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Number of repetition maximum and oxygen consumption at relative
intensities of 1RM during free weight exercises in general male college
students using barbell for bench press and squat
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Abstract

Recently, weight training has become popular among the general populace as a means of
developing a health and physical fitness. However, there are many obscure points relating to the
number of repetition maximum and oxygen consumption in the free weight exercises. This study
focuses on general male college students (n=26) and measures the number of repetition maximum at
60, 70, 80, and 90% 1RM in bench press and squat using barbells. It also measures oxygen
consumption when students (n=15) were asked to do 10 repetitions at 70% 1RM. For bench press,
numbers of repetition maximum were 20.6+3.8, 15.0+2.9, 10.2+2.1, and 5.1+1.7 reps, respectively.
For squat, numbers of repetition maximum tended to be high, at 24.1+6.5 (p<0.01), 17.5+3.7 (p<0.05),
11.2+3.4, and 5.2+2.0 reps, respectively. Oxygen requirements for bench press and squat were
respectively 2,276+614 ml (34.5+9.9 ml/kg) and 4,579+911 ml (69.0+13.8 ml/kg), while METs
(metabolic equivalents) were respectively 19.9+6.3 and 37.9+10.1. From these results, it is clear that
among general college students using free weights, the number of repetition maximum for squat
tended to be even greater than one for bench press, and the oxygen consumption volume was
approximately twice as high for squat as for bench press.
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% FH#E & (1RM: one repetition maximum) OHEZ K D/ 7T FFA T OFHIIEEEIC SOV T H HfiE &
TS558, ZD L)~ 7 ) —vxAf hOAmEHNTITONL YA b hL—=2 7 (BLF,
WT) Tix, K0 EDR ML —=0 277077 LAEElkT 256100F, HlAI30FIZIE 20RM (60%
1IRM f2%) &AM T 15 2> b & 5~6fH, £7/= WI #&BE& 21T I v Ky ME(60%. 70%.
80%. 90%. 80%. TO%IRM 72 &) TIRIZRRETKET D, &0 ) L) RAMKEEITI Z &N
HTHsH 29,
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el 1RM ZRET 2 Z & NN TRERIERES 2 &b, HIRIREE CO R KERE (nRM:
number of repetition maximum) 2°5 1RM ZH#ET AN H 5, ZOHEESRE 23 139 TiIfH] 21X 4RM
75 88.5%<° 90%1RM, 8RM 7% 78.5~85%1RM, 10RM 78 73.5~80%1RM 72 5T Dgn &H v . FiH
IZOWTIERE STV RV, FEIEBIE & 83 O B/ 10, &5 W HEH 19128\ TH nRM 1213
BHEDEVPRESNTWAZEND, MAZESCHEBEIZE2ENEE XS E nRM 225 1IRM Z#H#ET 5
ZEEFFEEMICEBM LS DORH A ), 1o T, —MRAICK L THRZEXR L ELWEIELfRES T 1
RM ORIEILARETH Y 9, LOLIMEREE SN TNWD v T, EBEC L vitn#iE N T
57V —0xA FEHOTIRM ZHETEIUX LV A TH A9, 4 HETITN—ULEH - 1IRM
KO nRM IZOW T, RUFF LA ATV Ty b T—L 00— EOREIRESNTND L 58 15
20, KRIZAZ Uy ML TIZEORIENEAEEL <. LeADERIICE>TIRM & nRM & £
>TL b, Bz, WIT REBEDN—T A7 T v ETD 80%1IRM @ nRM 78 11.4 7] 20THYH | —F T
BB O T LAV AT Ty O nRM AR 12.83 B 1D TH 72 Z EDVR ST DA, Ak HIFES L
20T L nRM D722 2 13T CTh 203, WERIMEOFHEMNB A TH DD TEDORRIT LRV, F
TR S CRAARD N EXRE LIc A7 Uy FOBEIZR Y7570,

—J7. WT O BENIA T - 3T — ORI B E-S3< 0 (FHIER) BISMT S WT KD = /L F —iH
# (VO2) |2 X DPESCHEIEN R OmE IEL (IEHOMERE) b2 D—D2>Th D, HEBHIRFO TR —H
B ESOEB R (FFICAEEEMEET)) 2oV TIE—#%IZ METs (Metabolic equivalents : A »>7) Tl
ENTWAD2 WT 2B 5 METs O A5 13D Th 7 —EIiEv =4 b b b—=27 (&,
NU—=VTT 47 RTALENL) BR6.0Y, XRUFTLRALRAZ Ty b3 3.1 &L 4.01972 EOFEN R E
NTWBN, BESCEBR EOFMENTHTH LD TERD L —=0 OB TEEIZTLENT
TRV, PERPOISI L —=0 7 LT RIZFEm I TN D 60~80%1RM T 8~15 [H7Z2 &L
EERIFIZBWT, B AERRE L7 )=y g EHWE WT TEOREDO T VX —HENR
D HID IOV TIE AR RSN L,
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15 4% AW (B 2), T OOBRF X, BEMICEMZ WT 2% L TW R0 o7eb DD RFED
TREERERED 2 WVITERREROTIEE T WT BB H -T2 HEREFENTEY . A IZIELW T
+—ALTHCLO 1IRM ORENFEERFATH o7, FEBR 1 LOVER 2 1281 285 O & REFESCM



FEH @ 1RM 13221k 1 KO 2 1R LTz, EBRSBMOFEEIZOW T, EBRo By, 18 AE#ROR
# . EHEIC L D HERER. MEDEEMICHOWTHH L CRIEAST-,

Table 1. Physical characteristics and 1RM of subject in maximum number of repetitions test.

Age Height Weight BMI Body fat LBM Bench press Squat
n=26 (yr) (cm) (kg)  (kg/m?) (%) (kg) 1RM 1RM
(kg) (kg/wt) (kg) (kg/wt)
Mean 21.2 172.1 67.9 23.0 15.3 57.4 65.4 0.957 96.1 1.403
SD 1.1 6.4 9.2 3.0 3.6 6.8 21.1 0.264 28.0 0.311

BMI, body mass index; LBM, lean body mass; 1RM, one repetition maximum.

Table 2. Physical characteristics and 1RM of subject in experiment of oxygen consumption

measurement.
Age Height Weight BMI Body fat LBM Bench press Squat
n=15 (yr) (cm) (kg)  (kg/m?) (%) (kg) 1RM 1RM
(kg) (kg/wt) | (kg) (kg/wt)
Mean 20.5 172.9 66.2 22.1 15.0 56.0 71.8 1.086 108.4 1.636
SD 1.4 4.9 5.8 2.0 5.4 3.6 17.0 0.243 20.5 0.293

BMI, body mass index; LBM, lean body mass; 1RM, one repetition maximum.
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AREBRTHEA LI ANA—U T BRI -V 77 o v 7 b (20ke) &7 L— bk (14 0.25
~25kg) THYH, XUFTVATIEILEENNANEZORVF T VAR F % ATy hTHEEN—Ff
XDRAI Ty NIy 7 EFERH L, A=V DEET7 +—20EEH50NE 1IRM £ % 1RM TO
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7 INBA UTo =L Bl M S TRBED DL I O Ml it A TR LT, Wi ME NS &
THEETHILLELE, ZOLEMWETONR—ULL ¥ 7 bDOART Y ROXRUF EOFL EFITEIEE L
7o AT v b USTLILAZ Ty B) IZOWTIE, B A DM =A% ECMIE RS s A —
NV 7 N AT, BN (W) OBEN D RERBOK & PATIC D ETLLNATHOEN £ T
S ERDZ EEEME LT,
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HREZEZDHL-VLET) TOREREL, 2 BEARRGIVER (BX% 1IRM) £ THESSLTEE
HE Z1THoHE, 3 HHEOME T 1IRM OREE I Lz, ZOHE T, ¥HEE%IZEH LZ 50%1RM
TIEBEORER CRESE (5~60]), KIZT0%IRM (2~3[E) & 90%1RM L CEEOEE (1~2
[) CUA—I 7T v 7 &8, BELE 90%IRM TOR D2 LW ERE O B 750 E I X
S TCEMNESR (2.5~10 kef2E) ZPE L TR 21ThE, 2 L TEGA IS HIZFRBRRITE TR
FCTHEHRE (0.5~5 kef2fEf) ZHCL TV o> T 1IRM 2R (2K T 5~7 vy b)), ZOREHIZITO
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Photo. 1. Start position (left) and bottom position (right) in squat exercise.
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K3WEFIRCTF TV ARPRZ Uy MIEIT 54 %1RM O nRM & #EB)RE % 7% L7z, WifE H O nRM
IZBWTIE, RUFFLRE R Ty MZEHRENRED LU (F=9.804, p=0.0044), HifEH & %1RM |2
IR EMERNGRD bz (F=7.743, p=0.0001), XV F 7L AKVOAZ U v MZEBIT 5 nRM 1, 90%
1IRM RZ3EH 5.12+1.70 [B 2 (1 5.19+1.98 [ TH Y . 80%1RM 73 10.15+2.09 [A] & ¥ 11.15+3.37
6] Cd 0 i ICABEETRD bR o7z, EREEIZ T0%1RM BE i 14.96+£2.93 [B Y
17.46+3.73 [0 TH Y (p<0.05). 60%1RM 73 20.58+3.82 [}z (¥ 24.12+6.51 [M| TH Y (p<0.01), =
D 2EMITBNTIFAZ Yy FOnRM AR F 7L ALY b AEICEEEZ R~ LT,
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(F=11.769, p=0.0021), M H & % 1RM IZIFZAEEHD GO bivier o7z (F=1.208, p=0.3129), ~
VFFVAKRRAZ Uy MBS 1 RS-0 OEEBEERIE, 90%1RM 3% 1124 3.32+0.37 /[0 &
W'3.69+0.74 B/EITH Y . T0%1IRM 7% 3.12+0.31 F/EI} N 3.45+0.52 F/EICTH Y | iWifEHMHICHE
ENFEO BTz (p<0.05), F7-FERIZ 80%1RM BZN 4 3.19+0.39 F/[a]} O 3.46+0.54 F/[R] T
V. 60%1RM 7* 3.08+0.24 F/EI K TF 3.26£0.42 B/[HITH Y . ZD 2 FMHCENTITAEENRD DL
NIz oT,



Table 3. Exercise load, number of repetitions, and exercise time at 60, 70, 80, and 90% 1RM for bench press

and squat exercises.

Bench 60% 1RM 70% 1RM 80% 1RM 90% 1RM
press load repetition time load repetition time load repetition time load repetition time
(n=26) (kg) (reps) (sec/rep)| (kg) (reps) (sec/rep)| (kg) (reps) (sec/rep)| (kg) (reps) (sec/rep)
Mean 39.2 20.58 3.08 46.0 14.96 3.12 52.3 10.15 3.19 58.6 5.12 3.32
SD 12.7 3.82 0.24 14.7 2.93 0.31 16.9 2.09 0.39 18.9 1.70 0.37
Squat 60% 1RM 70% 1RM 80% 1RM 90% 1RM
load repetition time load repetition time load repetition time load repetition time
(n=26) (kg) (reps) (sec/rep)| (kg) (reps) (sec/rep)| (kg) (reps) (sec/rep)| (kg) (reps) (sec/rep)
Mean 57.6 24.12 3.26 67.2 17.46 3.45 76.8 11.15 3.46 86.4 5.19 3.69
SD 16.8 6.51 0.42 19.6 3.73 0.52 22.4 3.37 0.54 25.2 1.98 0.74
Significance — el ns — * * — ns ns — ns *

1RM, one repetition maximum; ns, not significant; *, p<0.05; **, p<0.01.

2. BRHEER

KA4IZEFRNCTF T VARV AZ Uy MBI D 70%1RM TO 10 I ERFOBEHEREEZ R L, W
FiH OfREEEIIFNEh 2,276+614 ml (34.5+9.9 ml/kg) & 1*4,579+911 ml (69.0+13.8 ml/kg)
ThY, A7 Ty FRXRCFTFLZALD S 201 FMRBEEEN LT, ZOHEZNT e U —H#i
HTnE, ZNo0HE e U —8iT 11.4+3.1keal (0.173£0.049 kcal/kg) K& Y 22.944.6 keal (0.345
+0.069 kcal/kg) Th -7z, 728, Wi H OEEBRFFIZRXF 7L AN 3063175 THY, A7 U

23 31.03£1.57THTh o7z,

F7o. WFEBICEITD METs GEENVUH &/ 2@ &) & RMR (CEEVRE &2 CEia) A
KRR X, XUFFUARENEI 19.956.3 LN 227175 THYH, A7 T v M) 37.9210.1 L}
44.4+121 ThHVY, A7 U > b® METs XU RMR IZZEN_F 7 L A0 1.90 {5 KT 1.96 {5 Th
ol 7B, A EITLHIGHE (ZFFO V02) % 1.2 TERL TR,

Table 4. Oxygen comsumption during 10 repetitions (1rep/3sec) at 70%1RM in
bench press and squat exercises.

Bench Rest Exercise Recovery 0, 0,
press VO, VO, netVO, VO, netVO, requirement requirement
(n=15) | (ml/min) (ml) (ml) (ml) (ml) (ml) (ml/kg)
Mean 243 265 145 7,814 2,131 2,276 34.5

SD 29 82 79 1,390 633 614 9.9
Squat Rest Exercise Recovery 0O, 0O,
(n=15) VO, VO, netVO, VO, netVO, requirement requirement

(ml/min) (ml) (ml) (ml) (ml) (ml) (ml/kg)

Mean 246 447 332 10,148 4,247 4,579 69.0

SD 30 92 83 1,440 921 911 13.8

Recovery times of bench press and squat were 20min and 30min, respectively.
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AKWFFETlE— % B F2AEE BRI A= Z iz WT fEH O 1RM O ERETO nRM & 70%
1RM T 10 [BIERFOBBEHEREZIE L7, TORMELRDIWHREDOR F T VAL AT T v hD
1RM 23EHR 1 TIIZ £ 65.4kg (0.957 kg/wt) ¥ 96.1kg (1.403 kg/wt) TH Y, Eg 2 TiX 71.4
kg (1.076 kg/wt) K} 108.4kg (1.636kg/wt) TdH-o7=, ZIHDOEMEIL, WEICHE SN TVHD K
BAFAEORF T L AL A7 T Fo 1IRM (0.815kg/wt & 1.308 kg/wt) DLVt 2~3 ENE & @\ Vil
ThO ., W=z R R D —REFBLOFHIFHERE (1 (H->Tnd)) 6 16 (B TWD) ]
D 5 BERERHM) 9N KA, EEBR 1 ofBRE SR & LRHME (4] ThH Y, EBR 2 ogBRE N EER &
bRkl 5] Tholo, 2o OfEIE, T L AEBHCEE) Y — 27 VIR L TS B RPEDRF
TV AERAZ Ty O 1RM (1.04 kg/iwt KON 1.79 kg/wt) DI - 7278, HEHIC WT % i L T
% BIEEEE ORXF T LA (1.366 kg/wt) 9 A7 U w b (1.843 kg/wt) 1250 HIRVMETH - 7=,
TRHDOZ X, EBREIIRFAFZICEFEIC WT 2FiE L THO2R0— B AL 102, mREE
RUTEIESE) (SR> hAR—L, pEPER, Fi2 BREREEEZR &) 2L TP ENTENTEY, b
b LRSI DB DR ERAN—~UL B L2 WT 2B L7 2 &12L > T IRM 2@ o b D &
Bbonsd,

2. % 1RM ToOEREREEK

A HETIC IRM IZKT 2%IRM TO nRM ICHOWTIE, w3 v HHW0E7 U —o oA b2 FAWEFER
ICBWTHEZHESNTWD, fIxIE, v 2 L ZREEESHO L v 77 L R L HEHETEE O L
Y T AT v arE 60%R 90%1RM FRE TR R E TIThEL &, Ly SV ADER LYy T
T AT varyriDHE nRM B 25 HS o722 ENHE SN TVWD 19, Fio, ARFEBRSM: LR
(CHEEEIRE 2 S RICNN—_ VBN TR F T LR E R 7 Uy NafThbE s 9 TH 60%& T 80%
IRM JETIZAZ Uy hOFRRXUF TV ALY EHEIZ nRM DL 2 ERRENTWD, At
ZETHE IR LIEZL I ICHEE D 60% & T0%1RM KBV TAZ Ty b nRM BRF 7L A
KV ARICEMZR LIc, XUF 7L 2AOE@TIT R A O BB =88/ TH Y | [FERICA 7 U ME
RERVUBHAG, REEA . NAA RN 72 (CRIEERR . RERRRS . RBR ZHARS) . K OVEHESAHTH Y |
Wi# & b ZMAETES CTH LN EMICHB SN IMNETIAZ T Y ROFRRUF T LA LD H1ED M0
2\, ZO XD I KIREE A L7 ik T CoOLBEIER) ¢, E8) AL OIEFHIIE)E (asynchronous
recruitment) 23U TS NIEL INDZ EICE > TnRM ITEWNEL D EDOHERIN 2 STV D
B, DF Y LV OEBHEMPEBESND AT Uy b TERCF T LR LY b IEFRBIE) B 03 ik
Z < OIFMEOREZ 70 LTI ZELE, ZOFER L LT nRM 2N L7 AlREMERE 2 5T
Wb, /NTULIVAZ Ty N ERFOFERIC L D EEN &% i L7 #iE 12T, 8 SO#BRmo > H
KB OIEE R 90%1RM T 75% & T 60%1RM XY b HREICE -T2 EDNRENTWND, 2D
LIZDOWTIE, 90%1RM TIHIREHRRNM N A ER SN DT DITKD 7 v 7T AN R b K E 72 )1 2%
T2 KB OES = 2 — o VBB 2 BIRNICIEE STV A ATEEESHER I TV D, HIIZE X
X, LR AR T D 60%X° T5%1RM TIIRNNBELFE-TEBY ., OB HhEE L %<
FETHAI Ty NOFBRRUFTLALY HRENTZHIZ nRM B LT & OFRNTE 5001
LIL20, WTHUIC LT, BREO T oS, & 5V IXHBEFHCL EEIES) 2 & off B 23 %200
[[1—%1RM TOnRM b HREICE RS> T DI ENRHLNTH D,

—J7, K1 1[ERY 0 OFEBIIE, K3 ICRLAELIICIHICIEOY XATKET D X I ITHERL
7ZbOOMmMER & H 60%1RM 225 90%1RM ~ & GEHBRE A LAY 512 L7223 o CEBRFNITIE T



X, 70%& 90%IRM ICBWTAZ Uy hOHFNRRUFFLRALY bEBICEN-T-, —REED Lzt
BIZRT T VAT 60%05 90%1RM @ 4 54T nRM % bl U 7=t 9 Clid, =MD nRM L VK
1B OFEEBRFFEABEL D B2 VMHICH D . B d 60%1RM TidZh i 2.8 #/E & 3.0 7/
BICHY . 90%1RM Tid 3.4 ®/alE 3.7 IR THHT-Z EIVRENTWD, £T-AZ T v MZBWT
HIRIEE T2 LSS 7255, 90%1RM OB A 60% & N 75%1RM LV b A EICEN -7 Z &0
WhEINTWD 12, REBRCILEBREFICHEE B TEEENIRD NN, A7 Uy hOAFTRBNV
FTVAD 14T (ZHUFA—VLDOEI TH Y, FEMICAR ERDEEITZENLTHRY) bolo
D ZATEE LI (RUF T AN 35~42 enfRE, A7 U v RN 43~B1 enfRfE) b A7 Uy FRLN D
EDD, FRCKEREOER Y X AL OENIE L 0o s Bbnb,

3. BRHEE

AREBRTIE, XUFTLAKPRAZ Ty bE& T0%1RM T 10 [IKE LI-ROBRETFEEENZNEN
2,276+614 ml (34.5+9.9 ml/kg) K1 4,579+911 ml (69.0+13.8 ml/kg) THYH . A7 T v kv
FTLALDH 25T EMBRIEEEN Lo To, AT & RIESMHIZR e 2 OOfEH % 80%1RM T
%57 IRl £ T1ThE 7= & & D EPOC (excess post-exercise oxygen consumption : B4 BRI
B) X, _RUF T L AE 87 [T & & 1.09 L/min (0.125 Limin/[A)) THY, N—T A7 T v b &
11.4 [FfT > 72 & £ 5% 2.10 L/min (0.184 L/min/[f])) TH Y, "—T7 227 U v hOKRIE 11524 Y @ EPOC
DR TFTVADK) 15 [ETHoTZ ENRREINTND 20, N—TRT7 T hO L2 NBIRSITON
TITFEIO R SN TRV DR LB KRERFMDONRT VLA Ty FED SEN LS RHTH -
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