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39 Max Min Average Max Min Average
7/2/2019 29.3 24.03 27.33175 38.87 19.86 30.70937
7/3/2019 29.18 19.96 24.16576 42.54 15.7 26.79833
7/4/2019 33.59 23.87 28.1216 47.34 20.61 30.97229
7/5/2019 33.39 25.42 29.15292 45.57 21.21 30.37757
7/6/2019 32.68 23.27 27.30347 46.75 20.8 31.0175
7/7/2019 32.98 21.57 28.5491 44.67 23.17 31.31806
7/8/2019 31.86 21.42 27.37333 49.16 21.84 31.50264
7/9/2019 33.89 23.82 28.50854 47.73 23.02 31.785
7/10/2019 30.9 23.32 27.15757 44.09 23.04 30.70875
7/11/2019 32.78 23.65 27.52403 42.2 21.53 29.87347
7/12/2019 40.46 21.3 30.60243 51.45 24.05 34.00354
7/13/2019 41.7 26.74 31.91778 50.58 26.32 35.13389
7/14/2019 40.87 21.82 30.88549 51.97 25.17 34.39979
7/15/2019 37.67 21.13 29.12431 51.23 24.72 34.45681
7/16/2019 40.91 26.96 32.16194 50.98 25.93 35.44278
7/17/2019 40.7 20.88 30.86597 53.96 26.21 36.17417
7/18/2019 41.05 27.34 32.85521 52.47 25.7 35.62479
7/19/2019 41.06 20.19 31.01618 58.27 25.22 35.39354
7/20/2019 41.77 22.19 32.19854 53.04 26.29 34.66771
7/21/2019 38.62 20.76 29.49181 53.03 24.44 33.50993
7/22/2019 41.51 21.68 31.86486 54.29 26.7 35.80431
7/23/2019 37.74 22.84 29.76507 50.83 23.68 33.48056
7/24/2019 39.82 18.44 29.72451 52.55 22.33 33.375
7/25/2019 39.91 24.94 30.41681 54.93 23.88 34.42042
7/26/2019 39.26 20.36 31.41722 52.73 24.59 34.15917
7/27/2019 39.26 20.36 31.41722 52.73 24.59 34.15917
7/28/2019 37.38 19.64 27.62986 55.23 22.36 33.41417
7/29/2019 38.69 24.05 28.64347 52.25 23.19 32.5859
7/30/2019 37.27 225 27.69111 51.91 22.05 31.81715
Average 37.11 22.56 29.47855 50.11 23.38 33.00296
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2 Max Min Average Max Min Average
7/15/2019 37.67 21.13 29.12431 51.23 24.72 34.45681
7/16/2019 40.91 26.96 32.16194 50.98 25.93 35.44278
7/17/2019 40.7 20.88 30.86597 53.96 26.21 36.17417
7/18/2019 41.05 27.34 32.85521 52.47 25.7 35.62479
7/19/2019 41.06 20.19 31.01618 58.27 25.22 35.39354
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) Max Min Average Max Min Average

7/2/12019 30.43 23.65 27.2046032 47.1 19.98 33.321746
7/3/2019 31.22 19.38 24.126014 51.73 15.83 27.9711888
7/4/2019 35.48 23.62 28.2081944 55.39 20.67 31.8432639
7/5/2019 31.95 24.82 28.2145139 51.56 21.11 30.9663194
7/6/2019 33.85 23.64 27.6933333 55.6 20.74 31.8611111
71712019 33.89 26.22 29.37625 50.63 22.9 32.0765278
7/8/2019 33.29 24.3 28.0561806 51.82 21.85 31.6696528
7/9/2019 33.68 25.92 28.9292361 48.33 22.81 31.2746528
7/10/2019 31.14 24.82 27.3807639 47.8 23.05 30.9661111
7/11/2019 33.59 24.16 27.9627778 52.22 21.56 31.3461806
7/12/2019 36.17 25.58 29.7341667 56.03 24.01 34.47

7/13/2019 35.59 27.8 31.365 52.54 26.21 35.1674306
7/14/2019 37.32 28.09 31.7561111 56.32 25.04 34.6992361
7/15/2019 35.7 26.92 30.408125 56.58 254 35.2632639
7/16/2019 38.58 28.5 32.4060417 59.28 26.13 36.9620139
7/17/2019 37.02 28.67 32.5019444 58.9 26.69 37.1022917
7/18/2019 38.99 29.3 33.2899306 61.82 25.99 37.2314583
7/19/2019 37.31 28.45 32.505625 59.72 25.61 36.6429167
7/20/2019 39.05 29.38 32.9016667 55.32 26.07 35.3345833
7/21/2019 34.34 27.6 30.3949306 50.03 24.86 32.6036806
7/22/2019 38.26 28.76 32.1634722 58.24 26.83 35.7827083
7/23/2019 35.99 26.99 30.8955556 54.85 24.05 34.2104861
7/24/2019 38.27 26.73 31.1759722 58.52 22.81 34.265625
7/25/2019 37.27 26.92 31.2902778 58.6 24.39 35.2173611
7/26/2019 37.2 28.35 32.2020833 55.53 24.96 34.7340972
7/27/2019 35.42 25.81 29.8449306 58.93 22.73 34.010625
7/28/2019 36.56 26.93 30.0528472 57.21 23.55 32.6217361
7/29/2019 33.73 24.61 28.2768056 52.62 22.22 31.7034722
7/30/2019 35.28 25.17 29.196875 53.72 22.14 32.3061111
Average 35.4 26.24 29.98 54.72 23.45 33.57
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2 Max Min Average Max Min Average
7/15/2019 35.7 26.92 30.408125 56.58 25.4 35.2632639
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) SFE e g0 Sy Hlepo LW SFE &0 e R

» max min average max min average
712/2019 29.63 28.18 29.11825 31.23 28.08 30.08444
7/3/2019 29.75 24.34 26.81472 31.85 23.8 27.27167
7142019 33.15 26.97 29.62146 35.18 26.59 30.23854
7/5/2019 32.63 28.71 30.83167 34.44 28.14 31.13507
7/6/2019 33.06 28.01 30.39181 35.28 27.64 31.01576
77/2019 33.37 29.73 31.60458 35.24 29.32 32.09271
7/8/2019 32.88 28.61 30.74139 35.06 28.43 31.39563
719/2019 33.63 29.41 31.50653 35.61 29.11 32.05847
7/10/2019 32.65 29.01 30.58306 33.82 28.94 31.21833
71112019 32.37 28.02 30.02382 33.86 27.68 30.4534
71122019 35.97 29.68 32.36618 37.77 29.21 32.90965
7/13/2019 36.58 31.99 34.26674 38.39 31.87 35.0384
711412019 36.68 32.21 34.54813 38.81 31.79 35.01681
7115/2019 35.4 31.39 33.36729 37.48 31.25 34.08674
7/16/2019 37.19 32.18 34.35007 39.17 31.9 35.06049
711712019 37.35 32.95 35.19236 39.7 32.78 35.9816
7/18/2019 37.85 33.19 35.46778 39.98 32.78 36.04118
7/19/2019 37.52 33.06 35.40757 39.75 32.77 36.00208
7120/2019 37.25 33.27 35.33604 39 32.75 35.68826
7121/2019 36.46 32.45 34.25382 37.59 32.18 34.75507
712212019 36.74 32.57 34.40826 38.71 32.37 35.035
712312019 36.11 31.98 33.88875 37.48 31.64 34.44882
712412019 35.64 31.01 33.26861 37.61 30.44 33.68896
712512019 36.07 31.42 33.69333 38.26 31.15 34.37361
712612019 35.93 32.32 34.23229 37.86 31.8 34.63389
712712019 35.93 32.32 34.23229 37.86 31.8 34.63389
712812019 35.17 30.81 32.96354 37.43 30.49 33.62965
712912019 34.37 30.79 32.63771 36.39 30.62 33.22236
7130/2019 33.17 29.23 31.28313 35.65 29.03 31.93299
average 34.84 30.54 32.63 36.77 30.21 33.21
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Max Min Average Max Min Average

7/2/2019 29.32 28.09 28.7292063 32.06 28.63 30.3539683
7/3/2019 29.83 24.14 26.5435664 32.94 23.84 27.446993
7/4/2019 33.01 26.96 29.4250694 36.12 26.67 30.3122222
7/5/2019 32.59 28.5 30.4819444 35.2 28.18 31.1876389
7/6/2019 32.98 27.88 30.1026389 36.25 27.74 31.1025694
7/7/2019 33.01 29.59 31.3509722 35.67 29.38 32.1261806
7/8/2019 32.78 28.47 30.5069444 35.54 28.52 31.4385417
7/9/2019 33.17 29.28 31.2330556 35.37 29.15 31.8911806
7/10/2019 32.35 28.73 30.2113889 34.11 28.91 31.1352778
7/11/2019 324 27.84 29.7559722 35.04 27.75 30.6675694
7/12/2019 35.54 29.23 31.7485417 38.27 29.26 32.8376389
7/13/2019 36.21 31.84 33.8913889 38.5 31.82 34.8564583
7/14/2019 36.15 31.89 34.0929167 39.08 31.76 34.8804861
7/15/2019 35.38 31.17 33.0904861 38.34 31.34 34.1774306
7/16/2019 37.01 32.16 34.1519444 40.16 32 35.1509722
7/17/2019 37.08 33.01 35.01875 40.33 32.83 36.0065278
7/18/2019 37.54 33.17 35.200625 40.95 32.83 36.0910417
7/19/2019 37.17 33.02 35.1430556 40.44 32.85 36.0402778
7/20/2019 36.76 33.17 35.0174306 39.25 32.86 35.6435417
7/21/2019 36.09 32.29 33.9611111 36.9 32.2 34.4749306
7/22/2019 36.5 32.44 34.1345139 39.1 32.31 34.8985417
7/23/2019 35.97 3191 33.724375 38.14 31.71 34.4508333
7/24/2019 35.63 30.92 33.0773611 38.64 30.58 33.78125
7/25/2019 36.11 31.45 33.5899306 38.94 31.24 34.4091667
7/26/2019 35.69 32.18 33.9899306 38.36 31.79 34.6043056
7/27/2019 35.01 30.73 32.7645833 38.14 30.58 33.6531944
7/28/2019 34.52 30.76 32.5063194 36.75 30.67 33.1841667
7/29/2019 32.89 29.05 31.0065278 35.74 29.03 31.831875
7/30/2019 33.52 28.98 31.0454167 36.34 28.8 31.8241667
Average 34.55 30.305 32.258 37.26 30.18 33.119
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> Max Min Average

7/2/2019 26.87 19.39 23.257619
7/3/2019 31.31 16.03 24.1141259
7/4/2019 35.21 22.73 28.1995139
7/5/2019 33.84 22.39 27.3977083
7/6/2019 34.68 21.17 28.1764583
7/7/2019 35.42 23.42 28.7297222
7/8/2019 34.23 21.17 27.581875
7/9/2019 36.34 25.36 29.4289583
7/10/2019 31.13 23.47 26.8271528
7/11/2019 34.7 21.44 28.0754167
7/12/2019 40.03 25.48 32.1494444
7/13/2019 39.49 27.83 33.2728472
7/14/2019 39.66 25.84 31.3314583
7/15/2019 374 23.38 30.5422222
7/16/2019 39.01 25.82 33.1777083
7/17/2019 39.66 28.32 33.7772917
7/18/2019 39.06 27.63 33.3294444
7/19/2019 38.98 27.7 33.0820139
7/20/2019 37.98 25.96 32.3935417
7/21/2019 377 22.51 30.9348611
7/22/2019 38.17 28.74 32.8224306
7/23/2019 35.64 26.7 30.6165278
7/24/2019 36.61 25.65 30.9724306
7/25/2019 37.43 27.09 32.2796528
7/26/2019 36.99 26.33 30.9796528
7/27/2019 36.44 21.82 29.6075

7/28/2019 36.77 24.17 28.9607639
7/29/2019 34.6 21.56 27.2345833
7/30/2019 36.42 21.68 28.5142361
Average 36.26 24.16 29.923
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7/2/12019 29.998 28.177 29.4976032
7/3/2019 30.78 25.336 27.7403007
7/4/2019 33.896 27.585 30.3625556
7/5/12019 32.906 29.246 31.1403333
7/6/2019 34.001 28.798 31.1874236
71712019 33.53 30.199 31.9782361
7/8/2019 33.686 29.421 31.4297847
7/9/2019 34.053 30.023 32.0725556
7/10/2019 32.595 29.722 31.0174306
7/11/2019 32.957 28.673 30.664

7/12/2019 36.86 30.023 32.9785

7/13/2019 37.517 32.595 34.9504792
7/14/2019 37.682 32.699 34.9654722
7/15/2019 36.67 32.132 34.1298403
7/16/2019 38.264 32.75 35.0423611
7/17/2019 38.125 33.739 35.9537083
7/18/2019 38.459 33.922 36.1416528
7/19/2019 38.264 34.027 36.0983264
7/20/2019 37.407 33.974 35.7742292
7/21/2019 36.182 33.477 34.9593125
7/22/2019 36.942 33.295 35.0441944
7/23/2019 35.886 33.061 34.5822847
7/24/2019 36.048 31.978 33.9403542
7/25/2019 36.588 32.415 34.5135903
7/26/2019 36.075 32.983 34.6403403
7/27/2019 35.779 31.875 33.7901111
7/28/2019 34.924 31.645 33.1874097
7/29/2019 33.712 30.123 31.9267014
7/30/2019 34.237 29.897 31.9631736
Average 35.31 31.16 33.161
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Abstract

The growing trend of urbanization and the need to provide suitable land for housing,
increasing factories and industrial settlements, reducing the green space in cities, etc. are
among the factors that in modern cities are the excessive consumption of energy resources
and the Consequently, they have caused many environmental problems such as air pollution,
creation of heat islands, increased greenhouse gases and so on. In recent decades, increasing
awareness of environmental issues has led to the application of sustainability criteria in the
design of urban and building systems. Among these, attention to plants and increasing green
space are among the most important proposed solutions for realizing green architecture and
reducing environmental problems. Due to the high volume of construction in the cities, today
the facades of buildings have the greatest potential for planting plants and creating vertical
green systems. Vertical green systems, as an efficient tool, have improved urban spaces
socially and environmentally and have also reduced energy consumption by improving the
thermal performance of buildings. In the present study, first, using library studies, we have
presented some introduction to the types of green systems and their efficiency and
implementation considerations. In order to investigate the impact of these systems on the
thermal performance of buildings, a green wall prototype has been created and installed on
the south and west walls of a residential building in Shahroud. A comparative comparison
with a wall without vegetation revealed that vertical green systems had a significant effect
on lowering the outer surface temperature of the wall as well as reducing the wall
temperature fluctuations. The green wall tested in this study reduced the average maximum

external surface temperature by 13 degrees in the south and about 19 degrees in the west.

Keywords: Vertical green systems, thermal impact, surface temperature reduction
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