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ABSTRACT The s hear in g stre ngth of f l y ash bloc k masonry (b l oc k dimens i on s : 
he i gh t 380mm, t hi c kn ess 240mm) is qu ite l ow . If a structu r a ll y 
impr ove d maso nry uni t i s use d, s uch as a bl oc k wi t h groo ves , 
ho ll ow- b l oc k, o r t he hol l ow b l ock wi th a re in forced co ncrete co r e 
co lumn i n i ts vert i ca l ho l e , th e shear ing st r e ngt h of t he masonry 
will be inc r ease d . Accordi ng to the r es ul ts of mo de l wal l tests 
desc ribe d in t hi s pa pe r, t hese meas ures a l so inc r càsc the s hea r ing 
str e ng th o f th e fl y as h b l oc k wa ll. 

However, und e r ve rti ca l l oa d o n the wa ll, the mo r ta r swe lli ng i n 
t he bl oc k hole ma y inc r ease the late r a l l oa d r esistance , 50 the 
s hear ing st r e ng th o f ho ll ow- b l oc k mason r y i n t he wal l i s greate r 
t ha n t hat o bt ai ne d in the masonry test o 

I n a d d i tio n, t he action of the reinforced co ncrete co r e co l umn i n 
t he bl oc k wa ll s hows a hysteresis phe nome non, t he r efore t he 
effect i ve s hear in g strength of the core co lumn i n t he wa ll is much 
l ower t ha n t hat obta i ned i n the test on t he maso nry unit . 

Fina ll y , a fo rmul a to ca l c ul ate lhe s heari ng stre nglh of t he b l oc k 
wa ll i s prese n te d. 

This paper al so con s iders t he r esloring fo r ce c haracter i st i c a nd 
i t s idealizati on fo r th e ho l l ow- b l oc k wa ll in whi ch t he r e a r e none 
or only a few co r e co lumns. Th e r e sult s of blo c k wa ll t es~ a r e 
c ompared with the mat e ri a l o f th e pr e vi ous brick wall t es t o 
There is no obvio u s differ e nce be t ween the def o rmati on pr ope rtie s 
of block wa ll s and bri c k walls . 

1 . INTRODUCTION 

The she aring s tre ng th of f l y a s h bl oc k maso nr y i s 50 l ow t hat t he se i s mi c l oad­
r es isting c ap a ci t y of block building i s ve r y wea k . I f a struc tura ll y i mpro ve d 
ma s onry unit is us e d, such as a blo c k with g r oo ves , ho ll ow- bl oc k, o r th e holl ow 
blo c k with a r e inf o r c ed conc r e t e c or e c ol umn in it s ve rti c al ho l e , t he shearing 
s trength of the bloc k ma s onry wi l l be in c rea se d . The e ff ec t o f t he s e measur e s 
in block wa ll will be furth e r studi e d in this pap e r by model wall t e st o 

2 . TESTING PROGRAM 

2 .1 The Aim of Test 

By the experiment of the fly ash bl ock wa ll under horizontal shear l oad ing , 
both the shearing strength and th e deformati on properties of solid block wa ll, 
groove-block wall, hollow-block wall and the ho llow-bl ock wa ll with a few 
reinforced concrete core columns were compared each and alI . Meanwhile, the 
deformation prop e rti es of block wa ll s were also compared with the existing data 
of brick walls . 

2 . 2 Test Unit 

On the basis of the experienc e of brick wal l tests a nd block wa ll tests in o ur 
country, shear failure will occur in a wall wit h a h e i gh t to l e ngt h ratio of l ess 
than or e qual to 0 . 6 a nd with a norma l comp ressio n stress of greater than or equal 
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to 0.6 ~nd with a normal compression stress of greater than or equal to 
2 kg/cm on it. Hence, the dimensions of test walls were selected as follows : 
Height 1200mm, length 2700mm, no flange . In addition, the test wal l had a top 
beam cast on its top and a foundation beam bearing it. The walls' basic 
properties are listed in Table 1 . 

Wall Type Amount 

Shearing Compression 
Strength Strength of 
of Block Core Column 
Masonr2 Concre~e 

Reinforced 
Concrete 
Core Column 

(kg/cm) (kg/cm) 
I -------------------+----------~~~~~~--~~~~~~------~------------------------~ 

11. Solid Block 3 0 . 90 

I------------~------~--------~--------------------------~ 
\2 . Block with 

I 3 I 1. 5 , 
I Grooves , I , 

9 

3. Hollow-block ! 3 I 1.38 ! , 
! i i j 

I I 
4. Hol l ow-block I I I 

Set a Core Column 
with Core 3 I 1.38 255.9 at the Site of 1/3 
Column \ 

t 
(6 . 64 /column) length of the Wall , 

I 1cf16/Column 
I 

TABLE 1 . Wall Properties 

2 . 3 Loading Program 

Vertical compression stress ~ = 3 kg/cm
2 

was applied to the test wall by four 
o 

hydraulic jacks. Every jack could slide along a double layer of shaft . 
According to the results of the test, the sliding friction force could be 
neglected . Horizontal load was monotonically applied, by a hydraulic jack in 
one direction for test wall type 1 or type 2 until the test wall failed, but 
was reversely and cyclica l ly applied by interchangable hydraulic jacks in 
opposite direction for test wall type 3 or type 4. For the latter, before 
the test wal l was cracked , the test was controlled by loading value and 
every loading grade made one cycle. Then, test was controlled by the 
horizontal deflection of the wall, and every loading grade repeated three 
cycles until total deflection arrived at + 15mm . 

The wal l s (type 1, type 2) were simply placed on the test floor and horizontal 
tensile bars were set to control the wall footing displacement . The walls 
(type 3 and 4) were fixed on the test floor perfectly. The full view of wall 
testing is shown in Fig . 1 . 
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3 . THE SHEARI NG STRENGTH OF WALL 

3 . 1 Ge neral Conditi on o f Tes t Process 

Fi g . 1. Full Vi ew o f Wa ll 
Testi ng 

In t he f i rs t stage , a linea r r e l a t ionsh i p existed be t wee n hori zonta l de fl ect i on 
and l oad . Afte r t he f irst crac k of wa l l appea r e d, t he l oa d-deformat i o n c ur ve 
was s l igh t l y ben d i ng . Whe n t he horizo nta l def l ect i on o f test wa ll ap pr oached 
2mm , t he de fl ect i o n started increasing within a l arge ra nge , t hough t he 
hor i zo n ta l l oa d i ng i ncreased on ly i n a sma ll qua n t i ty . The s l ope of t he 
l oad-deformat i on c urve decrease d ra p id l y . The crac k i n the test wa ll 
deve l oped mo r e obviou s l y , bu t t he strain of t he rei n fo r c ing stee l s i n t he core 
co lumns was onl y 100 - 300fL . At t he ma x i mum l oa d, th e def l ec t io n of tes t wa ll s 
was 4 - 8mm , c r ac k s e xhibi ted ste pped s ha pe a l ong t he mo rt ar j o in ts a nd co nnec t ed 
eac h a nd a lI fo r t he most pa rto The strai n o f re inf or c ing stee l s was 600fL 
on a n ave r age . Th e co n t inuat i on o f test ma de th e loa d-defo rmat i on c urve 
en t e ring int o a desce nd ing r a nge . Whe n t he def l ec tion of t est wa ll s was no t 
ove r 12mm, th e l oa d va lue st ill ke p t i n e xcess o f 0 . 9 multipl e o f t he ul t ima te 
l oa d. Fo r a f ew test wa ll s with co r e co lumn s , the defl ec ti o n co uld even 
a pproach 15mm unde r t he s a me c apa c it y o f kee ping l oa d . 

3 . 2 Fa ilure Cha r a ct e ristic 

A 11 of th e c r ac k s in tes t walls de ve l ope d a l ong th e mo rtar j o in ts . Fo r test 
wa ll s ty pe 1, 2 a nd 3 , step- t yp e cracks occ urre d along the bo und a r y s urf a ce 
between bl ock a nd mor t a r du e t o s hear f a ilu re . Whe n t he step-t ype c r ac ks 
connec t e d a s a di agonal cra c k fr om corne r to co rn e r o f t he t e st wa ll, the 
hori zontal l oading appli e d on t he wa ll ar r ived a t t he ultimate va lu e . 

Beca use t he f oun dation beam o f test wa ll t ype 3 wa s fix e d on the t est fl oo r 
pe rf ec tl y , the bound a ry surfa c e s betwee n th e wall bo tt om a nd f oundati on be am 
in two ends of the wall we re pull e d apar t du e to reversed bending moments . 
The weakened bed j o int without strengthening o f the reinforced concrete core 
columns was easily de stroyed first by shear forc e , tho ugh also some step- type 
cracks developed in the t e st wa l l . So, f o r wall type 3, the failure of the 
wall was the shear f a ilure of bed joint and was a l ong the bo undary surface 
between morta r and block too . 

3 . 3 Crack Load and Ultimate Load 

Test resu l ts are listed in Tab l e 2 . 
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i 

Type of Test Wa ll 

1 . So lid Block 

2 . Block wit h 
Gro oves 

Crac k 

6 . 00 
8.00 
6 . 05 

12 .02 
10 . 02 
10 . 00 

Lo a d (ton) 

Mea n 6.68 

Mea n 10.68 

Ultimat e Load (ton) 

J6.59 
15.94 Mean 16. 52 
16.42 

I 
I 

I 22.00 I 

! 19.54 Mea n 20.16 I 
I 

18.95 I 
• 3. Holl ow-bl ock 8 .60 21. 99 

4. Hollow-bloc k 
with Core Co lumn 

TABLE 2 . 

12 .09 Mea n 10.2 5 
10 .07 

9.30 
8.27 Mean 9.38 

10.58 

Crack Load a nd Ul timat e Load 

20.94 Mea n 21.03 
20.17 

23.01 
23.42 Mea n 24.12 
25.92 

Th e c rack l oa d of the so lid bl ock wall was the lowe s t. By us ing th e bloc k with 
grooves o r t he ho ll ow-bl ock , the crac k load of the test walls was i ncreased. 
Since the deformation of the test wall s was s ma ll at this time, the core 
columns ha rd ly carr i e d l oa d a nd t h e crac k lo a d o f the holl ow-bloc k walls with 
core co lumn s c ould not be further increase d. 

Th e ultima te load of th e test walls in which the structurally i mp roved maso nry 
uni ts wer e used was mu c h l a r ger t han t ha t of t he solid blo c k wall . 

The results of ma sonry test sh owe d that the s hea ring s trengt h (al ong th e sec tion 
of bed joints) of the h o ll ow-bl oc k ma s onry was lower t han that of t he masonry 
made o f b l o c k wit h groove s , bu t t h e crack l oad a nd ultimate l oa d of the t e st 
wall of tne former were eq ual tO , o r eve n hi gh e r th a n that of the latter 
r esp ect i ve l y . The ca use was t hat the vertical forc e was not applied on t he 
mas onr y spe c imen during t he masonry t e st , so t he s li gh t swe lling 0f mort ar 
in t he ver t ica l hole could not be brought into fuI] play; but during th e wa ll 
test, the s ligh t swe lling of mortar un der the ve r tical for ce took e ffect of th e 
dowel action to i nc rea se the wa ll' s l ate ra l l oa d-res i s ti ng capacity . For t he 
hollow-blo c k wa ll with r e inforc e d c or e co l umn s , it s inc rea se d value of th e 
ul timate l oad , compared wit h t hat of th e holl ow- bl o c k wall, was not as large a s 
t he s hear i ng s trength of the r e inforce d c ore co lumn s obtaine d fr om t he ma s onry 
test o Test indi c ate d t hat wh e n the de f l e c tion o f t es t wal J wa s l a r ge e nough, 
the part ma sonry o f th e wa ll c r ac ke d a nd l os t its sh ea ring s tren g th, t he n t he 
reinforced c oncr e t e core c o lu mn co uld take e fE ec t. At thi s time , the be tt e r 
par t af th f' she a ring s t r e ng th of the core co lumn s would bc use d to c omp e nsa te 
th e 1055 o f the sh e arin g s t r engt h o f th e c r ac ke d maso nry in t he wa ll. Wh e n 
th e ultima t e l oad arriv e d, th e st rain aE t he re infar c ing stee 1s in the co r e 
columns wa s on1y 600 ~ on a n a ve r agc , in whi c h t he co r e co lumn co uld not be ver y 
e f[ ect u~ l. On l y by co nt inua 11y in c r eas in g t he de f o rmati on o f th c wa l 1 co u1d 
th e c o re co lumn pr o vide i ts mo r e s hea rin g s tre ng th. On t he ba sis o f t he t e st 
of a few wa l1s, t he e ffc ct ive s hca ring st r c ngt h p 'o vi de d to t he wa ll ' s ul t imat e 
l oa d by o ne r e inf o r ced l.l >n c ret e co r e co l umn was o n l y 1. 5 to no It was ca ll e d 
a hy s t e r esis ph e nome no n o f th e core co l umn. 
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3.4 Checking Shearing Strength of Wall 

There are two viewpoints about checking shearing strength of wall. They are 
respectively built on the basis of main tensile stress failure form and shear 
failure form o 

From "Design and Construction Provisi ons of Me dium Block Building" (JGJ 5-80) 
in force, the formulas for calculating the shearing strength of block wall are 
as follows : 

here, 

KQ :oÇ-- R R 
" m Si: = z 

K - safety factor; 
Q - shear force; 

cr"o 

R 
z 

R 
z 

R. 
J 

R~ - equivalent shearing strength of block mason r y ; 
A - sectional area; 
5 - un even factor of the shear stress in the section; 
m integral factor of block masonry, for solid block m 

for hollow- block m = 1 . 20; 
1.10, 

C- - compression stress on the average; 
R

O 
the strength of block masonry to withstand the main tensi l e stress; 

R~ - shearing strength of block masonry along the section of bed joints; 
J 

It seems unreasonable for medium block masonry to suggest that its strength to 
withstand the main tensile stress be equal to its shearing strength along the 
section of bed joints . Meanwhile, it is difficult to obtain the main tensile 
strength of the medium block masonry from test o In addition, the formula just 
calculates the failure of one point in the wall . In fact, the ultimate load 
of wall is much larger than the crack load. On the basis of the above formula 
and the test results , the following formula for calculating the shearing 
strength of the hollow- block wall with core columns may be recommended 

her e , 

R. A 
KQ<~ + 0.07 R A 

' m.s a a 
R 

a 
compression strength of the core column concrete; 

A - sectional area of the core column . z 

The test values of t he s heari ng strength of test walls we re much large r than 
the ca l c ulated values obtaine d by using the formula provided by the medium 
blo c k building provi sio n in force . For the test walls of solid block, block 
with grooves , hollow-block a nd holl ow-block with co re column, the test value 
to calculating value ratios were respectively 1.77, 1 . 32 , 1 . 91 and 1 . 71 on the 
average . 

According to the other failure form, the formula for calculating the shearing 
strength of block wall may be as follows : 

here, K 

Q 
R. 

J 

f 

- ~afety factor; 
- shea r force; 

shearing strength of block masonry along the section of 
bed joints; 
fdction factor; 

c- - compression stress on an average ; 
AO _ s~ctional area ; 
ç uneve n fact or of the shear stress in the section . 
.:;, 
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The s hear force is borne by t he shearing strength and friction of wall. This 
idea co in c ides wit h t he breakage phenomenon in pract i ce and it is easy to obtai n 
the shearing strength of block masonry along the section of be d joints from 
mason ry testo But the formula also on l y calculates the failure of one point i n 
the wall. It is a weakness to consider the sh ea ring strength provided by a lI 
the section . 

Before the test wa ll approached the ultimate state, the cracks occurred and 
gradual l y developed along t he section of the mortar joint s , then t hey connected 
with each other a~d formed a step-type shape . It was evident that the shear-
ing strength wou ld disappear at the crack region in the wal l. It was reasonable 
to co n s ider that the horizontal ultimate l oad wo ul d consist of the friction and 
the shearing strength of the uncracked section. Meanwhile, t he following 
assumption was taken: 

1 . The length of t he uncracked section was proportional to the length of the 
compres sion zon e of the wall bottom; from statist i cs of 21 wal l s ' test 
data co llected (the he i ght to l eng~h ratio of wal 2 from 0.34 to 0 . 59; 
compress ion stress fr om 0 . 41 kg/cm to 5 . 30 kg / cm ), 2.0 was taken as the 
ratio value; 

2. According to the me asureme n t of the longitudinal stra in of t he wa ll, a 
tr ia ~g l e was approximately taken a s the stress distribution di agram in the 
compres sio n zone of the wall bottom; 

3 . The fr i ction factor f was tak en as 0.5 for so lid bl ock a nd 0.8 for 
structurally improve d block; 

4. The uneven factor of sheari ng stress was not considered . From the force 
e quilibrium o f the wa ll, the ultimate load formula was obtained . 

here , R . 

h 
L 

J 
- shearing streng t h of block masonry a long th e section of bed 

joints; 
- \:a11 height; 
- wa ll length . 

For the ho ll ow block wall with core co lumn s, the strain of the reinforcing 
steels was taken as 600~ The ultimate l oad was : 

here , 

KQ~ (3R.A(1+2 cr A L ' / c: AL) + C-f A+O . 07R A )/(1+6R . h/O-L) 
J a g o o a z J o 

cr 
a 

600 E . 
(1 , 

A - area of the reinforcing steel; 
p, 

L' - space between two core columns ; 

E - e l astic modulus of the stee l bar . 
a 

The ultimate load for resisting shear ca l culated by above two formulas was 
close to and l ess than t he test va lue . Theréfore the calculat ed value of t he 
ul timate load was safety . The results of ca l cu l ating are lj,t ed in Tab l e 3. 
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i ! Test Value Ca lC tllat ing I Test Value 

I Ty"e of Test \-Ja 11 i (ton) Value I Calcu l atin~ Value --
1. Solid Block 

: 
16 . 32 15 . 55 1. 0S , 

! 
, 

20 . 16 20 . 07 
i 

1. 00 2. Bl ock wi t h Grooves , 
i 

; ! 
i \ 

3 . Hollow-block 
, 

21 . 03 19 . 41 1. 08 i i 
I 
I 

4 . Holl ow-·block with 24 . 12 20 . 86 J 1. J 6 
Core Column 

TABLE 3 . Ultimate LO[id 

The method ment ioned a bove is bas e d on tl,e ul timate state a~d a l so reflect s the 
eff ect of the height to l ength ratio o f the wa ll an d the ccmpression stress 
ap pli ed on the wa ll, i . e . the effect of eccentric compression of the wé,ll, 
therefore the calculation re sL lt s are close to the quantity of practical 
meas ureme nt. It may be us e d to es tima t e the prac tical horizontal l oad­
r e sisting capacity of wal ls . 

4 . THE RESTORING FCRC E CHARACTERISTIC ANO OEFORMATION CAFArI1Y OF WALLS 

The deformation properties ônd the restorin& force characteristic of ho l l ow­
bloc~ walls a nd ho ll ow-bl ock wa ll s with co re co lumns are specia ll y introduced 
here . The deformation capacity of so lid blo c k wa ll s and g r oove - block wa ll s 
is much the same a s tha t o f holl ow- block wa lls. The prev i ous test r es ults of 
br i ck wal ls are mentioned t o compa re with t he resu lt s of block wa 1.1 t es t o 
The dime n~ , ions an d the propert i es o f brick walls a rE as fo ll ows : 2 hei ght 1 m, 
l e ngth 2 . 5 m, thi c kness 24 mm, C' cmpression str e~·s .;- = 2.67 kg/cm , 
the sheari ng s tr ength of brick masonry R. = 1 _92 k~/cm2 . They al l cor r es pond 
with bl ock wa ll s . J 

4 . 1 Hysteresis Cur ve 

The hysteresis curv~s o f hollow-bloc~ w~ ll, ho ll ow-b l oc k wa ll with core columns 
and brick wa ll are s hown in Fig . 2_ A~ the e lastic stage ,a ll the hyste r es i s 
loops of three ty~e wa ll s were straight lines . For the hollow-block wa l l with 
co re co l urnns, t h ~ di ~ tlacement was r ed uted very obvious ly during unl oa ding . 

The area of hysteresis l oo p increased g:a dually a l ong with the i ncreasing 0f 
d i splacemen t . It indicated that energy wa s consume d with developing crack 
and deformation of wa ll. The deformation energy may be calculat ed from the 
lü2d-deformation c urve and the enErgy dls s ipation durin& the hysteretic 
respc,nse of wa ll s 1. S s hown by the a r ea of hyste resis l oop. Becaus e both the 
ult imaU l oad and displacemE,nt of the hollow- blovk "alI with core co lunlOs we r e 
the l argest, its def o rmatior, energy at this time ccc up ied first place, thE' 
hollow- b l ock wa ll ' s de forma tion ene rgy took second and the brick wa ll's was 
mini rn um. The shearing strength of brick wa ll WaS artifici a ll y r uised to be 
the same level wit h that of block wa ll in order to compare the e nerg; 
dissi pati on . For hc llow-bl oc k wal l s I.dth c ore co lumn s , thE: re : nf orcing 
stee l rul led t he wa ll backv:ald during unl oa ding to decrease thE: r emaining 
deformati on and the area of hyst e resis l oop. But the e xc ess ive remaining 
defonna t i.on W8S una llowable, because i t wa:. e,:sy to l oa d wa ll s to co! l a ps e 
and difficulr to re pa ir wa ll s after e2r thqua ke . If the remaining def o rmat ion 
was limited to ~/200 of wa ll hei ght, the ho ll ow- block w~ ll with core columns 
would have t he maximum effect i ve e nergy dissip a t i oD . Th e ratio of th E' 
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e Efective energy dissipat ion for three type walls was as follows: 
hollow-block wall with core columns: brick wall: hollow-block wall 
1.00: 0.96. 

1.17: 

PM • 

Fig. 2-1 The Hysteresis 
Curve of Hollow­
block Wall 111-3 

Fig. 2-2 The Hysteresis 
Curve of Hollow-

~ block Wall with 
~--~~~~~~,.~~~----~----~ Core Columns 1V-S 

Fig. 2-3 The Hysteresis 
Curve of Brick 

~~~~~~~~~r+~~~~~-"MM Wall SZQ-3 

4.2 Stiffness Degradation 

Stiffness is defined a s a force required for producing a unit displ acement . 
A concept of average stiffness is used to show the stiffness of test wall under 
reversed cyclic loading here, namely, 

here K 
P 

fi 

K = -' p---,I,--_+---,'_· -_P-,-' 
IAI + 1-61 

stiffness of wall; 
load; 
displacement. 

From hysteresis curve, the stiffness of walls degraded along with the increasing 
of displacement. By the regression of test data, the stiffness degradation 
curves of three type walls shown as Fig. 3 were obtained, in which the stiffness 
degradation of brick walls was the more severe. 
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Fig. 3 St if fness Degradati on 
Curves o f Thr ee Type 

Wa 11 5 

4 . 3 Loss of Stre ng th 

I Pp ..... 

- ID _='"~ _ _ _ _ 

r
(~~------ -- --~ 

II 
/ I. __ 11011 0 ..... tltO(.k "'011 ..... '1/'\ , o~f' (OI ....... n l 

I 
___ _ Helio .... bloc:k _ 11 

__ - - &rido: woll 

1.0 

Fig. 4 The Load- Deformation Curve 
of Thre e Type Wa lls 

Two paramete rs were us ed roughly to es timate t he l eve l of strengt h 1 055 . They 
wer e the factor of loading degradation and the facto r of loading 1055, name l y , 

p - p 
m m+1 

p 
m 

Test r es ults are li ste d in Table 4 . 

i 

O 1-2 I 

Typ e of Test Wa11 ! 
i percent 
\ 

B rick Wa 11 i 4.93 
i 

Ho11ow-bl oc k Wa11 6 .40 

Hollow-block Wa11 
4.09 

with Core Column s 

p -ml.n 
p 

ma x 

Ó 2- 3 
pe r ce nt 

3 . 00 

3 . 92 

3.20 

TABLE 4. Loss o f St r e ngt h 

1 p '-

I 0 . 926 
I 

0 .9 22 

0 . 935 

Henc e , the hollow-block wall with core columns had the smallest 1055 of 
stre ngth, the bri c k wa ll came second . 

4 . 4 Load-Deformation Curve 

The load-deformation curve is obtained by conne cting the unloading points on 
the hysteresis curve . As mentioned above , the who le test process might be 
divided into four stages . The load-deformation curve was linear e l astic for 
low loads. After the first crack occu rred in the wall, the curve became 
slightly bending and the elastoplastic stage started. After the wall 
displacement was large enough, (for instance 2mm for block wall) the slope of 
the curve rapidly decreased. The displacement increased a large amount but 
the loading only increased a small quantity. The third stage ended at ultimate 
load . The last portion was the descending range, the wall could continuously 
bear a certa in load. For simplification, four straight lines were used instead 
of the real curve . The equations of the simplified load-defo rmation curve 
were obtained by regression of the load- deformation non-dimensionalized test 
data . The equations of load-deformation curve for three type walls are list ed 
in Table 5 and showed in Fig. 4. 
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rrype of Tes t Elastic Elastoplastic Elastopl as ti c 
Wa 11 Sta ge Stage I St age II 

Brick Wa 11 P/P P/P = 0 .227 P/P = 0.849 
u u u 

= 11. 012 A~ + 2 .608Ã;Ó + 0 . 151~/Àu u 

Ho11 ow-bl ock P/P P / P = 0.501 P/ P = 0.837 
u u u 

Wa11 
1l. 036A/ô 1. 53j~/~ + 0.163 ó /a = + u u u 

Ho ll ow-bl ock P/ P P/P = 0 .31 9 P/ P = 0 .688 
u u u 

Wa 11 with 8 . 052 il/i~ 1. 785i4/6. + 0.3126/~ = + 
Co r e Co lumns u u 

TABLE 5 . Equation s of Load-Deformation Curve 

he re, P - ultimat e load; 
u 

I~ - displaceme nt a t ultimate l oad. 
u 

Descending 
Stage 

P/P = 1 .1 04 
u 

- 0 .1 04~ó. u 

P/P 
u = 1.197 

- O • 19 76./ü u 

P/P u = 1.17 5 

- 0 .1 75il/u u 

The displ aceme nt co rres ponding to every turn ing point o f l oa d-de f ormation 
c ur ve is li sted in Ta bl e 6 . 

Type of Tes t Á c 6 c/H b u Ãu /H 6. W L\ w/H jq ü u/ c I-\., / fie 

Wa 11 mm % mm % mr&l. % ''lo % 

Brick Wa ll 1. 28 0 . 128 5 . 06 0.506 10 .27 1. 027 3 . 95 8.02 

Holl ow-bl oc k 
1. 99 0 . 166 8 .1 3 0 . 678 12.25 1. 02 1 4 . 09 6 .1 6 Wa11 

Holl ow -block 
Wa11 wit h 1. 99 0 . 166 7 . 95 0 . 663 12 . 50 1. 042 3 . 99 6.28 
Core Co lumn s 

TABLE 6 . Displac eme n t of Turning Point s on Load-Deformation 
Curves 

he r e, Â 
c 

displacement, corresponding to that the crack develops obviousl y in 
wa ll an d t he disp l acement starts to increase ra pidl y ; 

~ - work d i sp l acement, corresponding to that the l oa d-d eformation 
w 

c urve e n ters into t he desc ending range, the l oad ing gradua ll y 
decreases to 90% of ul tim~te l oa d and t he c ra ck dev e l opment in 
wa ll is not toa severe ; 

H - he i ght of wa ll. 

From Table 6, whe n th e l oad-res i sti ng ca pac ity wa s kep t to 90% o f ultimate 
load, the hollow-block wal l with co r e co lumns had t he maximum re l ative 
displ aceme nt A w/ H, n amel y , t he descend in g range of i ts load-deformat i on 
cu rve s l ope d ge n t l y a nd its decreas ing o f l oad-resisting ca pacity was t he 
s l owes t. According to the comparison amo ng the ratios Au //~ or L:::..w/6c of 
t hre e typ e wa ll s, t h e r e we r e no obvio us diff ere nce abou t their duct ili tes . 
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4.5 Idea lization of Hyster es is Lo op 

By investigating the hysteresis curve of block walls, the hysteresis loop of 
hollow-block walls in every loading cycle might be r eplaced with a parallelogram . 
Two top points of the parall e logram were on the l oa d-deformation curve, the 
other two were put in the second and fourth quadran t s o f a right-ang l e 
coordinate. The equation of hyst eres is loop in every loading or displaceme nt 
grade was det ermined in accordance with test data. The hys teresis l oo p of th e 
hollow-block wall with core co lumns was more comp licated and not easy to 
simp 1i fy. A para11e1ogram wou 1d a 1so be used rough1y rep1acing it he re. 
Two top points of the figur e were on the load- deformation curve and the other 
two were put on A - axis . The equation of hysteresis loop was defined on the 
basis of the princip1e of energy equiva1ence . The ide a lizati on of hysteresis 
100p is shown in Fig . 5 . The slope equations of the straight 1ine sides of 
the hysteresis 100p models were defined by regression of the slopes of the 
equat i ons obtained above. 

IP I~ 

HoUow-block woU Wlth cor~ colul'T'\n S HOllow-block .....a li 

Fig . 5 . Idea1ization of Hy steresis Loop for 
B10ck Wa 11 

For hol1ow-b1ock wa11: K' 
o 

K (A /A. ) - 0 . 51 , 
o o 

For ho11ow- b1ock wa 11 wit h core co 1umns: K' 
o 

here, K - initia1 stiffness ; 
o 

K" 8 . 96(à. / ó. ) - 0 . 96 
o o 

K (b./d ) - 0 .46 
o o 

~o - displacement at first crac k in wa11 . 

4 . 6 Ca1cu1ating Mode1 of Resto ring Force 

After idea 1izing t he 10a d-def ormati on curve and the hysteresis 100p for b10ck 
wa11, a suggestion that the ca1cu1ating model of restoring force be taken as 
a degrading stiffness quadru1inear model co uld be presented . This mode1 might 
prese nt the re1ationship between load and disp l acement in every 10ading cyc1e . 
The mode1 is shown in Fig. 6 . 

p 

I( " // / / 

l 'l / "....r;, / I 

~ ,...r I 
/ I I 

I I. 

K, / ~ / ~ 
I I 
I I 
I I 

Fig. 6 . Ca1cu1ating Mode l 
of Restoring Force 

For e1astic stage, the st iffness during loading and un10ading was K ; from 
first crack to obvious crack , the stiffness was K

1 
from obvious grack to 
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ultimate load , the stiffness was K2 ; in descending range, the stiffness 
was K3 until work load Pw and appropriate displacement IJ.. w. For ho11ow-
block walls with core columns, the unloadin g stiffness was K' , a nd the , o 
control points 8 a nd 10 were on ~-axis. For holl ow-block walls, two 
control points could be obtained by inter sccrillg points of two a dj ace nt 
sides of hysteresis lo op . The slopes of two sides of hysteresis loop were 
K' and K" respectively. During the hyst eresis response of block walls 
ugder reve~sed cyclic loading , after unloading or then reversed loading to the 
control point, the process would direct t he farthest unloading point having 
reached along t he lo a ding direction. 

5. CONCLlJS 10N 

1 . There is no obvious difference between def ormation properties of brick 
walls and block walls. While Block walls are strengthened by a f ew 
reinforc ed concrete core co lumn s, its deformation properties are not raised 
too much . Connecting reinforced co ncrete core columns with r ing beams ca n 
restrain the deformation of block walls to increase t he collapse-resisting 
capacity . 

2. If using a struc turally improved masonry unit, s uch as a block with 
grooves, hollow-b l oc k, or the ho ll ow block with a reinforced concrete core 
column in its vertical hol e , t he shearing strength of f ly as h block walls will 
be increased obviously. Practical ultimate l oa ds of above three block walls 
are multipl e of that of solid block wall, i. e . respectively 1.24, 1.29 and 
1.48 multiple. 

3. From the ca lculating results the ca lculation method of the block wall ' s 
shearing strength presented accordance with the ultimat e state and the shear 
failure form is much more correspond ing to practical state a nd in safety . It 
may be used to estimate the practical shearing strength of medium block walls. 

4. The ca l c ul ati ng model of restoring force under r eversed cyclic 
loading is tentatively presented for medium fly ash block walls. 
present a pos sibi lity to analyse the response of block wa lls und e r 
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