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Study in the effect of the horizontal
diaphragms on action of the structural
systems (slab and columns without beams)

for high-rise reinforced concrete buildings
Dr. Eng. Abd Alhamed Kikhea 1 Eng. Tasneem Alwaz 2

Abstract

In the current design process for high-reinforced concrete buildings, the
stiffness of the diaphragm in resisting Lateral Loads is neglected, and
only the strength of the vertical elements is taken into account, and this
assumption leads to inaccurate results. The diaphragm plays a role in
resisting these loads, so it is necessary to include the stiffness of the
diaphragm in its plane which will help understand the actual behavior
of the building, as well as the stiffness of the building as a whole. This
inclusion leads to a change in the values of Internal Stresses and Lateral
Displacements, which are the most important criteria for Seismic
Design of structures.

A framework system (slabs and columns without beams) was studied
for a reinforced concrete building with 15 stories. The horizontal plan
contains 7 openings in the longitudinal direction and two openings in
the in the transverse direction. The slabs were modeled as rigid
diaphragms. The research was based on comparison between two
groups of models; where the thickness of slab was constant in all
building floors in the First group of models, while in the Second group
of models the thickness of the slab was increased in specific floors
through the height of the building from the rest of the floors. The
results of the models in terms of the Bending Moments in the structural
elements, the Maximum Displacement for the last floor and the Base
Shear were defined.

Keywords: Horizontal Diaphragms, Diaphragm Stiffness, Lateral
Loads, Internal Stresses, Lateral Displacements.
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-222.79 -305.63 -431.08 -520.35 -616.17 Story 5
-155.93 -212.93 -311.58 -389.57 -468.73 Story 6
-115.98 -150.24 -220.58 -285.3 -343.93 Story 7
-90.66 -107.54 -150.99 -202.45 -238.47 Story 8
-87 -89.45 -105.66 -143.53 -154.07 Story 9
-84.71 -80.02 -72.31 -99.58 -83.58 Story 10
-110.71 -08.68 -62.5 -80.6 -32.7 Story 11
-63.42 -51.7 -23.54 -34.16 2.65 Story 12
-35.14 -20.84 -1.04 -4.23 18.71 Story 13
-13.61 0.09 13.93 14.25 24.44 Story 14
-1.17 8.64 16.48 17.83 28.12 Story 15
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SS25 SS20 SS16 SS14 SS12
-35.30 -24.99 -14.00 -7.40 0.00
N4 1 N3 1 N2 1 N11 SS12
-37.73 -25.11 -12.59 -4.70 0.00
N4 2 N3 2 N2 2 N1 2 SS12
-37.94 -27.60 -15.30 -8.41 0.00
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A 8 Gl agie ad Ay, Galue Buaie 20 ) F14 WD s 255
dg)lall 532all C15 sgaell slaall Js¥) aliall yoaiall & M1 a3all a8 olael &
& o saall wieg F14 Akl b cilS oell LpalaeY) ol & Cam) jeaiall 200
(FEXA) Tl sl I35 desd) a5 dal e elldg (LSS

Al (e AV de ganall F14 AS) (e A g el Baiad) (A M11 ilkaad¥) ag)e :(12) Jsiad)

SS25 SS20 SS16 SS14 SS12
t=250mm | t=200mm | t=160mm | t=140mm | t=120mm i

M11 M11 M11 M11 M11 ’
KN.m/m | KN.m/m | KN.m/m | KN.m/m | KN.m/m
-209.994 | -150.728 | -109.491 | -91.449 -75.39 Story 1
-299.374 | -213.878 | -151.306 | -123.272 | -98.117 Story 2
-355.211 | -258.039 | -182.929 -148.2 -116.509 | Story 3
-385.756 | -286.624 | -205.673 | -166.96 | -130.929 | Story 4
-410.957 | -317.603 | -234.211 | -191.934 | -151.15 Story 5
-418.021 | -333.438 | -252.209 | -208.929 | -165.827 | Story 6
-412.861 | -338.151 | -261.828 | -219.335 | -175.76 Story 7
-398.492 | -334.273 | -264.644 | -224.238 | -181.622 | Story 8
-366.267 | -317.95 | -261.361 | -226.252 | -187.27 Story 9
-335.571 | -298.234 | -252.661 | -222.87 | -188.217 | Story 10
-303.885 | -275.939 | -240.254 | -215.675 | -185.687 | Story 11
-271.125 | -252.239 | -225.68 | -206.076 | -180.783 | Story 12
-215.012 | -206.396 | -193.753 | -183.115 | -167.172 | Story 13
-171.387 | -171.131 | -168.546 | -164.38 | -155.352 | Story 14
-125.377 | -136.662 | -145.393 | -147.373 | -144.399 | Story 15
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N4 1 N3 1 N2 1 N1 1 SS12

M3 M3 M3 M3 M3 Cadal)
KN.m/m | KN.m/m | KN.m/m | KN.m/m | KN.m/m
-206.403 | -151.917 | -110.889 | -93.025 -75.39 Story 1
-296.95 | -218.504 | -154.71 | -126.834 | -98.117 | Story 2
-358.831 | -268.582 | -189.015 | -154.208 | -116.509 | Story 3
-401.495 | -306.115 | -215.248 | -175.951 | -130.929 | Story 4
-461.192 | -359.53 | -251.76 | -207.451 | -151.15 | Story 5
-298.446 | -233.159 | -202.455 | -161.847 | -165.827 | Story 6
-314.604 | -247.573 | -214.317 | -172.593 | -175.76 Story 7
-318.634 | -254.036 | -220.376 | -179.125 | -181.622 | Story 8
-311.456 | -255.618 | -224.022 | -185.764 | -187.27 | Story 9
-296.829 | -250.037 | -221.745 | -187.417 | -188.217 | Story 10
-277.211 | -239.538 | -215.267 | -185.363 | -185.687 | Story 11
-254.706 | -226.023 | -206.092 | -180.759 | -180.783 | Story 12
-209.595 | -195.197 | -183.631 | -167.536 | -167.172 | Story 13
-174.187 | -170.309 | -165.08 | -155.88 | -155.352 | Story 14
-138.988 | -146.978 | -148.047 | -144.934 | -144.399 | Story 15

e ganall 40U day ) VY B F14 Al (ha duag ptal) Bl B MI11 CillaaiN) 038 1(14) Jsa))

.GSLASS! O Ay

N4 2 N3 2 N2 2 N1 2 SS12

M3 M3 M3 M3 M3 k)
KN.m/m | KN.m/m | KN.m/m | KN.m/m | KN.m/m
-204.268 | -147.697 | -108.718 | -91.076 -75.39 Story 1
-289.755 | -208.683 | -150.01 | -122.702 | -98.117 | Story 2
-343.009 | -251.402 | -181.343 | -147.609 | -116.509 | Story 3
-372.016 | -279.195 | -204.027 | -166.526 | -130.929 | Story 4
-395.904 | -309.81 | -232.876 | -192.128 | -151.15 | Story 5
-402.872 | -326.369 | -251.644 | -210.13 | -165.827 | Story 6
-399.064 | -333.088 | -262.568 | -221.984 | -175.76 | Story 7
-388.059 | -332.817 | -267.316 | -228.843 | -181.622 | Story 8
-369.227 | -328.544 | -269.703 | -236.213 | -187.27 | Story 9
-363.622 | -327.855 | -268.888 | -239.833 | -188.217 | Story 10
-227.149 | -198.256 | -194.757 | -168.234 | -185.687 | Story 11
-221.422 | -194.606 | -189.504 | -166.104 | -180.783 | Story 12
-195.577 | -177.648 | -173.057 | -156.979 | -167.172 | Story 13
-168.048 | -159.611 | -157.713 | -147.646 | -155.352 | Story 14
-135.853 | -139.433 | -142.256 | -137.899 | -144.399 | Story 15
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.SS12 Adlal) e ASl (B 2l pal & giall Apadl) 2(15)d 2000
SS25 SS20 SS16 SS14 SS12
78.29 58.45 34.24 18.41 0.00

N4 1 N3 1 N2 1 N11 SS12
57.71 32.85 17.81 -0.43 0.00
N4 2 N3 2 N2 2 N1 2 SS12

9319 | 7419 | 42.86 | 2742 | 0.0
Silad) Glal) 8 ellyg SS12 Alall e A b ajall sl dugiadl dpil) :AMI ]
(%)

zla 3 8825 Alall & dugyad) skl & Laldl gl 3 MIT adedl olay
N4 2 allall & Sy L ,78.29% 3 Joai Loy SS12 Alall e I e gandl)
193.19% Zuilly SS12 Alall (e Al de sanall 7 3lail

rAlDlly agard) aje Egana

zolall dugyndl N skl cp DY 8 Akl agiall a8 el dagm
3ganll  agiall af mes o, Laidll (8 agiall s Alad Jlaee ) Jgeasl) G
izl G Onedall g ganal datll s2a 435lkag dnaae V) andl) <l ALl

gkl (e A5V Ao ganall & Al g 3gand) (a8 £ 524 1(16) Js2al)

SS25 SS20 SS16 SS14 SS12 il
M3+M11 | M3+M11 | M3+M11 | M3+M11 | M3+M11 )
-1115.31 | -1200.38 | -1312.98 | -1387.31 | -1474.74 | Story 1
-947.944 | -1013.43 | -1114.86 | -1186.13 | -1272.81 | Story 2
-818.461 | -857.419 | -939.859 | -1003.82 | -1085.49 | Story 3
-714.276 | -726.044 | -786.063 | -840.17 | -913.959 | Story 4
-644.497 | -631.213 | -665.271 | -705.944 | -767.32 | Story 5
-580.911 | -548.328 | -558.989 | -586.329 | -634.557 | Story 6
-532.031 | -483.731 | -472.198 | -485.805 | -519.69 | Story 7
-487.122 | -428.793 | -398.964 | -400.058 | -420.092 | Story 8
-443.417 | -383.12 | -342.251 | -333.652 | -341.34 | Story 9
-393.221 | -334.654 | -288.441 | -273.43 | -271.797 | Story 10
-349.105 | -295.319 | -247.344 | -227.825 | -218.387 | Story 11
-307.455 | -262.729 | -214.57 | -192.996 | -178.133 | Story 12
-249.552 | -214.296 | -181.073 | -162.915 | -148.462 | Story 13
-194.547 | -173.311 | -152.146 | -142.35 | -130.912 | Story 14
-135.777 | -133.442 | -127.343 | -121.283 | -116.279 | Story 15




LS saal) a0 el aiad 2022 ale3 amdl 44 ) Gad) daddy dlae

Eikadl) (e Al Ao gpanall (B N gY) Ay ) cla) B Al 3 gandl (a8 £ gana 1(17) Jstall

N4 1 N31 N21 N11 SS12 Ll
M3+M11 | M3+M11 | M3+M11 | M3+M11 | M3+M11 &
-1077.82 | -1199.89 | -1334.1 | -1426.55 | -1474.74 | Story 1
-936.58 | -1038.99 | -1149.81 | -1239.3 | -1272.81 | Story 2
-838.391 | -913.592 | -990.625 | -1072.68 | -1085.49 | Story 3
-775.925 | -820.095 | -855.358 | -927.011 | -913.959 | Story 4
-777.462 | -782.11 | -759.75 | -816.171 | -767.32 | Story 5
-608.936 | -609.859 | -610.175 | -656.517 | -634.557 | Story 6
-532.734 | -516.313 | -507.217 | -540.003 | -519.69 | Story 7
-458.784 | -428.636 | -415.206 | -435.085 | -420.092 | Story 8
-404.286 | -364.028 | -345.102 | -353.024 | -341.34 | Story 9
-349.719 | -304.127 | -281.855 | -280.587 | -271.797 | Story 10
-306.181 | -258.408 | -233.847 | -224.783 | -218.387 | Story 11
-267.926 | -222.063 | -197.102 | -182.559 | -178.133 | Story 12
-222.775 | -186.337 | -165.741 | -151.486 | -148.462 | Story 13
-177.567 | -154.059 | -140.14 | -129.14 | -130.912 | Story 14
-136.118 | -131.148 | -126.407 | -121.004 | -116.279 | Story 15

Al (e AU A ganall (B A day Y) eVl B ABl) g gl (a8 gana 1(18) Jsiad)

N4 2 N3 2 N2 2 Ni2 SS12 il
M3+M11 | M3+M11 | M3+M11 | M3+M11 | M3+M11 <
-1072.66 | -1160.89 | -1293.94 | -1372.7 | -1474.74 | Story 1
-911.335 | -980.753 | -1100.26 | -1176.55 | -1272.81 | Story 2
-786.249 | -830.632 | -929.543 | -999.279 | -1085.49 | Story 3
-685.766 | -704.835 | -780.067 | -840.856 | -913.959 | Story 4
-618.694 | -615.44 | -663.956 | -712.478 | -767.32 | Story 5
-558.802 | -539.299 | -563.224 | -599.7 | -634.557 | Story 6
-515.044 | -483.328 | -483.148 | -507.284 | -519.69 | Story 7
-478.719 | -440.357 | -418.306 | -431.293 | -420.092 | Story 8
-456.227 | -417.994 | -375.363 | -379.743 | -341.34 | Story 9
-448.332 | -407.875 | -341.198 | -339.413 | -271.797 | Story 10
-337.859 | -296.936 | -257.257 | -248.834 | -218.387 | Story 11
-284.842 | -246.306 | -213.044 | -200.264 | -178.133 | Story 12
-230.717 | -198.488 | -174.097 | -161.209 | -148.462 | Story 13
-181.658 | -159.521 | -143.783 | -133.396 | -130.912 | Story 14
-137.023 | -130.793 | -125.776 | -120.069 | -116.279 | Story 15
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-24.37 -18.60 -10.97 -5.93 0.00

N4 1 N3 1 N2 1 N11 SS12
-26.91 -18.64 -9.54 -3.27 0.00
N4 2 N3 2 N2 2 N12 SS12

-27.26 -21.28 -12.26 -6.92 0.00
(%) SS12 Aall ge il guead JoY)

dad iy Js¥) el 3 0sS5 AUl gaall aje gsanal dualicV] dagl) G Laadls
Esane Uity Cus 8825 Al o SV desenall 23l dal e Cpaiall gsand
Ll deganal zilaly 24.37% ) Dl Gy SS12 Al e el
27.26% Zuaills (paadall £ sane (il Eua N4 2 Al

P Y (gllall alie ) QY

Lugndl AV el Yoalad¥) b i) Glall el JE) ad alayl
) ae Lgiijlaeg (JEDU ad ST ooy 63) EYA- Jaall a5 dal e gkl

A e AV Ae ganall LAY Gilhll alieY) JEEN) 1(20) sl
SS25 SS20 SS16 SS14 SS12 zisall
575.30 | 833.60 | 1185.40 | 144250 | 1777.1 | 8yisma (M)

-67.63 | -53.09 | -33.30 | -18.83 0.00 | ASyismax (%)

el e A Ao ganall A 6Y) day ) ALl LAY gilall alie ) JEN 1(21) Jsad)

N4 1 N3 1 N2 1 N1 1 SS12 glgadl
772.7 | 1127.1 | 141520 | 1752.6 | 1777.1 | 8Y1smax (Mm)
-56.52 | -36.58 | -20.36 -1.38 0.00 | A8Yismax (%)

.l e Al de ganall 400N Aay ) cAll pAY) gildall Lalied) JEDY) 1(22) Jeaad)
N4 2 N3 2 N2 2 N1 2 SS12 gisadl
627.5 927.2 | 1276.2 | 1580.2 | 1777.1 | 8Yismax (Mm)

-64.69 -47.83 -28.19 -11.08 0.00 AdY15max (%0)
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Al (e AV ds ganall ga 8l el 1(23) Jgeall
SS25 SS20 SS16 SS14 SS12 zigalll
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43.81 26.96 13.48 6.74 0.00 AV %
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Lz Akadll (e Al de ganall Al day ) eV B sae A L&l 1(25) Jeaad)
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