $H '*°5=*�t--� Q  ;:_ c iJ;-r:: �  k. 

3.1. e � 

�fltlA�v:t , �. tt::ro .t rY 7 - ,,,.: Y O)n'Jt��f*O) , �:k2D :o " ,  �:t. �*O) 1 12 0) JA�f* 

��f'F L ,  ��@I� IJ � Ltxffi�!ir,z-fil. ', -t:-0):mJ§�tt"Z'�fli" � t. c "Z' § 89 c L t.:. 

-:t-n.fnO)Bi\�f$:�:t. ffiJ�O)Bi\�*5*n� G n 1W�lt:fi1tqfc��� ffl\., , ,  ;:. O):fi'Jt� " r 

!J 'Y !7 7- c --t o  �!i'lttt c O)fl�tt:¥4�, � G t=- �if'j-eflfl� L. �irifffl��!iE1tfmtt c 
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Lt.:.. 
�•v;:.ffl \, ,  t-=.:fi"ff W:. :f:i"•tt. :l:o J: rf:f:i"1f 7 - ?- / ft IA.!-©�f.i ::z / !7 JJ - r ifBtt <tA r 

RC -tfB# c ��) c .lt&� � t.:.cb, �$# � c KIA.!8(l_) RC �-1*�-� L, !Aj-(l_) �-� 
fi\, , ,  -t:h i? (l_)���. �:RJ:l:o J: rf?j]sli.fli1:���.ltfc�tt Lt-:. f.t:l:o, RC ifB#(l_)�·f*· 
f"fv;::.JfJl,, ,  t.:. ::i :/ !7 JJ - 1- vt , �Ji� ,i., 1- 7 :/ F'-l!: ?- :,,- 1- (l_) R. M. c. -et5 o .  

�-�·�(l_) ·��. -th�h(l_) �·-�K� Lk��ttmK l � R� L. ��K, �­
�*ft,� G }*J& L t.:. � lJ :/ !J" - ���� -t(l_)�·f* c #�:to J: t13l1:.�#�� L < L, m 2 jJ: 

::fi•(l_)-�®M:Jt··ex!i«t.:.:n�v;:. J: � �•�fit, , ,  -Oeffl#*f(l_)ffiM:fili�?llll5E Lt.:.. 
tJ::to, iit·�(l_) Rf'f-::to l vt�iit.�:t. 8 **�llI�ifB��!fftl�:to l ot� • *�-�!lw 

�-N[-c·fi "? t-=.. 

3.2. iitaf*Q)tc� 

�•v;:.fflt, , f.:.�•f*v;:.vt , <'X(l)��-�Jfi l ,t.:. .  �•(l)•����ia�-�i&Wv;:.,  B : �. 

C :  tt, F :  '7 - ?- :,,- (l_)  3 3t*-c·� L ,  <'Xv;:.::fiit c ::z :,,- !1 JJ - 1- (l)&ZIJ� -t:h.:f:h G :l:o J: rf 
C c L,  3 ;ffi § t;:.'fttf(l_)fl.M� M :  :ft:ii:1tft, o :  J l l?i'PfU, J f l1i'), - : �f*(l_) 3 3t*-c·, 

4 m § v;::.-Oeffl�iJJv;:. J: o ffl.BIJ� R :  :ni41, n : �W�f.i c Lt-=.. 5m1itv:tJ;J,J:(l_) 4 3t*-c·�• 
f*(l_) fflffi�� L, s m § J;J,r �<�t;::.rc; c --c �11�•(l) t.:.cb(l_) ::1::�1zs1�. -thtJt *lk:1JtJ: G vi 
N, 1tff.i.ltt.t 0 v'! Pw �-c- � L. :irl��;:_ IA']-�·f*(l_) :ffi:%� ( ) �"'?vJ"--C IR.BrJ Lt-: (� 
3. 1 ) . 

ffi 

B: � 

C: tt 

F :  '7 - ;;t ::,-

� 3. 1 ��ftiG� 
Table 3.1. Identification of specimens. 

1 2 3 4 
���.BIJ ± :M" 1t *3" � m 
B, C, F G,  C M, 0, - R,  D 

G: :fi# M: 41l•1ttt R: JILM 
C: ::i ::.--7 1J - 1- 0 :  Jlfli'P . J l lli'Jlftl D:  �%tHli 

�� 

5 6 

±�� 
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4.1 . •  � 

5, 6, 7 • vcta--t�. tt:l=o J: � 7 - ,a( Y (7)ffjHJrvc , -*•-e�im L--Cffi" '  G�%. tt�(7)tt 

tt:to J: �H-i&5EvC '''.::) \. \ --c '  ;:_ ;:_ -cffij-$ tJ:mfili �IT" ' ,  cf;b"1t--C !;ttl:(7)�t-A:to J: ���fiuA 

�ia--t. 

tJ: :to, fi.q �·c"J\, , "'( (7) ,7;..ffl \, ,  :o mtrr::ni*:to J: �H•Avi. , -t(7)���--t. 

4. 1 . 1 . ia% 

A : ::51'.:}.; J: � :z Y !7 !J - r {f[Hi" (7) ltlr ffiiff{ 

Ae : E 1t :to J: V� :z Y !7 !J - 1- fffi*f (7) �ftffi Wrffifl 

Ai : P-o fib�vc J:  -? --C11air•n :0 11., - 7"ffifff 

ac :  EE**3�!JJ (7) Wrffiffi 

at : � I 5i�!n (7) ltlr 00 fl 

aw : 1 Hi (7) S �i I? mi'! t,:Ji. *i9J(7) ltlrrniffi 

b : �:15}�� '! t-: vi.;lt(7)$J 

CCC : E1t 'i t-:�i. :z / !7 !) - I- (7),EEMit-JJ 

s Cc : EE **3�!n (7) EE**3 it :1J 

D : fib vf it (7) :£: "1t \, ' 

d: fib vf;t,fo.) EE*11UJtJ, G 5 l��MHlt,t, 'i '"(·o.) Illimt 

de : Ila vftt(7) EEMRil� I? EEM�m5!i,t., '! -r::(7) !Ee• 

dc 1 :  dcfd 

di : fib vf;t,f(7) iJ l��iJ, G iJ l��tnm:,t, 'i '"(·(7) Illimt 

du : di/d 

Ee : :z Y !7 !) - I- (7)�ttf*� 

Es : �!fJOJ�ftf*� 

e: -flii,t,filimt 

Fe : :z Y !7 !J - r o.) �H£$9.iioc 

Ji: �!9J(7)fff�5 l5frt-1JJ3f 

g: �ftffiltfrffii(7)�� t ltfr00(7)ft*EEMrt-1J�� 5 � G R t QJffi. 
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g1 : g/D 

heq : �fjffifJ!ilt��/£� 

I: WrOO 2 fX-'E- - � ::,; 1-

Ie : i:p.ftljim�c�-t G 1J3W�{iffilttrffi 2 {X-t - � ::,; r 

i: WrOO 2 lk�ffi 

j: (c;jJq:i,C.,file1* 

kc, ku : -tlf�!f!:r::-01. , -C O)�jff*� 

ke :  �lt!mJUlt�0>WdU.lt 

kp: ljimi9JJi:vc "? \, , -c 0>�.IE 1*� 

h: :±:WJO) �Jffi:R � 

MBc : Jffl vf1'�-'E- - � :;/ r 

M BSC : Jffl vf � Wim� -t - � :;/ r 

My : Jffl v.f�fj;:-t - � ::,; r 

Mu : Jffl vf�fiii-t - � :/ r 

N: ;It 0) ifid[JJ (P] jJ 

n : Es/ Ee -V :;/ 37'' f*�Jt 

Pc : ac/b ·D  :R:1J**;t'i:0>,8:*1§�i9J.lt 

Pc :  ac/b ·d :Rn**�0>EE*1§�!1Jlt 

p D : ± m 1t. ltJr ffijffl / ::z :;/ 37 !) - f' 1t. ltfr U0 ffi 

Pt : a,/b · D :Rn**ttO> 5 [5!�MJ.lt 

P, :  a,/b · d :R7JlfJ�0> 5 [5!�:WJ.lt 

p w :  aw/b . X t6 vi G !951:t £ t..: fiw!JJJt 

Qsc = �Wr-�wm 

Qsu : � lf)i� Nii vu:m 

C T,; : :fl 1f '£ f._: f;t ::1 :;/ 37 !) - j-- 0) °5 11! "Et 1J 

aTe:  �!9J0) 5 !5.&,frjJ 

Xn : EE*1§�n� � i:p.ftljidi£ '"c'O>file1* 

Xn1 : Xn/D 

Ze : �;WJ��- L,tdf)rfffif*ls( 

cc : bit £ tdt. ::z :/ !7 !) - 1-- Q_)J.E*tiG:g� 



.sc : &!Hn 0) EE*1Iifil11t 

set : @!Jc1fj'j 0) 5 l 5.&�0C 

ll'y, au : mttf*t{( 

ai : �Utt{J£T$ 

a o : :ii 'if 'i t-=. i t ::z '/ !I 0 - r 0) 1li f:tct1t:lf IPl n 

ca : Eit'i t-=.a ::z '/ !l !J - r O)fE*fsJ;t,jJJ.!t 

ca B: b'it "i t-=. it.  ::z '/ !7 0 - r O) -Jr17(/:GJJ 11[ 

c<It : b'it "i t-=. �i. ::r '/ !7 lJ - r 0) � ! 5{J;t.::1J& 

.ac : ttinO)fEt1IiJDJJoc 

sat : j�i350) 5 15,&};t,J] I[ 

say : j�jj'jO)�{jt};t,jJJ!t 

way : t5 vi 0 An "i t-: �tJfHJiO)�f*JD::1Joc 

r: acfat �inJ:t 
}. : lk/i *@�.lt 

¢ :  jii3JO) mr� "i t-: vt.i�W�*fl! L tdlnffi 2 t'X-=E- - ;,( '/ r :Ltff::k$ 

4. 1 .  2. ttflO)ttttu J: a�t�i&:5E 

1 ) -'fITfif�H�O)r.*Jmt.nx: 1) il.0 t 0) t -t G . 

2) i�J.fnO)�iJ: 1'.H1.&, EE*&-OlU t t r:::.�f*� 

Ccy) v:::.�-t G 'i ·-e , :t���ttfts: t L, sCy 'a::' 

�� L td&v:tfil�1t'a:'.'�m L ,  7i;�mttfts: 2:: 

L t-=. (� 4. 1 ) . fJ: U ,  / � ? -;,, '/ if - :1,t,ti*�� 

m-t Q .  

3) E� :ro J: rJ ::z '/ !7 lJ - r 0) J;t,::1J-�Ittl 

fi�t ,  5 !5.&-0!U �:t1'�je1:_ 'i -u:r.�ttfts: Z: L, 

EE�fJlU ::z '/ !7 Y - r tcoo L -c �t.wJt,fO) e Mtt 

c i&JE L t-: (� 4 .  2) . 

(i 

� 4. 1 �%9JCl)/;S)]-:ffilfij** 
Fig. 4 . 1 .  Idealized stress-strain curve 

of reinforcing bar. 

(4. 1 )  

1 8 1  
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(] 

c<J=j (c) 

� 4. 2 :fi1ttc;J: [f ::1  '/ !l  lJ - r 0),tt,1.J-i'2EIE� 
c Fig 4.2. Stress-strain curves of gypsum and concrete. 

o.35% c f&!E L. ::x '/ !l  !J - 1-- c lq] t:A (4. 1)  �ffl \, , f-::.  'i t-::, �. ttvc� L --c ,  1'�¥61=. 

'i --ev:t1:i1t:ro .J: tJ ::x :,,- !l !J - 1-- 0) 5 [1&-0lU , EE*m-OlUO)g3:f[�, c cb vc�!l-t Q iJ�. -�¥61=.� 

v'l iJ l5!-0llltUn:��m--t o .  
4) ��¥£:Mv:r.�m-t Q. 

4.2. !t)j::£t 
mHiiflivc-0" , --c v:ttkO)l;tf:tO) �i95 ::x :,,- !! !J - r fflttrO)��A� ffi " ,  t-:: . 

1 )  aiHf-�?rrrlt (MBc) 

3) ��-�Zirrli (Qsc) C1iVI IA) 

4) liB v-f �tR:firrli (My) 

Q 
= {0.065ke(500 +Fc) }b · . 

SC M/(Q ·d) + l .7 J . 

iJ l5i�WiJ�iJ l 5i�tR:--t o c � O) firrli c L,  e '*l��vz:. J: o .  
5) li±l v-f l� fµj frIT It (Mu) 

e ���vc .J: G .  

6} ���rn}{irr:fft (Q.u) 

ffi 1J O 0) :fij-fr 

(4.2) 

(4.3) 

(4.4) 
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(4.5) 

4.3. e 00�� 

- {�_ -!I5_ku_· kp( 1 80+Fc) _ ;  J ;--.- -;- ob.·lDN } b ·1· . Qs,, - M/(Q · d) +0. 1 1 5 . __ 7v Pw s (Jy (4.6) 

itfifi ::i :,,, !7 1J - r �f; H �¥ 0) m fj"{,t� � � !2H1 �t Vr-t 6 t� fr, e � � i:t I t �  t1J� to J: � ¥it tlJ� 

Z' IK5JJJ-t 6 :::.  c ts:. < , *' f_iO) tl:Q� O)  :ilin·:;}t "i: h l f, -i:- 0)  mr- 0) /,G :1J 'i' 3f< � 6 :::.  c /)� l: "@° 6 .  

-i:- :::. -e iJ/2 q1] r:::. � L -c ( :t '  4. I . 2. {Ji 7E 2) 0) r,-'c;; J]-.ffi [x1 {;¥; � JB \, ' ' "1=i7� � J: t,1\ :::z / !J 1) - HC 

1*J L -C t:t:i:\ (4. 1 )  0) e [y� � Z'  JB \: ,  -c J;f� :1:J Z' ;J< �  6 :::.  c n: -cg 6 .  

� O)  rtt{ :f .::r:- - ,;1. :,,, r :te) J:: C{'.ffi,  J;t� ::JJ O) �jf¥: � !Zl  4. 3 ic 7f:-t. 

h 

0 0 

0 0 0 

� 4. 3 * O) ;;{t,lfj i=-�-t Q ,{�{} 

�_.,.- sec 
� ....... - cCc 

Fig. 4.3. Definition of symbols concerning beam deformations. 

iJ/2Jm 0) EE till� 1J 

iY(in o:> 5 l5lt�n 

(4.7) 

(4.7A) 

(4.7B) 

(4.7C) 

::&'Jr <� J: tY ::i :,,, ;; 1J - r )  o:> 5 [ 5ft�1J c Tt a 4. 1 .  2. &'.iE 3) J: vJ o c --t 6 .  

;i:\ (4.7) J: IJ q=i:triMJR§)�ft. Xn �*�' Xn iJ�:B< � h �f1!tv'i:--t - ,;{ :,,, :-- : t � :t:r:. J: tJ :1< � 6 .  



184 cmffi�f4 

(4.8) 

(4.8A) 

(4.8B) 

(4.8C) 

:f t.:.., �5£0)m:1JIPJ1J�'.:5tvt G 1=t'ittt ( :f  tdi. RC tt) iJ� liiHf.:r:- - ;1. :/ r �'.:}l:vt G c � ,  

fil:to J: ��1J�i�� � 4. 4 �c�--t. 

D/2 D/2 

1 1  t 1 1  
-------1 1� 

. I , e , !
t:o 

I I N 

� 4. 4 ;.a'7J�:Mv=-1*1--t Q a�� 
Fig. 4.4. Definition of symbols concerning 

column deformations. 

CCC : A (4.7A) 

sec : A (4.7B) 

sTi : A (4.7C) 

(4.9) 

(4. 10) 



No. 74. 1982] aHfQ£t1Mt�O);;r-�ftv::.ff 5 tltf:?�:tH4 c L --c O):fl'JtO)JJ�!'lf.JtsHt 

cMe : :i:t (4.8A) 

SMC : :i:t (4.8B) 

sMt : 5:1(: (4. 8C) 

M=N· e. 

4.4. fii]IJtt(;: rvJ, Q '(& �  

185 

(4.11) 

p.i\JUftvC "? \, , --c fi , E;tf � J:: u ::i :/ !7 !J - r ffiltjO) 5 l5i-OlU vc it)�!ttJ;� r: �d: ·-c�:t�ftijUft c 
L --Cl& IJ ffi.\, , ,  -.�¥B�{&O)p.i\JUft{.l£rii, Ei:t� J:: ·o;: :::i :/ !7 1J - r 0) 5 l5i�Bt��m L ,  e 

'*l�i*vc J:: IJ �f*fF.f c l�.fflJfF.fvc�vt 6 aiF ¥ c ti.i: Hf ..:i:- - ,;( :/ I-- �5£� 6 ;:.  c vc J:: IJ ;1<� 6 .  ;:. 

0) c � EEB ¥-fiiHf ..:i:- - ,;( :/ r 0) �i*� IZ1 4. 5 0) :::_:' c < f.&J£-t 6 .  

\T V :\ y 

1. 0 

E l  ,15 : MJ�J!Yj1Jtt 

� 4. 5 �IJ ti 
Fig. 4.5. Stiffi1ess. 

A =b· D. (4.12) 

(4. 1 3) 
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b · D3 /=�ff - . 

fe = </J · f.  

0.5 +n ·  PtC1 -dtl +dc1 · r) 
g= - --- -- ---- - --- ----------- - - -

1 +n - Pe( 1  + r) 

E·ly a =- - -- - --
Y E · fe . 

(4. 14) 

(4. 1 5) 

(4. 1 6) 

(4. 1 7) 

E · le :  �ttlll!IUtt 
E· ly : �tk�W!IUtt 
E· Iu :  �mi�W!IUtt 

WnU1tfI£rO) tll-&rvt, �·t1:WnUttO) ®$�tf:Jt0) lfu if-1:- - � / 1- ��x-tiz-t- � ®$0) rmflJt c 
L., .::. O)!linUltff£rO) ,, __ '7 � - :5< - �WnUttft£T$ (aJ c L. ts:. 

(4. 1 8) 

?Xvc.� G � G MO) tHHf -'E- - � / r 53--;ffivc.M(c;:-t G tttl $� iZ! 4. 6 (a) - (j) vc.ffi L, W!IU11:_{J£ T 
$ (ai) vC.""J\, , --C O) �� {X(C.ffii"°. � (4. 1 9) - (4.28) O) {t�- (a) - (j) vt. lZ! 4.6 0)#%vc.Jt(c;: 
l, --c �\, ' t.:. cb 0) '"c' � Q . 

(a) (4. 19) 

(b) (4.20) 

(c) 
M/ +M/ 

a = 
M1Mc +M/ +(1 /a ')MiCM1 -Mc) . (4.2 1 )  

(M1
2 + M2

2)(M1 -Mc) 
a = 

(M/ +M2

2)(M1 -Mc) +Mi(l/a '- l){(M1 -Mc) 2 +(M2 -Mc)2
} .  

(d) (4.22) 
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(e) 

(f ) 

(g) 

(h) 

( i )  

(j ) 

(M1 +M2)(M1 - M2) 
Q:' == -------- - - - --- ----- -- --- - --- ---- , I 

-- -- - - . -- -----
c,

-
• My(M1 -Mc)(l /ay) +Mi(M1 -My)(l /a ) +My.Mc -M2 -

(M1 +M2)(M1 - lvf2 ) 
a = 

[M1

2 - M/ +MiM� -M----;)(I /ay - 1){(1\12 � Afc)/(My-�MJ+ l }  · 
+ {My( l /a:1 - l ) +M1( l /a ' '  - l )}(M-My)] 

-( Mu I - 1) A!z - Mc 
Yi - M 11 M -M ' 1 1 C 

(4.23) 

(4.24) 

(4.25) 

!vf/ + M2
2 

a 
M/ +M/ +My(My -MJ( l/ay - l ) + {My( l /cry - l) +M1( 1 /a "  - l )} (M1 -My)

° 

(4.26) 

M/- + .M/ a = ----· .. - - ----- - -- - - - - -· ---- - ·-- - - ----· --- -- -- - . - - - --- - ·- -
M/ +MyM2 +M1y3'M2 -Mc) -l--(M1 -Mc)My( 1 /ay) + (M1 -My)Mi( l /a") . 

(4.27) 

M/ +!vf/ 
a = - . . --- . . --·- ·------ ----- --- ·---- -- -----

2MyMc + Mi( M 2 -My)(y 4 +A) + .My(M1 +2M� -2l'vfc -My)(l /ay)+ M1(M1 - My)(l/a"r 

=( Mu_ hn - l ) j\,f2 �lvfy Y5 M - M - :. 1 ' 1 1 J.V.lc 

t_c :to, ;i:\ (4. 19) - (4.28) r::pO) 1 /a ', 1 /cr " Lt , 

(4.28) 



( a )  

( b )  

C c ) 

( d )  

( e )  

( f )  M2 

�-·t;:==-.---::.�,-. 

C

A 

• - - "' 
My 1 1 

M c 
M, ii; B 

]\J Y 1/a" 

D 

Fig. 4.6. 
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( g )  

( h )  

C i )  

( j ) 

h 

--- J I  

----- ]) 

\lv J_ 1 
\li a:v 

Va ? 

L a  

\1.v I l 

h \ 1 1a: 
1 a ? 

--��-E 

� 4. 6 ijU ,fi f�T* 

G 
r---r---.---::�...::;;...---' 0 

H 
G 

r---r--�-=-""""'-"'--- F 

l 
I I  
G 

...----,.---,---:=,_;....::::..........__... F 

Fig. 4.6. Stiffness reduction factor. 

-�, = l  + 1wt'ft�!!ttJCl� Mu-My), 
1 

a" 
S ( i  - M"y )--I- -(i - 1�u - )-1 l .  

1 - M
y/Mu l M au M Ct'y ) 

1 89 
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5.1. ffli: � 

� VC "'.:>l, , ""( �j: ,  {X CO ���fr 0 k . 

1 )  � .::. -f: T JI,,vC l Q � <7) �� 

2) �7(� CO B±I vf�� 

3) #�11��1t � -ltt-:�<7)�� 
� =- -f: r 1i-vc 1 Q �co���x . *�!H��fffi*i'<J)��vc,r;ft�.  ��f*�1tvctJ,iJ·h Q ** IJ 

i:1£--lf c at!z I tt, :to J: 'Cf �mr� if fflHt co lffit 11 c -fdl it. i@.fft vc :}5 vt � IN! OCNtt � � �""' � § Et9 
"'c', -f: :f' 11.,1t���. 1=i'Jt1li1*�, 1=1-Jt�:}5 J: 'Cf RC �v:::.#�1Jco �tJ:. ��!9:i (;hfiff'i t-: 

mm 

4.0 

3. 

2.0 

1.0 

1 2 

4 oy 
3 oy 

2 oy 

0 y 
5 10 @J� (@J) 

(a) 

mm 

20 

1 1  

:J 
-11 

-20 
3 4 @tx (@l) 

(b) (c) 

� 5. 1 �0)1Jn:1JH@i. (a) � =-�,  (b) �**· (c) tt�:1J�2£{t� -tkt-:� 

@l� (fill) 

Fig. 5.1. Loading excursion for beam specimens. (a) Small-scaled beam. (b) Full-scaled 
beam. (c) Beam with different bond property. 
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lt.Ji;JfHxif}j) '2�ffl L .  Mflill.:ilt1=. (20°C) 2:: {I&ffi!�1=. ( -20°C) 0) ilJ-\,�{*r::. 0 \,  ' -c '  2 /;f,1fx1P1 

0) r<J 1J ;ig Lct.J:�� fi· 'J t::. . 

**�O) *� -cit. .  7f;O) � =- -r 7'. ;t, O) x�if65Rr:::.�---:::5 @' .  ;§;,�@IE�** tJ � uJJZ-f'iff r::. J: -0 

i;tmJrt �i '2 fi· " , . ,rut :tJ � � Jv Lt::. . 

f-t�:1J � �1t � �t::.�O)J�� c·ft_ , �f r1l: 1'iijt�·i.J; RC fflHt1:.J::t�. -7c O) t-J::ti7JiJ;�'1J v:.7( � f£:. 

�!Jsl � tJ:: L -C \. ,  6 t::.ob ,  f-j'� jJ }:.�1t'2 t t::.�t::.��f*:t, J: u -7cn c F8]-!:i\��,: ;::_, 0 G i.7· 

L ob tr±�� ;W,� L -C �tjc:i:_:R:;:. 9J iJ .0::�� Ant::. t 0) �=- . SB (f --c  - ,1. / r t5 J: uJJ-Yli;Jr:tJiJ;fFJfJ 

L k c � O) ��. �%:t> i umffitt���� Lt::.. 

-7cn,'.f n 0) ���=-xtr,t--t 6 1Jo:tJ8t@1� � 5. 1 �=-�i- . 
5.2. � =t-=J" J(... (� J: � � (7) �� 

s. 2 . 1 .  ��m� 

Jrt�f4�0) %tk. i-$ 'a'.:' �J 5 . 2 :-=- .  J.J:�f* O) fiffi c 8�-f:;'a'.:'� 5. 1 ;:_jJ;--;-. 

�ti'i\�f,4,:0) fit.Jf;j� JLJJlill'*!i ,  9 ! �}.[111:ti 2-1 3  ¢ (Pt =0. 85?c), EEWsi11fJj 2-9 ¢ (Pc =0.4050 ), 

�%i1il;H�?Jt. r] [1.!HJdi11 2-D 1 3  (Pt =0.74%). EE*'milnt 2-D 10 (Pc =0.45 %) c L,  2t> 1f G in 

:fi -Ji· 
n. EL 

_m 

R 

1jif §. .m.. 

,-- --�---- -� --1 
I 

P-'2 P,1 

�I 1 1 1 1 1 1  I 1 1  I I I I� J D 

., _ q ¢ 
( 5-I) l U  

2 - 1 ;; ¢  
C 2 --D J :-l 

f ,s 1 40 
:� 

40 1 15 I 

1fi 
:fi 
C 
R 

� 5. 2 � =-*O)��w�� (l:fi{{r_ : cm) 
Fig. 5.2. Details of small-scaled beam specimens. 

� 5. 1 � =- �O)iA,�WO)f!�U:: Jc-¥;· 
Table 5 .1 .  Type and identification of small-scaled beam specimens. 

1* � B G-R • ( 1) , 
1i' * B GM R  • (1 ) , 

� B C  O R  • ( 1) 
C � B CMR • (1) 

(2) ' * (3) 
(2) ' * (3) 

- - ------ --

B G-D • (1) , (2) , * (3) 
B GMO • ( 1 ) , (2) , * (3} 
B C O D  • (1) 
B CMD • (1) , * (2) 

* le[] I J:. flf rfi! ¥€� 
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fi-t°""' -C  2-9 ¢, 10 cm @ (Pw
=0.85 %) c Lt-:. 

ftJ=IHt*l:to J: cr�it�itn-� 2. 1 K-� r, ,  k O) �lt�a-� 5 .  2, 5 .  3 K. , 2£&1-o J: (r�O) 

IU��:t 3l''1 --r- 1v 7� - :,; (1/lOO mm) :to J: cr .A r- v 1  :/ r - :) a- ffl 1,, , ,  k O) jU�{ftiita- lZI 5. 3 

(a), (b), (c) K.�--t. f.t :io, ��fl'M'ilffi. (20°C) c {i£& ( -20°C) v;:."".)t, , -Cfi --::d-:. 

� 5.2 � =--�O):fi,Jf.to J:: Zf ::z '/ !/ \J - l- O)�lt� 
Table 5.2. Mechanical properties of small-scaled beam specimens of gypsum and concrete 

cured under various low temperatures. 

1&' ffifl � � ( +20°C) fl£ ffifl � � {-20°C) 

15 lf � {$ 312 1 . 06 188 1 . 13 
� _§. E • 201 1 . 12 191 1 . 02 .!I!. 

::z '/ !/ \} - r 319 2 . 59 
�- :::z '/ !/ \} - ]- 223 1 . 48 194 1 . 21 

� 5. 3 � =- �O)�MJO)�{>ifj� 

Table 5.3. Mechanical properties of reinforcing bars for small-scaled 
beam specimens. 

lfJi ffi :fl �fx�jJJJt 5 j5f�jJJJt 
(cm2) (kg/cm2) (kg/cm2) 

13  9) 1 . 29 3280 4470 
D13  1 . 12 3430 4950 

5. 2. 2. ��*5:!f: c �� 

ffifiti'Jli];:_A"--t o ��fti c tt•f[i�� 5. 4 t;:.�--t. f.t lu,  �i:p�fkfiti'Jli:O) ��ftitt , fiti'Jli:O) 

�1Jnv;:.:xf L,  i:f=t:k:2£&0) �1J1:ttJ;�,�vc�t L < t.r o ,i;�� �fk?irrm (Py) c L,  �fµ;fiti'Jli:cl)!tJJ 

��:t,  fXO)it•ffl.�cl) �-A ( E *����. 1975) J: 9 3j(bt:>f-::. 

(5. 1)  

(5.2) 

< 1 ) tJ*�1n'irrm c ilffi.Il�lt 

-*��1* c7) 1JJ-�fiti'Jli:O) ��f@a-.rt""'o c ,  E1f•1*�·-e�:t$0f5�W�iJ;JLffi� J: 9 � < ,  

'ffi'fg�1:.0) jjiJ;{l£fg�1:. J: IJ i@j\, ' ·  Rir£1t�-o:t, Jtffl�. JBf5{f;kj%� c cb IAJ�tl-c� o 

iJ;, 1.f&ilffi. � � "'C:·} t. fiiu � c <b v;:. fl£� --t Q . 'M'iffil ��� vc.t-o vt Q iJi,I.it RC � �t., -t:" 0) ftl! 0) ,b cl) �c 
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C 
C 

No,4 

(a) 

=No,2 

(b) 

ES ES No,8 Nol 

No,6 No, 5 
C2 D 

(c) 

No,3 

.) 
? 

� 5. 3 � =- §R: O) l1{tl;E (.'LW(. (a) ;5<·· -1 --v 1v if·- :,:, , (b) 7- 1-- v ,{  :,u,r· - :/ (��{,t.:}dill) , 
( C) 7- ], l/ '1 '/ y· - :/ (jJjjj) 

Fig. 5.3. Measuring points of small-scaled beam. (a) Positions of dial gauges attached 
to specimen. (b) Positions of wire strain gauges attached to the surface of specimens. 
(c) Positions of wire strain gauges attached to the reinforcing bars. 
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(5 .3) 

-ett5E L f._: k.2sb,  � :h G i,c;[fU L f._: i:J ! 5.lBil!U:: vi t , "' ,  71 :  t-:. < ,  g��fuiU:: 0) J:tfl--C·vt.7( � t,di 

t-y"":J � 7J; Jo � k.. 

( 2 )  � � �� 

{�llil�� --c· �t. . --t� --c O)��f* �c��-�ta:¥e1=. L --c 1., ,  Q 0) r::.:xt L, �llilft � O):f:��. � 

11·1:tif*�. tt:S:::fiif��c:nffi� ffl \,  , f::.. ib O) l1Cj(\, , 1ttnf��t7';� C �Wr�� f!.m:h tJ: b• � t::.. . 

tJ: � .  ��i�t9J�O)-gm� ":) \,  , --c  O) ��Writ� tJ:m.:n --c 1., , Q .  



1 94 iti:JtHi* • fW--1�5' • !mJ EE riley crn��*'r 

� 5.4 � =- *O)��M:1:*to J: UH;li*5* (�f:v:, ton) 
Table 5.4. Test results and predicted ones on small-scaled beam. 

Irr, w_1: � 1P} £ � 
� Wr � � 1PJ £  Wf:fx1P1£ it f.D 1P} � f � 

�-----� ---�--�!��fl 8t1'fwi �ht ��M !t1'f@: �/H ��f@: ��f@: !tlf f@: �/H 
I B G- R - (1 )  3 . 5 3 . 49 1 . 00 6 . 71 8 . 0  9 . 4  8 . 21 1 . 14 
I B G- R - (2) 3 . 0  3 . 49 0 . 86 6 . 7 1  7 . 0  9 . 2  8 . 21 1 . 12 

B G-D · ( 1 )  I 4 . 3  3 . 04 1 . 41  1 0 . 0  6 .  7 1  1 . 49 9 . 5  1 1 . 5 8 . 23 1 . 40 
B G-D · (2) 4 . 7  3 . 04 1 . 55 6 . 7 1  7 . 0  9 . 2  8 . 23 1 . 12 

iffii B GM R · ( 1 )  4 . 0  2 . 80 1 . 43 5 . 79 9 . 0  9 . 6  8 . 21 1 . 17 
B G M R · (2) 3 . 5  2 . 80 1 . 25 5 . 79 8 . 0  9 . 5  8 . 21 1 . 16 
B GM D · (1)  4 . 0  2 . 44 1 . 64 5 . 79 9 . 5  9 . 6  8 . 23 1 . 17 

Jt B GM D - (2) 3 . 5  2 . 44 1 . 43 8 . 0  5 . 79 1 .  38 10 . 5  10 . 9  8 . 23 1 . 32 
B C  O R ·  ( 1) 3 . 0  3 . 03 0 . 99 6 . 77 9 . 5  10 . 2  8 . 21 1 . 24 
B C O D - ( 1 )  4 . 0  2 . 98 1 . 34 9 . 5  6 . 77 1 . 40 9 . 0  10 . 2  8 . 23 1 . 24 
B C M R · ( 1 )  2 . 0  2 . 71 0 . 74 3 . 5  5 . 97 0 . 59 9 . 5  9 . 6  8 . 21 1 . 17 
B C M D · ( 1 )  2 . 0  2 . 43 0 . 82 6 . 5  5 . 97 1 . 09 7 . 5  9 . 2  8 . 23 1 . 12 

i B G- R · (3) 3 . 8  2 . 7 1  1 . 40 6 . 5  5 . 68 1 . 14 8 . 0  9 . 7  8 . 21 1 . 18 
{� B G- D , (3) 3 . 5  2 . 36 1 . 48 5 . 0 5 . 68 0 . 88 6 . 5  10 . 1 8 . 23 1 . 23 

B GMR · (3) 3 . 0  2 . 74 1 . 09 6 . 5  5 . 71 1 . 14 9 . 0  9 .4  8 . 21 1 . 14 
� 
1=. B GM D - (3) 3 . 0 2 . 38 1 . 26 8 . 0  5 . 71 1 . 40 8 . 5  10 . 2  8 . 23 1 . 24 

B C M D - (2) 3 . 2  2 . 26 1 . 42 9 . 0  5 . 73 1 . 57 8 . 5  10 . 0  8 . 23 1 . 22 

( 3 ) �FPJfPH! 

1Lffl� c J'df5�W�� J:t� Q c ,  1��n:�fj:�0) �!$0)5 !5li5"7J (at · sav) fi{J£v,iJ:�Nuimt 

jJf:Ji.j; i VJ �iJ:t.r..iJ, '0 k.. 

i k., 'f!tml.Jl� c {fml.Jl�� J:t�i'" Q c ,  Eit i t: vt ::1 / � !J - r O),EE*1%i5j)J)cfflJl;iJ;j; 

Q vc i fy,tJ:.b G f, �Nuimtnv-r. Vit t 1v c·�v G t.r.. tJ, -0 t.::.. . 

( 4 )  f{GjUtt 
P-o atlfl� � 5. 4  vc..ffi--t. �4=1. JBf5�W�vi.�:vJ 0) .7-.  !7 � r � 1 mm f G  L 't� L't tl;  

Q .  

IN J: IJ WJjj!MJUlt'i' Jt�i'" � c ,  YL#d� c �M�MJ�--C'vi��0) 1J;o;� < ,  'fltml.Jl� c {�ml 

•�--ev-r.��O)::iJ:o:��{1£1., , .  t.r.. :;fo, �ff:�f{Gjllftvi. vf c 1v t· jP]�m'.··ej; Q .  

{ 5 )  -� O)tttl;: 

'f!t&Jl�O)�vc"'.::>1., , ---c O)tt�®�!ZI 5. s vc..J:Ri'". t.r..:;fo ,  i'"�'t O) lZJv-r.r:-f=tf.,�J: � tac..Jtffl 

�. �K���!35�0)·-�ffi Lk.. 
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� J: iJ IY=J ty/J', t,r_ J: 5 r: .. , >Li!ml*'.'!Jt Wi�iE*�::..tt�ifi�*�n:j.,· t_c < ' 1[1� 1PffiiJ;)J\\, ' . '­

h w i ,  *1 v::. BG-R c BG-D 'z' lt:� 0 c bn> 0 ( �  5. 5(a) ) .  
"i f_: i�Llitittt� ! tA. --t 0 ;:..  c :::. J: I') , ft�fI�� iJ;�.B! � ,h ,  E;--iflii{** J: I) g:_1::p;j!f*O) 

::n/J; f:�f�1* �/JU)'j L, ,  1tt� $7J7'.J;,J, � < fi:. Q. fs: j=:;, {1£thl.i11:_ cb l i (!� C f#tt'z' � L k .  

ton 

10  

8 

6 

4 

2 
- BG MR d )  
- - - - BGMD r 1 )  

o --���--2 �-,,3��4......-��5,-� mm 

0 2 3 4 

(a) 

ton  

10  

0 2 

(b) 

3 4 

� 5. 4 � -=- � O) P-iJ ct1l rl.lt. (a) 1tfli1'.rt± ( ---i- 20°C), (b) ffl.;.f&1�1: ( - 20°C) 
Fig. 5.4. ft.1easured load-deflection cune of small-scaled beam specimens. (a) Curing 

under temperature of 20,C C. (b) Curing under temperature of - 20:,C. 

BG - R :' 1 ·  

I Mu a9.35 
M sc =3.5 

j Osc = * 
LS 

BGMR · l 
M u  :9.6 
Msc =4.0 
Osc : * 

, ___ 1-· · � 

�- . 1  

/.' 
f[ 

i 
(a) 

Fig. 5.5 

BG- 0 : 1 :  
M u  = 1 1 .5 

� Msc = 4.3 
"" b�c =10.0 

BGM0 · 1 .  
Mu  = 10.9 
Msc = 3.5 

= 8.0 
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BCOR ( l )  

Mu =10.2 
Mee = 3.0 
Ose = * 

BC MR ( l ) 
Mu = 9.6 
Mee = 2.0 

i 
(c ) 

i 
(d) 

� 5. 5 � =- �O)ii!,�� (.ijif}L : ton) 

BCOR ( l )  

M u  =10.2 
Mee = 4.0 

BCMO ( l )  
Mu = 9.2 
Mac = 2.0 
Osc = 6.5 

Fig. 5.5. Crack diagram of small-scaled beam specimen. 

5.3. �*�O)db (f�-
5. 3. 1 .  ��,r� 

��f*o_) M�. --tj-t*� lZI 5. 6 vc , fmffi�� s. 5 fc�-t. s l ��MJ. EE*m�MJ t t ,  3-025 

(�MJJ:t Pt =Pc =0.925 % ) , � vi G W� 2-DlO, 1 5  cm @ (�vf G WJ:t Pw =0.3 16%) fC � 

W L- ts:. 

0 
0 
U) 

y 

I 400 l 

St. D l 0 @ 1 5 0 

0 

I 

� --
1.500 

2 
750 

181 5. 6 �*���f*Mtt (lfifft :  mm) 
Fig. 5.6. Details of full-scaled beam specimen. 

D

3
-

D
2
5 

3-D25 

! 

! 300 I 
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���H� �  5 . 6 �c , �J:fHtf40)iRi'J'1m§� �  5. 7, 5 .  8, H�J;S1Jm'. (D25 c D 1 0 � �  

,ffl, fj·�� � 1=1 5 cm) � �  5. 9 v::.if,-j-. 

··-eel, "? t..:.. t..:..th ,  7Jqc.7]('a:'�A Lt.:. . tr t:>J::bt '7 ifil&l :t 23 °C --e;;ts "? t.:. . 
�1Pih?.*� J: rYm:fiU:: � O)  i!!U5tf:i'.L@':'a:' � 5. 7 (a), (b), (c) r:.if, L ,  ���ffir'a:' ['5} 5. 8 vcir, 

� 5. 5 ��),};+?: O);I;\�f),; C){i[j[(U:: Jt::{;· 
Table 5.5. Type and identification of full-scaled beam specimens. 

ii ff 
--- - -

15 �· � 

R C * 

-�·-�----- - --

;12. % 
B GMD • (1)  
B GM D • (2) 
B C O D • ( l )  
B C O D •  (2) 

- - --------- ------

� 1:_ 
- - - - - �  ----- ------- -

4 � 5!!1 flt 
8 � 5!!i flt 
4 � 5� 0C  
4 � 5ftl flt 

- - - -- - - ------ ----- - -- -

* 5. 6  �7(W20)JJ;;J 8-��j-
Table 5.6. Mixture proportions of full-scaled beam specimens. 

25 
1 5  

159 
157 

488 
266 

574 
858 

� s. 7 5!:1:.:*cYEi,i·.t,s l r.Y =i Y � 1J - r O)�!fi�t 

484 
731 

�1tJ'fU, ifux7J( lfiJ 
�7j(jf!J 

Table 5.7. lvfechanical properties of full-scaled beam specimens of gypsum and concrete. 

::f=i 1f i 

1J - r 
283 
267 

24 . 6  
19 . 9  

� 5. 8 �j�*O)iJMiO)�iH1f1§ 

1 . 36 
2 . 52 

;f; 7 'J :,,J..t 
(J.1) 

0 . 18 
0 . 14 

Table 5.8. Mechanical properties of full-scaled beam specimens of reinforcing bars. 

5350 

14 1* 5$ � 
(kg/cm2) 

3280 

i" / .f ffifil: 
( x 106 kg/cm2) 

{$ tf * 
(%) 

1 . 66 
-- -------- - - - - --

23 . 1  
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� 5.9 �:;k�O)#�s!t� (�ul, kg/cm2) 
Table 5.9. Results of bond test on full-scaled beam specimens. 

No,5 No ,4 

0 . 025 mm � 

:lfl:xmn 

0 .025 mm � 

:lfl:xmn 

(a) 

D25 

29 . 8  

75 . 2  

13 . 1  
39 . 2  

No,29 = 

No,30 c:::J 

(b) 

(c) 

D10 

81 . 1 
* 

3 1 .5  
* 

No,1 

No,22 
No,23 

No, 25 �
. N o,24 

No,26 
No ,27 

No,1 

No,2 

181 5.7 �*�O)i1{0JE&ii:. (a) �!t ,1 -v iv if'- :) ,  (b) 7- r v-1 '/ if' - :)  (�Jitf*�mi) , 
(c) 7- 1- v -1 '/ if'- :) (�n95) 

Fig. 5.7. Measured points of full-scaled beam specimens. (a) Positions of dial gauges at­
tached to specimen. (b) Positions of wire strain gauges attached to the surface of 
specimens. (c) Positions of wire strain gauges attached to the reinforcing bars. 



o - F-lz ;t,, 50 ton 

� 5. 8  �*�O)*)idtu! 
Fig. 5.8. Test setup for full-scaled beam specimen. 

5. 3. 2. �.�*5* c �� 

1 99 

� 5. 1 0 vC�-�fiiJ:i::}; J: UWuUi1:�7.G L ,  � 5. 9  vC��jtT�r=.��¥ Lt-:m���.  � 

5. 10, 5. 1 1 vc1:t��,t$ 0) P-a atl�:}; J: ti P-2. at1it�7f.-t. tJ: :};,  � 5. 1 1  O) � i=pO)ffi:��:t 

� 5. 7 (c) �c J: :5 .  

( 1 ) atlvfMAt�1Pi:i: 

��fl c H;w:fl� J:t�-t 0 c ,  Elt;�O)�ifit.it1.ff@:0)1JiJ�iWJ < ,  RC ��t.fJ£t, , ffi1�7f.-t 

� friJ }CjS :5 7J;, JJJ..1J c ti �C:7( @"  tJ: �i G v:) @" iJ�jS 0 .  

( 2 ) fi!Hf � WT-� fiiJ :i::}; J: U -l- 0) ftl! 0) lm :fPHt 

atl if�Wr-�1Piliv:t E'Jt�, RC � c ti IA'.l�OCO) (u'[�jf- L, ��(@:/H�fmHt. 20% *1� 

O)ffl;il;-c-� Q .  -t O)ft!! 0) �1AJ:i:�i 1 5% lru�O)ffi;ft-C-Jt�l¥J�!z Lt-: .  

( 3 ) P-o aE� 
�ltijigffflF'3 0)  P-a liErl (I.SI 5. 10) vc--:::>1, , -c J::t�-t- 0 c ,  11nJUt:1vt. v� vtfq]�oc --e� :5 .  � 

t::., � 5. 12 (a), (b) �c��r@0)'2I�¥! c lrjiif@:�1G-t. ;:. O)�iJ· G ��r@ c H�ffi10)WuU11: 

aElf�, RC � c ti H�{@:0)1JiJ;��f,Wj\, , .  
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- - - - .. �� - - - - - - - - - -

(a) BGMD ( 1) 

(b) BCOD (1)  

� 5.9 �::k?¥:(z)iL�� 

Mu = 37.0 ton • 

+ Mac = 6. 5 ton 

Mu = 36.S ton 
+ Mac= 8.0 ton 

- Mac= 5.0 ton 

+ Osc= 22.0 ton 

- Osc= 2 1 .0 ton 

Fig. 5.9. Crack diagram of full-scaled beam specimen. 

40 P ton 

30 40 50 60 0mm 

: � : : ,  
i 

- 40 

(a) BGMD ( 1 ) 
Fig. 5.10. 
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P ton 
20 

40 P ton 

30 40 50 60 rJmm 

- 40 

(b) BCOD ( 1 )  

� 5. 10 )t:k*O) P-o Im �  
Fig. 5. 10. Load-deflection curve of full-scaled beam specimen. 

No. 2 
Pton 
20 

No. 2 

-1 000 2000 3000 4000 E ( :< 1 0 6 ) 

No. I 
No.  I 

(a) BGM D ( 1 )  (b) BCOD (l) 

� 5. 11 �:k*O) P-s fill� 
Fig. 5.11. Load-strain curve of reinforcing bar of full-scaled beam specimen. 

( 4 ) 1:triu�m: t .It�� (5$�/.lt11) 
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i�Nbro11 t Jltr,vf O)Jt:m=r:.Jt-t � J:t�� 5. 1 1  vcffi-t. � J: tJ l:l:5$)!Hlff:l:n'Jt�O)JJiJ; 

50% €rt rWJ 1; ,  {@:� ffi Lt.:. :. n �t , EEif.flH!rt � � 11.Lz�rt vc "'J 1. ' -C  <b lqJ 1.: c' � G .  
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� s. 10 �*�O)��*s�l: tHUs� 
Table 5.10. Test results and predicted ones on full-scaled beam specimens. 

B GMD • ( 1) B GMD • (2) B C O D • ( 1) B C O D  • (2) 

wtM1HJJm \ �lfM@: 
I ilt�{rn[ (ton) j � / Bf  

aa vr � Wr  ��fil! 
� � M m:  H�{rn[ 

(ton) � / tt 
� Wr � �  

,,,H I 1PJ m �t�{rn[ 
(ton) I � / �t I 

IE � 
6 . 5 5 . 5  
6 . 3  6 . 3  

1 .03 0 . 87 

1 3 . 0  1 1 . 0 
1 2 . 5  1 2 . 5  

1 . 04 0 . 88 

22 . 5  20 . 0  
23 . 8  23 . 8  

0 . 95 0 . 84 

33 . 5  35 . 0  
33 . 0  33 . 0  

1 . 01 1 . 06 

37 . 0  37 . 0  
34 . 8  34 . 8  

1 . 06 1 . 06 

7 . 22 7 .44 
8 . 97 8 . 97 

0 . 80 0 . 83 

5 . 29 5 . 37 
4 . 50 4 . 50 

1 . 18 1 . 19 

IE � 
4 . 0  4 . 0  
6 . 3  6 . 3  

0 . 63 0 . 63 

1 2 . 0  1 3 . 0  
1 2 . 5  12 . 5  

0 . 96 1 . 04 

22 . 0  21 . 0  
23 . 8  23 . 8  

0 . 92 0 . 88 

37 . 0  37 . 0  
33 . 0  33 . 0  

1 . 15 1 . 15 

38 . 0  38 . 0  
34 . 8  34 . 8  

1 . 06 1 . 06 

8 . 00 8 . 00 
8 .-97 8 . 97 

0 . 89 0 . 89 

8 . 19 5 .48 
4 . 50 4 . 50 

1 . 82 1 . 22 

� 5. 11 �:*�O)J:t;mc �!iUft 

IE � 
8 . 0  5 .0 
4 . 3  4 . 3  

1 . 86 1 . 16 

1 2 . 0  1 3 . 0  
10 . 7  10 . 7  

1 . 12 1 . 21 

22 . 0  21 . 0  
23 . 2  23 . 2  

0 . 95 0 . 91 

36 . 0  36 . 0  
33 . 2  33 . 2  

1 . 08 1 . 08 

36 . 8  36 . 2  
34 . 8  34 . 8  

1 . 06 1 .04 

5 . 1 1 5 . 1 1 
5 . 6 1  5 . 43 

0 .9 1  0 . 94 

6 . 37 6 . 43 
4 . 18 4 . 1 8  

1 . 52 1 . 54 

IE � 
8 . 0  6 . 0  
4 . 3  4 . 3  

1 . 86 1 . 40 

1 1 . 0  1 3 . 0  
10 . 7  10 . 7  

1 . 03 1 . 2 1  

26 . 0  21 . 0  
23 . 2  23 . 2  

1 . 12 0 . 91 

36 . 8  36 . 0  
33 . 2  33 . 2  

1 . 13 1 . 08 

37 . 5  36 . 2  
34 . 8  34 . 8  

1 . 06 1 . 04 

5 . 1 1 5 . 1 1 
5 .6 1  5 . 17 

0 . 91 0 . 99 

7 . 37 5 . 29 
4 . 18 4 . 18 

1 .76 1 . 27 

Table 5.11 .  Specific gravities and strength of full-scaled beam specimens. 

B GMD • (1) 
B GMD • (2) 
B C O D • (1 )  
B C O D • (2) 

lt m (r) 

1 . 523 

2 . 220 

� JW; 1P] 11 Pu (ton) Pu.Ir 
37 . 0  24 . 29 
38 . 0  24 . 95 

36 . 8  16 . 58 
37 . 5  16 . 89 
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Pton 

--- - J:i.JIJ�Mi: 
- X�fa'i: 
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:S 

Pton 

40 

30 

20 

10 

1 0  20 30 40 r? mm 1 0  20 

Ca) BGMD e n  (b )  

� s. 12 �:f,)ViEO)��fi c it �f!!IO) P-o Etti� 

- - -- :lfillfffe{lll 
- ��{ill 

+ 

� 
:! 

3'o 40 0mm 

BCOD ( 1 )  

Fig. 5. 12. Experimental and calculated load-deflection curves of full-scaled beam specimen. 

5.4. {q-jljJ�Jf{� �tttd�O)�� 

5. 4. 1 .  ��-� 

��#:0):JW�. "i'�� IX! s. 13 r:.�--t. 
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��WO) fi&iYfftl�i.}¥ � 6 mm O)�� (100 x 200 mm) �±invc..�� "i t-:f;Lt� ;t, 1- �if Lt-:. 

�•1*0)••�. •�� �-1*�� 4 ffi § 0) � 7 1 '>' ? ?. S) � i uws� c��7 1 

'>' ? ;z. D) , (fl;[njt r = l)  -e-tn-ttd\:JW�;[n D16 (at
= l .99 cm2 , P, = 1 .24%), 1Lffl 16  <p 

(at=2.0l cm2
, Pt= l .26%) t:; J: u\(#�rr:::1J�� O vc..;Jf--:5vt � t-:'<l:J, kffltc.. !/ Y - ;z. � � I) ,  

-t 0) J:vc.. � 17 .?< -1 ��mvc.. "i � ,  e:· =- - 11., -r - 7
°
-e5E� L tc. t 0) 12 w. � i u -1:ia t �­

��1*--c·�i:p:9cfmvc..� � 2 mm 0) 7 ? !J 11,�� .mv,W IJ J6�� Ah ts: <b 0) 12 1$:, it 24 1$: 

c Lt-: . fJ: :to, � �i G Mi�t.i"'"""c 0)��1* c <b 6 <fa, 6 cm @  (Pw
=0.47%) c Lt-: .  ;:. tt G O)  

� � {:$::ffi: �'} � � 5. 12 {C7.Ri"". 

! 1 50 l 
I 
�------

p 

_ _  so-=-o __ ____.L ____ - so
=---=

o=---- ---..l-1_5....;::_o_.j 
1 300 

-----

� 5. 13 ft*r:1J��{t �-ttt..:�O)lA�1*%:tk (�&:  mm) 

Fig. 5.13. Details of specimen with different bond property. 
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� 5. 12 #3if1J��1t � -+±"f-:� O)��f*;fl:� 
Table 5.12. Type of beam specimens with different bond properties. 

___ - - - - - --_ __ __ -- �· ·--- ---- - � = 

BGMD8 

BGMD8 • To 
BGMR8 

BGMR8 • To 
BGMRs • Bo  
BGMR8 • Bo • To 

Bo : ff�}J 0 

BCOD8 

BCODs • To 
BCOR8 

BCORs • To 
BCOR8 • Bo 
BCORs • Bo • To 

BGMDn 
BGMDD • To 
BGMRn 
BGMRD • T0 

BGMRn • Bo 
BGMRD • Bo •  To 

->J- 7 1 ';J ? .7.  S :  lli!Fi* 

To : -W IJ i?.,h. � A h t.= :/, ITJ  -!f7 1 ';J 'l 7 D : tUJHt 

BCODn 
BCODD • To 
BCORn 
BCORD • To 
BCORD • Bo  
BCORD • Bo • To 

�itfilttt�* 5. 1 3  fC , �ffl*-ffJtO) mittfil§�* 5. 14, 5. 1 5  vc , f-j-:frf,GjJJl'.�* 5. 16 l'C 

�-t. ts:.u. * 5. 1 6  *��O)�v:t . 1cvc}fu�t.:.�OJ��1* c im�. ft�J;t-:1JJJt� o rc;rrv::5 

vt Q J:: ? vc;tJnI L,t.::. <b 0)"(·25 Q .  

���ii:OJ:ffl[�� � 5. 14 tc�--t. tltfirr�'i. lO ton OJ 7t- 1'  1t-- :) -i, ')I ::t- �fflt, , ,  firrm: O)�lli 

v'i. P - F -e 1v (10 ton) vC J: --::d.:.. "i t.::., �{ft O) jUJEv'i. 3i' 1' � 1t-- ¥- :/ (1/lOO mm) � ffi 1,, , ,  

��ft�oo'Jo J: 'CfiJiJJO)filv'i.7-. I-- v 1' / Y- :)� ffl\.. , -CiUJE L,t.::.. iUJE&lt� �  5. 1 5  (a), 

(b) �c.ffe-t. 

� 5. 13 H�:1J�?!t{t � -e:-td�O)W/flB-�H 
Table 5.13. Mixture proportion of beam specimens with different bond properties. 

1 7J( �- "i t::. v-l.� � m it tt ffl it t:t n-�mu� 7c 0) fm (//m3) / r  (kg/m3) (kg/m3) (kg/m3) (QC) 

� EL � 1t 238 595 467 700 1 3  �1tJ11J .m 
::z './ !1 1J - " I 1 93 322 767 1040 17  

-��-----

� 5. 14 {,j5gjJ�?!t{t � -e:-t::.�0)15"if ;t-o J: t1 ::z './ !1 1J - I- O)�M:fJJ§ 
Table 5.14. Mechanical properties for gypsum and concrete of beam specimens with different 

bond properties. 

297 

306 

33 . 53 

33 . 76 

1 .44 
2 . 25 

0 . 21 

0 . 20 
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� 5. 15 ft� :}J �2£fr. � �t.:*O)ft;v'jO)�tffJI§ 
Table 5. 15. lv!echanical properties for reinforcing bars of beam specimens with different 

bond properties. 

S D  30. 
S R  30. 
S R  24. 
S R  24. 

D 1 6  
1 6  9 
1 6  ¢ 
6 9 

-�- --- --- --� - - - - - -

3819 
3060 
2433 
2893 

5771 
4480 
3262 
4202 

1 .  7 1  
1 . 95 
1 . 95 

� 5. 16 fJ�JJ '2:':E:{t � � t-.:*O) [-J"1f");t,jJ 1Jt (lfi(ll, kg/cm2
) 

frp 
- ----- - -

Table 5. 16. Bond stresses of beam specimens with different bond properties. 

0� 
(%) 

23 
30 
38 
32 

D 1 6  16¢ :f 1J - 7, , 
;t- 17 ;:5? ,f , 

205 

0 . 025 mm � � * 

1 6  9 

0 . 025 mm Rt 

29 . 0  

-t i:i T - 7° ff}§ 

57 . 0  
46 . 3  

74 . 0  
96 . 0  26 . 5  

32 . 0  
29 . 2  

� 5. 14 ft�jJ �-grfr. � � t.:*O)�)wtfkfii 
Fig. 5.14. Test setup for specimen with different bond property. 

5. 4. 2. 8��*5:!f: c �� 

0 
0 

���*:to J:: O(it��* O)-�'a:� 5. 1 7 r:. , %��W O) P-o S±ltl7a::' iZI 5 . 1 6 (a) - (x) K. 

ffe L, tlin�O) P-o lttl*y']{ c BCORn, BCORn · Bo 0) P-2 r±E�*- O) 'el�tf:t-:> J: ufit�ffi!f: � �  

5. 1 7, 5. 1 8  v;:.ffi'j-. tJ:.. :t-:>, � q:i O) :ffi;�- :t [:zl 5 . 1 5  (a), (b) v;:. J: � -

( 1 )  w•�mm 

� 5.  14  J: IJ �,,r c :::z :/ !7 !J � r 0) 5 l��J!tb: v:Ht� L l <. c tr, G ,  --t«-c O) ��W c {i 

1 ton ff!J�O)zgf]i-C'-�b;:1:. c ,  BGMDn tJ 1HtH.{illi O) nb;��� < ,  ��{ill[, H•f[i�t 

J::tJ!it'.EJ��Iz Lt::..  



= No,7 No,9=No,10 
c:::::J No,1 1 
t::::J No,1 2 

(a) 

(b) 
I&! 5. 15 #�::iJ��{t �--ttt.:.�O)tP_U5Efftti':. 

= No,13 

(a) 7-- r v 1 './ 1r· - :P (�llf*�OO) , (b) �!71 (.iji!JJO)�ii- No. 1 "' No. 3) 
Fig. 5.15. Strain measuring points of specimen with different bond property. (a) Positions 

of wire strain gauges attached to the surface of specimens. (b) Positions of wire strain 
gauges attached to the reinforcing bars. 

( 2 )  �f*rifili: 
�MjO)�{x�jJ�t,\�t.c Q t-:.co, ��{rnL!:: !t.ffi[O).f:t��--t Q c ,  #�jJ O (B0) O)�� 

f*··ev:t-ffiltt•ffi[0)1Jt,�� < , -l- O)ftl!v:t��{a[0)1JtJ�� < t£".. -? t-=. . 
( 3 )  Ela vf�Jm?irrli: 
ID IJ ���AhkWk �J. �&�. •e•c t §��& LM��Q �, �-0)-�v:t� 

"£ 1J �b�J! Ght.c\, , . "£ t-=. , !tJi(m t ��frnfO)Jt�'"c-v:t ,  ��m0)1Jb��1. ,m�� Lt-.=. 
( 4 )  �WrfilUl 
�ltlrli'RiH:tJUf1�&�vc1:. c. �ltlr�Jm:mmO)�tJi(frnf c ��mv:t 8% J;J.r*J'"c'-� Lt-:. 
( 5 )  ��;flt� 
ID IJ ��O):rfffivc J: Q �v:tZ5 "£ IJ J! Ght.r1.  , tJ�, #�1Jb� o O)•if�:t .  ID IJ ��tJ�Z5 Q t  

O) O)jjtJ�& L* � < ,  �f*�rc:t.n ,-c cb W  2 fg-0)��:lt�� L, �tJi[fj)ciB:f.W_ Lt-:.  
"£ ts:., � 5. 18 --C'J!Q J: ?  qc_ft�1Jh� O 0).-B-. EE��m5vcEE�J;r;:1JiJ��1, ,-c t., , Q  c � .  

EE*rlHJtUO) �&J;t-1Jv:t #�1JO)� Q•--&nc.It""' 1� < ts:. IJ ,  ��c :::r :/ !? !J - 1- J;t-1JtJ� lffl < ts:. -? 
tc. . 
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Fig. 5. 16. 
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C k ) BC O Rs ·Bo 

5

V2ZZZZZ Z z 20mm 
o s 1 o 1 s 2 o 2 s 

3C� ) BC O Rs. B o .  To 

Pton 

s

�
Zh 
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Pton 
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2 5  
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2 5  

, , • 0mm 
3 0  

(m) BG M Do 

,--, 0mm. 
3 0  
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Fig. 5. 16. 
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Pton 

s v&ZZZ  Z .. ..  "= 
0 5 1 0  1 5  2 0  2 5  3 0  

Pton 

P
t�n 

0 5 1 0  1 5  2 0  2 5  

( q )  BG M R o · Bo 

• 0mm 
3 0  
( s )  BC O Do P�n

Vlll 

z zz, lz. , , , 0 mm 
O 5 1 0  1 5  20 2S 3 0  

C t ) BCO Do ·To 
Pton 5 
V[[[[JJ]]Z z 2 

0 5 1 0  1 5  2 0  2 5 '  3 0  
0mm 

(u ) BC O R o  
Pton 

5

0
vrrl[[�.!l. l . , .l . . .  · •= 

5 1 0  1 5  2 0  2 5  3 0  
Cv)  BCORo ·To 

Pton 

sff� . Z L. 
0 5 1 0  1 5  2 0  2 5  

Pton 

• 0mm 
3 0 
(w; BC O Ro· B o  5

�-�. Z�, omm 
0 5 1 0  1 5  2 0  2 5  3 0  

( x )  BC O R o·B o ·  To 

� 5. 16 1i �:JJ�OC1t � -tt td4EO) P-o l±E� 
Fig. 5. 16. Load-deflection curve of specimens with different bond property. 
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BGMD8 ::fi BGMD8 •To 

� 5. 17 #*r1J��{t��t..: 
Table 5.17. Test results and predicted ones of 

f}Jf@,�:{ilfffl: (ton) �fki'iii'.m (ton) Bilvf�rnj:{ilfffl: {ton) 
�D: !tjf �nt �D: !tjf �nt �� H(ef!:) �nt f4nu{I\J'.m �nt 
1 . 0 1 . 06 0 . 94 4 . 8  4 . 00 1 . 20 5 . 8  4 . 46 1 . 30 4 . 41 1 . 32 4 . 5 4 . 00 1 . 13 5 . 4 4 .46 1 . 21 4 . 41 1 . 22 

lti BGMR8 1 . 0 1 . 09 0 . 92 3 . 8  3 . 46 1 . 04 4 . 3  3 .67 1 . 17 3 .64 1 . 18 BGMRs•To 3 . 9  3 . 46 1 . 07 4 . 3  3 .68 1 . 16 3 .64 1 . 18 'if j
3)BGMR8 •Bo 0 . 8  1 . 09 0 .  73 2 . 5 2 .  76 0 . 91 3 . 1  2 . 96 1 . 04 2 . 94 1 . 05 ! BGMR8 •B0 •T0 - - - 3 .6 3 . 46 1 . 04 4 . 1 3 .68 1 . 1 1 3 .64 1 . 13 1m : -- 1'- B_C_O_D_s - -- ,\--0-. 8-l-. 0-1_0_.-97--5-.-0--4-.-3-1 _1 ._1_6 _ _  5_._7_4_.4_7_1_. 2-8--4-.4-2- -1 -. 2-9 

� 
1 

BCODs•To I - - - 5 . 0  4 . 31 1 . 16 5 .6 4 . 47 1 . 25 4 . 42 1 . 27 � !1 BCOR8 I 1 . 0 1 . 03 0 . 97 3 .  7 3 . 50 1 . 06 4 . 5  3 .68 1 . 22 3 .65 1 . 23 
i BCORs •To I - - - 4 . 0  3 . 50 1 . 14 4 . 5  3 .68 1 . 22 3 .65 1 . 23 J. 3)BCOR8 •Bo 0 . 8  1 . 03 0 .  78 3 . 0  2 .  79 1 . 08 3 . 1  2 . 99 1 .04 2 . 95 1 . 05 

1
3)BCOR8 •B0 •T0 j - - - 2 .  7 2 .  79 0 . 97 3 . 0 2 . 83 1 .06 2 . 95 1 . 02 
BG�l)D 1 . 2 1 . 1 2 1 . 07 4 . 5  4 . 23 1 . 06 5 . 8  4 .44 1 . 36 4 . 42 1 . 3 1  

0 . 9 1 . 16 0 .  78 
0 . 8  1 . 16 0 .69 

4 . 5 4 . 23 1 . 06 5 . 0 4 . 44 1 . 13 4 . 42 1 . 13 3 . 5 3 . 42 1 . 02 4 . 0  3 .62 1 . 10 3 . 7 1  1 .08 3 . 8 3 . 42 1 . 1 1  3 . 8  3 . 42 1 . 1 1 4 . 3  3 .62 1 . 19 3 . 71 1 . 16 4 . 2 3 . 62 1 . 16 3 . 71 1 . 13 
1m B

B
C
G

O
M

D
R
n
n•Bo•To

l, 
- - - 3 . 4  3 . 42 0 . 99 4 . 1  3 . 62 1 . 13 3 .7 1 1 . 1 1 

, 0 . 8  1 . 05 0 . 76 4 . 8  4 . 29 1 . 12 5 . 7  4 . 50 1 . 27 4 .44 1 . 28 I � BCODn •To I 4 . 4  4 . 29 1 . 03 5 . 4  4 . 50 1 . 20 4 . 44 1 . 22 
� 

;/ BCORn 
1

1 .0 1 . 07 0 . 93 4 . 0  3 . 48 1 . 15 4 . 5  3 .69 1 . 22 3 . 73 1 . 3 1  
i BCORD •To 3 .6 3 . 48 1 . 03 4 . 5  3 .69 1 . 22 3 . 73 1 . 21 I- BCORD •Bo I 0 . 8  1 . 07 0. 75 3 . 5  3 . 48 1 . 01  3 . 9 3 .69 1 . 06 BCORn•B0 •T0 ! 3 . 5 3 . 48 1 . 01 4 . 1 3 .69 1 . 1 1 

1> �tt�Utt : o=Pl8/48 Ele 

3 . 73 3 . 73 1 . 05 1 . 10 
2) �f;R:fl'!j:Fijjlltt : #�:tJ/J� o ·-etJ:1., ,�ft�t e '*1fz�r:. .t IJ ,  #�:tJiJ� o O)�fta"ti�K-ffii" J: 5 vc 

e OOf{f!:�c J: Q q:t.1lfdl�@�i:pf,, ,!:: L, o=<}>l/1 J: IJ ;J<obt-: .  
3) BGMR8 •B0, BCOR8 •B0, BCOR8 •B0 •T0 �i SR 24, @.a SR 30 
4) BGMRn•Bo vi��giJv:::.f@.�tJ,Jl G:ht..:kob 0.8 ton O)fil[-e,t, Q .  
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�O)�.�*c it•M:i* 
beam specimens with different bond properties. 

. . . -- --- - --
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�Wr�f.v{iij![ (ton) l)�i1Jli1Jtt ( X 10-2
�m/ton) 2)�-fk�ijlJtt ( X 10-2cm/ton) j 

� � f* 
H• �nt �M it• �/H 
5 . 35 1 . 08 0 . 80 1 . 95 0 . 41 

5 . 35 1 . 08 

1 .  75 1 . 92 0 . 9 1  

1 . 83 1 . 92 0 . 95 

- ------ ----�-- --------� ---- - ---�------

5 . 58 1 . 02 0 . 83 1 . 29 0 . 64 

5 . 58 1 . 02 

1 . 60 1 . 28 1 . 25 

1 . 00 1 . 28 0 . 78 

-----·-------- -----���----------- ---· --

5 . 35 1 . 08 1 . 38  l .  7 3  1 . 10 

5 . 35 0 . 93 

1 . 25 1 . 68 0 . 74 

4 . 1 7 1 . 68 2 . 48 

�M it• 
5 . 13 4 . 35 

5 . 56 4 . 35 

5 . 29 5 . 24 
5 . 54 5 . 24 

10 . 48 1 0 . 25 

1 2 . 36 10 . 64 
- - �- -� 

5 . 00 3 . 97 

6 . 62 3 . 97 

4 . 66 4 . 29 

5 . 38 4 . 29 

9 . 00 1 0 . 60 

9 . 40 1 0 . 60 

5 . 24 4 . 49 

4 . 96 4 .49 

4 . 37 4 . 59 

5 . 37 4 . 59 

10 . 27 10 . 35 
1 1 . 91 1 0 . 35 

- -� -- -- - --� � -- --- - -

5 . 58 1 . 02 1 . 33 1 . 19 1 . 12 5 . 24 3 . 88 

5 . 58 0 .97 4 . 61 3 . 88 

2 . 20 1 . 17 1 . 88 4 . 1 3 3 . 60 

4 . 29 3 . 60 

1 . 17 1 . 17 1 . 00 1 0 . 91 10 . 29 

1 3 . 43 10 . 29 
----�----- ---------

i 

l/2 

�/H 
1 . 18 

1 . 28 

1 . 0 1  
1 . 06 

1 . 02 

1 . 16 

1 . 26 
1 . 67 

1 . 09 

1 . 25 

0 . 85 

0 . 89 

1 . 17 

1 . 10 

0 . 95 

1 . 17 

0 . 99 
1 . 15 

1 . 35 

1 . 19 
1 . 15 

1 . 20 

1 .06 
1 .  3 1  

: BGMDs 
BGMDs•To 
BGMRs 

• BGMRs•To 
3)BGMRs•Bo 
i BGMRs •Bo •To 
i BCOD8 

I BC0Ds •T0 

BCORs 
j BCORs•To 
I 3)BCORs •B0 

\s)BCORs •B0•To 
BGMDD 

BGMDD •To 
BGMRD 

BGMRn•To 

:fi ; 

'r!' I 

. .  

I 

- , 1iri 
::1 

Y )  
!l 
IJ 
l 
1--

! �  
' ' 
i 
l 

I :,s 
I 

ti 

,4)BGMRD •Bo I ft 
; BGMRD•Bo•To 1 

• BCODD 

' %Ji  
I 

, BCODn •To y l  

i BCORD !7 

; BCORn•To 1) � 

! BCORD•Bo 1--

• BCORn•Bo• To 
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�::: - - -

/1!, ��- -��=�;;-!����� ��
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�--B���':,° 

/ ', , - ---��-, ?--;1 
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/�-- z:���-��-�� -����G�:o�Bo 

. .1/1 / / I BGMRD 
A /< . '- BCORD•BO R C �O)X�ftii: 

3
-- LscoRo - - - R c �oJlW#fu'i: 

-�;;, - - - - - - - - :;JSfft;i O);'.li;�{[I{ 
- - - - 71ff Po);J rt}fo'r: 

1 .0 2.Q 3.0 4.0 5.0 6.0 7.Q 8.0 9.0 0mm 

� s. 11 tt�:::J:r��1t � -tt t.:*O) P-o El±!tR. (tlJln*) 
Fig. 5.17. Load-deflection curve of specimens with different bond property. 
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Pton 
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No,2 ---

-- BCORo 
---- BCORD•BO 
--- Jr;t;qf{i 

1500 

� 5. 18 ff�:::J:J:z-�{t � -ttl.:*O) P-s El±!� 
Fig. 5.18. Load-strain curve of reinforcing bar of specimen with different bond property. 

( 6 )  ��1*¥1{ 

���T�0)¥1{7i' � 5. 19 (a) - (x) F::.5:G-t. ¥�-c-� � J: 5 r:. , #ff JJ O O)�ii°fi ,  1 * 

O) t�:o�§::. C '"( ,  J;t:1J;o��roi HC�q:t l, , �:(irrJtO) ��-c-�JWv:t:iifi-t � iJ�f@jJl{t,di&'.��:t tJ: 

5.5. *! t1 

3 ffiffiO) � O) ��t;. G �:©$*1 c L --c O) :;fi,t O)lf�7i'�a IJ � � ;:. c iJ�-r:: � t::.. -t tJ::b '0 ,  

E,t�iff:l:1t*1 c O)flii-*1� c L '"C iJJ! ffl  Lt::. c �. .t IJ -t O) ttt� tJ;G5C� � n. ::tJ�®�tUt. 
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( a )  BGMDs 

(h)  BGMD,,. · Tr, 

k l  BCMRs 

(d) BGMRs · T. , 

( e )  BGMR.,, · B,, 

(l) BG M Rs · B 1 1  · T., 

Fig. 5. 19. 
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(g )  BCODs 

(/1 )  BCODs · To 

( i )  BCORs 

( i ) BCORs · To 

( k l  BCORs · B., 



(m) BGMDn (s) BCODn 

(n) BGMDn · T0 (t ) BCODn · T0 

(o) BGMRn (u) BCORn 

(p ) BGMRn · To (v) BCOR0 • T0 

(w) BCOR 0 · Bo 

� 5. 19 H -ff JJ � �ft � 4±- t-.: ��0; ')1J'.itt-'1- T 1� 0;2JJ'{ 
Fi!;. 5 . /9. Photof;raphs of specimens with different hond property after test. 
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tm�R::l:n1t�iJ;fffH!a1i1t�1*� J: IJ tin -c \; '  � .  "i t.::. , ii!ntm�1i1tfffitHc:J:ol; ' -c  �;t. 1-L 

fflz-�ffl Lt.::. t OJ J: IJ ,  �IDtUnz-�ffl Lt.::. t OJ <7>1ftJ;, -wm;© c L -c O)�fj!§z- J: < 961' 

L m� ff 1: 1'.flH:t c 11& � � 1: mttt 0) It ff!§ vc v t. ,  vt t 1v t· �a� � tt ts: l7" '? t.::. . 
�*�OJ E1E vf�l!t��r-c- vt., 1:J���. RC � c t -t <7>t'.if£!§ vc* � ts:�\; , iJ; tJ: < , 1J¥1'1ttt 

ill§ 1 ;t J1I fJ;L L k . 

{t;g1J z-�1t. � --ltt.::.�O)��--e}t., nit�� J: u RC � O) �}!t. �ID� J: lj7i!zffi:t'.i�vU'l 

c 1v t··RI c -et5 IJ ,  #� 1Jz- o c L t::L�ftOJ ;l;., filff� c t  v:::.�ID:S:i7;* � < ts: �  n:, �fltvc 

vi.¥£11::0)ts: i.  <. c n:ut�i � tt f.:_ . 

6.1. ffli � 
dit.��OJID�. --1"1*, �±%tilt 9YWT A ,, � /  Jt, m�.tt�vt. RI- t L, flli:JJ O) ��z-:=t� 

� c LkITfta lJ � L*�:JJ z-�� � ttO) ffi��. �ID� J: U7i!zMlt�z- �W� � � c � §  

® c L, HttOJtt•�� J: lj����i* K J: � M��* c .H:��W Lt.::..  

ts: �,  lMJ1JO)ifc'.x£vt.!.tiR • ;WJJiR ( 1973) O) ���*�c J: '? f.:_ . 

6.2. �•UJIE� ch� 

6. 2. 1 . iiJ\�1* 

���O) ID�. -t"i*� J: U�-1*·�� � 6. l :to J: U* 6. 1 K��- ��1*-�0)�� 

6-D 13 
4-D 1 0  

'\l 

• 

I I 

; 

I I 

r I l I 
11 1 0 l 1 10 1 

� �1�50����5_0_0���-1 ���5�00=---��� 

� 6. 1 ffO)rA�WJfJ:lt (1¥ f,'[_ : mm) 
Fig. 6. 1. Details of column specimen. 

6-D 13 
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tt 

R 
C 

tt 

� 6. 1  tt 0)��1*:ffi:% 
Table 6.1. Identification of column specimens. 

� � 1* :ffi: % N/A (kg/cm2) 

C GM D  • N0 0 

C GM D  • N10 25 
C GMD • N20 50 
C C O D  • No 0 
C C O D • Nm 25 
C C O D  • N20 50 

� k OJ ��f:;$: OJ �i9Ht, µfj�J<:.�i95 � ;ti :-C 1., ,  G b�. tj=t;R:{ITT-e?i&:• � -tt G t-:.2sb,  tf#ii{ITT�t. 6-

D 1 3 ,  4-D 10 (Pg =2.6%), i:p�fiBvt 6-D 1 3  (Pg = l .9%) c l., , :±Mitt#iifmvt'.iE� � -lk G t..: 2sb 

Jlf. �  19 mm OJ ��vcf@t� L t..: .  

"i t..:, miJivttf#ii{ffivc:t.;1., ,-c 2-4 ift, 5 .6 cm @ (P w =0.22%), i:p;R:fiBvt 2-4 ¢, 6.0 cm @ (P w 

=0.2%) c L-C:±Mi�cf@� Lt..:. 

238 
193 

:al 6. 2 ttOJ�it�!t 
Table 6. 2. Mixture proportions of column specimens. 

595 
322 

467 
767 

700 
1040 

� 6.3  ttOJ::f:i•:t� J: ti :::i :.,, tT v - " OJ�iH111§ 

17 
28 

15± 3 
17± 1 . 5 

Table 6.3. Mechanical properties of column specimens of gypsum and concrete. 

233 
256 

24 . 6  
28 . 1  

:al 6. 4  ttOJilwOJltiH1�§ 

1 . 33 
2 . 83 

Table 6.4. Mechanical properties of reinforcing bars of column specimens. 

0 . 20 
0 . 19 

-v / tT'' 1* i!( 
( x 106 kg/cm2) 

1$ -a � 
(%) 

3470 
4960 

5 180 
5420 

1 . 85 
1 .  7 1  

21 .60 
4 . 22 
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�it�it:z-� 6. 2 r::. , ueffl:tt*4<D 'ffilt���� 6. 3, 6. 4 �c�-t. 
::fi1t <D 1T'GJ.6�v'i , 71( ,  ::fi�.t-3 J: tf1H:t�1.5�M[�c f*tgf L, +5Hc1.5� L, }1filt'.lllant�r 

vr '6 t::..'cJb ,  tt 1J �-l:f (1) TafiH::::.I& fJ m L:tr� Lt::... n�ma&vt 1 1°c -c·2t) --d::... 

6. 2. 2. ��<D�fft 2:: 151* 

���ut� � 6. 2 v::::.�-t. :bo:1Jtt ::k:!ffA:fx1:1J1J�v::::. J: IJ , �:xfnlEft� rJ � L�1Pf 2:: L, 
71(3¥:�zgf�t 200 ton 7 L. 7-- 5 - �  50 ton -t 'Y i-- -C·fi( , , ifi-lb:1Jv1 50 ton :) -1, c1 :t- � J§\, , ,  � 

�*�;E Lt::..$ili:1J.b;'{f; �::::.�,gv::::. tci:: '6  J: 5 �� Lt::.. . $ili jJ (J) � ttl vi r.:i - F' -t ;HC J: --:; f::.. .  :boJJ 

Hfilfl 'a::' �  6. 3 v::::.�-t . 

n - r---t, Jv 50 I on 

� 6. 2 f±(/_) ��}�ffit 
Fig. 6.2. Test setup for column specimen. 

0 y 
- 2 0y 

- 3 0y 

� 6. 3 ttO)JJ1. rhHimi 
Fig. 6.3. Loading excursion for beam specimen. 
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0 0 

(a) 

(b) 

(c) 

0 0 

=Jl 
=38 
= 39 

� 6. 4 .fl:O)fflU5E&fi: 
(a) j( ,1 -V /v y· - "/,  (b) 7' 1' I/ 1' :/ y· - "/ (��{;f;:�ffij) , 
(c) 7' 1' I/ 1' :/ '7'' - "/ (�:ffi) 

Fig. 6.4. Measuring points of column specimens. (a) Positions of dial gauges attached 
to specimen. (b) Positions of wire strain gauges attached to the surface of specimens. 
(c) Positions of wire strain gauges attached to the reinforcing bars. 

�fft c fil0) 1Jlll5Eft, �-· ,1 -v 1t-- Y - :.) c 7- r v -1 :/ if' - :.) �  ffl \, , ,  -t"h -t;h,0) 1Jlll5Efflffl� � 

6. 4 (a), (b), (c) !<::.�--t. 

6.3. �-*!* c �� 
6. 3. 1 .  ��tt'= c it• {mI (7_) l:tlrR 

���f*v::. ":) \, , --c ��*5:'= c H�*5:'=0)���* 6. 5 v::.�--t. tJ: �. ;:. (7_) ��fi1H:tttv::.1Jn 

b Q  �Wj1JO) 3 fg- O) {[(i-e� Q .  

41--��f*i:p;k: ( IZ! 6. 4 (a) jt ,1 -v 11,., if· - :/'fftmf) 0) 1PJ1t-�fft a11�� 1Zl 6. 5 v=., ::l::Mi:to J: 

�1ffMj0) 1Jijlt-fil all�� � 6. 6, 6. 7 v=-�--t (IZI 6. 4 (c) 7- t- v -1 :,, Y - :/'{ftmt No. 1 � J: 

� No. 1 3) . 
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� 6. 5 tt (l) �iR:*a =': t H 'lf.*a =': 
Table 6.5. Test results and predicted ones of column specimens. 

:tt 
-

� 
- -- ----·-

#: 

fill 1i luJ jJ (ton) 

w ftt � ro m ��fill 
it'll-fill 

(ton) 
1 � / H  

mHf !J1J ttJr ft �  ro m ��fill 
it•{@ 

(ton) 
. � / H  

9!l ltFr ftt � m m  �.�{@ 
jji' Jf@: 

(ton) * / it 

14 fx ro Ht : ��ffi'f 
. Jt'n{[f[ 

(ton) · � n t  

[tli �f it JWJ m :it ��f@ 
Jt)l{@ 

(ton) � / H  

w JW JffiJU 'i''E �.�{@: 

�t� f@ 
( x 1 03 ton/cm) � / tt 

i4 {x � jrr;jlJ -l''E �.�{ill 
it�flfI 

( x 1 03 ton/cm) 
� ! H  

� fx � � % (mm) 
� fx !l'!j: ;'ff, ;M jEJ ( X I0-3) 

mi !ff- � % (mm) 
� '# ift� ;tr jEJ ( X  J O-'l) 

� -11£ $ 
- -- - --�------------

j - 0 

4 . 50 
3 . 90 
1 . 15 

1 2 . 00 
9 . 10 
1 . 32 

1 4 . 00 
8 . 05 
1 .  7 1  

1 5 . 00 
1 3 . 78 
1 . 09 

1 7  . 20 
1 8 . 32 
0 . 94 

1 27 
1 89 

0 . 67 

42 . 40 
46 . 70 
0 . 91 

3 . 60 
4 . 60 

1 7 . 20 
22 . 05 
4 . 78 

6. 3. 2 .  �rH�*r.tr:. J:: Q MVr c lRJE 

C GMD 
--------------- -

10 

8 . 50 
6 . 47 
1 .  3 1  

20 

1 1 . 00 
9 .03 
1 . 22 

-- -· ---- ------ - --------

1 3 . 00 1 5 . 00 
1 2 . 37 1 5 . 65 
1 . 05 0 . 96 

- -- - --

1 6 . 00 1 7 . 00 
8 . 05 8 . 05 
1 . 99 2 . 1 1  

22 . 00 27 . 00 
22 . 38 27 . 67 
0 . 98 0 . 98 

0 

4 . 95 
3 . 80 
1 . 30 

8 . 00 
8 . 77 
0 . 91 

· -- �-

1 3 . 00 
1 0 . 38 
1 . 25 

1 5 . 50 
1 3 . 78 
1 . 1 2 

· - ---

22 . 50 
20 . 54 
1 . 10 

- - - - - --- -

1 30 
1 89 

0 . 69 

46 . 50 
5 1 . 50 
0 . 90 

4 . 80 
6 . 1 5 

1 8 . 00 
23 . 08 
3 . 75 

27 . 60 
22 . 77 
1 . 21 

1 1 8  
1 89 

0 . 62 
- --- - -- - -

40 . 30 
56 . 30 
0 . 72 

6 . 80 
8 . 7 1  

1 2 . 80 
1 6 . 41 
1 . 88 

1 7 . 50 
1 8 . 86 
0 . 93 

1 23 
343 

0 . 36 
- - -- -

34 . 90 
56 . 40 
0 . 62 

4 . 50 
5 . 77 

1 4 . 60 
1 8 . 72 
3 . 42 

C C O D  
------ ---- -

10 

9 . 00 
6 .05 
1 .49 
- - - - - -----

1 4 . 05 
1 2 . 05 
1 . 20 

20 

1 0 . 00 
8 . 62 
1 . 16 

1 7 . 00 
15 . 32 
1 . 1 1  

- - ---- ·-----

1 5 . 00  22 . 00 
10 . 38 1 0 . 38 
1 . 45 2 . 1 2  

- · ---- -

20 . 00 24 . 00 
20 . 73 26 . 1 7 
0 . 96 0 . 92 

24 . 05 25 . 50 
21 . 09 23 . 3 1 

1 . 1 6 1 . 09 

1 98 1 70 
343 343 

0 . 58 0 . 50 

36 . 20 34 . 80 
64 . 40 72 . 30 
0 . 56 0 . 48 

---- --- - - - - - - - -

5 . 60 7 . 00 
7 . 1 8 8 . 97 

1 2 . 20 1 2 . 00 
1 5 . 64 15 . 38 
2 . 1 8  1 .  71  

ff � tifJJJt�* � '  :fi-;t £ f-:Jt. ::z / !7 1) - J-, �*' �i95�*u J:: c.F � / F�* iJ,  G ts:. Q t � 
t L,  tX0){&5£v�£--:51. ,--c ��*O)l/GJUf:i. 7 r 

< 1 ) E 1t "i ts: a ::z / !1 JJ - r � * 

l) :'/ !1 A �:1<c0:IW5J$c·WHfr L ts: . 

��vt.--t�--c 3 �%�* c L, :fi-;t "i kJi. ::z / !7 V - i-, � fG::1J-:ffi aE*7SHt.EE*«i-OlU �t. tri-linear, 

s l1.&fJ!U �t.�tt c L, Wi!Ult ""<'  t- 1J 'Y !l 7, vi.�lt��t. �:n�t1:f*, �t't�vt. LL! EE ( 1 970) � �� 
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-15 

20 ton 

15 mm 

(b) CGMO•N10 
-20 

30 ton 

Cc) CGMD•N20 
-20 

-30 

-10 

II 6. 5 ttO) P-o rta� 

20 ton 

(d) CCOD•NO 
-20 

30 ton 

10 mm 

( e) CCOD•N10 

-30 

30 ton 

10 mm 

C f )  CCOD•N20 

-30 

Fig. 6.5. Load-deflection curve of column specimens. 
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20 
ton 

-20 

20 ton 

-20 

30 ton 

-2000 

-20 

1000 2000 3000 >: 1 o- 6 

( a 1 CGMD •NO 

1000 2000 Xl 0-
6 

C b )  CGMD•N10 

1000 2000 

C c )  CGMD•N2o 

-1000 

fgl 6. 6 ffO) P-s a!J� (No. 1). 

-20 

ton 

-20 

I ton 
! 

-20 

3000 :< 10-
6 

( d )  CCOD•No 

C c )  CCOD•N10 

1000 2000 >:1 o - 6 

C f ) CCOD •N20 

Fig. 6.6. Load-strain curve (at the position of the wire strain gauge of reinforcing bar for 
column specimen No. 1). 
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20 ton 20 ton 

-1000 

-10 

-20 -20 

( a )  CGMD•No (tl) CCOD•No 

30 ton 

-1 000 -1 000 

-30 
( b )  CGMD•N10 -30 -l-

C e )  CCOD•N10 

30 ton 

20 
ton 

10 10 

-l <XX> -1CXX) 

-10 -10 

-20 
-20 

-30 
Cc) CGMD•N20 C f )  CCOD•N20 

181 6. 7 t}:O) P-s IHI� (No. 13) 
Fig. 6.7. Load-strain curve (at the position of the wire strain gauge of reinforcing bar for 

column specimen No. 13). 
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ffi\,,f-:.  tJ:: �. M:tk�{4::i:\v:t , Drucker c Prager O)M:txooic�ffii, , t-:. 'i t-:, IW:tt�fHJ� 

v:tR%:tt1i1Ulffi c @�1J[P] O) -V :,,, ;7''%�� 0 c --t Q �TI: • oo JJ ( 1 97 1 )  O)TI[JtA:15�ttfi: c L.  

••K i � •��� � �*��n�����ti�KR• Lk. 2 � �0)••�0)�tt � t- v  

';I !7 ;qt_ 0 c Lt-: .  

< 2 >  �m�* 

�Mi�t.fru7JJPJO)�WdUtt��--t Q *JHJ�* c L t-:.. 

( 3 )  � :,,,  F�* 

#�vc.'*1 L -nt.,  NGO and SCORDELJS ( 1 967) O)j�ifn c :[-df 'i tc .. :t. ::i :/ !7 9 - r �i--Ln. --c· 

*5�::k � � O O) !fh�* c Lt: .  

5ton 5ton 

C a )  CG MD•N10 

5ton 5ton 

(b) C COD • N10 

� 6. s E�·t> c1: cY ::z / � lJ - � i3:oy;�·r1r���,:. c1: Q MVT 
Fig. 6.8. Principal stresses of reinforced gypsum and concrete columns calculated by 

Finite Element Method. 
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C. h G ��-�-h�b�-c�� � �tt� 1- Y 7 ? � �*�· �ft�@��- � . ��� 

��R&*�· �*�· �1:Jm�-���G C. t K J: 0 -C �&. �. �11�*��- ��. 

c. c. --c-m1.., ,f-:5:t� ��&i�IJ� ��v::.flt�-, Q . 

fl����$�::. J: Q mtJr-:i:.- 7'1v&i !Zl  6 .  8 ,  6 .  9 q::.�-t' J: 5 v::.iA���:fi�jj'� ffl\, ' ,  1:111" £ 

t-: �i :1 Y ?  9 - I- �*&i, c. h G � !Zl v::.�-t' 3 P3M��U :: L, �ili�*�t.±m5, ffl=m5 t i ,  

1:l'Jt "i tdi ::i Y ?  Y - I- �-��im,�rf3i c Lt-:. 

fW;f:fivt-1:i'Jttt� J: � RC tt c  i ,  lfii!l1J 10 ton q::. ---:::>1.., , -c � �fi\., , ,  7J(3fm%?.lfm� 1 ton 

c Lt-:. ijfm;J�i lZI 6. 8 v::.�-, J: 5 v::.ffifft�::..ttf7iJ L--C5)-f{ � -tt. Jj(ffiiJ!t�i�$5)-"c' 2/3P, ;It 

3'[,�v::. l/3P �:bn x. t-:. . c. c. K. P &i !EI 6 . 2 � fl--c:-� Q . 

5ton 5 ton 

C a )  CGMD• N 10 

5 ton 5ton 

Cb )  CCOD• N10 

� 6. 9 �-Jt:t-, J: u ::z '/ ?  \J - i- ttco�P.l!�*i*�::. J: �dft�fflm 
Fig. 6.9. Cracked elements of reinforced concrete and gypsum columns calculated 

by F.E.M. 
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rttnf �Y t'¥Jrft�·mm:, :1>f dlH1: . Re n t  t .  3 °� tMtiu-.:� l , f1U -e&'} .---) t� . t_f t:> . t}Y ti:Jrfl�,:t�] 

li v=-JJLh -C l  , tJ:. n ·  ' )  t� . 

Ix! 6. 8,  6. 9 : i 'l�ti1H-¥!:n , 0 rt.,\]� f1, v=- HE :f 11 ttfrfl� c 1J1 �Jrftl�n:�1:. Ui C ii) 0 � 0 0) 11ti 

P= 1 5  ton � ;J,z 0V- 1R\i: fJj Jrl1 rfi c L t� c � o) £ L
t

; JJ [xl t:i J: v� �� [xJ -c- ;ts 0 .  � 0) fWfJrO) �{l,  f/GJU 

6. 3 .  3 .  ri&I:Mi"Uk 

f><l 6. JO (a) "' ( f )  i i  fr rA�floYj: J�*f f ffO) frl:z�O) t:/UL�-c-;ts 0 .  

-a-riJ\�ft 0) %.��it 0) ;tE'l¥1H i .  rJJci) ;.:_ HE :f ��n:tlt!J �i; v=- "t. L. -l- o) 1:& HE tf iJY ttfrfl� iJ·: , ?k 

') v=- . 1}� 1*Jrft1.�//:/j1!Jj � ;:_J:JLhii&iW L t.: .  L n , L .  CCOD · N,1 t i [�] 6. 1 0  (d) 0) J: 5 v=- . H,l· 

ra�v1·; ,;ffiM L .  :1 / 7 ') - 1, t 11 U'J1 n\ '�� r=- Ife1J�  L -c ri& * L t� . n-1irt�fio) fi&ijHltiW�* 

( a )  CGMD · N" (d) CCOD · N0 

(b) CGMD · N10 (e)  CCOD · N1 0  

� 6. 10 nurJ.if;t,f'{- J {fi:_ 1) ) 'lf-lt 
Fig. 6. 10. Photographs of column after test . 
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6. 6 vC�-t. 

'i t.:_ ,  ,m:i1Jv:t !ZI 6.  1 1  --cJi!, 9  J: 5 v-=- , ±itJlific·-l;J!Mf � tiJ.:_ . ,JlH9JO) -l;Jltfrf!i1i1rft:tu J: rY*� 

vi ,  H!llfIB J: IJ 2�4  * § -c:·iJ\�{:;$: O) lc:1::U:: t 2 - 3  * ·t\:5 9 .  tJ: :tu ,  #45i:1Jfii/l�� :tu .:::. L t.:_ 

BGMD · N10 vi q=t:;R:$ (4� 6 :;$: § )  c·-!;JJ!tfr Lt:. . 

6. 3 .  4. �%'f 

N 
( ton) 

0 

10  
20 

� 6. 6 ft i/Y(i!;i�Wl;Wi 
Table 6.6. Failure mechanisms for culumn .\pecimens. 

C G M D  

Shear tension failure 

Diagonal tension fai lure 

Diagonal tension failure 

C C O D  

Bond split failure 

Shear tension failure 

Shear tension failure 

EffH c RC tl:O) ��J[IJO) .r:t'1:* 6. 7 vc_�-t. 

� 6. 5 vc�--t J: 5 vc , 4llbt] O) �jJn vc1f 1,  , ,  "f""-C O) ;?trvu1fi:i.J�J.i�jJ!] L t:. . 

( I ) fttHf Wfl�wlt 

��fl!'[ c H•f@:�.tt�-t 9 c ,  1§-�t;�1* c t 1 5  - 49% O)fglffl--c��fl)'[b: �1 l , fu'!�� L t:. . 

tJ: :-tu,  E,t:fi c RC fi:O) ��{Ulvi tt �ffP} C J:  5 tJ::ffi JPJ c\5 9 .  

� 6. 1 1  §YJtlr:l l •J.&fi.il�:t:; J: LH!},ij'j0)17.}lfJT 
Fig. 6. 1 1 .  Shear tension and broken hoop. 



� 6. 7 :fiitttc RC ffl0��{igiO)Jt 
Table 6.7. Ratio of the test values of gypsum columns to those 

of reinforced concrete ones. 

llil!l 
-

---- - · - - --____ 

11 (ton) 
------�- - - - -·--

f}] � � 1PJ 11: 
ail lf �J !tfr fit � w 1!t  
Jy WJr � � m it 
� {k ?BJ 1!t 
� -j;_ it 1J 
w Wl �IJ tt: 
� {k Ac!i= �lj 11: 

( 2 ) a!Hf !iY ltfr&� 1Pf It 

-- ---

0 
-

0 . 91 
1 . 50 
1 . 08 
0 . 97 
0 . 98 
1 . 03 
1 . 21 

---- -

10 20 
·---�- �-------�- -

0 . 94 1 . 10 
0 . 90 0 . 88 
1 .07 0 . 77 
1 . 10 1 . 1 3  
0 . 92 1 . 18 
0 . 66 0 . 69 
1 . 28 0 . 16 

227 

��fi e H�t@�:tlt�a� J: < �rx L -r�  1J , ��a� v=-��fi c  tt1if!i0) lt fl -c· a. mn 
0 ton -C· 10% �I}t RC f_lO)JJiJ��t, ' ·  

( 3 ) !iY ltfr&�1Pfit 
'.k�{li c ttlf ru[O) J:tfk-c- i:t ,  ��{lf:iiJ��1 1.  , {@:� � L, �1 v:.llim1JiJ; 20 ton -c- �:t 2 ffi t,},_l:O) 

( 4 ) ltlHf �fxfiifm 
3:.ifJ'jiJ;�tk:�r:.� L t-:ff!tO) 1Pf]l-C-, ��fl c �t�{@iO) lt�-c- �:tl!im1J O ton O)ff!t 10% @fl 

r� < ,  IO ton, 20ton -c- �:t�v:. 0.02% -0.08 % O) iffi�-C'fJ& < f.t. 0 iJ; , !t�fi c  J: < �ft Lt::... 
-i t:., ijim1JtJ� O ton OJ ffif, :fi,�tt c RC ttz-.lt�-t- 0 c Vii c lv crAJ l.: JttHf�{xrfftt:hz-� L 
t::..tJ;, Jfijj1J�1Jllx.. 0 c lmt1J� :tE�ttO) ::15h;*9 20% �flt--1::n Lt::.. .  

( 5 ) mm 0) w!l-� itt1 *' 
��'He1:.UriI�:t vi c 1v cfilfr.1:. 1.: tJ: t, , iJ\ '*�951:.�{i ,  IE 6. 1 v=-�-t J: 5 �=-IE�ix1Pf� 

c ii 5 l�filiJ;1:. 1.: ,  :lx:1Pf@J�OJm1J1Hc#1,, ' ,  �fl/fil ii m:tJn-t 0 .  
( 6 ) ilJ;i{:Jjijiji4: 
::f::t'Jffi, RC tt c 76 ��{@iJ;{l&\. , {@:'i'� L, E�tt c RC fiO)tt�f!!Hi, RC ;lttJ;*9 1 .8 

fg,-c-� I) ,  ��fmH:ttfim:h O ton -c· �:t[AJ�tft-C'� 0 iJ;, 10 ton, 20 ton --n:t*9 1 . 5 f&f c f.t. -? 
t::... 

( 7 ) �fxffi¥W9litt 
s *@���ttJfm� ( 1975) 1J� 0> ?x�O) ijut11i£r;$� ffl\,  , -c>J<6bk.. 
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ay =( 0.043 +1 .64 nPt+0.043 ; +0.33y0)( �-)\ (6. 1) 

�tk:�lln.IUttO)H•fiv:t.. �!Jila:1J�!li--c- RC tt0) 1JiJ{*1J 25% ff c·�i., , iJ�. ��fiv:t.J!t!:v::. 
20% ,ru�:;fi'JtO) 1JtJ{r,"o < tJ: -? -C 1., ,  G .  

( 8 ) mUf.jJfJ 

CCOD ·N10, CGMD ·N20, CCOD ·N20 O) �i;v:t. , 1 2 mm �&'t':2i'H1)¥ t 2 lru�'c-� Q 
iJ{ CGMD ·N0 , CC0D ·N0, CGMD · N10  �:t.�f1:$;o� 3 t-JJ:: c fJ:. --:> t.::..  -i t.::., :E'Jttt c RC 
ttO) J:t®t't'v:t., :E"'Jttt0)1ftJ{�J.t!Jf�%:S:n;J1J -? -c 1., , Q .  $ru:1J o O)�if. RC ttv:t.:E"'ifttO) 
o.ss fiU:: 1I£ < tJ: -? t-:.. .:::. h v:t. RC tH::.#�iu�il�i7;lli�v:.m.n ts: t-:.cb t J[tbh Q .  

$ru:1J0) �1t: v:. J: Q mtt�v:t. , 1P1I1JJ0):11!f1Jin:.f¥1., ,�:J;---t Q . 

7.1. If � 

��{*0) *3:J*, -tt*, tt±in:tu J: rf!Jila:1Jz-�JE t L, !JYWitm�iJJU J: rf�±iJJZ' ,,� 7 /. -
f;( - c 't" 0 ,  I Ji I 7. ,," :/j;e;1fJ '7 � /. :/ 0) ��@JlE�� IJ jg L7.Kf1Jll:1J��'.z'fi\, ' ,  7 - /. 
:/ 2: L -C O) ,  �O)�;J. *�:tu J: rYmaamZ'Jt®t.W't° G .:::. 2: Z' § � .!: L, �K�O)*� 
lmt:1J vc·-:::> 1., ,  -c �� Lt.::.. 

*��--c-�JE Lt.::.im.fflHJiv:t. , Jllm.% :tu J: rf �Jm-*3--c·, lru�il;, £1t 'J � /.  :/ , RC 
'7 - � :/ c t 4}  3 ft$: (lfBvfl:E�m•%� I ft$:, !JY Wrm•M1} 2 ft$:) , ��Z'� I ftfi:!t 8 ftj;:O) 
�� ft$: '.z' ft mt Lt.::. .  

7.2. �-(7)-� � 1i5=!: 

1. 2. 1 .  ��w 

��f*O)M;tk, -tit'.z'� 1. 1 v:. , ��f*ffi:%:tu J: rf�O) re!35Z'� 1. 1 v:.ffi--t. 
t,r.u, ��ftf;::ffi:%0)!c%rf:t, 5 ffi § t-J�O) Pw 02, Pw 06, Pw 12 v:t.1iH%JtiJ{� -k Ml 0.2%,  

0.6%, 1 .2%, :tu J: rf  By v:t.�Jm-M'.z'�'* L -c v, 0 .  
�ir��Jt'.z'� 7. 2 v:. , �ffl;t,f;fSj-O)iffittfJl§'.z'� 7. 3, 7. 4 v:::. , #�rt:::1J&'.z'� 7. 5 t:.ffi--t. 
** IJ imqfl:t.::filfO) .Jj. � ;r. ':I r �  :af- -it - Z'�J§ L, tr��.Jj.ilffi.}Jtz- 23°C .t-Jrv:.*'0f-:_cb, 

:E'Jt • it*f C t +53-v:.�� L,  71<� ffl\,  , -ctr�J6.lj.ilffi.&'.z'rvf Q J: ? v:::. Lt.::.. 



No. 74. 1982) 

1251 125 
, ,  ! 

r-oT 
C l 

' N i 

l 0 t-P ---� 

l
o

' 
('i ,  

I r-
1 ! 1 1{[] 

o; o � 250 i in; LO I a>, 0 

,... 1
,... 

1750/ 2 __ ___ ___. 

� � � 
200 

i ._ - .---- ---.-Tr-' .---. �---�----

I : 
l o ' 
1 0 ; 

i "It i I 

LL - �������������� 
l _ ______liOQ 

� 7. 1 '7 - ;1. :/ 0)�\10'Rf4:]&;tk (1¥{,f: : mm) 
Fig. 7. 1 .  Details of framed specimen. 

� 1. 1 =; - /- / O)�lw£tt;:=i'i% :t:; J:: rY�cJn 
Table 7. 1 .  Identification and bar arrangements of framed ;,pecimens. 

J..\ !.Mt {,{;: * ·�)-

F G M D  • Pu; 02 

F G M D  • P,,, 06 

F G M D  • Pw 1 2  

F C O D • Pw 02 

F C O D  • Pw 06 

F C O D • P11• 12 

F G M D  • By 
F C O D  • By 

�:L 

H 
Gt = Gc 

(cm2) , Pt (% )  

3- D 16 
5 . 97 0 . 95 

" 

" 

" 

" 

fl 

II 

fl 

--- ----

M 

� 

at = Gc 

(cm2) ,  Pt (% ) 

2-D 22 
7 . 74 1 . 08 

" 

" 

" 

fl 

" 
2-D 1 3  

2 . 54 0 . 35 

" 

"lf'.f �tJr 

.ff 
aw x (cm) 

(cm2) Pw (%) 

2-6</> 1 1 . 0 
0 . 56 0 . 20 

2-D lO 8 . 57 
1 .43 0 . 65 

2-D lO 4 . 57 
1 .43 1 . 25 
2-6¢ 1 1 . 0  
0 . 56 0 . 20 

2- Dl O  8 . 75 
1 . 43 0 . 65 

2-D lO 4 . 57 
1 . 43 1 .25 

2-D lO 4 . 57 
1 . 43 1 .25 

2-D lO 4 . 57 
1 . 43 1 .25 

- - - - -- --- - ------ - - ·  

ttfi 
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�� 1iJi 
� 

au, x (cm) 
(cm2) Pw (%) 

2-D lO 5 . 83 
1 . 43 1 . 23 

" " 

" " 

" fl 

II 

fl 

II 

" 
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� 1. 2 5 - _,( :/0)�-fr�H 
Table 7.2. Mixture proportions of framed specimens. 

I 7' (�
Iaj 7· 7J( :fi� -! t.::.. �t.-t! ;I. fflittr *'Hittr �:IJlltf /:Elf ( % ) 

(l/ma) '/ r (kg/m3
) 

R ft :fi 'Ft 23 . 0  1 36 488 

::Z :/ !l !J - r  20 . 6  175 324 

(kg/m3
) (kg/m3) 

484 575 

1002 805 

im;f!l�J (%) 

wltM 73 1J ? A 
7 .,( 7 ,r 

0 . 3  

0 . 7  
0 . 4  

tt) ::Elf tr t:, ;i6 7,,. !f!j: 0) 7fiil� :B J: tf 7}(' J](O)_it : 1tttm� 28°C, tr t:>:i67,,.ifiil� 23°c, 7K 195 kg, 

7](80 kg. 

� 7. 3 7 - ;1. '/ O):,fi'Jf· :t5 J: tf ::z '/ !I 1J - r O)�i:ihl§ 
Table 7.3. Mechanical properties of framed specimens of gypsum and concrete. 

� � EE *m 5m flt 5 1  � 59i JJt i" '/ !l'''f*� E11a ;r- 7 'J Ylt 
(kg/cm2) (kg/cm2) ( x 105 kg/cm2) 

'M m 342 29 . 73 1 . 37 
R !t ::5 'Jr 0°c 319 1 . 26 

::Z :/ !/ !J - r  'M m 302 27 . 60 2 . 21 

� 7. 4 7 - _,( :/O)�MJO)�M:� 
Table 7.4. Mechanical properties of reinforcing bars of framed specimens. 

D22 
D16  
D13  
D 10 
6 </> 

D 1 3  

D 16 

D22 

�tRi�,tt-1.J flt s 15iJtJJflt i" '/ ff*� 
(kg/cm2) (kg/cm2) ( X 106 kg/cm2) 

3592 5633 1 . 82 
3928 6097 1 . 88 
3693 5642 1 . 83 
3836 5535 1 . 83 
4107 5428 1 . 92 

� 7. 5 5 - ;1. :/ O)ff�Jt1.Jflt (.iji{ft, kg/cm2) 

Table 7.5. Bond stresses of framed specimens. 

1$ 

0 . 025 mm !f!j: :8: * filjlt!f!j: 

::5 lf 49 . 30 99 . 26 
::z ';/ !/ lJ - r  42 .45 107 . 52 

:fi • 49 . 00 92 . 39 
::z Y !/ !.l - r  35 . 23 102 . 57 

"ii � 36 . 16 81 .45 
::z ';/ !/ !J - r  31 .02 94 . 30 

tf 
(o/o) 
21 
1 9  
25 
22 

(1,1) 

0 . 20 
0 . 19 

0 . 17 
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*- 7. 3 J: fJ b1f O) f.!£llfil.ffs¥ r:::. �vt 6 �OCO) Jt ( 'w;mti£ :'tley�&/0
°

C �:'t��Br) �;t 1 .07 c ts:. 
fJ '  f,;t�O)Jffi fJ +51--c-� 6 .  

-!. t::., "* 7. 5 J: IJ f,J-%f J,c:jJ /!U;t E;)f .to J: '(;I\ ::1 :/ !7 !J - 1' c i tUt@n: ,J, � \, '  cb 0) Vii: c'r� 
< ,  ¥£%:ii 0.025 mm fl;y vc � �t 6 -i";h �;t T=J,JtO) )JiJ: ::i :/ !7 !J - J, vclt� -C 1 .23 f'fHt c·�" , 

n\ :l&*Tiu!t�vc �:t. ::r / !7 !J - 1' 0) 1Jn: 1 . 1 1 1-g-�t c'' rWJ \.,  , .  

7. 2 .  2 .  ���mi c ��1ii1� 
'.Jf��trt�� 7. 2 ic�-t-.  J.rt�f*�;t ::<l( ·:ifl.:r&JHtvc J: 6 f$!ilfJ� �l'i! L,  8 :,is:O) PC ffl.�-c- 7 7,. 

1' 7 i::r 7 - vc�*a L t::.. 

:fiijltl1:1J�;t� ,z ft1!I{vc ;;t 1  iv ::) -1·  'Y 3f- (50 ton) � ffl \., , -C �fnJ L ,  ?ilf�t;t i=r - F --tc ;i, (50 ton) 
-c-�W Lt::..  

-!. t::. , ttlW!J:1J O) Jx:1J aJ:: ifn � itit 7 !7 v r � / r �c . -fl�"[) v:tJA:�1*£�{;-[)5)- vc ,  -i-h-fh 

g p.rftJ:flfJc��I& IJ #vt, PC •�-c-J::TfJ!M��� L,  Jjlm:1J t.i�1it vc :rrt rnHc ,  iJ,"'.:l-,5ncf'pffl 

-t 6 J: 5 vc�� L t::. . 

7J(5fl:1Jv"i,  $� ;;t 1  ;i, ::; .i, 'Y 3f- (50 ton) � &:1J�i'Jc�*5 L , ,A�f*tc� O) j]Q jJ ITfi vci;t�� 

� �vt , IEjl1Jll :1J��c1Jll :1JiaJ1.Jc J: 6 ft!H f -=E- - ,;< :/ 1' n: , =J - ,;< :,,, �cf:fr� L fJ: \. '  J: ?  �[I L 

� 7. 2 =J - ,� Y v)�/&ift%Ili': 
Fig. 7.2. Test setup for framed specimen. 
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� 30 

tt 
mm 20 

-30 

30 [,tlJ& (@I) 

· mm�wm 
0 ttIDiiltti: lOmmf,lf}t:{.;fm: 

t Q{F,./f 10mm:tc, � ic: 3 @Jw!J� l, 

rm 7. 3 7 - /- YO)}Jll;J;i.f@i 
Fig. 7.3. Loading excursion for framed specimen. 

(a) 

(b) 

rm 1. 4 7 - _;I. Y O) iJlu�&� 

D W. S. G 
0 D. G 

(a) :f ,,r i7 1v if' - ::-;J:o J: cf ;z.. r v 1' Y if' - ::, (��f*�Im) 
(b) ;z.. r v ,,r / if' - ::, (�IW) 

Fig. 7.4. Measuring points of framed specimen. (a) Positions of dial gauges and wire 
strain gauges attached to the surface of specimen. (b) Positions of wire strain gauges 
attached to the reinforcing bars. 
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�ffi�� O) �lj K J: 0 t ��-t Q ,  *�jJ O) �� ��*-t Q k�.  �$�� 7 � � � /- / r  

('1fi1J 1Jrr:1J�fil) � i:p:k;:-C·-!;JJ!tfr L ,  PC ��-c-t�Mc L t ,  -t:- 0) {$0;;: � pkJt[c· � Q J: 5 r=-I� L 

t::.. . 
1Jll :1:J vtAi·tt�K- 25 ton (40 kg/cm2) 0)$lb:1:J � :Vil ;t ,  ,m-;=. -;Ev:.f*'b tJ: iJ; G ,  ]I f!  0) 7Jc f 

1Jn1J � fi 0 t::...  Jl(."Sf:1J rtJ 0) 1Ji:J:1JHimi � IZ!  7. 3 i::.ffi-t. 

�uU:: �O)a'!U5EfflF.Jr� lzI 7. 4 (a), (b) t=.ffi-t. 

1.3. 7 - :1- / (7.)mtfr:n� 

=J - ,1- / O)mflrvi. �  7. 5 v=.5f,-t J: 5 l:.tt, *� 1 1  im,8-C'[R-!;JJ 9 ,  ;f±,l}lq)�5EO) 10 ffl O) t,R 

fffi:tJ/J:. G nlt 9 ft 0 t 1., , Q t O) c  L ,  � r V � !J ;t., j�-C-i;-t.1:J � J: lj�M�*�·  �5ttt v=. t m  

tJr L t::.. .  � t::.., im,8v=-�vt Q -E - /- / r (ttlIJ!filii:.�vt Q tt, *�11'�0) -E - ,1- / 1-- it. 7 :L 

,1 7,, -E - ,1- / 1-- ) n: ftt! �f�mi -E - /- / 1-- (EE*fs�U ::i / !7 9 - r /J:�fiV�lJJ:.� L f-:1.ey O) .:ic -

/- / r )  �=-�-t Q t mti. e. :,, :) }::.� � n" :t ,  M�M1::. tJ: Q � c·�J?$ L t::.. .  tJ: �.  mM: e. :,,· ::,  

��tJ �. 7J(5JZ1J0) �1Ji:n::.{* 5 tt'1fi:1J O) ��i::. J: iJ 5 i '2-" R9 C � h Q �mi-E - /- / r :B J: 0�9g 

ltfr1JO) ftt.iE� �f_ey:f:c; c tJ: --::i t::.. . � t::.. , f±O) 7J(f�{:v: 1::.  J: Q llim1J O) JJ��t- �II L t::..n:, !HltJr¥.t 

Mr=-�l , t vt.�ti Lt::.. .  

N= 25 ton N =25ton 

p 

� 7. s MP.R t� J:: �> rIBM" fil: �} 
Fig. 7.5. Member and nodal numbers. 

1.4. ��*s:!lc�� 

7. 4. I .  ��*5* c gffHa*O) J:ttz 
-*ilA:�f4:1 c··:> 1., , --c ���=* c �ru�i:.x;J--t � � f±O)IB&�:�� J: ��g.in:ct� ffit, , f::..H�*5* 

�"-1k. 7. 6 �=-. '£ t::..-'*8��f*O)ff*li:f:t:R: ( IZ! 7.4 (a) �" ,1 1� ;1.,, 1r· - :)  No. 2) O) [IUjt-71(3¥-�fft 

(P-o) ftt! i.t � lzJ 7. 6 (a) ...., (h) �=-ffi-t. 
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FGMD • Pw 02 

lE 

i ��frn[ ! 5 .0 8 . 0 

! tt �t�fl([ i 6 . 15 
I 

I 
I 

a1t vf Wtlt�zgnf �/gt i 0 . 81 1 . 30 
(ton) 

i �Mff 
I 

8 .0 6 . 0  
it•fwi 10 . 61 

1 �  
I I �/it 0 . 75 0 . 57 

�Mff 
I 

1 3 .0 1 4 . 0  

I tt 
it•fwc 1 3 . 0  

I 
aa �f � 1t1r m :m: I �/llt i 1 .00 1 . 08 

(ton) I 

I 
�Mfi 20 . 0  1 8 . 0  

� H�fi 22 . 25 

�/�t I 0 . 90 0 . 81 

�Jf#iff 
i 14 . 3  14 . 3 I 

tt H1¥=f@: i 8 . 7  

� tt1r•�mm:  �/H ! 1 . 64 1 . 64 
(ton) 

I 

---

�Mfl([ - -

1 �  
gf.11([ 1 9 . 5  

I �/it -

�Mff I 
22 . 0  23 . 0  

a1t vf � tk ?SL� I H1¥=fwi 24 . 4  
(ton) ! tt 

I 
�/H I 0 . 90 0 . 94 

I aavr�rn1mm 
�ljtfl([ I 

23 . 5  23 . 0  
H�fi 25 . 70 

(ton) 

� 7.6 7 - � './ 0) � 

Table 7 .6. Test results and predicted 

FGMD • Pw 06 

lE 

8 .5 8 . 5  
6 . 15 

--- �- - --- - -

1 . 38 1 . 38 

1 3 .0  14 .0  
1 0 . 61 

·-

1 .23 1 . 32 

14 .0  1 6 . 0  
1 3 . 0 

FGMD • Pw 12 

lE 

4 . 5 4 . 5  
6 . 15 

0 . 73 0 . 73 

10 . 0  1 1 . 5  
10 . 61 

0 . 94 1 . 08 

14 . 0  12 . 5  
1 3 .0 

-�-- -- -- -- --

1 .08 1 .23 1 .08 0 . 96 

20 . 8  1 7 . 0  20 . 0  1 7 . 0  
22 . 25 22 . 25 

�---

0 . 93 0 . 76 0 . 90 0 . 76 

2 1 . 0  20 . 0  1 8 . 0  20 . 0  
8 . 7  8 . 7  

2 . 41 2 . 30 2 . 07 2 . 30 
---·------

- - - -
1 9 . 5  1 9 . 5  

·-

- - -

23 . 0  22 . 0  21 . 0  21 . 0  
24 . 4  24 . 4  

-�------ --- ------

0 . 94 0 . 90 0 . 86 0 . 86 

24 . 5  23 . 5  23 . 5  23 . 5  
25 . 70 25 . 70 

�/H I 0 . 91 0 . 90 0 . 95 0 . 91 0 . 91 0 . 91 -ffi.*-iPJ!li 
26 . 50 31 . 70 �ltlr�rn1fiU:I: 

I 

H�fl([ 
(ton) -�-/---�t�- - - - - - - - - - - - -- - - -

0 . 89 0 . 87 0 . 77 0 . 74 
--�--�- - -- --+-----+--- -----� 

W WI lli\lU i:1-: ( x 1 0-4 rad/ton) 

� ffl: � �u 1t 
(X  10-4 rad/ton) 

Ji.I! '!f. � :lB (mm) 

�Mm 
gf�fl([ 
�/it 

( X  10-1 rad) 

1 . 50 

1 . 17 
3 . 64 

0 . 60 
20 .00 
0 . 16 
2 . 0  

1 . 60 1 . 64 
1 . 28 

1 . 25 1 . 28 
4 . 55 4 . 00 

6 . 07 
0 . 75 0 . 66 

20 . 00 50 . 00 
0 . 1 6  0 . 40 
1 . 6 4 . 2  

1 .  76 1 . 60 
1 . 28 

1 . 38 1 .25 
4 . 1 7  3 . 64 

6 . 07 
0 . 69 0 . 60 

50 . 00  70 .00 
0 . 40 0 .56 
4 . 2  7 . 0  

---- -- --

1 .  70 
1 . 28 

1 . 33 
4 . 35 

6 . 07 
0 . 72 

70 . 00 
0 . 56 

5 . 6  
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�Mf *:B .J: tfH�*a:'f:: 
ones on framed specimens. 

FCOD • Pw 02 FCOD • Pw 06 FCOD • Pw 1 2  

IE � IE � IE � 

7 . 0  8 .0 4 .0 2 .0 7 . 0  7 . 0  
5 . 58 5 .58 5 . 58 

1 . 25 1 . 43 0 . 77 0 . 36 1 . 25 1 . 25 
--- -- ·--- ------ -- --- -- - --- - --- �----------------

1 8 . 0  1 3 .0 
8 . 52 

2 . 1 1  1 . 53 

1 5 . 0  1 5 . 1  

1 . 25 

1 7 . 0  

0 . 78 

21 . 8  

2 . 63 

1 2 . 0  

1 . 26 
----- - -

1 7 . 0  
21 . 8  

- -- - -------

0 . 78 
--------

2 1 . 8  
8 . 3  

2 . 63 

9 . 0  1 0 . 0  
8 . 52 

1 .06 1 . 1 7  

1 4 . 8  1 0 . 0  
1 2 . 0  

1 . 23 0 . 83 

1 7 . 5  1 4 . 8  
21 . 8  

0 . 80 0 . 68 

20 . 0  21 . 0  
8 . 3  

2 . 41 2 . 53 

22 . 5  14 . 75 25 . 0  25 . 0  
1 9 . 0  1 9 . 0  

1 . 1 8 0 . 78 

23 . 0  23 . 0  
24 . 0  

0 . 96 0 . 96 

24 . 5  24 .0  
25 . 37 

--- -

1 . 32 1 . 32 

22 . 0  21 . 0  
24 . 0  

0 . 92 0 . 88 

25 . 3  25 . 5  
25 . 37 

1 4 .0 1 5 . 5  

- -

8 . 52 

1 . 64 1 . 82 

1 6 . 0  1 5 . 5  
1 2 . 0  

1 . 33 1 . 29 
- -- - - - -- -- -

1 8 . 0  20 . 5  
2 1 . 8  

- -- - ----

0 . 83 0 . 94 

19 . 3  21 . 5  
8 . 3 

2 . 33 2 . 59 

25 . 8  23 . 0  
1 9 . 0  

1 . 36 1 . 21 

23 . 0  22 . 0  
24 . 0  

0 . 96 0 . 92 

26 . 5  24 . 5  
25 . 37 

- -- -- --------- - - -----

0 . 97 0 . 95 1 . 00 1 . 01 1 . 04 0 . 97 
25 . 10 

- -- - - ---- - ---

30 . 57 
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FGMD • By FCOD • By 

IE 

2 .0 
6 . 05 

0 . 33 
--- ---

7 . 0 
8 . 43 

0 . 83 

� IE 

2 .0 5 . 5 

0 . 33 1 . 00 

4 . 0  6 . 0  

0 . 47 0 . 8 1  

ft 
4 . 0 

5 .5 1  

0 . 73 

8 . 5  
7 . 37 

1 . 1 5  

1 0 . 0  1 0 . 0  1 0 . 0  1 0 . 0  

0 . 80 

1 0 . 0  

1 2 . 5  1 1 . 5 

0 . 80 0 . 87 

1 0 . 0  12 . 5  

0 . 87 

1 3 . 3  

20 . 0  23 . 0  1 8 . 3  1 8 . 3  
8 . 5  7 . 9  

2 . 35 2 .  71 2 . 32 2 . 32 

1 8 . 0  1 8 . 0  21 . 0  21 . 0  
1 8 . 9  1 8 . 9  

0 . 96 0 . %  1 . 1 1  1 . 1 1  

2 1 . 8  23 . 8  
20 . 75 

-- -- ----- - -- -- -

1 . 05 1 . 15 

2 1 . 8  22 . 0  
1 9 . 96 

1 . 09 1 . 10 

- - - -- -- -- -- . --------- - - - --·- - · --- ------ - - ------------- ---- --------

0 . 98 0 . 96 

1 . 20 1 . 40 
0 . 89 

0 . 83 0 . 83 
1 . 60 1 . 64 

0 . 89 
. - - -

1 . 35 1 . 57 1 . 80 1 . 84 
4 . 67 4 . 35 

5 . 29 
0 . 88 0 . 82 

20 .00 20 . 00 
0 . 16 0 . 1 6  

- - · -- - - - - ---
1 . 4 1 . 6 

4 . 10 4 .  64 
5 . 29 

0 . 78 0 . 88 
50 . 00 50 . 00 
0 . 40 0 . 40 

- - - - --

4 . 1  3 . 4  

- - --

1 . 33 1 . 52 
0 . 89 

1 . 49 1 .  71 
4 . 1 6  4 . 33 

5 . 29 
0 . 79 0 . 82 

80 .00 80 .00 
0 . 64 0 . 64 

2 . 00 2 . 08 
1 . 33 

1 .  7 1  2 . 1 6  
0 . 91 

1 . 50 1 . 56 1 . 88 2 . 37 
---··----- ---- - - -·-·--- ··---- · -----

7 .  80 8 . 00 7 . 00 6 . 00 

1 . 21 
70 . 00 
0 . 56 

6 . 45 5 . 81 
1 . 24 1 . 20 

70 . 00 70 . 00 
0 . 56 0 . 56 

1 . 03 
70 . 00 
0 . 56 

--- - -- ----�-- - - --- -- -- ----- -

6 . 2  6 . 2  3 . 6  3 . 5  4 . 0  4 . 7  
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ton 

Ca) FGMD•Pwo2 

ton 

Cb) FGMD•Pw06 

ton 

Cc) FGMD•Pw12 

ton 

(d) FGMD•By 
-25 

I&! 7. 6 5 - ,1. '/ (J) P-o lttJ*i 

Fig. 7.6. Load-deflection curve of framed specimens. 

ton 

Ce) FC0D•Pwo2 

-25 

(f)  FC0D •Pw06 
-25 

(g) FC0D •Pw12 

(h) FCOD•By 



ton 
25 

20 

1 5  
''--- C R ACK-OK 

·-- - C RACK-NO 

1 0  20 30 

(a) FGMD•Pw12 

40 mm 

25 

20 

1 5  

1 0  

t
ton 

·- ·-CRACK-NO 

1 0  20 

(b) FGMD•By 

� 7. 7 P-o rliltJiU: .fl:giffi!1!H 
Fig. 7. 7. Experimental and theoretical load-deflection curves. 
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30 40mm 

% 1M:�[tO) imf:1J :}3 J: rJ�IDfi, IZI 7. 6 (a) - (h) c'J[ o J: 5 ;=-E·,t 7 - ,,t  :/ c RC 7 - ,,t  

:/ �ia vi!PJ t: J:  'j td1JJ �� L, IJ} tlfrrrniMii1Ht PW 0.2'{o tJ)H:tiJ ,fJ: 1J O) f:{('¥fffrrt:1J�ffi L "C 
"' ' Q .  

� 7. 7 ;=. FGMD ·Pw 1 2 :-}-3 J: cf FGMD · By 0) ��JifiO) �ffirilc Ji<�lfft1��-t. HX ff[ll 
0) 5 'b CRACK-QK ( :t  [Zl 7.  5 0) Q)�@ ifll*:-f c <b ��in�1:=. t, o b  0) c iBlJE, CRACK-NO 

(i. ® ® CE: ®  t'r�tJa�ltH1:lli'.JIJ t'E, -t 0) ftlF') ;·m*:-r i:t �{UJ;1:_ l: o t 0) c !RJE L -c )j(OD t..: t 0) --c·;1S 
Q .  

��f[!]U:: Jtif {[filO) J:t�c· }t , tr�[[IO)jjiJ; r@J \, , fiDJUtt�5?- L, -�'J:'}q}JR L tc.:r�k C ,  -{- ?  
--c· tJ:: \.. , :r!J,15"vi. , fH:f [AJ r: J: 'j fJ: !lrfllJt"l: --c·*�ff1\U::: it� fillH:tJ::t�1sj-� Lt-:. 
7. 4. 2. �::rf lfiit::fJ 

!ZI 7 . 6 v=.5f--t 7 - ,J :,., 0)  P-u aM.lR'J:'£v=.4§.;tt�·tfq=.v::>\.. , --C, 1*�it:1J O)�ffiffi��.lj.t..:. 
7 - ,1. :,., O) iMiOC��v=-ffi 0 ;h o  P-o ai!f$U:t, �7(7](fit:1J c mti.* c �00;1U v=-.rt'5l�tt--t o 
0) iJ �16--c· t1S ;s -/J\ ;:. ;:. c·v:t1Jc f it::tJ c fl!1:.*� fPJ�v=-:fflx1�ffiffi Lt..: .  ;:. n v:t1Jc f it1J v:t c1; ") 
"C t ,  1f�M:$iJ;,J, 0 < , i'@lti.}C� 1v c' \.. ,  tJ: \.. , <b 0) c ,  .:C 0) 31!! 0)  ftj.'f O) t 0) t IITJ�v=-lWfiffi L J: 
, c \, , , t O) -c·cl; o.  

-�vc. , =J - ;1. :,,,- 0) P-o ai!lv'JHi, !Pllfifl:tiv=.Ao c ,  �M1tJ:TI:J:tf1U!*11*n; < fn, D�t� 

\.. '  c i&5E L, JtO)'tc:1di.��fiffi L t..:. 
'i f, Qa, Xa -/J;IZI 7. 6 v=.ffi-t4§.-it- '1 !7 1v O)J'&*tHHi (:¥£{.ft) �O)f�fW: c -tn�f, -th G 
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� 7.8 �ttfr:-JJ-l0f}'*11* 
Fig. 7.8. Relation between lateral load and displacement. 

1 
Qa =2

(Qal + Qa2), 

1 Xa =2(oa1 +oa2). 

(7. 1 ) 

(7.2) 

(7.3) 

�JHi., ,.§.��{*£0 CR -Nc-Xa £0 [*1-f*�!ZJ 7. 9 (a) - (h) K-if.'t". ::. £O !ZJ .J:  I) ,  ��jw:!JilttJ 
� (CR-Nc-Xa �rsir:.:to\, ,  "( '  � G �rs,��tc L "C -bh .J: I) �VCfriE"c' �  fJ:: \, ,IDU'f.£0 ,¢,(£0 
�it) iJ;��fCfriE't" G c J!U:>h G iJ;, ::. £0 !la��-rillUi"° G ;:_ c iJ;"c- � ;h�i. � b Lp Q �� 
f*�cx-1-t Q �1Jim1J� � i., ,  tc.'"t ::. c iJ; -e � Q .  

-l- ::.  -e, �iP\�f*:£0 CR �.§.-lJ-1 � 1v£0ft:�i"" Q mI (IAJ c�&-·e 3 @J$1J� L --C7-K3¥-»n1J L 
"( \, , Q �ir. -tlO�{ftO))&f}JO){rn[) -e 2CRi �>l<6b, -t"O)�* c  FGMD·Pw 02 vcx;J-i"" G H: 
��� 7. 7 vcif.-t. 

� 7. 7 '7 - ;1- :,,, OJf*-;ffmH:-JJ (ltifJZ, ton} 
Table 7.7. Potential strength of each rigid frame's specimen as calculated from the load-

displacement curve . 

�mf* FGMD• FCOD• 
Pw 02 Pw 02 

ICRi 1 8 . 82 23 .74 
(1 .00) (1 . 26) 

. -- - ·-· 

FGMD• 
Pw 06 

55 .98 

(2 . 97) 

FCOD• 
Pw 06 

60.44 
(3 . 21 )  

FGMD• FCOD • FGMD• FCOD• 
Pw 1 2  Pw 1 2  By By 

67 . 19 79 . 29 55 . 77 55 .25 
(3 .57) (4 . 21) (2 . 86) (2 . 94) 
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2 
Ne 

2 

NC 

1 
NC 

1 

10 

1 

C 

10  

CR 
10 

5 

C 

Ca) FGM D • Pw02 

(b) FGMD•Pw06 

(c) FG MD•Pw12 

(d) FGMD•By 

10 

NC 

10 

2 

NC 

20 

NC 

2 
NC 

10 

10 

10 

C 

� 7. 9 CrNc-Xa rtfl� 

Ce) FCOD•Pw02 

CO FCOD·Pw06 

(g) FC0D•Pw12 

(h) FCOD •By 

Fig. 7.9. CR-Nc-Xa relation curve. 
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:::. O) �ir• G 43-8:i\�{$:O) f*i:flmt::tnt, 1=111' '7 - ,;1- :,, , RC '7 - ,;1- :,, c cb ,  v� t!Jliftl L -C :to IJ ,  

Pw Tl� 0.2% -JJ:, G 0.6% r:.mx_ Q c IEJ::tfJU ffJvC CR t m1Jlli° G :::. c iJ;:i-::d]" Q .  l,iJ:, L,  Pw 

h� 1 .2% O) �{s�:tiEltf7U�vU:t:Lff:/Jll Lf.r 1., , .  :::. ;h �:t:,f±O) Pw �25 � [.{J!f!ttJ,J:.;Lff L -C cb ,  lmt::tJ 

t,;25 ii; G t.r 1., , :::. c �'.@":'* L -c :to IJ ,  � Q fi·-e�3Ri" Q c }�bn Q .  

?xvc�fiffillitt.��;E� heq vi. , 
A - 1 h = _i • .. 

--�---

eq 4rr ( 1 /2) · Qi · Xa 
(7.4) 

Z'>.J<ci_), 43--r-1 !7 Jl, O)ft�{i c -t" O)ffi¥0) mtt.$ c 0) �-!* � 43-8:i\�1* C c  l'C � 7. 10 v::::.ffi-t- . 

.:. ;hiP I::> ,  �tt$na�;blli° G C heq t mtm L, l, f-: \, , }C ,z:- O) }E�O) �;bll$iJ;�� l, -C 1., ,  < 

n\ ;:_ O)m1Jll$�i. bi-l inear tJ: '*lf*v::::.25 G c -=r-a=rn --e � Q .  

m t1. �+r 
1 -ir---�2 .r0 ___ �3 .r0---�·r0 ___ �5.0 

0.3 

0.4 

·,, 

r-· -FGMDPw06 
· ,r-· -FCODPw1 2  

, "-- -FCODBy 
"-- -FGMDBy 

� 7. 10 =; - 7' / rJ) IH1� c �frffi:¥ti11JJ��AE� (heq) 
Fig. 7.10. Relation between ductility factor and equivalent viscous damping factor heq of 

framed specimens. 

1. 4. 3. wz•mui 

< 1 )  �IH�ffiiO)ffl:� 

�•1tttO)ffl�Z'�a J: 1J >.J<ci_), 2t0b�-c � � 6 �•�*u J: a� � 6 tt•�* cb � ;t-c1t 

'5l�Wi" G .  

:::. :::. v:::.4}8i\��O) ��t�T�O) ¥�� � 7. 1 1  (a) - (h) v::::.7.G-t". 

< 2 > lioo1**3 
( i )  �Wifr45if::tJ?iJ:/i� (FGMD · Pw 02 :to J: V� FCOD · Pw 02) 
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(a) FGMD · P,,. 02 

(h ) FGMD · P ,,. 06 

( c) FG MD · P ,,. 12 

(d ) FGMD · B,
1 

(e)  FCO D · P,,. 02 

(f ) FCOD · P ,,. 06 

(g )  FCOD · P,,. 12  

(h )  FCOD · B ,
1 

� 7. 1 1  7 -- ' :., U) 'j;J��ff {/� U) ''ef. ff 

Fi!{. 7. 1 1 .  Photograph\ of.framed specimens after test . 
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�n  G O) ��f$0) imf Hc � 0  'i: -c-O) ;@�vt, 'i: f, HlJt!Jvc aE vf��n:1=. c ,  -tO) f&[PJ *� 
9cYiffiftJLCiJ• G BE �f :!J!f WT*�iJ;Jffifi L ,  "') t , c'ffet� JJ*� n:¥61=. L t::. .  

L vc J: I) *9 30% O)irrrrJJ {i&T� @' t::. L , 30 mm �c- fl 50% tJ T O) irrrrJJ c t.i:: ":> t::. . m•tt:tk 
( �  7. 1 1  (a)) v iti.:£0) ,ft c  t #4�1J-�iJ�:ilfi L ,  ,ftq:t�$ 0) �frJtiJ�/m?i L t::.. -t0)1& �  
7. 6 (a) -C'J! 0 J: 5 vc�M:iU:t=k: @' < t.£ 0 n: ,  1Y ltlr1JiJ: ,J ,  � < t.£ --) t::. t::.t:h,  aE (f:to J: tf�WT 
•��itJq;@,J, L .  :=tJn:to J: -a::ttar-J 0) :fi,r c ttf-lfl1J 1J�j"J� 1. , .  :¥-lfl1J f��O) :tkn._�-c- v:t ii> 0 n; ,  
� L < itJJt.i�{l\:T L f::.O) c"x.��r�[ L t::. .  

RC '7 - ,1- / 0) �i;, 1ilz�11::tk vi ,  � .fix:MS#�%Ji: 30 mm -c� 7. 1 1  (e) -c-Ji 0 J: 5 vc tr. 
ttvc#4�JJ1ilz�n:1=. L .  *9 50% O) ij-JJ {�-f� @' t::. L t::. .  -t 0) 1&:£Hvt1't���iJ:�-iJJ! Hc ,iit 
:ff. tt3giU�li&'.ffin�if9 -=- --) t::. . i: t::. , *fm ( 1 974) 0) �15.&1J ��¥61=.0)IB!�A (7. 5) � Jlh , 
--c .  1=r1t:to c1: r1 Rc 7 - ,I. / O) HJna� � �  1. 1 2  re� L t::..  

t.£ :to , i11R1Jli12ffi�l5ltW-wtn.tt vt .  A c1. 6)  � ffli. , t::. .  
<J I 

Q , = " t • h · D / J -1 ao 
r fJTL 1 .5 'V . c<lt ' 

1 I ( )Q _ c(Jt _ _ - 1  • I c(J t -+- c(Jt -

P w nTc - 2 () , () -
2 

tan 2 A 1 , 
COS · sawy ·\J ao ao 

0.75 

0 

o FGMD •Pw02 K 
• FGM D•Pw02 ;{i 
0 FC0D •Pw02 J-i� 
@ FCOD • Pwo2 1:1 
D FGMD• Pw06 I,-_ 
• FGMD•Pw06 :,{ i 
b FC0D • Pw06 / , :_ 
• FC0 D • Pw06 1 i  

0.5 

1&1 1. 12 7 - 7 / o)�rH.[JJ�� :t-:, ,t ar)Rw,nrnM.t 

1.0 

Fig. 7. 12. Diagonal tension crack and limit of hoop reinforcement ratio for framed 
:.pecimens. 

(7.5) 

(7.6) 



243 

( ii ) }jgttJrfEm** (FGMD · P w 06 :t5 J:: Cf FCOD · P w 06) 

-:. ;h G fl�ttlrtl�n;JE� L "( l) '>  G ,  �Jttlr1'�l1m0) �/); t) t 'l5i!. G ;h --f, EEmffiUO)E� 'i t::. �'l 

:ri;� ':7 - ,1. :/ O)�rajffitO)?y_:t�t±�::t ,  m.:%1i 50 mm O)rf.-t/.� -c·fZ! 7. 1 1  (b) c·J! G  J:: 5 r:..tc 

i50)tt t i i=p;R:'tfn vc#41f1Jffl.�ln:Je� L v:t L 2D ,  � •J 3g L @�O)�:*:vcf¥1.., , , fn'liit�n; �� 

It 0) Jntl 1J 1!£ T n; � ,:) k... 
RC ':7 - /. :/ (IB1 7. 1 1  (f)) O) tffµj�O) TilH�H1.�� t E1f ':7 - ,1. :/ c i t c Iv c·· RI L -c-� G 

n; ,  �t;-� ':7  - ,1. :/ aic::tJO) ff c  ?b w4J_]_[�1Jil�iiJ;� L f::.O) �cx1 L ,  RC ':7 - ,1. :/ 0) �,fr�-t. :ti 

ffvC 0) .7,,..ff4'5.&1Jtt�iJ;j::_ L- f::.. 
;:_ ;f1., G O)��f:*n.mt!W-�% 50 mm c fI:. I) , iT• fJ.. f) O) {;g{1_'z':Je� L t::. .  

'i k.., *fm ( 1 974) O) a!iXi5--{ (7.7) - (7.9) 'z' ffi l.., , f..::*'5*'z'� 7. 8 ,:::.7f---t. 
Xn ]\/ �at · Jfy 

Xn l  = D = 
0.85 · c(JB · b ·  D '  

rQmux 
Pwz = . • 

b . r s<Jwy 

� 7. 8 5 - /l :/ O)jJlrfrEEtftHl:!iil! 
Table 7.8. Shear-compression failure of framed specimens. 

F GMD • Pw 06 F C O D  • Pw 06 
Pwf Pwz 

(J1/cat + 6 ·  Xn/ D 
0 . 99 
2 . 08 

0 . 83 
2 . 43 

(iii) a!Hf�lffi*� (FGMD · Pw 12  :t5 J:: u FCOD ·Pw 12) 

1 . 00 
2 . 20 

0 . 85 
2 . 64 

(7.7) 

(7.8) 

(7.9) 

� 7. 6 (c) , (g) J:: 9 ,  �tk�iiruUt:'Ef:t[P'.JfiEitc·� G ii�, rlUf¥£JEHit'l1=i'ij· ':7 - ,1. :/ �-t 70 mm, 

f,Z-$Jffi3:0)�fH1::lx vt.tl:1iJL tl:Hk!J--c·:=1:.:tnJHffiO) ::fi"� 'i t::. 11 ::i :/ !J Y - 1- nq:r�. tu• L. Fr'u 
{;£5}0):±JiJHc�Jffi iJ;� L ,  imt1Jii;fJ.t,W:r:::.11£T L t::. ( �  7. 1 1  (c), (g)) . :±Jin�JBBe:1=_�0)$ 

ttftl cRBu � �v=?. • t»Pv=?. ( 1 975) 0) �ffjl:i-:\ (7. 10) 'z' fE\, , --C Hil L t::.*5* �� 7.9 vcffi--t-. 
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R = / 0. 12·Xn1 

c Bu 'V A • 

h X l=- =4 · -
i ¢ 

A (7. 7) 

¢: �jnO)wfffi 

x: :Jgt¥Jrffli�MJO)r13,� 

� 7. 9 5 - � :/OJ±.:ffi�Jffi¥e��OJfil�:MfiEJ (ltifft, rad) 
Table 7.9. Member rotation angles at buckling of main reinforcements in 

framed specimens. 

F GMD • Pw 12  
F C O D • Pw 12 

� Ji: {i![ 

0 .056 

0 .064 

( 3) �M!!Uf1 (FGMD ·B:v :to J: tY FCOD ·B:v) 

0 .053 

0 .056 

1 . 06 
1 . 14 

(7. 10) 

.:. .:. ··e ri.1Jr.r:tJ 0) m .1J1:t r:::. {f" , , � v#Hfil 0) *� v:t. :ttix c, � i:J:t :R:fffi 0) �� v:t. M r. Q ffi iA.nc � '? 

t.::.. "i tdE�O)� 9 � Ctt1PJ@�O):fttm t t t K .. , � 7. 1 3  vc�--t J: 5 r:::.�:±inO)f!vt t±i L, 

tc J: � {$tf n;* � < t.r. '? t.: ... 

� 7. 6 (d), (h) �t.7J(3f-tm:1JJaJlo_:>lzxiffiU�{ft (� 7.4 (a) ;t ,{ i7 iv y· - ::, No. 5) �£tc 

fla'- ,f-:. P-o an�-ejS Z:di�. tco_)tto_) �{ftvt.lEtt1P1ffi!tvt. 1J, � < ,  fttt1PJ-c· vt.x � < ts:.. '> , tt 
O)ftffl:Jgffih�ti::�o_:> :f±��� --? f.::. . 

[ul 
:(�m:@Jl'.'{ 20 

! wmliil� 

1 5  1 5  

10 

5 

{!jitJ 
mm 

- 5  

-10 

-15 

- 20 -20 

FGMD •By FCOD•By 

� 7. 13 �±:WJOJf$Q( 
Fig. 7.13. Number of cyclic relation between loading and elongation of beam length. 



245 

;:. .tdi. FGMD · B
y O)�� f* (� 7.6 (d)) vcmHivcm,;h t:.. .  --ttJ:b'tJ,  �w. 40 mm -! -e 

vi. , �0){$uvc J:: 6 �{:v:. 'K'1Jn1J mJl --c-#il* Lt.::. t:..'th, �:1f rtJ--c·lfflt:1:J 0)�1J11n: J! 0n.  -l-O)#il 
!R'K' 50 mm ffiJ,��--c-M� Lt.::.t-=.'th,  tJt&IE�lxvuffiJ e t .  !PJ�J!r O)iffltjJz-� L t:... 

'!. t:.. , M�ffiJvi.�%.it 70 mm --c·�0)3::i9JO) �Jffi $ J:: u�y/rijfilWYE1t 'i t-:Ji. :::z Y � !J - r 
n:-:gpJl� L.  �f$5t/J:m < ts:. ".) t-=.f/, , 7J,5fZ1J1: r1J tc J:: 1J fom:!1fimiJ:.b � iJ:;h, fjrt:.. t.£�1:t1. ,tJ: 
� c rut:1:JfJ&T, $ J: ulfi-llJ::JJ f1£Tv:t.� c tJ: iJ,  ".) t:..n: , llitll:1:J�MITfiO)fjcJm:iJqillifivc��--c· � tcr:. 
< fJ: IJ ,  ��'K'*t 7 Lt..: .  

( 4 ) :It� 1tFr tftJ S!1i tJi Jt 0) � ft.  �c  J:: 0 � :ffWl. Nl§ $ J:: uq� � 11: :tk 0) :ffi � 
i±JY !tfrtm51m5Jt P w 02 OJ JA�Wvi. ,  �ltfr?47K:1JMl�'K'� ;:_ L,  �.l!WfiiStt�vi.::fi;-1 "3 - ,l 

:,, , RC 7 - ,J Y e ,6 ,  0.016 rad. e iJ, � iJ , "> f:.. .  ;:_ ;rl'K'�if,!Cftl!O)��f*: e J:tlJ&--t 6 e ,  
P w 06 O)Ji-t�#:v-11:-i'J'I· 7 - ,l :,, , RC =J - ,l :,, e t �ltlTff:*ra1iLt�--c-i10 I) , filtW$tfjrHi. 0.064 

rad. -c P w 02 0) 2.5 fg- e lt�B''.7¥JJ'fiUC� A.It-.: .  '!. t.::. , P w 12 O)aA�f:*vi.:lfl!.�El�fJ: iH Hf�Jffi 
�ffl!:JTJ--c-2o fJ ,  �!U'f. :imttfiEH:t. E• "3 - ,l :,,, fl: 0.056 rad. --c· 3.5 ffr. RC 7 - ,l / n: 0.065 

rad. --c· 4.0 fil e ,  jc � tJ:�%�§1Jn:i10 ".) t.::.. 

7. 4. 4. �� 

=; - ,l :/ 0) ��--c-u::. , !fc.j, r::. --cO) �'i\��ffiiv=."'Jt , -cI:1'(z- Lts:n-:, H: t:f'j'"·�:im. 1? 0) *5!+!:-e:f--, 

6 ;:_ l iJ: -e � t..: .  

( I ) BE vfW*�?J11lt$ J: u�ltfr��?JJllt 
E· 7 - ,1. :/ ,  RC "3 - ,1. / e t ��{[IT, H�f@)=.ir , fcr_ lJ ff G "'J � n:i10 ".) tc: . 
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