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Abs tract 

The type of construction , the devel opment and details of the design guidance 
curren tly available in the U,K. are des cribed. Previ ous expe rimental work, cost 
studies and practica l expe rience are r eviewed and area s that r equire further 
resea r ch are indica ted. The experimen tal work cu rren tly beiog carried Qut i s 
desc ribed in detail. The behaviour of the Eirst walls in the test series , 
whic h failed either by the steel yielding ar by simult aneous steel yieldin g 
and brickwork crushing is described . A pre limina ry a ssessment of the results 
against the draft U.K. Co de of Prac tice r ecommendations is made. 

1. INTRODUCTION 

Brickwork has been used extensivel y in the United Kingdom for the 
con~cruccion of r eca in íng walls buc much of this was before 19UU. 
In part i cular, the r e are many examples of mass brickwor k retainíng wa1ls, 
some of consíderable height , forming r a ilway cuttíngs. The use of r e ínfo r ced 
br ickwork for ret aining wall s ís relatívely rare, however. desp i te the fact that 
the co ncep t was introduced as l ong ago as 1825 by Sir Ma r c lsarnbard Brune1] 
whe n he used rein forced brickwork caissons for the construction of the firs t 
tunnel under the River Thames. In fact the use of reinforced brickwork genera ll y 
in the United Kingdom is rare, hut there is a gr owíng interest and the amount 
of resea rch is increasing 2 . 

The re are three common types of r eínforced bri ckwork cantileve r retalnlng 
walls , and these are usual1y known as grouted cavity , quetea bond and pocket-type 
wall s (Figure 1.). Of these the pocket-type wall is the most effic ient in 
resis ting lateral earth pressur e. As it contaios the reinforcement . concentrat ed 
in pocke ts formed io the bri ckwork, at r egu lar intervals a l oog the tensioo face 
of the wall . The se pockets are subse quently filled with high slump concrete 
to form a composite coostruc tion . The design was devel ope d by the brick iodustry 
in the U.S .A. and was desc ribed by Abel and Cochran 3• Figur e 2 shows three 
var íations of wal l r ecommended by the Br i ck Insti tute of Ameri ca 4

• Figure 2a 
shows the pocket - type wall in its s impl est form , with the pocke ts wholly within 
the uniform width of the wall and normally spaced at 1.0 - 1 . 3 m centre s. 
The type shown in Figure 2b may be designed as a 'T' sectioo whic h result s i n 
more eff(c ient use of mate riaIs and a1 so has the advantage of r equiring no 
form work duriog concreting . 
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The retalnlng wall shown in Figure 2c is a combination of the others and 
has the practical advantage that the same flange thi ckness may be used for the 
ful1 wa11 height to produce an e conom i ca l wall. Ir would be usual for the 
other wall rypes to have a reduc tioo in thickoess ar iotervals up their height, 
as shown in Fi gure 3. lo the present study the structural behaviour of only 
the simplest form of pocket-type retainiog wall is being iovestigated . 

2. DESIGN GUIDANCE 

Until r ecently there was only a limited amount of guid ance available 
in the U.K. for the designer intending to use pocket-type construction. 
A new British Standard for reinforced masoory 15 in draft form but the current 
recornrnendati ons are ioc 1uded in a standard that covers alI types of load 
- bearing walIs. CP 111 : 19705, and conta in s a few paragraphs on1y on reinforced 
brickwork. For the d~sigo principIes the use r is referred t o a reinforced 
conc rete Code, CP 114 : 1969 6, which recommends the use of either elastic 
analysis with the maximum stresses 1imited at working loads or load factor 
anaIysis. As a result publi ca tions by the British Ceramic Research Associarion 7, 
the Bri ~k Development Associati on8 and St r uctura1 Clay Products Ltd. 9,lO. were 
produced to &ive the necessary design guidance. In each of these pub1icatioos the 
wall is co nsidered to ac t as a homogeneous cantilever for pocket spacings of 
up to 1 m centres and as a series of ' T' sect ions with reduced flan ges for 
greater pocket spacings. For these greater pocket spacings it is a150 
necessa ry to check rhe capacity of the brickwork to span between the pockets . 

In preparing the draft British Standard on reinf orced and pre s tressed 
masonry note was taken of the previous design gu idance , in particular that in 
SP 91 7• as this uses the limit state philosophy whi ch was that adopted for 
the Code . Pocker- type walls have been treated as flanged members. irrespective 
of pocke t spacing. as have those reinf orced hollow conc rete blockwork walls 
with regularly spaced pro truding rib s. The design formulae have been made 
consistent with those for flanged membe rs in the concre te Code, CP 110 : 1972 11 

The draft assumes that for rein forced maSún ry struc tures the ultimate 
limit state wiIl be criLical. The design . therefore , is carried Dut using 
the partial safety factors appropriate t o the ultimate limit sta re. Recommend­
ations are given to ensure that the serv ice ab ility iimit states of deflection 
and cracking are oot reached . 

The design rnomeot of re sistance i s taken as the i esser o f the vaiues 
given by equations 1 and 2 . 

f 
f b tf (d-O.S tf) 1. 

Ymm 
.......... 

f 
- y- A (d - O. S tf) . . . . . . . . . . 2 . 
Yms 5 

where: - de sign múmcnl of res i s taoce 

A area of r einf0rcem~nt 
5 
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b 

d 

effective width of the flange 

effective depth of the reinfor cemen t 

charac teri stic compressive strength of 
reinforcement masonry in bending 

cha rac t eristic tensile strength of reinforcement 

f la nge thickness 

Ymm= partial safety factor for compressive s trength 
of masonry (2.5 ar 2 .8) 

ycs~ partial safety factor fo r strength of steeL (1.15) 

tf is taken as the Les se r of tu and O.Sd, where t u is the thickness of the unit 
0 0 the compressive side of the pocket. 

b is taken as the lesse r o f t he pocket spacing and the breadth o f the 
pocket plus 12 tu' 

The shear resi sta nce o f the section i s conside red to be provided by 
the whole of the effective depth of the section , e xcept in cases where the 
brickwork thickness between the pockets is lower , then this aetual thickness 
is used. At the design l oad t he average shear stress should not exceed fv/ymv 
where fv is the chara cter istic shear strength and Ymv is the partia l safety 
fae t or for the shear strength of the brickwork. The charaeteristic shear strength 
i nc r eases with the percen tage of reinforcemeot i o the sectioo , however the data 
Erom which the recon~ended values have been derived is from tests 00 grouted 
cavity construction and was used beca use of the la ck of more relevant informatioo. 
The value of Ymv reeommended is 2 . 5 . 

3 . PREVlüUS RESEARCH AND COST STUDIES 

In 1976 Maurenbrecher et . a1~2reported the re sults of tests on five 
r e info rced brickwork cantileve r wa11s tested at the Building Research Station . 
One of these was a pocket - type wa1l 3 m high , 1 m wid e and 327 mrn thick 
at the base , stepping down to 215 mrn at mid height. Failure wa s due to shear 
at the cha nge in section caused by the combination of a number of adverse factors. 
It beeame clear from the othe r wa11 tests in the series that even with a 
l arge amount of tensile reinforcement used in conjunction with the medium strength 
bri c kwo rk fail ures were generally due to the steel yielding. 

In 1974 a pocket-type wall was constr ue ted at ane of the brickworks of 
Geo r ge Armitage and Sons Ltd . This 1S shown in Figure 3. The design of 
th is wall ~s descnhed by ~laurenbrec hert3 who also repores that aEter 500 days 
the wall had deflected 24 mm at the top , 8 mm of this wa s due to sliding, 
i t i5 not known how mueh of the r~nainder was due Co r otaeion and how much to the 
5eem bending . 

The economi c feasibiliey of pockee-eype walls has been stud ied by Maurenbrecher 
ec . aI . 10 and by Haselcine and Tutc a • In both cases comparisons were made 
be twc~n reinforced conc r ece wal1s and reinforced brickwork pocket- type walls. 

807 

1 



The re sults of the first of these cost studies l O, which W3S dune in 1972-) 
was based on an actual j ob and i ndicated tha t f o r wal ls up t o 6 m high 
a pocket - t ype wa1l was mo r~ econ0~i~al than a comparabl e reinf o r ced concrete 
wa ll with a ribbed finish. Fo r wa11 s gr~ate r than 6 m reinforced conc r ete wa lls 
become more econúm i ca l. 

The cost study by Ha se l t i ne and Tutt in 1975 8 c onpar ed grouted cavity , 
mass brickwork, que tt a band , ste pped and plain packet -t ype reinf o r ce d 
bri c kwork wal 1s wit h two types of reinfor ced con~ rete w3l1s - a ribbed fi ni sh 
and a brick-faced finish . Wall s up t o 4 11 high only were conside rcd. The 
results indicated that reinforced bri c kwo rk pocket-type r etaining wa1 1s .. 'e r e 
the most economical wal1 Eor wal1 h~ights above 1 m. The autho r s suggested that 
for wall s g r eate r than 4 m high it was r e3sonable t o asSume th,l[ similar r esu l ts 
wou l d be obta ined . The cheapest oE the r ein Eo r ce d ca nc r ete wal ls was the cne 
wi th the ri bbed finish which was be tween 30Z a nd 49% more e xp ens i ve tllHtl p0cket 
-t ype constructiün , depending on the he ight. 

Rece nt exa~inatíons o f relative cos ts have i ndicated tha t t he conclusi ons 
of the above studies are stil1 broadl y re l evant . Fo r walls between 1 m and 4 m in 
height , although r ough shuttered conc rete uall s are c h~aper than pocket -t ype 
wall s , when any eHort is made t o i mprove the finish to the concreto2' wall the 
reverse i s tr ue . 

4 . TEST PROGRA~NF. 

The prelimina ry programme , whi c h has just bee n comp leted, consisted af fo ur 
tests on full size wal1s. Table 1. gives details of these wal1s: e ach o f wh i ch 
was l~ bri ck th ick D27 mm) J ) m hi gh and 2 m lone . The a i m of the prel iminary 
tests was t o inv es tigate whether the pres E' nt dt"s ign f o rmul.lc (a r fLexure and shear 
conta in~d in the d r aft B.S. cade on relnfo r cc:d masonry WL're tldequate . 

All the wa ll s we re built o f E a r t.'!uscable !:itL'cl base t o whi ch the r e inE o r cement 
wa s an c ho red. The brickwork was buiIt around th e rcill(ú r ccment whicb rose 
verti ca lly in the poc kets formed. at 1 m sp3cing , by the bonding pattern . 
Wh en t he bri c kwork was comple t ed s hu tt ering W3S c lamp~d to t he r ear face of 
the wall alld a nom inal strength 25 N/mrn 2 Cún~ r l'te poured into the pockets a nd 
subsequent ly compac t ed by a pa kcr vibratar to prevcn t any large ai r pockets f o rming. 
The conc re t e mix wa s proport i an e d 1 : 2 : 3, cement : s~'lnd : 20 rum aggregate (20 mm max . 
size) by weight , had a water : ceme nt rati o of 0 . 6 and a slump of 75 - 120 mm . 
I t wa s p l aced on consecutive days i n twa lift s , each of 1 . 5 ffi. The wall was 
covered with a polythene sheet and all owcd t o cur e f o r 28 days befo re te s ting. 

Each wall wa s latcral l y l oaded at threc ho ri zontal pos itians on the 
t ensian face uo; ing a series of hydr<lulic rams connected t o spreade r beams, the 
rams reacting against an A Erame . Thc rams appl ied a l a ad wh i ch gave a simi lar 
ef(ect at the base of the wal1 to t ha t of a triangular pressure d istribution. 
The load was app l i ed in increments and after each one deflec ti ons were measured 
an the r ear face (tension fa ce ) by ele c tri cal tr ansduce r s whilst steel stra ins 
and verti cal strains in the bri c kwo rk we r e r ecorded a t the base oE the wal1 . 
A dcme c gauge , 150 mm l ong , wa s used to measurt" bri c kwa rk strains and electrical 
resistan ce str:lin gauges were used to measu r e the steel strains. In a11 the 
t ests cxcept RWI ro t atlons were measured at f our positians up the height using 
a syst~m of apl i c a I levers. 
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S. RE SULTS 

The res ults are g i ve n i n Ta b l e 2. ' Initia ll y , in eac h wa11 t e s c che r e 
\ ... a5 a 10101 str" din i n the s t ee l and a de Ele c tion a t the t o p o f t he wall whi ch 
in~reased wit h app lied bending momen t e i t he r l inear l y a r at a sl owly inc r e a s ing 
rate . W'hen the ten s ile st r a in in t he bri ckwork re ached be t wee n 60 and 180 
mi c r o stra i n a c r a c k occu rr ed aC the b ri ck-mo r t a r interface be ne ath t he l owe st 
course of bri cks . This c ra ck ge ne r ally occurred when the mome nt was l es s rhao 
207. o f the fai lu re moment , and a r [ his instan t the r ate of i nc rease of t he s te el 
s train incr~a sed . Th~ r e t hen f ol l owed a per i od when the de f l ec tion , steel 
a nd b ri cko;...·o rk stra i ns i nc r ea sed app r oximate l y line ar l y wi th l oad unt i l t he wall 
wa s c lose to failu re . Ea ch te st was term i nat ~ d wh~n the deflec t i on be gan t o 
in c r ~ ase at a r a pidly in c re a sing ra t e with in c r~ a sed l oad . Conseq uentl y at 
wha t wa s' cons i de rcd t o be fa i lure the s t eel had pas sed i t s yield po in t bu t 
ha d nc t br úken . 

1,..'31l R~.:t fail ed by the s te~l yielding .. ..i th no in d i cati on of a ny sh~ar or 
c o~p ressi on fai l ure s . The r ein f o r c ing bars i n t he centre of each packe t in 
w3 11 R\..' 2 s t r ained less t han the ou t e r ba r s . When t hese oute r bar s bega n t o 
yield a dd itiondl stres s wa s transferre d to the ce nt r a l ba r s a nd t hese bega n t o 
yield . Thi 5 w3 11 fai 1ed as a balanced se c tion and there were cons i de r ab 1e area s 
of br i .: kl.'o rk on the f r ant fa ce whi ch had spa l le d away . Wa11 s RW 3 and RW4 , 
bo th of whi ch cont'úne d a relatively small amount of stee 1, fa ile d when i t 
y i e lded . 

Fo r al I e xcept w.1 l1 R\.fl the verti cal compressive str a in in t he br i c kwor k 
was lowest in fr ont of the pocke t s , fo r wal 1 RWl t he re ve r se was true . 
The possibil i ty of t he bri ckwork a r chi ng be tween t he poc ke ts and t hus cau s ing 
a comple x s tre ss sit uation ha s been cons i de r ed bu t the re was no t o t her evidence 
of th i s occurr i ng and it seem s unlikel y wi th a 1 m pocke t spac ing. There was 
no ev i de nce of the wal 1s twisting Out of the ir plane . 

In wa ll s RWl and RW2 t he st r a i n di s tr i but i on through t he bri ckwor k . which 
was measure d at the en d of t he wal 1, was s l igh tly cu r ved i n t he comp r esslon 
blo ck , and in the case of wa ll RW 2 in t he t e nsi on bl oc k also . Howeve r, cra cks 
eithe r in o r near the ga uge l ength can af f ec t t he a cc ura cy o f t he measur emen t 
of tensi le st r a i n. In walls RW3 and RW4 t he str a i n distributions were l i nea r 
wh i c h wa s a l so f ound by Maurenbre che r 12 • Examp l e s of the va r ia ti on of de flec tion 
and s te e l stra i n wi th appl ied bending moment are shown i n Figu r e 4 . 

6. DI SCUSS ION 

It is c l e ar f r om t he tests carr i ed out so far t hat wa ll s wi t h th is pocke t 
spac ing be have as homogeneous can til evers and that the draf t Code of Prac ti ce 
wi ll need t o a cknowledge th i s. In t he case of wall s RW3 and RW4 it make s a 
s ignifi cant dif fe r e nce . Ta bl e 2 . shows t ha t the cha r ac teri stic bending momen t 
(se tting partial safety f ac to rs t o uni t y) derived us ing the flange d membe r 
ap pr oa ch (eq ua tion 2) i s 176 kNm, whic h is well below t he mea sured failu re 
mome nts of 22 2 kNm and 22 1 kNm. When the measured yiel d strength of the steel 
is use d and the l e ver a rm is no t re s tri c t e d to the Code val ue the predi c ted 
u ltimate bendi ng moments are quite aCcurate a t 208 kNrn and 216 kNm re spe c t ive l y . 
Although some 4% of thi s inc rea se in bend ing mome nt is ac counted f or by the 
i nc rea se in the yield value, t he r emainder i s due t o the conse r vàtive assumpti on 
fo r th e value of the l ever arm. When the measured ultima te stee 1 stre ngth is 
used in equa t i on 2 the pred ic ted mome nt i s h i gher than the measured one whi ch 
i s reasonab le, as a lthough the bars had yielded they had not broken. For the 
walls with the large r amount of reinfor cement the differe nce is not so important. 

809 



When the moment of resistance based on the brickwork is calculated based 
on the measured bri ckwork strength and the neutra 1 axis is not limited to the 
flange thickness the failure moments are altered by a maximum of 23%. 
This is an increase except in the case of wall RWl, where the brickwork pier 
strength was coosiderably lower than the Code characteristic strength. 
The removal of the restri c tioo 00 the lever arm io this calculation is oot criticaI 
as designs are generally based on a predi c tion of steel failure. 

From Table 2. it is also clear that the Code estimate of the ultimate shear 
strength of the wal1 is toa low f or the wal1s with the greater amount of 
reinforcement where the load at flexura1 failure was approx ima tely twi ce this 
value. The draft Code values for the cha racteristic shear strength of masonry 
are given in Table 3. For walls with the lower percent age of r e infor cement the 
estimate is roughly equal to the failure loads , although the failures were 
flexural. Although it is to be e xpected that the Co de values wou ld be lower 
than the measured ones as they are intended to be a lowe r bound, the difference 
for walls RWl and RW2 i s much toa large to be accounted for in this way. 

It is impor tant to conside r wh~ther there are any unnecessary restri c tions 
placed on the design of pocket - type wa lls because of the underestimation of their 
shear resistance. To show, in a fairly simp le way, the importance of the design 
f or shear three pocket-t ype retaining walls of height 3 m, 4 m and 5 m have 
been considered. Each wall has the following common design parameters:-

effe c tive depth 280 mm 
characteristic strength of steel 
width 2 m 
pocket spac ing I m mortar mix 1:1: 3 proportioned by volume 
partial safety factor for strength of s t eel 1.15 
partial safety factor for compressive strength of brickwork 2.5 
parLial saíety fa c to r to be app li cd to earth pressure lo~d 1.6 
partial safety facto r f o r shear strength of brick~ork 2.5 
speciEic weight of retained earth 18 kN / m 
coefficient of active earth pressure 0.33 

For each of th e required design moments of resistan ce equation 1. was 
used to determine the required minimum compressive strength of the brickwork 
and hence the minimum brick strengths that would ensure that the sections 
were under-reinforced. The required areas of steel were determined by using 
equation 2. and for these amounts oE reinfor cement the design shear resistances 
of the walls were found using the inf ormation in Table 3. 

1he reSults are given in Table 4. and the se ind i cate that shear will always 
be the crit icaI design parameter. This may be due to the size of the partial 
safety factor for she ar which is 2.5, and iE a11 of the design shea r resistance 
values are rnultiplied by 2 . 5 they are at least 207. larger than the design shear 
l oad. The size of the partial safety factor is in the absence of firm data 
a matter for engine~ring judgement, however even iE the curr~nt value we re reduced 
it is clear that for the tal ler walls and consequently larger amounts of 
reinforcement shear would rema in the criticaI de sign parame ter. The results 
fo r the more heavily reinfor~ed wails given in Table 2 show that the Code estima te 
of the charac teri stic shear resi stance is approximately half the shear face 
acting when flexural failure occurred . Table 4 shows th at for the 5 m wall the 
design shear load (120 kN) is approximately twi ce the design shear resistance 
(58 kN). Consequently even with the present partial safety fa ctor the preliminary 
experimental evidence indicates that the criti caI design parameter for the 5 m 
wall should not be its shear resi stance. It is clea r that, in particular 
for the larger walls, re v i sed shear strength figures are urgently required . 
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7. CONCLUSIONS 

The use of reinforced brickwork pocket-type retaining walls in the U.K. 
has been limited despite their economic advantages . Design guidance has 
developed to support the current inadequate Code of Practice re commenda tions 
and this is now beiog incorporated in a new Code. Evidence fram a preliminary 
tesc programme indi cates Chat with a 1 m pocket spacing the walls fail in 
flexure. Comparisons with the drafe Code design formulae indicate that chere is 
ao advantage ii, for this pocket spacing the wall 1S designed as a homogeneous 
cantilever raeher than a flanged member. Designs to the drafe Code wilt also 
be dominated by the requirements for shear resistance and for taller walls in 
particular a revision of the draft Code estimate is necessary. 
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TABU 1. 

t.,Tall Detatls 

í-,lall No. I RW l RW 2 R~~ 3 RW 4 

Bread th (mm) 1900 1995 1990 2000 

Depth (mm) 330 322 330 325 

Effective Depth (mm) 275 263 289 289 

Pe rcentage Reinforcement 0.92 0.92 0.28 0 . 28 

Br ick Type A B B A 

Meao Brick Strength (N/mm 2) 84.8 21.6 25.4 64.7 

Mortar Type l -j-3 l-j-3 1-!-3 1-1-3 

Meao Mortar Cube Strength 
2 (N/mm ) 11. 7 13.5 14 .9 13.3 

Meao Cone re te Cu be Strength (N/nun2) 34.1 36.8 32 .9 32.0 

Meao Brickwork Pier Strength (N/mrn 2) 16.2 6.9 8.4 16.8 

Meao Measuted Yield Strength (N/mm 2) 442.8 442.8 479.9 479.9 

Meao Heasured Ul timate Str,,"ngth (N/nun2) 620.7 620.7 642.8 642.8 

Code Characteristic Brickwork 2 I Strength (N/mm ) 21.6 
i 

7.8 8.7 18.1 

Code Characteristic Steel Strength (;i/mrn2) 425 I 425 460 460 

TABLE 2. 

Tese Results and Predicted Values 

WaLl No. i RW 1 RW 2 RW 3 RW 4 

Failure Momen t (kNm) I 367 450 222 221 

Code Md (brickwork) (eq .1) kNm 11130 405 507 1060 

Code Md (stee 1) (eq .2) kNm 459 434 176 176 

Md (stee 1) using measured parameters (kt\'m) 477 392 208 216 

Md (steel) using ultimate st rength (kNm) 677 755 272 2B6 

Md (brickwork) using measured parameters (I<Nm) 1 1044 428 628 1263 

Shea r Force ae Failure (kN) 550 51 q 229 228 

Code Characteristic Shear Stress (N/mrn2) 0.53 0.53 0.39 0.39 

Code Characteris tic Shear Force (kN) 227 278 224 225 
, 
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TABLE 3. 

Characteristic Shear Strength of Reinfor ced Masonry 

Pe rcentage Reinforcement % Up t o 
0.5 1.03 1.5 2.0 

0.15 

Characteristic Shear Strengt hs N/mm 
2 

0.35 0.45 0.55 0.60 0.65 
-

TABLE 4. 

Des ign Comparisons 

I Re~uired Mean I Design Shear I Design Shear Requir ed Stee 1 I Pr0portion of Required Characteristic 
Area 

I 
Reinforcement Strength of Brickwork RC'sistance of I Bnck Strength I Load 

(IlUl/j (N/rnrrh (kN) 
Wall 

(7.) (N /mm2) (kN) 

1020 0.18 3.8 8.2 43.2 40 

2418 0.43 9.0 27.0 76.8 48 

4722 0.84 17.7 63.0 120 . 0 58 
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FIGURE 2 . Thrtt Vartations ot POtket- typt Walls 

la) Simplut typ. 
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(b) 'T'- "dian with stiff piers 
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