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fig. 1. Components of an anchor 

3  . Bond Length 
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@0&A 1 ,BC
,D5�1 E	F�F+� �0�( $% �%  

Result  Soil type  Researcher (year)  

Negligible creep rate at 

low load and increase 

creep at high load. 

Cohesive 

soil 
Ludwig (1984) [2] 

Creep reduction with 

increased injection 

pressure during anchor 

bonding length. 

Sand Mohamed and 

Hanna (1985) [3] 

Development of a 

mathematical model for 

the behavior of anchors 

over the time. 

Clay Gurinsky (2002) 

[4] 

Development of 

analytical model of soil-

structure interaction 

creep behavior in 

anchor; 11% reduction 

in initial anchor load in 

1 year. 

Clay with 

silt 
Montero et al 

(2020) [5] 

Predicting long-term 

displacements in Burger 

model more than actual 

values. 

Clay 

(south of 

Tehran) 

Mirzaee (2009) [6] 

35% to 45% reduction 

of anchor displacement 

due to increase in 

overburden pressure. 

Clay 

(south of 

Tehran) 

Azami (2017) [7] 

Matching the results of 

numerical modeling 

with the results of real 

experiments; 20% 

reduction in anchor load 

during six months 

 Marl 

(Tabriz) 

Mahouti (2018) [8] 

Increase in 

instantaneous and creep 

displacements due to 

increasing the distance 

between the nails or 

increasing the depth of 

the excavation or the 

presence of surcharge in 

its vicinity. 

Sand Koohestani (2021) 

[9] 

Table 1 . Summary of literature review 
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Fig. 2. Excavation of Atiyeh Gharb Hospital in Tehran 
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fig. 3. Section of the excavation of Atiye Gharb Hospital in 

Tehran 
@0&A 2 ..�� <�RS�� Y�i 0��? ��#��� �( ��) �� ��� 0�>4� &�' 

Length (m) Diameter (m) Depth (m) Nail NO. 

14 28 3.4 1 
14 28 4.9 2 

14 28 6.9 3 

16 28 8.9 4 

16 28 10.9 5 

16 40 12.9 6 

16 40 14.9 7 

14 40 16.9 8 

14 40 18.9 9 

12 40 20.9 10 

12 40 22.9 11 

Table 2 .Specifications of the embedded nails in the excavation 

of Atiye Gharb Hospital 

@0&A 3 . <�RS����.����&�'  Y�i 0��? ��#��� �( ��) �� ��� 0�>4� 

Bond 
Length (m) 

Total 
Length (m) Type Depth 

(m) 
Anchor 

NO. 
8 38 5 Strands 5.9 1 

8 38 5 Strands 7.9 2 

8 36 5 Strands 9.9 3 

8 36 5 Strands 11.9 4 

12 39 6 Strands 13.9 5 

12 39 6 Strands 15.9 6 

12 39 6 Strands 17.9 7 

12 38 6 Strands 19.9 8 

12 36 6 Strands 21.9 9 

12 35 6 Strands 23.9 10 

12 38 6 Strands 25.9 11 

12 36 6 Strands 28.4 12 

12 34 6 Strands 30.4 13 
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12 32 6 Strands 32.4 14 

12 22 6 Strands 34.4 15 

12 18 6 Strands 36.4 16 

12 17 6 Strands 38.4 17 

12 17 6 Strands 40.4 18 

Table 3 .Specifications of the embedded anchors in the 

excavation of Atiye Gharb Hospital 
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1 Explicit Finite Difference  
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Fig. 4. Geometry of numerical model  
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@0&A 4 .&��#G� $�� &�'�#�	��@ ��#�-@ ����� :S� &��! &*�J/�� �� 

4 3  2  1  Soil layer NO. 

45 H  30 45H   15 30H   0 15H   Depth (m) 

2000  2000  2000  2000  Mass density,  ( 3
/kg m ) 

82.0 10 
81.7 10 

81.5 10 
81.0 10 Secant stiffness, 50

refE (Pa) 

82.0 10 
81.7 10 

81.5 10 
81.0 10 Tangent stiffness,

ref

oedE (Pa) 

86.0 10 
85.1 10 

84.5 10 
83.0 10 

Unloading-reloading 

stiffness
ref

urE (Pa) 

34  34  33  36  Friction angle, (Degrees) 

4 4 3 6 Dilation angle, (Degrees) 

45000  40000  35000  30000  Cohesion, c (Pa) 

0.5  0.5  0.5  0.5 Power,m  

0.3  0.3  0.3  0.3  Poisson’s ratio,  

66715  59302  53895  41291  Tension limit,
t (Pa) 

100000 100000 100000 100000 Reference pressure, refP (Pa) 

0.441 0.441 0.455 0.412 
Normal consolidation 

coefficient, Knc  

Table 4 .Parameters of Plastic Hardening model used in numerical modeling

 :��SH 0( :3����� &��! $�� ��15 
#��� o � 2 �#�

��>��� �FD 0( 1  ���C#�	 &�'�#�	��@ .:�	 ��� &*�J/�� �#�

 ���&	�(  P�#�� vF� 2 ��>��� o � �:3����� &*�J/��

 $2�1 t�� 0( P�% 2 o �)5(  +3	 *	 �3 �' 0>��l� .:�	

 �'�#�	��@0�\�� Q(�F�;�� &� 
'	� &�' �	7G	FLAC 2D ]11 [

.:�	 ��� ;�A�	  

 2 .�� 

G 2 
3	�1	 <�RS����.���� �2�@ +3	 �� 0#G� ��� 0( �

$2�1 <��\ 0( )6( .:�	 z�� &*�J/�� &	�(2 �' .�� �'����

;�� �� .(�� �� /	 *	 &�'��N#� 0>��l� �� .:�	 ��� ���C#�	 �	7G	

&��1 :�2�L� 2 
!�A��	 n3�H �oFL� vF� 
��� 
)��

�� /	 +3	�' &���)Z32  �R
! I��	 �( 2 ���� $� !	 Y�i2�

 &	�( 0#G�3 j�R#%	 �3��L� .:�	 ��� 0>��l� ��

� v5J�	p�� 

z�� 2 �'.���'����  $2�1 <��\ 0( ���C� 0()7( .:�	  

@0&A 5 .&��! &*�J/�� &	�( ���C#�	 ���� &�'�#�	��@  

Values Parameters Data 
0.15 2m  Area Shotcrete 

0.00028125 4m  Mom. inertia  

0.15 m Thickness  
102 10 Pa Young’s modulus  

0.15 Poisson’s Ratio  

1 m Radius Soldier Pile 

4 m Spacing  
102 10 Pa Young’s modulus  

71.75 10 Pa/m Normal stiffness 
nk  Interface 

73.5 10 Pa/m Shear stiffness 
sk   

23300 Cohesion  

24.4   Friction angle  

0   Dilation angle  

Table 5  .Parameters used for numerical modelling 

 

@0&A 6  . 2 .�� 

G <�RS����.���� Y�i 0��? ��#��� �( ��2�@ ��  

Values Parameters Data 

 Bar (AIII) Type Nail 

 0.028, 0.040 m Radius  

 0.11 m Bond Diameter  

6420 10 Pa Yield Strength  

 0.5 Water to Cement ratio  

 Strand Type  Anchor 

6143 10 m2 Area of each Strand  

 0.11 m Bond Diameter  

61860 10 Pa Yield Strength  

3150 10 N Capacity of each Strand  

3150 10 N 
Prestress Force for each 

Strand 
 

 0.5 Water to Cement ratio  
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Table 6 .Specification of nails and anchors in Atiye Gharb 

Hospital project 

 

@0&A 7 . 2 .�� &*�J/�� &	�( ���C#�	 ���� &�'�#�	��@��.����  

Values Parameters Data 
0.028 m Radius Nail 28  

2 m Spacing  
112 10 Pa Young’s modulus  

0.3456 m Exposed perimeter  

258615 N Tensile yield strength  

0.040 m Radius Nail 40  

1 , 2 m Spacing  
112 10 Pa Young’s modulus  

0.3456 m Exposed perimeter  

527787 N Tensile yield strength  

0.000715 2m  Area Anchor 5 strands 

2 m Spacing  
112 10 Pa Young’s modulus  

1329900 N Tensile yield strength  

0.000858 2m  Area Anchor 6 strands 

2 m Spacing  
112 10 Pa Young’s modulus  

1595880 N Tensile yield strength  

Table 7  .Parameters used for anchors and nails modelling 

l� ���� 2 z�� &�'��N#� �3�� +��4� 2 0>.������ 
��� 0�  *	

0�\�� *	 �:�	 Y�i2� �( ��

� v5J� �W! I� �&� 
'	� &�' 

;�� �	7G	FLAC 2D .:�	 ���� ���C#�	 	�3* 
����O +��4� 

 2 :�	 
�
� q�l� I��	 �( � 
'	� +3	 �� �'��N#�L� +3	 �� 0/�

 0� 
��% q�l� ��:�	  �( �'��N#� 0/�L� +3	 �� .��	�� 
3	���

E'2Z@ I��	 ] �	��� ' 2 0���314 �( .:�	 ��� 0>��l� [

z�� &��) �	�D .l� 0( 01��2 �' .�� �'���� P�% &�
( 038 ��

 $2�1 t�� 0( �'��N#� +3	 &	�( ��� |�S�	 �3��L�)8( .:�	 

@0&A 8 . ���C#�	 ���� &�'�#�	��@�� &*�J/�� 2 .�� &����@ $�9 ��.���� 

3 2 1 Soil Layer NO.  

85.73 10  85.06 10  83.37 10  
Stiffness of the 

grout, Kbond 

(N/m2)  

14541.55  12723.86  10906.17  
Cohesive strength 

of the grout, Sbond 
(N/m) 

34  33  36  
Frictional 

resistance of the 

grout (degrees)  

Table 8 .Parameters used for bond length of anchors and nails 

modelling 

                                                                                                                                                                                                 
1 Viscoplastic  

2 Burger 

2-2-3- #*;< !�9:! �!��'��  

 ES( Q(�F� &�	��(��) .��� &*�J/�� *	 w@ E'2Z@ +3	 ��

��#�-@��J32 &��#G� $�� *	 ���C#�	 �( 
�7% ��#G� �.>D1 

�)�(2  &��#G� $�� .:�	 ��� &*�J/�� 2 c3�4�

;�� �� �)�( ��#�-@��J32 �	7G	FLAC  ��#G� <��\ 0(

 ��#�-@�#�8	 
 A= ��#G� 2 ��#�-@�#�8	��J32 
G	�l�	

] .:�	 ��� c3�4�11 [������3+ 	�( U2�& e	�S#�	 

�'�#�	��@& �9 *	 �)�(3Q ��*?3E ��l� ��& 0�� ��'& 

0�	�#�		& ��2� ���'& �8�9
 	 �� .:�	3+ ��*?3E ��*� (
� 0 E

��*? ���* <�� .� �� :(�M :(�9� 2 ��� 2 :(�M3E :�	�� . 

] o1��15
� [ �	��
����O  �( �)�( $�� &�'��N#� +��4�

E3��*? *	 ���C#�	 ��l� ��.��� ��'��� 	� 
�7% &  

 
#�)�( .�5l� U2� *	 0/�L� +3	 ��&	�(  ���2? :�� 0(

3	 �� .:�	 ��� ���C#�	 &��#G� $�� +3	 &�'��N#� U2� +

 0� &�3��L� +��4� *	 ���C#�	 �( �)�( &��#G� $�� &�'�#�	��@

��( 
12�% .�� ���� *	 ��� :>M 
12�% 2 &��! $�� ��

K
�2��� �3��L��'3  0(��� &�2�2 &	�( 	�
�
'� '  �	�D 0
��(


� *	 ���? :�� 0( K3�#� 0J3�L� .:�	 ��� ��* +� S� ��'�

K
�2��� ��( 2 �'.������ E�@  &��! &*�J/�� q��� ��� 

�(


� 0�	�	 �4( ES( �� 
�7% $�� 0��)���O &�'�#�	��@ .���

 �)�( ���? :�� 0( $2�1 ��)9( .:�	 ��� ��	� ���� +�
, ' 


���* ;�) &��! &*�J/�� �� U7% :3�2�l� 0( 01�� �( &�'

;�� &� 
'	� �� ��� ����	 �	7G	FLAC 2D ]11[  �� *2� �3

� 0#G�) �k� .:�	 ��  

@0&A 9 @ .�)�( ��#�-@��J32 
�7% $�� &�'�#�	��  

30 H  0 30H   Depth(m)  

95 10  
93.7 10  Maxwell shear modulus (Pa)  

87 10  
82 10  Maxwell viscosity (Pa.day)  

101 10  
91 10  Kelvin shear modulus (Pa)  

82.5 10 
79 10 Kelvin viscosity (Pa.day) 

Table 9 .Parameters of Berger creep viscoplastic model 

3 Loadcell 
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3- #96!)#���2= �>�6��$�'�
 � �)�3 8��  

 &	�(
#���
3��*?  0J3�L� *	 E'2Z@ +3	 �� &��! $�� K3�#�

&2��� .�� ����
�	��� &��) �*	��	 �(  ��2�@ ��z�� �	�3��� 
(

��� ] I	7��12 ���C#�	 [�� $2	 c/�� q��� 0J3�L� <���71 .

] o1�� �� �H�= 0/�L�16 2 &*�J/�� K3�#� 0J3�L� .:�	 ���? [

�*	��	&��)� &�'0� �	� ���� I	7�� ��2�@ �� 
�	��  �>3�L�


�
'� ' ��	� ��12 K3�#� �	�L� 2 ��2� +�( 
(�%
� 0G�H	 .

��� 0�  2� &2� �Y�i 0��? ��#��� �( ��) ��.������ �2���K
 

 .�� Q(�F�)5(  +3	 �� ��1�� ��( 2 ��� nR�.���'����  ����

�*	��	 .:�	 0#G�) �	�D E3�@&��)�'  Q(�F���	) $�6  27 ( ��

 ;�A�	 (
�7% ���*) &�	��(��) ��3�@ *	 w@ 2 &�	��(��) ���*

.:�	 ��� :>M 2 0#G�) .�� ���' &6  27  ���� +�O q%

.:�	 &�	��(��) ��3�@ ���* 0( }�(��  

  

 275 5 . � &2� ��� nR� K
�2��.������  

  
Fig. 5. A loadcell installed on the anchor 

 275 6 .�� q��� ��� :>M ��(K
�2� S13-7 E�@ 2 q��� ��� 

�(

 �� &��! &*�J/����.���� T�� 

  
Fig. 6. Load recorded by loadcell S13-7 and predicted by 

numerical modeling in sixth anchor 
 

 275 7 .K
�2��� q��� ��� :>M ��( S21-7 E�@ 2 q��� ��� 

�(

 �� &��! &*�J/����.���� T'�*�3  

 
Fig. 7. Load recorded by loadcell S21-7 and predicted by 

numerical modeling in eleventh anchor 

4- �)�) 0�	��?�& � �-  

��	� ES( +3	 �� ES( 2� �� &��! .�5l� *	 ���? :��( &�'

 &2��� .�5l� (c/	)��.����  &�A#J1 (Y) 2 ���* :�B) �(

�� ~l( 2 0�	�	 <�� 
�8�9 ��#G� �( T��= &�'��N#�:�	 � .  

  

4-1-  ����� 0�	����0!�@� ���2 A*B
 �&  

4-1-1-  ����� ���C� ���!��0!�@��- ���2 A*B
 �& 

 $2�1 ��)10(  <�RS����.�����'  ��( E'�� �\�� �	7�� 2

�? �� ��	� ���� &��! &*�J/�� I��	 �( c5#S� .=	�� �� �'

.:�	 ���  �$2�1 +3	 ��.������ 0#�� �	�4� �( 0( $�9 2 �'

0� #��T�JL� 0 ��� &�
(:�	.  ��( E'�� �	7�� $2�1 +3	 ��

 &	�#(	 ��? &��#�	 �� &�	��(��) &	�#(	 
���* �*�( 0� ��

 �3 �� &�	��(��) &��#�	 2 �? *	 w@ $�� �3 �� &�	��(��)

.:�	 ��� 0>��l� �? ��3�@ *	 w@ $��  �	7�� 0#�� �' &	�(

 �>3�L� ��( E'��T' 0( �3�7� �%? 0#�� .:�	 �� $2�1 +3	 

.��� 0� .�� &�'����0#�� E�&	  T'�A' �� T'�7��@:�	  0(

*	�� �� +#G�) �	�D .�/� ��( E'�� �	�L� �T� $�9 2 �%? &�'

&�#��( $�� �3 $�9 �� 0( :>J� .�� &�'����.���	� ��3�  

�L� I��	 �(30J ��L�3�  $2�1 �� ��� ��| ��( E'��)10(� �


�	�� #��0A ( �� :G�)�+ ��. &�'����3��J�  2 $�9 ��l/ *	

0#�� �	�4���' .�� &�'�����7�3� �* vF� 0(�+ >4� 2�0 � ��

� �# � X� !	 ����	7 ( ��( E'����#�& � ���� ��% *	
�
'� .

	�(& �L� �� $���30J .�� &�'����0#�� E�	& �'T# T'�*	2� 2 
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 U7% $�9 ��3� �$�� .�� ����>4��0  Q ! �� ���9/19  �#�

���	7  ��( E'��02/9 2 �\�� .�� ����>4��0  Q ! �� ���4/28 

� �#���	7  ��( E'��65/3 � �� �\��
�'� .  


, '�+ ( ���+ .�� &�'����3��J�  0#�� �	�4� ��l/ *	

�7� X� !	 �� 0#G�) �	�D 2 ���#�	3�  �T' 0(3
4
  $�9 0O �'

.� .�� ����� ���( �# ���	7 ( ��( E'����#�  �'	�%��(	�( .& 

	 ��	� ����3� p�H�� +
�	�� .�� ������T'�7  .� $�9 �(34 

 .� $�9 �( T'����O 2 �#�32 �7� 0� �#�3�  ���� 	�1	 T' 0(

�� .�* $��� 	� .�� ������T'�7 55/4 �� 2 �\�� .�� ����

 T'����O87/6  U7% $�9 �� ��( E'�� �\��3�  �� $��

�
�'�.  

4-1-2-  ����� ���C� �D&�!��0!�@� ���2 8>E !)  

 .�� ��)8(  �� ��1�� &2��� <	���N� �	�� ���.�����'  �(

 �? *	 w@ $�� �3 2 &�	��(��) .=	�� $�9 �� ���* nJ=

 ��	� ����:�	 2 :%�� .=	�� ��3�@ ���* .�� +3	 �� .

q% �( &�	��(��).:�	 ��� �S�� ���� ��� +�O  +3	 ��


���( 2 �	�� �&�4( &�'� ���O .�� ���� �� ��� 0#G�) �	�D

*	���3�� 0( :>J� &�# � $�9 0� ��) +�3�@ &�' .��� �'���

 .:�	 ���� 0#G�) �k� �� ���	�*3	�  �� ��( E'�� �	�L� 2 ��2�


 � 2 :�	 �'���	 �3�� ��2� �( <2�C#� ���?J�3 &��#G� �	�� ��

�� �(3� .�� &�'����0#�� E�	& @�E(�

 .��� 

@0&A 10  .� 2 <�RS�� ��( E'�� �	7���.�����' c5#S� .=	�� $�9 �� 

Anchor load reductio at 

from beginning of 

excavation to one year after 

its end 
 (%) 

Anchor load 

reduction during one 

year of creep (%) 

Anchor load 

reduction from 

beginning of 

excavation to its end 
(%) 

Total 

Length (m) 
Number 

of 

Strands 
Anchor 

NO. 

12.04 9.82 2.47 38 

5 

1 
10.78 8.16 2.85 38 2 
10.92 7.58 3.61 36 3 

11.30 7.62 3.99 36 4 

10.25 6.36 4.16 39 

6 

5 

9.68 5.77 4.14 39 6 

10.04 6.18 4.11 39 7 

12.87 9.02 4.23 38 8 

11.81 8.24 3.89 36 9 

12.71 10.35 2.63 35 10 

5.25 4.49 0.79 38 11 

3.74 3.65 0.09 36 12 

3.71 4.55 -0.88 34 13 

4.90 6.87 -2.12 32 14 

10.21 8.94 1.40 22 

6 

15 

22.58 16.92 6.81 18 16 

39.26 21.46 6.28 17 17 

21.77 21.77 0.0 17 18 

Table 10 .Characteristics and amount of load reduction of anchors during different stages
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 275 8 . ;� � &2��� .�� �'����&�	��(��) ��3�@ *	 w@ $�� �3 2 &�	��(��) $�9 �� ���* nJ= �( 

 
Fig. 8. The force of all the anchors versus to the time during excavation and one year after the end of excavation
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Fig. 9. The graph of relation (1) versus to the time in 5 strands 

anchors 
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Fig. 10. The graph of relation (1) versus to the time in 6 strands 

anchors 
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Fig. 11. Sixth anchor force reduction values at different times 

according to different soil friction angles 
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Fig. 12. Eleventh anchor force reduction values at different 

times according to different soil friction angles 
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Fig. 13. Sixth anchor force reduction values at different times 

according to different soil cohesion 
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Fig. 14. Eleventh anchor force reduction values at different 

times according to different soil cohesion 
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Fig. 14. Reduction of the first anchor force at different times 

according to different final excavation depths 
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Fig. 16. Reduction of the sixth anchor force at different times 

according to different final excavation depths 
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Fig. 17. Reduction of the eleventh anchor force at different 

times according to different final excavation depths 
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Fig. 18. Reduction of the sixth anchor force at different times 

according to different surcharge 
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Fig. 19. Reduction of the eleventh anchor force at different 

times according to different surcharge 
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Abstract 
In many construction projects, it is necessary to excavate the land so that its walls are vertical or close to 

vertical. The exerted lateral pressure on these walls is due to the movement of the soil behind them. In order 

to prevent the collapse of the walls of an excavated site and its associated consequences, temporary or 

permanent structures are utilized, which is called stabilization. Excavations are secured for various reasons. 

For example, they may be stabilized to protect personnel entering and working in the excavation or to protect 

buildings or municipal services adjacent to excavation. Over the past years, there has been a large number of 

excavations in metropolises , including Tehran, which were abandoned owing to some problems. Furthermore, 

while some excavations need to be designed for a long time, long-term design basics are not observed during 
such processes. Stabilization of most of these excavations is done using anchors. In this method, after placing 

and implementing the anchors, they are prestressed by applying force. Field observations and long-term 

surveys of these excavations show that in some cases, locking force of anchors decreases, which tends to be 

hazardous. Therefore, it is very important to know the long-term behavior of anchors in excavations to 

investigate the stability of these constructions that are prolonged or abandoned for a long time. In this study, 

field data of the long-term behavior of an excavation in Tehran was used and numerical modeling was done 

based on this case study. Field measurements were employed to Verify and calibrate the numerical. Moreover, 

relationships based on the results of the numerical model were proposed to predict the anchor load in the long 

term in cohesive coarse-grained soil. The proposed relationships predict well the anchors load at one year after 

the end of excavation. These relationships are separated to three categories of five strands anchors, six strands 

anchors and six strands anchors with short length. Then, the variables affecting the long-term behavior of the 

anchor loads embedded in the excavation have been studied. These variables include soil properties, depth of 

the excavation and neighbor surcharge of the excavation. The results of the present study, not only presents a 

relationship for anchor load prediction, but also introduces variables that affect long-term behavior of anchor. 

The parametric study shows that with the increase of the angle of internal friction or the increase of soil 

cohesion, anchors’ load attenuates over the time. Also, by increasing the depth of the excavation or increasing 

the neighbor surcharge of the excavation, the load of the anchors decreases less over time. It is worth 

mentioning that the impact of excavation depth occurs mostly in the lower anchors and does not affect the 

anchors of the first row and close to the ground. Studies showed that anchors close to the earth surface have a 

greater rate of load reduction over time among anchors with the same length and number of strands. Also, 

among the same anchors, those with shorter length experience more load reduction over time. 
 

Keywords: Excavation, Anchor, Long-term behavior, Numerical modeling, Creep
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