Theory and Building Practice

Vol. 1, No. 1, 2019

https://doi.org/10.23939/jtbp2019.01.032
Valery Shmukler, Oleh Kalmykov, R. Khalife, Kamila Stoliarevska

COMPARATIVE ANALYSIS OF ACCOUNTING DYNAMIC
EARTH PRESSURE ON RETAINING STRUCTURES
IN REGULATORY DOCUMENTS

Building Constructions Department
O. M. Beketov National University of Urban Economy in Kharkiv, Ukraine
17, Marshal Bazhanov Str., Kharkiv, 61002, Ukraine

O Shmukler Valery, Kalmykov1 Oleh, Khalifel R., Stoliarevska Kamila, 2019

This study research investigated the seismic effects on the design of retaining walls. The basic
analysis theory of retaining structures under static load is the Coulomb theory, stating that the pressure
of a loose body on the lateral surface is determined from the static equilibrium condition of rigid wedge
formed in the bed between backsides of the structure and slipping area, considering the wedge as rigid
body. Dynamic pressure of the soil was studied in the works of Okabe and Mononobe. Currently, these
studies are basic in the preparation of regulatory documents. However, there are discrepancies between
the approaches of Ukraine, Europe, and the United States in this matter. Analyzed regulatory guides for
the calculation of these structures for the action of dynamic loads. Assessed the discrepancies between
the calculated dependencies established by USA codes, Ukraine codes, and Eurocode. This work shows
the relation between the curvature of the back face of the retaining wall, and the lateral pressure diagram
of the bulk material due to seismic load.
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Introduction

Historically, the first studies of the soil dynamic pressure are based on the static theory of seismic resistance,
which rests on assumptions of the Coulomb theory. In the works of Okabe and Mononobe, the calculated
dependencies obtained from a consideration of the inertial and gravitational forces acting in the backfill soil.
Therefore, the soil pressure diagrams from seismic effects did not differ in a form from the static pressure diagrams.
A number of modern studies are devoted to the search for methods for taking into account the dynamic impact of
soil on the side surface, including the seismic effect of the soil on retaining walls. An example of this can be the
work of Mikola and Sitar (USA), where the results of the experimental dynamic pressure of the soil on the lateral
surface are displayed. The authors obtained updated data regarding the point of application of the resultant load
and the lateral pressure diagram shape. Soubra and Macuh (France) proposed a kinematic method for determining
the active and passive lateral pressure coefficient, while the sliding surface of the backfill soil considered
curvilinear, having a logarithmic outline. Ghosh and Sengupta (India) offer an alternative method for determining
the lateral pressure coefficient. The authors obtained analytical dependencies that allow determining the specified
coefficient within the error of no more than 10 % compared with the Mononobe-Okabe theory. Nimbalkar
(Australia) proposed a pseudo-dynamic method for determining soil pressure on retaining walls. The author
postulates the nonlinear nature of the lateral pressure distribution. Wu and Finn (Canada) describe a study whose
results differ from the Mononobe-Okabe theory. Sugano (Japan) describes the consequences of the Kobe
earthquake, the nature and causes of the destruction of pressure-receiving loose structures. Jahangir and Soleymani
(Iran) give an analysis of the seismic effects of the soil on sheet piling walls. In addition to the above, there are
many methods of rational design of retaining walls, in particular, perceiving seismic load.

Accounting for seismic pressure of soil on retaining walls in regulatory documents

Despite the significant amount of advanced research of the direction, in current regulatory documents,
guidelines for calculating retaining structures for dynamic effects still based, as a rule, on the Mononobe-Okabe
theory. The main parameter in determining the pressure of the soil on the retaining wall is the coefficient of
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lateral pressure bulk, which is in trigopnometric dependence on a number of soil characteristics and structural
parameters: the angle of internal friction of the bulk, friction of the soil on the wall material, the angle of backfill,
the angle taking into account the seismic effect. This approach is standard, but there are certain discrepancies in
the method of determining the lateral pressure of the bulk in the regulatory documents. Below are expressions
for determining the coefficient of lateral pressure of soil and the accepted notation (Table 1, Fig. 1), used in the
codes of the European Union, USA and Ukraine.
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Fig. 1. To the determination of the seismic effect of soil on the retaining wall

Table 1
Designations in regulatory documents
. . Regulatory Document
Designations EU USA | Ukraine
The earth pressure coefficient Kag K A
The angle of internal friction oY ) )
The angle of the backfill slope B i p
The angle of slope of the back surface of the wall P B £
Friction angle between the ground and the retaining wall b4 b4 )
The deviation angle of the soil resultant weight from the vertical 0 0 )

The Eq. (2) also occurs in the codes of Canada, India, Australia, New Zealand, and others. The difference
in the expressions for the lateral pressure coefficient of soil in the USA and Europe is predetermined by the basic
reference of the wall back surface slope angle (Fig. 1). In the American and Ukrainian codes in the calculations,
the actual value of the internal friction angle of loose and friction of the soil on the wall surface is used. In
European codes, these values are taken with a certain margin, and are defined as:
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where ¢}; 84 — design values; ¢; d — actual values and y, — safety factor.
The deviation angle of the soil resultant weight from the vertical, considering the seismic impact in
American and European codes, is defined as:

kp
tanf ——'1‘5;7;;, (6)

where kn and k, — vertical and horizontal seismic coefficients, respectively (determined by national
standards).
In Ukrainian codes, this parameter is defined as:

w = arctg(AK;), @)

According to Ukrainian codes, when calculating retaining walls and basement walls, the product
AK1 should be taken 0.04; 0.08 and 0.16 with a calculated seismicity, respectively, 7, 8 and 9 points.

Numerical analysis

To determine the quantitative discrepancy between the above dependencies, let us define arbitrary
values: the weight of the soil y = 18 kM/m®; wall height H = 10 m; the deviation angle of the soil resultant
weight from the vertical, considering the seismic effects 6 (w) =5.93° (kn = 0.1; ky = 0.33); safety factor
for expression (1) y, = 1.1; friction angle between the ground and the retaining wall 34 (3; 8a) = 0°. There is
no load on the backfill surface.
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Fig. 2. Resulting lateral pressure divergence chart depending
on the angle of internal friction (the angle of slope of the back surface
of the wall — 15°; the angle of the backfill slope — 0°)

The graphs (Fig. 2-4) show the dependences of the resulting lateral pressure of the soil depending
on the angle of internal friction of the bulk, the slope angle of the wall back surface and the angle of the
backfill slope.



Comparative analysis of accounting dynamic earth pressure on retaining structures in regulatory documents 35

700

o2}
o
o

[8)]
o
o

oS
o
o

EU

w
o
o

USA
Ukr

Total design force , kN
N
o
o

[y
o
o

0123456 7 8 91011121314151617 1819 202122 2324252627 28 29 30
The angle of slope of the back surface of the wall, y°

Fig. 3. Resulting lateral pressure divergence chart depending
on the angle of slope of the back surface of the wall (the angle
of internal friction — 30°; yzox the angle of the backfill slope — 0°)
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Fig. 4. Resulting lateral pressure divergence chart depending on the angle of the backfill slope
(the angle of internal friction — 30°; the angle of slope of the back surface of the wall — 15°)

The maximum discrepancies between the results, within the limits of the variable values under
consideration, are presented in Table 2. It should be noted that the discrepancy between Egs. (1) and (2) is
due to the adopted coefficient y,= 1.1. If, in the calculations, it is assumed that the design value of the angle
of internal friction of the bulk material is equal to the calculated one, in all cases the comparisons of Egs.
(1) and (2) represent the same result.
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Table 2
Discrepancy between regulatory documents
Discrepancy, %
Variable parameter EU (Eq) ~ USA EU (Ed) ~ USA (Pag)~
(Pag) Ukr (Ena) Ukr (Ena)
The angle of internal friction 7.85 10.99 3.53
The angle of slope of the back surface of the wall 4.63 17.41 15.57
The angle of the backfill slope 12.55 15.53 3.53

Conclusions

From the analysis it follows that the discrepancy between the American and European regulatory
guidelines for determining the lateral pressure of the bulk in seismic effects is due only to safety factors.
The difference between the normative instructions of Ukraine and the ones mentioned above is of
fundamental nature and causes an error in the range of up to 17.4 % on the smaller (unfavorable) side in
certain circumstances. The current norms of Ukraine, in this aspect, duplicate the instructions given in
Soviet Union codes.

References:

Kleyn, G. K. (1964). Raschet podpornyih sten. Moskva, Vyisshaya shkola.

Okabe, S. (1926), General Theory of Earth Pressure. Journal of the Japanese Society of Civil Engineers, Tokyo,
Japan, 12 (1).

Mononobe, N., & Matsuo, H. (1929). On the determination of earth pressure during earthquakes. Proceedings,
World Engineering Conference, 9, 176.

Mikola, R. G., Candia, G., & Sitar, N. (2014). Seismic earth pressures on retaining structures and basement
walls. Conference Paper in Geotechnical Special Publication. Proceedings of thelOth National Conference in
Earthquake Engineering, Earthquake Engineering Research Institute, Anchorage, USA.

Abdul-Hamid Soubra., & Macuh, B. (2002). Active and passive earth pressure coefficients by a kinematical
approach. Proceedings of the ICE — Geotechnical Engineering, Thomas Telford, 155 (2).

Ghoshl, S., & Satarupa Sengupta. (2012). Formulation of Seismic Passive Resistance of Non-Vertical
Retaining Wall Backfilled with ¢-® Soil, Civil and Environmental. Vol. 2. No. 1.

Chidanand M Jadar., & Ghosh 1, S. (2017). Pseudo-dynamic Analysis of Shallow Strip Footing Considering
Non-Linear Rupture Surface. International Journal of Geotechnical Engineering, Vol. 11.

Ghoshl, S., & Satarupa, S. (2012). Extension of Mononobe-Okabe Theory to Evaluate Seismic Active Earth
Pressure Supporting c-¢ Backfill. The Electronic Journal of Geotechnical Engineering. Vol. 17.

Nimbalkar, S., & Choudhury, D. (2015). Design of earth retaining structures and tailing dams under static and
seismic conditions. 50-th Indian Geotechnical Conference.

Wu, G., & Finn, W. D. (1999). Seismic Lateral Earth Pressure for Design of Rigid Walls. Canadian
Geotechnical Journal, Vol. 36.

Wu, G., & Finn, W. D. L. (1996). Seismic pressures against rigid walls. in analysis and design of retaining
structures against earthquakes, Proceedings of the American Society of Civil Engineers Convention, Washington.

Nozu, A., Ichii, K., & Sugano T. (2004). Seismic design of port structures. Journal of Japan Association for
Earthquake Engineering, Vol. 4, No. 3.

Jahangir, M. H., Soleymani, H., & Sadeghi, S. (2017). Evaluation of unsaturated layer effect on seismic
analysis of unbraced sheet pile wall. Open Journal of Marine Science.

Kalmykov, O., Khalife, R., & Grabowski, A. (2019). Search for rational contour of back surface of retaining
wall. AIP Conference Proceedings.

Kalmykov O. A. (2013) Podpornaya stena ratsionalnogo ochertaniya / Mlzhvidomchiy naukovo-tehnichniy
zblrnik “Naukovo-tehnichni problemi suchasnogo zalizobetonu”. Vip.78. Kyiv. DP NDIBK.

Babaev, V. N., Shmukler, V. S., Feirushah, S. H., Kalmykov, O. A., & Zinchenko, V. M. (2012). Rational
design of retaining walls. BUITEMS “Journal of applied and emerging sciences”. Vol. 3, Issue 1, Pakistan.




Comparative analysis of accounting dynamic earth pressure on retaining structures in regulatory documents 37

Shmukler, V. S., Kalmykov, O. A., (2014) Poisk optimalnyih konfiguratsiy poverhnostey konstruktsiy,
nagruzhennyih syipuchim. Zblrnik naukovih prats UkrDAZT, vip. 149.

Law of European Union. Eurocode 8: Design of Structures for Earthquake Resistance — Part 5. European
Committee for Standardization. Brussels (2003).

Law of USA. Recommended Seismic Provisions for New Buildings and Other Structures VVolume I: Part 1
Provisions, Part 2 Commentary FEMA P-1050-1 (2015).

Law of Ukraine. DSTU-N B V.2.1-31:2014 Nastanova z proektuvannya pldplrnih stin. KiYiv. Minregion
Ukrayini. (2015)

Law of New Zealand. Earthquake geotechnical engineering practice. MODULE 6: Earthquake resistant
retaining wall design. New Zealand Geotechnical society (2017).

Law of the Soviet Union. SNiP 11-7-81. Stroitelstvo v seysmicheskih rayonah (1981).

B. lImykaep, O. Kanmukos, P. Xanide, K. Cronsapescbka
XapKiBCHKUI HaIllOHANBHUH YHIBEpCUTET Micbkoro rocrnozaapcrsa iMm. O. M. beketona,
kadenpa OyniBeTbHUX KOHCTPYKIIIH

MOPIBHSAJIBHUI AHAJII3 BPAXYBAHHS JTUHAMIYHOI'O TUCKY IPYHTY
HA NIAIIPHI CTIHU Y HOPMATUBHUX JOKYMEHTAX

o] UImyxnep B., Karmukog O., Xanige P., Cmonsapescora K., 2019

VY poboTi pO3rISHYTO NOCHIIKEHHS CEHCMIYHOTO BIUIMBY il Yac MPOEKTYBaHHS MiAMIPHUX CTiH.
Icropu4HO TmepmIi  MOCTIMKCHHS JAWHAMIYHOTO THCKY IPYHTY Oa3yBajucs Ha CTaTHYHIA —Teopii
ceficMOCTIHKOCTI, sfKa po3pobieHa Ha MPUITYyHICHHAX 1 mepeaymoBax Teopii Kymona. ¥V po6ortax Oxabe i
MoHoHOOE pPO3paxyHKOBI 3aJE€KHOCTI OTPUMAHO Yy pe3yabTaTi CHUIBHOTO PO3IIIAAY IHEpUIHHHX 1
TpaBITAIlIfHAX CHJI, MO JIIOTh B IPYHTI 3aCHIIKH, TOMY CIFOPH THUCKY IPYHTY BiJ CEHCMIYHHX BIUIMBIB 3a
(hopmoro He BiPi3HSUIUCSA BiJl CTATHYHUX.

[TuTaHHS MOUTYKY METOJIB ypaxyBaHHS JWHAMIYHOI'O THUCKY IPYHTIB Ha Oi4HY HOBEpXHIO, 30KpeMa
CEeMCMIYHOTO THUCKY I'PYHTY Ha MiJIIpHI CTiHH, CTOCYEThCS HU3KA Cy4acCHHX JOCHIpKeHb. OMHAK y BKa3iBKax
HOpPMATHUBHUX JOKYMEHTIB Pi3HHX KpalH CBIiTy € JesKi po30DKHOCTI, IO MiIKPECIIOe HEOTHO3HAYHICTh
HaYKOBHUX IOTJIIAIB Ha Iie muTaHHA. Hampuknazn, y HopmatuBHux nokymentrax CIHIA, Kananu, Ascrpanii,
Hogoi 3enmannii, [aaii Bupa3 piBHOAII040 OIYHOrO THCKY IPYHTY 32 AMHAMIYHOTO BIUIMBY Ma€ OIHAKOBHH
BUIIIAA. Y €BpOKOXI, AEp’KaBHUX YKPATHCBKHX HOpMax 3aleKHICTh Ul BU3HAUCHHS PIBHOMIIOYOI CHIH
MPUHITUIIOBO BiAPI3HAETHCSA BiJl CTAHAAPTIB BUIIE3TraAaHuX KpaiH. B mpomy mocmimkeHHi 3aiiiCHEHO sSIKiCHE i
KiJIbKICHE OIIHIOBAHHSA 3a3Ha4eHUX po30ikHOcTell. JleTanbHO MpoaHaIi3yBaBIIM PO3PAaXyHKOBI 3aJI€KHOCTI,
JUISl BU3HAuCHHSA OOKOBOTO THCKY IPYHTYy B HOpMaTuBHHX aokyMmeHTax CILIA i €Bpomm, MOXHa IiTH
BHUCHOBKY, III0, HE3BAKAIOUM Ha Bi3yalbHY PO30DXKHICT B aHAJIITUYHOMY IUIAHI, Wi BHpa3d PiBHO3HAUHI.
KispKicHa BiIMIHHICTB MOJISITAE JIMILIE B Pi3HUX KoedimieHTax 3anacy. 11{o »x cTocyeTbest yKpaiHCbKUX HOPM —
3aJIEKHOCTI XOU 1 HE3HA4YHO, ajie NPHHIMIIOBO BiAPI3HIIOTHCS TOpiBHAHO 13 HopMmamu CIIA i €spomnm.
BingzHaueHo, 1o 1 po30iKHICTH IPOIyOIbOBaHA B AEPKABHUX CTaHIAapTax YKpaiHU 3 paAsHCHKHX HOPM, a
Ile CBiYMTH TPO Te, IO 32 OCTaHHI POKHU II€ MUTaHHSI B YKpaiHi He mepersimanu. KinmbkicHa oIliHKa
PE3yIBTYIOYOT0 OIYHOrO TUCKY I'PYHTY OOYMCIIEHA 3 ypaXyBaHHSM Pi3HUX HOPMAaTHBHHUX BKAa3iBOK, 3aJIEKHO
BiJI pi3HUX (akTopiB. BinMiHHICTH HOpMAaTUBHIX BKa31BOK YKpaiHM BiJ] BUIIE3a3HAYCHUX CIPUIMHSIE TOXHOKY
B Mexax 10 17,4 % y Meniny (HECIPUATIMBY) CTOPOHY.
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