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A Schematic Estimation Model for Structure Costs of
High-rise Buildings based on Vertical and Horizontal Elements

Nam, Dong-Hee', Park, Hyung-Jin?, Koo, Kyo-Jin"
'Kunwon Engineering, 2Depaltrrlent of Architectural Engineering, The University of Seoul

Abstract : High-rise buildings need thorough cost management because of large size and high risk. Cost management makes a
budget by establishing and analyzing detail element at planning phase, needs cost control as each design phase, then
reflected to next design. This research develops a schematic estimation model based on vertical and horizontal elements at
design phase for structure cost of high-rise buildings to reduce error range and use data as design management. Usability of
the model is confirmed by case study. The estimation model is expected to contribute to making the cost model more
effective and satisfactory to concerned in construction or budget department and manage keeping track of the cost.
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Fig. 1. Estimation method Fig. 2. error range

Table 1. Impact factor for structure cost

factor type

gross area area for Tower

purpose of building office, residential, complex

hight

under 50F, 50F ~ 100F, more than 100F

floors
structure type reinforced concrete, complex structure
slab type RC slab, Metal deck slab

shape Box type, Triangle type, free type, rectangle type
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Table 2. Summary of cost/quantity per area

quantity per area

No fgroup h(ir%r)lt ™ Strtlyjl%tgre (s | fon concrete stt)gel fsteel
o [ | e

1 122 | 34852 RC |212717 | 324 058 | 9566 -

T 132 | 39,801 | complex | 251,309 | 232 037| 3168| 6834
T 139 | 28,100 RC | 22132 3.86 068| 8752 -
T 1 139 | 25740 RC |243774 | 354 061 | 81.05 -
T 145 | 28,286 RC 239,182 368 064 | 8584 -
T 148 | 46,901 RC |286965 | 245 049 | 7260 -
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quantity per area
hight | ar structure|  co
No group “(rp) (n?? type (W/r% f?rr%l oo?cg?te sgeel steel
m

ar | frame
kg | (kg)

7 167 | 53,186 RC [331480 | 284 | 059| 9427 -
T 172 | 82384 | RC |28215% | 212| 05| 8.18 -
T 175 | 108171 | RC |292738 | 243| 064 101.03| 002
170 196 | 129870 | complex [ 342028 | 179 | 035| 3410| 9184
T 234 | 120210 | complex | 325514 | 195| 037 | 5485| 7678
? 256 | 160.929 | complex | 311,234 2.19 061 | 11442 | 5774
? 278 | 150515 | RC |487,897 | 209 | 055 13477 2968
7 256 | 160944 | RCT*= | 512292 | 201 037 | 57.35| 3440
15 |
16|

7
18]
19|
El

317 | 138.416 | complex | 492,606 2.16 062 | 10932 | 8752
332 | 183902 | complex | 415,708 1.66 048 | 7903 12671
461 | 218995 | complex [880578 | 190 | 077 | 18397 | 25801
449 | 275564 | complex 604,732 | 202 | 065 13159 | 5602
523 | 358,179 | complex | 680,650 195 062 951 | 11334
562 | 422,760 | complex | 779,352 186 | 072 16508 | 226.10
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Table 3. Case analysis

No |group h(ig]r)]t strtl;;tgre purpose slab type shape

1 132 | complex office metal deck rectangle
Z 1 139 RC esidential RC slab free

3 139 RC esidential RC slab free
T 145 RC esidential RC slab free

5 175 RC esidential RC slab triangle
T 257 RC esidential RC slab triangle
7] 2 |am| Re | esienta RC siab riangle
T 305 complex complex metal deck box
T 317 | complex office metal deck box
170 3 461 complex | complex metal deck triangle

1 523 | complex | complex metal deck box
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Table 4. Summary of horizontal element analysis

. quantity of quantity of concrete/
No |group| shape zﬁz h(lr?:;t form ger area|concrete per area| form
(m?fmd) (m’/) (m%md)

1 rectanglel MD+ | 132 0.77 0.13 0.17
T free | RC~ | 139 1.3 030 02
T 1 free RC | 139 1.21 027 02
T free RC | 145 1.28 028 02
5 tiange | RC 175 125 028 022
T tiange | RC | 257 1.16 0.26 022
7 2 |tiange| RC | 278 120 0.26 0.21
T box MD | 305 0.88 0.14 0.16
T box MD | 317 0.89 0.18 0.20
10 tiange | MD | 461 087 0.20 023
T (o [ =8| 1w 020 018

“MD : Metal Deck, **RC : Reinforced Concrete Slab



24 255 B ERIF AR e HE H=9
TAFES} HZFIATE SEfHe] v FHE Us F
Atk EEE el 7Hgshd EetEe] A =
T (fExEo) R uiEe] WA FA| HEs AEhe
Zoly, SetHo] FITES] B (fExEoxETiE F
AE STHE] Al A F2 Alelsle] A= 4 3
o FIEATY B FAe WAAS =28k 19
7} 212 off9] Fg 37 2tk

C
b
La |
Fig. 3. Computation method of horizontal element
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Table 5. Summary of vertical element analysis

_ quantity of quantity of EEEE
hight | form per concrete per
No | purpose | shape fform
(m) area area (¥
(m?/m?) (m®fm?)
1 office | rectangle | 132 155 024 0.15
2 |residential|  free 139 248 037 0.15
3 |residential|  free 139 2.32 0.35 0.15
4 |residential|  free 145 24 0.36 0.15
5 |residential| triangle 175 1.18 0.36 0.30
6 |residential| triangle 257 1.18 0.39 0.33
7 |residential| triangle 278 088 026 0.30
8 | complex box 305 129 048 0.37
9 | office box 317 077 029 0.38
10 | complex | triangle 461 1.14 045 040
11 | complex box 523 0.86 042 048
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Table 6. Steel ratio per area base on horizontal-vertical element

) horizontal vertical

No | purpose | shape h('r%“ element element

(kg/m®) (kg/m®)
1 office rectangle 132 80 108
2 residential free 139 130 134
3 residential free 139 128 135
4 residential free 145 132 134
5 residential | triangle 192 149 165
6 residential | triangle 257 165 177
7 residential | triangle 278 157 187
8 complex box 305 115 195
9 office box 332 110 201
10 complex triangle 431 143 193
1 complex box 523 103 197
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Table 7. Horizontal coefficient, Correlation coefficient, Steel ratio

horizontal | correlation

steel
slab type structure | purpose coefficient(as) oo?fél%ent ra“g&)

office,
metal deck slab | complex complex 09179 0.17 1033775
RC slab RC residential 1.2464 0275 143.6065

Table 8. Vertical coefficient

shape purpose vertical coefficient(co)
box office, complex 084
free residential 234
rectangle office 155
triangle residential 1.21

Table 9. Vertical correlation coefficient, Steel ratio

oo hignt B steel ratiofy)
! ~50F 033 12777
50F ~100F 0.356 185.00
3 100F ~ 0435 19497
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Area(mz) Type
@ | 24568 @ ‘ Deck
Horizontal elements
Form (m?) Concrete (m’) Steel (kg)
Quantity of Quantity of
Slab type Furmxl Concretex
yp
Calculation Corre_\a_t\on Steel ratio
coefficient
A=Sx o B=Ax[ C=8Bxy
@)
coefficie 1.246 0.2204 143.6065
L nt value
RC @
result 30,611.73 6,747.29 968,954.17
value
coefficie
2 1t value 0.9179 0.1871 103.3775
Deck result
value
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Fig 5. Calculation for quantity of horizontal element
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Fig. 6. Vertical Horizontal Estimation Model
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Table 10. Result of VHEM

element unitf quantity | unit cost | total cost
form work e 30,611.73 32,619 998,524,021
concrete work m 6,748 11,725 79,120,300
horizontal steel work kg %8,95417 234 26,735,276
readymxed | ol gemo3 | ego00 | 467991640
concrete (30Mpa)
steel kg | 998,022.80 826 824,366,333
form work m’| 5743894 | 41951 | 2409620972
concrete work m’ 8562.73 11,725 100,398,009
vertical steel work kg | 1,094,082.38 283 309,625,314
readymied | ol gomag | g0 | 716,187,180
concrete (50Mpa)
steel kg | 1,126904.9 826 930,823,447
total 7,063,392,992
cost per area(#/mf) 287,504
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Table 11. comparison case with estimation model

gross cost per area (#/md)

case| floor(hight)

area ‘
actual - quantity
m? | “oost | VHEM | HoRM" foost based| "~

285800 | 243577 | 240806 | 297,209
9.17%) | (698%) | (-8.04%) | (13.50%)

A | 41F(13m) | 24,568 | 261,855

34439 | 331816 | 381,312 | 371,460

B | S4RQ0Im) | 84725 | 1857 | 0 100 | (w17 | (1971%) | (1661%

668,443 | 736135 | 736328 | 704203
(7.44%) | (1832%) | (18.35%) | (13.19%)

* VHEM = Vertical and Horizontal based Estimation Model
+ HoRM = Height based Regression Model

C | 107F(508m) | 380,692 | 622,155
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