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Earthquake Resistance of Reinforced Masonry Wall with lap Joints 

1. PREFACE 

'lbshi yuki Kul:ota 

Aldo Baba 

Since non-reinforced IMsonry buildings were greatly daIM.ged by the great 

Kanto Earthquake Disaster, the regulation for masonry buildings in Japan 

has l:een se strict that reinforced concrete beams W'lere required for reinfor­

ced masonry buildings and the use of lap joints for vertical reinforcing 

bars in tbe masonry wall was not allowed. 'Ihese severe regulations are 

disturbing srrooth and effecti ve construction of brick IMSonry. 

l\gainst these strict Standards, this paper reports the results of horiwntal 

load tests in plane to clarify the earthquake resistance of masonry walls 

with lap joints in the vertical reinforcerents and anchored directly to the 

reinforced ooncrete slab on the topo 

2 • EXPEIUMENrAL METHOD 

2.. 1. MateriaIs and Spec:i.n'ens 

The kind, the size and the strength of IMsonry lD1its used in this exper:iJrents 

are shawn in Table L 

Table 2. shows the mix proportion and the strength of joint rrortar, grout 

rrortar and grout concrete. Table 3. shows the size and the properties of 

re.inforcerrents .. 

Specirrens were 1800 x 1800 x 150 or 200 nrn, with reinforced concrete beam 

at the bottan for anchoring on an exper:iJrental reaction flcor and wi th 

reinforced concrete a slab ar a bearn on the top. AlI vertical reinforce­

rrents were lapped at the length of 40 t:iJres of their dianeter. For masonry 

uni~ of concrete blocks with a:nparatively low strength - nos. 5,6,7 & 8 

(Table 4) lap parts of bending reinforcerents were reinforced wi th spiral 

hoops, but no spiral reinforcarents in the other specirrens. 

2. 2. I.oading and Measuring Method 

'lbere are various rrethods of loading IMSDnry walls, with rrerits and darerits 

for each ones. 



• 

To test the cyclic behaviours Df masonry walls wi th lap joints in the 

vertical reinforcerrents t1I'rler lateral load, the centilever M3thod to 

repeat lateral loading on the top which is considered the rrost dest­

m eti ve Ill2thcd to these sfeCim=ns, was adopted.. 

The deformation of walls under lateral load was measured by the dis­

placement gauge of 1/100 or 1/200 mm precision, and lateral displace­

rrent and vertical displacerrent on top, vertical displucerrent of lap part 

of bending reinforce:rent at the edge, lateral displacerrent of lx>rder of 

masonry wall and reinforced concrete bearn at the oottan, and twisting 

displace.rrent of specirrens under lateral load \<iere measured. 

The displacement gauges to measure these displacements were set on the 

s table frarre fixed on the reinforced concrete bearn at the tottan of a 

specirren. Therefore the experirrental results of lateral displacerrent 

on the top are shown as the total of the bending and shearing deforma­

tion of masoru:y wall and b:>rder beh-leen wall and reinforced concrete 

beam at the rottan, and the slipping defornation of the sarre rorder part o 

Based on the allo.;able stress design method, 1 cycle of load egual to 

average shearing stress of 2.2 kg/ch2 was given first, and 3 cycles of 

lateral load to occur lateral displacement of 1/800, 1/400, 1/200 on 

top fOllCMed, in order to gain the results of the strength decline by 

repeated loads. 

3. EXPERIMENTAL RESULTS 

3. 1. Load and I:eforrna.tion Behaviour 

The surnnary of the e>q;:erirrental results are shCMn in Table 5. The e>q;:eri­

rrental results are reported mainly on the relations between load and 

defornation, and the fracture rrechanisrn in this paper. 

As shown in Fig. 2 and Fig. 3, the relation bebween load and deformation 

showed elastic rrovanent under the design load, but non~lastic ITOvarent 

after 1/800 cycle. Besides, as the general tendency, their rrovements were 

different in case of plus load and rninus load. 'lhe ultimate strength 

under plus load was observed when rotation angle of rrember was 1/200 (the 

type with a large quantity of bending reinforcerrent) or 1/100 (the type 

with snall quantity of bending reinforcement). under plus loading the 

specirrens shCMed property of ccmparatively larger ductility which meant 

smaller strength decline against large deformation. On the other hand , 

the ultimate strength under rninus loading was observed at the point of 

smaller deformation than plus loading, as shown in Fig. 2. 

'lhe strength decline by repeated load was observed in the all walls . 

It is considered that there is no strength decline in the elastic range ! 
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but, in the cycle of larger rotation angle of rrember than 1/800, non­

elastic IIDvenent was observed, and the strength decline was recognized. 

Generally, the decline of 90 - 70% against the first cycle a t the sane 

deformation was observed. 

'lhere was 00 rB1lêlrkable tendency of deforma.tion by increasing rotation 

angle of rrenber, but in case of the rotation angle of rrernber having 

shearing crack or bond splitting crack in the f irst cycle, the great 

strength reduction was observed. On the contraxy, in case of no shear­

ing crack ar 1:000 splitting crack, the strength reduction was srraller. 

lhe spec:i1ren no. 3 showed remarkable strength decline after repeated 

l-oading ~ed wi th other spec:i1rens (Fig . 3). 

This spec:i1ren is OOITIfOsed of two brick wall connected by wall ties and 

reinforced horizontally and vertically, and grouted in the cavity p;ut. 

It is distinctive that the bricks and the reinforcerrents are rot connected 

directly. Grout concrete or rrortar was cast at a time after l aying masonry 

units for height o f 1800 mu. 

If reinforca:rents slipped out when rreasuring the vertical displacement 

of lap p;ut of bending reinforcement at the edge (Fig. 1), it would be 

rreasured directl y. SUt such a (i1enc:nenon was not observed in any case of 

loading cycles and wall types. 

During loading, bend spli tting cracks were observed in sare walls, but no 

disoontinuous Iitenarenon in the vertical displacerrent was observed before 

or after the crack, and the ductile relationships of lateral load - lateral 

displacément on top even after bcnd splitting crack were gained. 

3. 2. Fracture ~hanism 

The fracture of walls is characterized by bending cracks in horizontal 

joints, shearing cracks, lxmd spli tting cracks along vertical reinforce­

nents, or yield of bending reinforcerrents and shearing reinforcerrents. 

lhe order of danages was different in the kind of spec:iJrens, but these 

danages occured generally by the following order: 

(1) Occurence of bending cracks (EC) 

(2) Yield of bending reinforcarents (BY) 

(3) Occurence of shearing cracks (SC) 

(4) Yield of shearing reinforcerrents (SY) 

(3) or (4) did not occur in serre spec:i1rens. 

Bond spli tting cracks (BSC) along bending reinforcanents did not occur in 

the specimens wi th spiral reinforcerrents, but occured in the other speci­

ITens. lhe tirre of their occurence was between (EC) and (BY), or (BY) and 

(SC), or after (SC). fu examine the efficiency of l ap joints, it i s :imp::>r­

tant whether they occured after yield of bending reinforcements or before . 
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Based an the al::ove consideration , specirrens were classified as Table 6 

according to the arder of damages. 

As rrentioned refare, it is considered that brittleness at the deforrna­

tion curve under minus load is mainly caused by slipping deforrnation in 

horizontal joints at the oottom due to incline of the neutral axis 

toward the canpressed side by toa li ttle bending reinforcerrents, rraking 

the compressed edge stress fran bend.ing m:::JI'rel1t at the tottan of rrasonry 

wall srrall, and then making friction from the c:aupressed edge stress 

srraller than shearing force - not related with use of -lap joints. 

'lhat is to say, also in the wall wi th spiral reinforcerrents I the rota­

tion angle of wall to sh<J..J the largest strength is smaller cxmpared wi th 

cases of plus loading as sh<J..Jn in Table 6. 

'lherefore, as to the general influence of lap joints on the wall damage, 

it is rnost important to examine the order of damages under plus load. 

As shawn il1 Table 6, the rotation angle at the ul tirrate strength under 

plus load is 1/100 in 5. and 7. with little bending reinforcerrents,. and 

1/200 in the other specimens, and influence of fracture mechanism on 

strength feature is srnall. 

Besides , all of the bond spli tting cracks occured after yield of bending 

reinforcements. But, examining the occurence of bond splitting cracks in 

relation to shearing cracks, it occured after shearing cracks in 2. and 9 . , 

and it occured refore shearing cracks in 1. and 3. In 4., bond splitting 

cracks and shearing cracks occured at the sarre t.:iJre. 2. and 4. had joint 

reinforcenents , and it was proved that joint reinforcerents ~re rrore 

effective than usual horizontal reinforcements to prevent brick fvaro 

splitting. 

9. had a large hollOW' to arrange vertical reinforcerrents, and was easy to 

cast grout concrete, and was considered hardly influenced by lap joints 

alike usual reinforced concrete. 

fue rninus load caused slipping fracture at the bottcm and showed the general 

tendency that the final rotation angle of ITEmber was small, and their ten­

dency of decline is the essential and inevi table problem for the fracture 

rrechanisrn of masonry walls which a::mbine different materials. 

First, specirrens with spiral reinforcerrents shcwed the tendency to shcJ.N the 

ultimate strength at larger rotation angle of ITEmber cxmpared with ones 

wi thout spiral reinforcerrents , and ones wi thout spiral reinforcerrents 

occured 0000 splitting cracks in the early stage except 9., and it is 

characterized that bond splitting cracks occured before yield of bending 

reinforcerrents. That rreans 9. is effective to make the damage . by lap 

joints small, as rrentioned before. 
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'lhe p:>int to be noticed is that 1:ond splitting cracks under rninus 10ad is 

caused by the d'irect spU tting action by 1arge slip at the bottan besides 

influence of pul1-out strength, and different fran usual push and pull. 

fuis is exp1ained qualitative1y by the rreasuring result of slide at the 

bottan that ben:ling and shearing deformation of wal1 under minus cycles 

are very smal1 , and cracks occured before yie1d of bending reinforcements . 

It is CXlnsidered pJssib1e to realize ear1y occurence of tx:md sp1itting 

cracks if slipping fracture under minus load is prevented by rreans of rein­

forcerent or execution to reduce slide at the oottan, consequently to de1ay 

or not to occur 1:ond sp1i tting crack.s. 

On the other hand, as the rrasonry wa11 ShCMS sufficiently ducti1e behaviour 

under p1us l oad, it is FOssib1e to m3ke rn::)re ductile the 10ad - deformation 

relation under minus loading by various rreans to prevent slip at the oottan. 

4. =SIONS AND OursTANDING PR:>BLEMS 

fue follONing points are concluded fran the above experiJrental results and 

their consideration . 

(1) sare specirrens shCMed 1arge1y different p - Ií re1ation under p1us 10ad 

and minus load. It is considered not because of lap joints, but due to 

slip after spreading of bending cracks through·the who1e section. 

(2) The strength reduction by repeated loads was relllê::lrkaL1e in the cycle 

occuring shearing cracks and l:ond spli tting cracks, and the general 

strength reduction ratio was 70 - 90% of the first cycle. 'Ihis tendency 

was also rerrarkab1e in the doub1e wall wi th horiwntal reinforcements in 

the grç>uted cavi ty part. 

(3) No harrnful ncn-e1astic ITOvanents which are considreed due to the use of 

1ap joints W'e:re observed . 

(4) sare of the 1ap parts of bending reinforcerrents occured bond splitting 

cracks . ~ .wall with spiral reinforcerrents did not QCcur these daJ1E.Ç1€S , 

and t:he wall wi th joint reinforcerrents or wi th sufficientl y large 

cavity for reinforcerrents showed the tendency to de1ay the occurencc oi: 

these damages. 

'lhe fo1lowing IX'ints are prop:)sed fran the al:ove considerations . 

(1) 'lhe oorder of different rraterials such as masonry and reinforced con­

crete is apt to occur slide phencrrena. It is irrp:Jrtant to devi se suita­

ble increase of l:ending reinforcanents, arrangerrent of slide-preventing 

reinforcerrents, irrproved grouting or inproved design of the details l)f 

the wal1 bottan to prevent slide phenarena. 
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(2) Spiral reinforcarents are effective to effectuate lap joints. I t is 

also i.rnp:Jrtant to devi se joint reinforcerrents anel cavi ty parts . 

The above mentioned oonclusions were gained qualitatively , 

resul ts will te gained fran minute theoretical examination 

, 

and rrore detailed 

in future. 
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'I'able 1 Masonry Uni ts Uscd in Expuiment!l 

Sln COll1pre'lslve 
Notation Kind a f Unie L >T • H Sl~"'"gth· 

(IrIm) (kg!cm1 ) 

, Hollo,", Chy Brick 290 li no x 90 '" 
, Per forated ela)' Bric:k 21~ x 15 • " 613 

, 
C llalIm. ConCUt'" 

390 li 150 x 190 '" Block 1 

O 
Hollo ... Conertee 

390 x, 150 x 190 202 Block 2 

(Note) B"sed on aceual net are .. 

Table 2 Joint Morcar and Croue Used in Expe riments 

Notatian Mortar Mix Proportlon Compressive Streng th 
C : lo' ; S : G (by \oIe.igh t) (kg/cm 1) 

.IM Joint Marule 1 , 0.50 , 2.50 , O '" 
'" Cl"out More .H 1 , O.4S , 2.25 O "O 

'" 
CC Croue Concrete 1 0.65 2.68 , 2. 96 '" 

Table J Reinbrceatents Us",d in EXperilllents 

Tensll Stn!'ngth (kglcm 1) 

Notarian Kind af Re1nforcement 

Yield Painr Ultilllate POiOl 

;' Round Bar 6_ 3542 4738 

010 DefQtllltd 'u 10.. 3856 5567 

oU Peformed 'u 131T.JII 3827 5622 

016 DdoT_d 'u 16_ 3708 5675 

019 Defot"1lled 'u 19_ 3700 5144 
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Table 4 Specimens Used in Experiments 

Reinforcement 
Thickness 

No Type of Wall of Wal1 Kind of Masonry Grout Vertical Horizontal Remarks 
(mm) Unit 

Bending Shearing 
(Shearing) 

1 
Solid Clay 150 A GM 4 x D19 4 x D1 3 2 x D13 Slab 
Brick Wall Non-Spiraled 

2 Solid Clay 
150 A GM 4 x D19 4xD13 10 x ~6 

Slab 
Brick Wall Non-Spira led 

Double Wythe Slab 
3 Grouted Core 200 B GM 4 x D19 3x D13 2xD13 

Clay Brick Wall 
Non-Spiraled 

Double Wythe Slab 
4 Grouted Core 200 B GM 4 x D19 3 x D13 10 x ~6 

Clay Brick Wall 
Non-Spiraled 

5 Solid Conerete 
150 C GM 2 x D16 3 x D10 2 x D10 

Beam 
Block Wall Spirale d 

6 Solid Conerete 150 C GM 4 x Dl9 3x D13 2 x D13 Slab 
Block Wall Spiraled 

7 
Solid Conerete 

150 C GM 2 x D16 3 x D10 10 x ~6 
Slab 

Block Wall Spiraled 

8 Solid Canerete 
150 C GM 4 x D,19 3 x D13 10 x ~6 Slab 

Block Wall Spiraled ' . 
9 Solid Canerete 

150 D GC 4 x D19 4xD13 2 x Dl3 
Slab 

Block Wall Non-Spiraled 

- (Note) Joint Martar JM in Every Case -
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Table 5 Experimental Results (2) 

Bond Spilit- Shearing 
Yield Point Yield Poiot 

Bending Crack of Bar for of Horizon- Ultimate ting Crack Crack Bending tal Bar (1) Load-
No iog Average Average Average Average Average Averag~ 

Direc- Load shear Load shear Load shear Load shear Load shear Load shear Lateral 
tioos (ton) stress (ton) stress (ton) stress (ton) stress (ton) stress (ton) stress Drift 

(kg/em') (kg/cm') (kg/em') (kglcm') (kg/ em') (kg/em') 

+ 8.0 3.0 '15. O 5.6 18.0 6.7 12. O 4.4 20.9 7.7 27.5 10.2 1/200 
1 

- 4.0 1.5 10.0 3.7 16.0 6.0 16.0 6.0 - - 17.6 6 . 5 1/400 

+ 10.0 3.7 22.0 8.2 20.0 7.4 19.6 7.3 - - 25.4 9.4 1/200 
2 

- 10.0 3.7 10.0 3.7 19.0 7.0 - - - - 23.7 8.8 1/200 

+ 8.0 2.2 19.0 5.3 22.0 6.1 16.0 4.4 - - 25.6 7.1 1/200 
3 

- 8.0 2.2 18.0 5.0 - - 18.0 5.0 - - 19.7 5.5 1/800 

+ 10.0 2.8 21. 7 6.0 21. 7 6.0 12.0 3.3 24.4 6 . 8 25.9 7.2 1/200 
4 

- 10.0 2.8 10.0 2.8 - - 15.9 4.4 - - 15.9 4.4 1/800 

+ 3.0 1.1 - - 10.1 3.7 10.2 3.8 - - 12.8 4.7 1/100 
5 

- 2.0 0 .7 - - 10.0 3.7 10.0 3.7 - - 11.0 4.1 1 / 100 

+ 4.0 1.5 - - 19.0 7.0 18.0 6.7 - - 21. 3 7.9 1/200 
6 

- 3.0 1.1 - - 12.9 4.8 - - - - 16.4 6.1 1/400 

+ 8.0 2.9 - - 10.3 3. 8 10.2 3.8 - - 14.5 5.4 1/100 
7 

- 2.0 0.7 - - 9.4 3.5 9.0 3.3 - - 10.3 3.8 1/400 

+ , 6.0 I 2.2 - - 11. 2 4.2 20.7 7.7 - - 24.3 9.0 1/200 
8 , 

- 5.0 1.9 -
i 

- 12.4 4.6 - - - - 21. 5 8.0 1/400 

I 9 ! 
+ , 7. O I 2.6 27. O 10.0 i 20.0 7.4 18.9 7.0 - - 27.6 10.0 1/200 

I I 
- 10. () I 1. - _ 15.0--,_ 5._6_ J - - 10.0 3.7 - - 16.9 6.3 1/800 

( '~ote) (1) Yielding of Vertical Shearing Reinforcement s oot Measured. 
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Table 6 Classi f ication of Fracture Mechanism of Wall Specirnens 

Spec i rnen (Late ral Drift at Ultimate) 
Classification Remarks 

Loading Direction + Loading Direction -

Without Bond 
BC ~ BY ~ SC ~ SY 5(1/100), 6(1/200) 5(1/100), 6(1/400) With 

Splitting Crack BC ~ BY ~ SC 7(1/100), 8(1/200) 7(1/400), 8(1/400) Spirals 

BC ~ BY ~ BSC ~ SC ~ SY 1(1/200), 4(1/200) 

BC ~ BY ~ SC ~ BSC 2(1/200), 9(1/200) 
After By 

With Bond BC 4 BY ~ BSC ~ SC . 3(1/200) Without 
Splitting Spirals 
Crack BC ~ BY ~ BSC 9 (1/800) 

BC ~ ESC ~ BY se 1 (1/400), 2(1/200) 
Before By 

BC ~ BSC ~ BY 3(1/800), 4(1/800 ) 

(Note) BC; Bending Crack, SC; Shearing Crack , BSC; Bond Splitting Crack 

BY; Yielding of Bar against Bending, SY; Yielding of Bar against Shearing 

-'" 
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.1 
Oil · Jack. 

PC bar 
l.oad Cell +~lOOton. +-300mm 

1. Lateral Displace ment of Top 

2. Vertical Displace ment- of Top 
4 Specimen 

~~~~~~~~l~3_. ~Lat~~al Displacell1ent of Bot.t~m 4: Vertical Displacement :ofLap Joint 

Be..sis Positior, 

PC bar 

7~Y:;::'[)[=:;~Y::;=:/':::;;~7~7~7~7=;;:Z-

Lateral Displacement 

.11 8 

Lateral Displacement (mm) 

8 

Solid Clay Brick Wall 
{Rcinforcements} 

~~D19 , 4-D13---Verti cal 
lo-tl6- --Hori zontal 

8 11 

20 

Wythe Grouted Core Clay 
Brick. \lall (Re inforcements) 

Fig.l 

Loading and 

~!~asuring Divices 

Fig.2 

Typical Hysteresis 

(110.2 Solid Clay 

Brick \oI11.ll) 

Fig.3 

Typical. Hysteresis 

11 

4-D19 ,3-D13---Vertical 
3-Dl3---Hori 2:ontal 

(1/0.3 Ilouble Wythe 

Grouted Core 
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8 
11 

20 
Bending and Shearing 
Deformation (rnm) 

No.3 Ilouble Wythe Grouted Core 
Cley Brick. Wall 

elay Brick. We.ll) 

Fig. ~ . 

Bending and Shea.ring 

Hyste resis (No.3 Ilouble 

Wythe Grouted Core 

Cley Brick Wa11) 
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Reinforcements for Bending D19X4 

(Horizontal Reinforce ments Dl3X2) 
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Reinforcements for Bending Dl9X4 

(Hori zontal Reinforcements 06X2X5) 
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Reinforced Concrete Block Masonry Wall 

8 

6 

1 

5 

10 20 
Lateral Displacement (nun) 

Fig.5 

Hysteresis Envelope 

(Part . 1) 

Fig .6 

Hysteresis Envelope 

(Part . 2) 

Fig,7 

Hys terenis Envelope 

(Part. 3) 
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