
FOUNDATION ENGINEERING 

I N V E S T I G A T I O N  O F  T H E  E F F E C T  O F  A V E R T I C A L  

S U R C H A R G E  ON H O R I Z O N T A L  D I S P L A C E M E N T S  

A N D  R E S I S T A N C E  O F  P I L E  C O L U M N S  T O  

H O R I Z O N T A L  L O A D S  

N.  V .  Z h u k o v  a n d  I .  L .  B a l o v  UDC 624.131.531.6.001.4 

In the USSR's construct ion specif icat ions and regulat ions SNiP I I -B .5-67"  and in the design s tandards  of 
fore ign c o u ~ r i e s ,  i t  is  allowed to calculate  the hor izontal  load on p i les  without considera t ion of the effect  of a 
ve r t i ca l  surcharge .  The pr inciple  of the independence of the action of fo rces  is  used in the major i ty  of known 
methods of calculating p i les  subjected to ve r t i ca l  and horizontal  f o r ce s  and the calculat ion is  made separa te ly  
fo r  each type of load. 

In recent  y e a r s ,  suggest ions on calculating pi les  have appeared  which substantiate  the need to take into 
account the mutual effect  of the loads when calculating pi les .  On the ba s i s  of theore t ica l  invest igat ions,  Snitko 
and Snitko [1, 2] and ~ a k h i r e v  and Yanyshev [3] showed that  the r e s i s t ance  of pi les  to hor izontal  loads in the 
p r e sence  of a ve r t i ca l  su rcha rge  is  lower  than without this  surcharge .  A ve r t i ca l  su rcha rge  reduces  especia l ly  
considerably  (by twofold and more)  the bear ing capaci ty  of flexible pi les  with r e spec t  to horizontal  loads. 

Tes t s  of p i les  by the joint effect  of horizontal  and ver t ica l  loads a re  descr ibed  in the l i t e ra tu re .  Thus,  
t e s t s  of s iugle-co]umn t r ansmis s ion - l i ne  towers  were  conducted by Kananyan [4, 5], pi le columns of pipeline 
t r e s t l e s  by Golubkov, Tugaenko, and Lakizo [6], etc.  However,  in these works , the  effect of a ver t ica l  su rcharge  
on the bear ing capaci ty  and hor izonta l  d i sp lacements  of the p i les  was not examined.  

T e s t s  of s i tu -cas t  p i les ,  which showed a favorable  effect  of a ve r t i ca l  su rcharge ,  a r e  p resen ted  in [7]. 

Taking into account the g rea t  theore t ica l  and prac t ica l  impor tance  of the p rob lem,  T s N I I E P s e l ' s t r o i  
jointly with the Sc ien t i f ic -Research  Insti tute of Industr ial  Construct ion (NIIpromstroi)  in 1967-1968 and with 
the Kazakh State Insti tute of Agricul ture  (KazGHZ) in 1969 and 1974 conducted fu l l - sca le  t e s t s  of pile columns 
of agr icul tura l  buildings by hor izonta l  stat ic loads with a different ver t ica l  su rcharge  on two t e s t  plots .  On the 
f i r s t ,  the foundation bed was  composed  of homogeneous sa turated clay soi ls  and on the second, of s lump-prone  
soils  of ve ry  stiff consis tency.  The physical  and mechanical  p rope r t i e s  of the soils  of the plots a re  given in 
Table  1. 

On plot No. 1 ,we t e s t ed  14 solid p r i sma t i c  pile columns and 8 hollow p r i sma t i c  pile columns with a 16- 
c m - d i a m e t e r  cyl indrical  cavi ty .  The c r o s s  section of the pile columns was 30 × 30 cm,  the longitudinal work-  
ing re in forcement  consis ted of four  1 2 - m m - d i a m e t e r  b a r s  of c l a s s  A-I ,  the concre te  was M200. The driving 
depth of the pile columns was 2 and 3 m,  the height above the ground surface  was 2.4 m.  

On plot No. 2,we tes ted  21 solid p r i sma t i c  pile columns and those with b i la te ra l  can t i l evers  designed 
by T s N I I E P s e l ' s t r o i  [8]. C r o s s  sect ion of the pile columns,  30 x 30 cm; longitudinal working re in fo rcement ,  
four  12 -14 - ram-d iame te r  ba r s  of c l a s s  A-III ;  concre te ,  M300. The driving depth was 2 and 4 m,  the height 
above the ground surface  was 2.5 m.  

On both plots ,  the pile columns were  dr iven into the ground by a Diesel  h a m m e r .  The ve r t i ca l  posi t ion 
during driving was checked by two t r ans i t s  instal led in mutually perpendicular  p lanes .  The dr iven pile col-  
umns  had deviations f r o m  the ver t i ca l  of not m o r e  than 1 °, and the mutual d isplacement  of two adjacent tes ted  
pile columns in plan did not exceed 3 cm.  The cant i lever  pile columns were  dr iven into the ground so that  the 
distance f r o m  the top of the can t i l evers  to the ground sur face  was 20 cm. 

On plot No. 1, thehor izonta l  load was c rea ted  by winches pulling together  two adjacent pile columns at 
the height of the i r  heads ,  and on plot No. 2 by means  of a special  device developed by T s N I I E P s e l ' s t r o i  [9]. 

Centra l  Sc ient i f ic -Research  Insti tute of Exper imenta l  Planning of Agricul tural  Construct ion (TsNI IE Pse l ' -  
s t roi) .  Trans la ted  f rom Osnovaniya,  Fundamenty i Mekhanika Gruntov, No. 1, pp. 11-14, J a n u a r y - F e b r u a r y ,  
1978. 
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N o t e .  The  t y p e s  of p i l e  c o l u m n s  with  index  P 
a r e  p r i s m a t i c  and with C c a n t i l e v e r ,  d e s i g n e d b y  
T s N I I E P s e l '  s t r o i .  

The  v e r t i c a l  s u r c h a r g e  P v  on bo th  p lo t s  was  c r e a t e d  b y  m e a n s  of a p l a t f o r m  wi th  w e igh t s  h i n g e - s u s p e n d e d  f r o m  
the  head  of the  p i l e  c o l u m n s  [9]. 

H o r i z o n t a l  l oad  t e s t i n g  of the  p i l e  c o l u m n s  was  c a r r i e d  out  by  the  me thod  of T s N I I E P s e l ' s t r o i  [9]. Tak ing  
in to  accoun t  tha t  the  h o r i z o n t a l  l oad  t r a n s m i t t e d  to  p i l e  c o l u m n s  of a g r i c u l t u r a l  bu i ld ings  i s  b r i e f  (main ly  the  
wind load) ,  a s  the  c o n d i t i o n a l  c r i t e r i o n  of s t a b i l i z a t i o n  of h o r i z o n t a l  d i s p l a c e m e n t s  a t  the  l e v e l  of the  g round  
s u r f a c e  f r o m  each  load  i n c r e m e n t  we took a r a t e  of d i s p l a c e m e n t s  of not  m o r e  than  0.1 m m  du r ing  1 0 - m i n  ob -  
s e r v a t i o n .  In the  e x p e r i m e n t s  wi th  a v e r t i c a l  s u r c h a r g e  h o r i z o n t a l  load ing  of the  p i l e  co lumns  began  a f t e r  
s t a b i l i z a t i o n  of s e t t l e m e n t s  f r o m  the  g iven  v e r t i c a l  s u r c h a r g e .  The  cond i t iona l  c r i t e r i o n  of s t a b i l i z a t i o n  of 
s e t t l e m e n t s  was  t aken  a c c o r d i n g  to s t a n d a r d  CA)ST 5686-69 [10] -- no m o r e  than  0.1 m m  du r ing  2 -h  o b s e r v a t i o n .  
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The maximum v e r t i c a l  su rcha rge  on plot  No. 1 was 142 kN (abou~ 0.8%of the l imit ing) andonp lo t  No° 2 i n s o i l  
of natural  wa te r  content 320 kN and in sa tu ra ted  soi l  188.2 kN ( respec t ive ly ,  about 0.4 and 0.7%of the l imit ing) .  
The t e s t s  on the plots  were  p receded  by t e s t s  of ~nalogous pi le  columns by v e r t i c a l  s ta t ic  loads .  

The hor izonta l  d i sp lacement s  of the p i le  columns at the level  of the ground sur face  Y0 were  m e a s u r e d  by 
Maksimov de f l ec tomete r s  secured  on anchor  pi le  columns at  the same level .  

On plot No. 2 , t h e t e s t s  were  conducted both in soi l  of na tura l  wate r  content and in soi l  soaked to full  
sa tura t ion  (at a degree  of sa tura t ion  G ~ 0.8). To a c c e l e r a t e  soaking, s ix 1 9 - c m - d i a m e t e r  d ra in  wel l s  were  
d r i l l e d  to  a depth 1 m below the dr iv ing  depth of the p i l e s  around each p i le  col,]mu at  a r ad ius  of 0.8-0.9 m.  
By banking the ear th  around the pi le  columns at  a d is tance  of 1-1.1 m, p i t s  about 30 cm deep were  c rea ted  for  
soaking.  The bottom of the p i t s  and wel l s  were  f i l led  with rubble to e l imina te  warping.  The achievement  o f fu l l l l  
s a tu ra t ion  was checked by means  of an NIV-1 neutron mo i s tu re  m e t e r .  

Observat ion  of the appearance  and development  of c r a c k s  under  the effect of the hor izonta l  load was c a r -  
r i ed  out by means  of a MPB-2 mic roscope .  The pi le  columns were  dug up to detect  c r acks  located below the 
ground surface.  In some expe r imen t s , obse rva t i o ns  of the format ion of c r a c k s  were  c a r r i e d  out during loading 
of the pi le  columns by way of na r row pi ts  0.2 m wide and up to 1.5 m deep located on the s ide of the p i le  column 
opposi te  to the d i rec t ion  of the hor izonta l  fo rce .  Digging of such a pit  does not introduce substant ia l  e r r o r s  
into the t es t  r e s u l t s ,  s ince in th is  zone the p i le  comes  loose  f rom the soi l  under  a hor izonta l  load. Some ex-  
pe r imen t s  on plots  Nos. 1 and 2 were  conducted by a cycl ic  hor izonta l  load with i t s  g radua l  i nc rea se  up to 0.8 
of the breaking load. On plot No. 2, the change in the d ry  densi ty  of the s lump-prone  soil  in the n e a r - p i l e  zone 
caused  by dr iv ing  the p r i s m a t i c  and can t i l eve r  p i les  was invest igated by the method desc r ibed  in [11]. On 
plots  Nos. 1 and 2 , t h e g a p s  between the soil  and faces  of the pi le  columns caused by t r a n s v e r s e  v ibra t ions  of 
the p i l e s  during dr iving were  m e a s u r e d  by a thin meta l  probe.  

The r e su l t s  of the hor izonta l  load t e s t s  of the pi le  columns under  var ious  ve r t i c a l  su rcha rges  a r e  given 
in Table  2 and in F igs .  1-4 in the form of g raphs  Y0 = f(Ph)- 

As we see f rom F igs .  1 and 2 (plot No. 1, dr iving depth 3 m), for  d i sp lacements  Y0 = 8-10 mm a v e r t i c a l  
su rcha rge  up to 54 kN on hollow p r i s m a t i c  pi le  columns and up to 142 kN on solid p r i s m a t i c  pi le  columns has  
p r a c t i c a l l y  no effect on d i sp lacement s  f rom a hor izonta l  load. Under  a v e r t i c a l  su rcharge  of 112-142 kN, the 
bea r ing  capaci ty  of hollow p r i s m a t i c  pi le  columns was 1.24 t i m e s  g r e a t e r  than when Pv = 0. On plot  No. 2, it 
was  es tab l i shed  during tes t ing of pi le  columns with a 2 - m  dr iv ing depth in sa tu ra ted  s lump-prone  soi l  (G -> 0.8) 
that  a ve r t i ca l  su rcharge  insignif icant ly  affects  the r e s i s t ance  of the pi le  columns to hor izonta l  loads .  We see 
f rom a compar i son  of g raphs  30-P ,  31-P ,  23-P ,  and 24-P (Fig.  4) that for  p r i s m a t i c  pi le  columns a su rcha rge  
has  no effect within the l im i t s  of accuracy  of the exper iment .  F r o m  a compar i son  of g raphs  5-C,  6-C,  and 
16-C (Fig. 4) we can conclude that  for  d i sp lacement  Y0 = 10 mm a ve r t i ca l  su rcha rge  i nc r ea sed  the r e s i s t a n c e  
of the can t i l eve r  pi le  columns by 1.1 t imes .  

A different  p ic ture  was observed  in the case  of test ing pi le  columns in s lump-prone  so i l s  of ve ry  stiff 
cons is tency.  In th is  c a s e , t h e v e r t i c a l  su rcha rge  led to a substant ia l  i n c r e a s e  of the bear ing  capaci ty  of the 
p i le  columns with r e spec t  to hor izonta l  loads.  F o r  d i sp lacement  Y0 = 10 mm the v e r t i c a l  su rcharge  inc reased  
the r e s i s t ance  of p r i s m a t i c  pi le  columns to a hor izon ta l  load by 1.57 t i m e s  (graphs 19-P ,  20-P ,  25-P ,  26-P 
in Fig .  3) and of can t i l eve r  pi le  columns by 1.93 t i m e s  (graphs 3-C,  4-C,  27-C, 28-C in Fig .  3). 

The t e s t s  of p i le  columns of di f ferent  design with a smal l  r e l a t ive  embedment  h /d  < 15 (where h is  the 
depth of embedment~ d is  the side d imension of the c r o s s  sect ion of the pi le  column) made it poss ib le  to 
es tab l i sh  ce r ta in  c h a r a c t e r i s t i c s  of t he i r  behavior  in the ground. Solid p r i s m a t i c  pi le  columns with a 3 -m 
dr iv ing depth on plot  No. 1 with d i sp lacement  Y0 = 8 nun had a g r e a t e r  r e s i s t a n c e  than the hollow ones (graphs 
95, 86 ,107 ,108  in Fig .  2 and 99, 104 in Fig .  1). On plot No. 2 , the  can t i l eve r  pile columns with a 2 -m dr iving 
depth and d i sp lacement  Y0 = 10 mm c a r r i e d  a hor izonta l  load in s lump-prone  soil  of ve ry  st iff  cons is tency that  
was 1.28 t i m e s  and in sa tu ra ted  s lump-prone  soil  1.42 t imes  g r e a t e r  than the p r i s m a t i c  (graphs 3-C,  4-C,  
19-P,  20-P in Fig.  3 and 5-C,  6-C,  30-P,  31-P in Fig .  4). Saturat ion of the s lump-prone  soil  led to a d e c r e a s e  
of the r e s i s t a n c e  of the p i le  columns to a hor izonta l  load Ph fo r  the same d i sp lacement  Y0 = 10 mm.  F o r  a 
dr iving depth of 2 m , t h e v a l u e  of Ph d e c r e a s e d  on the average  by 1.3 t imes  for  t he uns u r c ha r ge d  p r i s m a t i c  pi le  
columns,  by 2.13 t i m e s  fo r  the su rcharged ,  by 1.14 t imes  for  the unsurcharged  can t i l eve r ,  and by 1.98 t imes  
for  the surcharged  (see Table  2). We see f rom Table  2 and a compar i son  of the graphs  in F ig .  4 that in sa tu-  
ra ted  s lump-prone  so i l s ,  theva lue  of Ph for  Y0 = 10 mm is  about the same fo r  p r i s m a t i c  pi le  columns with a 4 - m  
dr iv ing  depth as  for  the can t i l eve r  pi le  column with a 2 -m dr iv ing depth. 
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Fig. 1. Averaged graphs  of horizontal  load tes ts  of hollow pr ismat ic  pile columns on 
plot No. 1. Nos. 116,111 (Pv -- 54 kN); 99, 104 (Pv = 0); 93, 98 (Pv = 142 kN); 110, 
105 (Pv = 112 kN); driving depth 3 m. 

Fig. 2. Averaged graphs of horizontal  load te s t s  of solid pr ismat ic  pile columns on 
plot No. 1. Driving depth 3 m: No. 109 (Pv = 142 kN); 115 (Pv = 112 kN); 95, 96,107,  
108 (Pv = 0); 113,114 (Pv = 54 kN); driving depth 2 m: Nos. 101,102 (Pv = 112 kN); 
94, 97 (Pv = 142 kN); 103,100 (Pv = 54 kN). 

Observations of the formation of c racks  during a gradual increase  of the horizontal  load showed that in 
the case of a small  percentage of re inforcement  of the pile columns by deformed bars  of c lass  A-IH, the f i r s t  
m i c roc r acks  appear at a load of about 0.4 of the breaking. The width of opening of the cracks  subsequently in- 
c r e a s e s  to 0.3-0.5 mm and more .  However, experiments with multiple cyclic loading made it possible to e s -  
tablish that af ter  removing the brief  horizontal  load at i ts total magnitude up to 0.7-0.8 of the breaking, the 
c racks  close so  much that their  residual width does not exceed 0.05-0.2 ram. Cyclic loading showed that the 
portion of recoverable  deformation reaches  70% for  s lump-prone soils of ve ry  stiff consistency at Ph = 0.7- 
0.8 of the breaking load and drops to about 30% for  soaked slump-prone and saturated clay soils.  F rac tu re  of 
the canti lever pile columns occurred  in the s lump-prone soils of ve ry  stiff consistency at the level of the top 
of the canti levers.  For  the pr ismat ic  pile columns, the f rac ture  zone was located at a depth to 1.5d in the very  
stiff s lump-prone soils and at depth 3-4d in the saturated s lump-prone and ordinary clay soils on plot No. 1. 
The depth of the gap between the soil and faces of the pr i smat ic  pile columns in the investigated soils did not 
exceed 0.9 m. For  the cant i lever  pile columns , gaps with a depth to 0.3 m were observed on the two faces 
where canti levers  were absent. An investigation of the dry density of the soil in the near-pi le  zone showed the 
presence  of compacted zones under the canti levers of the pile columns. In the investigated soils, zones of up- 
ward yielding of the soil were not observed at any stages of horizontal loading up to f rac ture  of the pile columns. 

Analyzing the resul ts  obtained, we need note that a ver t ica l  surcharge  can both somewhat reduce and in- 
c r ease  the res is tance of pile columns (and piles) to horizontal  loads. In weak soils under the effect of a hor -  
izontal load, api le  with a small  relative embedment (< 15) turns in the soil relative to the point of zero deflec- 
t ions "0. u In this c a s e , a v e r t i c a l  surcharge  will create  an additional bending moment M 1 = Pve, where e is 
the eccentr ici ty of force  Pv relat ive to the center  of gravity of the c ross  section at point 0. The moment M 1 is 
g rea te r ,  the g rea te r  the amount of rotation of the pile and, consequently, eccentrici ty e. At the same time, 
upon turning of the pile a moment M 2 occurs  under the foot f rom the nonuniform distribution of p ressures ,  
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Fig. 3. Averaged graphs of horizontal  load tests  of solid pr ismatic  and canti lever pile columns in 
slump-prone soil of natural water  content on plot No. 2. 

Fig. 4. Averaged graphs of horizontal load tests  of solid pr ismatic  and canti lever pile columns in sat-  
urated slump-prone soil on plot No. 2. 

whose direction is opposite to moment M 1. Rotation of the pile column is prevented also by moment M3, which 
is equal to the product of the frictional force  on the end of the pile T and its a rm  relat ive to point 0. The f r i c -  
tional force T and moments M2, M s are grea te r ,  the g rea te r  the p ressu re  under the foot of the pile. Moment 
M 2 increases  also with increase  of the area  of the base of thepi le .  A ver t ical  surcharge promotes  an increase  
of p ressure  under the toe. In weak so i l s , t hep re s su re  is small,  whereas the angles of rotation are considerable.  
The resulting moment proves  to be of the same sign as M~. This reduces the bearing capacity of the pile with 
respect  to horizontal  loads. 

In strong soi ls , the opposite picture is observed and a ver t ica l  surcharge has  a favorable effect. In the 
case of small horizontal displacements of the pile co lumns , thever t ica l  surcharge reduces the calculated eccen- 
t r ici ty,  which increases  its eccentric compress ive  strength as a re inforced-concre te  element. In very  stiff 
s lump-prone soi ls , the favorable effect of the surcharge proved to be considerable: for  pr ismat ic  pile columns 
the res is tance increased by 1.57 t imes and for canti lever by 1.93 t imes.  The effect is g rea te r  for  the canti lever 
pile columns, since to moments  M 2 and M 3 is added moment M 4 of the same sign f rom the p re s su re  occurr ing 
under one of the canti levers.  

The increase  of res is tance of pile columns under the effect of a vertical surcharge in strong soils that 
was established by the authors agrees  with the resul ts  of testing rigid (situ-cast) piles in analogous soils [7]. 
A comparison of the values of Ph for  displacement Y0 = 10 mm and the breaking values for  pr ismat ic  and 
canti lever pile columns shows that the canti lever pile columns are  distinguished by a higher res is tance  to ho r -  
izontal loads. In very  stiff s lump-prone soils in the case of a 2 -m driving depth and 30 x 30 cm section, this 
increase  amounts to 1.3-1.6 and in soaked slump-prone soils to 1.4-1.6, increasing inboth cases in thepresence  
of a ver t ical  surcharge (see Table 2). In the investigated soils the involvement of the canti levers  proved to be 
equivalent to a 1.5-2 m increase  of embedment of the pr i smat ic  pile columns. This increase  of bearing capac-  
ity can be explained by the different charac te r  of the work of pr ismat ic  and canti lever pile columns in the 
upper zone of the soil. Fo r  the canti lever pile columns,driving of the canti levers  into the ground causes  the 
formation of compacted zones (Td to 1.65 g / c m  s vs Yd of natural soil 1.23-1.32 g/cm3). For  pr ismat ic  pile 
columns,  conversely,  after  dr iving,gaps form in the upper zone between the faces  of the pile columns and the 
soil with a depth to 0.9 m. The ineffective work of pr ismat ic  piles in the upper zone was noted ear l ier  by G. 
S. Kolesnik, A. A. Grigoryan, and others.  This c i rcumstancewas  taken into account when developing the method 
of calculating canti lever and pr ismat ic  pile columns in the Instruct ions [12]. 
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Since the total  length of pi le  columns usual ly  cannot exceed 8 m with the p i le -dr iv ing  units present ly  
used  in ru ra l  construct ion,  the use  of can t i levers  substantial ly expands the i r  a r ea  of use .  

The r e su l t s  of the t e s t s  show that  the use  of Table  12 of SNiP H-B.5-67* fo r  designing pile columns can 
lead to substantial  e r r o r s .  According to the exper imenta l  da ta , the  depth of conditional embedment is c lose r  
to the ground sur face  than according to the aforementioned table .  Fo r  c lays  of ve ry  stiff consistency,  it should 
be  no m o r e  than 1.5-2d and of medium consis tency no m o r e  than 4-5d. Simi lar  r e su l t s  were  obtained e a r l i e r  
during tes t s  of pile columns on other plots  [1]. On the whole , thedepth  of conditional embedment  should be de -  
t e rmined  by calculat ion in conformi ty  with the Ins t ruct ions  [12]. 

Since the b r ie f  effect  of a horizontal  load of the wind type on pile columns (for Ph up to p~rac) does not 
cause  the appearance  of res idual  c r acks  (the l a t t e r  amount to 0.05-0.2 rnrn), when calculating pile colllmns as 
e lements  of the f r a m e  of a one - s to ry  agr icu l tura l  building, the pe rmiss ib l e  width of c r acks  should be increased  
to 0.3-0.4 m m  instead of 0.2 m m  according to SNiP I I - B . 5 - 6 7 " .  This  suggestion is  consis tent  with the new 
approach to the calculation of r e in fo rced -conc re t e  s t ruc tu res  according to SNiP H-21-75 [13]. 

C O N C L U S I O N S  

1. The pr inciple  of independence of the action of fo rces  in the genera l  case  is not applicable to calcula-  
t ion of pile columns with re la t ive  embedment  < 15. A ver t i ca l  su rcharge  can somewhat dec rease  (in weak 
sa tura ted  soils) o r  inc rease  (in clays of ve ry  stiff consistency) the r e s i s t ance  of pile columns to horizontal  
loads.  In the investigated saturated soils  , the bear ing capaci ty  decreased  by no more  than 15%, and in very  stiff 
s lump-prone  soi ls  it increased  by a f ac to r  of 1.9. 

2. Under equal condi t ions ,p i lecolunms with can t i l evers  absorb  a 1.3-1.6 t imes  g r e a t e r  horizontal  load 
than p r i sma t i c .  

3. When de signingpile co lumns , the  depth of the i r  conditional embedment  in the soil should be determined 
in conformity  with the r equ i remen t s  of Ins t ruct ions  [12] and not by Table  12 in SNiP I I - B . 5 - 6 7 " ,  since this 
leads to uneconomical  re inforcement  of the pile columns.  

4. F o r  pile columns of agr icu l tura l  buildings a pe rmi s s ib l e  c rack  width of 0.3 mm should be adopted in- 
stead of the 0.2 m m  according to SNiP I I - B . 5 - 6 7 " .  
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C A L C U L A T I O N  O F  C I I ~ C U L A R  F O U N D A T I O N  S L A B S  

W I T H  C O N S I D E R A T I O N  O F  N O N L I N E A R  

D E F O R M A T I O N S  OF  T H E  R E I N F O R C E D  C O N C R E T E  

1~. A .  N e u s t r o e v  UDC 624.15.04:624.153.524 

At present  there exist several  methods of calculating c i rcu la r  re inforced-concre te  slabs (in a l inear 
formulation) lying on a base taken as a semi-infinite elastic solid, including Gorbunov-Posadov's  method [1, 
2] of expansion of the soil reaction p res su re  p(p) in a ser ies  

p ( p ) =  . ~  a=,, t~ 2" . (1) 
nmO 

where the a~n are  coefficients subject to determination. 

The author compiled detailed tables of dimensionless quantities for  some main cases  of loads and there-  
by maximally facilitated practical  calculations. 

It  is expedient to extend this method to problems in which the re inforced-concre te  slab works beyond the 
elastic l imit and the elast ic base remains  l inearly deformable.  In such a simplified formulation,  as was shown 
by Korenev [3], we can study ra ther  accurately the behavior of flexible and extended slabs, though in the gen- 
eral  ~ase , theplas t ic  deformations,  of course,  must be taken into account both in the slab and in the soil. The 
possibility of such a simplified approach was confirmed clear ly on a pract ical  example of calculation in [4]. 

At the same t ime,  consideration of plastic deformations in a re inforced-concre te  s t ructure  lying on an 
elast ic base reduces the rigidity of the s t ructure  and, in turn,  the forces  in it. A reduction of forces  is related 
to economy of mater ia ls .  

A calculation method is given in [3] which permits  taking into account the formation of plastic hinges in 
struct~xes. This method is based on loading the structure in the section where the plastic hinge was formed 
by an angular deformation.* In this case,  the problem reduces to summation of the resul ts  of two calculations 
of an elastic s t ructure  - with respect  to the given load and with respect  to the load in the form of a cer ta in  
angular defornration. The magnitude of the deformation is selected so that it together with the given load 
causes  in the section under consideration a bending moment equal to the limiting. This method can be used also 
in Gorbunov-Posadov's  method, for  which the tables of this method should be supplemented by data on a cal-  
culation of the loads in the form of deformations.  Such loads permit  solving also cer ta in  other problems,  for  
example, calculation of a nonisolated slab on an elastic base.  

Let  us proceed to obtain these data. Let a c i rcu lar  slab of radius R and constant thickness lying f reely  
on a semi-infinite elastic solid be loaded by an angular deformation ~ distributed about a c i rc le  of radius 
a ( O < a  < R ) [ 3 ] .  

For  such a load,the differential equation of the unknown function of bending of the slab w of the dimen- 
sionless variable p = r / R ,  according to [2] has the form 

a~w 2 @w 1 dS~ 1 dw + ~ .  - -  ~ p,. = - - ' - ~ - -  p ( O ,  
d t~* p d p= ps d ~,= d p 

*Loads in the form of deformations (linear and angular) were introduced by Umanskii [5] and Korenev [3]. 

Central  Scient if ic-Research Institute of Structural Engineering (TsNIISK). Translated f rom Osnovaniya, 
Fundamenty i Mekhanika Gruntov, No. 1, pp. 15-17, J anua ry -Februa ry ,  1978. 
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