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Value Soil characteristics
18.37 Soil specific weight (-2)
23% plasticity limit
42% Liquid limit
68 cohesion Kpa))
13 Friction Angle (°)
2.7 specific density (Gs)
19%  The percentage of field natural humidity
6.78% Residual water content (6,)
38.41% Saturated water content (8;)

Table 1. Properties of swelling soil [12,13]
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. Y- Calculated Experimental
Time . - -
Displacement strain strain
(d)
(m) percentage percentage
0 0
1 -0.1012 3.18 3.18
2 -0.0694

Table 2. Comparison of numerical and tested value
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Cross-

Thickness Length Length - Moment of
Number  Equivalent A and_ D c and_ B of of foot  of foot B sectl_onal inertia in
fondation fondation . area in one
of roofs load (kpa) Foundation AandD and C one meter
load (KN)  load (KN) (m) (m) (m) meter width (md)
width (m2)
2 20 40 80 0.6 0.8 1.6 0.6 0.018
4 40 80 160 0.6 1 2 0.6 0.018
6 60 120 240 0.8 1.2 2.4 0.8 0.0427
8 80 160 320 1 1.4 2.8 1 0.0833
Table 3. Characteristics of single foundation
Sl o olasia ¥ Jad>
Column Column . Cross- Moment of Ultimate
. Thickness of : . L -
Number  Equivalent load at load at Foundation sectional area inertia in one bending
of roofs load (kpa) point Aand point B and (m) inone meter  meter width moment
D (KN) C (KN) width (m2) (m4) (KN.m)
2 20 40 80 0.6 0.6 0.018 247
4 40 80 160 0.6 0.6 0.018 247
6 60 120 240 0.8 0.8 0.0427 461
8 80 160 320 1 1 0.0833 741
Table 4. Characteristics of strip foundation
Ldko\f}d}uﬂ@&h@f&@éub Jsdt
Location Longitudinal Horizontal coordinates  Pipe Horizontal
coordinate x (m) of the well y (m) coordinate y (m)
1- In the neighboring land 15 ig 48
2-In the neighboring land 175 ig 48
3- On the border with the neighbor 19 183 48
4-Between A and B foundation 21 ig 48
5-Between B and C foundation 25 ig 48

Table 5. different positions of the pipe and well
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Fig. 8. Diagrams of (a) vertical displacement and (b) horizontal displacement, singular foundation, 5-story building and the
position of the well in 4
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Fig. 9. Contours of (a) pore water pressure, (b) vertical displacement and (c) horizontal displacement, 5-story building and
the position of the well in 4, singular foundation
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Fig. 10. Diagrams of (a) vertical displacement and (b) horizontal displacement, strip foundation, 5-story building and the
position of the well in 4
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Fig. 11. Contours of (a) pore water pressure, (b) vertical displacement and (c) horizontal displacement, 5-story building and
the position of the well in 4, strip foundation

AP Sas 5 p-v-f
Sl oy O L gla, 308 W) Sas 5 4
22 2 B By B O ens glaslasal ke o
Sl s 5k o 6l b 0 Olatle gl 5 ¥ Cundge
A Ll ol OOl el a3 5] 5 s ISS s
sy SAS 5 as iy e Ve dgb s ol s
s 5 0318 BB ey mlas 1 (5 20 50 Aol 5o 5 abaks
o ) B @SB s Bl GOl ks ks S 550

VSRR LRI Y PP IS N PR R

a¥

S S8 Ol e (V0 5 A) loa S i Ly

A RAS L e oy e BB G B OIS
Sl O S s 0 (3l g A8 OS5 5 ol
Ol i Bl s a3 el OLSS BUE plas
03, 3 daloee b 5 B NS Sl ke gla g 03 A8
AS ol anse W i o8 35 s 2 4 ]
)JHUQ&AM;W\&;)\};B)A&L&&&&JJ
oo Cmdge Sl a5 3l |y e o 2t BB o

Al e Sl O xS ol il



VEF e @ ol Y 6,50 oo Ol es pudige s = oele ads

Folase o dyd SAS 5 Cumdge 5 aib 0 Olazstle gl oo i o 81 O s (b);(.:lso&ﬁﬂ;;(a) slayls gl VY K3

pipe in position 4 (x=21m)
...... Coanta ofA 009 e
0.15 - Center of B - 007 [=nn=es Center of B

z === Center of C PTLLI E = Center of C
el o Center of D,,.o*""" = 005 | = == CenterofD
= -t = g
s 0.1 . . - 4 ot -
£ - 2 003 -
g R ERI
5 0.03 S z
S o —— < 001 (\ 100 200 300 . 400
:L‘ . - -_.-.-- P 003 . P .

. '___,..- I . —

0 ﬁ.::" ~ -
0 100 200 300 400 0.05 fme (d)
time (d) (b)

(a)

Fig. 12. Diagrams of (a) vertical displacement and (b) horizontal displacement, singular foundation, 5-story building and the
position of the pipe in 4

sype o ¥ ou;su)m,l;@;c,cxsyjaﬁbaou;suélﬂuuw&m;;(c)jrsuo&ﬁﬁz(b)Ld\a;}gi)w@éuﬂzs.w‘}gz

Water Pressure T

@ -215.4617 - -191.52104 kPa H
-191.52104 - -167.58091 kPa I
-167.58091 - -143.64078 kPa o5
-143.64078 - -118.70065 kPa
=119.70085 - -95.760518 kPa
-85, 760518 - -71.820389 kPa
-71.820389 - -47.8B0259 kPa
47 BBO2SY - -23.94013 kPa
-23.84013 - 0 kPa
0O 0-23.94013 kPa
[ 23.94013- 47 880259 kPa
01 47 880258 - 71820389 kPa
O 71.820388 - §5.760518 kPa
0 95.760518 - 119.70065 kPa
O 119.70065 - 143 64078 kPa
O 143.64078 - 167 58091 kPa
O 167.58081 - 191.52104 kPa
[@ 191.52104 - 215 46117 kPa

oooooooo

. la)

Y-Displacement H H X-Displacement | f ¥
[ =-0.06096 - 0 m | [ =-0.1524 - -0.13716 m e
[ 0 - 0.06096 m i HH [0 -0.13716 - -0.12192 m e }

£ 0.06096 -0.12192 m FEEEE -0.12192 - -0.10668 m I H
[0 012192 -0.18288 m -0.10668 - -0.09144 m
[0 0.18288 - 0.24384 m -0.09144 - -0.0762 m
1 0.24384 - 0.3048 m ; -0.0762 - -0.06086 m
[ =03048 m -0.06096 - -0.04572 m
-0.04572 - -0.03048 m
-0.03048 - -0.01524 m "
-0.01524 - 0m
0-001524 m
0.01524 - 0.03048 m
0.03048 -0.04572 m
0.04572 - 0.06096 m
0.06096 - 0.0762 m |
20.0762 m

ENOD000000O0OOO0

~ (b)

(c)

Fig. 13. Contours of (a) pore water pressure, (b) vertical displacement and (c) horizontal displacement, 5-story building and
the position of the pipe in 4, singular foundation
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well position

In 365 days ! 2 3 4 S

distance from center of model (m)  -10 -7.5 -6 -4 0
AB 1239 1694 1424 745 761
B (*107%) 7 floor BC 645 860 940 9.95 0.00

CD 373 476 518 627 7.61
AB 403 027 561 1055 4.85
€ (*107%) 7 floor BC 348 275 110 280 11.00
CD 282 258 191 067 485
AB 1385 1918 1629 656 11.21
B (*10%) 5 floor BC 685 948 1160 1313 0.00
CD 365 497 597 771 1121
AB 491 082 1029 1815 559
e (*107%) 5 floor BC 430 350 1.98 315 16.93
CD 362 344 297 165 565
AB 1543 2194 1854 6.17 15.46
B (*107%) 3 floor BC 733 1063 13.80 16.58 0.00
CD 369 531 669 9.14 1546
AB 554 257 1523 2503 6.29
€ (*107%) 3 floor BC 513 433 278 395 2348
CD 440 434 403 280 6.31
AB  17.17 2581 2194 561 21.08
B (*10°%) 1 floor BC 793 1215 1655 2150 0.02
CD 389 583 767 1094 2106
AB 583 506 2125 3381 6.94
€ (¥10) 1 floor BC 603 525 365 485 3198
CD 519 539 533 425 6.94

Table 6. Angular distortion and horizontal strain of single footing, at different loading and for different positions of
absorption well after one year
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pipe position

In 365 days ! 2 8 4 S

distance from center of model (m)  -10 -7.5 -6 -4 0
AB 15.06 15.29 20.54 9.85 10.77
B (*10'3) 7 floor BC 4,73 8.46 12.45 1270 0.16

CD 225 298 419 772 1046
AB 805 085 193 930 642
£ (*1073) 7 floor BC 398 292 230 209 11.28
CD 273 238 243 162 635
AB 1915 2418 2829 1229 13.32
B (*¥107%) 5floor BC 495 1040 1478 1580 052
CD 179 288 444 865 14.00
AB 1459 238 497 2068 9.2
£ (*107) 5 floor BC 635 638 395 365 18.75
CD 418 453 468 415 9.09
AB 2329 3991 4260 1411 21.06
B (*¥107%) 3 floor BC 505 1228 1920 2270 0.32
CD 160 300 471 1009 20.66
AB 2020 597 769 3389 971
£ (*107) 3 floor BC 838 968 6.83 390 29.25
CD 514 609 651 697 994
AB 2842 7550 118.75 2247 40.58
B (*¥10%) 1 floor BC 488 1515 27.10 4338 0.00
CD 136 294 500 1219 40.67
AB 2514 2008 372 7089 5.00
g (*107%) 1 floor BC 1080 1555 13.23 178 55.60
CD 603 822 944 1178 494

Table 7. Angular distortion and horizontal strain of single footing, at different loading and for different positions of pipe
after one year
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Abstract

In general, any damage or breakage in a building's foundation will cause it to settlement, resulting in damage
to both the foundation and the structure itself. Considering the extent of the construction, it is important to pay

attention to the issues related to the design and performance of the foundation of the structure. From a
geotechnical engineering perspective, expansive soils are among the most important soil groups that need to
have their characteristics accurately determined before design studies. Such soils cause significant damage to
structures. For this reason, the behavior of expansive soils should be investigated and determined in advance to
minimize the damage caused to the structure. Shallow foundations such as singular and strip foundations may be
affected by non-uniform settlement, rotation, and bending moment due to soil expansion, leading to damage.
One of the factors leading to non-uniform settlement and rotation in foundations is water infiltration under the
foundation. Often, soil layers near the ground surface, crucial for engineering purposes, are in an unsaturated
state. Thus, understanding the precise behavior of soil necessitates the application of complex unsaturated soil
mechanics principles. In expansive soils, water infiltration causes a reduction in matric suction and consequently
a decrease in shear strength and an increase in soil volume. In this paper, a numerical investigation of the
behavior of shallow foundations in two models of singular and strip foundations under changing factors such as
pipe bursting and absorption well has been conducted. Using Geostudio SIGMA/W software and Couple
analysis, the simultaneous effect of change in matric suction and change in stress and strain has been
investigated. Additionally, the effect of the number of building stories and changes in the position of pipe
bursting or absorption well on the results has been studied. The analysis of the results indicates that pipe bursting
and absorption wells lead to an increase in pore water pressure in the soil over time. Additionally, due to the
characteristics of expansive soil, The damage to the structure increases with the passage of time and it has grown
more in the first month. Also, the category of damage to the structure is more severe for the models where the
one-story structure is built on the foundation. Due to the bursting of the pipe or the existence of the absorption
well and also the expansive property of the soil under the foundation, the lower the intensity of the load on the
soil or the number of floors of the building, the higher the swelling values of the soil will be. So it is
recommended to construction tall structures on this soil. The amount of damage in the case of pipe burst is
estimated to be higher than that of the absorption well. In terms of angular distortion, water permeation under the
foundation and in neighboring borders, and in terms of horizontal strain, permeation under the center of the
foundation are responsible for the most damage. Overall, the damage rating to the structure is higher for singular
foundations than for strip foundations, and in many cases, the structure will experience severe damage, thus the
use of strip foundations with appropriate thickness for buildings located on expansive soils is recommended.

Keywords: unsaturated soil, matric suction, expansive soil, building foundation damage, Couple analysis,
absorption well, pipe burst.
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