UDK 339.03:658.5
AA. Tugai,
Doctor of Technical Sciences, Professor
ORCID: 0000-0001-6255-3119
Toni Samaha,
postgraduate
ORCID: 0000-0001-6997-2340
Kyiv National University of Construction and Architecture, Kyiv

DETERMINATION OF THE IMPACT OF THE LOAD ON BUILDINGS
FOR THE SUBSEQUENT OPTIMAL CHOICE OF THE
ORGANIZATIONAL AND TECHNOLOGICAL SOLUTION
OF THE CONSTRUCTION PROJECT

The present document helps to determine the impact of loads on buildings for the
subsequent optimal choice of the organizational and technological solution of the
construction project.

In further studies it is shown that the effect of loads has a major influence on the
process of construction and the optimization of the time cost efficiency. The known
literatures describe the loads as a statistical variable which is related to the local,
environmental and useable conditions of the project.

All types of loads, static and dynamic, directly reduce or increase the cost of the
project, it depends of the consideration taken during the design. For example, the main
variable that will be considered in this document is the soil effect on the cost of the
structure under static and dynamic loads, if it is taken or not into account during the
design of the superstructure, and how it changes the whole behavior of any structure
making it more rigid or more flexible.

A particular study is done here down in this document showing the effects of soil on
two different buildings during a dynamic impact (seismic event in our case). Moreover,
this document provides with the needed formulas and tools to describe the soil material
in 3D design softwares. The use of these tools will let the structural designer to change
the response spectra curve and reduce the influence of the dynamic impact on the
building. Thus, a comparative table will show the difference between the use of rigid
base models and flexible ones to spotlight the effects of the soil. Furthermore, a
sensitivity study is done showing the contribution part of some formulas in the soil
consideration.

The reduction in the base shear will allow the client and contract to reduce the
budget of the project and by this an optimization of the constructional time can be done.

Keywords: Load impact, organizational and technological solution, optimization,
cost efficiency, Soil Structure Interaction, Static Load, Dynamic Load.

Problematic: Civil engineers usually use 3D softwares during the design of the
structures and the simplest way to model their bases is the use of fixed supports. This
assumption does not describe the reality of the soil-structure’s effects. The use of a more
flexible base will be more realistic in some cases where in other no, and will have a
major impact on the load distribution in the structural elements.
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Soil Structure Interaction effects are considered through 2 ways: Modeling of the
soil and structure using finite elements, which is not an optimal solution for commercial
projects, or the use of springs and dashpots to model the soil flexibility which will be
considered here.

1. The behavior of the structure under static loads is described by vertical springs
that offers the real flexibility of the soil under the foundation. Three methods are used to
describe this flexibility:

a) The modeling of spread footings using one spring under the supporting elements
with the following formulas:

Ksy(KN/m) = 2= [3.1 (g)m5 + 1.6],

2.4
Koy (KN.m) = 22 [3.73 )"+ 0.27],

where L and B are the long and short sides of the foundation respectively, G and v
the shear modulus and Poisson ratio.
Note: Ky is the vertical spring stiffness and Ky, is the rotational spring stiffness.
b) The use of the Winkler model for spread footings or mat foundations using one
of these two formulas:
1.3G

Ksy (KN /m?) = B -7

G L 0.75
KSV(KN/TTLS) = m [31 (§) + 1.6

c) The use of the Winkler method (same formulas) but with stiffer springs at the
edge:
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Fig.1: Winkler method with stiffer springs at the edges

The three methods above simplify the soil to structure behavior for projects by using
the minimum needed parameters and giving the more accurate results.

2. During a dynamic impact, a structure interacts with the soil beneath through two
ways:

» Kinematic interaction that is governed by two main participants (A) Base slab
averaging and (B) embedment effects.

Formulas to consider (A):

bo(Mm) = \/Apgse < 79.3m
bo(m) = 0.0023(22),
where T(s) = 0.2s is the period of the structure for the first fundamental mode.

b6 b8 blO
(1+b02+b04+l+i+°— hy<1
Bbsaz{

2 T a T2
exp(2b 2)[L<1— ! >] by > 1
PV [ mme T T6bo? 0
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1
RRS,sq = 0.25 + o.75{b—2[1 — (exp(=2bo?)) X Bpsa|}/? = 0.7
0

Formula to calculate (B):
RRS, = 0.25+0.75 x COS(

2me
TVS)

where “e” is the embedment height and e < 6m (for greater values of “e” use 6m),
T and Vs are respectively the modal period of the first fundamental mode defined on the
response spectra (limitation T = 0.2s) for the fixed base model and the effective shear
wave velocity at embedment “e”

Finally, RRS,s, and RRS, are the reduction coefficients that should change each
value of the response spectra, and by this changing its value, by decreasing the
acceleration of the vibration.

» lInertial interaction that is governed by three main participants (A) period
lengthening which is the increasing of the fundamental period where it is directly related
to the structure’s shape and foundation type, (B) radiation damping which is the
generation and propagation of waves away from the foundation, (C) soil damping which
is the hysteretic (material) damping of the soil.

Furthermore, in the following are described the required steps to consider this
Inertial interaction and compute the reduction or increasing in the base shear:

1) Calculate the horizontal translation foundation stiffness

Kaam =32 los(2) " +o3(5)+ 1]

__ GB 1)\ 0-65
Ky (KN/m) = 22 [6.8 ()" + 2.4].
2) Calculate the rotational foundation stiffness
L
(E) +03]

2.
Kee(KN.m) = —[3 73 + 0.27].

Kyx(KN.m) =

3) Calculate ; where Tis the period of the first fundamental mode of vibration for
the flexible base model and T the one for the fixed base model (both are taken from the

3D model). Calculate the expected ductility demand:
_R _ Max Base Shear
m= " Elastic Base Shear Capacity *
4) Calculate the effective period lengthening ratio

_ ., 0.5
(), =+l) ]
Teff w|\T

5) Calculate the dimensionless frequency
2nB
ag = ’I_"_VS

6) Calculate the dimensionless
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7) Calculate the dimensionless

|[<0 55+001\/; a02]|
(- 2o |

8) Calculate the effective structure height
h* =70% x The real structural height or Height of the first fundamental mode.
9) Calculate the fundamental translational period

Ay =1 —

*

T,(s)=2m
y
where M* = Myynamic mass of the structure X modal participation factor.
10) Calculate the fundamental rotational period

Toats) = 2 |2
S) =41
= xxKxx

11) Calculate the translational foundation damping coefficient
L

4-|ra
= |=E||=2
By = Ky [2]
- - GB -
12) Calculate the rotational foundation damping
L 2
4y (E) Ao ao

Bex = 7% 0.4 ]
(G—;’;) [2.2 - ot ag?] | 120xx

13) Calculate the effective radiation dampfng

1 1
Bra = ?ﬁy + @ﬁxx
) G
14) The foundation damping ratio is as follow:
=\ 2
) -1
ﬁf = 7 Bs + Bra

where f; is the soil hysteretic damping ratlo given by the geotechnical specialist.
15) Calculate the effective viscous damping ratio

Bo=8

Tess
16) Compute the factor to adjust the design response spectrum
4

Bssi = 56 —In(1005y)
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17) Calculate Cg = 2507 Sa)

Ie
where Spgand Sy, are determined as per ASCE7-16 sect.11.4 [1].
Limitations can occur on this formula:

FOI’T>TL CS—T—R

0.044 Sps I,
>
Cs { 0.01
I, is the seismic importance factor (refer to ASCE7-16 Table 1.5-2 [1]); R is the
response modification coefficient (refer to ASCE7-16 Table 12.2-1 [1]).
18) Calculate the reduction in the base shear coefficient (ASCE7-16 Eq.19.2.2 [1]):

ACs = Cs = 3=

19) Calculate the base shear ratio of the flexible to the fixed one:
s
Bssi_
Cs
& 0.7 forR<3

Bsst witha ={0.5 +1'i5 for3<R <6 the maximum between
09 forR=6

20) Compare =

the two governs.
21) The reduction in base shear will be as follow:
o

100% — 5SS or a
Cs

3. A sensitivity study is done on two of the previously mentioned parameters that
affect the response spectra of the structure during a dynamic impact.

The first parameter is the horizontal stiffness where the considered formula is as
follow:

_ GB L\065 L
Ky =2 [6.8 (3) +o08(:)+ 1.6].

The sensitivity of this formula will be plotted considering dimensionless parameters.
The variation of L/B and v will be from 1 to 10 and from 0.2 to 0.5 respectively. The
following graph is obtained:

A small variation of the unite less function g—;, while varying the Poisson ratio
coefficient, is observed in figure 2. An approximate polynomial formula that will be

independent of the Poisson ratio v can be deducted from this surface curve by using a

regression. The considered formula is as follow:
3 2

K _ 0.0008 (L)4 + 0.0235 (L) 0.2862 (L) + 3.4965 (L) + 2.3645
GB ™~ ' B ' B ' B '
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Fig.2: Curve of :—; as a function of v (the Poisson Ratio) and the dimensions ratio (L/B)

The maximum observed error for any considered Poisson ratio is 9.12%. Since the
code requires a bounding analysis by increasing and decreasing the springs stiffness Ky
by 50%, the mentioned error can be neglected.

The second parameter is the effective viscous damping ratio 3, that is obtained as a

function of the expected ductility demand u :g and the flexible to the rigid period
ratio ;

Buildings with flexible lateral-resisting systems (like frames) will benefit of bigger
damping because of higher ductility demand coefficient u. The low-ductile (ordinary
shear walls) that should support dynamic forces shows a low damping ratio even with

higher flexible periods.
The Fig.3 is considered for indicative purposes only.

Fig.3: Curve of g, as a function of 4 and ;

Two numerical validations were done using the software: Robot Structural Analysis
2019. The first one is a standard (in dimensions) building (fig. 4) and the second one is a
tower (fig. 5).
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Fig.4: Standard building

Fig.5 Tower

The mentioned formulas above were applied on the models and the following results

obtained:
» For the standard building :

No large reduction in load impact were observed due to soil parameters (described in
the geotechnical report as a rocky soil) that are rigid and similar to fixed and pinned

supports provided in the software’s library.

Table 1: Base shear of the rigid base model

NodeiCase | BXGN | FYGON | FEZON | MXGm) | MYm) | M2k
UEJURA AR e [
562554 552229¢ 24453 51 20390 4343 251
427266 475734 554 41 622287 63 5160737 26204 45
e averar| SS43| Eaass38|  Swe09se| 2630582
8544 82 951471 1709.84 124578.01 103236.37 52410.27
1613870-02] 6.605006-02°
Table 2: Base shear of the flexible base model
Node'Case X (kN) FY (kN) FZ (kN) MX (kNm} | MY (kNm) MZ (kNm)
Cases(C)(COCY1° X 1°Y 1°2
Sumofval 0.0 0.0 o0 09 00 00
Sumotrese || 415495 4720431 | 116701 50982 47 S4798.08 30005 93
7 ce. . 1166 90 5088263 2479535 30005 96
Checkval__ 831122 5456 05 233391 12196510 108593 43 €0011.88
Precision 162005601 24425502

Table 3: Summary of base shear reduction for the standard building

X direction

Y direction

Cs
100% — (Bsci> =100-97.2 = 2.76%
S
dir.X

=
100% — (‘*%) =100 — 100 = 0%
S
diry

100% — RRSpeq 4ir x = 100 — 99.5 = 0.5%

100% — RRSpyqairy = 100 — 98.9 = 1.1%

No embedment effects for this direction.

100% — RRS, = 100 —99.8 = 0.2%

% reduction=3.26%

% reduction=1.3%
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For this building no major influence of the soil response to building’s loading is
observed then no reduction in costs will be either. Moreover, the process of construction
will remain unchanged because of unchanged material’s quantities.

» For the Tower :
Significate changes occurred between the two models made for the tower (with rigid
base and flexible one).

Table 4: Base shear of the rigid base model
Node/Case FX (kN) FY (k) FZ (xN) MX {(kNm) | MY (k¥m) l MZ (kNm) I
|SESeTICIICQENI" X $°Y — — : —
| Sum of val, 2530332 2530057 1mann e 01| 001] 0.00
Bt ORISRV o0l sesiaas|  Teireds|  saseess
| Zum of fore. 17834 68 2136018 | 00 90062082 TIO1TT 0T 278388 02
| Check val. f 3586724  aarassa| 0.00]  181724531| 155234831 SSE714.50
[ Precision 0.345882.0) | 4.310Te-04|
Table 5: Base shear of the flexible base model
WodeCase FX (wN) FY (eN) FZ (WN) l MX (kNm) l MY (kNm) I MZ (kNm) ]
Mlm,m“’il" Y ¥ ¥ J
Sum of val 00 00 00 0o 00| 0o
Sum of rese. | 1253129 16205 50 | U00|  esi21882|  5357307.12|  2a383z ',«_51
Sum otfore. | ! e 00| 68129684 53731498 :13347’351
Chech vat ‘ 26008 36 | 3divro| 600  130245516|  1074622.10|  aBrero e
SISCIbS [ SRt 2] Y 0RSIn O8] i 2 ! '

Table 6: Summary of base shear reduction for the standard building

X direction Y direction
G G
100% — Bssi =19.4% > 100% — a | 100% — BS% =331%>100% — a
S S

dir,X dir,y

=16.7%

=16.7%

100% — RRSpsqairx = 100 — 100 = 0%

100% — RRSpoqairy = 100 —98.9 = 1.1%

100% — RRS,, girx = 100 — 99.8 = 0.2%

100% — RRSpsq.airy = 100 — 100 = 0%

% reduction=16.9%

% reduction=16.9%

It is clear that the reduction of 16.9% in the designed base shear due to a dynamic
impact will help to reduce the cost of the project which is of major influence for such
big scale projects, and by this it will offer the opportunity to reduce the time of
execution and will provide a better organization of the construction site.

Conclusion: A step to step procedure were done and could be used during the
technical design of a project, to consider the effect of dynamic and static loads on a
building with an influence on the organizational sequencing. Then, the sensitivity study
gave the opportunity to generate a new formula, for the horizontal stiffness of springs
used at the base of the structure, this formula has allowable results and are covered by
code’s requirements. Finally, a verification of the procedure and formula were done on
two different projects with different conditions. These two project showed that this
procedure influence more big scale project than small ones. However, soil parameters
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had a major impact on the results and further studies may be done to obtain a more
accurate point of view on the influence of different loading cases on engineering
projects.
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0.A. Tyeaii, Toni Camaxa

Busnauenna eniugy nasanmasyicenns na 0yoienii 011 nooanbuio20 ONMUMAILHOZO
GUOOPY OP2AHI3AUITIHO MEXHON02IYH020 PiuieHHA OY0i8e/IbHO20 NPOEKny

Jlanuti dokymenm Oonomazac GU3HAYUMU GNUG HABAHMAdICeHb Ha 0yOieni Ons
NnO0ANbWO20  ONMUMANILHOZO — GUOOPY  OPeAHI3AYIUHO-MEXHONO02IYHO20 — PIUEHHS
6y016€1bHO20 NPOEKMY.

YV nooanvuiux 0ocnioscennax nokazamo, wo 6nIUE HABAHMANCEHb € 6EPIUATLHUM Y
npoyeci Oyoignuymea, onmumizayii yacy ma xowmis. Bidomi nimepamypu onucyroms
HABAHMAIICEHHS AK CIAMUCTMUYHY 3MIHHY, KA NOG'SI3aHa 3 MiCYesUMU, eKOIOIYHUMU ma
npuoamuumu 0715l GUKOPUCANHI YMOBAMU NPOEKNTY.

Bci suou nasammaogicenvb, cmamuuni i OuHamiuni, 6e3M0CEPEOHbO ZHUNCYIOMb AO0
30UILWYIOMb  8APMICMb  NPOEKMY, Ye 3anexiCumsv 6i0 6PAXYEAHHS, NPULIHAMO20 Npu
npoexmyeanui. Hanpuxnad, 0CHOBHOW 3MIHHOW0, sKa 6yOe pO32IAHYMA 6 YbOMY
OOKYMeHmi, € GNIU6 SPYHMY HA 6apMicmb KOHCMPYKYIL npu CMAamuyHux i OUHAMIYHUX
HABAHMAIICEHHSAX, BDAXOBYEMBCS Ye YU He 8PAX08YEMbCS NPU NPOEKMYBAHHI HA00Y008u, |
K BOHA 3MIHIOE 8CI0 NOBEOIHKY 0)0b-K0I KOHCMPYKYIL, pobasyu ii 6inbu dHcopcmroro abo
OinbLU SHYUKOIO.

Y yvomy ooxymenmi 3pobneno konkpemue 00CniONCeHHA, WO NOKAZYE BNAUE TPYHNLY
Ha 06 pi3Hi Oy0ieni nio yac OUHAMIYHO20 8NAUEY (celicMiuHa Nodia 8 HAUWOMY GUNAOKY).
Kpim moeo, yeii 0okymenm Haoae HeoOXIOHI popmyau ma IHCMpPYMeHmu Oas ONucy
IpyHMOB020 Mamepiany 6 npozpamax o 3D-npoexmyeanms. Buxopucmanns yux
IHCMpyMenmie 003601UMb NPOEKMYBATbHUKY KOHCMPYKYIT 3MIHUMU KpUEy CHneKmpig
8I02YKY I SMEHWUMU 8NIUE OUHAMIYHO20 HABAHMANCEHHSA HA 0YOI6IO.

Takum uyuHOM, NOPIGHSAILHA MAOAUYS NOKAJICE PIZHUYIO MIJNC GUKOPUCHIAHHIM
Jrcopemiux i eHyukux 6azo6ux mooleneil Onsi ocgimaenns enaugy epyumy. Kpim moeo,
NPOBOOUMBCA OOCHIONHCEHHS YYMAUBOCHI OeAKUX POPMYIL, WO NOKA3YE IX BHECOK Y PO32TA0
IpyHmy.

3meHwenna 3cygy 0asu 00380aumb KiieHmy 1 0yOigenbHill KOMNAHII CKOpomumu
61002icem npoeknty, i 3a PAaxyHoOK yYb020, MOJICHA OGyOe npogecmu ONmumizayilo uyacy
6yoieHuymea.

Knwuosi cnoea: ennue nasanmasicenusn, opzanizayiiitno-mexHonoziune piuieHHA,
onmumizayis, eKOHOMIUHA ehieKMUBHICHIb, 83ACMO0IA CIPYKMYPU [PYHIMY, CMAMUYHE
HAanmadicenns, OUHAMiuHe HAGAHMANCCHHA.
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